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The bactori.l ({ifferential dlagnoais of antirax by means of a new specific

tent {The string of pesrls tesat “Perlschuurhest.!)

By J, Janson anu i, Kleemayar. [From the liyglene Institute of Gottingen Unlv.
Speclal orinting from the Zentralbiatt fur Bakierdologle, Parisitenkunde,
Infektionsiranheiten und liygiens, I urtg. 159. VIB Gustuv Fisclwr Verlsg,Jes.
’rinted in Germaiyy. [Publishasd unuer license #221i1-1 of ths Durewu for Literu-
ture and fubdic:tion oi the Germen Jemocrutic Repubiie. 1953,

#Lth 1 table, .iccelved on 12 Lecember 1952, Pages marked 4% iirough 500,

The differeniiatiun of ths true B. anihiscis frua Uis dutlirsovid typss is,
a8 the pertinent llterature shows, not alwa‘ys posolble without difficulties.
The vardabllity of B. anthracis, wnich cin be extenied to many of its "classic®
properties, clready bacame obvious in .obert Xocht's laboratory. Since than,
an stundance of works has boen published which on one hund dsal with this
variabllity and on the other hand with tho prupertiss and behavior of the
anthracoid speciss or the socaliled transitionil forms. (See the detailed
13terature in GILiT33H, Hef. 1) Howaver, for tho surwines of the axtramaly
important problem of transformstion, which i intimately connected with thewe
intormsdiite forms (and thet not only theoretically), it is of aiwd larly
decislve significince that the B anthracis cun bs clearly differentisted from
other similar species of baeilll on the basls of its unique properiies.

It is trus that anthrax infections in humana at pressnt scarcely exist

in Gormany. In oLhar countries, however, 46 a faw figures will show, they
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Tas spaciel blologlcal properties of the anthrax bxcillus «nid its spores,
&% well as the manne:r in which it spreads, offer possibilities ancugh for the
ocourrenae of the disesse in men and animai in every cosicelvably locals, uch
effort is Justified, therefore, thit has the aim of iwproving or simplifying
the bacterislogic diagwstis of anthrux in eoms direction, insluding ~fforta
aade with a2 visw to 1trol of epldemics.

However, he who mikas such wn atiempt will fmmedlataly be roufronted with
the question of juer wwt sheuid be referred to., fter all, the difficulties
of bactariologlc differential diagmosis arlss cut of the fact tiumt the numerous
Sglassie® promperties of typlesl B, anthreclis ars not wst completely in every
dtrein und that they can alse bs found in par. in bacllll resextling anthrax.
It follows Lhat attempts towerd spesificity of a new method wust use the
"glezaie® methods, notwithatanding doubts escribed to them.

In order to build on as sound a foundation az possible we have examined
20 anthrax streirs =—i 43 oore or less anhihrax-like strains for some cof their
most izportant “olussic” properiiea, s were forced to forege numsicus othar
blcchealasl «nd servicvig types of teste duc t9 ths relatdvely idgh nusber ol
streing. wWe then compired the new method dlscussed here with thuse test remlts.
Ve ere aware of the fact thet errors of traditional diagnostic (even if re-
duoed) are inherwni in our resul’w,

Erlaelplos wyl Methiod of the String of Pearls Tewt”

Uur test 18 principally b . oi the faect that living anthrax bacllll in
perdcdllin-ooniaining culture tike on aharacteristic forms, The type of the
vericus forms is strietly dependent on the concentration uf penieillin,
Espsclally strikdng is the form:.tlon of large evenly rounded globulss. JIince
evary vicble buoillus develeps inte sush & globule, under certaln conditions
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(wecording to the qrowth formation) chains riosembling strings of pearis are
formed. ‘the conditlons for the crestion of the gtobulur forn anl ths string

of pauria, respecilvely, «ret 1. laintenanise of tavorabie couuitions for
growth, 3inee Lhe formution i3 an expression of misguided growth .nd shoulid

not bu conluseu withi swelling activities (iteference 3), and <. .. specific
range ol penlciildn cuicentrationt iween 0.5 2nd 0,05 I.i./cem. with higher
concentratdons the globules are rel.iively small .nd lese apparent) witi lower
onee allipsol.is or oylinarical shapes are formed insla«d,

The veretative bucille tharefore aat in this respesct just like tho germ-
inating anthrix spores, wilch have proven themselives in our laboratory for yedrs
in comsction with the determlnation of penicillin levels, due to Lheir conatant
toru charge couplud with strict depsndency on concentration. (lief. L)

¢ have &lready previously nentioned th.t out of numsrous tested zubetances
only penicillin causes such = form change of B, unthracis (Ref. 5.) The test
abt hund aims 1t proving that only B. antiiracly reacts in the descrived fesidon
to thess effncta,

The procedure for testing a questionible tyve of btacillus ie as followet
First of all a blood ayar culture is established, from which a bouillen tubs
is injectad with « plantiful sowing., .fter the incubaticn of this bouillon
culture for thres houre at 379 one loop sach is brought to three z2gsr wefers:
the first contains 0.5, the sesond 0.05 I.E./came, thc third is free of peni-
¢iliin, The wafors whion ara sultably out from penicilidin agar plates with a
cork drill (1 o dismeter) and pleoed on slides, shoulu not be thicier than E\Q,
a8 far ap thet is practicable., The wefers, thu. repared, are incuhated in a
moist ehamber for thres nours at 370, .fter this time the form changes that
postibly have appeaired are ebserved niaroscopically by viewlng with the strong
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drry systex or with oll lLussryion. The more or loss jengthy «nthrax chaina cn
the peniclllin-contuining wafsrs resemble strung—up pe«rla, and that usually
wre vomyletely so &t 0.05 L,o. (wee rig., 1 a) than at the highsr cuucentrailon
(see Fig i b.) On the thi & wafer which conteins nc penicillin <nd thus serves
ap growth control, there are found oiilly slim a:d on the average lenger chalne
of becilll of the usual ahApe, sime anl arrangs ent (see itg. 1 c¢.)

In thie fashlon laborstory &irains can be tosted, 4a well s those thit
are $sclutod from remitted msterd.l or from the pationt himself, Uf course cie
eould also Lnluce the tent matorial directly on the ager wafers or bs content
with ite prior enrichzant in boulllon -—— we would 1ike to recomazsnd ths proviously
desoribed thiras-gtara method, however, bocause 1t 1s must eusily suitable to the
axpo@ire of large amounts of yourg, quickly groving bacilli to the effect of
peniodllin, DPeslies, Lhe biood plate can serve at the sane time for further
bacteriologic diagnostic, in the event B, snthracis are not iavolved,

However, it may bt useful, espscially Af speed is essantial, to «pply ths
direot method awdditionally; for £ it is successful, depending on whether or
not the rumber of transfersad germs 1s suffici~nt for obssrvation, then the

eve - Y %Y L = & e A LY. - .
it i alrcody avallable aiter 3 houre, The incluslch o s Liocod piste
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in tha test process only medns a slight dslay, howevsr, since the dlagnosie
Can always be made within 24 hours,

If anthracold types or other gram positive sporeformers reseabling B.
anthroocte arv tested in the sams mapner, one of the following three reactions
will always be observad:

1. Uniformly favorsble, undieturbed growth on all thres plaies, consa-
Fusntly e rsaction to penicilidn.

2., lNore or less etrong retardstion of growth without or with nlft@t

y
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changv in form at both peniclillin concentr. tions or only «& the highor ons
(see i'lg 2 ba)

Se  Jamwe a3 Lo out with form cusnsas, w-lch nowever 4re compleively
different firom aibnras siap-s (ciub-siape: swellluzs or "bwlled=up® ;rowth)
(Fige 2 44)

Jnty in oape ol the 43 aublicas=1ik. stralng tesples by us diu we tind forss
dal lstantly rescablc Lhe globular form o He anthracls, «uu that only during
hily observatlon, yet, «s ¢ig. 3 a, b show, these can bes differantdated un-
equivocaily.

3dnee s ousved bthe fiadliar mathods lu Lestlug the resining propertieas,

taelr description cun be dispsused with.

¢ Jiralng (ses “ootnote 1)
Jqur totel of 50 aithrax streins cn.nutes {rom 16 Jdifferant Gsriren iiygiene
Institutes, ‘hether or not, and to whilch degree, some of these atrains have
common ancestors coull xwi be established., 8ide from tie lubeling .8 wnthrax
bacilli and the uvsusl 'sboratory end collection numbers anu origin dete, only
twelve showed additionul remcrkm: Two strains weve Jdestonated ng "od iyl

N '
- - v

five ap "fully virulent,” four as "pathogenic for mice," ani ons as "pathogenic
for man."
The testing of thess 50 streine had the following result:

1, Colony form on agsr: .11 typlcal (“isduss head?)

Footnote 1t A deteiled rendering of the results has besn descided against, iu
favor of overall pesrapective, as well as discussicn of varlable propsriies
(tor ﬁmhnul sncapgulation under diverss gonditdong) influsace of animal
passage#; eto.), alnce ne aspents did not result in thls connection.
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2, MHorphology of L.diviidudd L. * 111 and thelr arrangsant: 11 tynical.
3. Stain: .11 gre=m posltive.
. Motility: .11 molionless.

‘n
Y

Grexth 4n boulllont  Clsar wiih sediment 48, cloudy 2.
6. Giovih I gelatin stabi A1l showsd typleai ploture of th “reversea fir
treoe and ilquefaction aftar 11-26 daye at 229,
Te Hesolywis oo bloud agar: 11 negative afier 24 hours.
8. 3plitting of dextrose aml saccharoser .ll positdve,
¢. ratoogenlcliyr Pathogenic for mlce and guines piget 34
Fathogenic only for micet 11
patliogenie for mlce aid pudree plgsr 5.
10, Thermo presipit<tion after iscoli {(sse Footnote 1): 26 positive;
13 doubtful) 11 ne; itive.

11, "Siripg of pearls tesi:™ 11l typleal.

(see Footnote 1 on page 5)

Qud of a total of 43 strains, Zi merely bore data concerning tie mdteriel
frea which thay had besn ieoluated, thsy were not more closely identified,
Ninc other struins weres Ldentified as B, anthrasoides, six as D, subtilis, two
as B, oysoldes and two as B, wesentericus. [he testing of thess stimins
(pathogenieity and ouger fermentation were not tested) had the followlng result:
i. Colony Torm on agar: ~nthrer~Ulke 27, unlike 16,
2. Morphology of Andividual bacflli ani their agrangsssnt: Anthrax~like 27,
valike 16,
2 Staim All gram pesitive,

Feotaotc L Precipitating enivhrax serum “YBehring.™
| é
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he Fotilityr Hotionless 10, in metion 33.

5. Girowth in boudlinn: 111 cloudy, partly with curface film.

6. Growth in om'.tin stabr 11 shapes unlike authrax, Iiguefaction betwes:
1 and & days 34 siralusy ne Mauvefaction 9.

7. liemolysis on bload «sapt  afe T 24 hours nerative 7; pusitive 3o.

8, splitting oy dextrose arxd seccharose: ot teated,

Je o thuatnicdiy: Lol tested,

10. ‘fnermo pracipiiation after .scoli (ses rootnote 1 puge 6)t 19 pomitivey

2 doubtful; 22 negative.

1. "Sadng of pearls ts_t:zf 211 unlike anthrax (ne globulss).

Horth menticning at this tize ic the behavior of an anthrdy mutant which
wae iindiy relinguished tu us by ['rvf. Tomesik, uni which was iwt tncluded in
the above reoord. zontrary to ils c.ipinsl sirain it does notl produce typloal
peni.cillin forms, thus actm negetively 1u the "utrliy of pexrls taat."

Concernin: the vrigln and the servlcilc anu Lioshemical propertiss of the
mutant ses the diverse pubiications of Tomcsik (.eiyerences 0, 7, 8.)

While thoe oririnal sirain, in cur experiencs, was virulent for mice and
guinea plge and behaved typloally in every respzot, the wutwic is apathogenic,
morpliologlcally atyplcal and motigeably mobils |

Tha negative result o1 the "etring of pearls tset" with the outdnt s of
spocial interest because wu are dealing in this casa with twe streinu whiuch,
wille thay are provably closeiy rel.tesd, neverth:loss ure 50 Lasically different
in their appserance thsl the mutant could not even be consldsr.ad <8 anthrax-

lika witheut knowlwire of $tw origin, In this esas

1 X 2 - LN

the lass of sev ral twniasl
proportles of B, aathracie would alse have an effect on the remult ol the
string of pearis test, whilc, for instanes, the sole loss of viruiencs aight

7
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ot effect it (562 ths streius that havo remained apathogento &n epite of
mnifold anlmal pasesgos; see also CILiE 3N (ef. 1)
vdrsueglon of ssylte

"The Lesting of 50 cubhrex trdns conmequeiiily reveaie thet Lwo sir«dis row
atypically in bouiilon, that five are pathogenic neither for .dcve ror for
gulnea nige, a:.i the? sleven beh«ve nagitively in Lthermo nracipitation. .ille
of the lamstly manticne: eleven siralns thres regppsar among the epathogsnic
oy @, 24) othes exdépliond congern only oie peoperty. OSince further oue of
tha swains desiputed as avirulent le found aaong thw apathogenic, we can
cus=s: ise as foliows regarding tha anthrax stralns: of 50 straing, eaci tested
for slevan pronartius, slsven (heuiilon 2; pattougenietlty 13 aroll ) acted
atypically relailve to cme tsst method, and three strains (,athogenicity, Ascoli)
relativs to two -wtlouw,

Apramdng, in view of the origin of th. strains (colleoiive strains of
bacteriologlcal frititusss) and the overdisluing mwjority of typicsl projw:-idies
«— whilch ghouda 14 Justifisd « thet all 50 etreins are geruine anthrax straing,

the a thie test redult poinis o twa Ltamss
1e Hiae Uic nawudd reedhici 48 cily slixindy dewpsidabile aimi
2. that bacturinl snthrax dlagncetio cen be difficult even unde>» sush
favorable slartiag condiuions.
The Megywsilo diificulties, however, becoms mugh Wore cleavly evident,
if ooy sdwllarly considers the other sporeforwing types wnd thw rosclts of
thelr testing. iivwever, at this tims we du not want to direct our attention
to the typieal properties of tlm various tirss, but only on thome properties they

shase 1ith I, antiwscis. For in the similariiy lies the problsm of mutual

deeinyr "atlon,




AL 43 stradns e orod asiilye tlke thic anthrex L-alilusj 27 of thea

raannbie L0 4, recort Lo Lhelre colony von, the cor dology of the {milvideal

baclild ap Yhedr arre.ant 1 Ccoding. Ten oiradne dre ocllunless ke 1.

stitiiroelng 1o il o dhber alovan D oL couse Leoolysis withdn 24 houra, and

30 Jiquafy pelaiin, wilhout suowlng vhis Lyoieal | rowbh Tornatloun, Luwaver,

sinewloe, @0 Jioira oeecdloitiuing,, 10 atralps ool Ve §, anthrania.

It follown, without conulderiny the ;ran poaliivity, thei n.ssrvus straine

coloclun with the tynledl antirax baefilus i so- ol vwropertles.  al 1o,

four atraine have one esch, 23 atralis Lvo cdaci, @) strailns thre: eich, anu

¢ne strein four proportles {7 ocowen wita it. Uiy he incluslon in Lthis ~ue-

- T

slderTsuion of atyple=l anthrax auieins the overlapplii] arews &' n.iurlt
sxtended,

if wa now ask ourselves in suming up, vhich pruperties are positively
uellinesated by «1li 43 aporeforss a i ral«tion to typics® as well as aiypleal
antnrax bacllli, tien only two are laft, in which no overlupping cean hu as-
certalned,

1, [he peculiar roath of tig antirax baciilus {n celatin ("reversed

LB TRV, i be approxdeoted (Lmnavfactly) by sume types

Lir Trast 1. wnici, wwevery, Gen 53 apploxdocte

|

of anthracolis (Lrual shups)(cee Footnote 1),
2, Pormtion of plobules or strings of pearls urier influwice of peniciliin,

The feot Limy we dld oot test the pathogenicity of the anthrix~ilke s.ialns
does not change tiis rosuli, since, no uatter how the iest would have turneu
oub, ti= nonconuormuty of the wnthrax straing would bave led to overlrps in

this cass aise. ihe 84 e applles Lo suger fersaniation (nef, v.)

Footnote 11 [owaver, the rellabllity of this growth charactecistic suffers by

its dependwicy on the composition of the paiatin.
?
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In view of the foregoing, the string of pearls test is absolutely specific
when eppliad to the sirein-~miteriel testid Ly ue, sinee 4t identlfiea overy
enthrex airaln wimlstekably, wnd bepides allows i positive ddfferenti.tion of
mere or laes antnrex-~llke straine.

Yot we are quite aware of the faot that « finkl declsion on the specifici-
t} and prectical efficiency of the method described must be won by meena of
much sore copicues uaberial. Thsrefore we would llke to encourayge iis practice
and besting i ouly on laboretory setialus, i atove 411 4leo in arzas where
antheax 4g loss rare «# u disease in wan orv zunimals, e were able Lo exporience,
on s ocpesmion of 4 Laboxatcory infecticon, tlat in prineiple thia method can
sl#0 be applisd to practios, Ath ths help of our metiod the infectlon was
roeogniud within 4 few hours, at a tims wnen the lccal findings (chesk pustu.s)
did rot s yni dive ceuse to any kiml of spescdiic susplciun. In this case owr
srly dagionls Ly Reang of the string of pesrls tost was cunflirmsd ty a leber,
therough bactericlogle sexaminetlon ae well as by the cilinical developmant
(car Fig, L)

Lhlfourephy

1. GILLISHER, G. and LUST, U. On the diZferentiation of anthrax baelilld
and anthrax~iiike sporeforuers and the signlficance of thelr occureiace in waeie
vator. Zbl Dakier. I Orig 156,93{195)) — 2. OH$ Stafistiques _pidemiclogiquoes
ol Demouraphilquss annuelles 193-1946, rartls LI, Geneve 1952, -3.JLlSEK, d.
Form changes of anllrax sporew &8 Lesds o1 ¢ "mwrphiolegle detarcination of
paniciliin valuecs', nlin. wWeciw 4374, TL3(1949) - 4, vame, rxpariences with
tha wotiiod ol detersliition of pendsillin and strepicaycin by mesns ¢f opores.
Zp). Nakter. I urds 155.211{1950) ~~ 5. jame, TheWmorpholopic determinution cf
perdelldiin values’ zs a ximple wsthou for « specific proof of penicillln.

10




Zbl, Dakbter, I urlp 156, 166(1950) = 6. TUMUSIK, 3. Un \ mving mutant of

E. anthracis, vchusize do allgem. Pathol, u. bakters 13,616(1950) — 7. Tuucsik,

J. and GUix=ilCe.ini, 3. nthrax=olypeptid ani other snacles-specific subistances

of the capsale in L-'.]‘c: Haclllus group,  Schiwelaze e allem rathol; u, Bikter,

Uy 515(1951) == B, TOiiS3IK, Jo Complex atructure of the cacteri(l capsuls in

the genua badillus, wmperienbia 7, 459(1751) == 9, 5.iGLY0 Lanunl of Detsrudn~

ative cteriowogy, 0. aufl. Jilldams & Wilkins Cowp, Dalilzore 1946. ,f"r
EBrplanation of Plates

Fige 118, anthr.cls, strain 50, a) 0.05 L. conicillin/cem. b) CG.5 L.s,

peniciliin/cen. ¢) rowth contrel.
rig, 230, sublilis, strain #5. ») 0.05 I.he penlciliin/com. b) 0.5 Leb
vani ciliin/cam.
*ig. 318, wessuiorlcuy, girein i1l5s. &) 0,05 L.u. perlciliin/ccm, b) 0.5 L3,
peaicillin/cena
[ige &t Uow text.
nddress ol the wuthorst Priv.-doz. Jr. Jérg Jensen and ss H, Klecmeyer,

Hygiena Institute of GBttingen University.
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