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The hac torij 41 fferfnti41 diagniosis, of uint~rax by meansn of a new apedific

teob (The striw, of pe.Arls test "Perleolahuatest.,')

BlY J. Jenson arua if. KIoi~yeyr. From tmes Uygtirie Institute of7 Gottingen Univ.

SpeciAl printing £from the i~entralbt.Att fur ilkterlologie, Paruaitenkunde,

Infektionskranhuitcn und ýygiene, I urt~g. 159. VZLB Gust4Yv Fisclier VerlagS,JenA.

itnirtett in Germ~ny. P'ublished unuer license #22-11-1 of the Buareau for Litera-

ture and1 Public..ion oi the Uemina *.)emocra~tic [tepubilo. 1953.

A4t'- 1 ttible. .ccoeved on 12 December 19524 Pages m.,rked 494 t%1'r--ngh 500.

The differeniLiAtiuii of thu trTue D. :anLhncis £rua Uit, aia~liritajid twfli iMi,

as the pertinent literature shows,. not Always possible without oifftoultiemi.

The vati.ýbility of D3. anthm-Lcis, wnich cwt be extended to m.&n of its "classic"

properties, aireaoy became obvious in 2ýobert Loch's laboratory. Since thean,

an ahndance of works has boon published it dab on one hand deal with this

variability AndI on the other hand withi the prpoprties and behavior of the

anthracoid species or the w.sleted tranisition-Al forms.. (See the detailed

1it~oratmrai in g.Ti.iT.-Ak'ifrHer- Rnt 1'h Fknrvar. for' fHt .-on*SJrxneq of' the extrenmit-

important. problem of trtnsformiation,, which isa intimately connected with these

internediate Loans (and that not onLy theoreticall~y),. it is of siud.Lar~y

decisive eigri.fic~noe that the B anthnaoiu cam be clearly differentiAted from

other similir species of bacilli on the bauis of it. unicpe properties.

It t. true that tnthrax infec-tions in humans at presient scarcely exist

in Gnrary. In othor aountries, haosvr, am a few Lieu'.. will show, theyI
4aCz SPSV,- %' 0 eASVE W&&Wals . a ."O ,ip f agnp *06lý w

1607 (94), itumdnia 1179 (851) awd Iran 1764 (40) cusms (fatalities in parea-.



w

I
'ran simoi&.l biolloical properties of the anthrax bciaollus &nj its spores,

av vell as the manner in which it spreads# offer possibilities enough for the

ot-,irrenae of the diseoee in uia and auJmawi in every coneaLabl'i loi~leo ; ch

effort is justified, therefore, tt-t has the aiR of improvitn or simplifying

t~he bacteriologic di.Lpkastle of anthrax in some direction, inoludia 4forta

Howyer, he who m.keo suah An attempt will L idiataly be_ lonfrontea wrj'j1

the question of Just itdat should be referred to. tftor all, the difficulties

of bacteriolftol different~ial diagoils arise out of the fact UAt tho numarous

elas.-le" Properties of typica-l !, anthr•-•.i are uot r-st ,o lple•y in every

strain and th.Lt they oan als bW fa-ind in par, in bacilli re•semhling anthrax.

It follows that attempts towrd specificity of a new meth*d aiust use the

"aloie" etheo-d notwithstanding doubts aseribed to them.

In ord•e to build on as sound a foundation am posuible we have exatined

W anthrax strairn -- 1 4• 3 ore or leas oathrax-like strains for sow of their

moat important "al. saic properties, W4 were forced to foreio numaroua ot.her

UI.Mfla 4sid asr----tn- fteedue t- the, roAt.1tvev kJ.U rirurn'r OL3

strains. go then compared the new method disiou&W hete with these Lest results.

'46 are iwre of we fact, tht arrwor of traditional diagnostia (even if re- I
Ld aed) ame Inherent in our ra.ul',v.

jWol~l nd &YA M!9&9 2f tJ~o- bStninsr of Pmearls estl

uar test is principally bW oa the fact that living anthrax bacilli in

peioid.illn-oontaining culture tiJke on oharacteristia forms. The type of the

various form is strictloy do*prden• on the conuentration of penicillin.

EapcA~lly striking in the for3Ltion of large evenly rounded globules. Since

ever7 viable baai1h-b dovelb'o mto sach a gloable8 under certain conditions



(Mccardin,:g to the growth for..~tion) chiains r,!asx~b.iiig strings of pe~ir.s are

£frmed. The codilt-Lone for the cre.4tion of the globulAr formn axm thes string

of nn-rls, raitespbve.ly, Lret 1. lirintenan-a af t'Avcr.;b a c ~itiufi fr

browth, .3noe Lhr formation i3 An expression of misguidied Igro-Eth 4.Wn. shouid

not bu cunfubau wi~ii swellin~g activities (iteference 3). and e.specific

ranF16 of~ prniciliin co.aceiltrationt between 0.5 &nd 0.05 l../c l .th higher

(ý)nccItr-,-4a.3 ric th6lobl.eis Atre ra.Lley-1 njd leze ap-olsvt oo

nonc allipioil* or cylinairca]. shApes are form*.- insto..4.

The~ va.-.ztýAive bacilie th'5refore act in thIOs respect just. like the gersm-I

iinatln anthr-ix opares, w~iich have proven thems'elvss in our li1 bozr-tor for* yeart,

in cow-i,)ction wit.:i Lh'iý determination of penicilUn levels, due to tkwir oonstantI

forra chAznge coupi..,d with strict dependency on concentraition. (Ae~.i 4.)
chAv,- aiready previously imentionepil thit out of numerous tested subv!ý&=ev

only penicillin ca-uses such .form change of Bl. ý.nthretcis (iaf. 54.) The test,

at. I-.nd ralmn ~t I.rovinqt thAt. only B. antiiracits reacts Iii the diescribed f.s&Mdon

to these effnCts.

* The procedure for testing a question-Able t. e of t cillus is as followat

f'irst of all a blood a,,.-r culture is established, from which a bouillon tube

is injected with v. plantiful sowing. .-.fter the incubAtion of this bouilloa

culture for thrc-.7 'wor at 370 .ns loop each is brought to throe zpgr wuiforox

the first e-ont-airis 0.5, the seamud 0.05 U../., -C third is free of penid-

cillin. The vafers whiii oh are suitably raut from penicillin agar plAtes with a

cork drill (I c diazeter) aiid plaoed *a slides, shoula not. be thio-ttr than Uý-
as far as that is priiotio&ble. The wafrs# tbuaa xoparwd, are inubats*ain ) a

moist chmzber for three ixmre at 3r0. tfiter thise tift the form ahanes thiat

possibly have appeAred. are abserved niarosoopica32.y by viewing with t~s strong



drY system or with oil mamrwvion. The more or less ologt•hy inthrax chains en

the pe•uiclLtn-wnt.inIdng wators resible strung-up pearls, And th.t usuall4

more ooyletseiy so at O.U5 l,. (see Ag. 1 a) th&n at the hlgiar cuiicrtiiLrLon

(see Fig I b.) Ot. th" thli it wafer Wich cont-din no peicillin .uW thus .arvfqs

an growth control, there are found oily .lim iiid on the averuie lcn1er cluliv

of bacilli of the usu.d 3bape, mine aW arrango, ent (see kig. . c.)

In this fashion laboistory straIP5 .av. be tuotedt, .a weil -L t, ho: thkt

ar. lbol•itcj frft reiutted itsrim2l or froa the pticnt himself, Uf couree one

Culd also iL0 uce Uie teat, mutarial directly oý, the agAr wafers or be content

with its prior erich'mort in bouillon - we wuld like to recomend the previoualy

dlearibod t -ie-t.a&F- tthod, however, bcausa it In nt "zily suit.be Lo the

exposure of large amounto of youaw, quickly gro~ng bacilli to the effect of

penicillin, Basidu, the blood plate can serve at the sam tim for further

bacterAologic diagmnetc, in the event B. anthracls are nt involved.

Howeer, it .y bt useful, sapecially if speed is eseentiAl, to .pp4y the

direct method additiomall~y; for if it is successful, depending on whether or

not. the muAber of transfeL.?d gems Is suffio±.nt for observat-ion# thou the

- --~~u~ .~i~~r an 1=10 Cz "lUQU pu~dts

in tho test process on.y aminu a slight deLsy, however, sines the diagnosia

can al1mys be m;de withIn 24 hours.

If arsthracoid t•ypos or other gran positive sporeformers reslirng Be

anthreis vre tested in the ftm minner, one of the following three reactions

wiUl al.•Vs be observed:

I. Uniformly favurableo undisturbed growth on all three plates, cons*-

2, Fore or lees strong retardation of growth without or with soiUht

I



cjvaný.j iui form ait Loth penicillin cozicentt. tions ~ d the' hijiior u~is

b~ee VIE~ b.)

2. ~jare . 2., eUt With fOMr C1I~nrc!!, a iw iiowc~v(:Y are C~OMPLaie.,64

*jnlr In )r~ of' U.-" 43 .iti& o-J tr-tins LeaLo, by uo ~Ju we Kiru f tau

IA LIt-i.ntly i'oseabi. t. Vii bd.~ formi oj 3. W.'vhrtLCid, AII.L th.~t ornly ciurink,

hiisty cbaervttoiou, yetp, AaC Ag~. 3 a, b ahow, o3ca ~n to differuxiti.~to Un-

Anice ;.: --! Lh: z .Iizi-. iathiI. L, ýL~uiq Uic rtL iaifl proparLiel,

ti ai r deacription c-4r be ii~spiiatr-i withi.

Jr~jli ýa -c~ riorpe 2L~ L266d h ..,X x LrJJin (,-ie Y-oot.riota 1)

O)ur tot..- of "0mi~thrax strains cIn~ntez from~ 16 Jiifferant Gaiu'iri aitgiene

Iriestitutea. 'ýhcthc.r or not, 4ixi to which de~roe, -3om<o of these atrAL1s havO

connon ancestors could not bf eaablished. ýsidte from t*.. la:eboAi~ .sa xinthr"~

bacil~li ka~d tho uuuAl I-Aboratwry a~nd. collectioli nuinber- ancu onjgin dti.sta onL4

twelve showed &td~4Lon.&1 rem-Arka: Lwo St~r -to Ij td

five an "'full.y virulent," four as "pathogenic for' mice,," &W~ one As "PAthuoj;nic

for mmn."

Mhe teutiruG of thesa 50 ntrz±xis hI.d the followinC result.,

1. Culoriy form on &agr: .11 typical1 ("itedusa head")

Footnote 1: -A dottdlod rendering of the results has been decided &Aianst, iiL

favur of ovz'aU perspective, as wfl as discussion of varia-l'c1 Prnoperties

(for lisatauic.: naApv4Alaon under divor*e oonditione j influsuc, of animal

passage## *to*), &inee nw, ampsatet did not result LU th~is oozmection.'



2. Morphology of LALV'ridU~ L.. 4 U1 and their .'rrangoz nt! ý11 tynl cl.1

3. St~ains .l gran powitive.

5- (Iwt% in bouitllon: CeA~r k~th wedimeriL 49, olou4- 2.

6. Gicttb In gelatki st~:k~ltAl shmmwd typioai picture of th' h"rove~e~a fir

troe " 1 .queiactiwi aftor U-26 'I-iyr' it .20g.

PZ ~~7. Hrm~awljri r-.. bL.Pud mig~r- dl. ned~tive aftei- 2)4 hotara.

6, 3plJit~in of dextrose uAi. saccharoset ill1 positive.

9. Faig.nic±.jr: Pathogenic for rdAce and guineii piget 34

jPathogenic onIT for .bat 11

'.P&UlOgwnia for alce Aii u~r pigs% 5

FW Tihero .preepit.& Lioni aftrt. ASoli (&*a Footnote 1): 26 positive;

13 doubtfu1l 11 neoitivre.

311. SO.rij of pea"ls t~eut:" MU typiosl.

T'.t of A.ktijM" iks p22rArC L~~rj Strain# of BAO14~

S(jse. Foetniote 1 on pape 5)

Out or a tot&!Z or 4~j strains, 24 mereCLy bore diata cinomroing tW&e riwAl

from Wtzah they had beem leaL..ded, they were mwt more closely identified.

Kine other strudnu were Idmntified as B. &nthraooid., six as 11. subtilis, two

a s Bo =U-d-- n w as H. waete t The testiN of the"e strains

(patbcgsaisi4 and wx' fenmentautafl we"e not tested) had the foUouing resulti

1. ColoWa foru on ari~ ýnt~hrsx~-Uike 27# unlike 16.

2. Mrpholo~r of individ'ml bicifl &Wl their agrtngawiUtl Anthrax-iike 277,

wuikw 16.

3* 13taini AU germ peItim.

Footaeto Is Pro~Jpitating arm~hr axsrma "Boh.-iuig,

F 6



4. Y~otilityl fjt~ionleam 10, in z,,tion 33.

5. Orlowth in bor~d1P'r: %11 cloudy, partLIW with surface fil..M

6. 'riruwth LIn ;-.m - tin aet b: 1i ah.4pes un1Ako ~aithrAX. liquefaction betweceh

1 Wnd dyA.V 34 Eitr.d&is; ne tULmkofitetiun 9.

7. ;ie~w-y~ila on blood tyAr ifi r 24 hours rio#;.tive 7; positi.'e 36.

8. j;plittilig cu, -&~t~roun and s~ccharose); Not tested.

9. ; hn~ Lj: IfuL tested.

10. ehaerw pruicipivatiofl after ~soolI (aee rootnote I. pA-e 6): 19 Pomitive

2doubtful; 22 negative.

113xl4 v3' i: p*AjŽrlý tes-*-i:1) tun"lke an.nt.~ (nxw glo1lilea).

Wari~h wnI~cning at this U=iG~j the beu4avLr of A&n ainth.wi imutit.t which

wAs kidniy rain4ished tv us by iPruf. ToLIC31c, anAn~ w~hich was itut Uiclu.,iod in

the above riroord. -orit~rary to its c-ýipink.1 a-ixaii it aioes not produce typIo&1

paenicillin form&, thusa &eta negrutiyoly iii the 11Ari~i~ of' pearl"1 t.st.."

Gr~cerninr, the origin aimi the uorulviric .Ani Loshomicdl propewrties of thi.

mutant sen Whe divferae pub~i c.&ioynu of Toaesik- (..efereaicexv 6, 7p Lt.)

'While the ýririzal strain. in our axnerianos. waa virulen~t for mico Lnd

gulim;A pigs* ana behaved typioial1 ini every respcut~, the uutuiGix is apAthogenicp

mr~p)iolo64c~A~y atorpiou.L. and notioeably moblil,

Tha negat~ive reault ol: tho "string of pearls toest" with the uutttsnt in Ur

speelial Interest becwsos wa arm dealing in this cama with tic etrNixnG whiuoh,,

widic th.y are povyably closeely rol-Ate'i neverth-,1as .Arn so Lasically different

in their apr-orwive thALt the autijit ojul.1 not even be coms.1derA -a antiltrux

l4~x wihau knoled.of it-*u oxy-~Axl- Ln thima oasm th'e lior of? aev wly± 1

proportles of B. aatiwacie woui1A also haves an offset on the rovult. of the

string of peairlu& toot# while., P~r irsaltnooo the solo loss of' viruaJ..no aight



awt Pfffect. it, (:Aj thi strvLiti t-)i.t havrt rCeuined vatlme.ntu in spite or

utnifold animil p~ssagiiaj see alooCLL& (.xf. 1.)

'The LestinjE ot. 5,() --ittflri .atrtIr et~iique~ii.y rayeAJe. "hdwA. twoa ur-diii .,r~

#%typ~ically Wt LuvikL'a, tuiait five ax* ptliogenitu neithur fur -Ace r-Dr for

guinea pigs, auii th..T nloven beh~&vn r~g~tiwci, tn thermco xorcipi tktioni. I

or thL JJ~StIý mnnt~ianw" eivvt-i &Lrains throu resppear awn~g the saptho~rnic

o)N ap xi. aUier bJAopt4.Crw co~omo oraLy o in prpry j~nce fljrthai' ojii ofI

tha &ýrains doaigaa~t.& as avirulan'L 1. f~uun-A &;.wg Um apathogai~ici, w.o Cmu

sum 1.3l as fuliowo regarding the AnUL-"r& stralnisi Of 50 atr~~nii, reli tested

for' eleven ProportlefoL, Glove" (bcj-it10n 2; 8 n~~ ) ArCt.fk

ainypo&lI4 raLitive to one test niathad, and three strains (,u&thogeniacity, Ascoli.)

re,1attt9 W tWV IALIACoe.

AjwAzrag, In. view of the origin of thý.. strAin. koo11.oacve str~iriiuu of

b"*rdoIog:Ic-%.1 ir.&.tituzeus) andA the overwdteaine Lu.jority of typi".I. pr~~ojxlLiusv

- bkic swiLWt ?,G jusLtifi - tha~t all 50 strains ar'e &exiutlw anthrax stra~ins,

tb.ý'I tuts test, I-.sout 12ll3t, t4 two items.

2. that bautjrial. .thrax diaj~notio can be difficult even undea, suzh

favoraebe &Wwt4.g condixions.

Tb* ditbreffit1 difflhuttioa, howvs~er,, bmcw bwath mwF. Ocaiey evtd*wit,

if am oilarI'ly conxsiders the other uporofom3.n. type. and tin r. suts or

theIr teatLM.ik~mwver, at this time we dv w~t mit to directL our atten~tioni

to the typiW.. properties of VIA various tjrres, but only an~ those propartiesl thejr

saWL' ijUI P. anlLWhW.6ai For inl the5 5132ar~L U99 the jutula of =~LAuI

ddow -tion.



I'L 43 a.r~Ai'is rA ýr- jALitt_1e tlik- UKAnLhr"j I.- Ailual 27 or them

b~c1.i!U. an,_ ',hedv -W~.j~.r. 1. c A;io. j.,n ýýLiln i" nc~ Llu~ijess Alke ..

4t i erc'.; it lto A t~*.tt-iý -l' -3' LiL.a., ~- , u ,%'Le w.Llini 2.4- jwna1 , Arj.A1

30 liqilmfy j~cLi~iii, wlLhouit 3.ioinýil- tir- yL.l*twif- iu, uve'

It foilowe, wtthoutl. t~he 1-ij r iUJ~tyt, 'uh-. i ,.arvuu s ~tr.Ans

four atr~nint hov' tine- noh, 23 atrsilitj two -A~t j strdnis Lhre .- h aftjI

ants vitrd_ four prop-rt!.ess 1-1 ooiýýaf vita it. :8y hr 1,1cluriUIL In this i-

sider~itioz-. oii a.yi.pcal ij,t-hrax ii4---ins th,! o-vcri.LpPiii;ui-, oeý_ ý

extendedi.

;frt now ask~ airnetv-s iti eumini.n up, uhich properties are V)oa~ivcly

UeUneatod by -al 43 sporofr-saij ki r'l-otion to typics' as well a8 aityp1O&I
antsirax baeU.U, ttinn oidif two arm -'rst, in vAion no oveolhkpoig own t-. as-

o;ertairied.

1. Me. peý;uU.&Lr -,ort o t ia antiaixas bAcillus yi -el-atir ("rirverecd

ur (I ar!'ct W by su.e type.,

of ianthmooi i (u .ruAsi siu.p~z)(aee Footnote 1).

2. ForiTALlo:i of 4gLoale~Js or strings of pearls uriler intfl~umike of psnicolwn2.

The f;,ot. tIt.i we uld ngijt Lost the path ogn±icit of the axitV*."-ilke s'a&iJnu

do.ou iot chin:e tLui~i r',sult, since, nu LAtter haw thr! test wou.1- have turtue

out, tA1'ý nuiic~on.Lumty )f the ýLnthrazý strain,2 would ii~vs led to overl'os in

thids csnbj aiip. ih4-- ti e applies to suG~r fermar.L~tivn (iiýEr.v.

F~ootnote It H~owveer, tf* reliabilit~y of thits growth characteri4stic suf~fers tW

ita depemicay on the composition of the fr-tL'ztin.



In view of the foregoing, the string of pearls teat is Absolutely spec~ific

imitn applied to the stsir i-aiterial teutv.1 Ly us, sinot it ide-t~Ifies every

m~thrax stirA~n wdi~ia~bly, 4md berWies £al~ws a positive differeakti~tion of

mor or less anthmA~-.Wce strains,

Yat wo are quito aware of the fact that a final deciuilor on tho opecifici-

ty andi pmcti"!ol ffioaieqc of? the mat~had idiforibeai =a~t be wuni by means of

muc&h swre coplicra "~tiurtal. Thisrefcw. we would like to onmourage: iL.o pr.~ct~ice

ain4r teaLi~nj iuiL uu1y on lsbor~tory ~atrauo Wt L.ýtivv tll L-Iwj in ar:3as where

anthrax is lass r'aro -is a dis.*uim Ir n imm o miialo, ',a were able tuo oýToience,

an tZaI oe~s;4U of a !Aborat<oz7 xinZctlCon, tia&4L in~ pritlOJ4 ?15 thio methoU ca-n

also be~ AKpliod t.9 prALtiO4. Ath the helf; of our mattnod the infection was

reoognisd ?wltan & few hozres at a tims wnen the ).oc~l finJngn (check puzi~u-,)

did r~a aks yet givd cikme to wVj klabd of specific suapLIcio. lin thia c-Lai our

eAr4- dia,&oats iVy uu.ýi of thwt sLriný of pt~axlu U4o4t ~u- cva-Cirr~c !V a 1at-er',

thorou&gh bactudlu Logto sxnetlon as well as by the clinical developznnnt

(c,*p bts, 4..)

1.ILLL;3-i-Nm G~. and IU;3?A U. Ori U-e differ.i-4itiation of an~thrax bhicilli

&M4 antrAx-likes asporeformtre and the atgalftca~nue of their' occurseace in Waote

* wtor. Z7bl. raktaer. I Orig 156S,99(19,R)) - 2. OiIS S3tuatitiques .- pida~ologiquas

is :etO o. ,rap-hIq"e8 4zviie).Leim 1939-1946, kIart-lte Up, Geneve 1952. -*J~a~~ N 3.

Form ckhanges uf aufltzxaxwor itse Lmbasii &i as Omrpliciingic datar-miration of

penICiLin Vavop"o, rn. A*CI"43' 4 743(4949) -4. L~m i,,Apadorrve AU-1

thm %jmthoU wT det--dmw-tAoan of iwrdWllDi a~ud atreptoxyic-n by of upo-rea.

ZbI. T!4ktor. I 6dg., 15521X1Ct950)* 5. L;.ms rhaerwrpholovici dotemrainaLion cf

peuicillin values` as a adxaple unthod for a ~mcifixc prjuf of penidlhin.

10



'bl. L3~ktar. I jirit; 156, 16G(195U) - 6. onUMJ~~ %. mv~u m ~ia-a or

B. &rk~araois, Och-4s~. .,aligai. 'A.athji. u, L6U~t~er. 13,3s616(1.950) - 7.~ TUM1;JK#

J. ani a. mra&~'pi aui cti-mr a-.ýaclem--ptciftc Sibot~ancow4

l,515(1951N - 8. N1,J(,. Co~mP!Frx it~ructurti of t'%- ýuLcterid cfipauJ. In

the t6exua ~.L~ 7, 459(1951) - 9. ;-)LY ;iinvx. of Jrrj

ative *.tro.~,6. aufl. iifliama &" i2.kins Goqi, LAttirw.re 1948.*
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