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ABSTRACT OF THE DISCLOSURE 

A preparation for the biochemical identi?cation of p 
hemolytic streptococci into serologic groups, e.g., groups 
A, B, C, D, etc., is disclosed. This preparation comprises 
a carrier, e.g., a bibulous strip containing a glycerol re 
agent band, a salicin reagent band and an esculin reagent 
band. In the glycerol and salicin reagent bands there are 
also pH indicator systems. The esculin band contains a 
‘compound which reacts with esculin breakdown products 
to produce a color change. These bands are separated 
from each other by hydrophobic barriers. In use, a quan 
tity of the beta hemolytic streptococcus whose serological 
identi?cation is to be determined is transferred onto each 
of the three reagent bands. A drop of saline or water is 
added to the salicin area and to the esculin area. The 
strip is placed in a tube containing 0.3 ml. of saline or 
water to wet the glycerol band. The reagent impregnated 
strip is incubated at approximately 37° C. for two to four 
hours. Sugar fermentation is measured by an indicator 
color change and esculin hydrolysis by formation of a 
grey-black color. Group A streptococci, which cause most 
of the clinical manifestations such as rheumatic fever and 
nephritis, are esculin negative, glycerin negative and 
sa'licin positive. Group B and C streptococci may be in 
volved in diseases but more often are part of a normal 
?ora in a primary isolation blood plate showing ?-hemol 
ysis. It is important to differentiate between these groups 
and Group A. Group D streptococci, known as entero 
cocci, are often associated with urinary tract infection and 
rapid identi?cation of these organisms is also clinically 
important. 

Streptococci are gram positive organisms, spherical or 
oval in shape and have a tendency to grow in chains. 
Those streptococci which possess primary pathogenicity 
for man and animals belong to the subdivision of hemo 
lytic streptococci. This classi?cation is based on the ob 
servation that these streptococci cause lysis of red blood 
cells, a property which is useful in the initial identi?cation 
of these organisms in culture material. In a blood plate 
showing a clear zone resulting from lysis of the red blood 
cells, the organism is de?ned as B-hemolytic. Other types 
of hemolysis have also been described. 
As a result of extensive serological studies, B-hemolytic 

streptococci have been divided further into a number of 
distinctive serological groups, which are related in some 
degree to the natural habitat and the pathogenicity of 
the organism. Consequently, serological identi?cation has 
become an important step in the identi?cation of patho 
genic streptococci. It is generally known that hemolytic 
streptococci belonging to the serological ‘Groups A and D 
are not only responsible for the acute streptococcal dis 
eases of man, but are also involved in other diseases such 
as rheumatic fever, nephritis, bacteriuria and others. Ac 
cordingly, when ,[i-ltemolytic streptococci are isolated, it 
is important that the clinician know the serological group 
to which the organism belongs so that appropriate treat 
ment can be initiated. For example, when a physician de 
tects ?-hemolytic streptococci in a culture from the upper 
respiratory tract and does not type the isolate, he will 
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2 
frequently administer an antibiotic for a prolonged period 
of time to prevent possible sequella. In many cases, where 
the organism is not a Group A streptococci antibiotic 
treatment is not necessary. 

In the serological groups as described by Lance?eld 
(Journal of Experimental Medicine 57: 571-595, 1933), 
identi?cation is a function of the presence of speci?c 
groups of cellular antigens. These antigens are detected 
by precipitin reactions between solutions of extracts of 
an unknown streptococcus culture and antisera prepared 
by immunizing rabbits with heat-killed suspensions of 
streptococci. It is readily appreciated that such a technique 
is quite time-consuming, and requires highly trained per 
sonnel. 
We have now found a method whereby ?-hemolytic 

streptococci can be readily identi?ed into serological 
groups by a rapid and positive biochemical method. The 
practice of this invention is more easily understood" by 
the reference to the accompanying drawing which is a dia 
grammatic representation of the invention. 

Broadly speaking, the preparation of this invention is a 
carrier, typically a strip of a bibulous material which con 
tains a plurality of distinct areas. 
Area 1 is impregnated with glycerol, a pH indicator 

system, and optionally containing nutrient medium and 
having a pH on ‘the alkaline side of the pH indicator used. 
Area 2 is a hydrophobic barrier which is capable of 

preventing the migration of the ingredients. Any substance 
which will form a waterproof barrier can be advantageous 
ly employed. Suitable materials include, for example, 
waxes, lacquers and a colorless acrylic resin known as 
Krylon 150 ‘Crystal Clear: this Krylon material is par 
ticularly preferred. It is supplied in a hydrocarbon ve 
hicle and may ‘be diluted for ease of application with tolu 
ene or other hydrocarbon solvents, for example, methyl, 
ethyl or isopropyl alcohol. 
Area 3 is impregnated with salicin, a pH indicator sys 

tem and optionally containing a nutrient medium and 
having a pH on the alkaline side of the pH indicator used. 
Area 4 is a hydrophobic barrier which is the same as 

previously described for area 2. 
Area 5 is impregnated with esculin and a ferric salt, 

for example, ferric chloride, ferric ammonium citrate, 
ferric nitrate, ferric citrate, or an aluminum salt, for ex 
ample, aluminum ammonium sulfate, or a lead salt for 
example, lead acetate or lead nitrate. ' 

Area 6 is a hydrophobic barrier which is the same as 
previously described for area 2. 
Area 7 is optional and can be impregnated with any 

hydrophobic material as previously described for area 2 
and any appropriate dye serving as an identi?cation 
means. 

The sequence of reagent areas on the strip is not critical 
as long as each area is separated by a hydrophobic barrier 
but the con?guration described is preferred. 
The indicator system for areas -1 and 3‘ are those indi 

cators which will give a color change between about pH 
9 to about pH 5. Examples of these indicators are chloro 
phenol red, bromocresol purple, bromophenol red, bro 
mothymol blue, neutral red, u-naphtholphthalein and phe 
nol red. Examples of nutrient media are those which are 
traditionally used in bacterial culture, for example, pep 
tone, tryptone, proteose, tryptose, yeast extract, etc. 

Bibulous materials which can be employed as the car 
rier are, for example, those materials which by means 
of a capillary action can draw a liquid upwards; or mate 
rials such as ?lter paper, felt, porous, ceramic strips, 
woven or matted glass ?ber and the like are suitable. 

Alternatively, the active ingredients can be impregnated 
on any absorbent material and then mounted on a suitable 
support, for example, a plastic strip. 
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In use, a loopful of organism showing ?-hemolysis on 

a blood agar plate is rubbed into the bottom of area 1 and 
into areas 3 and 5. A drop of saline or water is also added 
to areas 3 and 5. The resulting system is then immersed 
in a 13 x 100 mm. or similar size test tube containing 0.3 
ml. of saline and incubated at 37° C. for about 2 to 4 
hours. 
A positive reaction in areas 1 and 3 when phenol red 

is the indicator system is indicated by the development of 
a yellow color; a negative color is indicated by the per 
sistence of a red color. The positive reaction is as a result 
of the fermentation of the sugars and the resulting acidity. 
A positive reaction in area 5 is indicated by the develop 

ment of a gray-black color, whereas a negative reaction 
is indicated by the absence of color change. Again, a posi 
tive reaction is the result of the fermentation of esculin 
and the reaction of hydrolysis products with ferric salts 
or other color producing compounds. 
By the observation of the presence or absence of the 

biochemical changes, the serological identi?cation of 
B-hemolytic streptococci is readily obtained from the £ol~ 
lowing chart: 

Streptococcus group 

A B C D G 

Esculin ____ __ -- -- _. + __ 

GlyceroL- _ —- + '+ + ._ 
Sallein__._ _ + (1* ‘1* (1* __ 

Nora-11* means variable. 

The advantages and conveniences of the above described 
invention are quite outstanding in view of the fact that 
identi?cation of ?-hemolytic streptococci can be readily 
obtained within 2 to 4 hours. 

Additionally, group identi?cation can be made without 
the use of extensive serological tools which were previ 
ously necessary in tests such as the precipitin test. 
The following examples are included in order to further 

illustrate the practice of this invention: 

EXAMPLE I 

Part A-Preparation of glycerol reagent solution 
Ingredients: For each 100 ml. 

(1) Glycerol USP __________ __ About 10-20 g. 
(2) Peptone _______________ __ About 1-2 g. 
(3) Phenol red ____________ -_ 200 mg. 
(4) Distilled water qs. ______ __ 100 ml. 
(5) 5.0N NaOH ___________ __ qs. 

Dissolve (1), (2) and (3) in 90 ml. of (4) with constant 
stirring. Adjust the pH 11.0 with (5). Bring to volume 
with (4). 

Part B-Preparation of salicin reagent solution 
Ingredients: For each 100 ml. 

( 1) Salicin ________________ __ About 10-20 g. 
(2) Peptone _______________ __ About 1-2 g. 
(3) Phenol red ____________ .._ 200 mg. 
(4) Distilled water qs. ______ __ 100 ml. 
(5) 5.0N NaOH ___________ __ qs. 

Heat 60 ml. of (4) to 70° 0.; add (1), (2) and (3) and 
dissolve with constant stirring. Adjust pH to 10.0 with 
(5). Bring to volume with (4). Maintain 70° C. tempera 
ture. 

Part C—Preparation of esculin reagent solution 
Ingredients: For each 100 ml. 

(1) Esculin ____________________ __ 2 to 5 gm. 
‘(2) Ferric ammonium citrate ____ .. 1 to 2.5 gm. 
(3) Water _____________________ _. qs. 

‘(4) 1 N sodium hydroxide solution __ qs. 

Heat 80 ml. of (3) to about 70° C. Add (1) and (2) and 
dissolve with constant stirring. Maintain temperature at 
50° C.-70° C. Adjust to pH 4.3 with (4) at 70° C. Since 
the esculin-ferric ammonium citrate mixture is light sensi 
tive, the preparation should preferably be protected from 
light. 
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Part D-Application to bibulous material 

In preparing the test strip, the initial step is to prepare 
the barrier areas 2 and 4 which act to prevent the migra 
tion of the reagent solutions which are subsequently sup 
plied. These barrier zones are applied to suitable carrier, 
preferably Eaton-‘Dikeman No. 623 ?lter paper, by em 
ploying a solution of a lacquer which produces a water 
impervious barrier. After allowing the lacquer solution to 
dry, the glycerin reagent solution, the salicin reagent solu 
tion, and the esculin reagent solution prepared according 
to the above description is then applied to areas 1, 3 and 
5. The areas thus formed are allowed to dry; the ?lter 
paper is then cut into strips. 

EXAMPLE II 

The following are examples but not the only methods 
of use of reagent strips: 
One or two loopfuls of streptococci showing ,B-hemol 

ysis on a blood agar plate is rubbed on the bottom of 
area 1 and onto areas 3 and 5 respectively. The test sys 
tem thus produced is added to a 13 x 100 mm. tube con 
taining 0.3 ml. of saline so that area 1 is immersed in the 
saline and incubated 2 to 4 hours at 37° C. The identi? 
cation of the serological group to which the organism be 
longs is readily determined by reference to the aforemen 
tioned table. 
We claim: 
1. A diagnostic preparation for the identi?cation of 

the serological groups of ?-hemolytic streptococci con 
sisting essentially of a carrier having: 

(A) A ?rst area impregnated with glycerol and an in 
dicator system which is capable of indicating pH 
changes between about 9 to about 5; 

(B) A second area comprising a hydrophobic carrier 
separating the ?rst area from the third area. 

(C) A third area impregnated with salicin and a pH 
indicator system capable of indicating pH changes 
from about 9 to 5. 

(D) A fourth area comprising a hydrophobic carrier 
separating the third area from the ?fth area. 

(E) A ?fth area impregnated with esculin and a mem 
ber selected from the group consisting of a ferric 
salt, an aluminum salt and a lead salt. 

(F) A sixth area comprising a hydrophobic barrier. 
2. A diagnostic preparation according to claim 1 where 

in said indicator system in the glycerol area is a member 
selected from the group consisting of chlorophenol red, 
bromocresol purple, bromophenol red, bromothymol blue, 
neutral red, a-naphtholphthalein and a phenol red. 

3. -A diagnostic preparation according to claim 1 
wherein said indicator system in the salicin area is a mem 
ber selected from the group consisting of chlorophenol 
red, ‘bromocresol purple, bromophenol red, bromothymol 
blue, neutral red, ot-naphtholphthalein and phenol red. 

4. A diagnostic preparation according to claim 1 where 
in the glycerol area and the salicin area also contain 
nutrient media. ' 

5. A diagnostic preparation according to claim 1 
wherein said ferric salt is a member selected from the 
group consisting of ferric chloride, ferric ammonium 
citrate, ferric nitrate and ferric citrate. 

6. A diagnostic preparation according to claim 1 
wherein said aluminum salt is aluminum ammonium 
citrate. 

7. A diagnostic preparation according to claim 1 
wherein said lead salt is a member selected from a group 
consisting of lead acetate and lead nitrate. 

8. A process for the serological identi?cation of ?-he 
molytic streptococci by inoculating organisms onto the 
glycerol area, onto the salicin area and onto the esculin 
area of the diagnostic preparation of claim 1; incubating 
the resulting system at 37° C. for about 2 to 4 hours and 
observing these areas for color change. 
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