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UNITED STATES DEPARTMENT OF AGRICULTURE 

WASHINGTON, D. C. 

EFFICACY OF ANTHRAX BIOLOGICS IN 

PRODUCING IMMUNITY IN PREVIOUSLY 


UNEXPOSED ANIMALS 

By W. S. GOCHENOUR, senior vetel"inal'ian, H. 'V. SCHOENING, lJ1inc:ipal veter­

inarian, C. D. STEIN, associate vctcr'inarilm, and \V. M. l\'loHLEu, vctcrinari(lll, 
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INTRODUCTION&.n .... i Immunization against anthrax dates from Louis Pasteur's epoch­
making demonstmtion in 1881 at Pouilly Ie Fort, France. The perfect 

• results of that test are well known; all the vaccinated animals success­
~ fully withstood artificial exposure to anthrllx, whereas all the controls 

I died. 
Undoubtedly, Pasteui"s Ilbility to protect animals ngainst anthrax 

. 	by vaccination was hemldcd at the time as a sure moallS of preventing 
that W:lded disease of livestock. The vaccines subsequently pre­
pared-'~ Pasteur did much to control the disellse. Experience has 
shown, owevel', that the Pasteur vaccine had defmite limitations. 
The pI' uct was subject to rapid deterioration, especially if kept 
under unfavorable conditions. Furthermore, a relfltivciy long time, 
n.pproximately 3 weeks, was l'cquil'cd fol' the product to impllrt its 
full mensure of Pl'Otccti011. The double hfLlldling of the animnls was 
also a disadvantage, especially in the treaGUlent of l'ilnge animals. 
Objections were l'uisedlikewise to a product composed of living a11­
thrax organisms which, under certain conditions, might produce the 
(1isease in unusually susccptib1e tLllin1Uls und thereby ilctunlly spread 
the disease that was to be combated. Accordingly, numerous inves­
tigators undertook the tnsk of developing anthra biologics that would 
meet the above-mentioned objections, such resenrches being continued 

I Acknowledb'Tl1ent with appreciation is mnde of tho assistanco rondered by Thomas OllStor, inspector 
in charge oCthe Dureau's station ot Philallelpllia, Pa., in obtaining tho uulform lots of test sheop uscd iu tho 

..,. threll oxpcrlnmnls reported inlho latter IlUrt of this bulletin. Acknowledgment is mode nlso of the Iltborn­
torynssistuncegiven by C. N. Dale, W. '1'. Miller, lind M. S. Siluilun, oCtile l'athological Di\'ision. 
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Up to the yxiesent time. As a result of these long-continued studies, a 
number of products have been developed for the control of anthrax. 

For the immunization of animals against anthrax, the veterinarian 
has, therefore, a number of biologics at his command, numely nnti­
anthrax serum, antianthrax serum and anthrax-spore vacci· used 
simultaneously, anthrax-spore vaccine (single injection), all Lhrax­
spore vaccine (intradermic), anthrax-spore vaccines (2, 3, or 4 injec­
tion) anthrax-spore vaccine in saponin solution, anthrux aggressin, 
and two kinds of killed-organism unthrax bucterins, one being a whole­
culture anthrax bacterin, and the other a washed-culture anthrax 
bacterin. 

The intelligent use of these products depends on a knowledge of 
the efficacy of each under conditions prevailing in the field, which 
include the presence or absence of anthrax at the time, the previous 
existence of anthrax on the premises, the degree of dunger of infection 
that is impending, the history and virulence of the outbreaks, and 
other pertinent matters. Taking these conditions into account une 
should select the biologic from the standpoints of s.afety, possibility 
of sellsitization, rapidity of immunity production, and the degree and 
duration of the immunity produced. 

OBJECT OF INVESTIGATION 

Although it had been reported both experimentally and from the 
field that each of the products enumerated was cupable of producing 
an nmmmity to anthrax, no comparative evaluations had heen made, 
so far as the writers were aware, either experimentally or through 
carefully controlled field tests. Accordingly, to obtain information 
which wonId serve as a rational basis for the proper use of these prod­
ucts under various field conditions, the writers mude comparative 
evaluations of six commercial anthrux biologics or combinations of 
them from the viewpoints of safety, possibility of sensitization, rapid­
ity of immunity productioll, and the degree and duration of the 
immunity produced. 

The phase of the pruject here reported on was conducted under 
conditions in which the test animuls hud had no previous exposure 
to or contact with anthrax infection. Worlds in progress on compara­
tive tests under experimental conditions wherein vaccinution is per­
formed on unimals which huye been previously e).llosecL to the disease. 

EARLY POTENCY TESTS WITH ANTHRAX BIOLOGICS 

It appears appropriate to review some earlier potency tests of 
anthrax biologics thu,t were conducted by the senior author at the 
Bureau's Experiment Station, Bethesda, Md. ]'Ol' the most part 
these tests, beginning in 1925, were made separately rather thun on 
a comparative basis and nl all instl1nces were conducted for the 
sole purpose of determining whether the products possessed im­
munizing vulue. 

RESULTS OJ!' 'rESTS 

Table 1 shows the results of a potency test of anthrax aggressin 
on cattle and horses. Tables 2, 3, 4, 5, find 6 show' the results of 
potency tests of various biologics on sheep. Table 7 is a sununary 
of the results of the em'lier potency tests of various nnthrax biologics. 

, 

.~ 
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TABLE 1.-R.1SUUS of lJOtency tests of anthrax aggressin on cattle and horses 

[Exposure: Subcutaneous injection of 3 ec of a 24·hour bouillon culture of Bacillus unlhrad •• no. 8652, Nov. 
2.0, lU25] 

Vncclnatlon 
'l'imebe-

Animals tween AnimalsExperimentnl animals In Quantity vaccina­ survivingtest Date of Method of tion and 
(1925) aggressin injection exposure

injected 

Cattle: Number Cc Dugs Percent 
6 July 25 5 Subcutnneous_____ 118 50Principals•••••••..•••. 4 ________________________________________ •____________ _Controls•••.___ •_____ _ o 

Horses:Principals____________ _ 2 Aug. 8 5 Subcutaneous__ ._. 104 502 ____ •____________ •____________ . ______ . _______________ _
contro�s o 

TABLE 2.--Results of lJolency lests of onthl'ux a{](/ressin and mtthrax-S1J01'C vaccine 
(2-injection) on slte(1) 

[Exposure: Subcutaneous iujection of one·forty-thousandth part of ono platinum loop of 24-hour agar 
culturo growth of Bacillus anthraci8 Oct. 20, lU25J 

Timobo-Vaccination tweenExperi­ Sheep Sheep
mental In ---------,------;;---.-;-------1 \"a~~ga- surviv­
sheop test ingDnto Quantity I Method of andTIiologlc used (I U25) injected injection exposure 

------1------:1------1------
NIl11lb Cc Dags Percent 

I 
2 Subcutaneous___ 33 50 _____do___________ 33g_~~~3~~~_~~_g~~~~~=::::: _~~S~:_~~_ 33 

· I I Anthrax.sporo vaccino P rmc P:l s__ (2.injectlOn):
Sporo no. L.______ . __ .do____ _ ____.dIL_.________ } 2:1 , ____do__________ _{Spore no. 2_________ Sept. 27 100 

('ontrols___ _ 25 

~ TABLE 3_-Results of 1)otcncy test of anth1·a.?; bacterin (whole ellUltre) on sheep 
and final 1Jrclim1nary tilrations of the exposure culture used 

[Exposure: Subcutaneous iujection or 1 cc of a 24·hour bouillon culture of Bacitlll8 anthracis no. 1, Feh. 
]i,IU32] 

ltESUI,'l'S OF POTENCY 'l'ES'i' 

Vaccination 'l~irne hc~ 
tween SheepSheep vaccina­Experimental sheep Quantity sUf\~iv­In test tionDate of :Method of ingnud ex­(lU32) nggres.h injection lJOsureinjected 

Cc J)o us PercentPrincipals_____________ •______ . 
10 {~~~: E} 10 Subcutaneous____ , { ]3 }12 40 

Controls__ ----- -•.• 'I 20-----.-. -' .-.------- ------------ --.-------- .... ,.- ,I· 
HESUL'.rS OF }'INAL PUELiMINAHY Tl'l'IU.'I'lONS Ok' TilE EXPOSUHE CUL'rUUE 

QunntitySheep no. Data of injection (!U32) nesultinjected 

CcI 1.0 Jan. 21.____________________ _ Died of anthrax Jan. 23. 
____ _____ _ du _ 

1. 0 •____do______________________ _ 
882_.~Y:::=:::::::::• .,:::_____ :::::::•______::::/1 1.0 _____ _____________________ Do. 

Died of anthrax Jan. 25.894 __________________________ _ • 8 Feb. 5____________________ • __ Remained normnl • 890 _______ •__ • _______________ _ • 8 _____do_____ •_______ •___ •___ •• Died of anthrax Feb. 8 • . 8 _____do______ •______________ ._ J{emained normal • 1. 0 J·'eh.12_____________________ _ Died of anthrax Reb. 14. 
887___ •______________________ _ 1. 0 _____do___•______ • ___ •_______ _ Died of anthrax Feb. 15. 
:~:::::::::::::::::::::::::::1886 _______________ • __ • ________ 1.0 _____do______________________ _ 

Do. 

http:J�'eh.12
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TABLE 4.-Results of potency tests of 4. anthrax biologics on sheep, and final pre­
liminary titration of the exposure culture used 

[Exposure: Subcutnneous injection of 3 cc of a 1:100 dilution of a 24·hour broth t'Ulture of Bacillu..! a71thracW 
no. 92, June 6,1032] 

RESULTS OF POTENCY TEST 

VaccInation Time he· 
tweenExper!· S~eep Sheepvaccina·mental 1D survlv·tionsheep test Date QUllntity Method of ingBiologic used anel(1032) injected injection exposure 

Number Cc .DaV8 Percent 
5 An thrnx aggressin ...... Apr. 30 3 Subcutaneous... 37 60 
4 An thrax hllcterin ...do..... 10 •••••do........... 37 50 

(whole culture). 
2 Anthrax·spore vBcclne Apr. 13 .25 Intrndermic..... 54 100~I~I~--l (Intradermic) . 
3 • -\.nthrax·spore vaccine ...do..... 1 Subcntaneons... 54 100 

(single injection). 
Controls.... i -- .-------- --.......... '"' ------ ---------- -- ..--..----- .- .... _- <---_ .. _.. __ .- --- .. ------ 57 

RESULTS OF FINAL PRELIMINAHY TITllA'I'ION O}' 'l'llE ]~XPOSURE CULTURE 

QuantitySheep no. Date of injection (1032) Hesultinjected 

Cc 
3 May 31. .................... Died of anthrnx June 5.
ggh.-:.=::::::::::::::::==:::::I 3 .....do....................... Died of &nthrn.x June 3. 


TABLE 5.-Results of potency tests of 4· anthrax biologics on sheep, and final pre­
liminary Mtration of the exposure culture used 

[Exposure: Subcutaneous injection of 1 cc of II 1:100 dilution oC Crozen anthrax culture 18641\L lot 1, No • 
12,1032J 

HESUL'I'S OF PO'rENCY TEST 

Vuccination 

Experi· Sheep

mental in 

sheep test B' I'i'd Dille IQualltitY Method of 
..___1:::__ (1032) ,_I_·ll_je_c_.te_<_I.I___h_lj_ec_t_io_n__ ____ ___ ___L._._ 

I 
I I 

~m~o~ ~ 
Anthrnx bllcterin Oct. 13 :2 Suhcutllneous... o (wnshed cnlture). __.dn____• .j ____ .do.__••____ __ 

G Anthrllx bllcterin __do__ .__ 5 ____ .do__....____• 
J'rlnclp'lls__ (51 (whoie culture). __ .do...__ 10 .....do ••••••• __ __ 

J\nthrax·sporc vllccitle _..do____ • .25 Intrnderrnk•.•• 
(lntrn<1ermic).1 Ii J\nthrnx·spore vnccine 1.. tlO .... 2 Subcutaneous. __ 30 83.3 

Controls----l 12 '" (~i.~;~e ~~~~~~~~I~~:__ •• __ ........ =... 'I'~:.'__'_"_'.~_,,_,,_._.._._--_._._--_. __4_1._7 


RL~SULTS O}' Jo'I~Af, J'IU~LIMINARY 'l'l'l'RA!l'ION OF 'rIlE EXPOSUHE CUL'l'UHE 

QnllntitySheep 110. DlIlo oC injcclion (10:12) Hcsultinjected 

Cc 
1022__ .......____ ......__ ••••. Nov. L ........__ .......... . Died of nnthrnx Nov. 4. 

1025. __ ... _.. _ ............... ...... ~ "' ____ _ __ ...do____ ... __ ............ .. Hemllined normal. 

lC!O....______............... . .. __ .do____ ........____.. __ .. Died oC nnthrax Nov. S . 

10-10. __ • __ .... __ ... _•••••••• __ ... __do..................... . Dietl oCnnthrnx No\'. O. 

1047....__.................. .. ....do..................... . ])ic(\ of nnl.hrux Nov. ·1. 

1005.______...______... _•••••• _____do •• ., _.................. _ Hcmuined nonnul. 
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TABLE 6.-Results of potency tests of anthrax-spore vaccine in saponin solution on 
sheep, and results of final preliml:nar~1 titrat-ion of exposure culture used 

[Exposur(}: Subclltaneolls injection oC 1 C(I oC!\ 1:10 dilution oC n 24-hollr hroth cullur(l oC Bacilllls anthraci. 
no. 3733, Muy 4, 1933] 

RESULTS OF POTENCY 'l'EST 

Vllccinntlon 'l'imebe· 
tween SheepSheep vacclna·Experlmcntnl sheep survl\"in test tionDate Qunntity Method oC lngand ex·(111:12) Injected injection posure 

~Ntt)tlb"r Cc ])avs Percent 
PrlncI1lllls••••••••••.••••.•••.•! 6 Mar. 23 0.25 Subcutaneous..... 43 100 
controls.................~.: •••l 0 .................................................... 50 

\~ 
RESULTS OF FINAl, ]'mn,[M.INAHY TITRA'I'lONS OF 'J'lW 1,XPOSUHl~ CUL'l'URE 

Cult.uro injcct.ed 

ShCCPllO. Hesuit 
Dilut.ion QllIlntitr Date (1933) 

-.- -~.~----~~---
Ct' 

1100............... . l:l() 1 Apr.28.................... D\cd or nnthrnx May 2. 

12(H............... _ 1:10 1 .....do...... ............... Dtcd or anthrax ~rny 1. 

1HI................. J;25 1 .....do..................... Hemllincd /lormn!. 

1I~2............... . 1:25 1. .....do..................... Died or unthrnx l\IIlY fl. 


TABLE 7.-Su1nmary of the 'results of early potcncy tesl.~ of uarious (tntiLrax biologics 
(tables 1 to 6) 

---~-f Animt1ls in te~ls IAuillluis survivlug ex· 
'J'ests ron ..' llCrimcnlnl exposure I

I dudell 1 I I-~--'-~--_____J___...'Principnis Cont.rols jprirH'lpl1lS Coutrols 

---------- il\rU11IIJrr' ~\r~lI"bcr ·~:;':;:;;:I -l~erCt!Jlt PerCl'lIt 
Anthrax u~gressin ......................... --. 3 ~ 25 171 -18 29 
Anthrax hllclerlll (wlIsltetl culture)... ........ 1 , J2 12 112 J') 
Ant.hrax bllcterln (whole culture) ............ _, 3 ' 20 ~·I 38 42 
Anthrax Sllore vtlccino (intradermic) ... _.... __ 2! 7 HI, 100 4. 
Anthrtlx SPllrO V!lccine ill S!lponill solution..... 1 : Co r. . 100 fO 
Allthrnx spore vtlecine (single injl'Ct 10n)..._ ..1 2 : fi III I 89 4. 
Anthrnx spore vllceine (two injections) ........ , ] ! 3 4 : 100 25 

DISCUSSION Ok' BAULY POT~;NCY 'fBSTS 

In the foregoing tests, anthrax bacterin (washed culture), anthrax­
spore vaccine (intradermic), nnthrax-spore vaccine in saponin solution, 
anthrax-spore vaccine (single injection), and anthrax-spore vaccine 
(two injections) produced well-mudwd immunity to anthrn.x. 

'rhe results of the tests made with anthrax aggressin showed that 
the product is ,capable of producing some degree of immunity to an­
thrax. In tllese tests, 11o\\,ever, the immunity produced was not so 
strong as that conferred by the living unthrax-spore vuccines and the 
anthrax bacterin (washed culture). 

Although anthrax bacterin (whole culture) increftsed resistance to 
anthrax in some of the tests, the immunit,y produced was less thaI! that 
of the other anthrax biologics tested. 

The underactivity of the exposure dose of anthrax culture used in 
the tests l'eported in tnble 4, in which 57 percent of the controls sur­

http:injcct.ed
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vived, was rather disappointing since the preliminary titrutions indi­
cated a higher degree of infectivity. This represents but one of a 
number of examples of the instability of the virulence of cultures of 
Bacillus anthmcis as ordinarily prepared, which prompted the use in 
the subsequent immunity tests of a specially prepared culture of R. 
anthracis which had been found to be of stable virulence. 

COMPARATIVE EXPERIMENTS WITH ANTHRAX BIOLOGICS 

To obtain defmitely comparable data on anthrax biologics, the 
writers conducted a. series of experiments in 1933 and 1934 at the 
Bureau's E:\.lleriment Station, Bethesda, Md. 

BIOLOGICS AND 'fEST ANIMALS USED 

The biologics used were antianthmx serum, antianthrax serum and 
anthrax-spore vaccine used in combination, anthrax-spore vaccine 
(single injection), anthrux-spore vaccine (intradermic), anthrax-spore 
vaccine in saponin solution, and anthrax bacterin (washed culture). 
These were all of commercial manufacture and were found to be satis­
factory to such laborntory tests as were applicable to each product. 
The size of dose Tecomrnended by the manufacturers for sheep, the 
test animals employed (fig. 1), was used in each instance. The limited 
space and the need for a considemble number of animals for each test 
made it necessary to limit the investigation to the number of products 
na:cned. 

The test anima.ls were 2-yen,r-old :Merino wethers of uniform weight 
and in good conditiOn (fig. 2). After being exposed to anthrax, the 
sheep were housed in a large, tightly screened, concrete btlfIl adjacent 
to the incinerator (figs. 3 and 4). 

PLAN O~· wonK 

To obtain the desired information, tests were projected to compare 
the immunities produced by the several anthrax biologics at intervals 
of 4, 14, 60, 120, and 180 days after vaccination. By reason of the 
large number of test animals involved, the work was divi.ded into three 
experiments. 

Because more time than had been anticipated wus consumed in the 
preliminary titmtions of the exposure culture of Bacillus anthmcis to 
establish a satisfactory infective dose, the originally planned GO-day 
interval bet.ween vaccination and exposure had to be lengthened to 
108 days nnd the 120-day intervn.l to 155 days. Accordingly, the 180­
day intCl'\Tal was lengthened to 300 days, and the need for replacement 
of some animu.ls cn.used an extension to 3GO days in some cnses. 

In thefust of the three experiments the comparison of efficacy was 
made by exposing nt one time, to the same previously detel'lnined 
infective dose of B. a.nthracis virus, one group of sheep thnt had been 
vaccinated with various anthrax biologics 4 dn.ys previously, a second 
group vnccinated 16 dll.ys previously, and a third group vaccina.ted 108 
days previously. 

In the second experiment a group of sheep that hnd been vllccinn,ted 
for a period of 155 days was given an expos\ll"e to nnthrn.x equul to that 
of the first experiment. 

In the third experiment, in which the date of vnccinntion was 
February 21, 1933, a group of sheep that had been vllccina.ted for a 

http:animu.ls
http:anima.ls
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period of 300 da.ys was given a similar exposure to anthrax. Within 
60 days after vaccination, some of the sheep SUCCUl11 bed to intercurrent 
disease. These vacancies were filled with sheep vaccinated April 21, 

FIGUnE J.-A grouI) of tho sheop used In tho COlllpllrati\'o Immunity tests of nnthrtlX bioiogics. 

1933. Between April 21 and the date of exposure to anthrax, ]J'ebru­
ary 16, 1934, further losses were sustained from intercurrent disense 
but the animals that died WCl'enot l'eplnccd. Accordingly, each of the 

.~ 

.. "" 

FIGUIlE 2.-0no of the sheep, U 2·YI!ar·oid lIfcriuo wether, Illustrating tho typo and condllion oC tho lest 
nninU\is used. 

vaccinated groups in experiment 3 contained fewer than the orlginnlly 
planned number of sheep, and some group~ contained sheep that were 
vaccinate<.l February 21 and April 21, 1033, representing intervals 
between vaccination and exposure of 300 and 360 days. Since both 
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of these periods materiully exceed the duration of the usual anthrax 
period, from 6 to 9 months, there is no difference in the significunce of 
the data for 300 days und for 360 days. The results are accordingly 
grouped. 

PREPARA'flON OF ANTHRAX CULTURES USED l'OR EXPOSURE 

It has been the experience of the writers, as well as others, that 
success in conductin~ anthrax-immunity tests depends in a large 
measure on the stability of the e)..l)osure material that is to be used. 
It is a well-known fact that a culture of anthrax of a certain degree of 
infectivity cannot be depended on to retain that degree of infectivity 

FIGL'llE a.-Jlurn used to hou~e (cst animuls cXJlo~cd to IInthrnx; incinerator on the Idl. 

over any appreciable period by the means ordinarily used for muin­
taining cultures. Recently Reichel and Sclmeider 2 found that the 
infectivit,y of un unthrnx culture could be muintuined with little 
chonge by holding the culture in a frozen state from the time of its 
preparation until it was used. The exposure culture used in the first 
experiment and designated "Frozen nnthrax culture 1864,11. lot 3" 
was prepored at the 1Iulford Biologicnl Ln boratories, Shnrp & Dolune, 
Glenolden, Pa., and wns mnde avnilnble for this illyestigation through 
the courtesy of John Reichel, the director. As the sllpply of this 
cultme became exhausted, n new lot, designated "Frozen nntlu'ux 
culture 1864, B. A. I. lot 1", wns p1'epnred in the laborntory of the 
Pathological Diyision, Bureau of Animnl Industry, followi.ng the 
procedure described by Drs. Reichel Ilnd Schneider.2 This lot was 
used i.n the second and third e).l)eriments and was pl'epnl'ecl in the 
following manner. . . 

Sheep no. 993 was inoculated NIarch 22, 1933, with 1 cc of a ono­
fiftieth dilution of frozcn unthrn,x culture 1864, M. lot 3, Ulld died 
l"farch 30, 1933. A culture, on plain mont-infusion agnl', rccoycred 

I HEICIlEI., J., 111111 SCIlNEJIJEll, J. E. ANTllIlAX-I'1l0TECTION n:ST~. Jour. Amer. Yet. \red. ,\.~soc. 82: 
3i6-38S. lU3·J. 

http:followi.ng
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from the blood of the ear, was transferred at 24-hour intervals on 
March 31 and April 1 and 2. On April 3, the entire 24-hou1' growth 
on a %by 5-inchmeat-infusion agar slant was removed with a platinum 
loop and directly trunsferred to 3,000 cc of nutrient broth which had 
been 'previously sterilized in a narrow-mouthed 4,500-cc bottle. 
After 15 hours' incubation at 31.50 C., the bottle was promptly 
removed from the incubator and handled as follows: 

(1) Seven hundred and fifty cc of previously filtered, sterile horse 
serum was added. 

(2) The culture and serum were shaken vigorously after the mouth 
of the bottle had been dosed with a sterile rubber stopper. 

l'Il11.:nE .j.-~Illerlor \'iew of born used for outhrux cxperi!llelll~; ctlpncity I IO sheep. 

(3) A previously sterilized bottling nppnrutus was fitted to the 
bottle, aseptic precautions being used. 

(4) Immediately hefo1'e commencing bottling ope1'lltions the con­
tents were shaken thoroughly, this step being repcn.ted in the middle 
of the bottling procedul'!'. 

(5) Si.xty cc of the sNulll-aud-broth-culture mixtlll'e was placed in 
each of 30 bottles of 100-cc cnpncity, rubber-stoppel' caps being 
used. 

(6) The bottles wero plnced in beakers and packed in a box which 
wns put in the freezer at -150 C. When observed 4 hoth's later the 
product was not uniformly solidified, but aIter 20 homs the contents 
of all l,'1ttles wero solidly frozen. 

(7) On April 8, the frozen product jn bottle no. 1 was thawed at 
room temperut.Ul'o, thoroughly s11l1ken, diluted 50 times with saline, 
tl11d cultmed on the surface of meat-infusion ngnr in Petri dishes. 
The colony count indicated the })resence of 180,000 organisms per 
cubic centimeter of undiluted mnteriul. No colonies of orgl1nisms 
other thnn nnthrnx were observed. 
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I'RELIMINARY TESTS OF INFECTIVITY OF EXPOSURE CUI,TURES USED 

Because of the importance of the degree of infectivity of the expo­
sure culture for the comparative tests t·hat were to be undertaken, a 
number of preliminary titrations were made of the two lots of f,rozen 
anthrax culture in order to estnblish an infective dose that could be 
depended on to cause denth from anthrax in a considerable majority 
of unvaccinated animals taken from the same lots as those used in 
the tests proper. A total of 71 sheep were used in this preliminary 
work. 

It was found that a dose of 1 ce of undiluted anthrax culture 1864, 
M. lot 3, administered subcutaneously, caused death regularly in 
from 67 to 100 percent of the sheep. These titrations extended over 
a period of several mont,hs, during which time no appreciable variation 
in the degree of infectivity of the culture was noted. A subcutaneous 
injection of 1 co of this culture was believed, therefore, to constitute 
a suitable exposure t.o anthrax. The results obtained with frozen 
Rnthi'ax cultlll'e 1864, B. A. I. lot 1, prepared by the writers, were 
found to be in close conformity wit.h those obtained with the frozen 
anthrax culture 1864, M. lot 3, pl'cpared by Reichel and Schneider. 
A subcutaneous injection of 1 cc of the former culture was considered, 
therefore, to constitut.e an e:q)osure to anthrax equal to that of the 
latter culture. 

Inasmuch as all the animals in experiment 1, consisting of 96 
vaccina.ted sheep and 12 controls, were to be exposed on the same date, 
it was realized that approximately 2 hours would be required to 
administer the exposure dose to this number of animals, which would 
mean that the time between thawing the exposure culture and the 
actual injection into the sheep would vary" from a few minutes in t.he 
case of the first sheep exposed to apprmnma,tely 2 hours in the case 
of the last. Accordingly, this time factor between thawing of the 
culture and administmtion wns taken into consideration in the 
titmtion of frozen anthmx culture 1864, :M. lot 3. The injections 
were made OY':lr a period of 2 hours, and the culture was kept in an ico­
water bath in the meantime. The results of the titmtion indicated no 
difference in the infectivity of the culture when used immediately ltiter 
thawing or 2 hours afterward. Table 8 shows the last preliminary 
titmtions of the exposure cultures used in the three experiments. 

In the titrations of the expOSll1'e culture used in experiment 1, 
two bottles, each containing 60 cc, were tlmwed at room temperature, 
thoroughly shltken, and the entire contents poured into a 500-cc 
sterile Erlenmeyer flask and thoroughly mixed. In the titrations of 
the exposure ctiltures used in experiments 2 and 3, the procedll1'e WfiS 
the same except thnt 4 bottles of the culture, instend of 2, were used 
in ellch titmtion. To mnke the dilution of 1: 2j'2, 4 cc of the mi'md 
culture was placed in n sterile wide-mouthed bottle and 6 cc of 
sterile snline solution ndded. 

In connection 'with the third experiment, Il, preliminary titmtion 
was made Februnl'Y 5, 1934, of the frozen nnthrux culture 1864, 
B. A. I. lot 1, by injeeting subcutnneously into euch of five sheep 1 
cc of the undiluted cultul'e. One of the five sheep died of anthrax on 
February 9. The remnining four became visibly sick but recovered. 
The underactivity of the exposure culture in this titration appeared 
to be due to the low temperature, -100 F., thn,t prevailed at the tinle, 

,.41, 
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since in the final preliminl1ry titration (tl1ble 8) when the tempel'l1ture 
was 24°, all the sheep succumbed to anthrax from the same qunntity 
of the same culture. Also in the preliminary titration of the same 
exposure culture IDl1de in July (table 8), 57 percent of the animals 
died. 

TABLE 8.-RestIUs of jinal1J1'eliminal'Y titl'atio7ts for infectivity of frozen a'll/h"ax 
cultures 11sell in e.c1J1Jrimen/s 1, 2, and 3 

[I·co nmounts injected 5ubcutuneIJusly] 

EXPERIMEN'l' I.-FROZEN AN'l'fIRAX OUJ,'l'UHN 18n~, J\I. 1,0'1' 3, INJEC'.l'ED 

MA Y 2U, 1033 


I '[,hIloofShocJlllo. Dilulion of virus 	 Hesllitsinjection 

1305••_••••••••••••••••• Undilutod................._••••••••• 2:30 I" 111·. Died of nnthrnx June 2. 

1306.........................do................."''''...........do...... . Remnlned 1I0rmni. 


Died of nnthrnx JUDO 2.
1~~:::::::::::::::.:::: :::::ag::::::::::::::::::::::::::::::: .~~~Po~):.~I::: Romnlned lIormnl. 
Died of nnthrnx Juno I.gn:::::::::::::::::::: :::: :a~::::::::::::::::::::::::::::::: .~:~fl:.~n:: 	 Died ofnnthrnx Juno 5. 

1301 ................ , ... 1:2).2................................ 2:30 p. III .. 	Died of nnthrnx Juno a. 

Died of anthrnx June 2.
g[j: ::::::::::::::::::: :::::~lg::::::::::::::::::::::::::::::: .~~~l~~):.~"·. Do. 

1304.................." .....do............................... ·1:35 p. III.. 	 Hcmnlned 1I0rmal. 


EXPERIMEN'l' 2.-}·ROZgN ANTlIHAX CUUI'UHl~ 181:4, B. A.I. LO'!' I, INJECTED JUJ,y 1<1, 
1U:13 

13S7................... ' Undiluted...................................... . Dle,i of nnthrnx July 18. 

1382.........................do......................................... . Di~d of nnthrnx July ]0. 

l:lSl......................... do.......................................... . ROlJu'd!.lod normnl. 

138·'.................... 1:2).2.......................................... . ])0. 


·1380........................ do......................................... . Do. 

1383.................. , ......do...................................... .. nled of nnthl1' lC July 17. 

1300................... __ " do.......... ' ............................... Died of unthrnx July 18. 


l<;XPEIUl'..IEN'1' a.-FROZgN AN'J'llHAX C'lfL'I'Unm 181H, ll. A. 1. 1,0'1' I, INJEC'l'ED }<·EI.l. 
12, lU34 

1444....................1Undiluted..•••••••••••..•....•••..··I·..···.. ····1 Died ofnnthrnx Feb. 10.
1445......................... do........................................... Died ofnnthrnx }·ch.15. 

1440.........................uo............................... .......... Died oflluthrnx Feb.H. 


TESTS O~' l~n'ICACY 0 .. 1II0LOGICS 

Tn.ble \) presents the eonditions nnd results of the tests involving 
the sLx: nuthl'l1x biologics when the sheep were exposed to nnthrax 
4, 16, 108, 155, 300, Ilnd 860 dnys n.fter vnccillution. Observations 
wem mnde for periods of 28, 31, find 30 days in experiments I, 2, 
and 3, respectively. As in the prelimillnl'Y titl'l1tioll, the time at 
which deaths occllrred among the controls in the test proper gave 
no indicntion of finy difl'erence in the infectivity of the exposure 
culture so far us t:U3 time interval between thn,wing and inoculation 
WIIS concerned. 
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TABLl~ 9.-Result.~ oj COm1)Urative tests of 6 anthrax bioloyics on slICe1) 

EXPERIMENT I.-·EXPOSURE 4, 16, AND 108 DAYS .~FTF.R VAOOINATION; SUDCUTA. 
~OUS INJIW'l'ION OJ!' 1 CC OF FROZEN AN'l'IIRAX CUL'l'UltE IB(H, M. LOT 3, JUNE II, 

Vacoinatlon Time be· 
Exper!· Sheep 1----,,.-----------.-1---,------1 tween Sheep
mental in (cst 	 Q vnccinn· sur·
shoop 	 Da!\} Diologio used tit~n;. Method of in· tlon nnd vlvlng

(i \133) jected lection e~"osure 

Per· 
Nu.mlJfT 	 Cc J)ags ~enl n June Ii Anthrnx bacterin (wfiyhed 4 Subcutaneous. 33( cu1turll). 


6 ...do...... Anthrax'spore vnccine In sa· 

ponin soiution. 

o ...do..... Anthrnx·spore vnecine (Intra. • 50 Intrudermic... 100
dermic). I 4 

n •••do..... Anthrax'spore "'Iccinu (singiu I 2 r Subculanoous. 67
injection). 

6 __.do..... Antinnt.hrax serum.... __ ••• 20 1·....dO......... 100 

{Anllnnthrl\~ scrumnno. -- ..-- 10 0;O d 	 }....do......... 
... 0..... Anthra~.sporo vnocino.........• I 

(I M,IY 2-\ Authrnx bllc(erin (wl\shed I ·1 .....do....... __ 100 


culture). 
II ...do..... Anthrnx·sporo vaccino in sn· , .25 __...do......... 100 

Prirwipliis., ponin solution. I 
o ••.,do..... Anthrnx'spore v!lccine (intnl' ,5 Intradermic. __ 100 

dermic). I 16 
o ...do..... Anthrnx·spore Y!lccine (single I 2 Subcutnncons. 07 

injection). 
Il ...<10..... AlIt!nllthrnx sl'rum ........ · ...1 20 .....<10....... ,. 50 

Il ...do.... {t:tl:~~~~~;~~r~e~.'~~~i~lr~~:.::::::: J~ }....do........ 
100 

G I'ell. 2i J\nthrnx iJllctcrin (I"oshed I" .--..do.... •• ..·l ( 17 
cullure).

II ••.do... _ Anthmx-sl1ore vnccine (Inlm· ,5 rntm<lcrmic.__ 100 
dermic). I 

Il " .do... Anthrax·spore \'Ilccino (singlo' 2 I:lUhCUIIWP,OUS' 108 83 
injection). )

o 1 {Antinnthrnx ~crulllllnd. _____ •· 10 } d 	 83j 
25~'O~.~~()i~=-_~~_ ~~~~:::].~~?~~~:.~lorc·:~:~~~:.~~:.:.=L~.~.:.:~.:::~:~::::::: ......... . 


F.Xl'imll\mWi' 2.-EXI'OSllTm lor. DAYS AF'f'lm VAO('INA'i'ION: SUnCU'I'ANF.OUS IN. 
JE(!'l'ION 0.1<' 1 00 OF l'ltU',EN AN'I')] !tAX QUL'l'UHE 180.1, ll. A. 1. 1,0'), 1, JUl,Y 20, 1033 

Feli. 21 lAnthrax bacterlu (lI'llshcd \ SUlJc"t!lncous.i I 
\ ~llllU!~). " . I IIo ...do..... An,hrnx'spore \ !lccine in SI\' .25 .....do......... 07 


ponin soiulion. 
G • __do..... An[hmx,sIlOrl.1 V\lCCillll (inlfll' . •ii Inlrndermie... 1'5 83]'rinelpnls. dcrrniu). I " 
(J ...do__... Ant.hrnx·sporo I'lIccine (singlo. 2 SubcutnncOlL~. I 07 

lujection). t 
d {Antinnthrn~ serum unlL...... Hl } I 50 

Contr~~.I~~~:.~:~=::I.~:~~~I~~~:~~l~:~.~~~~~~~.::::::::l--.~ •••• :: •• l :l:~~~~~~~l__•__ ••••1 17 

EXI'EIUMEN'l' 3.-.EXI'OSUHm aoo AND 300 DAYS AF'rBH VA(!CINATroN; SUD(!U'l'ANE.
Ol:S INJI!:OTION OF 1 CO 01" l'lWZEN AN'l'llllAX CUU)'UHl~ 180-1, n. A. I. 1,0'1' 1, l!'EB. 
16, 1031 

3 J<'cb, 	 Subcutllneous. ) ( 3:121 I~~~;;;:or.in (WIISI:~<i 1'·/culture). 
3 • __do..... }Anlhrnx.spor~ v,lCclno in Sll'l .25 ____ .do..... ___• 80 
2 Apr. 21 ponin solutIOn. ,25 -- ...(10 ......__ • 300 1 
3 l"ell. 21 }Anthrux.sporo vuccino (Intra· .5 Inlrodernic..__ n&~o 100 

l'rinciJlllis. 2 Apr. 21 . dermic). .5 .. __ .do..... ___ • 

3 l'eb, 21 }Anthrnx.sporo "llccino (single :l Subcutnncous. 100 

2 ApI'. 21 injection). 2 ...__110•••_____. 

1 F 1 21 (."nl onthrtlx serum nnd....... JtJ t )0 }
'0), lAnthrax.~[Jore vnccine. ___ .... 1 ____ I ........ 


·10.1 A 21 {Antillnthrnxscrurnnud•• __ ... 10 do 

Controls... II __~:~..../~~~I~~~:~)~~~.~'~~c.c~~~e:.:::::::I... ~.-••• ~::~ __ ...~:::::: ......~:: 33• 
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DISCUSSION OF COMPARATIVE TESTS 

Anthrax organisms were recovered from the blood of each sheep 
that died with the exception of two, one of which was exposed 16 
days and the other 108 days after vaccination with anthrax-spore 
vaccine (single injection). The failure to recover the anthrax organ­
isms in these two instances was in the writers' opinion due to the 
culturing of an inadequate quantity of blood. Subsequent tests 
showed that a light swab of blood might fail to reveal the antillu.x 
organism, whereas a heavy swab of the same blood gave positive 
results. For this reason the collection of blood from the ear, the 
method used in the case of the two sheep in question, was discontinued 
in favor of collection from the axillary space, where ample blood could 
be obtained. In no case we~'e any ill effects observed from the injec­
tion of the biologics. 

None of the unthrax biologics produced a sensitization to anthrax 
that was evident 4 days after vaccination. All the anthrax biologics 
produced an incl'eased resistance to antIU'ax that was demonstrable 
4 days after vaccination. A difference in the rn.pidity with which 
increased resistance to antlll'llX was established was noted in favor of 
the antianthmx serum and the anthrax-spore vaccine (intradermic). 

All the anthmx biologics produced an increased resistance to antIll'Itx 
demonstmble at 16 days after vaccination. 'I'he immunity confelTed 
by antianthrax serum appeared to be on the 'Vime at this time. 'rhe 
immunity conferred by thl?! killed-culture antIu'ax products wus equal, 
at I? days after vn.ccination, to thn.t produced by the living-spore 
vacemes. 

The immunity conferred by the living-spore vn.ccines was well 
maintained 108 dn.ys after vaccinntion, especially that produced by 
n.nthl'l1x-spore vaccine (intrndermic). 

The immunity conferred by the living-spore vaccines, especially 
anthrax-spore vaccine (int.radermic), was well mn.intained at 155 

dafI,sl' . . f' 1 b 1 l' , . . II10 Immumty con el'l'ec y t 1e lvmg-spore vn.CCllles was espec1ll. y 
well mn.intained Itt 300 and 360 days in the instances of the anthrl1..'<­
spore V!Lccines (single injection) and the anthrux-sporo vaccine 
(in trndermic) , and was well lllaintained ulso in the instance of the 
nnthmx-spore vaccine in saponin solution. No appreciable immunity, 
however, remained in the animals vaccinated with antianthmx serum 
and anthmx-sporo vacci.ne used in combination. 

'rho anthrax bn.ctel'in (washcd culture) at 108 dn.ys failed to aHord 
finy protection, ",herens n.t 155 dn.ys distinct Vl'otection was afforded. 
Tho writers have no explanation to ofTcr for this unusunl result. 
However, nb 360 dn.ys protection could not be demonstrnted with the 
number of sheep used, tho lot being smaller thall in the case of tho 
other products in this samo glOllP, 

SUMMARY AND CONCLUSIONS 

The results of carly expcl'imcntnl tOf'lt.S, beginning in 1025, with 
va.riol1s allthrnx biologicl-S indicnted that sevcrnl produced well-marked 
immunities to anthrax. Cllttie, horses, and sheep w('re used fiS test 
animals. 'rhe biologics which produced well-mnrkccl immunity wero: 
Anthrax bacterin (washed culture), nnth1'l1x-spol'O Yllcrine (intra­
dermic), Itllthrax-spore v/lecine in snpollin solution, Illlthrax-i:\poro 

http:vacci.ne


14 TECHNICAL BULLETIN 468, U. S. DEP'f. OF AGRICULTURE 

vaccine (single injection), and anthrax-spore vllccine (double injec­
tion). Anthrax aggressin produced a lesser degree of immunity, and 
anthrax bacterin (whole culture) produced comparatively little. 

To obtain specific information on a comparative basis, a series of 
experiments with sbc types of anthrax immunizing agents was con­
ducted in 1933-34. Tlie biologics were: Antianthrax serum, anti­
anthrax serum and anthrax-spore vaccine in combination, anthrax­
spore vaccine (single injec"ion), anthrax-spore vaccine (intradermic), 
anthrax-spore vaccine in saponin solution, and anthrax bacterin 
(washed culture). These products were subjected to comparative 
tests to determine their relative safety, sensitizing effect, rapidity of 
immunity production, and the degree and duration of immunity 
which they produced under experimental conditions in which the 
test animals had had no previous contact with or exposure to anthrax 
infection. 

This information was sought through a comparison of the immuni­
ties produced by these biologics at 4, 16, 108, 155, 300, and 360 days 
after vaccination. The test animals exposed 4, 16, and 108 days after 
vaccination were injected with the same anthrax culture at the same 
time. The animals exposed 155, 300, and 360 days after vaccination 
received an equal injection through the use of a culture prepared 
from the same culture of Bacillus anthracis and in the same manner 
as the exposure culture used in the first three groups. Preliminary 
titrations showed these exposure cultures to be equal in infectivity. 

A total of 250 sheep were used in the three m,-periments, 71 of which 
were used in the titrations of the exposure cUltures, 149 were vacci­
nated animals, and 30 were used as controls. 

With antianthrax serum there were 100-percent survivals at 4 
days and 50-pel'cent survivals at 16 days after vaccination, as com­
pared with 25-percent survivals in the control group. 

With antianthrax serum and anthrax-spore vaccine in combination 
there were 67-percent survivals at 4 days, 100 percent at 16 days, and 
83 percent at 108 days, as compared with 25-percent survivals in the 
control group. At 155 days there were 50-percent survivals, as com­
pared with 17-percent survivals in the control group. At 300 and 
360 days there were 40-percent survivals, as compared with 33-per­
cent survivals in the control group. 

With anthrax-spore vaccine -(single injection) there were 67­
percent survivals at 4 and 16 days and 83-percent survivals at 108 
days, as compared with 25-percent suryivals in the control group. 
At 155 days there wem 67-percent survivals, ItS compared with 17­
percent survivals in the control group, and at 300 and 360days there 
were 100-percent survivals, as compared with 33-percent survivals in 
the control group. 

With 'anthrax-spore vaccine (intradermic) there were 100-percent 
survivals at 4, 16, and 108 days, as compared with 25-percent sur­
vivals in the control group. At 155 days there were 83-pel'cent sur­
vivals, as compared with 17-percent sUJ'Vivals in the control group. 
At 300 and 360 days there were 100-percent survivals, as compared 
with 33-percent survivals in the control group. 

With anthrn,x-spore vaccine suspended in saponin solution there 
were 50-percent survivals at 4 days and 100-percent survivalS at 16 
days, as compared with 25-pllTcent survivals in the control group. 
At 155 days there were 67-percent survivals, as compared with 17­
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percent survivals in the control group, and at 300 and 360 days there 
were 80-percent survivals, as compared with 33-percent survivals in 
the control group. 

With anthrax bacterin (washed culture) there were 33-percent 
survivals at 4 days, lOa-percent at 16 days, and l7-percent survivals 
at 108 days, as compared with 25-percent survivals in the control 
group. At 155 days there were 50-percent survivals, as compared 
with l7-percent surnvals in the control group, and at 300 and 360 

~ days there were 33-percent survivals, as compared with 33-percent 
in the control, group. 

None of the biologics used for vaccinating produced any ill effects 
on the test animals. None of the biologics produced any sensitization 
to anthrax that was demonstrable in these tests. 

The results obtained must be considered in the light that none of 
the test animals had had any previous contact with or exposure to 
anthrax infection whatsoever. 
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