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A GTUDY OF MUTABILE OTRAINS OF 'SCHIRICHT: QOLY

Iatroduetion

The torm "mutobiie” waa first spvlied o some strains
of ILscheriohia 0oll that produced o gortain metabolic varise
tion towards lactose. In leootose byoth conteining en indicne
tor, ¥. coli mutabile shows evidense of esold formetion only
after about throe days of inoubation at 57 degrees Centigrade.
On laotouse containing eger pletes, the eolonies develop
papiilee or sogondary eolonies afger about three deys ineuba-
tion, which when piched off into leotose broth give seid end
geg in 24 hours, When ploted out on lsctose containing medium
again, these papillee 4o not themselves profuce seeondary
eolonies. They oonsist of orgnnisms thoet sre sulturally
identionl with the typleal E. eoli eolonies on the verious
differentiol plating mediuns used for this group. Rapid leetose
fermentotion is a stable oharsoteristic of the vnriang.

Other geners besides Escheriochin hove been found to cone
tein members thot show e similoy “mutebile” phenomencn of
varintion. A similor veriction was found o take plece in re-
lation to other ocarbohydrates. The meohenisa of this metobdolie
voriability hus been extensively atudied, but ce yes, is little
unﬁgratéaﬁa Beonuse of the peculisy position of Lscheriehis
ooll mutebile in relution to lsctose formentation, this orgenism

hee offered asome diffioulsics in elassificrition. Some hewe



elsssified it with the peratyphoid groun, others with the
oclon group, snd still others with o hotercgenecous parsgolon
group of beellli.

This organism with i%s "mutabile” phenomenon of varia-
tion gives rise to problems of more then Sheoretiscel interest.
It presents meany practiocsl prodlems of interest to the bage
toriologist desling with intestinel baoilii, pertioulsariy in
eomnection with the pothogenic grem megotive baeillil in Cseoal
specimens. It iz the speoisl purpose of this peper to throw
light on thesn prasticsl nroblems.

We have boen impresscd with the freguens; of mutebile
streins of ¥, ooli in feeeal specimene from normsl individuals
oa well as from those suffering from intestinal disturbances,
They eppesr %o constitute a large proportion of those orgenisns
froquently found in stool speeimens thet must Le differenticted
from the well defined pathosens. During the eourse of e routine
s%ool exeninvtion for intestinel pathogens, N, coli mutebile et
first eppoars to bo one of the Salmonella group of baeteria,
Dextrose iz formented with the formation of weid snd ges, but
there is no evidence of lsotose fermentotion in 24 hoursg, On
further investigotion, however, there will appeayr certein differ-
enges frua Lhe Salmonollu, and laetose eventually iill be ate
tecked., Unless this orgenism is kept in mind, snd the possibiliy
of deleyed fermentotion of logtose is recognized and underotood,
its 1dentifiostion may be umneocessorily delayeii,

In this study a large mumbey of stool specimens hove heen

exomined to determine the frequeney with which I. eoli mutebile



is ecfuclly present in fuecsl spocimens. The strains isolated
have been studied thoroughly and quite fully desoridbed. Finale
iy, a routine procedwre has been devised for their repid end
sortain identification,



HISTORICAL BACKGROUND

The Siﬁtawy of thie interesting orgenism ie somewhet
aiffiouls to trece, beanuse ite identity is frequently mosked
under different nemes. It hes been varionaly celled "B. eoli
mutabile”, "parecolon” beeillue, "metecolon” bseiliue, "eolie
form" bagillius, "slow leotose fermenter”, "pseudowparstyphoid-,
"peratypheide-iike”, "B, neopolitenus Immerich”, “Buot. impere
featun”, "B. columbense”, "B. kharsoumense", "B, wesenbergl”,
"B, guimni®, snd "B. esiotioun”,

Opganisms that sppeared to be similar to ihe typloal
B. ooll in most respects, but differed in one woy op anothery
and yet could not he elusaified with the parstyphoid group
ware described very eariy in the literature soncerning the
development of the intestinal group of bdesteris, In 1893,
Gilbert end Lion deseribed baeilii thot simulated B, aolli, ex-
¢ept theat they did not feorment lectose, They were indol posi-
tive or negative, and elther motile or nonemotile, Gilbert in
1895 introduced sthe term “payacolon” for this group., This
$orm hua been introduced into bucteriolosieel terminocliogy,
but unfortunately hes been used in different senses by differ-
ent workerss This neme was sppiied to the wery gquestionsble
orgenisms that are not true paratyohoids, but more nearly
simulete E. coli, The ¥. e¢oli mutabile hns froguently been
included in this group. 4is reeently os 1958, Sendiford DPré-
fora the term "Pareoclou Baeillus for the mutabile forms of

L, coli. Since the fdentity of X. eoli mutabile hes so free



quently been overlooked snd unregognized, end the organiam
itselfl so often inodequntely desorived, some of ite history
mey well be buried in the litereture where 1t ie @iffioult to
find, or so confusing thet its significence is Aiffioult to
evaiuete. The liberty hese been teaken in order %o make this
summary es gomplete as poseible, %o ind ude some references
whioh aprear %o be doncerned with E, coli mutabile, altho not
considered sz sueh by the suthors.

The firvet deseription of ¥, ecli mutabile wus resorded
in 1906 by M. Neisser, who gave 1%t the name "mutadile”. He
desoribed the organism es producing colorless colonies on
Indo sger. On the third or fourth dey emell pepilise develw
oped on the top of the colomies. On pilo-ing off sush en
elevation and trensplenting $o indo sgor, both red "fuche
singlanz” and eolorless ecslonios resulted. The red colonies
bred true, that is. they ruprhduaea only reff oolonies on
subsequent trensfers to ndc ager. The oclorless solonies,
however, continued to throvw off red forme, Neisser stoted
thet there were no intermediete steges. The mother end
varient were path@geniaaliy; euwlturelly, snd egglutinetively
nlike. ‘

Moseini, the following year, 1907, deseribed an nppsrente
1y similer orgeniem which he obtained from the stool of a mild
onse of gastroeenteritis. It grew on ¥ndo eger like the
typhold bacillus eveept thot the eolony wes less tronsperent.

It beeame redder in e fev days but nover metallis like typiocel
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E. eoli. The whole plate took on the rose pink shede of the
eolonics, and the latter retained it until they died. There
wes noted around some older lerge colonies, a light ares sbout
one gentineter in dismeter, The papilloe, which he temms
"knotohen” eome on the seoond af third dey; most comuonly es
tiny colorlvss knobs graduelly turning red. They were most
numerous in the eenter of the colony. Sometimes ns meny ns
200 papillae ocourred in the large colonles, while in the
smaller, elosely lying colonies, none wore seen, He nover obe
served papillee on top of the "kmotehen”, Growth in broth was
uniformaly turbid with some deposit no pelliele formetion,
Litous milk turned feintly red on the seeocnd day, redder on
the third, end wee cosgulated within 8 to 10 dsye., Indol wes
not produced. Dextrose, meltose, gelsctose, levulose, end
mannitol were fermented readily with the formation of both
aeid and gess Secherose wes mot fermented. Inoeulation from
& eolony on Endo eger within 24 hours geve only white eolonies,
but inooulation from ¢ 48 hour eclony gave both white end red
oclonies, Imoculation from & red eolony gave only red solo-
nies. Pepilllee appearsd only on medium eontaining lnetose.
The lactose femmenting veriant reteined the ehersster of

repid fermentation of lectose even when oultured foy long
periods on nonelactose eonteinine medium. Avglutinetive
ehurneters, end pothogenioity of the two verieties proved to
be alike, This very firat and guite complete desoription of
the B. ooli mutebile by Mossini hns been repestedl verified



and stlll stands ss one of the best deseriptions of this
orgonism found in the liter ture to the present dey.

Twort in 1907 recorded vorients in formentation of
other orgonimms of the typhi-ooll group, L. Syphi produced
speondary ocolonies on ﬁul@&t& containing medium whioh when
subgultured gave wvariants fermenting dulaita rupidly. Twors,
by growing eertain orgenisms on verious sugers not sirecdy
fermented by them, end suboulturing them every 14 days over &
long period of time, was oble %o induce formentetion af the
suger on whioh the orgenism wes "trained”, In this menner he
reported to have "trained” several orgenisms to ferment a
suger which hod previcusly been unattecied., The pupstyphoid
baeilli ocould be made to ferment smocharose. . typhi could
be made to ferment duleitol and lootose, Dysentery Fleznere
Kruse oould be made to ferment snesharose; and Dys, Kruse,
leetose as well ae seecharose. This work of "treining” beg
teris to ferment curbohydretes hus never been sompletely cone
firmed.

Armold Burk, 1008, deseried an orgenism isoleted Prom
the stool of & case of food poisoning whioh resembled the B,
eoll mutebile of Nelsser end Msssini. The eolonies on Indo
agar were ¢olorlers but formed oharscteristic knob like elee
vations efter U to 10 darys Inoubation et room tespersture.
The knobe when subsultured to indo egar prodused red -nd white
eolonies. The red coionies were rapid lactose fermenters

forming aeid end goe, snd retained the character over a period



of § months obeervetion. The red culoniss 4id not produce
socondary puplilise nor did they produce s varisnt of eny sort.
Reiner Muller, 1008 - 1909, in line with formey reports
of Yhe behavior of this orgonism, studies 1ts resction on 18
differont carbohydrates; also studying other different types
of orgeniems in these ssme sugers. He found thet £, typhi
formed papillse which he called "kmBpfe”, literally transloted,
buttons, on iscduleite. Some of these pepillee were red on
isoduloaite ager and on suboulture gave hoth red and white Golow
nies; the red ones being adble to ferment isoduleite, not pro-
dueing secondary colonies and broeding constently red. These
popillee eppeared ot the esrliest in 48 hours, generslly 3 %o
& days. He Investigsted U streins of typhoid buai;ki and
from all of them he obtained the isoduloite pepillae sné the
ropldly fermenting warient, corresponding $o thet obtained from
Be coll mutabile on leotose., OF 800 strains of other baeilli
in the typhi-soli group he found only one other that behaved
in a similor meanner on isoduleite, viz,, & single strain of
Flexner dysentery bseillus. Paretyphold B. gave papillae on
raffinose cgar, but the pepillse oould mot be shown to ferment
the roffinose. Miller suggested thot this phenomenon of seconé-
ory solony fermation and variction in fermentetion of the pare
tloular suger might be regarded ce definitely speeifie for the
voriety of miero-orgeonisms exhibiting the cheracter. All of
the typhold beoilll uniformly exhibited this ohorneter on 120w
duioite, end thus it mey be regerded as o vory speeific test



in the identification of the organism,.

Burri and Duggeli, 1000, descrided several orgenisms
identified es B, 0oli that seguired the powor to ferment
seocharose in o similor menner cs B. ooli mutabile ferments
lactose,

Hubener, 1909, exeminod 400 stool gpeoimens from normal
individnels, Among the orgenisms similer to but not Lcentiosl
with the B, ¢oli, he desoribes three orgenisms which were simi-
lar to Neisser's B. e0ll mutabile, but spparentiy differed in
some of the biochemiezl resetions. On Xndo sgay elvays red und
white colonles appoored, From the red eolonies $ypicul B,
¢cll were consistently subosultured, fermenting lanotose resdily
in 24 hours, The pele colonles, however, fepented lactose in
% %o 6 doys end produced secondary colonies on leetose ngay
within )4 days. The deseription is beyond doudbt thet of T, ooll
mutnbile, but 1% wes not rwcagkizaﬁ by the euther as sueh,

Belffert, 1800, ia o rather extensive study of the pura-
typhold baeilll from stools of normel humen beings end normal
swine, reports % paragolon sirains isolated from typhold fever
petiente, These organisms mey very well have been £, ooli
mutabile from their deseription, Wt were not identified osm
such by the investigutor,

Seuerbesk, 1909, confirmed Messini'e desoription of E.
eoli mutablile. He considered thnt there wes some difference
between the papillse formed, some heing white and étharu red
on Endo ager. All of the secondary dolonieve 444 not give
purely rod colonies vhen ftrunsplanted to Endo sgar. The pere
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son's serum egglutinated its own atrain of ¥. eoli mutabile
end seversl other straine in a dilution of 146 te 1-100.

Morgon end Ledingham, 1909, encountered the orgenisms in
humen feces snd divided them into three groupns on the basis of
sultursl reagtions. Ther reported mudtadile strains of ¥, coli
ag numerous in sapes of disrrhoen, hut regarded them ce none
pathogenio or of little pathogenic pignificance.

surri, 1010, pave the name "Bacterium imperfeotum” t0 an
orgenism showlng the lactose vapristion phenomenon. He oone
sidered it to be an uncommon ogourrence. The papilles were
sgaln deserived as "knbple” ond gave the ususl iectose varise
tion, He found thet tronsplantetion from e 4 to 5 doy lactose
broth sulture into & fresh luctose broth medium would give
fermentotion with fomation of aeld and gus in 24 hours., He
pointed out thnt there wae o wide variation in the smount of
ges produced by identiocal oultures of the seme strain. The
variant, when grown in pure oulture, prodused grentest smount
of ges. Burpl considered the develonnont of fermentation
ability not o sudden but & gradusl chsnge, and that it wos due
not to the eaprearance of sn entirely new funetion but to the
agtivation by the lactose of a lotent ability. This probiem
hee as yot not boen soived, and the fssue was repsned recently
by Is M, Lewis, (1922},

Kowalenko, 1910, made a significant oomtridution in that
he used single selled cultures and wes able o vonfirm Massini's
work. Thereby he was able %o eliminate the posuidlility of cone
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faninetion os playing eny part in the behavior of the oultures.
He observed sultures st ice box temperature, room tempersture,
and inoubstor temperasture, for o pericd of twe and a half months.
The lectose fermmonting variant died off during this time ir
She sultures meinteined et room tempersture and incubstor tompoy
ature, but remsined elive ot ice bdox temperature. The mothey
orgenisa reteined the same oultural eharagteristics os before
anl wes agein sble $o throw off fermenting verisnts on further
subsulture on lectose. The mother orgenism end the weriant
were found to he agglutinatevly bomologous,

¥ileon, 1910, iscleted an orpenism from a typhoid sarvier
that fermented laotose in 7 to 24 deye. It wes & member of
the colonserogenes group. Wilson believed that this orpanism
formed & conneating link bhetween X, $yphi and E. ooli. The
laotose splitiing ensyme of the strain studied by Wilson aid
not develop ot 47° G., but epperently developed slowly ag
28* C. Thore waa complote dimappeerance of lactose at 22° ¢,
and litile if any e% I7° 0. On Conradi Drigaleil plates, the
colonies remeined blue et $7* snd slowly turned red st 28°,
This orgeniom beheved somewhet differently on leetose from
the typloal X, ooli mutebile, but the late lactose ferzene
tation worrants its montion in this historical summery. Une
fortunstely, 1t wos not deseribed more Gompletely o sllow
further discussion. |

Penfold, 1910 « 1911, mode some vather extensive studlies
on fermentabion verinticns of the intestinel group of baeilii.
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Iin 1610 he tested Twort's strain of 1. typhi which fermented
ieotose, He eonfirmed Twort's obsorvations end found the
orgeniam %o be a true typhold basillus. Un leotose sgay
plates 4% gave both fementing ond non-fermenting colonies.
Peafdd attempted to "troin" other strains of typhi %o ferment
isetose but was totally unsuccesaful, He showed that E. Syphi
fermented duleitol in ebout 10 devsi the colonies on dulelitol
sgay producing secondary popillse sfger sbout § days which
were boilh red end white and some of vhich were oapeble, and
others not, of fermenting the sugar repidly. He confirmed

H. Milller's observation of secondary @élmny formation of E,
$yphi on 1goduioite, hut 4id not flnd thet they fermented the
isoduicite readily as was Miller's experiense. After consid-
grnble "sreining”. however, they could be made %o forment- the
sugar, He eonoluded that papillary formotion arising in oar=
bohydrate medium on coionies of members of the typhiecoli
group may indioate cither veriation by slow degrees as propore
ted by Durri-«or by mutcfion as proported originelly by
Megsini, The two types of voriction were exenplified in
Twort's atrain of typhold baolilius showing waristiocn towerd
duloite, imsoduleite and leotose snd algo sorbitol. Formetion
of popillae sinply indicuted thot the veriction affects only

¢ very few individuals of a colony to & great extent, It does
not gusyrasntee pepmsneney of the cheraster, Penfold believed
that 1f the pepillae arise early and repested subgultures on

the cerbohydrate are not nececseyy to produce them, the evie
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dence suggostes th ¢t the oheraoter developed more suddonly
snd will have considersble permemensy} the opposite of this
being elso true, that the ehareoter 1s less permonent end
develops more gradually in those perticular in those partioue
iar inctences where seeondsry colonies orise lete snd ape
airfieuls to produce. Peniuld did not sccept R. Muller's
view tho$ the fomation of papillee on ceytain corboliydrates
sould be regurded os a definoetly spooific cherseter fanﬁ that
the sbillity of en orgenism %o very in eny partieuler diruptiun
mey be of considerable velue in the differentisl dingnonis
of the orgenism, Penfuld continued his work in 1912 end cone
firmed the single cell teohnie of geining pure gultures of
Te 00ll matobile thot contlnue to throw off vorionts in ome
aotly the ssme way ne etreins whieh hed been obtelncd by the
ordinery pleting methods, Further experiments on "Sraining”
various other members of the coli-typhoidé group to ferment
sertoin sarbohydvetes wers unsuccessful, This substantiated
the view thet sush powers to vary were innate charooteriastios
of sertein spesiecs ond eould not be trained into the spacies
by envirenmentel changes. In the 1912 report Penfold resorded
&8 oomplete bilochemicel atudy of 24 strvins of Le 0011 mutabile.
Theysen, 1911, in o preliminery repors entltled, "Studien
Uber funotionelle Anpussung bei Bakterien” desoribed &
strains of intestinel beeilii showing veristions in fermentes
tion. Jowr strsing were Sypiosl B. eoli that E0Ve suerose
ferment ing varisnts in e similor way as B, coll smutabile PPO-
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dueed lrotose varients. Two strains thet gove aeld end gos
on maltose end glucose gave both lactose snd suorose fermente
ing verients, One strein wes ifdentical with Burri's B. lmpere
footunerand one stroin wes opparently identicel with Messini's
B, ooli mutebile, Thoysen, however, placed all of these Orw
ganigme in the paratyphoid group.

Sobernheim end Seligmen, 1911, desoribed severai straine
of ooliforn baoilll producing seoondsyy colonics on laotose
ager vhioh when subgultured produced lectose fermenting coloe
nies., "These orgesnisms were undoubtedly I, ooli smtablle
streins, not rosognized ss suoh in the report.

Beerthlein, 1912, continued the active investigetion ine
%o the mechanism of verintion, In & rether extensive study
he observed two distinet types of colonies formed by the ore
genden. One weos an opagque colony somposed of rather plump
buedlii. The other was & very tronsparent oolony eomposgsed of
slendey beeilli. lach of the ocolony forms produced papillee
and lastose Termonting verionts, but the varisants were in eeoh
sage of the seme colony type es the mother orgenism, Until
shis time cll investigetors had sgreed thot the varient wes
ateble and 3id not revert to the mother form., Beerthlein,
however, set out to prove thet etevistie reversion ocourred.
After 6 days of daily trensplents on plain agay tubes the
transperent red verient when plated out begen to nroduce the
white mothey type of eolony. This atevistic returan to the
mothor solony seourred in 7 deys with the opague ssrein, This
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observation hes not been eonfirmed by other investigetors.
Baerthlein elso found thet after seversl weeks growth of the
transparent colonice on plain sgoer end then transplenting to
& froeh oger tube, both trensparent colonies snpd opaguo
solonies were obtained, Under the same conditions opague
solonies reversed $o trensparent colonics. The varisnts,
both opaque end fransparent lactose fermenters, were inoou-
lated into the blood stream of white mice. On desth of the
mouse only the same type of orgeniem thae$ was iﬁgaetaﬁ wes
recovered fram the heart*s blood,

Geell Reeves, 19ll, in o seriecs of experiments to attempt
to cause reversion of the fementing voriont, feiled to show
thot the warious biaahnm;eal properties of the ooil straing
were not stable,

Seversl reports on investigetions into the stebilisy of
the varistion were published at edbout this when Lentz, 1912,
and Bernherdt, 1912, report reversion of the verients %o the
mother orgenism by enimel inoouletion, |

Bermhepdt and Merkoff, 1912, worked with e varistion of
e dyseniery beoillus towerd meltose, in every way anslogous
%o the laotose varlation of T. oold mutebile. The verisnt
was fod to healthy Rhesus monkeys. Subsequentiy the motheyr
orgenimm es well s the verient was isoleted from the stool.
An ettempt to profuce ¢ slmiler type of reversion with
Es coli mutobile proved entirsly unsudcessful,
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J« Honderson Smith, 191%, in ¢ Qisoussion of the Alffers
entintion of organimms of the oolietyphoia groun, emnhosizes
the importance of resognising the frequent vari tione towerd
sarbohydretes thot ocour in this group. This freguont verie
ability does not, however, inwalidete the use of eerbohydrete
teats in sheir differentintion, for the veristions do not
oceur in & haphegerd fashion, but slonsz certein ¢ireotions
which ars definite for ench orgsnism, Carbohydrrte variations
mmong other members of the goli-typhi group ns well &8 of |
Be coli mitedle were ﬁissunm. and @mith agreed with
R, Mller that sn organism produces with greater resdineces
Taplante tovards some carbohydrates then towapd others, end
the more disposed nn organism is to produce & perticuloy
variant, the more readily does it take the now ohayuotey
permenently,

Muny references in the litersture on poeratyphoid-iike
bacilili or pmﬂo»p&mtypheid 121«: or parscolon boneillil record
organisms whioh might very possibly have been B. soli mutebile
- as fary ss the dcéaripﬁianﬂ &0, cosuming that either the worker
overlocked the poeeibility, or failed %o give o complete dese
esripticm. |

Gildemeister and Baerthlein, 1915, however, were very
fomilinr with the mutadbile veriation, 1In & short roport dep-
oridbing & group of "paratyoholds™ whioh were indol positive,
bus were entigenionily heterogeneous, they @loselfy this ine
ter-sting group of orgenis~e on intermedinte detween the hog
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sholera beeillus and B. coli mutabile. The busis for this
poaition is not convimcing and the desoriptions of the
orgenisms 1s not afeguately ocomplete %o pemit eriticiam,

Inventigetions were unimportant from this $ime, 1915,
until sbout 1820. Study of the mutabile streins of the colon
beellll wee then egein resumed., These later works are nume
erous snd will be discuesed under the wvarious hendings,
agoording %o thelr contend.
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DIOPHISULTON OF 1y OOLY 1MUT/BILE

B

A periocs of 404 otool gpoeinong vere exomined for slov 10Ge
tose ond nonelnstose Permontin: grenm necative doeillii, with
partioular emphosis on the senreh for mutabile foris of the
ogliform boellli.

The sorioe of 4B4 otoole opre divided into

four grouns?

Group 1. 120 swecimens Honlthy food hendlers.

Group Z. 140 spoeimens Relotivelw henlthy zaéult;m

Group &, 106 specimens  Adult sotients of the Multnonch Hoan.
Groun 4. 89 spoeimens Ghiliren from the Doernbegher Hospisal,

Group 1 inclufes heolthy porsons, chiefly young edults,
receiving the routine exeminstion of all foud hendiers in the
eity of Portlonds This exeminotion inclu es periodic stool
exominstions for any poseille eorrier eondition. Thone onodie
nens were mnde ﬁmuﬁbm thru the ocourtesy of the Qity Duresn
of Heclth, _

Group 2. The freenl spooinons of this grous emme from

embulatory individuels, pelstivel” healt) Ve but pesiting troote
mont for hoy fever, nothne, or othor sller-ie eondltione.
- Group S, Adult potionts of the 'ultnomah County Hospital
somprised this groun, Males ond females of sll apes above )4,
suffering from o wide mn{;& of both shronie ond noute dice-sos
were inoluded,

Group 4+ This sorios of snpooimons wes Prom the Doerne
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bechor hooplicl for Children, cdmitting ehildren helow the
age of 1é. ALl typos of coses wore ineluded, both sursiesd
and mediesl, shronie nnd neute,

No specinens were groesly dvsenterie, MNone of the
patients woro ‘mown %o hove £ pPimery Inteetinel infeotion,
The somplote medienl record of eseh putiont is svnilnble, but
& tebuletion of $he olinicel findinge in ocorreletion with the
begtoriologle findines wos not deomed of portioulor vaiue in
this fnvestigotion,

TECHIIG OF T# UTOOL LXAMIN. TIONS

The feeal speoimons of group 1 irgluding the food hond-
ler's serics, were plated on Indo ngor by the Gity Heotoyie
clogist vs soon ne the spesi ens wore resoived. They wore
then otored in the refrigerator over night ond sollocted
e:rly the following morning snd brought 0 the labor: tory
vhere they wore sgein pleted out on Inde ogars. At no time
wore non-lootone fermenters found by the Uity Boetorioloonist
When they wore not nleo diseovered en the oulstures mode the
followin; day, MHome of the speoimens nroved to horbor pothoe-
genic orgenisne of any public hoolth eignificsnce. The indo
nger used woe prepored from the dessiente Difeo praduot,

The atool speeimone of grouns 2, gy ond 4 wore sollieeted
in seleotive or restPolning medivme, Into two wide mnuth-hottlua
eantoining respectively, 15 oe. of Stroas’ 30% glyoerine in
04852 HeCl and the Hevents toteoted brilliont groen bile mixe

ture were ploced well selectod portions of stoel shout the sise
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of u boun, Those were kept o% room tomporaturc. Platinge
ontas indo cgay vore mnde in °¢, 49 ond 72 hours,

After 04 hours inocubatlion ot U7° on indo ager, pele or
suspioious metallle eolonics woroe pieked und inooulotod into
Russell's double suger oger elonts. The nedium conteined
04100 dextrose snd 1,00 lootose in 1.50 extroet oger eontoining
1§ ssdre@es indieotor. It wop sterilized in the sutoclave o
10 pounds pressurc for J) nminutes, The mmber of solonics
picied varicd with the nuiber ond tyne prosent., All of the
susplolous aelonios wero pieod, or when thoy were very nume
erous, 2% loost 10, The Russell'n eulturcs not piving B.
¢oll recetions were asgnin inooulnte’ gnto Lndo agor plotes in
order %o study the ecolonics more thorousghly and to insure
purdificntion of the eultures,

Motility teete were then mede ond inosulotions 10 vorie
ous oarbohydrotfic and dirferontisl mediu o devending unon the
resulis of the Russell's eger snd originel indo plates, The
originel Indo plote enliture and all subsequont plotes, os
well ss She Nussell's slont eultures wore Bent in the 57° ine
substor £.r from one % threo weoks, oeeasionclly lomger
dopending upon the so-mletion of the fdentifiocntion ond oul-
turel recotions. The ineusator wee setureted with moisture

to prevent dessicction of the oultures,
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RUSULTS: ,

| The nunber of pole colonies whish enpecred suspicious
enough %0 be pichked off wos inciuded in the ¢odble to show how
frequently sueh golonios eppenr on routine exsminntions using
“ndo cgnr. From groun one to four respeetively the perconte
oge of spoeimens giving pole colonles was 20. 76, 85.0%,

20450, ond 86,003 vr overego of 54.07 of the tobtel mmber of
speeinons exomined.

The nu ber of opeelmons yleldin: either non loctose oy
Blow lectose fementing beeilli ns expressod in pereent were
respectively from group one %o four; 158, 184, 214, 55,08
or an usm&ama of Nl.28%. The difreprence between 54,75 end
B8l or 10,10 18 node un af suspielous oolonies whiech proved
on further investig:tion %o be bome orgoniem of no sipnifi-
eonce. Those ususily proved to be Eseherichie, Aepobnoter,
or Stophyloocoel.

By far the most frequently encountered orgenisn of this
groun of noneloctose or lote lootose fernenting eolifom
booilll woe the mutobile fom of 7, eoli. 9.°8 of sroup 1
anrd .10 of group £ yielded mutebile formes, Sinee both thespe
groung noy be eonsidered op coming from heoldthy cduld DO
sono, Lhe aversge of 8470 of 200 frecal snecimens slves the
inclidence of I, coli mutebile in heclthy ndults in thie
limited sorios, |

The third groun, County Nospitrl potients, shows s elightly
hicher incidonce of 10,50 of 105 snoainons) the faou-th oPoup,
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of 111 children shows o still hicher inoidonse of 15.6% of
89 speelmons yidding mutebile stroins. This high ineidenoce
nlone ma:cs this orgoniom on Importent b olllus with whieh
ovory beotoriology teehnologist must be tﬁnrnugnly fonilioy
to be able to Giffomentiote it speedily ond conglusively
from the membors of the Salmonolls group whieh it ot first
80 olosoly simulotos, ,

The full deseription of the mutabile forme of E, eoli
iz given in the seotion disouseing 4te motobolio proporties,

SUMMARY OF LYTI:ATIN' S 0N INCIDINGCH OF s COLY MUTABILS

lutabile forms of 1, eoli in stools have heen frocuently
reported in the literature. As hos been podnted out hefore,
thoee orgonians heve loen gdven verious nomes end have been
inoluded soctimes in the eoloneporseolon group und sorotimes
in the paratyphoid groune Desouse of this gonfusion in elosalie-
fieation and nomonels ture, tho actucl insldense of Te cold |
mutabile is Aiffloult %o nseertain from the esrly liternture,
There are nony inedequote desoriptions of the orgonion, estill
further, adding to the nanruuian.

There are Proguently sorly reporte of poerocolon baedilld
in the stoole of both normal individuais and those ouffering
with dierrhoen, Seme of the orgeniame included in this pepge
¢olon grour simost surely ore mmtebile forme of 1, solli,
Their pathogenis sisnificonce hos been variously internroted,.

Hubenor, 1900, und Porgen end Ledinchom, 1900, found
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matebilo stroine dn etools of heolthy individusls. Penfold,
1917, sultured 50 stools of healthy individucls suspected of
being typhold cerriers, ond found thot 4 of the 50 plates
shoved noneloctose formenting colonies, in 24 hours, But on
further inoudbotion for 7 daye, 71 of these plates showed
definite popillee typiecnl of the mutebile strains, whieh on
subsulture produced tynionl rapld lectose fermenting veri-
ants, Penfold eoncluded thot loatose muteting” eganisns
wore comporcatively somun in the gut. These 21 orguniems
were carefiily desaribed and shown definitely % be Mas-ini's
e 0011 mutsblle. This orgeniem negyuornading under othep
nanes wos probobly froguently found in normel individusls by
otlior coly vorkars,

lHeny investigations in more pesent yenrs hove eonfirmod
the freguency of mutebile straine in froenl sneeimens of both
noraal indlviduals and those suffering fron vorious types of
é¢isorders wholly unrelated to eny pothogenio effect that the
orguniasm micht ssoume,

In 1924 Trowineki reporte 18 poratyphoid like orgoni ans
isolated fronm heslth  persans. They were not identified ne
metabile straine, but some, 4if not 0ll, were mont surely
mtebile 8t ains, Thelr deseriptions, however, seen to us to
probably inelude some mutabile forma,

Dudgeon, 1920, ezemined freenl sneeinens from 200 onses
and recovere! slow lnctone fermeonting D. ooli from 2% of the
spocimens. He belioved thot they eame from the @necoun more

freguently thon from the lowor bowel.
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Stewnrt, 100, exemined stools from normol individusls
and from e group of 283 potients hoving s mental illncss und
vorlious intostinal disorders ond found 47 of the normels and
285 of the montol enses to gontnin "peprecolon mubtobile”
boeilil.

Grulolzshon:, 1008, stotos thot slow lectose fermonting
B 00li and other coliforn bseilii are "Preguently” found in
the intestines of normwl persons,.

Fothergill, 1006, investigated 104 enses of infant cumer
diarrhoecn, Ue divided the soamses into two serics. In the
first of 49 coecs he foundt Atyricel pavetyphoids, 20.48)
Seecharose fer enters 18.2%3 Movpant'e baellll; 24400, Ixi the
seoond seriecs of 55 onses he found: Atipieel porety-holds
6644%; Sucrose fermenters 58,108 Morgen's beeilli 25,54, e
did not fdentifr the M},rpion‘l paretynholids or sacchorose Pore
menters os matedile types, From the desoription of thenm,
howevep, mony of them, 1f not all of thom sppesy t0 be mutobile
forma.

A moze oxtencive investigetion by MeBroonm, 1930, of =&
group of feesnl specimens from 120 pPOroonSe=Id henlthy, ond
97 suffering from varied disorders--grevecled 350 of the entire
group contoined “intemmedinte orgonisms”, Of $his group there
ware 57 persoclons, 1l "pareeprotous”, ond § porcatrnhiolide
1ite”s The parveclons ere stypiesl loetose fornenters and
appeayr %o be mutobile strains, olthough the investigeter 41d
not recognize them as sudh,
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- Kriebel, 1004, studied stool speoincons from 127 food
handlers. 35 or 200 producsd noneloctoss fommenting eoloe
nies resembling pethogenio bneteric. OF the 286, 28 wore late
logtose fermentors. She @14 not oall them mutobile forne ond
recorded them cg non-luotose formenters in the ohert iieting
the Permontotion rewet long.

Dulvney ond iMitohelson, 10.06, cxenined stools of 20
normal bebles, but found no B, coli mtabile forms. Tn 10
out of 27 cnses of severe diorrhoce in infunts 6 %o O deve
oid, L. coli mutobile were found im lorge mumbers oo the only
nogoible pothogen. They slaso faund slow loetase fermenting
forme in § or LO0f of stools fyrom 47 normel ndults. One op O
of these wop definitely identifiod ns I, ooli mutsbile.

Gtools from 20 siek adulis were omimined, ell sufferins from
digensos in vhioh dierrhoea m-y be eonsidered on outetending
aypton (e.ce tyohold fever, drsentor, food polsening). Wine
atreine of slov loctose fermenting grom negntive beellii were
rooovered of whieh & fulfilloed the eyelie oriterie of the
mutabile fom of T, colls OFf 40 parturient putients, 9 showed
slow laotose feormenting baoillt in the fooces, of whieh 3
wepe shown to be 7, coli mutabiles The investis tors oone
slude thot slow lrotose femmenting grom negetive baeilil are
inorcesed in pothologiosl conditions in vhieh dis rhooo 18 a
purt of the ploture. This olservetion hag doen frequently ree
ported. W ile 30§ of sle: edulte showed slov lootose Pormene

%ore In the stouls, the ineldones of the lote lactose formone
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tere in the otools of bables suffering from diarrhocs inw
groased to 0. ¢ than twioce this figure, It siould be pointed
out ithat eowparatively fow of the iote lnotose fermonters in
this serics were fdentified cp mutabile forma.

In the scries rovorted, all of the orgenisms 'het fer-
nented lectose slowly with the formetion of both aseid and pas
oould be identified se mutebile forme of _eeheriockhin ox
Larehﬂefar. Ho doubt son remnin ne to their identity. The
oritorin of identification used wsa the produstion of
secondsry colonies on lactose ager and the ability to pro-
duse n veriant that ferments lactose renidly with the proe
duetion of both seid and gas,

Seversl conolusions arise from o survey of the litera-
ture on the ineldence of L, eoli mutablile snd from ¢ survey
of t¢he investipntion of 454 stools for I, ooli mutebile ond
other buoilli not plving repid lectose fermentetion. Plirst,
1% 45 obvioue that L, coli nutadile are reletively common in
the atools of normal persons--rouchly in about osno~tenth of
all stool speoimens, This orgoniem ranks first in the fro-
quency of produe ng susnicious solonies on lactose diffoeren.
tiel medium. This feet, namoly, 'hat the pale asolonice are
more 1ikely to be &, osoll musebile $han any other organign
maltes 4t very importent lmt they be corre tlv identified snd

surel; differentinted from angrpathopenic organism which mey

e e e
T —— S

ho Qf}l Eﬁﬂaﬂni;ﬂ§§5§L etiologial significence snd thet the

eriteria of identification be thoroushly understosd. The
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oyelie penomonon Of the production of lactooe fermenting
varionts by this orgenism maen the identification reletively
siople, o5 we sholl ot empt to point out in the next scotion.
dut thie eriteric of Ldentificetion munt be weil understood,
The great frecuency mith whioh mutabile straine of 1. eoli
mast be recognized in the routine exomin tion of stsols would
warrént # groator emphesis upon this orgsnism in the boow
tericlogy toxt books and other referenccs to whioh 2 teehnioln

would ordinoerily refer,
DISTRIBUTION OF L, COT.I MUTABILE IN N TUR]

Ls ooll mutobile hes been found in fueses Crom nany
anima 8 os well as from humen belngs., It has c1sc been isoe
lated from woter, seil, sewoge, milk, cheese, npnd other
foods,

“s 00 .1 mutabile was Lsolated in this ladorstory by
Sears from well wator.

In 191& K1l ler found 4 "Parasoli”) 2 of which wore 186w
inted from well weter and 2 from subsoll., He 418 not itentify
them os nutebile strains, but from their deseription they ere
very prasebliy L. 20li matedile,

Broofenbrenncr and Davis, 1018, found & grest maeny
atrolns of T, ooli-lile orgsnisse in foods. A grest nany
speeinene of food wore investiguted with & view $o stud ing
them vs o possible vehiole for sprending infeetion if hendled

by oarriors. The orgmniesms described were lote fermenters of



ivotose with the produetion of ooid ond goss They were not
identificd os 1, coll mutabile.

FRooer, 1020, found ontypleol similor orpnnisms 1n conned
ripe oliven.

ﬂaunn,llﬂaﬁ. in o atudy of brocien nolsoning in cottle
isolated L. coll mutabile from pond wotoy ond from foeosl
spoeinons of cowe, |

Hoder ond Sing », 1027, leoloted late leatose formenting
Ls coll from water and from s'ools of typhoid patients,

Kennedy, Cumin-s, ond lMoryo , 19.o, desoribed o leote
loatose fermenting hﬂniilus from woter. Thin wes nNOt cone
sidored ¢ be a mutobile stroin by the cuthorss No seconde
oy solonice were described.

Jones, Oreutt, and Little, 10 2, found late loctose
formenting L. 00ll on several ocensions in fovesl specimens
of cows sufferine fron diaprhoos, They indiented thot sueh
organimes hod boen previousiy reported s found slse in the
foeoes of horses ond ewine, PFaecees from 50 normel cows drown
from § herde yielded only one stypisel loctoss fermenting colon
bacilius. Thoy pointed out shot these orgenisms werc of ine
toerost ospoeiclly to those cuncorned in the mettors of publie
health, since they may readily goln sccess to milk from
feooal conteminction of tho scows ond ot firet he mistoken
for novotynhold boollili,. _

In 1904, Lovis roported 2 gtroine of %, ooli mutabile
from sheese; slac eroh, eloagre nu nbhile str ins from wotep

ond solij ané 1. 26101 inctlel muloblle from voter, He siso



desoribed stroing Qf Le QOImuUNior mutob.le, L. Goscoraba
mutobile, ond 1. coli mutcbile end Lschorichic lsetiei
mutobile fron humon ruécms»

In simmory, it may b pointed out thot the distribution
of the mutabile straine of lLssherichilc nnd Lcopoboster is
siniler to th ¢ of the typieol menboPs of thepo goners.
fhat the muteblle streine hove probobly the sane plenifTie
eange ae typlcal . coli 10 pub lo health affoire 18 nlso o
very importent considerntion to workers in thot field, ond
ﬁffofs mony proastioeal ithorator. nroblome.

As Jones, Oreutt, ond Tdttle, 1972, pointed oul, those
ergoniome may be mistoken for paratyshoid heeiili, becsuse
they &0 not rendily ferment lectose. Als), beoause aof this,
thoy mey be entirely misged in o senroh for ', coli o8 Vi
dence of fasool contamdnotion, Thorefore, ther become of
sone importance and ilnterest to all dSaetericlogints dealing

with intestinol beeilili,



DLESCRIPTION OF 7. GOLI MUL.BTLX

The original desoriptions of . o09lli mutebile by NHeisser,
180G, ond Msaseini, 1907, heve never heen i{mproved upon vs to
thoir olarity and acoursey. Mony bpubseguent investigotors
haove, of eourse, added nev materiel, asnd mode the knowledge
of this orgonism more compleste. In this section we will dese
erive only the rmtabile atroing of ILsoherichin., A2 has boen
neinted out previously, mutabile vorietions ope frequently
encountered in other geners, but the $ype of motebolis

voriation is pimilor.
HMORPRCLOGY

The Isoheriehic coll mutablle is o “"eolifora’ bocillus,
morphologlieclly similar in every way to the typiocel T, coli.
The eells nre from 1 to § miore long snd from Q.4 10 0.6
miora wide, with papuallel sides and rounded ends, The pre-
dominsting form is o short rod, Certsoin stroine, howovep,
vary groeatly in regards %0 gize and shepe of the individusl
¢ells, Oome are nlmost coeeal in fom, others show unusunlly
long forms. 7Tho oells stain evenly, form no spores ond show
7o granules., Thoy stoin negative with the Grem method and
are moneccld-fast. From this desoription it is evident thed
neither shupe, aive, atructure, nor arrunsement of the
baoterial cells, afforde on sdeguete nothod of differentin-
tlon from other intestinsl beoilli.
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MOTILITY

The motility of l. 0oli muinbiie is vory varicble. Some
strains ohow feirly active motility of & mojorit, of sells,
othcrs abor motility of only o relotively smsil nunh p of
cells; or siuc-ish motilisy of & groct nunber of eeile, vhile
others are entirely nonemotile. Moot of the straing ve hove
studied show rethor slusgieh motility of many of the eolls,
but by no mesns tie mejority of them. Table No. 2 sumnpe
izing the eultural chsrsoteristics of & groun of mutnbile
stroine ineludes the motility findinrs, The results are ene
$irel; annlagous ‘o the motility of I, ooli.

Jorden, Celdwell, and Reiter, 1004, in n study of
motility of intestinal basilii, showed th.t motility veried
with the environment enc with different etreine of the seme
species, Ther slowed thet standard eultursl ghapnoteristicse
and bilochemieel recotions 4o not spnenr %o he correlated
with the presence or ebsence of motility, sn’ that motility
iz not » choysoter thet enn be used for exset delinention of
speolen or verictics of deoterin, We hove, thorcfo-¢, not
attribuied ueh pignificance to the motliity Pindiings of the

arganioms etudled,
GRO'TH CILARACTERISTICS

Growth of the mutabile struine of I, eoll iz sbundong
en the ordinary mutrient medium used in the deboratory, withe

out the aid of eny 'r:aaa&nur:; substonees, OGrowth is rerobie
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o facultutive anperobie, though usunlly les: obundant under
vtm latter oonditione, OCGrowth ot U7° € is much more repid

and abundent ‘ham ot roon Senporoture or about 20°, Cule
turae of Ts 20li mutebile in elither broth or 20lid medlium Gone
tinue %o prow without being tronsplented over on unususily long
period of time, Appoarently the sto$ionory phese and slso the
phese of deolline is prolonged, moking the old oultures very
heavy onvs., OLd colonios oontinue to grovw for meny days ond
become very larges A study of the gro th snd death curve of
mutabile would thus be emoeedingly inter oting. This problonm
wos stundied by Jorl, 190, in this laboretory ond is disoussed
in the chopter on Meshonism of Veriotion.

In broth, growth is sbundent, With smeooth stroing there
is uniform turbidity with a finn deposit of growth on the
battom of the tube,

SOLONE & ON PLAIH GfR The ¥, eoli mutrbile eolonies on plain

agar appecr essentielly like Sypleal I, coli solonics. If
the strain is & mutabile type of ferobogter, the colonics
simulote the Acrobacter type. The emooth I. coli mutsbile
eolony ia elreuler, relsed, low convex, smooth, shiny, colore
less or whitish grey; 2 to 2 mm. in diemeter in 24 hou's, with
& finely granulor structure, The oonsisteney 18 bdutyrous ond
the growth emulsifies reedily. At first the golony edge is
entire ond eirsuler. The well isoloted sclonles continue %o
grow snd inorecss in size, the edge beooming Lrroguler 10 ule
dulste, the senter beooning increasingly more onaque, untlii

the colony renches o dilemeteyr of 6 to 10 ﬂm; This oontinuous



grovth i very ahnruatcriuﬁin.

‘n fmportont obeservotion vhish holps ¢o differentiate the
nﬁtahika stroins from the charectorictic typhi, pereiyphi,
dveentory oolonics is thot the mutabile oolonlos are slishtly
vut definitely more opsgue then the uaunel pothogenic intege
tinnl deoillus type of eolony. This dif‘crence ine enses
with the age ef the colony, the nutabile continuling te LHooome
more opeque. Thie point 1a often o greet holp in glving the
aseoysher for intestinal pethopens & lewd of i's being B. ¢o. i
mutebile and not one of the well vecognized nethogoens,

The rousth aolony of L 20ld mutoblle, and thore are
Pough sirains, yielde o oconwsely g onulay form, more dull,
angd flet, with edges less regular aend more effuse, and the
entire 0olony Mmore OPAGUD. '

COLONT & ON TIDO (G)B On Unde Ager the you g colonies are

perfoctly colorloss, but in ebout ¢ hours und ocsoesionally
ag oarly ne 24 hou s, © Lfaint pini: eslor esppesrs in the ecnter,
more opeque portion of tho oolony., The color graduslly ine
gsrosses in donsity. In 77 hours, and sonctimes o8 euPly e
42 hours, there 18 o suffielont pink colorstion to rule out

8 frands nome-loctose fermenting nuthogenic organism, Somew
timoe the pin' ocolor is rether prominent in 4 bours, There
in a grost deesl of variation in this poln' onong the differont
struins, some gtroins remaining romoeykebly pale. There is
alwiys some alicht smount of inc.eased pink ooler, however,
although 1t often oceurs lute and is certoinly no greater

tiien the pin that one frequently encounters with some of the
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inteatinul ponthogens. dhig. parodys. onne aad ot times
avén some strains of Shig. dysenterical pm&ma solonioa on
inde sgor thot have ¢ definite pink tince. This color ie
not produeced by the pathogenie parntyphold bueilll, so thod
after the glutoso fermentetion recotion is mown, this siishe
genirel blush moy be of greet heln., It must be borne in ming,
however, thet the prepepation of "mdo ssar, the environmontel
eonditione and the mothod of handliing this medium moterielly
influence the sprnoareance of the pletes ond also thet of the
‘gPowth on the plates, The pink of the rmtsblle eolonies
alweys snpears in the center more opague porsion firet. Oy
the time o definite pink is recognized there neunily will
have apnecrcd mone secondary ocoloniecs clso, Those are doge
eribed in dotell in the meotion on thot subjet, DBeosuse of
these seversl chersetoristi e, nomely, thoet of the helnful
pinic opaque center and the tyniocnl secondery colonies, which
both appear unsunrliy at sonetime after the first 24 hourse of
incubntlons The originel Indo eger plotes showl! not be diee
carded ns soon ne the suspilolous golonles are tronepio ted
into o @ifferentisl medium, such ns Nussellfs doudk susny
agar, but should he placed baalk iﬁte the incubat » and obe
served a% Trequent intervals, Careful f‘r;il;' ebseryntion
should be made Tor sesondnry oo onles., The platos should
not be dissarded uitil the orgervisns have been 1dontified os
gompletoly ns possible, An ineunbator envirowiont ssturnted

with moicture is Jesirahle,.

>
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The presonse of sceondsry colonics or

papillac on lootoso ngnr Lo one of the chor otoristie and
eanctant findings of nll stroins of mutobilo forms of
“ochorighle, The seecondory coleoniecs hove bhoon dooeribed
by the enriinct worhers ns well o by 0 pgrest meny investie
gotors pince th ot time. They heve hoen wriougly enlled
doughter colonics, sesondery eolonies, popilloe, ond by the
Gornone, “im@pfe”, ond "kndtehen” .

The tyienl secondary sclonton aceur only on lectose
eontainin: mediun., One must not, however, forget that o proot
moeny ergenisma within os well 1@ outside of the intostinal
baelllnyy grouw produse naniilie o nlein ngar and variocus
other types of 0olid mediwis, Uhen these seeondory solonice
are explained in tha ammo monne: o8 are thece of the mtobile
groun thore is o problem tlat io on yot not fefinltely
determined. Ividenee seons to point, howevor, tovord the ine
fluence of othor fnotors then thoose invelved in the mitabile
voriction. There sems to be agreeriont thot the opeondnyy
oolonics of mutnbiic atrains spe produeed anly on nmedium sone
tuining lootono, and tios the popllice eontoin in theom the
ropid leotose fementing wvnriont.

The apnosrance of seoondnry e0lonios on Imiso ngor only,
wiil be deseribed. Other Aifforantinl lnotoce eontaining
mediuma olso produc the $ynionl ponillne, OF these wore
teatedt laetone litmmus npor, Conrndi=Drigols i nediun,
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lioConkey*e mediu:, brom orcsol, purple eger, Levine's cosine
moth lene blue ager, Kliglor lead agetnte agay, ond desoxy-
sholnte = oltretc oger conteining lootoso. On oceeh of then,
typical soesondory colonies wore reelily ebtained,

Seoundary colonics ore preaent with mont of the stroine
nfter ohout three doys ineubation et 57°® ¢., thoush there 45 e
grent denl of varivtion in the length of time, grovwth is
negessury beforoe they appear. CSome straine yield scoondery
eolonlee only ofter ten Joya inoubation, With the uce of e
Llow power n gnifying lens, veyy smoll oolorless secondery
colonios gun ofton be seen in 48 hours, They asre fregquently
Pirast seen anlong the heavy growth whore the colonics are Cone
fluent, There are all veristions between these interv le.
Grovth at poon temporsture is slower thon at inoubator tonpe
ercturej the segondary colony formation being delayed from
one %o three Qays later thon thelr anncarcnee at ineubhator
temparature.

There is olso o grﬁnt'deal of variotion 4in the size,
ghepe and eolor of the pepillee. They moy ho baprely visibdle
and quite oolorloss, or they mey heve o diencter up to 1 rm.
nnd be colorices. Any of the seocondory oolonies rny be
- various shades of pink $o very red with or without the
motallic sheen,

The nuiber of seeondary colonios is olse vory veriable.
Thie depeonds sonewhet upon the length of time $he eulture hap
heen incubated., After fowr Jaoys ineudatisn the segondory 00lo-

nios may bo nonexlstont or thoze moy be 40 in one singie
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oclony. ome atrﬁinm preduse not more thon throo or four
secondory enlonics on the unisoloted mother colony. Ve have,
hoever, found gtruins on vhioh there wore over 100 socondapy
eolonics on o lerge nother solony. Very often the secondopy
Golonios ape largest whore shere are few in munmber, but this
obsorvation 1e not consistent with oll stecings, for some
seoondar; eolonlea as lorce ep one mm. in diometer npre found
vhen &0 othors arc present on the same solony. The cbsolute
nurher of popilloe seems to have very little yelatiosshin te
their sises Thoy grow fron very $iny sclorless ones to vory
large onecs, meaduslly heoorming deeper red, Thems moy be all
oolors and sizes of popilloe on o pingle oolony.

If either o oolorlosc or red petondsry colony is nielted

off end ploted on Ende ager, there will appeor both vhite end
yed eolonlcs, I one is vory eareful in piccins off only the
secondory colony and ettenpting %o g0t no orguniams from the
mother golony, there will be very fow eolorloess eolonies,
more then 7000 will be red. Those red colonics nroduce no
papilloe, but the white ones gontinue to produes papilles,
In lretose droth, a necondery oolony inoculstion if gayrefully
done will usuolly produce fermentotion with foration of
sbundant sold ond gos in 24 hours, The réa golony breeds
true, thet is on further subsulture no more white colonics ape
formed, and the orgenism sppenrs in every respoct like e
{ypical colon bheelilus,

In our work we hove never found ¢ lote 1ﬁo§¢$a formenting

grom nesetive intestinal dbaeilius in whloh we could not dAenone
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atrato the syploal mutcbile type of varioationy thot is,
formution of gecondary coionies on leetcue sontaining sgey
thut contalned varianis formonting :an:t::;;z:e ropiéiye There
are nany roporte of lute lectone fermenting orgoniems simi-
lor to the colon baoilll, whieh do not mention secondepy
eolony formation ot nll, This in unfortunste, oince it leoves
tho full identification of such etroine incomplete, The
seocndary colonies orc not slwoyve readily demonstrated, ond
often require very onroful observation and severcl trivle.
Secondary oolonice sometines oppoar very lote ond are sonoe
tines vory fow in nunber, and ot firat ere very sasll, On
neraly ersunl oboervation ffaﬁ“ young oulfurcs thoy moy be ene-
tirely micsod, They sorntines opposr Ciret ss ¢ few smell
projeetions in the sonfluent growth before they hnve apneored
as well defined pepillre on the isolnted colonics. Sinsce

thiz seoondary colony formotion with the production of lsctose
formonting voariants is the salient shorsetoristie of mutabile
streines, this cyelie phenomencn musnt be dononatreted befo e
the identificotion son be completed,

Gyorgy, 1920, reported that the "majority” of his porae
sclon straine gave seoondery golonice on lactoso ngar with Pere
menting pepillioe,

In 1852 Hennedy end Cumminge foun® 8 out of 71 stroins
of “otypleal lagtose formenters” thot produced pegondery
e¢olonies on Lndo ager within § dave. Mo furthey coment wns

mnde, Flve doye obgervation time is not long enoush to



detoes sll of thoe deughiop aoiony produsing stroing,

Jonr ¢, Oroutt ond Little, 18. ', found no gee ndoPy coloe
nies using bromecresol purple agay on any of his 20 oultures
isolated from eowe thot gove lete lsotoss formentution.

Duleney end Iiteheleon, 1808, renorted 6 out of 20 slow
inetose formonting ecoliforn bueillli thot ocould be definitely
identified os T, soll muteMle By the profuction of the vorie
ant in the sesondory oolony. Sandiford, 19958, stuted thot
“mony” of his oultures prodused peplllne, but maves no fure
ther mantion of them.

In this study snd in ouwr exporience in fenerel, so fer,
oll of the op aprently late lactose fermonting brollid that
@give noid ond gos on dextrose, ocould bo identified os mutsbile
forms of one or the other of the more or lose well ‘efined
specics of Tegorichis or Acrchaetoey by the demonctration of
the mutabile phenomenon. The carsful sespol for sccondary
solonies end the subseguent attewpt to demonetrnte e ropid
lootose femmenting voriant is an impertunt nrocedure to capry
out on oll grem mogative intestinel baeilli, that ot first
aimulote the Sélﬁunetxn gmquﬁ, but by sgelutinetion do not
prove % be en organism thet conforms with 1ts well rocognized

NEMLOrS,.
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BIOCHIIGAL ACTIVITIIS OF MU/ B POSME

Thoe biocohemicel resetions of |, ooll mutablle hove heen
reviewed by neny investisotore, most regent of which {a the
ver; axeeliont astudy by Ericteosen ot al, 1008, Other inveotie
gators thwt hove reported sulturcl recotions of mutabile
straina boeed on the study of o series of organisme ares
Ponfold, 1911 - 1012; Custellani ot 0l, 1910 « 1850g
Bronfennbrecnoy end Devie, 1910; CGyorgy, 10003 Trawineii,
19243 Dudgeon, 1070Gj Mikkelsen, 18273 Fothewrgill, 19203
Mangester ond Anderson, 1801; Fennedy ond Cummings, 1907¢
Jones, Oreutt, nnd Little, 1900 Lewia, 19.4; ¥rdaedel, 198543
Sendiford, 19:5; Beiligor, 1908; Duleney and Michelson, 19:8.
lo one series sonfornme in every rospest $o ony othor series
reported. Our series olso differs in some detalils from ell
atharsgA 40 mutab le straing werc studieds In sll of these
the typleal mutedile gyelic phenomenon could be demonstrated,
and e yrepild lastose fermenting variont eould be isol-ted.
Five of these proved to Le indol megntive, snd were mutobile
forms of elthor Aercbooter or on intemediste group betwoen
Leoherlells ond Acrobagtor. The other 42 ptreins were indol
positive on’ proved o be mutebile fome of seheriohic., The
ropulte of the Ischeriohid group only wiil be given in this
abully.

L LEC The testa were mode in B inoh Durhom fermentotion
tubas. Thdr compositlion ma 17 bacto peptone, 0,50 .0 sollium

ghiloride, 0,9 Beoto hoef extroet, 1 Androde's indlostor



TiBLE I

ulturcl Churacteristics Possapsed by all

Hembers of the Uutebile Strains of Issherichia

Iootone AC.

Domtrose  JC.
faloetose A.G,
Hannoso 4.0,
Levuliose A.Gy
Meltose 4.0,
Mannitol A.0.

Arohinose A.G,

iate” (produstion of a varisnt fepe

menting lootose ropidly with
the foroation of both neid
and gus)

Indol &

inositol =

Inulin -

Gelotine «

Hitrete reduotion ¢

Milk Aedd snd lote posgulation

Jalis » Tormentation vwith cold ond gue

- » lo recetion

% e Poesitive resetion
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{by volume) in diotilled o ter, The lootsce, mltose,
mennitol, doxtrose an’ snechaross wore ndded in comounis of

vl% to tho medium before 1t wop steriliced, The other 6orbo-
hydrates were prencred in sonconirnted selutions in dletililed
- water, stexilized, ond odded % eoch test tube soentieally in
amounts to make the Pinel coneentrution Ju5%e The tubes eone
tained the extroot Broth plus Androde's indientor cnd hed
beon alroody avtocloved. All sterilization was performed in
the suteclove ot 10 pounds pressure for 50 alnutes. Inooulaw
tione were mede from netively groving 24 hour plaln sger slant
oultures and locubated ¢ 87° €. Hosults were tabuleted ad
frequoent intervols ond observetionz were oxtended over & throe
week'ns neriod, or longer vhere necossory,

ALJULES  The sorics i& ecomposed of 47 straine, all of facesl
origin. In tnblerr are licted the dioohemionl charnetoristics
thet all of these ptroins have in comon, In toble Il nre ree
oorded all of the gﬁltﬁrul r omotions thot veried in the differ.

ent spcolos,
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Bextrine formentation wos 4iffioult to interpret. OSome
stroins gove no fermentation; most of them, howevor, otused e
foint soid ravéti@n, gousing the indiontor to turn »nink, bud
the rﬁantianﬁ di¢ not go %o completion, Glyoerine wee aloo
vory wverioble. In our hands the Woser's Citrate mediun, whieh
should regularly feil to suppert the growih of the typicel
Isoherichis members, wos also vericble, A% times 1t gove
growth efter several days inoubation, Ve were uncble %o ine
terpret the resulto,

Iin TableIIlthere ls no indloation of the slow fermentotion
recotions. Frecuently r&émnanc; xylose, ond saliodin &1id not
ghow o vivid oold resction after the first 24 hour's incubation,
The reeotion usually went to completion in 2 to U dsys, although
ropoly 1% required s longer time, The grectest smount of varise
tion in fermention is found in seocharose snd paffinose. The
meshanion of this “lote™ fermentotion appeors to be exnotly
the some a8 in respeet $o lnotese. BSaochercse, or roffinose
vorionts are produced which e ttnoic tho gorresponding suger
rapidly with the production of ccid snd gos. On sucrose op
roffinose eger seocondery oolonice are formed ezxeetly like those
produced on lsetose ogur. OFf the 25 streins that fermented
socchoerose, 1¢ geve the typleal tyne of "lote” socchorose fope
mentation, Of these 1€ strains, 10 showod the typicel "late”
rermegtutian of raffinose in three wecks time. There probebly
would be @ oloser correlution between those two sugare if the

searoh for o roffinose veriant hed been more thorough.
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HMotility teote wero Qune on 4 hour broth eultures. I%
should be polnted out thot o nogoetive teet docs not moon thet
the orpgonic: is definidely nommotilo ot anothor oeeacion ond
in difforent nﬁéium undoy differont envirommentoel oonditions
the pame atroin moy prove 40 bo notile,

Milk wos clweye rondercd ceid end socguletion took plooce
in & %0 10 dnyn.

4 study of the resetions cherted in TehbII reweols

thut the blochemical eoharneteriotices of the mutadbile streins
in thie series are in every woy similor ¢o thooe of the typiend
membhors of the Tsgheriohis proun, ezeent for the "lete” for-
mentotion of 1&0&@53, The lactose roaction is exploined hy
the produetion by $ho mother orgeniem of o dsughter varisnt that
is itooelf able to f@rtnnt‘lnetaaa rapidly with the production of
both aold ond guss “Latc” lectose fepmentation is desoriled in
the seotion to Pollow, and disoussed more fully inm the lest
aection on the mechonism of wvoarlation.

The feet that mutobility is o deserintive ter thot oun
@ applied to sortein styeling, 0.5« the mutabile stroine of
virtuslly eny member of the Lsoheriohis group is an importont
pulce %o the interpreotntion of these diochelonl recotions.
Lowls, 1904, deperibed matobile foras of Acrobooter eloscoe,
Lscheriohio eoli, Tseheriohins coseoreds, snd ‘sgherichir npidi
lootici. He pointed out thot meny speocles of Aercdbacter ond
fsoherichin mey hove mutsblle foms.

Bloghemieal tests howve in the post boen the bagis for sube

°
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dlviding these two grounss Oerolopgicsily thoy opnesy %o be
hoterogenegus, With the present more ¢oiplets mowledge of
antigonic sompononts and mothods of toohnie of testing these
sonponents it appecrs likely that s more fundomentel study of
these orgoaniams in thie light, ner domonstpate more exeoct sube
divistions ond rnlﬁtiagahipa.

ovine in 1018 studled 333 oolielike bogllll feolated
from the solil, sowoge, snd fneges of vapious animole., He
showed thnt the eotion of the eolon groun on sarbohydrates,
gleoliols, =nd gluocsidee showed the groctost differences among
the individucl members. If & large nusber of those gerbon oom
pounds were employed and sepuarate proups formed from ench
sepurote combinotion of resetions, the rosult would be an oxe
seedingly lerge mumber of different grouns. He pointed out
thet when 8 ﬂesériptivw shersstors ape used, 25¢ combinations
aere posaiblej 10 charsoters, L0243 with 10, 856, 260, =nd po on.
Yot there should be no ebjeetion to the multinlieation of
specica if the specific diffevences, however, smoll, sre stoeble,
For prostioal purposes, however, s gimpler, more workehle oloss.
ificntion must be followed and too mush strees ecnnot be ploced
on minor differences in formentotive ability.

In the preseni series we ore concoernad with the lseherichis
group of mutebile forms. Ischerichlc generslly ocooura in lapge
numbers in the inteatines of man, wherens the Aerodooter group
is found only in smell numbers in the fecces and is frequently

resont in =0il and on grains,
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Tho mutebile stroing of Aerobocter are, therefore, vory
infrequent in otool emeninntions, In this serirs isoletad
O onm 454 stools, 42 were utobile strodina of lsoherichia and
8 wore mutobile stroing of Acrobactor. The difforontiotion
of the Aerchactor types fren the well recognized psthogens
offers no grout dirtfiocultys.

It should be pointed out, howeyer, thet se @rlled intope
medicte” forms betweon Neoheriehio end Aeredbocter ooeeur, 7o
this group no definlte names hous sp yot been socorded. The
group appears sulturslly to foll mere nearly in the Lsoherichio,
but rosembles the Aerogenes groun ag yrogorde h-bited, Thove.
fore, they sre relutively infrequent in foegel speeimens,

Thore cre certuin blochenical sharnoteristios of the
Lsoherichle group thot are quite eonetunt. These aret Acid
ané Gua formwition of Dextrose and the hexoses, Maltose, and
Mornitols Tndol foyrmed from tryptophane broth, Methyl Ned posie-
tive, VogeseProskeucr negetive, no liguefaction of gelatine,
Hydrogon Sulphide not produced, no femrmentotlon of Inesitol,
fermentotion usuelly of Xylose, srabinose, rhamnoese,

Finalow, Kligler and Rothberg, 110, gnvé nn exgellent
roview of the classgificetion of the whole goli-tynhold group,
Many of the Giivisions of the eolon grour mofe by Levine, 1917,
are epproved, They eonclude th:t the folloving types of
Leghorichis ne recognized by Levine are sufficiently well ede
toblished andracnatunt t0 morit separrte consideration s

gnesieon or vorietics,
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Table IV. FERMTNTATIVE TYP®S 0F RSCHERICEIA (LEVINE)

Seeehs  Jalicin DPuleite Adonite Motility

B neonolltomun ‘G G 0 0 o
Hooold eomupler @ o om0

3. ocoseorobs G o @ 0 o
Je immobile 0 AG le 0 . 0
s 9013 oopune 0 O 5
B, 20444 Lootiel 0 0 0 A0 0
B« grinthel 0 0 & & £

B sosgoreba differs only from eomunior in heing none
motlles Likewine 3. fmmodile diﬁ‘fﬁw only from B. ooli commune |
in being nonemotile. B, granthel differs from B. peidi loetied
in being motile. Winslow et &l susgest thet Lhe presense P
shsence of motiliiy does ms& Jjustity daifferenthtion into
sgparcte typos, They aa.uf;‘:.-ﬁmsf, therefore, the recognition of
4 speeles of lactose fermenters produoing hotl seid a‘né Guse
These four sre underegored ubove, nemolyt B, necpolitemum,

Bs ©o0ll communior, B, coli commune, end B, seidl loctiol.

The grect smount of wvariohilisy in motility in one strain
6% various times hr s been the experience of avery student of
these orgoniems., Jordon, 1974, dmonsty ted quite eonclusively
et thie el‘v—mmtariatm oon net be used for differenticl purs
13@3&:? in thin grouns

Juekaon, 1911, used duleitol along «ith sunrose s the
two primory eriterin in glossificstion. Winsciow pointed out

that in his oo lesotion there were both dulsite formenters and
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nonfermenters anong all fowr of the ¢ pos eslossificd cecord-

ing %o sugro

so ond suliein.

These Guleite subgroups and

@thors which may be obtainoed when using other fermentative

charastoristics, mey be rogerded ce vorietics of the corross

ponding four snesclos mentionod,

Table ¥V asurreletes the fermentotive typnq of the mutte

bile atrains with Winslow's gneelies, desed on the fernentae

tion of sacchurose and salioin.
significance thnt euoh of the varietios is found in the

mateblile form,.

TABLY ¥

It is of spome interest oné

FIRMINT TIVE TYPLS OF LSCHERICHIA COLY, WITH THN

CONRISPOUNDING MUTABILL TYPES,

Sesoharose dalicin Duleitol

Iseherichie

neopolitans & &
& Fs

Lagherichin

Goli communis B v
& -

Lagheriohin

eoll commmunior - &
- &

Lsoheriondn

aeidi laotieg - -

&

-

Corresponding
$ypes of mutabile
cted ne {see teblep
1-'; Te

o

LY da

&;’:’; I}, 7, -B' Ve
10, 11, 12, 18,

14
16

1of, 17.
i8

Thie type includos more thom 10 of our strains,

¢ » formentation with coid end goe

« w no forment-tion
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In toble VT the fermentative typos ore diegrommetionily
roprogented, The nunber of strains in ecoh groun is recorded,
Mmré than helf of our serics of mutebile forme fell into two
groupss They hevo all fermontation reosstions in sormon ox-
sept suerose and ite closely reloted eorbohydrote, roffinose,
ALl of them Termented, sorbitcl, zylose, rhamnosze, ond Aulodm
tol; ond feiled to ferment saliein, ond sdonitol, Illeven for-
nented eugrone and paffingse, ond 1° folled to fermont both of
there supgers, Those orgenisms could not he aﬁrrelﬁt@ﬁ ag %o
origin, va they osme from both adultes sné ohildren, normel ond
gthervise. It would be of some inteprest %o know whether she

Eeoolon baellll of Shis reglon were ohiefly of those two

veriotion,
'‘LATE" LACTOSE #
4n
H
H
Huerese
o e
£h 17
: :
[} ¢
& s - e
4 21 o 21
H : 3 t
f 5 H t
a 2 Xﬁ 5 1 13 1
TABLE VI. DIACRAMMAIC R¥PRESINTATION OF FERMINTATIVE TYPES WITH
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LATE L. OT0: L FERMINTATION

Of the meny diflerent blocheuisael teata, the formentation
of loctose i4a by far the most Antercsting snd simsmificant in
this study} 80 mucah 5o that it warronts specicl considerntion,

| The great distinotior betwoon the nonepothocenie colon
group and the pathogenic typhold« paratyphoid-. dysontery group
is thet a Syplenl member of the formor ferments laotose with
the rroeduetior of coid ond gas vherens the latter groun is
unable to atteo: lootose {or es 1s the cose with Shiselle
paradysentery Sonne atineks lsctose with the produstion of
nold onlyl s Loetose fermontion hos heen the naturcl olesvepe
dine in the i tostinel group of Leellli for 80 veers, Under
disoussion, hovever, we hove an orpenienm which spnears to he
in an intermedicte position hetween the two larce divieionsyg
an urgnﬁiam whioh ifaelf upparently dees not forment lactooe,
but which is able to produse offsnring whish are able to fore
ment laoctose roedily with the production of both soid cad
ges, This variant offg ring is in no wey difrerent from the
typlcal colon beoiilus. This mutadbile orgenisy appears to
span the gap Lbetween the two larre groupe, with one offspring
in the peuerelly puthosenio nonlactcee formenting gxéup, ond
the other offepring nonpathogenic logiose fermenting gIoup.
Thuf& is mome doubt, therofore, tho$ loctose fermentsation
should be sgeented ss euch an importont elusaificatory

gharacter.
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Insestinel buelili that attool lesetose cen readily and
sorrecily be divided into two groups, one fermenting lsatose
with the formstion of seid only and the other with the formte
tion of both eeld ond ges. Likewise the "late” luotose fore
menting organism producing eaid only are $o he diffcrentinted
from the "lete” lacstose formenting erganiems produsing both
aoid and ges.

PR OST LION TH TIE PROCTSTION OF ACID OMLY Shigells para=
dysenterie Sonne (Comne, 1914, 1918} su¢ Shicelle parodysentery

dicper of /ndrows {(Andrews 19l8}era both lactose fermenting
begilli produsing soid only, socme of them giving the ovidenss
of leotose fermentetion late. Both heve been earefully studied
by Helsan, 1980, and by Koser, Reiter, Burtniker, snd Swingle,
1990, who showed surfiolent evidence Shet thev ocoupy definite
positions in the Shigella group. These orgenisms sre not gone
sidered further, in thie study, cxoept to point out that shey
nyre aleo lec'ese fermenters and that Shey produce variante
anslogous $0 those prodused by mutebile streins, The mother
orgenieme give pele ocolonies o IEndo ager whioh do not ferment
leotose rendily. They produee secondonry eolonles aftor seve
orel days ineubation. The sescondary colonies when ploted off
to Indo sgar glve red colonlos which ferment lectosce readily,.

The Some type produses vorions ealso towerd saccharose
and reffinose quite uniformly. ({(Sears ond Schoolnilk, 1936).
It is pathogenie to mon, producing & mild foim of dysentery

shiefly In young children. One such enidenic is reeontly dege



oribed by Sesrs, Bilderbasik, sshley, iolmer, LU.de
PRAZE" LAOTOSE FRUNTARION ITH T PUOLUCTION OF BOTH ACID

o

sl 8 ALl the orponisme thet we hove encountered glving
"late” fermentotion of loctose with Lthe 7raﬁuukiaﬁ of asid
and gas proved %o be mutabile fomms.

Le voll muteblile whon inoouleated into lactose broth in
Durhem fermentation tubes eontaining Andredets indicator
grove nbundently, foming o homogcncous cloudy growth. In
fror 3 to 6 hours there freguentiy ie present s definite pink
colorstion of the entire culturo, This blush fudes ropidly

anfl on examination in 24 hours 1s sntirelr ebaent ar the tub

q

is definitely pink in the inner inverted tudhe, the sulture on
the outeids being ocolorlesss This initlial pin't dlush in the
formentutlion tulbe during the early growth of the orgenism is
not alwaye present. The recson for it hss not been determined,
It wae absent in the oultures of the Sslnonelle group thot
were tested. We have seen 1% only with mutublle strains of
the oolon bacilli. The early pink color in the inner tube moy
not develop untll 48 hours, sometimes 72 Lours, or it may be
delayed op long os 7 deys, ond even 14 (eys. But onee the
oolor hes ap esred It Lncrenses in density te o doep rose
wighin severcl more deys, The medium oulside the inverted
tube ochanges ocolor mueh more elowly end in some gssen, nevep
becomes definitely pink or red ot all, Ususlly by the third
o fourth day the outer medium beoomes pale pink end progressie

vely inorenses to o deep rose oolor, Thers rerely opneors the
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very bright red eolor that is given unifommly by the typleal
Be 0cli, In many oultures of mutabile straine ‘here 1is nevep
nore evidonee of lectose fermentetion then tho pink chonpe in
the inside inverted tube. Gas usuolly oppeers in the in-
vertod tube som afteor it begine to show the eff ats of
sufficlent solidity to turn the Andrede's fndicator pince The
emount of gue produced varies widely with Qifrerent streins
and with dlfferent oultures of one single streine There mey
be r> gas formed in some oultures, or ¢ tiny bubble of gee
moy eppecr within 48 howrs , vhiceh graduslly ineresses in
emount to obout 256 of the lensth of the inverted tubde,
Cuitures %ekeh from the seme eolony from plein ager may proe
Guoe the widest of waprintlons,

Thousende of lsetese bdroth cultures have beon obhsorved
systemotionlly over long pexiods of time inoluding thousends
of tubes mede {ron one single strein us well es muny from a
large maber of different strains., In %eble Hos  aorc the
resilis of the lactose fermentetion of 100 luotose droth oul-
tures of one at:oln of U, eoli mutablle, The repidity of eeid
and grs formntion on lactoso, ng monifested dy the fermentotion
tube varlies tremendouslys One stroin {our 517) produced a
deep rose eolor and o lorsc bubble of pos in 24 hours on lege
toae broth., Thic selllty roverted ‘o on alksline reaection im
about 6 deye., ihis soame oulture produccd secondary soloniea
on Indo agar from vhich wers obtained voriants that lfermented

luctose with the formmtion of a bheight red color end 25 of
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gos excotly vo the regulor golon baclilus., This tube never
- reverted baek to on alkeldine resotion. The varient when
ploted out did not produoce segondory eolonies, In other
straing the lootose fommentntion tubes nroduced neid and gos
in fron U %o 10 duys, An ocousional tube never produced gns
at 8ll over o month's $ime of ohservation, Ixplanation of
three very vorianble roaotions of the mutebile organliem on
ordinapy lactone fermentation tubes involves s grent many
knowr end unmown factors of varistion.

In & "seleotion” experiment in which o lorge mmber of
lagtose Permentation tubes were inooglated with one strein of
Ee o0li muteblile, on opportunity woas afforded to study the
great varicstion in the monneyr snd length of time in which
lectose fermontotion took plase, Our I, coll mutebiles atrain
numbeyr 269f wos used. In its originel desoription thare wos
recordod, fornentation of lactose with the formstion of neld
end goa in 8 doys. This orgeniem had never been in gontact
with lretose, IU wos bolng troneplonted frequently on plain
sger slants, From o 24 howr plain agay plnte eulture o
single well ipolnted eolony woe inoculatod into & plein agay
slant. After 24 hou s incudbation at O7°0, the growth wes
omiloified in droth snd spalin plated out on three plain ogapy
pletes, These plotos were allowsd to Incubste for 24 hours
after whdeh time one hundred eolonics were ploked off, end eagh
inoculated into loetose broth, Thie medium econteined 1¥ loge

tose, Pfahmetiehl®s, and 17 Andrade's indicstor in ordinary



boef oxtroet broth, steriliszed altosether in tho sutoslsve o
10 pounds pressure Por U0 ninutes. Ixestly the some portion
of bdeoth having the euldures were incubsted ot 27°C end Obe
sorved deily over a poriod af o months The rosulte are tobue
lated in the followin: chopt Now They illustrete the
wide veriotion in the behavior of one strain of the mutubile
type of orgeniom, in epite of en ettennt to eontrol the one

vironmental faotors to keep them us necrly unifom o nossible.
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~ ) TARLE VIIX
DIACRAMMATIC REPRESENTATION OF FIRMEFTATIVE VARIANILYTY OF ONE STRAIN
OF B, COLY MUTARILE

Days of imeshation—-—2 3 ¥ § £ 7 10 13 15 20 8

Besmtive g2

Pink in inner -6 3 7

tabe

18l thrasut g 2 sb

Red and eelde-vecccnncnean ¥ oo % 11 7 1 1 11
Alkaline 4n outer mw——e- 7% 70 W4

tuhe

Conlete reversion - ea-we 19 55 52 =1

to alkalinity

ﬂ*’ T g PO o TS SR I X AR I - 05 WA o T ” m MH uw m g wﬁw rm

Busbers 1ndicate the musber of tubes showing that perticular re etion,




GO

It should beo emphusised that the obomervetinn of @ PErde
typhoid like orponism on laotose troth will frequently aive
enrly lends %o fte ideontification op o wtebile strein of 7,
eoll. There ave two obpervations which should alecys be
dooked for. Firsty an initlcl nink blush of the fermentotion
tube in the ocourse of 8 - 6 hours incubation. Seoondi the
earliy evidence of some feraenistion of lasctose apneaPing ca &
pink color in the inverted tube. This pink eppesps £irst in
the bottom of tho tube in from °4 to 48 hours end gredusiliy
inorenses in inteonmity. The non-loctose fermonting Sseimonelle
G not produce these enrly ehanges on properly prepared and

eentrolliod lrotone broth mediuvm,
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The orguniecns of the eolon group of bewilll are gonerw
ally eonsidered to be remerkcbly hoterogonecus in antiponie
make-up. Yhioc is found % Lo $Pue also with the so oanlled
‘paraoclon” beoilll and wiih the mutebile forme of the colon
busilili. Some investigotare heve attempter to show by
sgelutinetion mnd sbsorption, very defini ¢ sercioglonl ree
letionships botweon sartain members of the eolon end poFucoclon
groups of bocllli, previously scoropgated cither by fermentes
$lon and bliochemicnl ohapacteristics or by their nothocenie
Propertics. Among the inveatigotors sucseedin: in demonsivre~
ting such relationships sre Sieke, 1871; Meyer ond Lowenberg,
19541 Dudgeon and Pulvertesrt, Lu27; and Gundel, 1530-1931.

Meokle, 1910«1014, used the caplement fixatlion teost in
ptudying the antigenie reletionship of the @olilgmup anG also
of the non~loctose fermenting eoliform boellll, He stuted
thet " The fact that such grem negeative beollli i.e. the non
lsotose fernonting coliform baoiill behnve in vomnlecent
deviation experimente very siniler $o othur typlesl | ... ooli
strongliy sugoests thot logtose formoentotion which hes alwoys
been consldered tho nost imporiant oriterion of en L. ocli eun
hapdly be teken o8 of eny more significance than gther sugey
ronotion . |

Herrold and Culvor, 1919, isolnveq 43 porssclon baeilii
from urine. Ag-iutinotion tests s'owed some definite relotione

ship among then, enabling Shom to be divided into four groups.
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Tuleney ond Mibeheleon, 19.5, In ¢ atu y of L, acli
matabile streins isoleted from infenis heving diarrhoen,
prepered high titer rebhit semms from 9 streine, Naoh
sorme sgrlutineted every other organlam o o high titer,
{detoils not gmiven), showing condlusively & wory elose sntie
genis relotlionsiin of the group he stuied. No entigenio
>r@1txtif}ﬂ5hi§? %o 1. ooll communior noey to the typhoide
poratyphodd group could be demonstroted.
| Sendiford, 1u.6, epplied the term perpcolon o0 e group
ef orgenisme culturelly resemblins L. coli E:G;:‘p’ﬁ Tor fopw
nenting lectose atypienily end shoving no relationship in
belng agplutineted by ¢ tynhold-pupeatynhoid serum. Individunl
steoing of those organisme do show, howavey, » sanll degree of
pommon onticen. Nine high titor sermms nade with 4ifferent
atreins agolutineted all of the 41 stroina,

Eriebel, 1004, foun’ one out of 2. stroine of alow lage
towe Termenting coliform baeilli %o give & fine pactial
aggiutination on o slide in parelyphoid 4, porsel, and typhold
serune All othor strains were nogntive with theso sermms,
This result ceems %o indloate some common O antigen,

-Krietensen, ot al, 1905, studied 1004 orconime 180«
leted from Teees, none of whioh fermented lsetose in 24 hours,

but did ferment monite with the formetion of both a¢id and gos,
but vers not typloci Solmonells. They found thet 164 stroine

wore apgglutinete with O sorum of the Ssimonells group more op



less strongly, From this it eppesrs thot thers is some re-
l&ti&naﬁip to the Selmonelle group. An H antigen in common
with the Sslmonelle group could no% be demonotrated.

Thero nﬁpaara to be guite complete agrowment shat the
mother orgenism ond the wariant of eny one partioulay straein
of X, ¢oli mutabile ore antiganiwalir identionl, Thet is
owr result, and the reaalt of numerous other workers. Jones,
a?auﬁt andl Little, 1932 showed Dy their sgglutination tests
thet the mother stroin of slow fermenting mutabile organism
appaprently possessed & somewhet different antigen complex than
the wariant; but the epparent difference gould be entird y ox-
pleined on quantitative grounds. More thorough snd eomprehen-
sive investigetion of the entigenie structure of ¥, soli
mutabile should be moade,

PATHOGYNICITY OF E. COLI MUTABILE

The literature lagks caniin&ing eViw

denge that the muteblle forms of X, oold have any pethologiesl
aignificance vhen found in the stool. Meny sttempis hove been
mode o0 correlate possible disease eonditions with the £inde
ing of this orgenism in the intestinel $reet., They have been
frequently isolated from the faecos of persons suffering with
entorie like infeotions, and fros soute ooses of enteritis.
Ogeasionally the orgenisn has beon ipol-ted from the blood
stream. In many instences, however, 1%t hos been oultivated

from stools of perfectly normel individuals, It is doubtful,
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whether E, ooli mutebile hos any yresl signifisente cs a
prinery infeoting cgent of the entorie and dysenteric groups
of disenpes, though it oan possess pothogenie potentislities
when inveding other tissues besldes the intestinsl itreet,

Gilbert and Lion, 1893, in their first dosoription of the
peracolon becilli considered thet the orgenisme were possibly
of olinicel significence in infentile dierrhoea, but probably
of no signlificanee iun adult dierrhoee,

Morgan end Ledinghom, 1908 - L1009, eoncluded from their
investigetions thet nonelactose fermenters ineresse in numbers
in the intestines in disrrhoea, end that the psrecolon group
wag of little pathogenie importance.

Castelieni, 1912 - 19013, in nunerous reports of pore-
typhold«like organiems ssaigned them the souse af sartain ine
tostinal disorders. The evidence presented for his conclusions
is not convineing. The orgenigm thet he terms B, ssistioum
was later identified by Sendiford os o slow loctose fermenting
Ee 00li. Others in his group thet ere probably similaer sre
‘3' guimai, B. khertoumense, B. ecolumbonse, and possibly
Be wegenbergi. A summary end discussion of his results would be
'axaaeéiugly‘nomplax and misleading., In ca‘tellani'a'wark
reforence is made to investigations mede by Kheled of Egyps,
1982 - 1982, He fuuné B sejaticun in 10% of the suspected
enterioa infestions., The orgeniem was present in 1 out of BO
normel stools exemined. Castelleanni steted thet he hed never
found this orgenisn in normal siools, though doudtless there

are garriers.



Gyorgy, 19020, suggested thet the mutabile forme played
a gonsiderable part in dlerrhoca in both men and calves.,

Stowart, 1920, ae a rea@lt of the examination of the
stools from 865 mental hospitel potlients eoncluded thet while
the pereoclon mutabile group may porsibly oouse sone segondayy
i1le in an alreudy disordered intestine, their presense hos a
symptematic rather than an etioleglc significence.

In 1926 Dudgeon stated thot hie groun of slow lasctose
formonters mey give rise to intestinel disorders but does not
give convineing sunnort of his view.

Fothergill, 1929, comsidered thet his imesgclutinable
parntypﬁoidu were probebly of etlolospgical significence in
infant dierrhoea, since these "etyplesl papetyrhoids” nre
found mot freguently in the early fell and suwmer ané this is
also the secson for the greatest inecidence of “seute mutriticn-
6l disturbenees”. Agslusinetion with the petient's own serum
in 11 nanqs,(bdﬁk of series, wee up %0 1 - 220 end in one ocese
1 - 5,560

MeBroam, 1970, found 41% "intermedicte orgsnisms” from
healthy persons snd 39% from cases suffering from uloers and
various intestinel disorders. The totel series wes only 126,
Her work does not sublténtiato an atiological relationship of
thn'intl laotose fermenting B, coli with intestinesl disture
bances., -

Jones, Oreutt, snd Little, 1908, found mutebile strains
of L. coll throughout the smell intestine of n eow slanghtored
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during on sitack of dlerrhoca. He exanined faesoi speeinens
from 50 normel cows taken from 5 herds, end found the pera~
¢olon boeillus on only one oooemion., From this 1% would
appear thet such organiesms are infrequent in normel cows. A
late lactose fermenting I. 0oll was isoluted from alli of the
stool speolinens exumined from cows during en epidemic of ine
feotious dlerrhoen. In later epidienics theip sPresrance wes
1rragulnf and dupding 1900 and 1901 they were entirely absent.
Although the mutabile streins may be the predomineting organe
- ism in certein of the investinel disorders in catile, little

evidence was brought forth to ineriminete them ag the stislogis

to be the couse of the disesse,

Duleney and Mitohelson, 19086, studied en outbreak of
dysentery in infants, 8Stools were exanined from 27 infents
betweon the agee of & and @ days. All of the infants were
having an elevation in tomparstare, loas of reight snd were
pessing from L0 0 20 atools per day. The stools were woetery,
yellowish, or green, bdut free from blaad,_pua, or nnéuu. He
isolated 18 E, oolii mutabile orgenismas, as the only abnommel
atool organism, They were present in relatively largs numbers.
A1l streins were oulturally similer, They were ieolsted from
the heart's bdlood, spleen, ileu, jejunun, colon, and midadle
ear from 2 out of § post mortems. Stools from 41 normal ine
fants revesled § or 12% to contain mutébile forms of I, coli,
In sdults the inoidence wes still lower; 2% of 47 sdultss 74
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of 20 siok sdulte and 3% of 48 perturients ylelding B, eoli
mutebile, Dulaney ond Mitohelson state, "While we are reluo-
tent %o sseign & Tixed etliologleal role %o this orgeniss, the
high percentsge of isclutions from the steols of infents showe
ing dierrhoee, the low ineidonsce in stools of normel bobies
and normal and sier sdults, is regarded cs highly significant.
Additional evidense is offored by the absenee of gross and
mioroscopic changes in the intestimnl treot end the isolation
- of this organisnm from seoondsry fooi at sutopsy., Minslly,

the oulturel and :ﬁrﬂlagiaai relationship foundt 0 exist among
these organiems offords the best boaetericloglesl evidence of
theiy possible etioclogle role,.”

Sandiford, 1976, added no suppert %o the view that the
presencs of peracolon bdapilll {(emong which he includes mutebile
forms} in & stool hos any pethagenio significanse, Eoth blood
oultures and sgglutinstion tests in patients Qarrying them
were negalive, and on oxeminetion of 174 controls or normels
showed thut there wes no sigrificant difference in the pere
centage of sftools showing them among three groups studled,
dysenterio, onterie, end nomal, when one $ook into considerae
tion the relative findings of the Botel non-leotose fermenters
therein. He further pointe out thet any incresse in porecsion
tagnﬁ in diarrhoes) conditions is simply part of a genersl ine
orease in ponlactvose fﬂﬁmnntiaﬁ. Investipgation might show that
this apperent inorease of nonelsgtose fermenters is fallseious

and reprosents only port of a general inerecse in the total



flora of e disordered bowel.

From this survey of the literature it is quite evident
that there hus been consistent laok of evidence to estribute
any pathologiocul significence to mutebile strains of E, oold
in the stool, Thet it is, however, & potentinl pethogen is to
be expeoted in view of the ability of I, coli and other colie
form bmxi}.i, to set es puthogens outslde their normal hebitat,
$he intestinel tract, We have in nunercus instenoes been sble
% isolate mutabile stroins of X. coli from urine in ceses of
- urinayy treet infeotion, the spreimens deing obtained direotly
from the ureters by oetheterization, In the literature one
engounters numercus reports of the isoletion of this orgenism
from urine in cases of urinery treet infeotions,

Herrold end Culver, 1019, found 43 parseolon orgonisms
isolated from urine in csses of soute infestions, Most or all
ef these may be mutebile forme, although not designeted sueh
by the luvestigotors.

Dudgeon, Wordley end Bawbree, 1822, isolated slow loctope
formenting oolon baeilii from the urine of 5 osses of exceptione
ally severe cuses of urinery trt?at infeotion, Leter Dudgeon,
1928 - 1924, and Dudgeon and Pulversaft, 1927, dessrided 49
eoliform orgenisms, apperently m.xta‘b‘ila forms, whieh were iso-
leted from the urine of patients with eoute infeotions of the
urinery troot end in meny of whioh nlso & disgnosis of enterice
had been mude, -

fothergill, 1920, &mﬂﬂﬁm £ such parasolon baeilili
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from urine of ncute preionephritis onses,

Wealer, 1921, dese-ibed 8§ stroins of slow lactose fere
menting ¥, coll from the urineyy tract infections thet
ogglutincted with the patiente serum in Ailutions of 1-160 %o
1-640, ALl strains were oulturally simiiswy,

Rungester, 1631, found a muwm variceble ooli like
orgonism from & ospe of empyema of the pell bladder.

Sendiford, 1908, isclated parscolom daellii in 4.4% of
203 spesimens of urine ememined. In these cases they were
‘ususlly found in pure culture, His porseolon group inoluded
muteblile forms of Ee 0Oli.

BPERUCNGAL JYIDENCE  Although the problem of the etiologie
role of the mutebile streins of K. 00ll wes not sttacked es
Buoh in our own investigations, we hove some date concerning
the problems Coversl preliminery animsl experiments were
undertaken., All rosults were negutive., Animal incouletion
experiments are best ot the stert with the difficulty of PrCw-
dueing inteatinal disturbenoes in 1.\31.){;:-:1“:7 animals that ave
pathologieslly analogous %o those produced in man.

| The ineidence of ¥, coli, as shown by the resultis sed
down in the provious seetion, in stoole of sdults and ehildven,
normal sndl siek was found to be roughly 10%. This recognized
frequency of the orgenisma in atools generelly, does nod
nevessarily preclude any pathogenio role. As Castelieni
points out these individusls mey be oar fers, A eriterion
that a pathogenie orgenism may not be present in normal ine



70

dividusls, only in thos affooted by the illness does mot hold,
but the signifiscsnce of the orgeniem when found smsocisted
with some intestinel disorder, must be intersreted with a great
Geal of osre, The woris of duleney, end hefore him, of
Fothergill, end even Gilbert and Lion, seem %o point o a
definite relationship between the mutebile orgenism and ine
fantile dlerrhoea. Tt must be coneeded, however, thet the
exact relationship hos not been worked out and thot an efio-
logie role gernot as yet be given to thie organism in infantile
disrrhoea,

An indireot method of detommining some reletionshin bee
twern the poscible infeotion ceused by an organiem, is to
study the reaction of the host, manifested in the speoifio
antibody response. At verious ceessions we hove tested human
serums for sgrlatinine agains the mutsbile forme of X, eoli,
isoloted from thet partiouler individusl. The pesulis ape
very varisble. The yreactions are ususlly nogetive, or
nnglntinntign osours in low dilutions of the petient's serum.

TABLE IX,

Agelutinetion resstions of 2, goli mmtahile
with their homoclogous serums,
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Table X shows the results of the agglutination tests
of four humsn serums with the mutabile strain isglated from the
intestinel treet of the smme individuel, from which the serum
wes crfeined., Orgeniss A with ite homologous serum is sgglue
tinsted at a titer of 1 %0 80, Orxgoniem B snd D gave no
agglutination with their homologous serums. The lowest
dilution mede in the omse of B, wae 120 and in D wes 1-10,.
Orgenism ¢ wos sgelutineted in a dilution of 1 to 20, but not
in 1 to 40, Strein A wes our number 104. The orgeanizm wes &
typloal one. It wos isolated from & stool that was normal in
appearance. The mojority of the ooionies on the plate culture
mede from the stool wers mutabile forme of E, ooli. The patient
was guffering from e mild allergio condition. This orgenism
was used 8 an antigon egainst silx semms thet were obtoined o$
random from the routine serclogiecal run. The results ere ree-
sorded in the following table,

TABLE X

Agelusinstion resotions of one strain of I, ooll
matebile with vericus serume.,

Serum dilutions 1-10  1e20  led0  1e80 1«160
Sermum A Rl S Ll b e e
i S48 a0 2 PR s 244

L] - i3 — £

& & » W 0
1
¥
]
]
£

b e ddd Aviiesfos - -



78

The organiem wes agelutineted by its homologous serum A
%0 8 titer of 1-80, Serus 1 produced fairly heevy sg-lutinee
tion which we ealled three plus (+4é) in the highest Qilution
of 1-100. This iz higher them wes produced by the homologous
serum. OUme other sorum tested, No. O, gove good sgglutimation
in le40. Fouwr serums, 2, 3, &, snd 8, produced uo aggiutinae
tion in the lowest dlilution, 1-10,. These results would ine
digate that emy such roeotion would be of ne significsnce %o
detormine any etlologie role of Eﬁ ¢oll mutabile isclated
fram a petient hoving some intestinel disturbence, These ree
felte ave In every wey emslagous to th0se O6e Sighs &5t Wizh
2 oolon besillus ap the antigen.

In summery of the problem of the etislogy of mutabile
forms of Ee ooll, it may be stated thet there is at present
insufficient evidenoe that they have eny pethologio signifi-
eanoe when found in the stool. Their eticlogiesl significance
soens to be cnslogous % thoet of the oclon baoilli.



7o

The mutebile stralns of I, coli heve been alessified in
mony different weayas, This feot in iteelf is avidanag thet
eerfein problems end dirfficulties exist in evelueoting thely
behavior in relation to their position in the asystematio
eoheme of bacterliel olapsifications The orgonimsm is difficuls
to troge in the literaturs babauaa of the wide wvariation of
terms under whieh it hos boen describeds The fullowling names
are a 1list of those spplied to mutebile forms of #. coldi, or
groups under which 1t hes been inoluded and deporihed:

B, ooll muteblle

purscclon beolllus

metagolon baolllus

soliforn bacillus

slow lactose fermonting boeillus

paretyphold like booillus

paoudo~paratyphold baelllus

B. neopolitenus Twmerish

It has been classified in the Zseherichis group following
the speoies nome, simply by mutabile, e.g. Paoheriohis, ooll
eommunior mutabiles

~ Soversl investigotore have siven 1t other speeific names,
€.+ By asintioun, although the 1dentity is not alwaye very
gertain Tfronm the original deseriptions.

This rathey emfusing variety of terms ean roedily de
grouped into four definite trends of nomenclsturet First,
clagsification with the paratyphoid groun; seeosnd, with an
intemediote po onlled paracclon groupj third, with the colon
group or Ysoheriohisy oni fourth, designeting the orgenism by

a new gpegifiec temm,
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Reiatively few investigetors hove oonsidered the mutebile
stroins under the pavetyphoid group. Among these, Watts, 1919,
called 1% ¢ "paoudo-puratyphoid” buaillm and Fothergil ,
1928, eulled it an "sbyplesl poratyphoid”. Trawinski, 1924,
simply culled it"s nonlectose fermenting coliform beeillus,
Gildemelister snd Bperthleinm, 1015, included it undey the tern,
*paratyphoid-like” baeilli.

Thone invagtimtam who ploced them into o paracolon group
are numercus. However, cs wos pointed out previously, the
purasolon group itself is not well defined. The consensus of
Gpinion, howewer, is thni @ pervcoion bueillue is @ grom nogoe
tive boolllus thot gecurs in the intestinel treot, Cferments
with cold ond ges, dextrose, mannitol, meliose, does not
Liguify geletine, and behaves sntigenioslly individual. It
Goes mot agglutinote with serums propered ageinst eny well
recognised typholid-peratypholid organimms. Some investigators
heve inoluded as pert of their description thet they do not
ferment lootope--others that they must ferment ieetose
atypleally, thet is late, slowly, or give of f lactose formente
ing varients. OSome heve simply plaged into this group ell of
~the gollelike end paratyphoid«like organimms thet ocould not be
eonvoniently classified in am'af one of the distinoet subgroups.
The texrm itself convevs the definite understending tie ¢t the
orgenisms és:w perhens more closely related to the oslon
beeillli then to the typhold-paretyphold group of beeilli, The
investigetors plaoing these orgenisme into e paxaamlgz;n group
8 L H
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Gilbert end Lions, l9D0-U5; Seiffert, 1009, Herrold and
Uulv#, 19193 Jordan and Yrons, 19018} Gyorgl, 1920% Wilson,
19295 MoBroom, 1930 Sendiford, 1998; Dolliger, 1986,

| The me jority of ilnvestigetors heve chosen %o 1link this
organism even more ammw with the oolon beeilid, From the
firast description of the organisn os B. ooli matabile, by
Helseer and Messini, 1t hes been most often considered es bLee
longing to the eclon group of beeterie or very elosely allied
to i%s The r@ll.oﬁim reports give the orgeanism & position in
the eolon groupt

Seuerbeels, 1909; MGller, 1008; Morgen ond Ledinghem, 1909
Burk, 1908 Hubeney, 1009} Kowalenko, 1910§ wilson, 1610
Thoysen, 19113 Penfold, 191%; Baerthlein, 101%: Dudgeoun, 1928,
"slow leactose fermenting B. 001" Vaaler, 1931, clapsifies
then ng I-:mruﬁm, begause they ferment &hamu; fuangesier,
1921 "Bs ooli like orgenism” Jones, Oroutt ond Little simply
oalled 1t stypicsl slow lactuse formenting Bs coll} Kennedy
end Uummings, 1982, Beoterium beeause they ferment lsotose but
are & counecting iink betweon Salmonella and Esoherichisy
Hershey and Byonfenbrenner, 19386, Escheriechias,

Bore investigetors preferred to coin new nemes: Buot.
imporfestun, Buwrrd, 1010 {(beoouze he believed the orgenimm 444
not Shrow off e "mutation” suddenly, snd the term mutabile
sarried thet idea with 1%t)} B. neopolitanus Immerich, Stewart,
1988, Cestellani eoined & mumber of new terme, but wnfortune
ately from the deseriptions given it oom not be definitely de=
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oided whothor they ere identicsl with the mutebile forms of
¥e o0o0li, dut to us the following eppesr so: B, apjobiouny
B. colunbensis, B, khartoumense, B, guimai, B. wosenboergl,

Boiliger, 1935, introduced & large number of new terms,
vhich are not inoluded here beoause we feel thut %o much
stress hos been luid on minor differences in fermentutive
ability, and such new names only add to the eanfusion ale
ready presonts It seoms useless to assign to eseh of the
straine o separate speeies until 1t 1s shown whether they are o
heterogeneous groun or not.

The confusion in elessificstion lies in sttempting to
estimate the aignificonce of the werlstion phemomenon., The
fermeutation of loetose hos long been & rather fundesmentsl
differenticl oriterion. The velue of the veristions in ree
lation to clamsification of bactoris, in senoral, ineluding
many varistions besides the mutobile type, is doudsful in the
light of our present kno#laﬁg&. One shouldn't hnwve the ime-
pression, however, that sueh orgenisms ore 5o verinble the¢
olepaifiostion is preeluted or thet the variations shenge in
an irreg:lor unpstterened fashion. On the eontrery, the mutew
bile forms have such remerkably eonstant varistions thet the
varictions in themselves might ecnceivedly be used es 8 means
of identification, Certeinly with our pregent knowledge of
the mutebile forms of ¥, coli the menner of varistion towverds
lactose fermensation is suffiolently constant to meke it of
great velue in fdentificetion, The ehoraoteristios upon whieh
we rely for identificetion, however, ere not a priori those on
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which we ean besc their eleseificetion,

As hes been pointed out euriier, the mutabile veriction
oeours in relotion %o other generm besides Tseherichin, and to
meny if not ell of the species in theeo geners. The varisnt
itself, osn readily be pleved in & well regcognized dlvision
of its gonus in the system of olassifiostion, end becomes @
stable nmember of thet groups The mutedile form of “acheriehie
ecli uniformly produces en organism thot is identicel ss fep
hos boen determinatable with the typioel E, eoli. The mothey
nutebile organiem, eortainly must heve elose correlation with
its own daughter orgenism. Since the dsughter orgenism is a
typical colon beodillus, in the gemus Fsoheriohie, the mother
organiam should most neturally belong to this genus,

We prefer to use the tem "mutadile” purely in & des
oriptive senso, plooing 1t after the neme of the vapient DTEB -
ism, which ean ususlly de resdil  clnssified. Tt thus ¢nn be
apnlied to any groun or specieos of orgenism showing the partiots
lar phenomenon of veriastion. This avoida the donperous IO«
eedure of sssessing this property the importonce of r differe
ential eritaribn of ciaaaitinatinn.

Grect asdvences are belns mede in differenticting oertein
typen and varieties of intestinal baetoris by the use of oum-
prehensive antigenis studies. This hes not as yet been anplied
to the solon bseterin or to the mutabile forms of §, solif,
Antigenie mmelysis provides at present the greatest hope as the
bost avcilable method for nourate deteminotion of the nodPural
relationshine of the mutabile straine with other closely related
intestinal boodlilil,
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RECOMMENDED PROCEDUNE FOR THE EXAMINATION OF
ST00L SPIODMENS FOR PATHOSENIC B .CILL

108 OF % 8P R A satisfaotary specimen is the

first eriterion for obtaining dependable results in the
diegnostic laberatory. The stool specimen should be pleced
into e eleen contalner and brought immedieteiy %o the laboe
rotory, where it is received and fmmedictely oultuwred, If
there is eny delay in imceulating the speoimen, there will

be a ropld overgrovth of the oolon basilli. 4 delay of even

@ few hours imcrenses the diffieultiecs of isolativn of certain

i - e wh b e - - . EY P E .
of the pethopenle bagllli «lth ssusequeént reduced shenves of

Qo

8 positive result, Where Shere im any possidility for delay,
therefore, 1% slould be pleged immedisiely into sone medium o=
straeining the growsh of the colon baeilli, but heving no ine
Jurious ettaet upon the pathogen. Bince ideal gonditions are
rarely present, it is usuelly desiroble So routinely use some
meens of preserving the semples., Meny restraining mediwms
hove been descrived and have proved satisfsctorys The mothod
we prefar is the use of two different mediums, in saline 30%
glyserine solution, Strauss end Spindie, 1928, snd Hsven's
Brillliantegrocnebile mizture, Havens and Irwin, 1952+ A oapee
fully selected portion of the stool, preferadly s pertion
sontaining muoous or blnul; ebout the sise of & bean, is
placed into each of two wide mouthed bottles, containing e
bout 15 00. of the two mediums, respeotively, The bottles

sre sheken %o emulsify the faeces end sent %o the loboratopy,
They sre allowed to remain ot roum tenpersiure,
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AOOULIToN OF 11U _SUIONUN A differentiel pleting mediuwm e
cssontiol for the lselation of the possible puthogen, Ite

value depends on the foed thet the normel intestinol flore
consists larsoly wf lnctose fementing bugterin, while the sig-
nificant pathogons do not attoe:r this suner reagily. Theprow
fore, the prosence of lactose ondd on indleotor prmidn-n a
mothod for the immodiste elininotion of o lorge portion of the
floroe=thot portion that attecke leetose. any coloniecs thod
do not show up o8 euntudning nonelectose formenting orgnniems
are further ewenined and from these the e thogen will be dige
savorable. Thopre are mony mediums $hat hove beon enthmeiceti.-
onlly resomnended. None ere perfeot. Meny have sertain do~
sirable points, More importent then the mediunm chonon is the
nepsonel factor of bescoming perfestly femiline with the ro-
aetions ond behevior of the particuior mediun, under waried
conditions, ond with the mony Aifferent typos of intestinel
orgonioms, Whatevor the diffesentiol ploting nedium ohosen,
therefore, &% should b used consistentl,, In ouwr honds we
a%ill prefor Indo ager., The indiedtor plves definite soloy
Tonctions, growth of the pethogene ie not me torinlly inhibited,
and there ie no merked diffusion of the color shonge throush
the mediunm,

The spocimen iz inosulated to fresh pletes, profercbly
several, in & mamner %o insurc the growth of well imlatad
Golondes. It is of prime importence &hat the aomnlﬁu be well
fipoloteds Iwen if tyshoid baelili are prosont, they will not
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grow or their growth will not be dotooted on the surfece, if
the medium is preempted by the repl ly growing colon bacillus,

Platings fron the slyeorine and hrilliient green bile
mixturce should he made afier stondine ot room t&ﬁperatura ior
4, 48 snd 72 houys, Oeoosionslly nonelootose formenting
oolonies will eprear in the 7 bour incculation ond not in
the Tirst 4 hour plating.

After °4 houre inoubation, the coloplea ehould De exe
orined primoyily for their co.or. Any oolorless or pale pink
oolonice should be regarded as guspiclons and should be ploked
off and stludied furiher. The ogolonies ~mst, of courss, also
he corefully exanined for oil aother morpholopgical cherscoters
whether opaque, Stronsparent, muecld, ohromogenie, ete. The
piotes should be returned to the incubator and reexanined on
subseguent daye. To oveld dessieation of the plete, the inw
oubator is saturoteod with molsture, or the plates aye plooed
into a modst chambor within the incudotor. They chould not be
destroyed for one or two weolks, or until the organisme have
been identified, Often o lesding olue es %o the type of
orgenion engounterod ean be obteined from the cppesrrnee of
the colony. It 1s well to remember, howevoer, thot there een
he o grent deal of wnriation in the sovlony types of any one
pngtlioulor ptroin of orgonimis, and thet too muoh enphonis
sasn not bo placed on colony fomm elone. The eoloninl vorige
tion may bo transient, sffeet all or pert of the colonies,

affect only one gonoration, or 4t may be permanent,
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A lorege mmboy of susplicious colonios

are picked off, uweing a long neodle, end inoculated inte
Rusgeli'e double suger {1.0% lootose - 0,10 dextroce) opery
slonte, makins a ateb through the weo of the tudbe and sireoke
ing over the surfioe of the slent. It iz cbsolutely essentisl
thet single well isoloted colonies ondly be picked, eo thot
pure culturcs will rooult. The Russcell's mediwn rmet be care-
falliy prepared, using only reliebly pwre gugers, ond sturie
lizing the mediun in She vutoolave ot v preesure of not over
10 pounds. 4% lonst 12 eultures should do mode, or ap mony
as there sre well isoloted pele colonies from whioh to 1lnodue
lete. This is very importont in view of the froeguoney of
finding severel Jifferent types of nmoneloctose Lormenters in
ons ntool, end the poscibility of finding a pethogen eloug with
6 matobile form of L. soll,

The culfurce ore oxemined st 24, 48, snd 72 hour ine
tervale., It io ususlly wise to plate out acsnin from the
Rugsell's mediun %o ingure the parity of the gnlture an’ to
allow further studs of the oolony chareoteristicss The roe
setions on Russell's sger help to dotermine into what genersl

group the orgeniem folls.
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RACTIONG OF 1 JLAO MR QULTURTS

Aﬂiﬁ in"ll' 35 DOGE » -~ « » = » = Liorthelle typhi

Shigelle dysonterise

paredvsenterine
Come or ggld throushout - « « - Shig. parsdys. Sonne of
: Dispoy

{3tephylosoonl con be
ruled out by meting &
gtrnin of the eulture)

X+ ) [§] 0 1] - w w« JSolmonells groud @2
Sal. peyotynhi
Jals sertryoke
fel« Schottmulleri
Jals enteritidis
Sul« Morgont

ard othors
Hutabile astining of (B«
chorichin
Protous vulgeria
Aeid ond gos thrpushout 'soherichis coll

Aprotneter earocenas

The sulture on Tussell's egor should bs exomined not only
for :armsntatiun raagtions, but ealso for the character of the
growth, ‘[his often furnishes o besis for the repid elininge
tion of many of the bactoris th ¢t ere of no clinlonl or epie
demiologlenl significencs. Staphvloocncol have a very opaque
chorseteristic grovth., Peseudomonns eoruginess or B. pyocyone
gous, in whieh plgnent produstion is slight or lote and is
inhibited or masted on the Endo egor eye foirly common on the
plete sultures, Proteus wulgoris glves o paretyphold resstion
ond shove the sworaing or spreadlng ehorncteristis, bdbut this

is often delayed ond is usuoil inhibited on the Indo agay
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cultures, The Aercbestor group of busilili ean ususlly be
ruled oul by the appeorsnee of the golony, & large, raised,
pink %W red, mucoid mushy type, ond a sinilur mushy growth
on Hussell's medidm, Their oold rouction &s Prequently
mesked by Sheir wery setlve cllheline production. Guite
freguently olso ordinary colon besilll are ploked off to
&usaail*a besuuse their colenies hod not ma yet prodused a

sulfficient cod’ recation on Indots sger to betome red,

DNOCULATIONS PROM RUSSLLLYS MEDIIM

-
3

S FE U0 B EE A grem stein cnd o toet for motility
should be mado, Motile orgeniems are probobly typheid beeilid,
nommotile onos belong to tho dysentery group, or are ﬂanm&tila
forms of the tyrhold baeilli. The preliminery speelcs differe
entiation onn be scecomplished by & fow eultural resetions,
Inoculetions should be made to leotose, mennitel, sesccherose,
tryptophene hroth for the indol $est, end milk, Other suzars
may be employed, but beonuse of the grest voricbility of ree
Bulis, are not of greant value. Mlsitel and gylose ore usee
ful in the reoognition of the B, alkelesoonse, Rhumnose,
aprobinose, and sorbitol ere of interest, but ere net sceential
for their recognition., Table XI eherte the dirferentisd
eharasteriatios of this group,
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DIFFERINTLL CHARACTIRIGUICS OF DMPORDANT D OANTOME
GIVIID ACID IN TW B/ASE OF RUSBELL'S 1M"DIM
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Conslusive identification is, of cowse, alwmys by

serciogical toste, wsing the oulture o8 the entiy

on and roe

linable 'mowm high $iter seruns., Doth an H snd O serus should

ba used in the idontifiention of the typhoid hoeillus,



Always make another

Indo sgar plote, Make a gram stain. A motility test is of
interest but not essenticl. Imooulste further to Sryptophene
broth, lactose, mennitol, suorese, dulcitol, rhamnose,
sorbitol, and xylose.

The Balmonelle group is partioulsrly sherseteriged by
morked veriotions in bioehemiocal reamotions, This feot should
no$ discourege one from doing the resctions thet mey be of
some helps If tﬁuy do not conform to = well defined group ot
first, the orgonism should not be dlsearded as unidentifisble,
but the reeetions should be repested after some time, since
meny of the intestinal boeilli heve variable resetione parjtauw
larly when first isolsted. Tartrete sgar, Jordan and Hermon,
1988, and eitrate agar, Simmons, 1926 ere very useful mediums
for differentistion within the Salmonelle groun. There ere
many streine of Salmonelle which we have not ineluded in the
following tuble.
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DIFFERENTI) L CHARACTERISTICS OF IMPO TANT OHGANIOMS
GIVING ACID AMD QAS IN TH' 5.8L OF RUSSELL'S MIDIIM
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frherm are mny athar members of the Salmonells group.

H

‘?Mir idm‘f;iriaatmn 13 sfmaﬁe pu:i ély on a&m}.agﬁ.u aﬁuawa.

Topley and Wilson, 1986, pBSl, give an exteolient review of

thelr elesaifiocation snd antigenie structure,

86
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THY. DIFFERENTI TION OF Es COLY HMUTABILE FHOM THE WEL
RECOGHIZLD PLATHOGINCw-ISPECEIALLY FROM MEMUTRS OF THR
BAIMONILLA GROUP,
i. Ooclony sppesrance ie Prequently the Cirst elue,
The solony is layrger ond more opaques It is not entirely
eolorlosa, but froguently hes & definite pink centers

2. ©Seoondary colonies, colorless to deep red, uppecy
from the third day on, By cereful examinetion of some straeins,
they ean be detected in 48 hours,

9« Indol is produced by all of the mutabile forms of
Eacherichie, None of the paratiphoid beelili form indol ox-
eept Morgon's beoillus end this cen be differentisted readily
by the faot thet menitol is not fermented by the Morgan's
basilluae, end is resdily attaocked by . coll mutabile.

4. Leotose fermontotion tubes are routinely inoculated
end frequently begin to show & definite pink ohenge in the
inverted tube in 2 %0 O deys. Sometimes, of ocourse, this
shange does not ocour until 10 deaye,.

~Be Litmus milk may be inoculated end prove to be quite
helpfuls The mutebile streins of E. coli produce soid end
later soaguletion, while the paratyphoid strains of &. eoli
produoe un initisl acld rosotion whioh iater reveris to
neutralisy or alkelinity.

6. Cuorose ie fermenlted by many of the strsins of the
mutebile forms, Gometimes it is fermented "late” in e spimiler
menner o8 laotose. The mother erganism also throws off o ropid

sucreose fermenting veriant, This is likewise true in relaotion



Yo raffinose,

7+ If there appears to be any question whether the
orgeniem is @ member of the Aewobaoter group, buffered dexe
Srose phosphete broth should be inoeuleted end the Moethyl red
and Voges~Prosieuer test done. The Aerohsoter strsins are
M.Re negative and V.P. positive, wheress the Lscherichin
straine are M,R, positive and V.P, nesetive. The prosonce of
intermedinte streins, botweon seheriohis and Aerobacter must
be borne in mind,

8. Proteus vulgoris sometimos does not revesl any
swerming until inceulated onts a molst sgey siant, Geletine
liquifection helps to prove the identisy of Proteus,

9. The pigment of the pyoeyaneous deoillus ie sometines
missed until the guliure is inooulated to o plain agar slant,

If both paretyphoid beoilli end metabile forms of X, coli
ore present, iscletion of the fommer orgenisa is made more dif-
fioult. In suoh oesos careful exmminotion of the colonies
and tronsplentetion of & lorge enough number of them will ene
able the isoletion and identificetion of both types. The value
of eareful) exemination of well isoleted solonies on repested
ocoasions oun not be emphesised too strongly.

The finel identification of the pathogenie paretyphoid
baeilll must slweys be mede by serologio testa. Agrlutine
tions should be made with both the "H" ana "0 serums which
have been proven relisble. Since there is 8o 1ittle known
about the entigenic strueturs of the F. sold mutnbile ot

present, only nogutive resulte with the paratyphold serums aye



of any help. It aproors, thet there is some common "0
agglutinin of the mutebile forme with the psratyshoid group.

R MUCHANT S Y. BRIz

"Veriation” is u vague deseripiive term of certain

* baoterisl phenomens which menifest themselves in many 4ifere
ent ways, The underlying mechsnism involved is ss vague as
the term iteelf. This discussion will b limited to the metaw
boliec variation charsoterized by mutebile forms of I. coli.
This "mutebile” phonomenon has slrondy been deserived ad
length. The theorios thus feor sdvensed do not gatiarantnrily
or completely explain sll the phases of the behevior of en
orgenism thet gives rise to this mutabile variations The
theories sre not well enough supported by experimentel proof
to be secepted without mueh further confiymetion. Sueh
theories sre necossarily besed on experimentation bese$ with
great difficulties. In the epprosch to the investigetion of
thim;variation phefiomena on ot empt ie made to £ind the eore
rest explanation for the behavior of a single organism, ond
all the factors alleoting it. This organism should be visuale
ized o8 one in the midst of many milliions or billions of
baollili, aly deseendsnts of & single mother orgenism, all
developing in ¢ iimilax environment., The dililons of orgsnisms
are reproduoing their own kind, For some recson, however,
this one bacillus gives rise to en offspring that vmrieu in



respect, from the othor offgpring, ﬁhﬁt is, in its ability to
attack lactose with the production of certein metebolio products.
This veriant of'"spring continues to roprodaeu its kRinds IXe
periments by direct observation sre impossibdle., Indirect Prow
cedures must be devised, the resulis of whieh ere difficult to
interpret. Interferences from indirect experimentel methods
are beset with dengers.
| THEORT LD ADVANCED

Various interpretetions heve been put forward, socounting
for the nutabile variatian.l The first one suggested wes that
of conteminstion. The fermenting pupillee on She nonefornenting
eolony sugrested the presence of two orgenisms in 13%1m&£e ra-
lution or symbiosia, @4ffioult to sepercie by ordinery plating.
Conteninction as the esuse of the veriont hes, however, been
definitely ruled out., The denonstretion of similer agslutinge
tion properties in the came of the originel end verlesnd strains,
the similarity of all eultural tests, with the exception of
the one or two affeeted in the veristion progess, the fact thas
ail the members of e speciecs without exsention may show the
mutetion when grown, in & partiouler earbohydrate, end finslly
the demonstration of the process in ocsses in which the culture
was started from o single cell, disposed of this objeotion and
estoblished on u fiym besis this mutobile process es ooourring
in buoterias.

Masoini, 1907, regarded the mutabile varietion es a
mutetion, oocurring suddenlv and not roeverting. Some beeilli
in the colony aﬁquiru the new sbility to ettack lectoss and

retain it. The bueteris hed before only the power to attsol
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the two hydrolytie produsts of lectose, nemely glucose end
gelugiose. By growth on luotose certain speeislly sdended
germe eeguire the new charceteristic. This new type oocurs
only ou lectose andls not brought sbout by other influences.
Lvon very small amounte of lsotose ore sufficient. These were
also the oonolusione of Neisser, 1906.

Humerous lster investigeto s agreed with Messini, Among
them were Re Milller, 1911, Penfold, 1910-1912, Beerthlein,
1912, end others, Penfold conoluded from his work thet there
were other types of wuriotions that did not oeceur suddenly, but
developed by slow degrees. Those developing by slow degrecs
were not usually as stoble as the other typicel muiebile Sypes,
Maller gunrd2d his conoluslion, stating thet the veristion may
be a mutation, coourring suddenly, but thaet the ilnsufficient
exporimontal evidense %0 support this is 8 warning” thet it may
not be s mutetion,

Twort, 1907, wos the first to consider the waristion @
gredusl one, thet could be induced by long perisds of growth
on the pnréiuular carbohydrete that one wished the orpgenism to
formont, For exemple, & strain of typhoid beeillius wes oultie
vaLed cﬁ lactose for two yvears, ofter whieh the argenism wes
eble to ferment the legtose,

Burri, 1910, exploined the waristion ss due $o the
sotivation of a letent «bility to seerete & specific engyme,
through the stimulation derived from the psrticular SURAT,

The supeclity onge sotiveted is trunsmitted to its Progeny.
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Bronfenbrenner ond Dewig, 1.18, had & similor conception
of the voristion., The verisnt was an indlcstion of the "rejuvis
nation of power” of the ovgenism to ferment lnotose by the
graduel adaptation of successive generctions of the baoeteria,

Another thaory to explain the mutabile veriction wes pro-
ported by Melion, 1925, who explained 1%t as due %o ohromatiec
rearrengenmonts coused by isoagomous conjugation. He clained
o hove ohtained gyeospre formation by speociel growth on @&
glyeerophosphute medium, He oonsidered them purt of a complle
onted 1ife oyele, ond ragﬁrded‘tha muteadile straineg of L. eoll
Aifinitely esamoalnted with what he eonsidered as sexusl re-
orgenization.

Stewart, 1026, bellieved that mutebile colon bueilli
possessed & routine Mendelien vaplation with respest to for-
mentoatlon of leetose, and the lactose reesctions are the resuld
of Mendellsn seg-egation of sharscters. The muieblle form he
regexded o8 the soutral heteromygote, the eolon as the pure
regessive, onéd the nonelactose fermenting "paraeolon” os the
doninant,

Heny investipetors heve since added thelr opinions to
ono theory or another, Congidersble work hes boen done coOnoerne
ing the fectors influensing the mutebile variction. The studies
are 4iffieult to evalust for seversl ressons. A4ll of €the work
hes not been done on the sume type of wvariation as ooours with
the mutebile Hrme. Some workers have entirely mipeed tho sxis-
tence of o varient and heve not even idontified the orpanism

with which they are working ss » mutablle form., Such stetow
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ments a8 the following, slithoush they ere vory true, are withe
out significense Leoouse the investigetor overlooked the mute
bile type of veristion: ".wwith some stroins spesding up of
the lectose fermentetion takes plsce rather readily, ond with
other atréxna it oeoure exoeeldingly slowly®j “--sfter several
suosessive traneplunte in laotose broth, feormentation of this
sugar wag maritedly asgcelerated”) "w~e-found Solmonells eeriryoke
$0 hecome o typloal soli coammne, by pegesge through 1itaus
milk gué:ar fgar”,

An attempt 1s made, howevey, to review the litercture anﬁ
briefly sumerize the work thet hue been done in this labora-
tory concerning the werious faotors ghﬂt influence the varics.
tion. There 1s no loglosl wey of dividing these feotors, ag
they are very much dependent upon esch othor end interreluted.
For convenience, however, we have @ivided the subject {nto the
disoussion of the following questions:

Does the varietion oocour ludienly?

Ig the weriont satable?

Can & repild lectose fommenting varient be produced by
gimple mieotion?

Can any orponism be tyeined so yradu&a g mutabile type
of wvarient?

In lectose negesgary to obtein the mutabile varietion?

Is lootose utilized by the mother organism?

Does the coneentretion of lactose influence the speed of
lactose fermentetion?

Does the composition of the medium other then lactose ine

fluenge the variation?
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Do the metabelie products produeed by the mother organe
ism Ainfluence the varietion?

Do environmentsl feotors such es temperature of incue-
bation and oxygen tension influence the verietion?

What effeet hos the volume of the eulture modium on the
menifestotion of the vartant?

What ia the role of the seccndary celony in reletion $o

the sutabile varietion?

E8 SHE YARIATION OC SUDPENLY? Thewe has besn much ergus
ment o $0 whether the sppearunce of the varisnt is sudden
or gradual, This sudjlest heg heen mentioned in the raview of
theoriee of the variction phenomencn.

The grestest evidenss appeare to point towerd a sudden
ohenge. In o study of the growth surves of 1. c0li mutebile,
Joarl, 1985, found fow types of resotions, {l.) the variant mey
appear early snd dominate the field, (2.) 1% may epposr on @&
later Qay and dominnte the fleld, (8.) 1%t may eappear on & later
day, never resoh o high count and scon die outy or, (4.) it may
not appeer at all in lerge enough mambers $o be sounted ot eny
time, These resultis were obtained by making repented gounts
from oultures on ten 00. mmounts of lactose broth. Both the
variont and methey organism wore counted by making dlliutions end
plating on Endo agar, The explanasion of the first type of
growth would indicate that the veriant wes o sudden -henzej the
seoond would indicate that the wnristion coourred as o grodusl
ehonge from mother organism to lactose fermenter; the shird
surve, that i1t wus & slow inoomplete chenge from mother organill}
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%o vapiants which either died out or tavartaé back. The fourth
curve indlontes that wariotion 418 not oeour ot »il and the
mother organism utilized the suger after being exposed to it
for sone $ime, or simply that tho weariant wes not progent in
lerge enough nmumbers %o be isoleted on the piates, but in suf-
ficient numbers to rorm.anid. Subsequent work led to e more
plicusalle explanstion of the fourth growth curve as Que to e
varient that sppear, bdut wee uneble to Cominmte the ploture
hagausi of the metebolie produets and slkalinity produced by
the mother orpanisn. The possibility of the gredusl chenge of
the mother organism thru interamedinte fermenting types to
veriant orgsnisms, due to the present of $he suger, and the
reverse change when the suger has sll been utilized, has not
bean studied sufficiently, to werrent = definite conelusion
whather the Variation is gredusl or sudden.

Can reoversion cosur asturally or can

it be induced experimentally?

Bince the first study of the mutebile type of oolon
baoillus by Neisser and Messini, it hes been generally 4one
sidered thet the mutablle verienie of ¥, voli whieh ferment
deotone repidly do not revert beek to the mother type, Toiling
to ferment leotose rendily and glving of? the verient form,

Burc, 1008, over u period of B months observetion found
no evidence of reversion of the repié lsctose fermenting varie
anta to the nonelactose or slow luctose fomm.

Nungester, 1981, deseribed o mmber of verionts of o ooll
like orgenism isoiated from o guse of empyone of the grll bladdey.
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Lpprrently reversion wos phteined from the lsetose fermenting
o the non«leotose fermenting $vpes. The repart nalkes nNO MENe
ticn of sesondsry colony formetion. The anrticle is inconolusive
and 1ittle infommetion is added %o the problem of the mechonism
of variation and reversion, |

Penfold, 1911, deseribed & typholid beoillus whieh 4ié not
ferment duleitol, but whiah.gava rise to secondary colenieg on
Guleitol eontaining mediun, that eonteined organiems fermenting
the suger rapldly. The duleite formenters, howover, tended to
revert %o the oripginsl fomm on repested subeulture.

Lentm, 1912, also reported a variont of the trphoid
buoillus that wes nble to ferment rhermone. It reverted to the
mothor non-rhamnose Pemsenting form, in part, after § consesu-
tive paasages throush mice, slse after exposure for 14 deva to
hunman bile end 2 passze es on aseitie ager., Atﬁer either of
these treetmonts the opgenism wos sgein sble to vroduce seocond
ary colonies contalning the varistion, Lontg considorsd this
10 be mn atuvistie phenomenon.

Sernherdt and Markoff, 1012, worked with the mutabiie forms
of K. ooll and also with seversl dysentery styraing showing a
similer mﬁtabilm type of variation towsrde me)tose; thap im,
sedondary eolonies on maltose whioh geve renid maliose fernene
tation. The dysentery beoilli were isoisted from stools of
Rhesus monkeys, during an epizootie of dysentery emong them,
This strein sgzlutinated with stoo: Flexner serum to titer, I%
also sgglutineted with the serm of one of the monkevs in &
dllution of 1-100. Both the mother stroin ond the verient
ggglutinated alike. The varisnt orgenism wes fed to o healthy
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monkey which begsn heving the typlcel dysentery symptoms in B
deys. A pure culture of the orgsniss wos obteined from the
stools. These orgenisms, howevey, were not the verinnt, dut
the mother form that in twen gove rise % the ssme type of
orgeniesm thet woe originally fed the snimel, Mutablile verients
of L, 0oll were then incculnted into reabdits and mice in lerge
enouglh dosee to ceuse death, On seversl occeasions, the mother
non-lactose fermenting strein wes isolated from blood taken
from the hearts of these snimols, This sprorent reversion of
the wvarient styain led the suthors to ter: the veristion a
"modification”, rather than & "mutotion”, =s the veriation wes
no% permimt. The ¥, eoll mutobile strain of Neilcser and
Massinl was used in gimiler exveriments, dut no reversion oould
be obtained with its varient, This work hes not been pubstene
$inlly confirmed, Tt ip aignifiocont end warrents further study,
There hos been & great desl of interest recently in
"tranmmutat lon™ of $ypes, parstioulsrly smong the dysentery
bueilli., Barber, 1913, and Calalb, 1925, studied the artifieinle
1y produced snd nefurclly oeourring veristions emong this sroup.
Celnld was oble to osuse e "reversion” of the abberrant, or
variant sultures .“r,o gne of the wall recognized types, by intra-
peritonenl pesseges through rabbits.
Ledinghon, 1910, deseribed what might he eslled a “revere
sion” phenomenon in bagterial formentesiom, Two strains of fikg
entery beolill thot sgglutinated with the stee: Flexner ¥ seprum,
wore found to produse seo ndary eoleonies on isodulelte-sontaine

ing mediu~, The mother orgeniem was elveedy nble to ferment
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this sugar, but the white deughter eolony when pioked off into
this sugor wos uneble to atteck 1t et ail, This "reversion”
type of varisnt seems to be pnalogous t %he mutabile type of
veriation, exeept thnt a fermentative quality is lost instend
of galinocd.

There is es yeot no convinging svidence 1n the literature
thst the lactose variants of I, eold matadile ever rovert bagk
to mother type. There is considersble doubt whether the tynea
of varisnts thet have been reported to revert, ape of the
same noture os the mutabile variation. I% ls sonceded thot
the mutabile type of varistion is an inherent property of the
particulsr colon bacillue strain. It must de kept in mind
thet there are other variations of 2 different nature. Those
chorecters which are fus to Lumedinte environmentel influsnge,
{e.g. temperature, metuwre ond concentretion of substences in
the medlium} ere of e dofinitely temporery neture.

In the pest slx yesrs we hove never dlseoversd & revere
slon among the verients in pure culture, even though they have
net beon in gontoet with lnetone during that lensth of time,
nd have been under meny different environmentsl influences.,
The poseidllity of & werisnt reverting to the mother orgeniam
in the mnimal body is, however, not exeluded from being pe:mai%
ble or even prodeble. When & flagk of lsctose bdroth 18 incone
loted with I, ooli mutabile, the verisnt ecan be found, the oul=
ture pusses through an seid etage end then raverts baok %o
alkmiinity. Upon testing the oulture after £ to o weeks, no

variant forms are found, Whether the veriant hus died off ap
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whother 1% e reverted Loek hog not been fully determinefl, The
agngensus of opinion nt prosent Lo thet the verient of mutobile
styaina of Escheriechie 1 stable,

SECTIONE There heve been many reports in the litersture re-
gording the gredual chenges of fermentation propertics of ine
testinal bweeilli, invoiving some seolective zotion, Miss, 1904,
and Twokt, 1007, were the first to vreport sush seleotive vorlee
tions. Twort wos able %0 seoure e lsolose fermonting Dyssniery
Shiga baeillus, ssooharose fomenting Dysentery Shige-Kruse,

and Flexner atruina, and other pesuiisr modifiesticna, BHe
#stoted that sthe prinsiple at the busis of these wariotions dee
ponds on seleotion of individuale inolined Sp use the partiouler
earbohydirote, vhen the athey sonstituonta of the medium sye used
Un.

Gootmen, 1908, obtained yerfents showing Aif’ereuces in
femmenstotive ebility by & simple teoinic of pelootion, Btnrte
ing with & particulsr strain of Coryn. diptherise, whieh proe
duoed a serinin degree of espidity in dextrose broth, he Inooue
lated 15 tuves of this mediun from a single eolony, end de-

termined the degree of asidity chteined after several “"men-»

bation. From the tube showing the highest seidity he imoouleted
15 %ubes of the some medlum, end e aimiler nuaber from the tube
shiowing the lowest meidity, This prooess he repested through 26
susecssive subsultures. At the end of this serics the hizheaeid
@train produced s titretable seliity more then twloe a8 great

a8 the parent streins while the loweseid sirain prodused no
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a0id a% all, As would be expected this strain hed salso lont
its power to produce aeid fron maltose, but it ie interesting
$0 note thnt ite power to produse acid from dextrine wes ale
most unaffestoed, These observations would appesr to efford en
axample of the sepapotion of & beoteriel strsin into e rtormente
ing and a nonefermenting verient, by & simple proee s of selege
tion without any moedificetion of the envirommental eondition.
To detemmine whether ¢ rapid lootose fommentine warientg
sou’d be produced by simple selection from o steein of ¥, e0li
mutabile, the followin: experiment woe deviged:
TORNIOC: A typiqal Le 0011 mutabile strein, our nusber 2¢0f,
wag used in this experiment. It wes isoleted from e stool snd
had never beoon 1n.cnntaet with loctose et eny time during ite
laboratory ocultivetion. Before working with the organism the
guiture was plasted and replated, typlosl mmooth coionies pioked,
and & fresh plein agar culture used. Inoubation throughout the
experiment was at 37° centigrede. Your nlen sger plotes wore
streaked, incubated 24 hours, them 100 colonies were numbered
and pioked off into eo respondingly mumbered lectose broth
tuber, compomed of 1% luoctose in ordinery extruot byoth,
pH 7.0, sterilized et 10 pounds pressure for 50 minutes, Five
ineh tubos were used, hawing in them & small inverted tabe,
The pletes were plsoed in the vefrigerator until furthey sube
oultures wore made, The feruentetion tubes were sarafully
watehed to detemmine whioh gave rise to tho nost repid loctose
fermentation and which to the most deleved fermentation, The

E eorresponding coloniecs Prom whioh the “fostest” ané the
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“slowent” ecoltures hed heen inaaulatéﬁ, were then emulsified

in sterile saline end oech streeked to four plein egar plates.
One hundred eolonies were sgain pleked from eseh and placed
into lectose broth tubes, The suboultures from the selested
eolony that fermented most repidly woes labeled 2ﬁ9£r1. From
the 24 hour plate oculture of asﬁtfl. one hundred oolonies

were again lebeled and inoculsted ints correspondingly leneled
laétaaa fermentation tubes, The colony whioh gave rise to the
most rapld laotose fermentotion wes ploted out om four fresh
ager pletes ns before, end labeled 2600f,, agaln 100 colonies
wera pileked. This wes repented for 10 generstions, Likewise,
the corresponding eclony thut showed the greutest delsy in forye
mentation of lactose wos plated on four sgey platos and lebeled
aamrsl. Seleatione were made in & ginilar manner for 10 generpe
tions., With this teohnic the organisms thet were salected were
at no time in eontnoet with lootose. The fermentation tubes
were oonsidered acid when the entirc broth content booems dise

tinetly red,
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TABLE XITT

Humbor of tubes showing en soid reeotion.

Generution
L

2,
s
4,
Da
6.

o
L

Ej &
9.
10,

Average

2 days O daye 4 deys ©§ days 6 duys
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27
21
50
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28
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100
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100
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S.01
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PABLE XIV
SELECTION OF SLOW LACGTOSEH }?E;ifi‘-ffiﬁ'?l‘i.ﬁf-: n69f's
Humber of tubes showing soid resotion
2 days 3 deys 4 days B days © deys Ave, No. Gays

Generation
1. 2 26 88 100 100 0,79
2e 8 21 88 98 100 8,90
S 1 & 28 08 100 3499
4. B 54 98 100 100 B.07
De 0 49 86 98 100 5467
Co 1 e 151 100 100 3498
7. ) 13 8e o7 - 100 4,02
8. 3 o9 92 29 100 Ba07
U 2 30 20 96 100 8.88
10y 8 i 7% 100 100 3498

Averuge Bed 24.8 08 .7 98.7 100 458
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No evidenee of suy appreeiable shenge 1in the speed

of fermontation resulied. Only ten generstions were followed
through, perhans over & larger series some difference might
have developed. It might ressonsbly be suppesed thet since no
change in Sime of fermentetion ooourved in these ten generti-
tione, there sould be no chonge in the next ten generallons,
Verfation in time of fermentstion was bdetween 2 and 6
deys with this pertiouisy strain. Pert of this veristion is
undoubtedly due to experimental variations of teehnia, dut
ecertoinly the grester part of this wide range is due to the
variation in metelbolism of the orgenism itself. There was an
extremely wide wariation in ges produetion, which is not
sharted. A fow tubes showed ges on the fifth day, about helf
of them showed e small emount of gas by the léth dey, and the
rest never geve goss Nearly all of the tubes beoame alkaline
between the 7th to 15¢h dsy. The fow tubes thet redulned thely
seldity sll fermented within 48 hours mnd produced sufficient
aeid to kill the bagteris. About 10,000 oultures were studied
in thie experiment, ondéd many hundreds in other experiments. A%
no time were we ever able to finé the veriant from orgeniem not
in conteot with lectose.
SAN 30 ORQANTEM BE TRATIOT S0 PRODUCE A MUTABTLRE TYPE OF ViRIA-

LION? Winslow, Xligler, end Rothberg, 1919, have s gomplete
bibliogrephy of the weristions fount smong the formentetion re-
aotions of the intestinel beoilii, There are meny reports in

the literature of “training” orgonisms to forment e suger they
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hod not previously atteasked. Twort, 1807, emmerates meny
oxomples of this,.

Dewson, 1919, found thut by chunging the charsoter of
the mefiium upon which & veriety of E. soll hed grown for 200
generations, the chemieal conssitution of the orgenism wes
made to vary end with it certein biologliesl cherecteristics,
@+ 8gclutinability and produstion of sugey splitting engymes,

It ie ooneceded thet varietione esn be produced by ohange
of the envirorment., Theee varistions, however, ususlly prove
to be temporary in nature, ape not stable, osour grafually, |
and are not en inherent quality of the orgenism, The mutebile
type of wvariation ean not be produced in an orgenism thet does
not elready possess this inherent verisbility. The evidence
in support of this would imclude & long list of investigetors

%0 vhom we have vlreedy referred.

20 OCCUR? It 1s

quite generelly sgroed thot laectoso 1s nedessary for the mutaw
bile veriction to goour. We have never foun! the varisnt oxe
gept on leotose containing mediums, Smith, 1913, and several
others, however, have suggested thot vepiedion csours apontenew
cusly in the ebsence of eny speoific sugar, but if the gugeay
is present, it scts se & selective sgent, sinee the variant cells
are bonefited by 1t and ere thus ensbled to multiply more rapidly
than the originel type,

Stewart, 1987, conoliuded from his investigetions thot
lactoso or other sugers were wholly without influenee exgent of

& gertain brief period An the life of e oculture when iie VOgo~
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tutive ectivity ceases und e process of sepregation snd suloe
gemic conjucution ooccurs. The sugsr if present et this time
infivences the segrogution of the ¢hsrmoters, The axnari-
mental evidenoe presontoed in eupport of this hypothesis 1g'n0t
convineing.

Hungester end Anderson, 1981, studied s colifern deoillus
vhioh varied in respeet to leotose, and obteined Leotose posie
tive varients in one instence by plating to loctose ager from
susrose broth sultures,

Hevens endt Irwin, 1952, were oble to isolate both suerose
positive and negative streins from plain agay culturqa of &
Salmonella morgeni. They concluded thot vorietion ccouwrred
Spontancoualy under ordinary conditions of oultivetion with no
appoarent envirommental stimulus,

Lewis, 1004, congidered lactose to net o & selecting
agont, but not s sn incitin: stimulus to. spegific variation.
?hrxnnt-éalls werc present in the colony on plain eger, but
gould not be regognized by conventional methods,

SAN THE L/CTOUR VARTATION BE CORRELATID WITH AN

VARIZION e, g R B 8, We have repeatediy found thet the muta~

blle vaprisction ocoouras on both rough ené smooth oulsures, The

lootose fermenting papillee sppear on both types of colonies,
We hove been umeble to show eny correlstion of the veriation
from rough to smooth with the verlation to lactose,

The incependent variation of bactericl proparties has
been emphogized by NungesSer, 1903, Lewis, 1904, ond Hall, 1936,
with particulsy relotion %o the museadbile veristion es ossurring

independently from other foms of dissocintion,
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I5M? This question is

of eonsiderable imporitance becsuse one of the theorice to 6Xe
plain the veristion is that the mother orpanism 1p iteclf
sapadble of attecking lectose, and on loctose containing medium
this ocharesoteristic is aslrply stimuls ted deonuse of the hene-
ficinl effect derived from ite utilizetion, This doeg not ex-
plain why ell the organiems are not offeated. There is not
suffieiont proof that the mother grganism either doss or does
not ferment lastose, slthough the evidence poinste to the lstter,
There hos hoen 8 grent deal of argmument about thip point.

Jones, Oreutt, and Little, 1972, were the first to sttempt
to show that the mother orvganism, the "white” stroin stteeks
lactose. Thelr laoctose deteminngions, however, were done only
after 2 dav'e imnhmmh, ot whioch time, epprecieble quantities
of lactose hod been utilized, As shown by Jerl, 1996, the
vaylent organisms probably appesr in 7 $o 10 hours after inooue
lotion to laetose broth. Their results, therefore, do not
prove thaet the lsotose wag not utiliged by the veriasnt itself.

Vedum, 1053, mode daily sugsr end pH detemminetions of
oultures of elow laotoze femmenting X, coli and found thnt the
orgenisms grew in lectose medium several dsys without utilising
the sugar appreoisbly., Then suldenly overaight there appoered
a2 shert drop in the pH and in the smount of sugar remeining in
the mediun,

The most convineing experimental work hes been performed
by Deere, Dulaney, om!® Micheleon, 16306, 'They mode lsatose

determinations on & series of oultures of X, eoli mutebile,
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using the offielel gravimetric method for deterining this
sugor of the Assosintion of 0ffielinl Jgriculturs)l Chemists.
They concluded thet the mother orgenisn, or white form, used
ne lactose or very siight treces of leoctuse {the possibility
of slight troces can not be olimineted with the teehnic used)

* before the variant sppesred or could be demonstrated. To
demonstyrate the vsriant, they ploted the enltures on lsotose
ager Tor "white” and "red" soloniece. They found thet white and
red eolonios when grown on plein broth produced similer ehenges
in the emmonic content and the pH of the medium, The ammonie
oontent of the vhite oultures wes similar vhether grown aa.
plein or lactose contalning broth., But the white stroin proe
Gucoed much more emmonies in lsotose conteining medium than the
red strain. This frot ia additions]l evidence that the white
strein 4id not utilize lsetose, but must make use of the
nitrogenous compounds ss the source of energy. They also bee
lieved thet delayed eppearance of seid and ges whem B, eoli
mutabile is grown in leotose 1s due principslily to deleyed
leotose fermentetion rather then to profuction of alkeli.

Jarl, 1935, added more experimentel ovidence %o show
thet the mother orgenism does not utilize lectose, In a study
of the growth curves of & typlesl mutebile strein of ¥, eoll
following both the mother orgenism and the variant, the mothey
orgenisms were found %o go into deoline sfter seidity is pro-
duoed. If the mother organism would stimok lootose it should
produce & sharp rise due to the nequired ebility 0 utilize the

BUZAY.
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DOLS THE CONGINTRATION OF LAUTOSK INFLUANCE THE SPELD OF FiRe

CET  Bronfenbremner and Davis, 1918, studied
methods of enhenoing and speeding up leuctope fermentation in
the sireins stieoking that sugsy "slowly“. They mede sultures,
‘slow” fermenters on broth mediume oontaeining, 0.5%, 1.0%,
Za0f, end 5.0% laotose, and found scid end gas to appesr eariler
on the 3.0% lectose than on the lower concentretions, Repeated
tronsfera on the more eoncentrated lsctose mediums induced
roapid leotose fermentution after 10 tronsplents. The secondery
eclony formation and the mutebile type of waristion is not men
tioned et all in hie worlk, Neo indieation wes msds mhether the
fermentotion was prodused by the mobher organism or a variang,

Kriebel, 1954, studicd "slow” lmoose fermetiting colifom
baoilli on verious conventretions of lsciose reuging from i 0
10%. She found that soid and ges was pruduoed'earliest in the
tubes ecnteining 5% lootose. In this paper elso nothing wus
snld of secundery eolony formation or the nutedbile waristlon,
although it cppeers thot she wos working with & mutebile forms
of colon baoillil.

In & seareh for o method of esrly identificetion of the
mutabile forns of the oeolon beeilll, it epprared from the two
vhove reports that the use of more concentrated lroetoes broth
oultures aight be of pragtiecal routine velue. Seversl strains
of mutabile forms of L., 00li wore tested on lectose LPoth
gultures, conteining Andrade’s indicetor. The lesctose wes in
soncentrations of 0.,5%, 1%, 2%, 5%, 4%, 5%, end 104, Controls
were pun with & kaown SBalmonelle parstyphi and a Selmonella
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sohottnillieris The rosults wericd somowhot as might de ox-
peoted in view of the greet verietion in She sppeopance of 1
laotose hyoth oulturce as @iagrmuwmed in Toeble VIIT The & eng
10% lactose broth tubes guve o definite pink solor, stronger then
the lowor dilutions, The Salmonelle sohottnulleri, however,
#lso gnve o similer pink solor in the botiom of the inverted
inner tube in the 10% leotose eulturce, Gos eppeared esriley
in she 6 ond 107 lootose tubes, The emount of definite pink
®0lor, however, wes not grost enough sad the variebility aven
in She highey eonoentrations of luctose, wom morked. AR ime
portant feotor in the interpretation of the pink eolor in the
higher eonoentretions of lactose, i¢ the hy@relysis of the
sugar during sSerilisetion, end the scounuletion of minute
emounts of hexones. Leid ean' gas eare monifested eeriier in
the higher concentretions of lsotose timn in the lower; the
difference, howover, is smeil, The possibility of error in
interprotation of sush eaply ovidences of lactone fementation
is groat, The uvce of higher lsstose Lroth comnvontrations se
an aid in the earlier recogniction of mutabile forms was not
sonsidored feasible,
DOYS THE COMPOSITION 9F gk MiDICM OTH:N THAN L CTOSE INVLUSHOE
THL VARIATIONT Any substence in the medium that hastens nultie
plication of the begteris hastens the sppeegense of the varient,
From the wor of Jarl, 1980, snd Lewis, 1988, 1t cen be oonolue
ded thot the warisnt sppears every few billions or trillions of
orgunlmms, in about scven hours after inooulstion into lactone.
There is no othor substence thet s been found to osuse or
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support the veriastion exgept lactosme., HMush work hes been done
on the inhibition of fermontetive charsctere by chemicel sube
stancos espeocially dyes, tﬁat phase of the subjeet of varise
tion is boyond the seope of this paper. NHungester, 1931, bew
| lieved shet there wos grecter tendeney o veriation in broth
mediun then on sclld sger mediua. The iiguid ond selid
madiuns tested hed the same eoncenirations of lsetose. This
was observed for both maltose snd lsctose, Lewis, 1903,
worked with & synthetio medium in whieh leotose was the only
sourcee of oarbon, Mo found secondary covlonics to Jovelop
resdily, end econcluded from hism investigations thet none
utilimeble earbohydrates and other carbon ecmpounds have no
afTect on eeoondery ocolony fomation or the production of the

verisnt.

L
g e

i

dissociedion from amooth %0 rough forms was sided by the growe
ing of the smooth form in the metubolic products produced by
the orgenism, ,

Stowart, 1927, reported that o strein of E, coli mutebile
noulﬁlnqﬁ %a_aauamﬁ to form ssoondery colonies any maciar by
proeliminery eultivation in lactose Lreth for seversl hours bee
fore plating.

Very little work has been done to indisate whether the
varistion in respect to sugar Temmensetion is hestensd by the
presence o metabolic products of the nelher ovgenism. It was

gonceivable since variantis eppser ¢ gecur only afier the
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mother orgonism hos grown for & time on leotose, the metow
bolic products might stimulote the verient tg appear, Jarl,
1900, inocouleted the varient into old luotose broth oultures
of K. coll mubabile that haﬁ been killed »% 80°C. &She found
that the sccumulontion of metaboulic products from 24 howr's to
one week's time, had no inhiblting effect upon the growth and
‘@0id produstion of the verisnt, but that the cosumulated proe
duets in one month old cultures 4id have a slight inhibiting
affect on the ability of the verient orgenism to produce aeid,
In another experiment in whieh the varient wes incoulstod
into old lectose ocultures in whieh the mother organiasm wes
growing, the resuils showed thst uore varliant organlsms were
negecsary to producse svelidisy when growm nlﬁng wish the mothep
orgenism then when grown slome in the metsbolic products of
the mother orgatdsms. This mey be expleined on the dasis
thot the mother organisa 4s producing in =ddition to metee
bolic produets, an slikalinity from its protein metalolism
which tends to neutralize the ncid ss it is produced by the
variant,

Seaxy 19581, inooulsted mutabile forms of T. ccli into
storile Berkfeld filtretes made from 24, 48, and 78 hour
leotose broth cultures of the seme mutabile strain, The
presonee of the metabolic producis neither secceleyuied noy
inkiblted the produstion of the repild lactose fernenting vari-

ent,



AL U Vo ATATION? wWilson, 1910, lsoleted an organien
from e Syphoid cerrier thot fermented lootose in 7 to 24 deys.
The orgsnism resemblod s calon ancerogones % pe, whieh Wilson
oonsiderod formed o connceting link botweon typhi end eoll.
The laotose splitting enmyme failed to appour at 37° gentie
gredeo, but eonsistently sppoared at ©8°, There -t'o-htl
umnlni of humo ot 08° ond little if ony ot 87°, On
Conrodi Drigelsid medium the colonics remeined blue ot 37° and
lﬂ-imatne'. The eppocrance of the enayme seens %o be
 dependent upon tempernture, _

The mutebile wariation takes ploce at room temper: ture oe
woll as ot inoubator tempersturc. Anything thet deleys She
multipliontion of the beeteria, however, @sloys the oppearance
of the varient, since the multipliocation is slower ot room
temperature then st inocubator Moutetn. Permentstion of
lactose would ooour later at tho lower temporature, This
Some principle holds true for environmentel feotors. Thether
reduced oxygen tensicn hee an sdditional effeot is not known,
The oultures teated under roduced Mnn produced the variant
es under normel conditions,

mmummm Penfold, 1911, found thet in using

lerge volumos of modic $o hosten the multiplicetion of orgone
fems, the duloite formenting verisnt of B, typhosus wen Droe
duoed in o shorter time than when multipliontion vep slowep in
onell valumes. ’
Kennedy ond Cummings, 1952, noted that slow lsotose fore
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menting coliforn organisms gove u?idanee of repid lustose
fermentation in toxin flaske.

Dulaney end Miehelson, 19586, noted similor resultes end
perlorned pl detomiinetions on various amountis of media,.

Jark, 198, coneluded from olever exporimentel work thot
large smounts of medle incculuted with E. e¢oli mutebdile form
aold in 24 %o U8 hours. The wvarient eppears sf'ter L0 hours of
inoubation 2% the rute of one argenjan aer_;@ 28 or 100 oFrw
ganisme per liter of medise They ooour eeriy as 8 resuli of
rapid nultiplication of the mother orgenism under favorshle
gonditions and e 1nrga_numbar of organieme in which there ean
be greeter veriation from the meen. In small volumes, the
varianis oeour in 24 hours as a metter of chence or a msttey

of one widrient per certuin number of mulbipliestions of the

mother orgenian.

QNDARY COLONY IN HELATTON %0 THE
Lewls, 1950, reviewsid the literature on

secondary colonies end disoussed their ﬁrigin snd significence.
It should be emphasized thet papillae Bre fruqunntly.fbnna in
verious orgenisas under various gonditions wholly unrelated to
8 mutsbile $ype of variation, ‘

The poplllcee in K, eoll mutubile ocour only on lsetose
eontaining eger. The appesr to he a very repid growsth of |
sortein members of o eolonye These members, bocsuse they heve
the ability to use ‘the sugnr, aye benarioiaily enubled o Gone
fime %o multiply after the mother ergenisms huve oceased to
divide,

Mutabile veriations are cherscterized by secondery colony

formation ou the garbohydrate %o which they are veriable.
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