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"Technical Bolletin No. 468 April 1935

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D, C.

EFFICACY OF ANTHRAX BIOLOGICS IN
PRODUCING IMMUNITY IN PREVIOUSLY
UNEXPOSED ANIMALS

By W. S. Gocusnoun, senter sclerinarian, H. W, Scuosxing, principal veter-
inarian, C. D, STeiN, associaie velerinarien, and W, M. Mouren, selerinarien,
Pathological Division, Bureau of Animal Tndustry !
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INTRODUCTION

Inununization agninst snthrax dates from Louis Pasteur’s epoch-
making demonstration in 1881 at Pouilly le Fort, France. The perfect
results of that test are well known; all the vaccinated animals success-
i'lqllc)ir withstood artificial exposure to anthrax, whereas all the controls

ied.

Undoubtedly, Pasteui's abilily to protect animals against anthrax
¥ by vaccination was heralded at the tine as a sure means of preventing
that drepded disease of livestock. The vaccines subsequently pre-
pared-B§ Pasteur did much to control the disease. Experience has
shown, jowever, that the Pasteur vaccine had deflinite limitations.
The prdduct was subject to rapid deterioration, especially il kept
under unfavorable conditions. Furthermore, o relatively long time,
approximately 3 weeks, was required for the produet to irmapart its
full measare of protection. The double handling of the animals was
also a disadvantage, especiglly in the treatment of range enimals,
Objections were raised lilkewise to & product composed of living an-
thrax organisms which, under certain conditions, might produce the
disease in unusually susceptible nmimals and thereby actually spread
the disense that was to be combated. Accordingly, numerous inves-
tigators undertook the task of developing authra  biclogies that would
meeh the shove-mentioned objections, such researches being continued

1 Acknowledemenl with appreeintion is mnade of (he nssistanco rendered by Theinns Costor, inspeetor
in churge of the Bureny’s stetfon ot Phifadelphis, Da., in obisining the uniformn lols of Lest sheep wsed in the

threa experiments reporied in Lhe lutler jurt of this bullethy.  Acknowledgiient is made also of Lhe lnhorg-
tery assistones given by C. N, Dale, W, T, Miller, apd M. 5. Shmbun, of the I'atbologienl Divisios,
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up to the pFesent tine. As a result of these long-continued studies, &
number OF products have been developed for the control of anthrax,

For the immunization of animals against anthrax, the veterinarian
has, therefore, & number of biologics at his command, namely anti-
anthrax serum, anflanthrax serum and anthrax-spore vaccir used
simultaneously, anthrax-spore vaccine {single injection), aunihrax-
spore vaccine (intradermic), anthrax-spore vaceines (2, 3, or 4 injec-
tion) snthrax-spore vaccine in saponin solution, anthrax aggressin,
and two kinds of killed-organism anthrax bacterins, one being a whole-
culture anthrax bacterin, and the other a washed-culture anthrax
baclerin,

The intelligent use of these products depends on a lmowledge of
the effieacy of each under conditions prevailing in the field, which
include the presence or absence of anthrax at the time, the previous
cxistence of anthrax on the premises, the degree of danger 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 safety, possibility
of seusitization, 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
ficld that each of the products enumerated was capable of producing
an immunity to anthrax, no comparative evaluations had heen made,
so far as the writers were aware, either experimentally or through

carefully controled ficld tests. Accordingly, to obtain information
which would serve as a rational basis for the proper use of these prod-
uets under various field conditions, the writers made comperative
evaluations of six commercial anthrax biologics or combinations of
them from the viewpoints of safety, possibility of sensitization, rapid-
ity of immunity production, and the degree and duration of the
immunity produced.

The phase of the project here reported on was conducted under
conditions in which the test animals had had no previous exposure
to or contact with anthrax infection. Work is In progress on compara-
tive tests under experimental conditions wherein vaccination is per-
formed on animals which have been previously exposed to the discase.

EARLY POTENCY TESTS WITH ANTHRAX BIOLOGICS

It appears appropriate to review some earlier potency tests of
anthrax biologics that were conducted by the senior author at the
Bureau’s Experiment Station, Bethesda, Md. Ior the most part
these tests, beginning in 1925, were made separately rather than on
a comparative basis and in all instances were conducted for the
sole purpose of determining whether the products possessed im-
munizing valie.

RESULTS OF TESTS

Table 1 shows the results of a potency test of anthrax aggressin
on cattle and horses, Tables 2, 3, 4, 5, and 6 show tho resultes of
potency tests of various biologics on sheep. Table 7 is & summary
of the results of the earlier poteney tests of various anthrax biologics.
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Taere L—Rusults of polency lests of anthraz aggressin on catlle and horses

[Expostire: Suheptencons lojection af § oo of 6 24-hour bouillon emllire of Bacitfuz aunthracls no. 8052, Nov,

0, 1925]

Yieclonlion
l 'J.‘imu he-
Anfuntis weern c
i Quantlty vaouing- ;}I?:,’ﬂfi‘ns,
test of Method of tion and K
nppressio injection GX1IDSUTY
injected

Expurimeninal anjmuls

Onttig; Munber [ Dups Percent
Principads. . .o..._ g July 25 118
4

Prineipals Suhcutsnects M
Controis 2

Tanre 2.—Resulls of polency lests of enthras aggressin and anthraz-spore vaceine
(Z~injection) on sheep

{Exposure; Subentageous jection of one-forty-thousendth part of one platinem loop of 24-hour ngor
culiurg growth of Soeilins anthraciz Oct. 26, 1625]

Vaceimition Ttl'{?:ego—

Bxperi- Sheep

m;:mul in ) tlon

sheop tesk . Date |Quaotity Mothod of ahd
Talogle used o5y | infeeted tnjeution CXposuTe

)

Number Ce Days | Fercent
Sept. 17 2| Subcotaneans___ 34 5
o, I a3

1 S

Sheap
BUrviv-
ing

3 Anthrax-spare vaccino
Princlpals.. {2-injeclion) :
{S{:nm T N . 1, " 100
Sporenn. 2. | Sept. 27 ]
Controls, 4 s 25

TanLe 3.—Results of polency test of anthrax bacierin (whole culiure) on sheep
and final preliminary titrations of the exposure culture used

[Exposure: Sulvuisneous inleetlon of 1 oo of :; 24-hopr bouillon cullure of Zeciflus anthracis no. 1, Fob.
T 1

RESUL'S OF POTENCY TEST

Vaceinnilon Fimo be-
Sh z\x'c&n
: . {1} Yoooinna-
Experimonial slicop in tost Pato Qunar}w,y Mothod of ,_E?n
2 o pact i f and ex-
{632y ?Eﬁiff‘e d‘l injechion DOSHES

Shoap
SUTViy-
ing

. l Nty [2 Days Pereent
Prineipals | 10 {FO!" 1 10 | Subrutnpuous. . { ]1,33 it

Fel., §

Cantrnis_,._-_........._A.....i 5. [ S

20

RESULTS OF FINATL PRELIMINARY TITRATIONS OF TIUE EXPOSURE CULTUNRE

Sheup no, ?;:;::{*é%y Dinto of infeelion (2052 Tesult

&

Died of nnthax Fan. 23,
Do

Dried of entheay Jun. 25,

Rainained nornal,

DHed of anthrax Feb. 8,

Remained normal.

| THed of nethrix Fob, 14,

Die:i) of anthrox Fab, 15,
5.

e

EEDM oD
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Tapie 4.—Results of polency lests of 4 anthraz biologics on sheep, and final pre-
liminary titration of the exposure cullure used

{Exposare: Subcuinneous injectlon of 3 ¢t of o 1:100 dilution of a 24-hour broth culiare of Beciiius anthracis
ne. 02, Juno 6, 1632)

RESULTS OF POTENCY TEBT

Voceluation Tk be-
Lwesn
Dle  (Quantity Watheid of tio:;: inp
Biologic used i e " D
{1932} | iojected injection oxposure

Nimber e Dags | Pereent
51 Anthrox agpressin Apr, 30 3 Subcutaneois. . 37 [ity]
Anthrox bacterin d do. 37
(whole enlinrej,
Principals, | Anthrax-spors vaceing
{intradermic).
Anthrax-sporp raecing
{singlo injection).
Controls....

RESULTS OF FINAL PRELIMINARY TITRATION OF TUHE EXPOSURE CULTURE

Sheep no. Quntity | Datoof injection ¢1232) Resuit

Ce
Hed of aothrax June 5.
.| Ded of antbrax June 3.

TaBLE 5.—Resulls of polency lests of 4 anthrar biolagics on sheep, and finel pre.
iminary birelion of Uw expostre cullure used

[Exposure; Subcutaneous injection of Leoofn 1 ]l}D (;}l_‘;ullicn of frozen soihrax cuiture 2884 M. lot 1, No «
1932

RESULTS OF POTENCY TEST

Vueeivalion Pimg be-
. " tween
E}}.e %eli:i- Si;(ﬁ;jl vicgine-
. tion
sheep 3 P N Date  |Quuntily Aethod of
Bioloyle used {1032 | hjectod injection c‘ff;gfurc

Pcrccnt

Antliraxy baeeterin | Oct. 13 Snbenlnnesis. ..
{washod enllure). .-iim, E du

Anthrax bacterin

Prinelpmls_ . '} {whole ctitured,

Anthrex-sporo vooeiue [ “Intredermic. ..
{intenddermic).

Aalhrax-spora vaceine . Suljeuteneons.
{sinele injection).

Contrels. ... 2 s

RESULTS OF FINAL PRELIMINARY PITRATION OF THE BEXPOSURE CULTURD

Sheep no. Quantits 1 Date of injection (1932) Resuil,

Ce

| Bizd of ruthoax Nov, 4.

Humnnined normal.

THetd of nnthray Nov, §.

ied ol anthirax Nov. b,

oo b Db of pathres Nov, 4,
| Jiemained nermsl
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TanLe 6.—Resulls of polency lesls of enlhraz-spore vaccine in saponin solution on
sheep, and resulls of final preliminary titralion of exposure cullure used

[Exposure: Buboutnneons infeelion of 1 e of o 110 dilution of a 24-hour broth codture of Docitivs anthrocia
no. 3783, May 4, 1032]

RESULTE OF POTENCY TEST

Vaeelnation Tinte be-
tween
Slieap vactina- Sleap

2 surviv-
fntest | page | Quantity | Mothad of tn

(14714
¥ aod ex-
| foam fr)eated Injectlon posre

Experimenint sheep

MNuwmber Fereent
Trincipnls i3 . L Subecutaneets.. .. 43 1
Conirols 0

RESULTE OF FINAL PRELIMINARY TITHATIONS OF THE EXPOSURE CULTURE

Crlture injeeted

Sheop no. Ttesull
Dilution | Guantily Trla (19375}

e
Anr. 8 Trivel of untheny Moy 2.
- | .| Diedd of anthrax May t,

.| Hemained normal,
.| Lried olunthreax May 5.

TanLe 7—Summary of the results of early poteney tests of various anthraz biologics
{{ables I {0 6}

'
|
i Anittnts Dy tosis
Tests eun-
Uodueted

Auimals supviving ex-
nerimental exposure
Blolagice

; 1
Bringipals [ Controls  /Irineljmls | Cantrals

l ANnmber  Nuther Miwler LPereent Lereent
Anthirax ageressin 3 7 17 18 a
Anthrax bacterin (washed etitiree) . : 1 12 W2
Anthrnx meterin (whole colture) .. K 26 it 4B
Anthrax sporo voceine (intrpdertic) i 10 ot
Anthrux spora yneeine n saponin salution ; . [ 1§t
Anthrex spora vaceino (singls injeetlon). .4 @t { 19 it}
Anihray spore vaceine (Lwo iu!euliolls}_...n...i ; 1. 100

DISCUSSTON OF EARLY FOTENCY TESTS

In the foregoing tests, anthrax bacterin (washed culture), anthrax-
spore vaceine (intradermic), nnthrax-gpore vaceine in saponin solution,
anthrax-spore vaceine (gingle injection}, and anthrax-spore vaccine
(two injections) produeced well-marked immunity to anthrax.

The results of the tests made with anthrax aggressin showed that
the product is capable of producing some degree of immunity to an-
thrax. In these tests, however, the immunity preduced was not so
strong as that conflerred by the living anthrax-spore vaceines and the
anthrax bacterin (washed culture).

Although anthrax bacterin (whole culture) increased resistance to
anthraxin somo of the tests, the immunity produced wasless thar that
of the other anthrax biologics tested.

The underactivity of the exposure dose of anthrax eulture used in
the tests reported in table 4, in which 57 percent ol the controls sur-
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vived, was rather disappointing since the preliminary titrations 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 anthracis as ordinnrily prepared, which prompted the use in
the subsequent immunity tests of & specially prepared culture of B.
anthraeis which had been found to be of stable virulence.

COMPARATIVE EXPERIMENTS WITH ANTHRAX BIOLOGICS

To obtain definitely comparable date on anthrax biclogics, the
writers conducted a series of experiments in 1933 and 1934 at the
Bureau’s Experiment Station, Bethesda, Md.

BIOLOGICS AND TEST ANIMALS USED

The biologics used were antianthrax serum, antianthrax serum and
anthrax-spore vaceine used in comibination, anthrax-spore vaccine
{single injection), anthrax-spore vaccine (intradermic), anthrax-spore
vaccine in saponin solution, and anthrax bacterin (washed culture).
These were all of commercial manufaeture and were found to be satis-
factory to such laboratory tests as were applieable to each product.
The stze of dose recommended by the manufacturers for sheep, the
test animals employed (fig. 1}, was used in eachinstance. The limited
space and the need {or a considerable number of animals for each test
made it necessary to limit the investigation to the number of products
named.

The test animals were 2-year-old Merino wethers of uniform weight
and in good condition {fig. 2). Alter being exposed to anthrax, the
sheep were housed in a large, tightly screened, concrete barn adjacent
to the incinerator (figs. 3 and 4).

PLAN OF WORK

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 divided into three
experiments,

Because more tine than had been anticipated was consumed in the
preliminary titrations of the exposure culture of Bacillus anthracis to
establish n satisfactory infective dose, tho originally planned 60-day
mterval between vaccination and exposure had to be lengthened to
108 days und the 120-day interval to 155 days. Accordingly, the 180-
day interval was lengthened to 300 days, and the need for replacement
of some animals caused an extension to 360 duys in somne cases.

In the first of the three experiments the comparison of efficacy was
made by exposing at one time, to the same previously determined
infective dose of [3. anthracis virus, one group of sheep that had been
vaceinated with various anthrax biologics 4 days previously, a second
gl'oup vaccinated 16 days previously, and a third group vaccinated 108

ays previously.

In the second experiment a group of sheep that had been vaceinated
for 4 period of 155 days was given an exposure to anthrax equal to that
of the first experiment,

In the third experiment, in which the date of vaccinntion was
February 21, 1933, & group of sheep that had been vaccinated for a
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period of 300 days was given o similer exposure to anthrax. Within
60 days after vaccination, some of thesheep su ceumbed to intercurrent
disease. These vacancies were filled with sheep vaccinated April 21,

FiouRe .—aA groun of the sheep psed i Lie comprrative inmunily tests of nubimix biologies,

1933. Between April 21 and the date of exposure to anthrax, Febru-
ary 16, 1934, further losscs were sustained Irom intercurrent disesse
but the animals that died were not replaced.  Accordingly, each of the

FIGURE 2.—One of the sheep, o 2yéar-old Merine wether, Musteating Lo type and condition of Ue teat
anbanls nsed.

vaccinated groups in exporiment 3 contained fewer than the originally
planued number of sheep, and some groups contained sheep that were
vaceinated Iebruary 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 materially exceed the duration of the usual anthrax
period, from 6 to 9 months, there is no difference in the significance of
the data for 300 days and for 360 days. The results are accordingly
grouped.

FREPARATION OF ANTHRAX CULTURES USED FOR EXPOSURE

It has been the experience of the writers, as well as others, that
success in conducting anthrax-immunity tests depends in a large
measure on the stability of the exposure material tﬁnt is to be used.
It is o well-known fact that & culture of anthrax of a certain degree of
infectivity cannot be depended on to retain that degree of infectivity

I

FiGeRE 3.~-ihirn used to house Lost oniumbs exposed to authrax; inclneralor on Ui keft.

over any appreciable peried by the means ordinarily used for main-
taining cultures. Recently Reichel and Schneider * found that the
infecitvity of an anthrax culture could be maintained with httle
change 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 “¥rozen anthrax culture 1864, M. lot 3%
was prepared at the Mulford Biological Laboratories, Sharp & Dohme,
Gleneolden, Pa., and was made available for this investigation through
the courtesy of John Reichel, the director. As the supply of this
culture beeame exhausted, o new lof, designated “Frozen anthrax
culture 1864, B. A, I, lot 1", was prepared in the laboratory of the
Pathological Division, Bureau of Animnl Industry, following the
procedure described by Dis. Reichel and Schneider.” This lot was
used in the second snd third experiments and was prepared in the
Tollowing manner. ] .

Sheep no. 993 was inoculated March 22, 1933, with 1 cc of & ons-
fiftieth dilution of frozen anthrax culturc 1864, M. lot 3, and died
Mareh 30, 1033. A culture, on plain meat-infusion agar, recovered

P RECHEE, F., o0l SCENEIEEN, J. B, ANTHRAX-I'HOTEUTION THSTS. Jour. Awmer, Vied, Ao, Assoe, B2
376384, 1133,
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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-hour growth
on & ¥ by 5-inch meat-infusion agar stant was removed with a platinum
loop and directly transferred 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 37.5° C., the bottle was promptly
removed from the incubator and handled as follows:

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

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

FiGurE 4—Interlor view of barn used for anthrax esperinents; capaclty D steep,

(3) A previously sterilized bobtling spparatus was fitted to the
bottle, aseptic preeautions being used.

{4\ Tmmedintely before commencing bottling operations the con-
tents were shaken thoroughly, this step being repeated in the middle
of the hottling procedure,

(5) Sixty cc of the scrum-aud-hroth-culture mixture was placed in
eac]i of 30 bottles of 100-ce eapacily, rubber-stopper caps being
used.

(6) The bottles were placed in beakers and packed in a box which
whas put in the freezer at —15° C, ‘When observed 4 houss later the
produet was not uniformiy solidified, but alter 20 howrs the contents
of all Lattles were solidly frozen.

¢r} On April 8, the frozen product in bottle no. 1 was thawed at
room temperature, thoroughly shaken, diluted 50 times with saline,
and cultured on the surface of meat-infusion agar in Petrl dishes.
The colony count indicated the presence of 180,000 organisins per
cubic centimeter of undiluted material. No colonies of organisms
other than anthrax were observed,
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PRELIMINARY TESTS OF INFECTIVITY OF EXPOSURE CULTURES USED

Because of the importance of the degree of inlectivity of the expo-
sure culture for the comparative tests that were to be undertaken, a
number of prelininary titrations were made of the two lots of frozen
anthrax culture in order to establish an infective dose that could be
depended on to cause death from anthrax in a considerable majority
of unvaccinated animals taken from the same lots as those used in
t.he]tests proper. A totel of 71 sheep were used in this preliminary
work

It was found that o dosc of 1 ee of undiluted anthrax culture 1864,
M. lot 3, administered subeutnncously, caused death regularly in
from 67 to 100 percent of the sheep. These titrations extended over
a period of several months, during which time no appreciable variation
in the degree of infectivity of the culture was noted. A subcutaneous
injection of 1 cc of this culture was believed, therefore, to constitute
a suiteble exposure to anthrax. The results obtained with {rozen
anthrax culture 1864, B, A. I. lot 1, propared by the writers, were
found to be in close confonmby with tlhose obtained with the frozen
anthrax culture 1864, M. lot 3, prepared by Reichel and Schneider,
A subcutaneous inject.ion of 1 ee of the former culture was considered,
therefore, to constitute an exposure to anthrax equal to that of the
latter culture,

Inasmuch as oll the animals in experiment I, consisting of 96
vaccinated 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 freom a few minutes in the
case of the first sheep exposed to approxtmately 2 hours in the case
of the last. Accordingly, this time factor between thawing of the
culture and administration was taken into consideration in the
titration of frozen anthrax culture 1864, M. lot 3. The injections
were made over a period of 2 hours, and the eulture was kept in an ice-
wnter bath in the meantime.  The results of the titration indicated no
difference in the infectivity of the culture when used irnmediately after
thawing or 2 hours afterward. Table 8 shows the last plehmmmy
titrations of the exposure cultures used in the three experinients.

In the titrations of the exposure culture used in experiment 1,
two bottles, ench containing G0 ce, were thawed at room tempemture
thmoutfh]y shaken, and the entire eontents poured into n 500-cc
sterile Erlenmeyer flask and thoroughly mixed. In the titrations of
the exposure cultures used in experiments 2 and 3, the procedurc wag
the snme except that 4 bottles ol the culture, instead of 2 , were used
in each titration. Teo make the dilution of 1:24, 4 ce of tho mived
culture was placed in a sterile wide-mouthed bottle and 6 ec of
sterile saline solutton added.

In connection with the third experiment, o preliminary titration
was made February 5, 1934, of the frozen anthrax culture 1864,
B. A. I, lot 1, by injecting suh(utnncously into each of five sheep 1
cc of the undiluted culture. One of the five sheep died of anthrax on
February 9. The remaining four became visibly sick but recovered.
The underactivity of the exposure culture in this titration appeared
to be due to the low teinperature, —10° F., that prevailed at the time,
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since in the final preliminary titration (table 8) when the temperature
was 24°, all the sheep succumbed to anthrax from the same quantity
of the same culture. Also in the preliminary titration of tho same
exposure culture made in July (table 8), 57 percent of the animals
died.
TanLe 8. —Resulis of final preliminary tilrations for infeciivity of frozen anthros
cultures used T esperiments I, 8, anld 8

[1-ce nnounts infectad sitheuinneously]

EXPERIMENT L—FROZEN ANTHRAX CULTURE 1804, M, LOT 3, INJECTED
MAY 20, 18493

‘T'line of

Injection Results

Sheep e, Dilutfon of wires

Thililuded.. .. 2:30 30 1 .| Disd of nnthrax Jupe 2.
vocllfeeo ... Romalned narsal.
30 p .| Died of anthing June 2,
M Honaioed norinal,
Died of anthrax June 1.
Died ol anthrox Juno &,
20 . mi--| Died of nothrax Juno .
A0 3 | Dled of anthrax Junpe 2,

- . _tlo__.. Da.
(1 [T A, _oJf 485 oL | Retttnined notmnd,

EXPERIMENT 2—FROZEN ANTIIRAX (‘-UIﬁ;l_;‘}}RE W4, 5. A T LO'T L INJECTED JULY 4,

Undiluted . ceiaiamaaracerns Nemwanmveana. | Ded of anthrax Juiy 18,
R it 1iwd of antheax July 10.
Runigh-nd normal,
0.

. Ta,
Vred af antheox July 17,
1igd of snthrma July 18,

EXPERIMENT 3—F ) LOT 1, INJECTED FERB,
i

[ E 1 PR . e em..t Il af anlhrax Feb, 10,
. oot Died of anthenx Feh, 15,
Lrigd of anthirax Fob, 14,

TESTS OF EFFICACY OF BIOLOGICS

Table 9 presents the conditions and results of the tests involving
the six anthrax biologics when the sheep were exposed to anthrax
4, 16, 108, 155, 300, and 360 days alter vaceination. Observations
were made for periods of 28, 31, and 30 days in experiments 1, 2,
and 3, respectively. As in the preliminary titration, the time at
which deaths occurred among the conirols in the test proper gave
no indication of any dilference in the inlectivity of the exposure
culture so far as tue thme interval between thawing and inoculation
wits concerned.
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Papri 8.— Resulls of comparative tests of & anthrax bislogics on sheep

EXPERIMENT 1.-BXPOSURE 4, 16, AND 108 DAYS AFTER VACGOINATION; 8URCUTA-
j}g';OUS INIECTION OF L GO OF PROZEN ANTIRAX CULTUKE 1861, M. LOT 3, JUNE B,
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Anthrax-spore vaceine {inira. . Enlradermie. ..
derimnie}. 1
Authruk-spore vacelno (slugle Subculanome_
injection),
Antianthrns sorom....
do {Aminnlhrm SCrQIN fnd. .
wo=thee o= i) Anthirnx-spore vaeelne.
May ¥ | Authrax  bacterin  (wasied |
culiare). [
Anthraxspore vacolue In sp- |
vonin sofitton. ‘

Princignls. Intrlerinte, . |

Antlienx-spore vavelne {ntoi-
durmic).

Agnthienx-spore vacelne (‘\ingit
inlatipn).

i 1- -1 Antiantirny serum.. -
do TAntinuchiray serum

sreWB e Aplhrax-spore VRCCino.

Feho 20 | Antlirny “hoelerin (washed
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Conirols..- U R

Suhuitunens.

EXPERIMENT L—REXPOSITRE {50 DAYS AFPER VACCINATION, SUB{‘U’I‘ANT‘OU‘E IN-
JECHION OF 1 C0 OF FUo2EN ANTERAX CULTURE 1800, B.ALL TOM L, JULY 26, 1033

1 1

Felr 21 i Antheax  bBasterin (wnsilcll Subrolnpesns. &0
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EXPERIMENT 3 —IXPOSURE 300 AND 360 DAYS AFTHR VACCINATION; SUBCUTANE-
?‘ﬁx};\ﬁ LOTION GF 1 00 OF FROZEN ANTHHAX CULTURE 15M, B, A, L L.OT Y, VEB,
c#
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DISCUSSION OF COMPARATIYE 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
vaceine (single injection). The failure to recover the antlirax ergan-
jsms 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 anthrax
organism, whereas s heavy swab of the same blood gove pesitive
results. For this reason the collection of bicod from the enr, the
method used in the case of the two sheep in question, was discontinued
in favor of collection from the axillary space, where ample bleod could
be obtained. In no case were any ill effects observed from the injec-
tion of the biologies.

None of the snthrax biologics produced & sensitization to anthrax
that was evident 4 days after vaccination. All the anthrax biclogics
produced an increased resistance to anthrax that was demonstrable
4 days after vaccination. A difference in the rapidity with which
increased resistance to anthrax was established was noted in favor of
the antignthrax serum and the anthrax-spore vaccine (intradermic).

All the anthrax biologics produced an increased resistance to anthrax
demonstrable ab 16 days aiter vaccination, The immunity conferred
by antianthrax serum appeared to be on the wane at this time. Tho
immunity conferred by tha killed-culture anthrax products was equal,
ot 16 days after vaccination, to that produced by the living-spore
vaccines,

The immunity conferred by the living-spore vaccines was well
maintained 108 days after vaccination, especially that produced by
anthrax-spore vaccine {(intradermic).

Tho immunity conferred by the living-spore vaccines, especially
anthrax-spore veccine {intradermic), was well maintained at 155
days.

Phe immunity conferred by the living-spore vaceines was ospecially
well ms}ui.nl'.aimxfr ab 300 and 360 days in the instances of the anthrax-
spore viccines (single injection) and the anthrax-sporo vaccine
(intradermic), and was well maintained also in the instance of the
anthrax-spore vaceine in saponin solution. No appreciable immunity,
however, remained in the animals vaccinated with antianthrax serum
and anthrax-spore vaceine used in combination.

The anthrax bacterin (washed culture) ab 108 days failed to afford
any proiection, wherens at 155 days distinet protection was afforded.
The writers have no explanation to offer for this unususl resulf.
However, ab 360 days protection could not be demonstrated with the
number of sheep used, the lot being smuller than in the case of the
other products in this same group.

SUMMARY AND CONCLUSIONS

Tho results of early experimental tests, beginning in 1925, with
various anthrax biologies indicated that several produced well-marked
iminunities to anthrax. Cnattle, horses, and sheep were used as test
animals. Tho biologics which produced well-marked Immunity were:
Anthrax baeterin (washed culture), snthrax-spors vaceine (intra-
dermic), anthrax-spore vaccine in stponin solution, anthrax-sporoe
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vaccine (single injection), and anthrax-spore vaccine {double injec-
tion). Anthrax sggressin produced a lesser degree of immunity, and
anthrax bacterin (whole culture) produced comparatively little.

To cbtain specific information on a comparetive basis, & series of
experiments with six types of anthrax immunizing agents was con-
ducted, in 1933-34, The biologics were: Antianthrax serum, anti-
anthrax serum and anthrax-spore vaccine in combination, anthrax-
spore vaccine (single injeciion), anthrax-spore vaccine (intradermic),
anthrax-spore vaccine In saponin solution, and anthrax bacterin
(washed culture). These products were subjected to comparative
tests to dejermine their relative sefefy, sensitizing effect, rapidity of
immunity production, and the degree and duration of immunity
which they produced under expertmental 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 vaceination. The test animals exposed 4, 16, and 108 days after
veccination 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 snd in the same manner
as the exposure culture used in the first three groups. Preliminary
titrations showed these exposure cultures fo be equal in infectivity.

A total of 250 sheep were used in the three experimente, 71 of which
were nced in the titrations of the exposure cultures, 149 were vacci-
nated animals, and 80 were used as controls.

With antianthrax serum there were 100-percent survivals at 4
deys and 50-percent survivals ot 16 days after vaccination, as com-~
pered with 25-percent survivals in the control group.

With antianthrax serum and anthrax-spore vaccine in combination
there wers 67-percent survivsls 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 vaceine (single injection) there were 67-
percent survivals at 4 nnd 16 days and 83-percent survivals at 108
days, as compared with 25-percent survivals in the control group.
At 155 days there were G7-percent survivals, as 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 vaceine (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-perecnt sur-
vivals, as compared with 17-percent survivals in the centrol group.
At 300 and 360 days there were 100-percent survivals, as compared
with 83-percent survivals in the control group.

With snthrax-spore vaccine suspended in saponin solution there
were 50-percent survivals at 4 days and 100-percent survivais at 16
days, as compared with 25-percent survivals in the confrol group.
At 155 days there were 67-pereent survivals, as compared with 17-
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percent survivals in the control group, and at 300 and 380 days there
were 80-percent survivals, as compared with 33-percent survivals in
the confrel group.

With anthrax bacterin {washed culture} there were 33-percent
survivals at 4 days, 100-percent at 16 days, and 17-percent survivals
at 108 days, as compared with 25-percent survivals in the confrol
group. At 155 days there were 50-percent survivals, as corapared
with 17-percent survivals in the control group, end at 300 and 360
doys 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 biologies produced any sensitization
to anthrax that was demonstrable in these tests.

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