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J.t being probable that application , ill leprosy investigat ion s, of tll e 
double-agar diffu sion precipitation tes t would be found profitahle, 
ther e is offer ed- on r equest- the present note on technique. It de
scribes a method, in which 'Oakley tubes arc used for the r eactions, 
which is r easonably simple and for most purposes more practicable 
than would be the Ouchterlony plate (petri-dish) method, although to 
the practiced worker the latter may perhaps som etimes he prefera hIe 
for special pm'poses, as when l'eactiom; to multip le antigens are to he 
compared. 

'\Tc· have observeCl that many human sera which c.ontain mycobac
terial antibodies-evid ently in low concentration- fail to give positive 
r eaction s in the plate test do so very nicely in the tube t est. The 
r ea son is not certain, but it is my opinion that the greater area avail
able in plates for diffusion of the r eacting substances makes that tech
nique less sensitive than the other, for in the tubes the diffusion areas 
arc r elfltively r estricteel. 

The tec'hmque of the tes t is,ill summa.ry, as follow s : Tn a r eaction 
tube of sp'ecified dimension s, previou sly coated in side with a thin 
laye r of dried agar, the tes t is made with three superimposed columns. 
In the lower pai,t of the tube is 'a r elatively long column of agar con
taining the antigen; secona is a short "neutral" column of agar with
out any reactive substance, in which the reaction occurs ; and above 
that the tube is filled with the serum being tested. The precipitation 
r eaction occurs in the neutral agar column, a s a r esult of the diffusion 
of (a) antigen from the agar-antigen column below, and of (b) anti
body from the serum column above. 

In stead of sirpply presenting a 1'e-w1'ite of the technique described 
in recently published articles (l, 2), I have chosen to give a slightly 
modified techn ique based on a mimeographed protocol cUlTentl~- in use 
in this laboratory. F eatures which might affect the applicability of 
the method in places where fac ilities are limite~, including certain of 
the specification s originally given in footnotes, are given special 
consideration. 
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l\'[AT1~RIALS 

1. Reaction tubes, 10 cm. long with 3 mm. internal diameter. 
2. Capillary pipettes, with delivery tips 10 cm. long. 
3. Agar, any specially washed, purified product. The agar solutions 

are made with distilled water 01' 0.9 per cent saline as direc~ed. Those 
used for the tes t columns (Hems 2 and 3 of Procedures ) s110uld con
tain 1 M (7.5% ) glycine. 

4. Reagents : Antigel\; antiserum; glycin e (glycocol, m.w. 75.05) ; 
IN NaOH (for adjusting the pH of the agar solutions ). 

;). Equipment: (a ) -Water bath, maintain ed at about 50°C to keep 
the agar solutions melted whil e the tuhes are being prepared. (b) Hot 
ail' oven heated to about 500 C, for drying the agar lini"ng of the r eagent 
tubes (Item 1 of Procedure). (c) In cubator at 37°C for developing the 
r eactions. 

Comments.- The tubes specified (Items 1 a m1 2) Hre made of soft glass (2 ) . P yrex 
would be more exp ensive to buy Hnd llIore diffi cult to manipnla te, although it would be 
mo re durable in repeated usage. The tubes Hnd the Wintrobe ca pilla ry pipettes u ed in 
our work are obtained f rom the Aloe Scientifi c Co., S t. Loui s, Missouri . H owever, en
t irely usable tubes can easily be made on a do-it-yourself basis fro m ordinary soft g lass 
tubing of appropria te s izes. For the reagent tubes, stock of 3 mill. inside di ameter is 
cut so that the length will be 10 Clll . after one end is closed by fl a ll1ing. To make the 
capillary pipettes, for which stock tubing 5 111111 . inside diameter is sa ti sfactory, the cen
tral secti on of a piece is heated r ed in fl, wing fl ame and drawn out to produce a coarse 
capillary secti on small enough to fit l'ea dily into the l'eagent tube and long enough to 
reach the bottom of it . With proper clea ning, these p ipettes and tubes may be reused 
many times. 

"Regarding the agar , we use a puri fied product suppli ed by the Di fco Laboratories, 
Detroit, Michigan , under the name "Spec ial agar (Noble) ." Inquiries have been made to 
ascerta in the ava il ability of speciall y purified agars in other countries. Dr. J . Ross Innes, 
of London, r ep orted that a good grade of agar produced in New Zea land is readil y a va il 
able in England, but that the only sp eciall y purifi ed agar ohta inabl e th!l-!:e .4. th e D ifco 
product. Drs. R. Chausinand, of P aris, and L. ]\II. Bechelli , of S li o P aulo, both reported 
in effect that p urifi ed aga r is not made in their countri es bu t when needed is obtained 
f rom the United Sta tes. 

It is a matter of fac t that any aga r which g ives a clea r, solid product can be em
ployed. In our earlier work we used, with good results, shredded bulk agar dialyzed 
against distill ed water until a clear product was obtainrd. The commercial product 
specified is used now because it is convenient. 

F inally, r egard ing equipment, the water bath need not be a special a pparatus; it 
could be merely some simple conta iner on a tripod, a small flam e being applied beneath 
it as r equired. · If a regular' hot-air oven is lacking, a para ffin oven I1I lly bp used even if 
the temp erature should be as high as 56° or 58 ° C. All that is nece. sa r)' is to dry to a 
fil m the aga r which coa ts the inside surface . 

PHOCEDUl~E 

1. Internal coating of reaction tub es.- A s a prelimina ry measure 
the r eaction tubes mu st be coated internally with a thin film of dried 
agar , to ensure that the two agar-columns of the test set-up will adher e 
to the wall of the tub-e. 

Invert a batch of Clean tubes in a beaker containing a simple OJ 
per cent solution of agar in di still ed water (without glycin e), enough 
to cover the tubes, and autoclave th e loaded beaker in the ordinary 
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way. ~rhis dri v('f:; the a ir out from the tuhes and CaU8l'8 the agar solu
tion to be drawn up. Subscqucntly, whclI the tubes havc partially coolctl 
hut while th e agar is still fluid, the fill ed tubes are emptied of as much 
of the solution as poss ible~d olle by simply shaking it out into the sink. 
\ t on co, befor e the agar C~1ll gel, the tubes a r e placed, inverted in a con

tainer with the bottom COV C'I' cCI with an absorbent substance such a 
filter papcr, in a ho t ll i1: oven at [)o ° (; (01' in a pm'affin incubator at it 
usual temperature) to dry for 12 hours or overnigh~ . The tubes «;0 pre
par.ed keep indennitely if kept fr ee from contaminating au t, so· they 
may be prepared in large 11 urn bel's. 

2. Antigen-agar column.-rrhe fir st step in preparing for the test 
itself is the preparation of the an tigen-agar nMxtul'e and it s introduc-
tion into the lower part of the re~ction tube. -

This mixture is made in an ordinary ste ril e tube or fla sk, T-Ilaill
tained at :)06C in the water bath. The agar is a 2 pel' cent' steril e 80]11 -
tion, made with 0.9 per cent salIne and adju ted to pH 8.0, with gl~Tcine 
added in the concentration indicated above. 'rhe antigen, al so hcated 
to 50°C,. is then added in th e quantity n eeded for the-desired dilution .l 

rrhe mixture is maintained at 50°C until the reagent tubes are 10llded. 
'With a sterile capilla ry pipette, fill the r eagent tubes with the agar

antigen mixture (the fir st agar column) tQ. a depth 'of approximately 
4.5 cm., taking care not to include an~l"Rir bubbles. Tubes with ,this 
column can be stored in the r efrigerator for several weeks, if desired, 
and therefore they can be prepared in advance of performing the ac
tual tests. (To do this would ensure uniformity of this element of the 
t est when, over a material period of time, considerable number s of sera 
are to be tested with a given antigen.) 

As it tends to incr ease the speed as well as improve the visual 
quality of the test, we now add 0.15 cc. of a 0.1 per cent Tween 80 
aqueous solution per each 3.0 cc. of antigen-agar mixture in the mixillg 
fla sk, prior to adding the antigen-agar column to the tubes. 

3. ' Agar diffusion or reaction colttrnn.- The last step in prepara
tion for the actual performance of the test is to introduce above the 
antigen-agar column a short column of agar without r eageJit (i. e., the 
neutral r eaction zone). For this is u ed a sterile r per cent agar solu
tion, made as befor e with 0.9 per cent saline, with glycine added, and 
adjusted to pH 8.0, and as usual maintained in the 50°C water bath. 
"With a sterile capillary pipette enough of the solution is introduced to 
the r eagent tube ·.~o - make a column 0.5 cm. long, particular car e being 
taken to avoid air' Qubbles., At least 10-20 minutes should be allowed 
for this second aga'r layer to gel before the next step is "ta"ken. 

IThe suitable proportions of antigen a nd agar solution (2 % ) will .be determin ed by 
experience. It i s recommenllcd that with concentra ted, unh eated culture-fi ltrate antigens of 
mycobactct'i n, 4 ra tios to ag-n r. R: 1. 1 : 1, 1 ::\ and 1 : 20, be p repa red. 
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P reviously, longer colnmns were used, up to. as much HS 3 cm. The individual pre
(·i pitate ba nds \I'ere correspondingly separated. It has been founel , however , tba t although 
in the hort column the p recip itate bands are closer together and their sepa ration may 
not be so easily . een, the test is more sensitive . 

About the use of glycin e in the antigen-agar :111d 'reactiOlFagar columns, the pur pose 
is to inhibit nonspecifi c precipita tes tha t somtimes occur with human serum. If necessary, 
it could bl' omi tted as not ah;olutrly essenti al alth ough helpful. In fact, we did not use 
it in the first yell I' of our work ; but we do now because it has proved use ful on occasi'On. 
The only prccaution ill its use is that it shonld not hr an toclavcd more tha n the llSUlll 
p l'cssnre. Hnd time (1.5 lb., 1.5 min .) . . 

4. T est -s erurn colll 11111.- rrh e tes t preparation i compl eted by fill 
ing- the- tube to the top with clear, sterile pati ent' s se rum- undiluted, 
nOJlhcmolyzed and nonlipemic-which is run in above the second agar 
layer with a steril e cap~J,ary pipette. (Unused serum, is preserved in 
the r efrigerator for r epl acement in case of ver y weak r eactions, as de
scribed below.) The tubes may be placed in any clean container such as 

_ a beaker or a "Mason" fruit jar; and, after being cover ed for protec
tion from dust, they are incubated a t 37 °C. 

S terility.- Hegardin g sterility in the pl'ocedure, it is obviou sly 110t 
an entirely steril e. technique. ,]~h e test 'would be difficult to set up quite 
aseptically, but an .effort is made to introduce a little contamination 
as possible. rl'he tubes are autoclaved (the r eagent tube with the coat
ing agar), as are the other agar solutions ; the antigens are st erile from 
filt ering, and the sera m'e obtain ed st eril e and kept so. 

OBSERVING AND READIN G REACTIONS 

The t est s, maintained in the incubator, should be observed at 24-
hour intervals for 7 days, with r ecord of th e number of clearl?-defined 
precipitate bands in each tube. 

In most tests for antibody to M. tu.b erculosis, the r eactions are 
found to be positive within the fir st 48 to 72 hours of incubation. 
Depending entirely upon the antibody titer of each serum, visibl e pre
cipitate bands will appear in anyone, several or all of the 4 tubes used 
for the test. The absence of precipitate bands in any one or more tubes 
of the t est series is due to either an excess antigen or excess an'tibody 
inhibition, whichever the case may be. 

R eadings are made for each of the 4 tubes in the test according to 
the key given below. 

Four-plus (4 + ) r eactions : In the stronges t (4+ ) r eactions, three or 
more sharply-defin ed, dense bands of precipitate develop after 24 to 48 
hours of incubation. If the tubes are kept in the refrigerator, these 
bands will per sist for several weeks. ' . '_'.' 

Three-plus (3+ ) r eactions : H er e again three. or: m~'e bands of pre
cipitate will a e" elop, but they a're usually slowe'~, to ' appear and never 
become as dense and well-defined a the band seen in the 4+ r eactions. 
These r eactions may appear a s of 1+ or 2+ grade at 24 hours, and 
progress to the 3+ grade the next day (i.e., after 48 hours ). 
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Two-plus (2+) reactions: In these r eactions at least two ballds of 
precipitate appeal' at some time between 24 and 48 hours. 'l~hey appear 
as distinctly separate bands, but they lack the sharp delineation seen 
in 3+ and 4+ reaction s. These r eaction s may tend to fade with time. 

One-plus (1+) r eactions : One defini te, but poorly-delin eated pre
cipitate band appears at any time between 24 and 72 hours. rt never 
differentiates into more thall olle bane1. I n many cases it ma y appeal' 
and subsequell tly fad e out. 

Negat ive (- ) r eact ions: rPotal absence of precipitate. 

1';X l'LANATTON 

If one assumes : (1 ) That the geeate r bulk of vis ible precipitate is 
due to antibody; (2) that the gr eater the concent rat ion of a reagent, 
the more rapid is its rate of diffus ion into the agar reaction column ; 
and (3) that antigen 0 1' a ll t ibody excess will result in desolutioll of visi-
ble precipitate : -

'l'hen the following ca n be assum ed to be indicative of the se rum 
all tibody titer: (1 ) Cons id eration of the ant igen concentration in each 
positive tube. (2) 'l~h e speed of the reaction. (3) 'l' he degr ee of delin ea
tion and the dens ity of the r esultall t p rec ipitate bands. (4 ) Per sistence 
oe disappearance of precipitate band s with ill crease .of time. (;) ) Tn
crease in the number of bands as the ill cubation time is prolonged . 
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