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Progress in anthrax Magnostic by Ii. Jeldenmuller AR

I'rom the bavardwn Institute for nimal wpidemlics in Schlelssineim.
special reprinl from bthe "ifonatshefts fur Tiorheilkundes Yol 6 Ho 8, 1954

Publisher: rFeralnand -nke, Jtutbzart Ath 2 pistes ond 1 bable

In a previous publicition (el 13) the diffieuitizs of laboratory dia-
gnosis of anthrax were presentou and tie relabitity of the individual
licgnestic processca were cvalusted. In swaing up it wis establisned ﬁh&t
in 31l ceses soveral test mebhods shoula be applici in order to muike a dia-
Jiosig ol Manbhrax", chnd that no single property of the anihras bacillus
(periaas with the exception of its growth in beef broth as flaky sediment in
othierwise consistently clear culture medium) is sufficiently spesifie by
itself in order Lo serve as bLhe exclusive criterion. In the meantinc we

isoloted an anthrax strain which :rows in broth only with turbidness. Jensen

and ilecmoyer (def k) describe two siullar sir.ins in conaecilon with their
test of 50 anthrux strains. Stumifuss (def 11) points to the superiority of
the antm:l test over the enliure method: In 256 excminations of dried sxin

samples from uversesg, anthra. could be diapgnosed 133 times only through the

animal test, 110 times by the animal test ana culbure, ana only 13 times by
culbure alone. Tha subcutancougly infected mice uled on the 1lst-20th day
follovin: intection, sinece anthrax baeilli could be found in the bloed of

the Leart and in the spleen not sooner than the third day after injection,

Standfusg stresses the necessity for an examination of the locale of injec-
tion in casc the mice should die sconer. .ccording to lartos {ief 6) , one

singie anthrax germ killed only 28% of the infected Lest mice wihhile 20 germs

el Sl

werc required to kill eveory one, However, this datn cannot be considered as

bulng aiways applicable, in view of nessible fluctuations ia virulense and

nlaniabiomict
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changeable susceptibllity of the inoculated animels.

Testing by tordberg (ltef 7) lead to o considerable limitation of the
ugsefulness of the animal test in anthrax diagnosiic. In tests of anthrax-
like stralns 21 cf %2 (505) struins of the type B. sycoides kilted mlee sub-
cutaneously infected with 0.2-0.5 cem culture withiun 20-~98 hours afier
infection. These strains were apzthogenic for puines uigs. ‘Iwenty-three of
52 (40%) strains labele 13 B. ceraus also were able to kill mdce after
18-1k4 hours followlng infection, and 8 cultures wore lethal Lo ouine. pigs
within 20-90 hours after subcutuneous dispensation or 0.5-1.0 cem. abbiis
remained resistant in every case, It was positively determined by meuns of
tests with other wethods that anthrax was not involved in any of the tested
straing,

The foregoing test results remove the basis of Pia. 1 for revision of
export regulations in the Prussisn Lxport Code of the Cattle ipidemlas law
(RAEr1.d 4AI(KdL) v.1.1,1937 -1IIb 7719/32). <here microscopic examination
and the stratiform test ufter .scold were prescribed, to be expanded by

0 , oulture on agar plates as well as inoculation of mice, in case one or both
of the former have negative or doubtful results.

Since nore of the methods mentioned here can safely lead to the diagno-~

sis of anthrax (ief 1, 5, 8, 13, 14), ordberg (:ief 7) sug-ests the improve-
ment of the usual bucterioclogic test methods by the prowing of susnicious
cultures in iractivated horse serum and in socalled transmigration medla.

The latter are composed of geud-~e.ind substrates with only o low apar conienti

i which can be easlly "wandersd through" by motile geris, and thus are espeeially
suited to tile study of buicterdal motility. Nordberg roticed in his test of

96 anthracold strains from several huropean countries, -South .frics and iorth
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and Jouth .mariea, that 42 strains l.beled us B. nycoides as well as 52
struing identiflad as Be cereus were motile in transmigration media aftier

O-8 nours ¢y incusatlon, st on sWarm .gal blabns after at leaust 6-8 houw.a,

3t the lotesl 24 hours in the incubator. These strains did not grow at any
tlme in inusctiviibad horse serum. Two gtrains cliassified as 5. cereus were
nonmoiile in the §bove ment ioneu medds and showed a good yrowth after incubu-
tion fTor 4 hours in horss serwm, daring wiieh a nartial encensulution wag aleo
nobed.  Tuese bwo stralns were able to kill miee, hiusters, suinea pigs and
rubbits, snd were Ldentlfizi as genuine anthrax strains,

~coordin: to sievors (L.ef 10), transmigration nutriznts nuke nossible a
rmore objective study of bucterdsl motility than that walch is afforded by Lhe
hinging drop. .o early as 1900 Gobritschewsky (fel 3) used such nutrients
in the foem ol joined tubzs separated by . cotbon tamson., uvihers (literzture
in veidel (iief 9) used s U-shaped tube, slightly extended in the middie, in
“hieh btoth legs are filled vdth sea sund andg coversd with nuilrient broth,

One side was inoculsted, the other side used for wlihdrawals after o 20-hour
incubation. [ischer (el 2) workea with transmigrotion nuirients consisting
of semi-solid asac, and based on this Vahine (:ief 12) created the trans-
gregsion msthod by ths use of a U-shapod tube with 0.15 agar. according to
Seidel (ief 9) transmipgration and transgression nutrients can be successfully
utilized {u the testing of motility at bacterial meat examlnations,

s new method of vacterial differentisd diapgnosis of anthrax was described
by Jdenson and Kleencyer (Ref 4). Thelr "string of pearls test" is based on
the fact tmat viable anthrax buclilli experience a form ch.nge in peniecilline-
containing nut~t.nts, depending on the peniclllin concentrition. The range
of 0.5 to 0.05 L.i./cem proved to be the nost riltable concentration; in sueu
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medla tho anthrax bacilli conslsiently assume a globular shape und the
anthrax bacllluo threads conasquenlly resembl: strings ol pusrls. this form
change never oceured in anthrax~iike bacilli. Of numerous tested substances
only penielllin was able Lo cause this chunge. urlng the testing of 50
anthrax struins ind 43 anthrax-like strains or ther aervidic sporeformers,
nelther zrowth in broth, ecolony form on agar, the stratifora test after scoll,
patﬁogenicity tests with mice and juinea plgs, nor motiliity tests vermitted
of a positive dlagnosis, while the growth characteristic of the anthrax
baciliue £1 the gelatin stub ("reversed {ir tree") and the striny of vearls
test proved to be vositively specific, The usefulness of the gel-tin stab
for differential diagnostis pur;oses has been reruted, however, from another
quarter (ief 5).

In our own tests the newer diagnostlc methods (nef 4, 7) were to be
examined for their usefulness and compared to the traditlonul test _rocosses.

For this purpose 12 amthrax strains (1 from horses, 1 from nlce, 1 from
swine, 7 from cattle, 2 of unknown origin) were available to us, as well as
28 anthrax=-like bacilius atrains, of which 4 were labelod as D, subtilis, 1
as B. cerous, 3 as B, mycoldes and 10 as B. mesentericus, while ths remaining
10 strains only bore datu of origin. .ll strains were examinsd fo. aspoots
listed in the tuble. (Page 5)

It is apparent from this swmary thot in tho mlee test 1 anthrax strain

behaved atypically (pathoponic for mice;. ‘Iwo other strains showed «w
different ;rowth 4n broth (with turbidness of ths nutrient).
4 large numuer of anthracoid strains showed 2 true "unthrax-likeness':
17 in respect tou bhelr colony forin and morpnology, 8 in regard to thelr lack
of motlon, all strains respecting their steining after Gram, 3 regarding the
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12 anthrax strains

28 anthrax-1like
seroblc sporeforuers

9-

(lolony on agar

puearance of
bacille (cultura)
Staln after Gram
cotllitys Qubn wear
transnieation
nutrient

ilemoliysls (bilovd
ager) R~ observ,
Taermmo vraci vitation
after .gcoli

Pathogeniceity

(2l-tay observation)
wnite wslce:
sulnea pless

Growbth in broth

(24 hours)

Growth in inecpive
horse scewn {4 hours)

10. Stving of pearis

vest

1l. Uslatin st.b

culture {1Q=uay
oksarvation)

4ll spiral nebula

typical bunboo-iike
rods

all zram oositive
nosknotile

noricotile
a1l negative

w1l positlve

11 noa, Y res.tive
not, tested

10 with typieal
fiLike in otherwise
claur broth, 2 witn
turbid Lroth
neagre nrowih,

10 sncansulubion

all wositive

all typiecal suape

of raeversed [ir iroe,
liquefaction of
Zelutin

17 spiral nebuda
11 unlike anthraz
17 anthrax~liks
1l unlise anthrax
all grama posilive
20 moiile

8 nonmotile

25 positive
2 negalive
vositive
3 doublful
14 negabive

veslitive, 26 negutive

28 negative
L with fi.xe in cleur broin
24 with turbldness, sartly

wibh surface film

7 neegre growth
21 no growch

23l negative

3 tlimes shape of reversed
fir tree, & tiues « very
sizilar form, 17 times
unlike anthrax, 15 tinss
liquetaction of gelatin
betyieen 3 and 6 dayo
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mhosing hemolylic ability and 11 in resh=ct to the thermo precl.itation
reaction, The faect that the latter is by no means Lo bo twkon as an in-
fallibie dlagnostic ia stress«<i Ly rrof. .scoldl nimacif (itel 8), and hes
also been describad vy zlcger (iief 14), Of the anthrax-lixe strains 2 more
ware oathogenie for rdce, 4 showed the same growlh as anthrax in broth, 7 had
4 Wweak growth in Lorse gerun and 3 or & shqweg the sume picture (or at lecst
a very simller one) as the genuine anthrax ciavser in geldatdn stab cullure.
kost anthracoid straine resexbled the cnthrax bacillus in scvoral wropertics.
4an abgolute diiferencs was wmuparont in the growth on senieillin~contain-
ing azar. The Yotring of pearls teat" thersiory proved to be vositivaly
speeific in our tecsts also, and can be crasidersd 2 valucble contribution to
anthrax diagnosktic. The required nutrients can be mide simply and inexpensive-
ly; they are usable for ab least 3 months, aivi the lest r:sulis can be os-
tablishe with certainty, dependin; on the purity of the submitted material,
at the earlies between 3 .nd 18 hours after receint, This msthod Jdoes nob
suifer by the fact that an enthrax mutant behaved negatively iu the "string

v

of pearls test" (Ref 4). This mtant, isol-ted by Tomacik, in centrast to

ite original struin was upathogenic for mice and puines pige, atypical
morphologloally and motile. Thus it had lost severul iwmortant anbhrax
characteristics and could h.rdly any longer bg called a causc of anthrax.
In the application of the "string of pearis test" we utilized the
technique described Uy Jenscn and Kleenmeyer, witn due couslderation fur our
own experiences. - broth tube 1s inoculated from & culiturse on a solid
nutrient (agar, bleod ager) and incubated for 3 hours ab 37°C. If a micro-
scopic examinatlon of the suumitted plece of vrgan (spleen) indlicates an
abundance of possiblc antiivax germs, a tissue sample nay be direcily incu-
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vated in broth in order wo gain time. . fter 3 hours the wroth cultire,
wnich as arulz shows a distinet growtl, is thoroughly sinaken i one loop
cach is applica co the prepuared nutrients, ior thu prepacation of venielllin
media tie seasured amount of ponieillin solution is added Lo tho ususl
infuse decocidon (L part meal to 2 uurts waber) cooled Lo 45-569C i1 such a
manner thit nubrients of 0.5 L. /cem and £.05 L.it./cen rosalt, In this
comnection it Lo proved to be practicali to draw penledliin in as small
AMoLN LS Lo yUJﬁiCldr(&H@ulL& of 5,000 L.}, siuce only « Iracilon is used
for the nutrients, e propared medium may not get Loo soft by the wddition
of ponicillin, .ficr solidificuation the penieillin agar should not be
thicker toon 2 mme  For the test liself one wafer aplece of bobh penieillin
mutrients {cut oul with an arplutination tube) ire dvplicd to a slide waich
has previcusly beeil subjected Lo a ilame, in adaivlion to one ordiansry wufer
of 2% agar. The lo.ber sorves as jrowsth control. Following inoculation of
the three medi: wafers the siide is incubzled in @ wolst chawver (polri dish)
for 2-3 hours, and subsegliently examined under lens wapgnification or a weak
ary system. ozaninstion by cwans of o cov.or gluss and oll imaersion Joes
not oifer any .dvantages., If anthrax is involved the bL.acilli on the agar
without penicillin conbent have grown to long sinuous threads (Fig 1). On
the wgar with a C.5 I.i./cen penicillin content the growth is strongl
impeded; the bicilli are partly distended, while on the third muteient (0.05
1.1./cen penieillin content) the bacilli appear (under suitable illumdnation)
&9 glowlng clusters of ygrapes or striugs ot psaris (Fig 2). anthrax-like
organisms on all 3 medla always show a uniform growth without chinge in foruw.
The penleillin nutrients nroved to be fully usable 14 woeks after their
preparaticen; the impediment to bacillus growth of the siocre highly concentrated
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peniciilin agur nerely was lessened due W the weakening of the eflects of
ponieilling amd here itoo the organisms jgrew in protby sirings of pearls,
Trensnigration media wft e tiordberg (del V) aro wnneccssiry it 0.5% azar is
used for determlnativn oi the molllliy of bacllli, [a bthls respoct teoo we
sudcasgfully used slides which were covered with a mutrisnt wafer (cul oub
with an agelutinatlon tube) and incubited in 4 moist chamber aiter iaceulation
with a trace of solld culbure. Iu tho cas. of motile culiurcs the nubriont
was covered wibth a fine, turbld layer of swiraing bacilli; nerutive motility
of ths pgerms was indicated by culiture srowth; tih: bire nubtrient, however,
retiined a sghiny surface,

Horse sarum culture (ief 7) proved to be less reiiable. It is un-
nacessary wiren the "string of pearils test" is utliilzed. YNoecagssulition of
anthrax in horse serum, as sometimes noted by Wordberg Uief 7). could not
ba coufirmad by us in any case (Glemsa and seihyisne blue stuina),

SULEARY

Twelve anthrax and 28 anchrax-like asrobic strains worc compuratively
tested. In conacovlion with 1l test processes the '"steing ol pearls test”
alone proved”t,o ba positively spoclfiie., Thils precedure makes possible a
spoedy and ceriain ddagnosis of anthraxj therefure’_ it is suggested thal this
method be estabiished in anthrax diagnostic,
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Fige 1. .obhrace agay euliure of 3 hours., Rucilli are arraaged in Jong
threads, varély in the form of skelns (1804).

IFire 2. ntheas cullire on asar wlth 0,05 L.4. venicillin/con after 3
hours, e Lu the influence of pentcillin the bacllli have chan_ed to more

or less rotund objects, lieing in the form of striags of pearls. (3060 )

viuress of° Lhe autnor: schlelsshelm, iandesanstalt filv Tierseuchentekimpfuns.
b ) i 0N

On the eriyical the pases are marked 186 through 192.




