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Abstraect

v

Different phuses of variation emomg 18 strains of V.chelerse including
Ogawa, Inaba, Hiko Jima and two epldemic strains, are studled In the laberat-

ory.

It 13 claimed that typical epidemic forms of V.cholerse tend te undergo
thru certeim changes when transferred for long perYods eof time on lsborstory
‘meséa. 8uch chenges effect almost all phases of the orgamnism; the morphelegy,

AN

vh&gh loses its charseteristic vibrio shape; the colony consistency, which

ight undergo an S-R dissociation; the antigenic structure, which suffers a
1088 or alterations in its component parts; the virulence , which might be
wxotainod when tested on mice or lost completely to this ani al; the biochenics
fnctivitiea, which are definitely weakened and the hemolyrtic powor, which might
bo ga&nad us tcutod by oroig'a mochad.

the influence of’& specific 'phape oryimvdne hodies, excaﬁt that chan}as
induced thru such drastic measures, are more extensive asnd lead the orgenism
' t0 undergo thru a series of changes which effect profoundly 1ts basile callulal
- activities. :

It is argusd that a freshly isolated epidemic strain of V.cholerae is &
lactose fermenter, hesides being a dextrose, sucrose snd a mannIEo Teruenter,
‘48 non-hemolytic, highly szntigenic and virulent when tested on mice;and that
any devistion from these characteristic features, suggests a degenerstive
‘change in the c¢ell, broucht about spontaneously or thru certsin scents acting
on the orgsnisms in vitro or in vivé,

Due to the fact that both smooth and rough forus of cholera vibrios, as
obtained under the conditions mentioned, might cause death in mice when in-
Jected Aintraperitoneally or might be equally harmless to this animal underchs
sare experirentsl conditions, i1t is claimed th't the term “"virulence", as
applied to ske indicate the disease producing capaucity of these organisms,
would not seem to represent the true property of the vibrios when such tests
were to run on humen bheings under naturzl conditions.

The results obteined by the former workers that, smooth fresh epidemic
strains have more protectivé value &8s vaccires when used for 1mmunisati0n
purposes than stock streins of V.cholierse, is confirmed.

It is sugprested that hemolytic properbiea in an organism might exlist as a
seperate entity, totally independent of 1ts virulence end that the El-Tor
vibrio is probebly & variant of & true cholera vibrio which has undergone
certein alterations in its cellular structure. end virulence, the extend of
such changes depending upon the effectiveness of interfering environmental
conditions. A possible relationship between cholera vibrios and other allied
organisms is dlscussed. _ _—




1t 18 su-pgested that the mein mode of spread of cholera would probably
be from the patient or from the scute carrier to the susceptible individual,
but the possibllity of occurence of cholera l1ike outbreaks at certain inter-
epidemic periods é&s & result of vibrionic reversion is indiceted. That
problems in epidemiclogy of cholera could ne enormously clarified by finding
a possible retrod of reproducing the diseasse in its typilcal form in experiren
2l animals, 1s made apparent. ‘

G.A.Carabeqdian
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INTRODUCTION

" The phencmenon of variation is a cemmon coouredce among baohrhl upuiu.
Changes 1n certain eharasters of & partieular ‘strein can be brought about by
oultivating the ounnim on artificial media for a prolaugd period ct t:lm
or by m;yuting them to the uﬂm of certain dclotmeuu agents, such as
treating with a specific anti-serum, mild antisepties, bactericphage or by.
groving under adverse envircnmental conditicns of temperature and pif that might
effect in eme vay cr the other their mormal metabolism. Under such influences
the morphology of the organisms might be seriocusly effected as mm.a by
the appearance of mmerous involution forms, the motility might be reduced or
completely iut, spore formaticn depressed and marked weakening of biochemical
reactions might take place. Assceiated vith such changes cr independently,
scleaial disscoiation may take Blace resulting in loss of the smocth poly-
sacharide porticn of the organism and its immmologioal speeificity. As a
result of swsh changes the virulence of organisas might be markedly redused
or shifted in one direstiom or the other. Furthermere, by proper treatment
a partisular strain might become completely r.fuqtery %o the actiom of a |
speeific 'xlhgc or a drug. .
~ Such variations thmg); usmally trivial, at times may be so profound that
1t heug- impossible even f& the most experienced worker to establish any
correlation between the original strain and the variant, The typieal
characteristics of the parent strain can be regained partially or fully by
animal passages, but in extreme cases vhen the virulenee of the organism is
ccmpletely lost no such reversion is possible and the crganism breeds true in
its mutant form,

Although such alterations ocour among all the species of bacteria with
more or less frequenay, they are probably more meontuat.id uoﬁg the pathogenie
vitrics, vhere changes in almost all phases of the organism take placs under

guitable conditicms. Such changes at times are so extensive that the organism
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lmt its species specificity and attains the charasters of a non-pathogenie
vibrio. Thus, under suéh circumstances it is reascmable to assume that there
is a genetic relatiomnship between the saprophytic and the parasitic rcrw; of
vibrios, and that the latter are mutants of the free living cnes that have
attained virulence thru adaptation to the animal tissue. Much lit\erature has
been accumulated for and against such an assumption with no sonvinoing results .
and the relatiomship between the cholera vibrios and free living or nom-
pathegenie forms is still bound by shrewd speculaticom. ’

Bistorioal, |
Y.choleres, as criginally desoribed by Kosh, are short, slightly bent

organisns locking 1ike the German mark of punctustion known as the comma (63).
On twenty four hours old agar culture they usually measure 0.3-0.4yx2-3y. They
my ogcur singly, in half cireles, S-shaped and in leng sorews or spirals
‘measuring 0.35 x 5-8p, In old cultwres plecmorphiem is camon. The individual
oell are thicker, almost straight, swollen and often showing light areas in the
interior. Swollen, spindle-shaped and bladder-like forms ocouwr. Althcugh these
distorted strustures vere called arthrospores by Hueppe (58), they are not spores,
but probably degenerative products. Such plecmorphism appears also in strains |
kept for ‘34 long time on artificial nodia and whcn the organisms are cultivated
en dextross agar. In 1926, Balteanu (7) described, during the growth of the
crganisms, cocccid, bacillary, long-spiralled, budding and branching forms.
Strong however, (111) olaims that he has never cbserved such bisarre forms in any
fresh, virulent cultures of Y,cholerse. |

~ That similar morphological variatioms ocour when vibrios are subjected to
the effect of certain amta has been reported by Gordca (39). By growing vibrios
in the presence of 0,5-1.5 per cent glysine, the authar could produce svollen,
spherical and oval forms; and by adding glucose or other inhibitory substances
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such as phenol, rminm&o acid or glycine, he could prevent the formation
of ms involution forms. As in Pasteurellas, a typical morphologicsl forns |
ocan be obtained by culturing the vibrios in the presence cf certain salis, such
as 1101 (10).

Morphologiecal changes among the 'phage refrastory races of cholera vibrios
have been reported by a m‘ of vorkers, Thus d'Herelle (55) observed eocco-
bacillary snd even coocus forms among such treated vibrios which were swrrounded
by‘u n]nnh (56)3 in most of the cases tho normal norphology was restored vhen
'phage vas eliminated (26) but im certain cases fixed wutetion in morphology tock
place. In 1937, Mecneal (79) cbserved remarkable varistions inm sise and shape
of vibrios subjected to the action of 'phage with simmltanecus alterations in the
internal strustures. Peculiar minute granules were demémstrated in the intericr .
of the altered bacteria and the author mam that these could be the bacterio-
phage particles, No such chgngu are desoribed in vibrics treated with immune
serum, |

Y.cholerag is motile vwith an active 'seintillating' or 'darting' motility
and possesses a single polar flagellum. The long forms ﬁnvo a serpentine movement
and in old cultures the motility is reduced or completely lost (31). Nom-motile
variants have been reported by Balteanu (7) from opaque colonies of dissociated
vibrios., That loss of:metmty in the cholera vibrio is not associated vith any
. deep-ssated antigenic alteration in the crganisms has been reported by Sugine (112)
 4n 1935. This author claims that a non-motile and non-mamnose fermenting strain of
Y.choleras possessed marked intimic povers to protect agai;xgt various strains of
the same organism, |

Typleally the surface colamies of Y.choleras on agar in twenty four hours are
round, W, 0.5-1 ma in size with central nuclei; mergins are thin and the
edges entire, In forty-eight hours, the colonies are 1«2 mm in sise, round &

olevated and slightly cpanue. Taey m be either greyish-yellow or bluish grey i
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in coler resembling very much those of typhotd bacillus (31), (111), (60).
In old4 cultures the colomies are large in sise, ;hiﬁ, opaque and vith dense
oonfon. ' | ; |

Colonial dissoeiation among Y.gholerse and other vibriocs cceurs readily
as in Salmonellas and is usually associated with serologioal changes. Thus, im
1924, Shousha (108) obtained R-forms from hemolytic and non-hemolytic streins of
Y.eholerae by plating out old broth cultures. The Revariant was found to
agglutinate spontanecusly in physiologioal salt solution and could be differentisted
from the Sefoarm by its cultural characteristics, agglutinability and by complement
fixation tests. The smooth type-vas more pathogenic than its rough variant. In
1926, Baltearu (7) dissosiated cultures of vibrios into three typu:' (1) rugose
ciroumvalent type of calonies with a central noduls, and thickened edge; (2) white
ringed type of colomies ecmposed ut“n dense center and a thin flare bordering sone -
and (3) opaque, round, hemispherieal type of cclonies vith regular surfaces. These
colonies do not exactly correspond to the usual S-R transformaticns. The morphology
of vibrios in all three was not altered except that in opagque colconies the organisms
vere non-motile, | ' |

Extensive changes have been reported in cultural and other physiclogical
characteristics of vibrios and other organisms by subjecting them to the asctiom of
. lmiﬁc;m_;\p under suitable uporimtnl conditions, Upon agar mixed colonies
of 'phage and bacteria of very high resistance are usually small, viscous and of
slew in growth (55). Gratis and Jomain (49) vorking with 'phage treated Staphy-
lgeonai eane across to colonies thit were thick and opaque, others, disorete like -
" oultures of Streptococei, some rich in pigment, others poor, some mw vith a |
homogeneous growth in broth, others gave a sediment. A strain thus treated in a
state of active or latent resistance shovs a loes in agglutinability vith ap-ciﬁ'c
antiserun, H’wmr, after a series of passages the ngglutimbiiity is r;ntorod'
(55). Bordet and Ciuea (9) have shown that a resistant B,coli strain does not
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Produce the cheige in color of meutral red, that it is less resdily phagocytosed
than a B.ctli of same normal stain and that its ¥irulence for laboratory animals
is higher, Similar incresse in virulencs, ameng resistant strains of Shigella
ghiga, has been demonstrated by Davison (22) in 1921, D'Herells (57), however,
claims that decrease in agglutinability and increasse in dﬁlcm are noﬁ |
absolute rules in such resistant strains, He found that scme of the 'phage
refractory races of P,pegtip were ccnplotol‘y avirulent to animals and suggests
that inerease in virulemes of an organism is related to a desp-seated mutation
in the bacterial cell due to action of 'phage, but does not always happen, |

That such changes wrought under the action of a specific 'phage are at
ti-n' (1) duﬁ as to bring about camplete alteration in the charaoters of an
organigm, has been demcnstrated by Bordet and Ciuca (8), d'Herelle (57), Gratia
(48), Pejgin (27) and others, Bordet and Ciuca noted first true mutations in
bacterial cultures due to 'phage action. D'Herelle found that transmstation of
Byeoll into B.asrogenes might osccur under similar circumstances and, that such
mutants wvere ultrapure was shown later by Gratia., During the return of pilgrims
from Mecca, while they were quarantined at the lazaretto at Tor, d'Herelle
(1oc.cit.) isolated from the stools of cne of these pllgrims with no symptoms
of cholera, & vibrio vhich agglutinated with V,chclerse anti-serum. However,
after a time the stools revesled only non-sgglutinating vibrios and eventually
these also diuw from tho feces, ‘Upm ﬂr’-t isolation the agglntihbl.

- gtrain wvas lysed by cholera 'phage while inagglutinable vibrios isolated at a
ht&— daﬁ were perfectly refractory to its aetiﬁ.

Vidrionic mtability dus to action of 'phage has been studied in the
hbmtory by a mmber of vorkers, Dealing with V,cholerae, vhich has an
optimum temperaturs and a pH for growth similar to that of 'phage particle,
d'Herelle found it diffieult to get resistant strains by varying these factors.
He observed a rapid lysis of vibrios when treated with a _mu‘.m ‘phage race.
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Kmnr, by using & weak 'M and gradually inersasing 1ta virulence he eould
obuin strains, after such ton passages, vhich were rn!.shnt to most virulent
races of 'phqo (65).

In 1930, Asheshov et al. (5), desoribed thres races of 'phage asting on
aifferent groups of cholers vibrios. Type A. quick acting 'phage producing
lyuii in less than two hours. Lysis produced was not permanent and was followed
by abundant seccmdary growth resistant to Typs A 'rhage. This race attacked the
smooth elements and not the rough, ﬁu wvery unstable, losing |1t0 virulence within
a very short ‘time, sometimes within fev days. Type B.- eausing 1y'-1g of organisms
in three hours followed by secondary growth resistant to type B'phage, was more
stable than type A'phage, kept its activity for several months and acted both
on smooth and rm@h cultures. Type C.- Slow asting, seldom produced any lysis
in two and a half hours. This race sesmed to kill vibrios without producing any
visible lysis. The resistant vibrics grev slovly whtn plated on agar. All races
of vibrios smooth and rough were attaeked by this type. However, Asheshov's
observation was extended by his discovery of more and more smooth resistant strains,
Thus in his later reports, he dum'ibu four groups of vibrios and in a subsequent
report mentions six groups of vibrios of smooth character which were resistant to
his type A 'phage. Rao (100) states that within optimm limits lysis by type A
cholera bacterfophage is enhanced by increasing acidity and that of type B by
" inoressed alkalinity, He concludes that cm continued existence in an acid medium
the groups II, III, and IV would all beccme group I, in other words lysable by
cholers baotcriophap original type A of Asheshov,

Purther studies of vibrios subjected to the action of types A, B nnd c phngo
were carried om by Yang and White (136) in 1934. Comparing the ultmpuro atrqm
with ‘their 'plnp;mianta,' the authors could not show any quantitative serclogical
modification differentiating B and C 'phage resistant strains from ultrapure
parents. However, type A resistant rough races exhibited the general characters
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u&' classical roughness as cbserved in the Salmonellas. The authors, fuarthermore,
deseribe a number of culturally smobth but type A resistant strains of V.choleres

‘that vere presumably isolated frem patients in the stated oomdition, Thus,type A
‘phage resistant strains might be either smooth or rough, in the latter oase
roughening involves the disappearance of a nom-protein and probdblj carbohydrate

. containing substance which furnishes the chnractorhﬁiq O-receptor of the snooth
form and that a second non~protein but Molisahe positive o‘mbafanco present but

masked in the smooth organism replaces in the rough vibric the lost smooth factor

and becames ‘the characteristic rough receptor. -

In 1935, Morison (86), swmarising the results of 'phage action on susceptible
and refraotory organisms, states that some 'phage lyse and ccmpletely destroy
bacteria, others induce a resistance in it and alter its character to a greater
| or less degree, still others live in syabiosis with or rather in the bacteria
withouﬁ altering the iahyaical and biological charaotm of the bacteria. Morison
further claims that nmumerous comdbinatioms of 'Mo i:ypn can be made taking two
or more typu at a time and that the action of such ecmbinations are frequently
d‘ifru-cnt from the actien of the individual compoments of the combination. In an
experiment he describes 511 possidle combinations of nine types of 'phages. Such
| ocmbinations when tested on emooth Y,choleras gave rise to changes in morphology,
eolony cinuetoiiatiea on agar, growth in broth, salt stability, agglutinibluty
and fermentation reactions, Variations vere at tfimu so profound that the resulting
basteria vere quite indistinguishable as vibrios by any method available and would
be rejected in any examination of cultures made frem supposed cholers steols.

In 1995, White (132) dealing with two groups of cbservers, cme that of
Caloutta = Linton (71), Linton et al. (3) and the other Kasaull verkers - Taylor
and Ahuja (113), (114), eriticised the theory of vibricnie transmutebility. The

Calcutta vorkers, by phung'lmt» cholera stools, were sble to plek off two eclonies
| (1) Rangoon agoosh-gmng a typiosl culture of Y.cholerse and (2) Rangoon rough)
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'~ a rough derivative of cholera vibrio showing no serological relationship with ‘.
Rangoon smocth. later, Rangoon roughy dissociated giving rise to Rangoon roughy
vhich vas serologically distinet from Rangoon smooth and Rangoonm roughy. Next,
Rangoon roughs upon dissociation gave ‘Rangom roughy, vhich was an intermediate

variant betveen smooth and rough forms; and finmally from this a fifth race was
recovered vhich vas identical with Rangoom smooth. Vhite, after examining these
cultures claimed that Rangocn roughy and Rangoen rough, were smooth vibrics
possessing a smooth polysaccharide complex and had no comection with elassieal
roughening or with rough races of vibrios. Further, he argues that since Rangoen
smooth and Rangoen rough were derived from two ditforoht colonies their genetie
relaticn is a matter of pure assumptiom. O

The Kasauli cbservers stated that dﬁrinx & laboratory subculture a water

vibrio-'Kohat originmal'- yielded a race,~'Kohat current' exactly simulating

© Yaehclerae culturally and serologioally, and that three cther vibrios, V.mets
g;k_m from Hamburg, a water vibrio and a vibrio from a healthy person, all
distinet in their O-serclogy from Yscholeras, made the same dramatic change
during serial mcuse passages, White states that if such mutations indeed occurred
they 444 so by profound catastroph. Furthermare, he argues that during mouse
passages intercurrent infectiom of vibrios fram the gut oceurs. He claims of
having cbtained a mutant vibrio from the heart of an animal wvhen organisms were
adninistered orally, after an intra peritomeal injeetion of a lethal dose of
killed culture of Y.metschnikovi. White found that these mutants cbtained from
the heart blood were contaminated with 'phage and asks whether such mtqt'im as
reported by Kasauli cbservers were not due to the astion of 'phage during mouse
passages. ,

That the action of 'phage on sueceptible or refractary bacteria is more or
less related to the antigenic atm&m of the bacteria concerned is discussed
at length by Burnet and Burnet et al (11), (12), (13), (14), (15) and others.
According to Burnet bacteria possessing the same antigenic structure are

4,
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susceptible to the same 'phage; e.g., E.typhi, B.enteritidis, t&l typheid and
baeillus of vhite diarrhea of chicks have in commom an O (polysaccharide somtaining)
‘antigen but are othervise dissimilar. All, however, are sensitive to one race of
'phage vhich 1s vithout action on strains lacking this antigen, The vork of White
(125) and of Purth and Landsteiner (33), have made it clear that the speeificity
of '0' agglutination reactions in the Salmonellas is due to polysaccharide haptenes
and that with change to the R-form, the charscteristic S-carbchydrate haptene is
converted into or replaced by an immunologically distinet R-urbolminto. The
logical deduction therefore is that 'phage specificity, like antibody specificity,
1s primarily deternined by the ability of 'phage particles to be absorbed to the
carbohydrate molecule on the bacterial surface. Burnet, using bacterial corude
mmtl; by allowing agar grown bacteria to autolyse in watery solution for two
days at 55°0.,mtucinmh1n cases toinhibitthomimof ‘phage o0
organisms, He comcluded that 'phages which lyn a given strain are inactivated

by extracts from that strain, Thus the development of resistance in a partiocular
strain of bacteria in almost all instances associsted with a loss of the correspond-
ing 'phage insctivating property of the extract. Similar experiments have been N
reported by Levine and Frisch (68), ~ ‘

A more hypothetieal uphmtim’about fphage adsorption on the basterial

surface has been advanced by Andrewes and Elford (3). The authors suggest that

the 'phage particle surfaes ismosaic of tvo entities, namely AC (antigente
eomponent) and BC. (bacterial compmment). The first is responsible for the
serclegical specificity and the second serves as a point of sttachment to suscept-
ible bacteria and determines the resistant group of the 'phage. With the uniomn

.of the antibody to the fmor of the two entities (AC), a progressive blocking of
the second set occurs, eventually rondu'ing 1t impossible for the 'phage to make
lpteitic sontact with and lyse the susceptible bacteria., Burnet Mhar assumes

that after the adsorption of 'phage particles on the bacterial surface component
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(P.I.A.~'phage inhibiting agent), there might be complete blockage of the BC
eomponent ol‘ the ‘phage surface and the 'phage particles will be totally mblt

to 1n1tiato lysis. |

The bacterial surface camponents responsible for 'phage adsorption differ i

sharply in S and R variants of the same bacterial strain and this difference is
reflected in the corresponding ‘phage inhibiting activity, but in both phases

there is also a commcn element related to those tphages which lyse both smooth

and rough phases with equal activity (41). Thus an anti-S serum destroys all the
fphage inhibiting activities of a hamologous S-extract including those against
_tphages, acting equally om S and R varisnts but does not destroy these astivities

of the correspomding Reextract. Furthermore, if an Se-strain resistant to a 'phage
in the S and R form and is eonverted into R-farm by the use of anti-S serum, the -
variant is still specifically resistant to the same ‘phage due to the common
scmponent present in both S and R basterial surfaces and extracts.
Variations in different phases of activities of cholera vibrios have been

produced by treating smooth or rough strains with their hmmologous antiserum.

Nadaka (89). in 1920, and Yamanouchi (135) in 1921, cbserved loss cof agglutinability
'1:: vibtrios grown in homologous serum, Furthermore, Yamanouchi found that agglutin- /
ability of vibrics diminished after their introduction into the ;liunury tract of
& cholera immune animal, Goyle (43) in 1932, inocculated six different strains of |
mntopﬁmmtncmuummmgmmmm%s |
such puugn;rough races vers obtained wvhich showed only slight oross agglutination
vwith smooth antiserum, vere Millom's positive, showed salt agglutination but were
~ not differeat biochemically frem the parent strain and were ncn-hemolytis. In 1934,
White (127) could produce rough variants of Y.cholerse by treating smooth strains
vith homologous O-antiserum in presence of complement. The races cbtained vere
indistinguishable from Reraces prodused as a result of subjecting smooth ltrlim

to the acting of typs A 'phage and were without exception resistant to this 'phage.
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| Further treating the Reraces with hamclogous R-O-mtlum new races were obtained
which agglutinated fesbly with the sntisers prepared agaimst smooth or rough strainms:
Such races known as p-reces, failed to reduce the titer of R-agelutinating serm
in abserption tests, though the Revitrios exhausted the serum of the new variant.

| It appears that this new race is a variant of the already degenerate R-dhri_ou.

White desacribed four such groups of Revariants vhich could be distinguished
immunclogieally (129). | |

| More recently, Fanja (93) was able to obtain rough variants of V,cholerss

by howpoutiu “atebrin® in 3 concentration of 1315000 in the nutrim agar

u-mm with s~a changes, ploo-a'ﬂd.c forms appeared in the culture, some of

the races vere nm-motile, Million's positive and agglutinated feebly wﬁh smooth

antiserus but in full titer vith rough antiserum, In all cases however, the

blochemieal activities and other fermemtstion reacticns were not sericusly effected.

The heterogeneity of serological reactioms of sholers vibrios has been a matter

of great ecntrenr_uy' in the past. That bacteria could be agglutinated in presence

of hamologous antiserum vas first demonstratedby Oruber and Durham (51) in 1896

and vas applied for identification purposes by Achardi and Bensaude (2) md Kolle

_ and Gotschlich (64). Befere the work of Meinike, Jaffe and Fleming (81), it was
assumed that Lm vas immunologieally homogeneocus. The authors, however,

in 1906 dmmtmtoq {mmnological subgroups in these organisms by agglutinin:
sbecrption tests. Following them, in 1911 Kraus, Hammersohmidt and Zia (65)
cbserved differences in agglutinability amcng different strains of V.cholerss.

Kabeshima (62), demcnstrated the existence of two serological types differ- -

entiated by sgelvtinin sbeorption tests. The first of his types vas lsclated in
Japan during an epidemic of cholera and designated as 'anmiu « 1911 end was
later termed as the '@riginal' type. The second was reeovered from a sporadie

oape in Formosa and named ‘Formosicama~-1911'and later termed as the 'V,aﬁmﬁ type,

‘At present they are known as the Inaba and Ogava types respectively. Similar



_cbservations as to these types were made later by Takagi (1913), Saito and Takagi
(1514), Ota (1914,1917) and Hakate (1920). + A third serclogieal type was added
by Nobeehi (88) 4n 1923 vhich was dinigmtcd by him as the. "Internediate’ or tho .
'1ddle’ type and 1s nov frequently referred to as the Hikojima type. An antiserwa
‘prepared against this typs agglutinated both of the former types. |
Balteamu (7) 1n 1926 showed that Y.choleras 1ike other metile bacteria contains

a heat labile, loose flosculating flagellar or 'H' antigen and a heat stable,
granmular ujglut:lmtiag 'O'vantigon in the body of motile and non-motile races.
Shousha (109) found that the '0' antigen of cholera vibrio wes speeifie for the
group vhile the ‘H' antigen vas shared with a mumber of other vitrios from water
or from non-gholeraic cases and suggested the use of '0' antiserum for identificatio
purposes. Ahuja (4) in 1939 reperted that 35.5 per eent of such vibrios possess
, a 'H' antigen partially or completely identieal witil that of Y,.gholerass. Similar
observations have been made by a mumber of other workers such as Abdoosh (1),
Gohar (37), White (12"6)‘, However the most complete work om this 1ine has been
earried on by Gardner and Venkatréh (35) in 1935, By exsmining 101 races of vikrice
the authors ccnoluded that chelera group of vibrios have similar biochemical re-
actions and eontain & comon 'H' antigen, On the basis of agglutination reactions,
using O-serum and unheated suspensions of organisms, they divided the vibrios inte
six groupe. ('h-oup I, comtaining all the standard stoek cultures of cholera ﬂbri#s,
strains isolated from typloal cases of cholers and mamy El-Tor vibrios. The p.x'c-A
cholera, cholera like vibrics and other EleTor vibrios were pladed in the other
five groups. The authors state that a true cholera strain should be non-hemolytic
and agglutinable vith O groupl antiserus. ‘

While stulies of Taylor et al.(116) show that alassioal cholera vibrio falls

$ Original papers in Japanese, discussed by Nobechy in 1923 (108).
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favariably in O groupl, yet the presence of ndn-agglutimblc vibrios in some
‘diarrheal diseases and ocossionally in trus eases of cholera rmm a problan.
. Thus Gardner and White (36) point cut that in some cases the vibrioa hehud
fron patients may bt rough and inagglutinable or that, as ‘raylm- (loc.eit,)
remarks, non-cholera vibrios may or may not be associated with diarrheal digeases.
Purthermore, such inagglutimable vibrios often do mot fall in sxy cne of the
groups described by Oardner and Venkatraman. Thus, Teylor found that of 558
inagglutinable strains of vihriou isolated in India, 57 only could be classified .
- 4n O group II-VI, 25{ belonged to 31 nevly defined seroclogical groups and the
remainder could not be classified., Similar results have been reported by Mertem
and Mochtar (82) in Nederlands East Indies. | |

The biochemical structure of the vibrios has been studied extensively by
Linfon and his oowvorkers (75), (£3). After subjecting verious strains of vibrics
to detailed chemical analysis, the authors differentiated three types of specifie
oarbehydrates and tvo proteins incorparated in the antigenic structure of these
crganisms, Using these c}mie’tl»aumt- as basis for classification they placed
the vibrios into six main groups, Groups.I.~ Ineludes most of the vibrios isolated
from cases of clinical cholera consisting of galactose, aldobionic aeid and
“protein, found cmly in the agglutinating vibtrios. Group III-, Includes the

non-agglutinating vater ﬁb'rim consisting of arabinose, same aldobionic aeid

and protein, found in the non-agglutinating strains, Groups II, IV,V, and VI.-
In;ﬂ:\dc Rangoon rough, an aberrent strain (Bisrahll) both containing glucose-
as carbohydrate, and other variants. |

The immunclogical changes associated vwith S-R wvariations of vibdrios have
been studied at length by Vhite and others. In 1934, White (128) obtained an
" acld-alechol extract from mass cultures of Y.choleres & serologically active and
strongly -antigcniq mme resembling Q-mbshn«‘- of Salmonellas. This |
antigen vas separated into two fractioms (Qy and Q2) both apparently of protein
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in nature, readily redissolved in seid-alochol and unlike the Qesubstanee of
Salmenellas were soluble in neutral water. The first was destroyed by trypein
and pspsin but the second was resistant to the actiom of trypsin, The Q-serum
gave no precipitation vith carbohydrate-soluble-specific substances of the vibrioo
but had a definite agglutimting action on the living org:nima, ap-ehny on
R and p cultures. Vibrios heated at 100°C. in saline suspension agglutinated
in a generalized mammer and often to a high titer with the antiserum of Q-proteins
of the cholera vibrios. The antiserum of the Q, substance of smooth V,choleras
seemid to possess agglutinating _propu'tiu edditionel to those of anti-Q; and
anti-Q; R-gerum, rather more specific and possibly related to CHO-receptors,

The polyssocharide portion of cholera vibriocs has been further studied by
White (130), (131) im 1936. He demomstrated that smooth cholera vibrios pessess
four serologioally active polysaccharides or nom-protein carbohydrate containing
receptars which he termed Ga,Cb,Cy and Cd. Of these Cs, the determinant of smooth
type specificity, is lost in roughening exposing Cp, the characteristic rough
polwcchnrido. On dogr‘daticn to the p~form Ch disappears byt C, and Cq commem
in vholo or in part to many vibrios remain, On digestion of vibrios with pqlin
in a slightly acid medium, Cg and Cy are bromght into solution while Op and Cy
are not, but may be liberated from the residue with aikali.

White, (134) on a later date, described an independent typs of variation
characterised in thc. rugose races of vibrios. The rugose strains of S,R and p
variants contain an O-antigen that is comon to members of.group A and vibrics
of other groups. He claims that the rugose ngh habit of vibrios has mo
oonnection with roughness and that it may be assumed by S and R races alike,

Such races vhen revert to more usual growth habits of vibrios, return to the S or
R condition from which they were derived, Rugose condition is due to seeretieon
by the culture of a gcintinoua intra~cellular substance or a definite ogpnlo (333“).
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From S, R and perugose cultures otQho:lmmﬂﬂ-tozvibriu there may be
1solated in relatively large amounts or/ a:’ common non-protein CHO eontaining
haptene absent from ar inéonspieucus in nomerugose cultures. These mbaunm
react by precipitation in high dilutions with sntissrum of rugose cultures.

" Purthermcre the rugose antibodies of O group 7 vibrios Q.gglutimh TUgose races

of oertain vibrios belonging to other groups defined by Gardner and Venkatraman
and give intense precipitaticn rescticns with their rugose haptenes. Such rugoss
varisnts developed on lactose litmus agar grown at 42°C, has also been reported |
by Sktm (110). | -

The antigenic formula of cholera vitrios has been a matter of omsiderable
disoussion. Nebechi (88) gave the antigenic formula AX to the Inaba type, A(B)X
to the Hikejima type and EX to the Ogmwa typs. Heiberg (53), in 1935, modifying
Nobeahi's formula gave AX,ABX and BCX to the three types respectively. Fm'thor
studies by Scholtens (105) suggests that cholera vibrios may be divided into two
. main serological groups by cross absorption tests. One containing an antigenie
factor A and the othor'l.tacters.l Factor A is cammon to bdoth groups and both
groups have been isclated in the same place without any indieaticn of predcainance.
According to Scholtens the antiserum of Y,gholerss ecatains two agglutinins A' and
B!, A' agglutinates all cholera strains vhile B' only cme third of the strains.

~ Reoently, Burrovs et al. (16), (17), analysing the antigenic components of
Y.cholerae, El-’tee vibrios of O group I and non~cholera vibrios of O group II-VI,

oams to the conclusion that the O group I vibrios of Gardner and Venkatraman are
characterised by the presence of a group specifie A-antigen and typs specific B

end C antigens assoolated with the Japanese types. In acecrdance with such findings
the antigenie farmuls AB is suggested to the Ogava typs, AC to the Inaba type and
assumed that ABC eorresponds to the Hﬁojﬁn type. Thirteen antigenie emﬁmt:
are described in the vibrice studied, of which, they consider five as being major,
Besides the three mentiomed, antigens designated as D and E could be used to
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create nev types, All these major antigens with the exoeptiom of A are found
in other types of O group other than I, and so the authors suggest using a momo-
specific A-antiserum for dhgnoafio mﬁo«n. They seem to have found no immwn-
ologieal distinction betveen cholera and ElsTor vibrios of O group I.

Fernentatinem reactions of vibrio; have been studied in detail by Heiberg
(52) 1n 19%. After examining 375 strains of vibrios collected from differemt
institutions, Heiberg found that, all streins agglntimblﬁ with cholers antiserum,
with fev exceptiens, ferment gluccse, levulose, manncse, ssccharose, maltose, .
dextrine, glycogen, amidon and mamite within 6+20 hours at 379C. but not nrpinon,’
xylose, rhamnose, adonite, dulcite, sorbitol, salicin and tartrate. ’hto acidity
(1 less that 8 days) was cbserved in lastoss, galactose and glycerine, Using
saccharose, ;iubiam and mannose as basis for classificatiom, he diﬁdod the
vibrios into six ‘fmhtim groups, Gm’-m”. Group I,
fermenting saccharcse and mannose but not arabinose, cholera red test positives
 includes 239 agglutinating strains and 27 non-agglutinating ones, of the latter
tvo were para-cholera strains isolated in Egypt by Mackie,.three 1solated by
Dorenbcos in El-Tor and the rest from patients manifesting typlcal symptoms of
cholera., Group II,~ fermenting saccharcse but not manncse or arabinose, cholera
test positive; includes cme agglutinating strain and 76 nm-agglutinating omesj
among the non-agglutinating strains, one was El-Tor, three vere wvater vibrios and
the rest from patients vith typical cholere symptoms, Group I1I,- fermenting
saccharcse, arabinose and mannose, Group IV,- fermenting noMmo arabinose but
not mamncss. Group V.-fermenting mamnose but not saccharese or arabinose and
_ Group VI,~ not fermenting any of these sugars. Cholera red test was negative in‘ |
the last four groups and included & number of vibrios from water and from nom-
cholera sources. Thus Heiberg eor_mludu that a true cholera strain shoﬁld ferment
saccharcse and manncse but not arabinose,
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In 1937, Mono ot al, (18), studying the fermentation mcti@ of 107
vibrios, comoluded that the vibrios isclated from true elinical eases of cholera
and agglutinated with O-antiserum fell in Heiberg's group I, non-agglutinating
forms from such oases belonged to group I or group II; the para=cholera strains
failed to ferment any of the three sugars (group VI-Heiberg). Similar obuirutiaﬁ
have been made by Taylor et al, (115) and Pandit and Mitra (92). That, due to
their extreme variability, fermentatiom reactions could not be used as a blsis for
the classification of vibrios has been brought into view by Mertens and Mochtar
(82) and Gardner and Venkatramaa (35). |

The hemolytic power of Y,gholeras has also been & matier of some controversy,
An important discovery vas made by Gotschlich (40) in 1906 at tixo qmuu * |
station at El-Tor by isolating a vibrio fram sick and healthy pilgrims which vas
ddentical culturally and biochemically with that of Y.gholerae but differed from
it in being hemoclytic. The organism was found in the absence of cholera in the
region and vas considered for scmetime as a non-pathogenic spesies. De Moor (84),
(85), hovever, in 1938 reported an important outbreak of cholera in the Celebes in
vhich El-Tor vibrios vere isclated fram 47 patients. A 1ittle later van Loghem
(77) confirned the findings of de Moor. Otten (90), in 1939 examined the Celebes
strain and found that it vas less hemolytie than the El-Tar strain but othervise
similar to it, He further believed that mm could give rise to a huolyain
which wvas often lou stable than that of Celebes vibrio lad absent in three days
old broth cultures but could be deteoted by adding blood to one day old broth
cultures, _ \ |

That cholera vibrios under certain cultural and envircoméntal conditions
might show hemolytic properties has been demcnstrated by a number of workers.
Parrino (94) in 1933, showed that cholera and cholera like vibrios vhen au;mnd
in alkaline medium attained an incressed hemolytic power, ave a more intense |
nitroso-indole reaction and showed a greater agglutinability, and that these



. - 18 *
characters vere depressed vhen the organisms vor§ culured in an acid medium,
Gohar (37) found that by washing the growth on agar slopes in a ninimm quantity
of saline or by evaporating broth cultures in vecwus, V,cholerss, like the El-Tor
vibrio, attains hemolytiec wepart:lgs and that this property becomes mcre apparent
vhen the organism wae grown‘m“ aercbic conditioms. Docrenbos (24) in 1936
sxamined 12 strains of cholera vibrios freshly isclated from fatal cases and found
that 24 hours growth of these organisms in broth were not h@olytie to sheep cells
but 8 hours growth, of two thirds of the strains had marked hemolytic pover to such
cells, His results were confirmed by Fournier (32) in 1940, Flu (30) ix 1934
claimed that a true cholera vibrio might attain hemolytic properties like that of
El-Tor vibrio after long sojourn in a given host. Mare resently, it has been mj‘od,
by Doorenbos (25) that El-Tor vibrio is a modified endemic type of the trus cholera
vibrioc and may revert to the epidemic type under suitable conditioms.

Vhether cholers cases arise from previcus cases thru direct csmtact vith
patients in the acute stage, in incubatiom period or in carrier stage, or that -
true ofddnic vibrics, after undergoing mutations in nature.and becming undetect-
able by known cultural or serological methods, revert into typieal virul.tnt‘ forns
under suitable cmaum-, has boen an important epidemiclogioal problem with much
confusing results. In 1913, Greig (45) stated that chromic cerriers harbor the
vibrios in their guu bladder and that in three ?ut of eleven cases examined daily
cholera vibrios were discovered intermittently in the stools for a long period of
time, Tvo years later, Goulter (42) reparted that 17 cases cut of 226 autopsies
showed Y.gholerae in their bile, Similar investigatione by Gromwell and Johstom
- () lhoﬁod that 65.2 per aent of such eiaﬁ. harbor eholers vibrios in their bile,
Contacsene and Marie '(20) found that by \hataver route the shelera vibrioc enters
the body, it finally reaches the walls of the small gut.

Thet the qmlpéo,nt carrier stage is short and unlike enterie fevcr§ no
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" permanent carriers exist in.cholers, has been nhﬁm by tmlm- of werkers.
Wesskopt and Hersehmann (124) in 1915, examined 247 cases of eholera in Slavenia
 and found that 80 per cent were fres of vibrios at the end of illness, In 1916,
M (67) found that the stools of 93 per eent of cases and 99 psr cent of |
acntaets vere fres of vibriocs within 14 days. Comseil (19) reported that vibrios
actually disappear from the stools of patients on the ninth or tenth day after
recovery and that the léngest earrier period was 20 days. Galambos (34) in 1916,
found that in a series of 89 cases, exeept in 2-3 cases, vibrios disappesared from
the stools in 7-8 days; in the exceptions they were found for 2-3 weeks, Sergent
ot al. (107) reported a case of a native voman vho was earrying vibriocs 53 days
after the recovery, Jatta (59) found that healthy carriers usually stopped
passing vibrios in their feces 3-5 days after recovery but 15 per cent of sueh
eases continued to oarry the organisms for 6-12 days. Oreig (45) stated that
the lersast periot of a t;n.rr!u stage s 44 deys., Pottevin (97) in 1913, reported
that om 300 cases in Italy in the year 1910-1911, Wmmtwmﬁuotdbriu
at the end of a month, Bctru.line and Caseneuve (23) found that the mumber of
vibrios in the stools of healthy urrhr; vas relatively small and that the duratiom
of the carrier state vas in no case more than 8 days. Livierato (76) in the same
yoar found that out of 97 cases about 13 per cent carried the vibrios for the
pericd of 10-12 days, about 79 per cent for'13-41 days and only 2-3 per cent carried
for a langer periocd, the lengest pefiod .being 48 days. Similar results have been
reported by Schoble (104) in 1915, ilroig (44) eites the case of a man who gave
rise to an epidemic of cholera in a a.n_lé days after fha onset of the disease,
Further investigations have been carried an to detect agglutinating or nem-
agglutinating vibrios in stools of cases and carriers, in vater wells and elsevhere
in nature with the idea of sstablishing a possible spidemiologiesl relaticnship
between these tvo groups of vibrics. The results are confusing, Flu (29) in 1913,
Mackie and Storer (78) in 1916 and Jw@ Ricardo (61) in 1920, have reported cases |
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of cholera 1:11:. disease, the sto.oli of vhich upon culture yielded only nom-
~ agglutinating vibrios. In 1921, Tomb and Mitra (119) examined large mumber of |
stool specimens from healthy people in the endemic area of Auiuo1, s'mga_l, but .
could not detect any oarriers. Later (120) they reparted that in no instance
vere they able to isolate uglutin@ting vibriocs in the stools of either survivoers
or of cdontact earriers 33{ weeks after the cessation of an epidemic. Tomb and
Mitra further stated that they have been able to isolate agglutinating vibrics
_fram vaters contaminated with cholera dejecta cnly 24 hours after pollution, after
this period the vibrios were changed into nom-agglutinating forms. According to
these authors, 30 per cent of the inhabitants of the endemis area of Asansocl are
carriers of mon-agglutinating vibrics, but there has been no true cholera cases
in the locality for a long period of time,and that the nom-agglutinating vibrics
had mo effeet in Smmizing the population, because vhen the true disease came it
vas as fatal as ever, ' ‘

In 1930, Khan (103) after studying the carrier problem of cholera, concluded
that 95 per cent of all cases and comtacts were free of vidriocs within a fortnight.
He claims that, judging from the mumber of vibrios veided in the stools, it would
not be an overestimation to naj that a carrier is 15 times less infective than the
patient. He believes that the limited geographical distribution of cholers is
evidence miﬁut :bho assumption that cholera is gptud by such carriers, Furthermore
Khan argues that the imagglutinable vidbrios do not cause epidemic cholera, they ean
only do so if they get changed into agglutinable forms and it 1s doubtful if such
a change takes place at all", He asserts that the mim period of ufryiag the
inagglutinable vibrios is also very shorp,such carriers are free of vibrios vithin -
3-4 meﬁthc. Thus, Khan concludes, that the epidemics of cholera arise from actual
cases and from those in the incubation period or in convalesenes, but not frem
chronic ocarriers, |

That vibrionic transmutability is a possible occcurence in nature during
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interepidemic wieds and that such mutants, under certain conditioms as yet
unknown, might give rise to serious epidemics de novo, has been mgom by
& mmber of workers. Ouchi (91) in 1933, stated that the reappearance cof cholers
at Shangai during the summer might not be due to hoalﬁy carriers and that the
vibrics were possibly harbored in scme as yet unkown cultural reservoirs between
the epidemies and reappeared during the hot season to give rise to mew outbreaks
of the diseass, Nicholls (£7) nm-a that 1in about 11.000 estate laborars and
third class passengers travelling from India to Ceylan, he found 84 ui-i-uri of
agglutinating vibrios, 2839 earriers of inagglutinable cnes othervise indistings
uishadle from the first group amd 992 urriorl'. of vibrios vhich were inagglutinable
and dil“fcrcd ‘blochemically and morphologieally from the first two groups. The |
author suggests that the Y,gholerag is the viruleat variant of an organimm
commonly found in the intestines of people livink \mdar unsanitary conditioms. ‘
Taylor and Ahuja (118). exanined 91 water sources comsisting of shallow wells, tanks,
rivers and concluded that vibrios vere almost universally present in such unprotected
Places in.areas where cholera was not endemic and their presence uia not related to
oontamination from cholers sources. The vibrios lsclated vere of heterogenecus
types as determined by their blochemieal and serclogical reactions but mone showed
O-serological relationship with the cholera vibrios Linton et al. (74) in 1938
reported that the strains cbtained from the early part of the epidemic contain a
1lipoidepolysaccharide cemplex which vas absent in crganisms isolated from the
latter part of the epidemic, from carriers, wells and, from those ﬁinhinod fqr a |
leng time in the laboratory. |

© In 1938, Pasricha et al. (96) examined 300 samples of Caleutta waters, 640
flies and 94 eoskroaches from the same région. They could isolate vibrice from
all samples of river vater, 86 per cent of tank waters, 19 per cent of flies and
© 17 per eent of cockroaches examined. The vibrios isclated from these sources
resembled morphologically and in their main biochemioal reactions the cholers vibriol
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except that they twem inagglutinable with Oeserum and enly 7 per oent -h,aio«
 Heantigenie relationship with Y.choleres. lal, Ghosal and Mukherjee (66) in 1939,
bred houseflies in the laboratory under aseptic conditions and fad the insects oo
'phage free vibrios of known characters, After such series of pusagaﬁ thru same
strains of flies, they observed changes in vibrios from lLinton's chemical group I -
to group V in one case, and from groups TIT and V to group I in two cases, Ohanges
in serological reactions néver occurred but in cme instance a transient shift in the
fermantation reactions frem Heiberg's group II to group I was observed,

In 1939, Temb (121) reported that 30 per cent of the inhabitants of the mining
settlement in Bengal were mmmt carriers of non-agglutinating vibrios and he -
believes that these comstituted the reservoir of endemic cholera cases in that
region. Marras (80) was able to isolate El«Tor vibrios from hsalthy Mohamedan
pllgring during the years 1936 to 1939, Read and Fandit (101) ;mam the distribu-
tion of the agglutinable vibrics in the general population and in water scurces in
s rural endemic srea of Bengal. V.cholerse wvas isolated from the stools of 96 per
cent of the early clinical cases, 7 per cent of close contacts and 16 per cent of

~ water socurces exposed §b the dejecta of patients. In the absence of the disease

the erganisms vere never isclated frem the.stools and only once or twice from
vater scurces. The El-Tor vibrio was similarly absent from the stools but was
'readily cbtained from 3 per cent of surrounding waters, Venkatramen et al. (122)
in 1941, examining large specimens of water from 237 open natural water scurces in |
cumry Delta, could isolate agglutinating vibrics on 21 oceuiqm in the course of
878 examinations; 19 of the vibrios isclated were hemolytic to the goat erythrocytes
and belonged to the EleTor group, vhile the remaining two were indistinguishable
from Y.gholerge, They claim that the region was free from cholera throughout the
period of investigatiom and for several memths previcusly. B
That the problem of opidmiol@ of cholera is not yet solved is nyhuh.d
by Seal (106) in 1945. Seel argues that if cholera vibrio could bot be isclated
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from stools of the general populatiom or from water scurces inm an c;ndcnle‘u'n,
that cases and "acute oarriers" are respomsible for the dessiminatiom of the
. disease and these only for short periods and ranges, vthon, vhere and how does
the cholera vibrio exist before a case ocours in an endemic area?

In view of such a conflisting literature, a revidu of the vibricaic
variability seemed indicated. The main purpose of the present research has
been to study _corrchtivc changes in the cholera group of crganisms and interpret
the results of such alterations in the light of the cpidlmiolégiul significance
of the disease., Having no access toa choleraic region, all the work was carried
on in the laboratory and tm, the eonclusions reached in some passages are
nothing more than logical deductions based on vitro or vivo experiments.
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The phenomenocn of variation im cultures of cholera vidbriocs was studied as
it ocourred:
- I,» Normally on ordinary oculture media,
II.= As a result of subjecting vibrios to the acticn of speeific 'phage or
I1I.- As a result of treating with homologous immune bodies. The last
problem vas attacked:
A.= In vitro, By subjecting smooth vibrios to the action of imrume
serum in pnuM; of emplement and, ‘ﬁ
Be= In vivo, By bringing them im contact with tissues of irmune animals,
Pimally, the {mmmclogical relationship of the variants vas studied by:
| IV,~ Cross protection tests on animals.

At the mrt of the experiments described herein,tvo very recent epidemie
strains of Y,gholeras wers received; ome from Egypt, isolated from an epidemic
that started at El-Korein in 1947 and the other from a momdr epidemic in the
region of Damascus (Syria) in the same year. Both strains were obtained thru the
kindnou of Public Health Service of Syria in Damascus. ‘l‘hn Egyptian strain will
be rcforr.d toc as El-Korein strain and the Syrian as M«{ strain. Ogawa strains |
PA«550, D643, E<521, C~487, D=492, C=601 and A=510 were isclated from stoocls in

Caloutte and received in 1945, vhile Ogawa stock strain, Ogawa E-593, E-569, Inaba

stock strain, Inaba E-64,, Hooghly River strain and Hikojima stock strains arrived’
in the same year, yet no informatiom as to their scurce or date of isolation was
available., Inaho-Haffkins 168 and Jenkins strains were cbtained by the A,U.B.

Laboratories in 1938 and 1933 respectively.

It is a knowafact that V.choleras, like the Salmemellas, by passing for a
prolonged periocd of time om artificial mdia, under goes variatiom vhich effects
to a greater or a less extend its species characteristies. Such variants vhen
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detected during research have been reported as *rough”, "inagglutinable” or
"atypical®, but no systematic study, as to the nature of such variatitns has been
carried ca as yot; and it 1s wnfortunate that most of the verk on the fermentatica
reactions and serologioal grouping of vibrios has been carried om stoek cultures
(1.e. Heiberg 1934, Gardner and Venkatramen 1934, Burrows et al 1946), Taking
advantage of the acquisition of two recent epidemiec strains, El-Korein and M«4{,
2 comparative study vas earried on, their biochemical behaviour, serological
reactions and virulence,of together with the stock sirains alresdy menticmed.
The two epidemie strﬁina were studied as soon as they were received and again a
year later; passages were made on meat extract agar at weekly interwals. The |
results of such stulles are shown cn Tables I,, I, II, and [II, |

For fermentation reactions meat extract broth econtaining 1 per eent sugar
vas used with phencl red as indicator. The P of the mediwm was adjusted to 7.8
and sterilised fractiomally, | | v

Brom-crescl-purple milk vas prepared, first by removing the cream from ;;"ch

milk and then adding to one liter of the fat-free portion 40 cc of a 0,04 per cent

aquecus solution of bromegresol-purple. _
For the preparation of blood agar plates, the agar vas melted and cooled down

to & temperature of 45°C.; mext 10 per cent of sterile defibrinated rabbit's blood

vas added and the mixture poured into sterile Petri dishes.

Voges-Proskauer reaction (117) was run on M.R.sV.P, medium, To 800 ce of
distilled vater, 5 gn. of Proteose-peptone (Difco.), 5 gm. of gln&on and 5 gm.
of dipotassium hydrogen phosphate were added. The mixture was heated over stesm
for 20 min. with occasiomal stirring, filtered thru peper, cooled down to roam
temperature, the volume brought up to one liter with distilled water and sterilised
by frecticnal method, The test vas performed by adding 5 ee. of 10 per cent KOH
to 5 ¢c. of six days old culture of crmim and the mixture was aerated at
intervals of 30 min. by shaking. The test was oconsidered poaii;iyo by the
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develoment of & eosim-pink color im 2, 12 or 24 hours,

" Alkaline peptone wvater ﬁn proprod by adding 1 gn; of Bacto-peptome
(gramular) to 100 oc. of distilled vater. The pH wvas adjusted to 8.4.

Peptone-nitrate medius vas prepared by adding 200 ngm. of potassium nitrate
to cne liter of 1 per cent Bacto-peptone (grenular) in alkaline distilled water.
Such & medium after several trials proved to be unsatisfactory for "eholera-red”
teats and was replaced by Tryptome nitrate broth in vhich Basto-tryptone vas |
used instead Bacto-psptone, keeping the amount of potassium nitrate the same,

ThR latter medium proved to be very uunfaetory and gave wniform ruultl upom
many trials.

"Cholera~-red" test vas performed by adding to np.gato protions of 24 and 72
hours eultures of vibrics in tryptone-nitrate-broth fw‘dropu of concentrated
sulfuric meid. A positive test wvas indicated by the presence of a pinkishered |
- coler and vas resarded as ¢+, ++, 44+ and ++4+ acocrding to the intmity of the

soler developed. | | :

The Greig test wvas performed ascording to the method deseribed by Gardner and
* Venkatraman (35)., One ce. of a three days cld broth sulture of vibrics was added
to .dno ec. of & 5 per cent suspension of washed goat erythrooytes, mixture was
incubated at 37°C. for two hours and kept mmighp in cold before reading. (See
also Greig (46), (47), Read ot al. (102).

For Millen's test the method followed was that desoribed by Aahnhov ot al,(6)
with a slight modification. One part of metallic mercury was added to two m- ‘
of 36°B nitriec acid in a fume chamber, The liquid was diluted with two parts of
water and the reagent was serated for 24 honr/a in a large vessel until almost not
trace of smell was left. . A loopful of 24 hours growth of vibrios on agar vas
emulsified in tvo ce. of tap water, ‘0.2 ee. of the reagent was added and the tubes
vers placed in boiling water for five minutes. TR results were reccrded as S,



R P

vhen the suspension remained turbid lhéding no rl'oeculutim, R when the
f1ocoulation was complete luving the supernatent fluid clear, the intermediate
results were recorded as S-R.
Virulence tests were urriod out with mice using either a saline suspension
from 24 hours growth of vibriocs on agar containing one billion organisms, or a
suspension from a same age culture in' 5 per cent mucin containing eight milliom
organiems. % In both cases the dose vas suspended in 0.5 co. of the fluid and
injected intraperitcmeally. A strain vas considered as virulemt vhen 1t killed
the animal under the test conditions in less than 24 hours (50), (98), (99).
O-agglutinating serum wvas prepared by injooting young rabbits intrammly
ﬂwith Inaba, Ogawe and Hikojima strains after heating tho.mponaipnn for two and
a half hours in boiling wvater to destroy the Heportion of the vibrlios. All the |
strains used were virulent to mice and smooth as tested by Millon's reagent,
" Two injections were given at weekly intmlu; the first econtaining 4 billion and
the second 8 billion organisms, making -a total of 12 billion organisms.
mlutimtim tests were performed by tube dilution and slide agglutination
methods, using in both cases the same O-sermum prepared on the rabbit. In the first
the tgoh’nic used vas essentially the same as in Widal test. In running a slide
agzlutination test, the following procedure was adopted. A drop of a proper
dilution of 0;-nru- was placed on a depression s}lide and a bit of 24 hours growth
of vibriocs to be tested vas carefully emulsified in it by means of a needle or a
small asise loop, The slide was left in an incubator for about five minutes and
next a small drop of Lieffler's methylene blue was added to the aom-cd-ganin
mixture, and left for another fev minutes at room tempsrature . In presence of

. ¥ The shreded muein received from the Hebrew University in Jemslu,
Palestine, did not prove to be satisfactory in its property of protecting the
vibrios to the extend elaimed by Ranta and Dolman (loe.cit.). After several
trials it was found that the number of organimms constituting the minimm lethal
dose for mice when suspended in 5 per cent mucin we possessed, was eight million

and not one million as found by ‘these suthore.
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agglutination the cluwsps attained a blue color well visible at the margins of the
depression, vhile a homegeneous 1ight blue color was maintained in suspensions ;
uha&ng no such clmpﬁg. This method proved to be of great practical wvalue
speeially in cases where clumps formed were too small to be visible ﬂi m'dlmry'
slide agglutination tests.
Apalysis of Results,

The freshly isolated epidemic smm’ (El«Korein and M«4) wvere ew

e e it B e M MM L e

mainly of curved rods when preparaticns stained vith Gram's method were examined.
Straight forms were ocoasionally met, while filamentous or cocous forms were abo;nt
(111). Such farms, hovever, were quite abundant in the stock strains and further-
idu, the two epidemic strains after one year of transfer on artificial media,
showed similar changes in shape and size quite aénptrablo vith those shown by |
stock strains in our possession, kept on same media for a prolonged period of time
(7). Typical -erphologj of vibrics vas xjoatow'od vhen organisms vere passed several
times thru mice, It was interesting to mote that in the tissues of the mouse the
vibrios in most of the eases were endoved with a well developed capsule, The
organisms in amoéth stock oultures were in general, as motile as those in two
‘epidemic strains, but those in rough stock cultures, were much less so probably
due to clumping of vibriocs during growth, ‘ |

In all cases the colonies of epidemic strains and smooth stock strains om
blood or agar plates were identieal, whillo those of rough strains corresponded
to elassical description given for the Salnom'uu. In no instance were "rugose®
races met with and no such dramatic spontaneocus colon:lnl dissociation occuwed in
the cultures all thru the experimentation.

It is apparent that a certain amount of weakening in fermentation reactiens do
ocour among cholera vibrios which have been passed for a long time on artifiecial .
culture media. A phenamencn vell marked in the fermentative abilities of vibrios
a.nd' to vhich curiously no attentiom has been diﬁctd by previous workers, except

L s AR
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probably by Panja (93), is the initial slight acidity formed from the nedim by
"the vibrios followed by an alkaline reacticn starting from the surface of. the
medium and down. The phencmencn is exhibited by the vibrios vith weak fermentative
abilities and is more proncunced when meat mﬁlien‘ilnstud of peptone water is
used as a nutrient in the medium. The latent alkalinity is absent among strains
that have active saccharolytic properties ,thuo initiating extensive acid fcfrmti'm
with resulting sterility of the medium. However, those races with wesk saccharoly~
tie ;ropn;tiu bring about only a slight change .ﬁu the pH of the medium that seems
‘not to interfere sericusly with the multiplication of the crganisms, which in turn,
attack the available proteins and produce alkaline products starting from the
surface of the medium vhere the free molecular oxygen is most abundant., This
reaction is well shown in lmetose broth medium and less so with strains of very
pbor fermentative activities, in mennite broth, That such changes are brought
about by vibrios which have lost partially their saccharolytic properties thru
passage on artificial medium for a lang pericd of time, 1s shown by the fast that,
wh;lo the two epidemic strains early after their isclation m@u«: lactose
rendering the medivm completely sterile, their ability to attack this sugar after
a year of cultivatim on artificisl medium was partially lost as shown hy the
‘appearance of latent alkalinity om the surface of the medium. Furthermore, the
same reaction is manifested by all stock cultures which were still virulent to !
mouse and with more intensity by those that had lost their virulenc:m to this animal,
Thus, we can assume that probably all of these strains in their original form were |
lactoss fermentera, The same phencmenon observed in comection with hotos; bfoth ;
vas true to a less extend with mannite broth fermentation tubes (see Tables I, , I,
11, 111). | o ‘
Dextrose and sucrose were fermented uniformly by all the strains and the
medium vas rendered sterile at the end of 36 hours of incubation. Arabinoss vas

not fermented by any of the strains, although & slight lowering of pif in the medium

e . Siel e s
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vas. ob'.mod.on several occasions followed by alkalinity,

Both of our epidemic strains in their initial states produced acidity and
coagulutiaz in milk and these properties were found to be absent, at least parthlly,
after a year of transfer on artificial media as im most of the stock strains.

Such changes brought about in milk were, however, manifested with such irregularity,
even by the same strain at different par:lddi, that any possible conclusion on this |
line would he unwarrented. It seems probable that, ﬁclnding the mymic aeti&x
manifeated by ecmin strains regardless to their fermentative abilitioa, the
'ubility of a atrain of Y.cholerae to ferment lactose runs parallel vith such changu
oceurring in milk,

Gelatin and LBeffler's serum medium were liquefied with more or less ease
by all of our strains both epidemic and nt‘ock‘, except by twoj the Jenkins and the
Inaho-Haffkins 168, wvhich ﬁere both Millon's positive., However, that Millom's
positive strains are not necessarily deveid of liquefaotivo promtiu is shown
by the faet that two Millon's positive strains, A~510 and E«593, were able to
" liquefy thoavo media as readily as the Millon's negative strains, |

Some irregularities, as in ligquefaction of gelatin and L8effler's serum medium,
were encountered while dealing with "cholera-red” tests. An examination of Tables |
Ia, Tb, II and III might give the general impressicn that there is a weakening in
the intensity of nitroco-indol@ reaction among old, degenerate and avirulent
cultures, yet such a conclusions uems' to be unduly varranted if one considers the ‘
reactions given by thq tvo Millon's positive, avirulent strains - the Jenkins and |
the Inaho-Haffkins 168~ which showed uf].y and strongly positive "cholera-red® tosta{.:

'All strains have shown positive hemodigestion vhen streaked over blood agar .
plates, ocntaining 10 per cent sterile defibrinated rabbit's blood, The Greig to@t
has been negative in all strains except two - Jenkins and A-510. It is interesting
to noti.thdt both of these strains have shown weak fermentatiom reactions, poor
sctivity of milk, gelatin and LBeffler's ccagulated serun and are marked by
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strongly positive nitroso-indole reactions; both are rough as tested by Millom's

e

reagent yet the first is avirulent vhile the second is virulent as tested cm mice.

S ki

A third strain - Inaho-Haffkins 168- exhibiting similar reactions as Jenkins and
equally avirulent, vas Greig negative; and a fourth strain - E«593- although |
differing in certain blochemical reacticms from the first three, vas rough, Greig. j
negative, but highly virulent to mouse: Thus it seems reascmable to assume that j
virulence of & strain as tested on mice is independent of its physiologleil
activities as manifested cn artificial culture media. No difficulty vas encountered
in measuring the virulence of an organism as tested cn mouse, by conside;ring the
length of its killing time. Thus, by subsequent mouse passages, keeping the
dosage and the mode of igjectim the same in all cases, the killing time of a
strain was brought down from 36 hours to 8 hours. Associated with such an ex-
tensive increase in virulence thoro\hu been only a slight enhancement in other
physioclogical behaviours of the vibrios. Whether a mouse virulent strain is a
true virulent y_,m ‘as tested on human beings, is a problem that has to be -
answered, However, it must be confessed that a great diversity in susceptibility
among different species of animals in ros;)onn to injections of same strain of
eholera vibrios was found and it can be assumed that among such group differences
the human species would be inocluded too. Fimally, the fact that two igglutimbl.
strains, Jenkins and A=510, though V-P negative, attained hemolytic properties as
tested by Greig's method, suggests a close genetic relationship between a true
Y.oholerse and the El-Tor vibrio. Further discussion on this phase of variation
will be indicated latcr: in this paper.

- If the pocaibiiity of a decrease in the agglutinin titer of the specifiec
O-serum i excluded, then a reduced titer in the serum used would be entirely due
to the type of antigen used in the test. Considering the ﬁct that when such a
serun tested Qith mouse passaged strains of El-Korein and M={ showed titers
identical to those obtained when spidendis sirains in their original forms were
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used hutud, then the reduced titers cbtained in tests vhen same races of

organisms were used after ane year of cultivation on artificial media, wonld Y

indicate certain alterations or loss in the antigenic components of the cells (17).

II1.

Cholera 'phage was received from Institut Pasteur, thru Faculté Francaise
de Medicine in Beirut. No information was available about its type nor virulencej

hovever, a preliminary experiment revealed that the strain was "ommivirulent® and

vas capable of lysing almost all of the strains of cholera vibrios both smooth
and rough already doapribod. Thus when 0,01 ¢c. of the 'phage suspension was

~ added to each of 24 broth cultures of Y,cholerae containing 250 million organisms

- per ec. and incubated at 379C,, there was complete clearing of the suspensiom at
the end of 8+10 hours and no resistant or socnﬁdary races appeared upom further
incubatiom. | , ,
Th@re vas same diffioulty in getting races that were resistant to the “omnde
virulent® 'phage. As d'Herelle sn.ggaata (57), Licholerae having an optinitm o
temperature of 36°C, and an optimm pﬂ of 8.4 for its growth, it was not pouibla
to obtain resistant races by varying these factors which are the same for the
develomment of 'phage particles also. Howmz:, by weakening the 'viruloaco of the
'phage, 1.0, lnvin;g 1t in contact with a pooled, heavy mpensiion of V,cholerae
for a variable length of time (5) and gradually raising its virulence by bringing
it in contact with organisms which had developed a ruistaneo comparable to its

virulence and filtering thru bacteriological filters as soon as lysis had ocourred,

it wvas possible to develop races of V,cholerag which were completely refractory

to the action of the original "ommivirulent" 'phage. In no instance was it intended

to produce resistant strains against A, B or C 'phage seperately and no attﬁtim

vas paid as to whether the strains of V,chclerse at hand were lysogenie or not.
To increase the comparative scale of the studies, mouse virulent strains.

et Yicholerse, (see Table II) namely, n-&.a, C=487, C=601, A=510, F-593, 3-569. ,

o N

.
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Inaba Stock, Hikojima Stock, El-Karein and M4 were selected. Transfers of these
orgahisms were made .'m’poptmie wu.to‘r'nad to 18 hours growth, 0.01 cc. of the "ompte
virulent 'phage was added. All flasks, containing organism - 'phage mixture were
incubated at 37°C. At the end of 10 hours complete lysis was cbserved in all
except in the culture flask conteining strain A=510, and no secondary growth
appeared in lysed cultures upon further incubationm, At the end of 48 hours more
of the organisms were added to the lysed cultures and the flasks agafn placed in
the incubator, This process was :_-opoa.tod until the medium, after an initial
clearance, dwylopod_ secondary cultures as indicated by the tﬁrbidity of the medium,
Immediate transfers were made from tﬁo nev growth on fresh peptone water and rest
of the culture passed thru bactericlogical filters. To 18 hours growth of new
races, few drops of the filtered 'phage was added, increasing the amount if
necessary, until complete lysis of organisms was brought about, followed by
secondary growth; after which, subcuiturﬁ vere again made and the contents of
the flasks filtered and used for lysis of new races obtained from the second .
transfer. This process was continued for 8-10 times, unti]l the races cbtained om
the last transfer were completely refractory to the original amnivirulent ‘phage.

To check the aétual acquired resistance of such refractory races, ; loopful
of 18 hours broth culture of original and resistant strains, was added to correspond~
| ing tubes each containing one cc., of peptons water. Next a loopful of the l"cmniviru«-
lent" 'phage vas added equally to all the tubes and the nixture incubated at 37%.
Control tubes containing peptone water and inoculated with individual strains from
both series were kept. At the end of 24 hours of incubation, the tubes emmtaining
‘resistant races in presence of 'pho.éo showed growth quita‘ comparable with the |
controls, while those econtaining the original strains were clear and remained so
‘upon further incubation. )

It was not found possible to precipitate dramatic changes in the strains studied
as claimed by Morison (86) and Fasricha et u1.(?5). While variations induced in ’

*
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physiologieal activities and serclogical behaviocur of these organisms were
relatively trivial, yet, they do explain & mmber of related phenomena, manifested
as a result of alterations in the bacterial 6011 brought about under certain
envircmmental conditions. The results of such studies are shown on Table IV,
Apalvais of Results.

Exanination of the findings om Table IV, shows that the 'rhage variants of -
cholera vibrion studied can be divided into thr« groups: (a) strains D-6L3, 0-487,
c=601, K:lkojiu ltoelt and El-Korein, that havo dmlopod ruista.noo to tho
"cmnivirulent" 'm., but still have kept their original smooth characters, (b)
strain E-593, vhich, by becoming resistant to the action of 'phage has lost its
. rough character and turned out to a smooth form and (o) strain M4, vhile smooth
originally, by gaining resistance against 'phage has besn rendered rough as judged
by Millon's test and agglutination reactions. It is very probable that smooth-
rough variations in the last tvc‘ groupe are due to the dissolution of the smooth
or rough elements by specifiec 'phage action, but it is alsc true that, all the
strains subjected to the action of such 'phages, regardless of their final disuoo:l;-
ative changes, have developed a certain degree of resistance to the action of the
*amivirulent" ‘phage, in presence of vhich, in their original state, they were |
readily dissolved, ,

No appreciable difference in lotilitj could be detected among individual
. races of each of these groups when compared with’ those of the original strains,
‘exeopt perhaps strain E-593, vhich after turning smooth was more typically motile
than the original rough form, ’

There was much plecmorphism present in almost all of the variants tested.
The tendency of organisms wvas to lose their typiocal vibrio forms and attain |
straight, spiral gcocco-bmcillary and filamentous forms. Such changes in mer-
phology were more nrkod in old agar cultures, The M«{ 'phage variant was devcid
of spirel or cosco-bacillary forms but was composed mainly of thiek straight rods

& characteristic of rough strains to be discussed later inm this paper «

J
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Considering the fermentation reacticns, changes, as compared with their
original sctivities, seem to be trivial in group (a) organisms. However, it can
be clearly seen that caversion fram rough to smooth farm of strain E-593, has
brought about a marked inerease in fermentative abilities, specially in the
ability to ferment lactose and mannite, It is interesting to note that during
the ecourse of experimentation, a dcgmmto race of this strain was obtained, whieh
vas extremely rough, inagglutinable and was unable to ferment lactose and mamnite, |
but fermented sucrose and dextrose to a certain extend folluwoﬂ by alkalinity.

That & mooth strain after reversicn into rough form loses some of its fermentative
abilities is cnoe again shown im strain Me4; the sugars that escaped mostly the
ensymic attack of such degemerate races, were lactose and mannite,

The only appreciable change in milk has been brought about by the smooth
'jbage variant of the ariginelly reugh strein E-593. The fact that milk vas
clotted vith no acid formatiom by the rough origimal form and vas acid:l.ﬂod wvithout
clotting vhen incoulsted with the seme organism in its’smooth variant form, elearly
indicates that, besides acid elotting, an ability possessed by smooth organisms \
vith high fermentative «.pneit:lu, the vibriocs are endowed with ecertain mylic
activities that are capable of bringing about similar changes in the milk :lndomd-» ' |
ent of, and not assoociated with such variations, Probably tha irregularities |
enoountered with liquefaction of gelatin and L8effler's serum medium vhen inosulated ﬂ
with cholera vibrios in their different antigenic. phases and the mom-scrrelative
changee manifested in the nitrono-ihdolo reactions under the same conditioms, can
be attributed tc similar faotors in the organisms as defined far milk,

In no instance any change was cbserved in blood agar hmolyiea nor in the
Greig tests. The results obtained under both these tests were quite comparable ‘
with those shown by the criginal ctrl.ins. ' . » . \

The agglutimtim tests olmly define the changes brought about in the anti- \
genic structure of the variants. While comparing the group (a) resistant smooth

2
4
5
‘{
L&

reces with the corresponding original strains, a definite rise in the agglutimtiﬂ 3
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tiﬁnr was found when tested on the same O typel serum, Presumably, such a gain
- in titer vas due to lysis of the rough portion in the stock strains by the |
corresponding 'phage races, resulting in a new highly smooth r;oo that was quite
ocmjnrable in its antigenic structure with those of the mouse passaged forms,
against vhich the anti-serum wvas prepared criginally. Thus, the titer cbtained
with the 'phage variant of Fl-Korein was double that of the stock strain whem
tested on the same C=-serum and quite can;:aréble in this aspect with the titer
obtained in the original epidemic race. Again, while there is a gain in titer
as strain E«593 is converted into its sméerhh form, the loss is apparent in strain
Med whieh has undergone a variatim in the reverse directimm.

‘n\at virulence of cholera vihricl as tested on mice, might be an 1ndop0ndcnt
factor not related to any such disaociatin changes, was pointed out in the ‘
’prwims discussion, While some of the strains in group (a) have mintaimd thetr .
mouse killing oapo:city, others in the same group heve lost it completely; further-
more, curiously enough, strain E-593, after attaining smooth characters beccmes ;
campletely avirulent tc mouse and strain M=4, originally smooth and virulent,

loses the latter property upon roughening. In 1932, Linton (70) commenting on
the possible relatiomship between virulence and carbohydrate content of vibrios

states the following possibilities: (1) earbohydrates are present in virulent .
organisms and chsent in non-virulent cnes, (2) virulente exists as an indeponﬁcnt‘
factor not related to the carbohydrate content of vibrics but quite reiated toa |

protein like constituent of the cell similar perhaps to the M-factor of virulent
hemolytie streptococci deseribed by lancefield (69) or (3) that this property is

e e T

not related to any particular cellular emstutient, but is 2 function or result
of the activity of the eell as a whole, \

If one considers that smooth or rough forms of cholera vibrios, in one
phase or the other of their life cycle, might be both virulemt or avirulent to

nouse, as a!iown clearly in the present experiments, then the first two namiyueni
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forvarded by Linton should collapss and the anly hypothesis which might still hold
true would be the third, It seems probable that eholmptago plm an important
role in such fluctustions of virulence without interfering seriously at times in
othyr phases of vibrionic activities, but as to what the exact ﬁaturo of such changes

is, 48 a question that has to be answered.

Attempts to produce variants of V,cholerae by exposing cultures to the actiom

- of immme bodies were directed along two main lines: (A)- exposure of cultures to
the aotion of a homologous antieserum in vitro in the presence of complement and

(B)- passing crganisms thru the peritonmeal cavity of quinea pigs. previcusly immunised |
with killed vaccines, L

The method followed in dealing with the first pai't of the experiments, was
essentially the same as desoribed by 'hite (127). Strains o‘f V.cholerae, D643,
C~487, G601, E~593, Hikojima stock, El-Korein and Me4, were transferred o agar
slants and incubated at 37°C. for 42 hours, after which the growth was washed oft
with alksline peptone water and the concentration of the vihrios brought dom to
one billion vxei'ganisms per cc. Fooled camplement was obtained from several well
nourished guinea pigs, showing a titer of 1130 when tested with the hemclytie system
of cells, The anti~serum was the same as the cme used in rumning agglutination tests,
prepared in the rabbit against smooth mouse passaged strains of Ogawa, Inaba and
Hikojima and was free from any preservative, |

Doubling dilutions of the antiserum, ranging from 1:10 to 11320, vere made
‘and 0.5-cc. of each dilution was adied to a corresponding small tube. Next, 0.5 ce.
of vibrios suspended in peptone water and 0.5 cc. of the pooled guinea pig serum
diluted to 1:15 in peptone water were added to each of the tubes uniformly. The

A

mixture wvag then incubated at 37°C. for about 8 hours. At the end of this period,
all the strains, except E=-593, showed an almost clear supernmatent fluid and & j

v
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heavy sediment in the first thrﬁ dilutions thld a turbiditx vas marked in the |
fourth tube and vas more accentuated in rest of the tubes, vhere the serm dilutions
were higher

Preliminary observations revealed that dissociation obtained among the vibrios
tmted by this method was only slight, so the process was repeated using the anti-
serum in its first three dilutions and a complement four times as strong as the one
used in the first trial. Although the races obtainod in this second uporimnt
pouesud some of the c}umotoristica of rough vibrioe, yeot a camplete dissociation
into rough forms was not attained until a method essentially the same as deseribed
by Goyle (43) in 1932 was adopted. The races obtained frim the second experiment
wvere grown on peptone water containing 10 per cent fresh serum from an immune
rabbit which still retained a large portion of its complement and transfers made
from corresponding tubes on similar media st intervals of 8 hours,. taking the
in‘loou‘tlwn from the surface of the medium vhere organisms resistant to the lytie
actin of the gerum were more often found. After 6-7 such transfers, the susceptible
moéth vibrios disappeared from the medium, leaving behind rough races which were
completely refractary to the action of smooth O-serum and grew well on the surface
of popﬁém tubes, These new rough races vere oa{rr’icd on agar slants and studied.
.'rhc results are shown qn Table V | |
Analvais of Results,

Table V iz self uplamtory.' It can be seen clearly that all of the originally
smooth strains have turned out to be rough, as juiged by Millon's test and simultan-
eous with this ohb.ﬁgc the fermentative abilities have been diotlncﬂy veakened as
manifested by a marked loss in the ability to attack lactose and mannite, Such
variations, hohjwr, have ‘not affected in any way the Voges-Proskauer reaction and
blood agar homolw':ln while the ability to liquefy gelatin is inoreased, that of
produeing nit&%ﬁo—ﬁldolo reaction iswekened to a certain euttond. The most oi;nlf-
icant changea gu'o brought about in the agglut:lmting titers, vhich are mrkod],y
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redused as tested against smooth antiserum, and in the virulence'cf the crganiom
- %0 mouse vhich is completely lost. In short the mnnt. thus produced, pmmt
all the churactoriotic: of a atmin undergoing S-R dilsociation as observed in
Salmonellas, .

Strain E-&%, vhile originally rough, was rendered more so after treatment
with smooth antiserum, possibly losing the small portion of smooth elements in
its possession ‘thru lysis as suggested Ly its further weakened ability to attack
sugars and by a positive Millon's test., Curiously enough, in spite of all these
degenerative changes the nev variant kept its mouse killing ability and after
several passages thru this animal, vas still holding its original rough character,
althongh after such pusagoo saccharolytic properties were regained and was better

agglntimbla than the original rough mur

| After producing variants in vitro, it was deemed of interest to determine |
whithor similar changes in vib;'ion would occur if they were brought in contaect
vith tissues of mice previously immunised with a smooth vaeccine strain, The El-
Korein strain, after six passages thru mice, was seeded on meat extract ager, the
growth collected in physioclogical salt solution, heated in boiling vater for 2%

- hours to destroy the "H" portiom of the organisms, p!nnbl vas added as preservative
and the ccnmtrd.ion of the suspsnsion was brought down to two billion organisms
per ca, To inmmin mice, & total of 3 billion organisms were injected intraper~
itemeally, in 0.5 oc. and 1 ce, amounts, leaving an interval of 10 days between
the first and the second injectioms.

While death, among scme of the test animals, bocurred 10-12 hours after the
first injection due to unkmown reascns, a curiocus anaphylaetoid type of a reactiom
developed invariably in all the mice few mimutes after the second infection.
However, in no instance the reaction was fatal and the delayed martality that

ocourred in ncne of the mice with this second series of injections was probadbly
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due to the lysis of the vibrios in the peritoneal cavity of these animals
liherating & large amount of emdotaxins thus bringing about a fatal taxemia. |
Our observations on the anaphylaxis in mice were essentially the same as desoribed
by Welser (123). Two minutes after the 17 jecticn the animals clung together and

started a mild shivering all over the bedy that was intensified in the succeeding |
few minutes. Them, they fell on their side or stood on the framt legs, the hind
legs beling mostly cffootod, hxr ru!ﬂod, eyes mé partly or fully closed, nose
dropped and the respiration was appreciabdly quickor than before; in general the
animals were hyperexcitable, as shown vhen a mild ntimlus wvag applied to the
_body or vhen an object with a noise was dropped on the ground. This state
_eontimued for about 10 minutes, after which the symptams beceme milder the animals
could stand on their hind legs, eyes vere W. ‘shivering and irritability
gradually disappeared, The normal state was restored 25 minutes after the start

of the anaphylactie symptoms, :

Twenty days after the second injection of the imxunising dose, 12‘!11« ‘at\.ill
mvivod and thcac‘varo, divided equally into six groups. To groups of two mige
m@,m& M.L.D. in saline of the following strains of V,gholersg was injected
intraperitoneally s El«Koarein, EleKorein (rough),‘ E893, B-593 (rough), E-593 and
M4, (lnoi two 'phage variants). Cultures on peptome water were made from the
blood and from the peritomeal fluid of the animals 24 hours after the injectioms.
In all instances the blood of a1l the killed animals vas sterile and the peritoneal
ﬂui.d showed no typical vibrios, although in scme 1mtancoo it wvas found to be
amtminatod with Gmm-poaitivo socel or rods, Whether auch contaminations, in
npite of strict aseptic technic, was due to external ao{xroca or that crganisms
migrated from the intestinal camal into the peritoneal cavity during this period,
~ 1s impossible to state in the present study. Similar observaticms have a.lab been
made by White (132). | |
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~ After such negative cbservations, th§ cultures were about to bo-di;éardod, ' 1
vhen on seweral of the plates streaked with material from the peritoneel cavity
" of immme mice injected with El-Korein and M=; (phage variant) strains, few
colonies of Gran-hcgatin organisms were found that were cuite rutidioﬁ in their
growth requirements. Upon further analysis two distinet colonies were differentiated
each representing a different crganism. The first, lsclated from the peritomeal |
£luld of mice injected with El-Korein estrain was a non-motile plump rod, fermented
dextrose and sucrose but not lactose nor mammite, was not agglutinated by 0 type
I serum dut was virulont' as tested on mice, Growth on mutrient agar wvas slow and
wueold in charecter. After several transfers on this medium the cclonies appeared
earlier than before, the organisms attained a sluggish motility and tock a more
elongated form, but in no instance vibrioA forms were observed., Subsequent passages
of the organfsms through a mmber of mice did not change much of its original
characters. However, after successive subcultures on mamnite broth, containing
'killed organisms of smooth Elefarein vibrios, they gredually became mannite
fernenters, The second organism isclated from the peritoneal fluid of mice injected
vith M4 (‘phage variant), ves a mederately motile straight rod, S-R'as tested by
Millon's reagent, fermented dextrose in 24 hours, sucrose and lactose in 72 hours,
did not ferment mannite, was inagglutinable, virulent to mouse and after three
- passages thru tbia animal kept its former characters, '

Dus to unfortunate mistake both of these strains were lost and mo further |
invoatigatiﬁ\ on fh:ls line was possible; however it can be assumed in spite of
these inconclusive results, that such mutations might possibly oceur in the immune

~ tissues, wvhere the forces directing the organisms ‘to undergo such dramatic ch
ax;o much more dominating than those existing in vitro experiments. Further werk

v

on this line is required, |




: T - A? - :
IV. Cross Irotecticn Tests on Mice, - ,

The strains El-Korein (epidemic), El-Korein (rough), E-593 (stock), E=593
('phage variant-smooth), E-593 (rough) and Me4 ('phage variant-rough) were seeded

on meat infusion agar in hrge Sabourauwd tubes and méu‘batod at 37°C, for 24 hours. )

At the end of this period, growth was washed in 0.5 per ecent phenol-saline, the

concentration of the suspensions was brought down to 2 billion organisms per ce,
and kept in the cold for 48 hours before use. In cases vhere the growth was rough,
storile glass beads were added to vtubea and the suspension hanogenised by nhniiw ’
for 5-10 minutes, 0.5 cc. and 1 cc, amounts, from each lot of vaecine prepared,
making a total dose of 3 billion crganisms, were injected intraperitcneally at cne
week interval, to corresponding groups of mice, each group containing 40 white

Swiss mice varying from 20«30 grams in weight. )

Fiﬂn_n days after the second injection, the survivals in each group, vere
further subedivided into twc equal batches and 5M,L.D.s in mucin of strains, El=
Korein (epidemic) and E«593 (stock), were injected to corresponding batches of mioe
in each group. Control nico received 1 M.L.D. and 5 M.L.D.s frem each of the test
organisms. Mortality among the animals was recorded at the end cof 5,10 and 24
hours periods and in esch case the organisms were isclated from the blood, othervise
the death of the animel vas vattributod to same other cause., The results are shown
on Table Via, . | |

The oross protection tests were repeated under the same procedure and experimend
al conditims, except on a narrower scale, uﬁing only two strains of V,.choleras =~ 4
Fl-Korein (opﬁdomic) and E<593 (stook) - for both irmunizing and test purposes '

and injecting 2 M.L.D.s to each series of mice from each of the strains, inatead
of 5 M.L.D.s as in previcus tests. The results cf these latter cbservations are

-

given on Table Viy,
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Apalyeis of Regults,

By examining the contests of Tables VI, and VI, 1t can be seen that the
mortality rate at the end of 24 hours has been 100 per cent uniformly in all the
groups of control mice regardless of the sise of the inoculum employed., However,
1f one considers the results obtained at regular time intervals, there seems to
be a relationship betveen the sise of the dose used and the time taken to ki1l
" the animals, the latter bocoming shorter within certain limits, as the nunbor of
organisms used in the test is increased. That similar variation in the kilnng
time of cholera vibrios ocour as a result of fluctuations in its virulenee, vas
indicated in our previous discussions. o

While groups of mice immunised with vacoines prepared from El-Korein (epidemie)
and F=593 (stock) have been fully protected equally against 2 M.L.D.s of both of ;
these strains, the results have been different when 5 M.L.D.§ were used 1nnteé.d. o »,

Thus, the groups of mice immunized with a vaccine prepared fram EleKorein (epidenis)
strain, were p#rtially pﬁ*ot.octod against five lethal doses of its homclogous strain
and E=593 (stock) as well, yet those immunized with a vaccine prepared from the
latter strain, vere nct protected at all against Fl-Xorein (epidemie) ctgai,n and
only partially against the homologous strain when same lethal doses were used in ‘v
the test} indieating that, strain E-593 (stock), in spite of its high pn.tho’gemei‘&
to mice, does not seem to pouaaa parallel antigenic properties as shown in A
immunization experiments, This fact becames more apparent when the results W 4
with its hamologous degenerate strain is examined. (see Table v1,aoo1m 4).
The fact that smoothness of a culture as such is not a camplete index of i‘u
pfotéctivo capacities when used for immunisation purposes, is clearly shown in
results obtained under F«593 'phage treated smooth variant, Groups of miece prote
ed with suspensions of th;la race seem not to possess any extra resistance mr
groups of mice protected with its original rough parent form, when five lethel ¢
of El-Korein (epidemic) or E«595 (stock) were used as test orjnnim..
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In the final analysis, it seems justifiable to comclude tim, strains pieked
up for vacoine preparations should be smooth and virulemt to suseeptible animals.
Of course the advangage of including different antigenic types - Inabdbla, Bikojln'
and Ogave = in such preparations is understood, but as to what extend such nml@
hold ‘true vhen applied to human beings, is a question that can hot be answered in

this paper,

GENFRAL DISCUSSICN,
It seems to be well established that organisms, isclated from an epidemie

‘of cholera in its most spreading form, aré typically vibriocs in morpholegy (1)
and that any alteration frm this characteristic foarm is mgoatiw of some

e e il .

degeneration brought about under the doletarim 1nf1umoaa of certain mﬂ.rono
mental changes. That actually such plecmarphic or involution forms do osour vhen |
typical vibrios are transferred on laboratory medis for a long time or subjested |
to the influence of 'phage or immme bodies, is clearly demonstated by the present
desoribed experiments. Similar cbservations are deseribed by Balteamu (7) amd
others (580, (39), (10), (55) and (79).

_Further, it is mostly agreed upon that such epidemic strains, vhen freshly
isolated from acute K%us or cadavers, are capable of fermenting dutrm', suerose

|
and mannite but not arabinose, are smooth in colony characters and agglutinable with f

O-serum prepared against epidemic strains of the same species (31), (111) , (Sé),
(115) and (92). That !‘omntaticn of lactose is a further characteristie of sush i
struim is shown by Gohu- (38) and confirmed in the present studies on the m«-xm
epidemic strain, While such characters seem to be the constant properties of & 5
true epidemic strain, extensive varistions in one phase o the othér of this
organism has been reparted by a mmber of workers (136), (71), (73), (113), (AM),
(86), (29), (135), (43), (127), (229), (93), (35), (134), (133) ana at tines

errcnecusly used as basis of classification for this group of organisms (82), (35).
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It seems apparent that crganisms, after being subjeeted to the influence of 'phage,
!.ummo bodies or certain other deleteriocus tctim of envirommental conﬁitim, ‘
vhich have wrought basic changes in the cell and offoctod 1ts metabolic processes
to a certain extend, are by no meass to be classified as typieal cholera vibrios |
and conclusions based on studies of such variants seem not to be justifiadle vhen
applied to organisms freshly isclated from frank cases of epidemic cholera, |

It 1o quite possible that similar or more extensive vibrionic variatioms
oceur in the intestines of immme individuals and probably the extend of such
alterations 1s quantitavely dotermiﬁed by the effectiveness of influences simtlating
lnahw mmaidoandthcmrwmisunudvibﬂc.wwﬁo‘-
astion of these antagcnistic forces on the other side, The fact that agglutinable
vibrios disappear from the stocls of patients soon after the convalescent peried,
strongly suggests that similar variatioms do occur also in the crganisms under the
influence of a speeific 'phage or immume 'bodiot found in the intestines of the
individuals and bring sbout either ccmplete lysis ar extensive deep seated altera-
tions in the vibriocs, thus rendering them unidentifiable by ordimry cultural o
serological procedures (124), (67), (19), (34), (107), (59), (45), (9‘7), (23),
(76) and (104),

It 1. reascmable to assume that typieal ‘strains of eholera vibrios nﬁor their
' diapoml from the body, undergo similar variations in mature, which mey effest their
| eultml or serological characters (120), and that nndor certain emditim mah
variants give rise to serious outbreaks of diseases resembling in certain mpono
te cholera without o.ttuning the true antigenie properties of an op&danic stmia
- of Y,choleras (78), (61), or that, as a result of some stimulating factors,these
non-egglutinable vibrios revert into agglutinable forms, gain virulence and giv’
‘rise to frank cases of ohclera,(91), If ever such changes mo, they do oceur
under the influence cf specific 'phng;é and cther wnkmown factors or thru passages
in the bedy of unknown reservoir hosts where reversion of vibrio- into their
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original virulent form takes place.

‘It is objecticnable to make the generalized statement that all agglutinable
vibrios are virulent and all non-agglutinable rwu‘ are not, Almoat all ‘ )
experiments, plamned by various workers to determine the virulenee of ohdm v:tbr"im,'
have been earried on laboratory animals, in which the disease takes a septicemie .
form vithout exhibiting any of the symptoms manifested in man in which the disease |
is a localized intestinal infection with no tendecny to spread to other parts of the
body. The fact that, a strein which is virulent to a laboratory amimal fe not
" necessarily agglutinable to a high titer vhen brought in comtect with an O-geywm '/
prepared against an epidemic strain, mor it is typleal in its blochemical activities,
and that, similar strains subjected to the influence of specific 'phages night‘ho
rendered to be smooth but avirulent as tested on mice; and finally stock strains
of cholers vibrics after prolanged cultivation might still shov high agelutinatien
" titers vhen tested with serum prepared against epidemic strains but may have

R

oampletely lost their virulence te mice, suggedts that the term "virulenee" as
applied to denote dia‘an ‘producing ability of an organism, might be cﬁpldtciy -
misleading in such instances. A strain labeled "virulent" after being tested on
. 1aberatory animals may actually enuse‘ no disease when tested on human h;m.

If one acoepts ‘t.ho contention that such virulent-inagglutinable strains, not
detected thru ordinary cultural or serological methods, could be reverted imto
their eriginal forms in the tissues of a mooytii;h animal hovever, thea the
assumption made by Ouchi (91), as to the presence of an unkown imtermediate host
in nature playing a part in the epedemiclogy of cholera, seems to be jmuﬁbh o
at least for interepidemic periods. The main mode of transmission of cholers is
undoubtedly from the patient or"acute carrier® té the susceptible individual ll |
suggested by Yhan (103), but the possibility of introdueing the infection ima
canmmity thru such vibrionic reversions eannot be totally ignored, No definite
solution of this problem could be postulated unless attempts are dirested in
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reproducing the disease in experimental animals in the same typical form as it
ocours in man, ' | \ .

There 1s much experimental evidence to indicate that the El-Tor vibrio is & =
hemolytic vartant of a trus V.ehclerse (%), (37), (%), (32), (25), During these
stulies two cholera vibrios were encountered which had attained hemolytie properties
as shown by the Greig test. It is interesting to note that cne of these strains was
virulent to mouse uhilo the othcr had completely lost th:ll property.

Although in some hutmcn, the punuim of a hemolytic power h\ an organism
is associated with its disease producing properties as in certain Streptocesei, yet

in othou, as in H influengas, is indicative of degenerative: chnngn in the ergmum
but in no case we can state with certainty that the loss or gain of this charaster~ |

istic 1n an organisn brings sbout basic fluctuations in its virulence. Thes it is
mmblo to assume that an outbreak of a cholera 1ike disease in Celobes was either
dno to a non~hemolytic V,gholerae which after passing thru 1ndividm1a attained
hemolytie properties or that originally they pmoued this proparty together with
& certain degree of virulence to cause a sericus outbreak among non-imsune individmlq
The inagglutinability of mta.in strains of El-Tor vibrios in presence of O type I
serum is a further evidence of & deviation from the parent form as manifested in ‘
alterations of its antigenic ntxtucturo. Thus it seems probable that loss of
agglutinability and gain of hemolytic properties might occur simultanecusly or
indopmdontly in mturo'or in the body, as a rosu'lt of certain a\timlating factors
vhich fnterfer in the normal metabolism of the cell and at times beccme 50 deepe
seated that render the arganism completely avirulenmt. '

Finally, it seems justifiable to assume that Imabd, Ogawa and Hikojima typu
of me are only variants of the sane ancesters which have undergone certain
trivial changes as manifested in their serological reactions. The antigenis analysis’
of certain groups of ﬂm« by Burrows ot al. (i’l) clearly shows the existence of
a ecmmon antigenie factor (A) eharacteristic of only cholera group of arganisms and g
demonstration of (B) and (C) factors, in addition to the (A) factor, associated j

- . - T - . . . i ke i—
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\yiﬁh ‘the Japanese types is a further indication of a correlation to the parent
orgenisme; while the presence of ‘qthcr common antigenic componentés distributed at
random among the true cholera gr’ou;; of vibrios El-Tor vibrios and other cholere
1like organisms ‘ntraagly suggest the genetic interrelatiomship existing among these
groupe of vibrics, which would be impossible to detect by any ordinary cultural o

serological methods,

Different phaua of nriaticnl anong cholm grap of wgan!m, as tm cocur |
spontanecusly or under the influence of certain agents, were studied in the hbmﬁa‘yi
and the results lead to the folloving conclusicnmss | *

1, Typical epidemic forms of V,gholeras undergo spontanecusly thru eertain
changes vhen transferred for long pericds of time o laboratory media. Such changes
might effect almost all phases of the organisms the morphology, which loses its y
characteristic vibrio shapss the colemy consistency, which might undergo an SeR
disgoeiatims the antigenic structure, which Mwn a loss or alteratioms in its

' edﬁon_onta parts; the virulonc;,' whi'ch ‘light be retained wixon tested cn mice or lost ” i
completely to this amimal, the blochemical mctivities, which are definitely weakened
and the hemolytic power, which might be gained as tested by Greig's method, ‘

2, Sinilar variations ccour in the same group of organisms, when mbjm '
to the influence of a specific 'phage or immume bodies, except that chnages hdnn!
thru such drastie moum-oa, are mcre euztomivo and lead the organism to undergo M
a series of profound alteraticns effecting deeply 1ts_ basic eellular activities,

3. It is argued that a feeshly isclated epidemic strain of V,gholeras is &
laetose 'hi-mm, besides being a dextrose, sucrose and a memnite fmtw, i-s i

‘non-hemolytic, highly antigenic and virulent vhen tested om mice, Any deviation
from these characteristic features, suggests a degenerative change in the cell,

hrmght about spontanecusly or thru certain agents acting on the crganisms in vitro j
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or in vivo. |

4« Dus to the fact that both smooth and rough farms of cholers vitrics, &
cbtained under the conditions memtioned under 1., 2., and 3., might cause death
in mice uﬁm injected intraperitoneally or might be equally harmless to this animal
under the same experimental conditions, it is claimed that the tern "vi;-ulonu",
as applied to indieate the disease producing capacity d' these organim, vouﬂ not
seem to represent the true property of cholera vibrios vhem such tests were to rwm |
on humair beings mder natural conditions.

5, The results cbtained by former workers that, & smooth fresh epidemiec strains

have more protective powers vhen used as vaccines for {semmization purposes, are
confirmed, o

6. It 1s suggested that hemolytic properties in an organism might exist as a
separate entity, totally independent of its virulence and that the El-Tar vibrio is
probably a variant of a true cholera vibrio which has undergone certain alteratioms
in its eellular strueture and virulence, the extend of such changes depending upon
the effectiveness of interfering envircmmental eonditicns. A possible relat!caship
between cholera vibrios and other allied organisms is discussed,

7. It is suggested that the main mode of spread of cholera is probably from the
patient or"acute earrier® to the susceptible individual, but the possibility of
osourence of cholera like outbreaks at certain interepidemic periods u a result of
vibricnic reversion, can not be completely ignored, That problems in spidemiolegy
of cholera could be enormously clarified by finding a possible method of reprodueing
the digease in its typical form in experimental animals, is indicated.
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