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ABSTRACT: A diagnostic product for the detection of niacin 
produced by “human" Mycobacterium tuberculosis is prepared 
by impregnating a plurality of individual but separated zones 
on a paper strip with a series of reagents which include (1) an 
alkali metal salt of p-aminobenzoic acid; (2) sodium or potas 
sium thiocyanate; (3) a crystalline acid such as citric, oxalic or 
malonic; and (4) chlorarriine-T. The desired diagnostic test 
employing the impregnated paper strip is performed by bring 
ing the strip into contact and in a sealed test tube with an ex 
tract of the culture to be tested. If niacin is present the reac 
tion of the several reagents with the niacin leads to color for 
mation as a positive test for the presence of niacin. 
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DIAGNOSTIC PRODUCT AND PROCESS FOR THE 
DETECTION OF NIACIN PRODUCTION BY 

MYCOBACTERIA 

BACKGROUND OF THE INVENTION 

The ability of human tubercle bacilli to produce niacin 
distinguishes Mycobacterium tuberculosis from “nonhuman" 
mycobacteria. 
Methods for detecting niacin produced by bacteria are 

known. The original Konno test (Science Vol. 124: 985, 
1956) involves the transfer of bacilli to a test tube containing 
4 percent alcoholic aniline; the addition of 10 percent 
cyanogen bromide produces a yellow color if adequate con 
centrations of niacin are present. A modi?cation of the Konno 
test was developed by Runyon (Am. Rev. Tuberc. and Pulm. 
Dis. 79: 663-665, 1959) also utilizes an extract of the culture 
to be tested. However, the use of the highly toxic color 
developing reagent cyanogen bromide is still necessary. 
Other test procedures have been reported (Kilburn, J.O. 

and Kubica, G.P. Tech. Bull. Registry of Medical Technolo 
gists 38: 244-246, Sept., 1968) wherein efforts were made to 
supply the necessary reagents in the form of an impregnated 
strip. Stability problems with the materials described made 
their usefulness somewhat limited. 

Thus, the need for a stable, sensitive diagnostic product, 
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which can be used with safety for the facile detection of niacin 7 
production by “human" mycobacteria, still exists. 

SUMMARY OF THE INVENTION 

The present invention provides a stable, sensitive diagnostic 
product for the detection by color development of niacin 
produced by “human” mycobacteria. The novel diagnostic 
product is in the form of a strip of bibulous material im 
pregnated with a series of reagents which react with niacin to 
produce a characteristic color. These diagnostic test strips are 
stable for 12 minutes at room temperature. 
With the test strip of this invention, it is possible to detect 

the presence of as little as 3.1 micrograms of niacin in a 0.6 
ml. solution of an extract of the culture being tested. Since the 
test is performed in a sealed test tube, danger from toxic re 
agents is avoided. 

DESCRIPTION OF THE DRAWING 

The accompanying drawing is a diagrammatic representa 
tion of the bibulous test strip of the present invention. The 
strip is divided longitudinally into a series of areas im 
pregnated with a particular reagent and separated from each 
other by unimpregnated areas. Thus, area 1 is impregnated 
with zone A Reagent, area 3 with Zone B Reagent, area 5 with 
Zone C Reagent and area 7 with Zone D Reagent; untreated 
areas 2, 4 and 6 separate the treated areas. In the preferred 
embodiment shown, area 8 is impregnated with Zone E 
Hydrophobic Barrier and area 9 with Zone F Dye. 

DESCRIPTION OF THE INVENTION 

The diagnostic product of the present invention is prepared 
by impregnating a plurality of individual but separated zones 
of a suitable bibulous material, said zones being identi?ed for 
convenience in relation to the speci?c reagent applied as 
Zones A, B, C and D with the following reagent media: 
Zone A. p-Aminobenzoic acid. 

This is supplied in the form of an aqueous or an aqueous 
alcoholic solution of an alkali metal salt of p 
aminobenzoic acid having a measured pH of from 
about 7.5 to 12; 

Zone B. Potassium thiocyanate. 
This is applied as an aqueous solution of sodium or potas 

sium thiocyanate; 
Zone C. A crystalline acid in dry form. 

This may be applied as an aqueous solution of a crystal 
line acid such as citric, oxalic or malonic acid; and 

Zone D. Chloramine-T. 
This can be applied as an aqueous solution of chloramine 
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2 
The several reagent Zones A, B, C and D can be placed on the 
bibulous material in a combination of positions relative to 
each other as more fully described below. 

In order to utilize the diagnostic test product and to test for 
niacin production by a particular organism, an aqueous or 
saline extract of a culture of the organism to be tested is 
placed in a 13X 100 mm. test tube or similar container. The re 
agent-impregnated diagnostic test strip is inserted into the ex 
tract ?uid and the container is immediately sealed. Capillary 
migration of reagents andgentle agitation, at room tempera 
ture, permits interaction of the reagents with any niacin 
present in the extract. The development of a speci?c color 
reaction in about 15 to 20 minutes is a positive indication of 
the presence of niacin. The color development reactions 
which take place when niacin is present are represented by: 

~—COOH COOH 
+ Cl—CEN -——> 

NIACIN 

OH 

CYANOGEN 
CHLORIDE ' 

GLUTACONIC 
ALDEHYDE 
DERIVATIVE 

1+ 
NH, 

l 
COOH 

Aminobenzole acid 
pr ary aromatic amino 

meow; j 
Chrornogen 

‘The cyanogen chloride is formed by the reaction of the 
chloramine-T with the thiocyanate present on the test strip at 
an acid pH. 

Since the container in which the test is carried out is sealed 
during the the test of the toxic reaction products, the hazards 
of prior art methods involving handling of such toxic reaction 
products are completely avoided. For disposal, the reactants 
are further treated after completion of the test to avoid toxici 
ty problems. 

In addition to ease of use, safety, and sensitivity, the diag 
nostic product of this invention is, as noted, stable for 12 
months at room temperature. 
The p-aminobenzoic acid reagent solution utilized for im 

pregnating Zone A is prepared by dissolving from about 0.5 to 
20 g. ofan alkali metal salt of p-aminobenzoic acid in about 20 
to 100 ml., preferably about 30 to 50 ml. of distilled water, to 
which is then added a sufficient amount of a miscible organic 
solvent, such as ethanol, to bring the volume of the ?nal solu~ 
tion to about 100 ml. The concentration of the alcohol in the 
?nal solution can be from about 10 to 80 percent but is 
preferably from about 40 to 60 percent by volume. A suffi 
cient amount of an alkaline agent which does not interfere 
with the diagnostic test is added to bring the pH of the final 
solution to a measured pH of from about 7.5 to 12, preferably 
about 9 to l2. Suitable alkali metal salts of p-aminobenzoic 
acid which can be used include sodium and potassium salts; of 
these the sodium salt is preferred. Suitable pH-modifying 
agents which do not interfere with the diagnostic test include 
such alkaline materials as sodium, potassium or ammonium 
hydroxide. Preferably about 0.lN sodium hydroxide solution 
is used. ' 

In a preferred embodiment of this invention, the p 
aminobenzoic acid salt employed is dissolved in approximate 
ly all of the distilled water to be used, the pH is adjusted to 
about 7.5 to 12, most preferably to about 10.5 to 10.7 and 
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ethanol, the preferred alcohol solvent, is then added. The 
measured pH of this final solution falls between about-9 to l2. 
The thiocyanate reagent solution applied to Zone B is 

prepared by dissolving from about 40 to 80 g., preferably 
about 50 to 70 g., of sodium or potassium thiocyanate in less 
than 100 ml. of distilled water and then bringing the volume of 
the solution to 100 ml. by adding further distilled water. 
The acid reagent solution applied in Zone C is prepared by 

dissolving from about 30 to 70 g. preferably from about 40 to 
60 g., of citric acid, oxalic acid or malonic acid, or a mixture? 
of these acids, in distilled water and then adding sufficient ad 
ditional distilled water to bring the volume of the ?nal solution 
to 100 ml. 
The chloramine-T reagent solution applied to form Zone D 

is prepared by dissolving from about 10 to 60 g. preferably 
from about 30 to 60 g., of chloramine-T in a lesser volume of 
distilled water and then adding further distilled water to bring 
the volume of the solution to 100 ml. 
The above-described reagent solutions are applied to Zones 

A, B, C and D, respectively, of the bibulous material. If 
desired, they can be applied in several applications to the 
respective zone in order to apply and to provide the speci?c 
zones with a residue of the following amounts of reagent 
materials after the solvents in which they are applied have 
evaporated: 

Broad Range in mg. Preferred 
Range in mg. 

Zone A Reagent about 0.2 to 6 about i to 
Zone B Reagent about 0.6 to 20 about 6 to l3 
Zone C Reagent about 0.2 to i0 about 2 to 3 
Zone D Reagent about 1 to 20 about 2 to lo 

As previously stated, the above-described reagent zones 
may be applied to the bibulous test strip in a variety of com 
binations either side-by-side in alphabetical sequence or in 
random sequence. Color formulation, as an indication of a 
positive result, will vary depending on the order of placement 
chosen for the several reagents. The following chart lists the 
operable combinations possible, along with the corresponding 
color reactions indicating a positive or negative result: 

N egatlve Sequence of 
color reaction reagent solutions Positive color reaction 

ABCD _________ _. Yellow solution ___________ ._ Colorless. 

AGED." ....... __do _____________________ .- Do. 

ABD ___ ______ ._do _____________________ __ Do. 

ACDB _________ _. Yellow solution, with Brown cross~reactiort 
bé'qwn cross-reaction on on strip. 
5 rip. 

CDBA _________ -. Orange-pink on strip, yel- Yellow cross-reaction 
low cross-reaction on 
strip. 

_____________________ __ Do. 

..... -_ Do. 

....... _ . Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

NOTE.-——A=p-aminobenzoic acid salt solution; B=thiocyanate solu 
tion; C=acid solution; D=eh1oramine-T solution. I 

Those combinations which yield a “yellow solution“ as in 
dicating a positive niacin reaction are preferred, since this 
color reaction is similar to that obtained using classical test 
procedures. Within this category, the ABCD and ACBD 
sequences are the more sensitive, with the ABCD sequence 
being the particularly preferred product overall. Of those 
sequence combinations where “orange-pink" indicates a posi 
tive niacin reaction, the CDBA,.BACD, BDAC and CBDA are 
preferred, with the CDBA the most preferred in this category. 

Optionally, one end of the impregnated test strip may be 
coated with a hydrophobic material to serve as a means for 
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4 
handling the test strip while avoiding any contamination of the 
reagent zones. FOr example, a zone impregnated with a 
hydrophobic barrier composition (hereinafter designated 
Zone E) may be placed at one end of the strip adjacent to the 
outermost reagent zone. For identi?cation or handling a zone 
impregnated with a dye may also be provided (hereinafter 
designated Zone F), contiguous to the above-described 
hydrophobic barrier Zone E. This dyed zone can also be top 
coated with a hydrophobic barrier composition such as that 
utilized for the coating of Zone E. 
For the hydrophobic barrier, a composition is used which 

will prevent the leaching of the culture extract and reagent 
reactants upward to the end of the bibulous material or into 
the colored zone, if such a zone is present. The barrier com 
position should, of course, be chemically inert in this system. 
Substances which will form a waterproof barrier of this type 
include waxes, lacquers and plastic materials, particularly the 
colorless polymerized methyl methacrylate coating composi 
tion sold under the trade name KRYLON 150 CRYSTAL 
CLEAR, by Krylon, lnc., Norristown, Pa. The KRYLON 
material is particularly preferred. it is supplied as a solution in 
a toluene vehicle and may be diluted for ease of application 
with additional toluene or other diluents such as ethyl, methyl, 
or propyl alcohol USP. 

it has been found that the desired hydrophobic effect can be 
obtained utilizing commercially available KRYLON solution 
diluted with up to about 25 percent of additional diluent. 
Any suitable dye which will color the bibulous material suf 

ficiently to distinguish the end of the diagnostic strip to be 
handled from the colorless reagent zones which are to be in 
serted into the culture extract may be used for the dye solution 
identi?ed as Zone F. For example, we have found that dyes 
such as Sudan lV (Color Index No. 258 and Certi?cation No. 
N218) or Sudan Red GGA in a suitable volatile solvent, i.e. 
xylene, may be used. Many other dyes are also suitable. The 
preferred dye solution which is applied contains from about 
0.05 to about 0.8 g., preferably from about 0.1 to about 0.5 g. 
of the dye in about lOO ml. of volatile solvent. 
The bibulous materials suitable for use in producing the 

product of this invention are those materials which by means 
of capillary action are able to hold liquid. Such materials in 
clude ?lter paper, felt, porous ceramic strips, woven or matted 
glass fiber and the like. A particularly preferred form of paper 
for this purpose is Eaton-Dikeman No. 623 ?lter paper (70 
lbs). 

in the preferred embodiment of our invention, the diag 
nostic product is prepared by impregnating separate zones of 
Eaton-Dikeman No. 623 ?lter paper with successive applica‘ 
tions of the reagents listed below until there has been 
deposited on the particular zone the preferred amounts of 
each reagent after solvent evaporation. The preferred order in 
which the zones are applied is ABCDEF, as shown in the ac 
companying drawing, with each of zones ABCD being 
separated from each other by an intermediate untreated area 
'and with Zones E and F immediately following and contiguous 
with Zone D without an untreated area in between. 
The following examples are included further to illustrate 

this invention: 

EXAM PLE l 

ABCDEF Sequence 

A. Preparation ofZones A Reagent Solution, p-Aminobenzoic 
Acid Salt. 

l0 grams of p-aminobenzoic acid, sodium salt is dissolved in 
distilled water, and the solution is brought to a volume of 50 
ml. with additional distilled water. The pH of the solution is 
adjusted to l0.5-l(}.7, by adding 0.1N NaOH solution as 
needed. The solution is brought to 100 ml. with 95 percent 
ethanol. ' 

B. Preparation of the Zone B Reagent Solution, Potassium 
~Thiocyanate. 

60 grams of potassium thiocyanate is dissolved in distilled 
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water and the solution is brought to a vdiiin'ié‘br l(l(l with 
additional distilled water. 
C. Preparation of the Zone C Reagent Solution, Citric Acid. 
50 grams of citric acid is dissolved in distilled water and the 

solution is brought to 100 ml. with additional distilled water. 
This material becomes cold as it dissolved and it must be 
warmed to room temperature. 

D. Preparation of the Zone D Reagent Solution, Chloramine 
T. 

50 grams of chloramine-T is dissolved in distilled water, 
with heating to 58°-60° C. to insure complete dissolution. Suf 
ficient distilled water is added to bring the volume to 100 ml, 
while maintaining the temperature at 58°-60° C. to prevent 
recrystallization. 
E. Preparation ofZone E Hydrophobic Barrier Composition. 

85 ml. of KRYLON 150 CRYSTAL CLEAR is diluted with 
15 ml. of ethyl alcohol, USP. 
F. Preparation of Zone F Dye Solution. 

0.3 grams of Sudan Red GGA is dissolved in xylene and the 
solution is brought to a volume of 100 ml. with additional 
xylene. 

EXAMPLE 2 

Application of Diagnostic Reagents to Bibulous Material 

In producing the strips, a continuous sheet of Eaton 
Dikeman Filter Paper No. 623(70 lbs.), 83 mm. in width, was 
employed. The paper was divided into nine separate areas 
having the width shown in the accompanying drawing. 
Areas 2, 4 and 6 are untreated. Zone A reagent solution is 

applied to Area 1, twice one each side of the paper, allowing 
drying time between the ?rst and second application to each 
side. This provides about 3.4 mg. of sodium p-aminobenzoic 
acid in each test strip. Zone B reagent solution is applied to 
Area 3, twice on each side of the paper, allowing drying time 
between the ?rst and second application to each side. This ap 
plication provides about 9 mg. of potassium thiocyanate on 
each test strip. Care must be taken not to allow Zone A and 
Zone B reagent solutions to mix. Zone C reagent solution is 
applied to Area 5, once on each side of the paper which 
deposits about 2.8 mg. of citric acid on the test strip. Zone D 
reagent solution, maintained at 58°-60° C. during application, 
is applied to Area 7, twice on each side of the paper, allowing 
drying time between the ?rst and second application to each 
side which deposits about 8 mg. of chloramine-T on each test 
strip. Extreme caution must be taken to avoid any mixing or 
contact between Zone B reagent solution and Zone D reagent 
solution: after each application to the zones, the paper should 
be dried in a fume hood, since if these reagents are mixed, a 
highly toxic gas, cyanogen chloride is formed. Zone F reagent 
solution is applied to Area 9, once on one side of the paper 
and allowed to dry. Zone E reagent solution is applied to 
Areas 8 and 9, once on each side of the paper, coating both 
areas, and allowed to dry. After all areas of the paper have 
dried thoroughly, cut into 1Arinch (6.3 mm.) strips, each con 
taining the nine areas impregnated with solutions herein 
described. 

EXAMPLE 3 

Use of the Diagnostic Composition 

Method of Use 

Place 0.6 ml. of a saline extract of the culture to be tested 
(Mycobacterium species) in a 13 X100 mm. or similar size 
tube. Add one diagnostic test strip prepared according to ex 
ample 2, with Zone A (the end opposite the dyed marker 
zone) dipped into saline solution, the stopper immediately 
with a paraffin coated cork stopper. Allow to stand for 15 to 
20 minutes at room temperature with occasional gentle shak 
ing. A positive test for niacin is indicated by the development 
of an orange to yellow color in the solution. A negative test is 
essentially colorless. Any color on the strip itself is disre 
garded. For disposal, one-half to 1 ml. of 10 percent aqueous 
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6 
NaOH should be added to each tube, restoppered, mixed and 
allowed to stand one-halfto 1 hour before autoclaving. 

EXAMPLE 4 

The procedures of examples 1 and 2 are followed except 
that the reagent zones are applied to the paper in the sequence 
A, C, B, D; the same order and procedure is followed for 
Zones E and F as in examples 1 and 1 

EXAMPLE 5 

The procedures of examples 1 and 2 are followed except 
that the reagent zones are applied to the paper in the sequence 
C, D, B, A; the same order and procedure is followed for 
Zones E and F as in examples 1 and 2. 

EXAMPLE 6 

The procedures of examples 1 and 2 are followed except 
that the reagent zones are applied to the paper in the sequence 
B, A, C, D; the same order and procedure is followed for 
Zones E and F as in examples 1 and 2. 

EXAMPLE 7 

The procedures of examples 1 and 2 are followed except 
that the reagent zones are applied to the paper in the sequence 
B, D, A, C; the same order and procedure is followed for 
Zones E and F as in examples 1 and 2. 

EXAMPLE 8 

The procedures of examples 1 and 2 are followed except 
that the reagent zones are applied to the paper in the sequence 
C, B, D, A; the same order is followed for Zones E and F, as in 
examples 1 and 2. 

EXAMPLE 9 

The procedure of example 3 is followed, using the test strip 
as prepared in example 5. As a positive indication of the 
presence of niacin, the strip becomes orange to pink and a yel 
low cross-reaction also appears on the test strip. The positive 
or negative color reactions of the test strips of examples 6, 7 
and 8 can be found above. 
We claim: 

1. A diagnostic composition for the positive detection of 
niacin production by mycobacteria, which comprises a bibu 
lous material containing at least four reagent-impregnated 
zones, separated one from the other by an untreated area of 
the bibulous material, wherein: 

A. Zone A contains from about 0.2 to about 6 mg. of an al 
kali metal salt of p-aminobenzoic acid; 

B. Zone B contains from about 0.6 to about 20 mg. of sodi 
urn or potassium thiocyanate; 

C. Zone C contains from about 0.2 to about 10 mg. of a 
crystalline acid selected from the group citric acid, oxalic 
acid and malonic acid; and 

D. Zone D contains from about 1 to about 20 mg. of 
chloramine-T; 

said zones being arranged in an order adjacent to each other 
which will give a positive reaction on contact with an aqueous 
or saline extract ofa niacin-producing culture. 

2. A diagnostic composition according to claim 1, wherein 
an additional Zone E, impregnated with a chemically inert 
hydrophobic barrier composition, is positioned contiguous to 
the untreated area following the outermost reagent im 
pregnated zone. 

3. A diagnostic composition according to claim 2, wherein 
an additional Zone F, impregnated with a dye solution and 
topcoated with a hydrophobic barrier composition is con 
tiguous to Zone E. 

4. A diagnostic composition for the positive detection of 
niacin production by mycobacteria, which comprises a bibu 
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lous material containing at least four reagent-impregnated 
zones, separated one from the other by an untreated area of 
the bibulous material, wherein: 

A. Zone A contains from about 1.0 to about 4 mg. of an al 
kaii metal salt of p-aminobenzoic acid; 

B. Zone B contains from about 6.0 to about 13 mg. of sodi 
um or potassium thiocyanate; 

C. Zone C contains from about 2.0 to about 3.0 mg. of a 
crystalline acid selected from the group citric acid, oxalic 
acid, or malonic acid; and 

D. Zone D contains from about 2 to about 10 mg. of 

chloramine-T; 
said zones being arranged in an order adjacent to each other 
which will give a positive reaction on contact with an aqueous 
or salineextract of a niacin-producing culture. A‘ 

5. A diagnostic composition according to claim 4, wherein 
an additional Zone E, positioned contiguous to the untreated 
area following the outermost reagent-impregnated zone, is im- ' 
pregnated with a chemically inert hydrophobic barrier com 
position comprising: 

A. from about 75 to about 100 ml. of an acrylic coating 
composition; and 

B. from about 0 to about 25 ml. of a hydrocarbon thinner 
for said coating composition. 

6. A diagnostic composition according to claim 5, wherein 
an additional Zone F, contiguous to Zone E, is impregnated 
with a dye solution comprising an about lOO-ml. solution of 
from about 0.05 to about 0.8 g. of a dye; and wherein said dye 
impregnated zone is topcoated with a hydrophobic barrier 
composition. 

7. A diagnostic composition for the positive detection of 
niacin production by mycobacteria, which comprises a bibu 
lous material containing at ‘least four reagent-impregnated 
zones, separated one from the other by an untreated area of 
the bibulous material, wherein: 
A. Zone A contains about 3.4 mg. of the sodium salt~ of p 

aminobenzoic acid; 
B. Zone B contains about 9 mg. of potassium thiocyanate; 
C. Zone C contains about 2.8 mg. ofcitric acid; and 
D. Zone D contains about 8 mg. of chloramine-T', 

wherein the reagent-impregnated zones are positioned on the 
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8 
bibulous material in the sequence Zone A, Zone B, Zone C 
and Zone D, and wherein Zone A is contiguous only to the un 
treated area preceding Zone E; Zone B is contiguous only to 
the untreated area following Zone A and the untreated area 
preceding Zone C; Zone C is contiguous only to the untreated 
area foliowing Zone B and the untreated area preceding Zone 
D; Zone D is contiguous to the untreated area following Zone 
C. 

8. A diagnostic composition according to claim 7, wherein 
an additional Zone E, positioned contiguous to Zone D, is im-v 
pregnated with a chemically inert hydrophobic barrier com 
position comprising about 85 mg. of a methyl methacrylate 
coating composition and about 15 ml. of ethyl alcohol. 

9. A diagnostic composition according to claim 8, wherein 
an additional Zone F, contiguous to Zone E, is impregnated 
with a dye solution comprising an about l00-ml. solution of 
about 0.1 g. of a dye; and wherein said dye-impregnated zone 
is topcoated with a hydrophobic barrier composition compris 
ing about 85 ml. of a methyl methacrylate coating composi 
tion and about 15 ml. of ethyl alcohol. ‘ 

10. A diagnostic composition according to claim 7, wherein 
the reagent-impregnated zones are positioned on the bibulous 
material in the sequence Zone C, Zone D, Zone 8 and Zone 
A, and wherein Zone C is contiguous only to the untreated 
area preceding Zone D; Zone D is a contiguous only to the un 
treated area following Zone C and the untreated area preced 
ing Zone B; Zone B is contiguous only to the untreated area 
following Zone D and the untreated area preceding Zone A; 
Zone A is contiguous to the untreated area following Zone B. 

11. A process for the detection of niacin production by 
mycobacteria comprising: 

A. Inserting the diagnostic preparation of claim 1 into a test 
tube containing an aqueous or saline extract of the cul 
ture to be tested; 

B. Scaling the mouth of the test tube with an inert stopper 
material; 

C. Maintaining the sealed test tube at room temperature 
with gentle agitation; 

D. Allowing at least 15 to 20 minutes to elapse for color to 
develop as a positive indication of the presence of niacin. 


