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Progress in .,nthrax 'liagnostic byr h. J'Aiuenmuller

From thu hoavar. i--n Inqtitutbe for ~nimal I.picdenica Ini 6chlissaeim.

j-peCiul3 reprinti fron thi nase.t fur Tiorhui.kAunde.I-'ulo 6 No 8, 1954

iuIjUsher: leai~iind 'nke, AtutLtjirt. ith 2 1).Lt~s oti .L 'b.

in a- irevious inub; i( Le~io~i (."of 13) the difi'jcu.ti_,o of Libaratuory uja-

C1n1051, of uritirux .iere presenLuQ and til re liability of' the incdlvidual

d~i"31nostic processcd er evalutýtuu. in su~rxiavh; up it w.,s estub.limed Lthat

in iýll u~teiu biveral Test methods o'ncuh be applic-i in order to m~lke aL did-

"jiosis of' "anthrax", zand thatt no single property of the anbhrax- b~ciilu's

(perh;is with tho ex~cepti on of its goihin bo-of broth as flaky sediment in

otherwise cunsistentiy clear culture wedcLiuna) 1z; sufficiently sperifie by

itself in order to serve as the exclusive criterion. In tho meantlieje we

jsolatea an an'thrax strain Which .-rows in broth only witvh turbidness. Jensen

an-d idlcoxaoyer (Aef' 4) dlescribe t~ iijla s.r~ins in Qonciec~ion with their

test of 50 a;,thr-ax strains. ~3ALAidfuss (itof 11) point13 t--. the superiority of

the antinLA luest over tho culiture mothod: In 256 exa.:in~~.ionsh of ciried sain

sam]P6e fromr overseais, anthra., coulud Lbe diagnosed 133 times only through the

animal test, 110 tine(is b.i the anim-al best _oid culture, anu only 13 times by

cuilbure alone. The subciutaneously infected mice uled on the I~st-2Oth day

I'ollowin,- infeoction. dince anthrax bacilli could be found in the blood of

the 1heart aal in tho spleen niot sooner than the third day After injection,

A;tnuifuss strosziaG the necessity for an exareainution of the locale of injec-.

tion in case the mice should die sooner. ~ccordiN, to ia-vtoa (itef 6) , one

siDLgLic anithrax ieria killoci only 29% of the infected Lest mice while 20 terLS

,;ere required to kill evory one. However, this data cannot bei conzidered as

bWing always applicable, in view of possible f'luctuatione3 In virulence and



changeab.e susceptibility of the inoculated anirn1.ls.

Testing by •,ordberg (ClefI 7) lead to a considerable Iiuiaation of the

usefulness oi7 the animal test in anthrax diagnostic. In tesLs of anthrax-

like Bte'ains 21 c- !.? (50,) struins of the typo B. .,ycoidOs kilLed mice siub-

cutaneously infected with 0.2-0.5 ccm culture withiii 20-96 hours after

infection. These strains were apathogeniec for guinea !Ags. 'Tacrity-three of

52 (40/) strains labele -e B. cereus ýiso were able to kill -idce after

18-14 hours followlnG infection, und 8 cultures wore lethal Lu -zuino.; pigs

within 20-90 hours after subcutaneous ispensation of U.5-1.0 cor. .abbits

remained resistant in every case. It was positively determinedc by veino oi

tests with other methods that anthrax was not involved in any of the tested

strains.

The foregoing test results remove the basis of i'la: 1. for revision of

export regulations in thu Pimssian nxport Codc of the Cattle Ipiaemites I-aw

(RidErl.d.14dI(KdI) v.1.1.193: -IIlb 7719/32). 'here microscopic exaiLLnation

and the stratiform test after .scoll were prescribed, to be expanded by

culture on agar plates as well as inoculation of mice, in case one or both

of the formier h.ave negative or doubtful results.

Since none of the methods mentioned here can safely lead to the diagno-

sis of anthrax (.""Of 1, 5, 8, 13, 14), N.ordberg (aef 7) sugveats the improve-

menit of the usual bucteriologic test methods by the growing of susoicious

cultures in inactivated horse serum arid in socalled transmigration media.

The latter are composed of seud,-cs.2Ad substrates with only a- low aLar cuontenL

Swhich can be easily "wandered through" by motile germs, and thus are especially

* suited to the study of b..Lcteriaj. motility. Nordberg roticed in his test of

96 anthracuid strdins from several European countries, ý.iouth dfrioa and iorth
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arid Joubh mnirica, that 42 sLrains 1 Lbehad as B. -icidsAs woll as 52

,straiiis identifiad as B. CtUreus were ,riotile in tvansniigratiori media after

U-8 nloUrsl cQ. llaouatiuon, i~uon SWAMI aI' LOLs .Li'tar .4t l.east 6-8 hou..e,

at tde latebL 24 ho)ur* ir! tint. incubator. These 5trains did not grow ý-It anyr

toio~ in inciatc omxc s:erivi. Tva strai~ns cltssified as 13. cereus weiee

riuninotile in the above luentioflca mnedl- and st-io;wed a goodk -rowth after incub.--i

tion, fo." 4 huitro iei lorsa- seiruti, flrnfi, !%-11ch a irta caaL atim 6s ae

nob~. f~ee ~-Asrain~s iverci iiblcx to Ikil i e himsters, -iiinea ;4ae-. and

ra.bbits;, zion wiroro idozitif'iad, a.- jenulnuc anthrax strains5.

-.0cerdinl to 3iovcrLu ( -- f !.0), tranumi-iratiun ]xLLtbiantS uialke p.osaibLe, a

rpor G objective studly oi' bi. cteriii m-otility thain th.it a~iih is' aff'ordedi by the

eigdrop. .;early as l,')00 Gxxbritschewsk- (:ýef 3) uasee nu rients

in the foric of j,_-ined i~ubýýF ;ceparated by cotton taition. kuhers ( literature

in :joidei (I"ýef 9' used ai U-ah.apeu tube, slightly extended in the midd'Le, in

Aih~io uLot log~s ire A~ed wilth sea swid an6. covoriad .4rth iiutrient broth.

One sida was inoculAted, th(e other sidc usedl for withadr'awals after a 20-hour

incub.Ation. ifischer (-del 2) uorkýet with taon;rir nutrien~s consisting

of 3eini-solid xiga and based on thi8 Vahlne 1;ef 1) creatted the trans-

g~ression methodi by the use of a U-shapod tube with 0.hagar. :ccording to

Seidel (doef 9) tranenaigra-tion and. transigression nut-rienits cat- be successfully

uti~lized iii the testjing, of motility at baicerial meat exaindinatiumos

ii new niethod ol bacterial differenti2. diagnosis of anthrax was described

by Jensein a-ndi 1ý_Lee~i;eyer ('Lef 4). Their "otring of pearls tont" is based o~i

the f-Act tiiat viable anthrax lbacilli expericene a form ch.xmge in penicillin-

containing nut7M. -nta, depending on the penicillin concentrAion. The range

of 0.5 to 0.05 I-jn./ccm proved to be the n.ost !- iltable coflcentx'aton; in -9ue
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media tho anthrax bacilli consistently assurme a globular shape and the

anthrax bacillus, threads cnanquantJy ru.3emb)l. strings oY pearls. Thiu form

change never occured in anthran-like bacilli. Of nwumerous testce subWaLnces

only po•uiaillin was able to cause this change. ijuring the testing of 50

anthrax strairts ind 43 anthrax-like strains or ther aerobLitc saoreformers,

letther growth in broth, colony form oi- ag&r, the atratiform tcuL after ko.

pathogenicity tests with -ice i rv guinea pigs, nor motility tests Uermitted

of a positive diagnosis, whil, the growth characteristic of the anthrax

bacillus in the gelatin stab ("reversed fir tree") aria thu strin>, of y3arls

test proved to be positively specific. The asefulaess of the gel.tin stab

for differential diagjnostic pur.,oses has been reiuted, however, from another

quarter (iHef 5).

In our own tests the newer diagnostlc methods (;tef 4, 7) were to be

examined for their usefulness ered compared to the traditional test ,rocu-seies.

For this purpose 12 anthrax strains (1 from horues, 1 from rAce, 1 frora

swine, 7 from cattle, 2 of unknown origin) were available to us, as well as

28 anthrax-like bacillus strains, of which 4 were labeled as D. subtilis, 1

as B. ceraus, 3 as B. mycoides and 10 as B. raesentericuu, Ahlle the remaing

10 strains only bore data of origin. ;Lll strains ware examined fo., aspeocts

listed in the table. (Page 5)

It is apparent from this sumaia that in the mice test 1 anthraA strain

behaved atypically (pathogunic for mice). 'ITo other straiiis showed a

different 3,rowth in broth (with turbidness of the nutrient).

* large number of anthracoid Btraine snowed a true "anthrax-2.keee":

17 in respect to their colony form and morp)holoay, 8 in regartt to their lackl

of motion, all strains respecting their staning after Gram, 3 regarding the
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1-2 a~nthrax strui ns ;Aorob.Lc sporefrioimorf

1. OoJlony on a';7r all spiral ienbi ia 17 spir.i3 nabula
-1i Unlike 411thrax

2. oucea'axlce of tynjoal bno-he 17 ianthrax-like
bvcjlie (cu ltur'3) rods Il uiuire anthrax
.Stin after t',rai all ýYrArfl 'Jsitiv..; algaap bv

4. -.AilltY; 0.5p"j . 1a a nuAiie .0 JILLUIle

ntraionm Cnovruw 6 tilti

5.i~li~~S b c a.ll neL~tivo 25 posit~ive
ag~ 24--,r ubserv. 3 negative
6.prn roci 1itation 411. positivC 11 ucoitive
after -.acoli 3 doubtful

14 nc&La Live

(21-.nay observation)
wiJ~iLe clee 1.1 1jn i ie :.ive 2o ti, 26 nag;Ative

*-IireaP.2 [l ot tested 28, iw-dtive
C . uro th in broth 10 with typical 4 Aith f£Lke in cle~.-r broth

(24t hour~s) fl-mke in otherwise 24 with twcrbidfleus, -.ýrtly
clk:r bvoth, 2 with with surface film~
turbid Iw-oth

9. Groi.:h in lnniuivr, -.ea~re ,!'rowtuh, 7 -me,-Ore gej-,ith
horse s~±'ui (4ý iour-3) no ae capsý19Ltution 21 no ro1}

10. Str'ili Of Pearls alL "-'ositivo engtv
t.est

11. UeLatin stm.-b ali typical. Stape 3 tin shaoia of revisud
cult; x 'O0-oaý of r'2!vcrsedi fir tree, fir tree, CO tiraco" very
0ixrnrvati~on) licauefaction OfT 51 J-dr form, 17 Uldies

,eI Ain ur.likc anthr.ý, 15 times

betwieen 3 and11 6 da-ysI



rid~s.ing honolytic ability and J.1 in res.v.,ci to the tharmei jreci.:.tatuiufl

reaction. Thit fact triiat the latter is by nu iw~ris tou be t'ýkoi a5 an in-

fallibLe ditgnoutie,- i atres'--- by 1'rof. .,scull inui ("of 8), and ties

also been de~scribeu Uy iAocgor (ý..ef 14) Of the Anthrzix- ,IŽe 3trAinj ' more

were oathogotiic f~r 1-ice, 4 3howeci the samt; groifth to anthraxý il, b:'otki, 7 hiLd

a weak prowth in jL,)rse serula an4d 3 or 8 showed the satmu picture (or at ie,ý.t

* very simila one) as the~ 6oiui-no anthrax causer in yelatin stab CULLture.

Niost anthracoliý strains rese!ýbled thco an.thracx iyaciilu~j ink ocvora1 lxopertLus.

.ýa absolute di-ifercnce was miAircat in tii: groc.4th o niciýuenan

11-4 a-ar. The llotring of' neariU teat" hefriprovedl to be ~oii2L

specific in our te,,it also, auni can be c,.).isidered a valuabl,ý contri-bution to

anithrax dia aiustic. T'he required nutrients can be ma~de simp Lyr and inexpernoive-

ly; they ýtre usablo for at 1.east 3 montlic, ljid the test r-~su!lt; canl be as-

tablishel with cert-tinty, dependin•; on the purity o1f tile subnidtted material,

at. t~he earlies between 3 ..ncl 18 hours after receiot. This m,_thou dloos noL

suffer by the fact that an atnthrix mu~tant beha)ved negatively iii the 11strin8

of pearl:3 test" (Ref 4). Thi-s mutaot.; iso1-J-edIh~ Thrnacik, in cuatrac.ýt to-

its originiia strain wag "-oathaganic for mice an-d iguinca pigs, atypical

iiorphoJlogidcaly and iixutile. Thus it had lost several iim.ortarit anthrax

character-isties and could h .rdly any longer bc calloa a causu of anthrax.

In the application of the "lstring, of pearls test"' we utililtud Lbe,

technique described 1Uy Jensen and Kloomcyer, with ctuo consitderation fur our

owri ax-periences. :% broth tube is inoculaited froin a culture onl a solidi

nutrient (agavo blood agar) and incubated for 3 houl's at 370G* If a Hmicro-

scopic exauiti.on of the sui~nittud piece of orgain (spleoxn) in~cttes(- an

abundance of possible anth-rax germs, a tissue sample. may be directly iLucu-
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butoci in broth in order tuo gain tium. .fter 3 hours thio broth cultiro,

whiich as aru?,s- nhows a diasbinct 6rowth, is tiiorouý,hly' sikun w!d one loop

Cuch is appJlife -, the- prep.4rud nutriorits. lor tho repai'ation of pjeiaicidin

m02atiu zsu aaounilt oC puraicillin.1 sol-ution Is udded, 6o W~o usual,

infus Uococuj.ori (±parL niC.-aL tO 2 U,.Ai't WýLter)' cooled Lo 45-50OG ini such La

.01,o d-, A. oI bient of 0.ý .P/Ccm and 2.05 lee .!/crri rsa 1t. In this

wonnoctijr, iL 11utsL prived to be P~r--c'cal. to dt'au penicillin in, as snall

ainont~ ~ u~..~("inpulLua of 5,000 .u) silica 01.4' a -rac~ion io- used

for thc nutats pro u'p rekd medium aynot got Luo iu!:t by the .,dition

of pnniciliin. J~rsoliciificatiUon the penixill~irl 1'--1r Should not be

thicker "In 'Itav. For' t~im ztoo-t litslf ono wafer apieec o1 'ooLi p,.iiicillin

nutrifxnts ý(sut out. with an argiCutinattoii tube) Lre applioed to a slide which

has previcous-ly 'Doen sabjoctcd Lo a fllaiao, in aud(ciion to one. ordiiary wafer

of 2Aý agar. Thu L--ter serves as fi;rovith control. Follo~;rig inoculation of

the three, madi., wafeis the slido is incabaLed in a moisý,t elhawier (potri aish)

for 2-3 hours, anid subsequently e.,zxined under lens juagnificaluion or a weiAk

dry systemii. -ýxariin;.tion by :-iCofll off -o .Žr-% 6-1-53 alli oil iluersion) does

t not oifer arlr t-ivaiituges. If anthrax is involveti the b-cilli on the auar

without ;.Jcnicillin content have grown to long-- sinuous thread6 (FifL 1). Onl

tile cagar With a 0.3 I.L./ccir, penicilliN content the ýIrowth is strongyi,

iqooded; the bAcilli are partly distended, whileý on tho third nutrient (0.05

I.L./ccm penicillin content) the bacilli appe:ir (under suitable il-luminlation)

LS gowaing clusters of grapes or strings ol' paarls (Fig 2). mitthr".-3.ike

or~ganlisms onl all 3 moulai alw-lYs a!-ow a unif~orm growth without chiange in forui.

The peniicillin nutrienti; proved to be fully u~sable 414 weeks 1-rter thoir

preparation; the impVediment to bacillus growth of tho iore hig--,hLy concentrated

7



penliullin agar m:oraiy was lausenied cdue L- the weLktenIng of the effecta of

ponicillin; aui he-re Loo th., ori;zasism 1grewv in p.ýOtLy ~irnuof pouris.

Tisr~i~r ~ wjo ia 'i ý~ift ir i".ordborgr (itef 7) .ýru uni'-ecOcd.rY it 0-5> "±g' x is

used for deterarinatiL~n Ul nho r.ili~y Of 'biciili. 1;1 U111: rlixpcut too we

suocessuibly used slides whiich were covered witlh a autriint w.afcr (mcut ou

with an agoglutinatLion tuba) U11d iICIcuAto inUfoitcba~rL~cr ia -uLtiorl

with a tracei of solid cul~ure. Iii the cas,~ of ;aotilu culturca the. nutriarA.

was covered with &i Line, turboid layor of sw:lrnain- bocilli; nefflýtivr3 fiitiiity

of tha germ~s waa inciicated by cul;ture ~'io ;th.ý bo re nubrienL, however',

reOtained a shiny uiurfaua.

horse saruu culture (Aef 7) pi'ovud to bes less reiiab.lo. It is un-

nacessary vihut the 115Lring of pear-Lu test" io utiLizod. ).rc~uition of'

anthrax in horae serum~, as sometimes no~ted by Wordborg (iLQf '/~could not

ba coidirmad by us in any' case (Gieriwa. and wethldine bluR Staiils).

Twelve anthrax and 283 aa~hrax-].ke aerobic strains -worco comipara itvelyI

testedk. In aonaection with 11 test processes the 1"steluil of pcxurls test',

alone proved to ba positively apý.dcfic. This procedure nu.kes possibloU

spoedy wnd aerbaii diadigisis, of anthrax; therefure IL 18 su,,,-.sbeci thvAL this

mothod be esaLbLisbed in amthrax diagnostic.

1. 13"--W, beriiiieir tierdrztl. ',.'sch. 19)15, Wd ý1, ;.7~.?~UiR

4. &NU4 iLiSttJl, .l kt. ..bt I urig. 1')5ý, ud.l"59, 6.494. -

5. K01l1iL1,, rLo,.ch. tiera.LtZL.-.1chr.l921, 1A.29. 3.25 6. vi4.dVZC, Z. 11Y-.

l927,hc1.107,i.-47/7.- 7. NI40iUik., Nord. Vet. li1ed. L953, B-d 5, :i.915.-



10. i1i&,'iI ; .b r 1_937. l.3.7. 1..iVj,

(irt;t.ii.~cf 1'15' 'La 12. d c:iK~ -,'0 A~h~ ! u.

* . 012 iS 7 -4.09. 14T ,.i.I ýL iI,' .1~

AU 5 . 79.-

I'itIr:. 2.A'7LU' 7 cuILture 0" 3 hours. D eijll! .L1Xc aLrlawi OLI ill In''

threavis, .):trL'y L~i thi: for,;, uf slhiri (1801L).

Pit. 2. orothc, cuitlre on a~a > idth .).o5 ipi; i iciiii/ccimt aftcr 1

houro. Duve Lu thrn influcnc,ý of pen!_cillia thte b~tcIIU hwiev ch..-ri-ed to ITIiO.0

or less rotur,6 objcicL3, lieiwig in thti foea Of' stri njs ut' pe.,.rlsq. (360 .)

,du~rus3o"a' I.iii ..uubor: Qichiei sshoim, '.EP'uesaiw'talt ±lAi'Tr racoztkl'f

Or. the Q~~Jthe pai;e are unarked i86 throu.-I 192.


