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PREFACE

Cholera is one of the most important health problems of many
arveas of Asian. Despite extensive research, workers are still
confronted with a number of unsolved probletis that stand in the
way of control and ultimate eradication of the diseasee The
immediate problems presented by cholera at this time are related
to its treatment and its practical control,.

The elinical and biochemical abnormalities that occur in the
cholera pationt can be rapidly and consistently corrected by
intravenous administration of fluids approximately equal in volume
and olectrolyte concentration to the fluids lost via the
gaotrointestinal routes Although treatment by rehydration is
good, aepecific treatuent must wait until we know more regarding
the mechaniom of pathogenicity in cholerae Alternatively, it
may be that phage therapy still is worthy of concideration but
this is doubtful,

The control of cholera depends on several factors.

(1) Improvement of samitation, provision of safe water,

satisfactory disposal of excreta and health education of

the public to improve personal hygiene are essentials.

(ii) Further investipgation of the epidemiology of cholera

and cholera like diseases will assit controle This demands

more research into cholera phages and geretie mechanioms
s0 that epidemica can be traced and understoode.

(4ii) Finally, active immunization may achieve control of

cholern, but we meanwhile require more knowledge of mechanisms



of pathogenicity so that good protective antigens may be

preparede

The writer has therefore investigated the 2 obviously
important aspects of

(A) The toxins of cholera

(5) The phage, and gentties related to cholera.

These studies are reported in Sections I and II of this
thesis respectively,
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Hstordcal outlincs
The hiectory of the world incidence of cholora has been
described by Pollitzer and Swarup (Pollitzer, 1959)s It would

appear from many observations on record that cholers was confined
to the East and almost exclusively to the Indien and Purmese
subegontinent until the second decade of the lest century. For
soverel centuries cholera had been spreading from India into
China along routes followed by ceravens of tee and silk traders.
Although importation of cholere took place from India to the
neighbouring countries in the Best (Sirmons, 1879), no long=distence
spread of the disease ccourred until the early 19th century.
} severe epidemic broke out in Bengal in 1817 and spread to China
in the same year; the infection was carried to Burma, Indonesia
end Theiland in 1819; to Malaya and the Fhilippines in 1820 and
to Japan in 1822, Arsbie vas affected in 1821 through e British
expeditionary foree sent from India, and within a few months the
disease spread to the southern Mediterranean coast, Zangibar and
Bast Afriece. The first westvard spreed wes recorded in 1821 when
cholere originating from Indie wes carried fer end wide in 6
pendemics during 1817-1923 (Haeser, 1882; Sticker, 1912;
Pollitzer, 1959)s The introduction of steam power in nevigstion
greatly increased meritime commerce and sea travel betweon Indis
and the West. Mlmmmdtothemps:dmm:lwm
of cholera. ‘

Burope was affected in 1829 by the seeond pendemic of
1826-37. Englend and Scotlend were affected in 1831, TFour more
pandemics scourged Europe in quick succession from 1852«1923,



Cholera was considered to be a more scute form of plague by many
Londoners and the panie of the people has been vividly described
by Snow (1855, pe153): "Meny houses were closed sltogether, owing
to the death of the proprietors; and in & greet number of instances
the tradesmen who remained had sent awey their femilies, so thet
in six days from the commencement of the outbreak the most safflicted
streets were deserted by more than throe-quarters of their
inhebitents®.

The scientific investigation of cholera began soon after its
appearsnce in Europe and sttempts were made to classify the
disease according to the ideas of the two schools of epidemiologists
= the "Contagionists® and the "Localists®. The former held thet
cholera was & highly contegicus disease and they insisted upon
rigid measures of isclation of the patients, elaborate methods of
disinfection ond quersmtine. On the comtrary, the localists
believed thet the manifestations of cholera and other infectlous
disenses were dependent upon local “missmetic” factors and
coneidored that all of the above control measures edvoeated hy
the "contegioniste” vere umnecessery, Although microscopy
revealed the causative microbes, their comnection with epidemic
disense was not established satisfactorily. Even in 1839
Schenlein aseribed conteglon to microbes originating from
dersngements of humours (Bulloeh, 1938). The "eontagioniste®

vere at a losa to ncecount for tho spread of cholera nor could they
employ effective Querantine meagures without having sufficient
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knovledge of the spresd of disease through food, water or animate
earriers, de Jonnes (1822), in a series of memoirs published
botween 1821-23, declared that cholera wes contagiouss The ides
of transmission of cholera hy water geined firm support as a result
of the labours of Snow (1855).

Dr. John Snow, ansesthetist to the University College Hospital,
London, made his sppearance at & criticel moment in the ewolution
of the germ theory of cholera vhen the contegionists were unable
to explain the occurrence of 1solated eases in vhich there was no
proof of contect. They had to modify or change their vicws by
sunposing thet the atmosphers became o medium for the conveyance
of the poison. Smow built his epidemiologicsl ecncept on the
understanding of the pathological process of the disesse. He
acquired experience of cholera by working in e mining village thet
was afflicted by the disease in 1832 (University College Hospital
Magagzine, 1954, pe 136).

The first edition of Snow's work *OUn the mode of communication
of Cholera® was published as e pamphlet in 1849 (Snow, 1849) end it
contained isolated examples suggestive of waterwborne infection.
His eonclusive proof of the role of water in the wide end repid
dissemination of cholera was given in the second enlarged edition
published in 1255 (Smow, 1855)., Snow's erguments regarding the
spread of cholera vere stiacked by verious sections of his
profession (see MacKintosh, 1955). Baly and Gull (1854) dended
the role of wator in the spread of cholera. The elr of the
cholera wards wves examined mierosecopically and chemically and no
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significant abmormality was found by Ehremberg (eited by Hirseh,
1881) and Thomson (1850) bafore Snow published his works The
dejecta of cholore patients were examined by Boehm in 1838 and
Hildebrend in 183839 (Hirsch, Jocs gits)e The former found some
Wmmmmthmmmwpm
symptoms resembling cholers in exporimental animals by feoding
cholere stool, Britten (1849) found some "anmuler bodies" in
cholera stool and in the air of a cholera ward while he was vorking
in the Bristol epidemice Some peculiar gramular bodies were
observed by Williems (1849) in cholera evscuations and Budd (1849)
deseribed microscopic bodies in the drinking water of choleraw
infected places. From those observations, the fungoid theory of
cholera ceme into being for a short while but lost its ground by
the declaration of Dusk (1249), the President of the Microscopical
Socisty of London, who observed thet most of those supposed cholera
fungl vere nothing more then a gpecies of Uredo or Smut.

The presence of very minute animaleules thet produced sudden
end rapid movemonts in recently voided rico-water stool of cholers
patients was reported by Pouchet (1849). Hassall (reviewed hy
Pollitser, 1959) observed myriads of vibriones in samples of rice
vater; meny of them formed threeds end the others aggregeted into
dot-like masses undor the microseope. Hirsch (Jlogs gite) credited
Boubée for his observetions about the influence of geological and
physical characteors of the soil on the spread of disease.

He explainod that the diffusion of the disease was not due to the
geological character of the soll but due to its equecus saturation,
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This "Bodentheorie® was further developed by Pettenkofer (cited
by lewis, 1870)s He suggested that a speciel fastor pessed by
cholera patients end hoalthy contacts required for its development
a special kind of porous soil conteining orgenic metter, salt and
free interchange of eir and weter. The polson night lie dorment
in soll that was too dry or too wet only to revive when conditions
vere fevourable. Subsoll water level fluctuations also had some
relation to the actiology of the disease and this wes studied
extensively in Indis by Lewie end Cunningham (1879) who eonfirmed
the viewvs of Pettemkofer.

As the pandemic of 1881 swept into Ceiro in June, 1882, and
into Alexandrie in July, the Consulting Committee on Public
Hygiene in Paris wes requested by Pasteur to cend e secientific
mission to Alexandria, ®Since the last epidemic of 1865°, he
wrote, “Selence has made great progress on the subject of
trensmissable diccases « « » ¢ Now the present Imowledge demands
thet attention should be drawn to the possible existence within
tho blood, or within some organ, of a micro-organism whose nature
and properties would account in oll possibility for sll the
poculiaritics of cholera, both s to the morbid symptoms and the
mode of its spread.” (Vallery=Radot, 1906, pe 378). Several
Cormissions were sent to Egypte The French Commission imder
Roux and the German Commission under Koch were working in
Alexandria by the end of the year. The then Seeretery of State
for Indis did not ecomply with the request of Macnemara to be sent
to Bgypt (Macnamare, 1892, p. 29)s Koch observed and isolated
vibrios {rom dejecta of pstionts and intestinel econtents of victims
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at autopay in 1883, As the outbresk of the choleras epidemic in
Egypt came to an end, he wes doputed by the German Government %o
continue his work st the Medieal College, Calcutta, where he
confirmed his Egyptian findings in 1884 (Koch, 1884). He was
also the inventor of the mutrient gelatin plate; vibrios produce
characteristic colonics on this medium beeceuse of thelir ebility
to liquefy gelatin rapidly. Koch reported his discovery before
Virchovw, the Cgar of Cormen medical seience et that time and the
chairmen of the Imperisl Board of Health, He heiled Robert
Koch saying ®*I thought it very probeble thet the bacillus wes,
indoed, the gngis morbis but from what I heve hesrd today, my
conceptions on the subjoct have srrived =t a much greater degree
of certeinty.,* (Britich Medicel Journal, 1884),

Pettenkofer, ss described by Dubos (1951), admitted thot
the cooma baeillus wes the speeific cause of cholers yet he
mainteined thet certain locel, sensonel end individual conditions
hed te be satlsfied before it could produce the disesse.
Pursuing this view he swelloved during 1892, et the age of 74,
rocent isolates of virulemt cholers vibrios, after neutralizing
his stomach contente wvith & draught of sodium carbonate solution:
a procedure recommended by Koch as the most favoursble for
infection. FHie pupils also joined this self-experimentation.
He oscaped with mild diarrhoeca and smong his pupils Hxmerich nearly
died of cholera; Metchnikof{ and others remained well. This wes
regarded a3 a proof of their theory that certain individusl
conditions were involved.

Many othor forms of vibrios were isolsted from diverse sources



by various vworkers (for reforence see Mackie, 1929) and nev teste
were devised to differentiete the specific germ of cholera from
other vibrioss The first step towards specific identification of
the eholera vibrio was made by Pfeiffer who developed the welle
known Pfeiffer's reaction (Pfeiffer, 1894)s The spocificity of
the sgglutinetion recction (Griber and Durham, 1696, cited by
Pollitser and Burrows, 1955) remained suspect until the exheustive
crosseabsorption tests by Gerdner and Venkatraman (1935).
Cholera end cholere=like vibrios having biochemicel similerities
end possessing a cormon Heantipgen were clessified by theose workers
into Croup A. Vibrics having e different Heentipon and
biochemicelly distinct from Group A were essigned to group B,
Group A was further subdivided into OCwgubgroups I-IV on the basis
of different Ceentigens. Yo gholorse end most of the 51 Tor
vibrios (ge¥,) foll under Owgubgroup I of Gardner and Venkatraman.
Thus, according to Gerdmer and Venketramen, the true cholera
vibrio is a non-haemolytic organiom containing the epecifie
O=antigen of subgroup I3 excepting ite leck of haemolysin
production, it is indistinguisheble from El Tor vibrios containing
the same O-antigen. In further studies of the antigenic structure
of the cholora vibrio the existence of subtypes, generally referred
to as the Inaba, Ogawe end Hikojima types, wes recogniszed.
Nobechi (1933) postulated the entigenic formulae for those as AX,
BCX and ABX,

The greatest confusion in the serologicel identification of
the cholera vibrio rose from the isolation of & strains of vibrios
by Gotschlich (1905, 1906), at the El Tor quarantine station, from



doad bodies of returned Meeca pilgrims. Though these victims
shoved no sign of choleraic diseese during life, the vibrios found
in their intestine were identieel with true cholere vibrics
according to biochemicel end serological reactions. Kraue
(cited by Kolle and Hetsch) observed that these strains vere
strongly hasmolytic. This observetion of Kraus added to the
evidence of the absence of eny further cases at El Tor and the
history of the absence of typical symptoms of cholera in the patients
from vhom these orgenisms were isoleted. The isolatiom of a
similer vibric from stools of heelthy porsons and from porsons
suffering from nonecholeraic disease (Omar, 1938; Marrs, 1940)
provided a basis for the eonclusion that the El Tor vibrio was not
identical with ¥, choleracs OUbservetions as to whether the
hasmolytic property could be exploited ss a criterion for the
differentation between E1 Tor and true cholera vibrios were mede.
Thue Doorenbos (1936) showed that ¥, choleras eould also be
haemolytic depending on the composition of the medium, the specics
of the red cells used and the age of the culture. De, Bhattacharya
and Roy Choudimry (1954) demonstrated thet Y, cholerse lysed
human red cells only in the presence of a soluble galt of caleimm
while the E1 Tor vibrio lysed red cells in the absence of caleium
and falled to lyse them in the presence of excess of calcium,

The following table shows some of the teste recommended by
various euthors for differentiating Y. gholorse from ¥, glior.
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Differentiation of Cholera and &1 Tor vibrios.

i Author Test
% Yo cholerae ¥V, eltor
| Greig (1914) Smelyels S goat sellas - *
| Taylor, Fandit VP reaction by Barritt's
| and Read method. - -
(1937) .
| Moor (1938) Lysis of sheep blood in agar
| plates under anserobic
i conditions, - -
. Tansmal (1948) Soda serum test: (egslutine-
tion with antiserunm diluted
| in Oe2 per cent. Razco P
| 2320). - +
Soda=sublimate test: wvibrio
suspension + a few drops of
Ce5 per cent., HRalCO, + equal
volume of Ceo5 per .
HgC1,, shows clumping within
| 15 mine % s
| Vukerjeo Lysis by cholera phage IV, * -
- (1961
Finkelstein Agglutination of fowl ved cells
. and Mukerjee by agar culture in saline, - “
o (1963)
Gan and Tjia Inhibition by (i) 0.9 per cent. + -
(1963) trypein broth (pi7) and (44) 4 -

polymyxin B disk (50 units).




The monogreph of Roger (1921), the report of Taylor (1941)
and the reviews of Mackie (1929) and Greig (1929) sre largely
based on the experiences of these nuthors with cholers in Indie
and Egypte The cleassificetion of the vibrios by Heiberg was
published from Copenhagen in 1934, but the disappearance of
cholera from the West has partly shifted the weight of resesrch
on the problem to Asia and to workers stationed therse, Thus the
United States Naval and Awvmy Research Unit (NAMRU-2) in Taiwen,
Formosa, is engaged in studying the altered physiology of cholera
patients and infected animels, The SEATO laboratery at Bangkolk
in Thailand has made interesting contributions on the sstiology
of cholera, and the Pekisten-SEATO “holers Reseaprch Laborstory
at Daccea has been conducting £ield and laboratory studies on the
pathogenesis and immunology of the disease. More scournte date
on verious sspects of nstural and experimental cholera have been
provided by investigetors working in these places. In spite of
their valuable vork, the basic problems have not yot been solved.
Confusion still exists regarding the types of vibrios caspeble of
ceusing cholera (Lindenbeum gt 8l,, 1965); the factors determining
hoet suseeptibility (Rosemberg gt sl., 1965); the pethogenesis of
the disease (Phillips, 1965); the optimel regime for replacement
end entibiotic therspies (Corpenter gt eles 1965); eond the
efficlency of various veccines (Oseasohn, Benemson and Pahimuddin,
1965) «

Zhe Pethogeneale of Cholergs
Cholera is an acute infectious disesse of sudden omset usually



corming in epldemic form and charscterized by coplous vatery
dierrhoea, vomiting, musculer cramps end extreme collepse. The
clagssieal diseese is csused by a specific bacterium - Y, cholerag.
The organiems multiply freely in the lumen of the smell intestine
of the effected person end they are present in lerge numbers in
the intestinal contents and dejects. They do mot penetrate deeply
into the intestinal mucosa end there is practically no invasion
of the blood stream but the gall bladder mey be infected.

The mechenisms by which the cholers vibrio causes encrmous
losses of fluid and electrolyte from the plasma by way of the gut
have not yet been clearly defineds Pathologists in the pest
have been elmost equally divided between those vho thought thet
the vibrio induced e denudetion of the gastrointestinal tract
and those who belleved that there wes no demudation. Those who
supported the former theory believed thet, as a result of
demudation, there was en outpuring of a tremsudete vhich comprised
the cholera stool. Colmheim (1890) rejected the idea of a “true
transudate® fiuid passing from the blood vessels of the intestinal
mucosa to the lumen of the gute He srgued ageinst ealling the
cholsers evacuaticns a trensudate because of the very low albumen
content and ebsence of red blood cells in the rice water stool.
He maintained thot the presence of emylese in the cholere stool was
indicative of hypersecretion from the glands of the emall
intestine. He also failed to find epithelial cells in the rice
wator stool. At awtopsy some of the intestinal villi were seen
to be demuded of epithelium to a verisble depth; oome retained
their epithelium. The donudetion that he observed was considered



to be a postenmoriep chenge end the possibility of leskage of a
“true trensudate® through intact epithelimm during 1ife wes denled.

Peroral Crosby cepsule biopsies of the bowel epithelim were
obtained by Gangarcea gi al.(1960) and Fresh gf gle (1964) from
patients with scute and severe choleras These epocimons shoved
intact mucose with mild oedema, congestion, end eellulsr infiltretion.
The biopsies vere from jejumm besause the lover part of the ileum
wes more difficult to reach., This was also confirmed from
radlogrephs and histologlesl soctions. Cengarvosa gh gle (1960)
aspirated intestinal contents from the biopsy eites. On culture
the samples 2id not yiold ¥, ghelexsg although the patient continued
to exorete vibrios. These investigations did not ccnclusively
exciude the pessibility of ulceretion in the distel pert of the
{leum which Dutt, Nondel and De (1964) could demonstrate in
materials fixed ifmmodiately offter desth by injecting Zemker's
solution imto the sbdomen of the victim. The low protein
content of the bacteriaefree cholera stool, however; is evidence
against significant ulcoration of the ileum in the acute phege of
the diseass, Vettem gh gle (1959) domcnstreted that whenm e
~tagged polyvinylepyrrolidone vas administored imtrevenously it
does not appesr in the cholera stocl in ebmommal smoumts. This
is further evidence that there is no mucosal sloughing with
denudetion of the villl end =n cutpuring of fluid fren tho denuded
surfsce.

It hes boen found from etudies on the pathophysiology of
cholera (Phillips, 1963) thet the fluld loss is isotonic and there
is eoxcess loss of bicerbonate and potassium. Movement of large
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volumes of clectrolyte sclutions fyom plasma Go gut lumen and from
gat lumon to pluswe in nommal dogs has been studied by Visschor

8t als (19448, b) end Berger gi 2l.(1959) vith the use of Lsotopes.
If this study could be directly transposed, in a man weighing

50 kge a total of 40«80 1itres of fluid would pass from his plasme
into the gut lumen and back agein fprom gut lumsen to plaoma in 24 hr
making the net fludd flux gero., Visacher has also chown that the
flux of the fluid from gut lumon to plasme 1o dons by an active

transport of sodiws ions by lutestlinal mucesal cells, the scwcalled
Saodimn pump”, and the mocheniex oould be inhibited by different
poiscnous metedolites.,

Euber and Phillips (1960) appliod the sodius pump eoncept to
explain the deprossion of Sramspert of wster and nodium ions nerocs
frog skin treated with cholera stool filtrates, sad to amplain
the diarrhoes in cholers. They cbserwed tho presence of a sodium
punp inhibitor in the stocls of pstients suffering frou classicel
Asietic cholers and from dlscese essocieted with the Il Tor vibrlo
but not in the stools of normal healthy individunle. The
inhibiter wes found lo be themmolabile, De and Chatterje
(1953) fomnd thet the fluid that collectod in the llgated loop
of the smell intestine of rabblite after incculation with e
loopful of culture of V., cholerse wes rieh in protein and
econtained Evana bine vhen Shis dye was previsusly injoeted into
the ear vein, De, Sarkar and Tribedi (1951) found proteinerich
fluid in the peritoneel cavity of rabbits aftor intraperitonsal
inoouletion of a suspension of Y, gholeras killed by hesting at
56°C for 15 min, It 1o not umusual to {ind a varisble nmumbor of
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rod blood eells in the cholera stool so thet it may appeer
mucosanguinous or like meet infusion (Licbermeister, cited by
Pollitzer, 1957). The presence of varicble numbers of reod cells
in the cholera stool slso suggests that there is nltered
permeabllity of the intestinel capilleries in cholera. These
cbhuervetions suggest that there is a toxie effect of Y, cholorse
on the permeability of the intestinsl espillaries leading to
lenkage of plesma protein into the lmmen of the gul, but the
mecheniom remaing unexnleined.

It is econvenient, =t this point, to reviev the excenzymes
end sxoproteins thet mey be involved in mechenisms of
pathogenicity of the cholers vibrio end to ecomslidor the port that
endotoxic resctions mey play in producing the symptoms end signs
of the disense.

Burnet and Stone (1947s) deseribed em enzyme in cultures of
Yo cholereg that produced desguametion of the intestinel mucosa
of guinea pigae Thoy referred to this as mueinese and showved
that it was distinot frem the receptoredestroying ensyme thet is
elso producad by the cholora vibrio, Similer resulis were
reported by Burnct (1942) who showed thet the smeinase dissolwed
the mucin costing of the intestinal epithelime snd led to
dosquamstion of the epithelisl cells.

Werayanan, Dovi snd Menon (1953) and Gurkipal Singh and
Aluje (1953) eonfirmed the presence of mucolytic setivity in
cultures of cholera vibrios. This setivity ves also dotected in
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culture products of some £l Tor and noneagglutinahle waler vibrios.
Tho enzyme was capable of desguamating intestinal epithelium and
of roducing tho viscosity of ovommedin sclutions, lLam and Mandle
(1954) demonstrated that the vibrie mucinase desquameted intestinel
mucosa sad increased the pormeability of isolsted intostinal loopss
According to Protor (1955), rusinases asting cu thoe gut wers
prodused in high concemtration by nomesggiutineting aviralent
weter vibrios snd they cxisted inm ot least 2 serclogieally
distinet formse

Do (1961) found mueinese in toxiec eulture filtrates of
Yo cholexag gxovn in 5 por cemt, psptome wabor modiws, The
activity wes detectabls in dilutions of the filtrates up 0 1 in 40.
Honetoccie filirates produced by growing the orgunism in other
liquid modia or in semiesclid ager were much lesg active}
mucinass activity was demonstrable in these in diluticms uwp to
1 in 10 enly. Thisc obecrvetion gawe Do the impression thet
higher degrees of meinaee activity were releted to entorotoxicity
of filtrates, but he subsequently found that filtretes from the
5 per cent, peptome water medium inocouleted with e rough strain
ponsessed high musinese eotivity withoul being necesserily
entorctoxice This indieates thel mmeinsss snd enterotoxin sre
not the seme,

Felsanfeld (1944) detected the presence of leeithiness € in
eultures of ¥ choleraae De (1961) showed heemolytic metivity ia
the bacteris-fres filtrete oblained from saline washings of agar
oultures of Y cholewos tnd he suggested thet loeithinase ¢
activity ves present. He mainteined thel such ui enmyme might
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inerosge the permesbility of intestinal eepillaries by breaking
doun substrate in the gut wall and causing tho outpouring of fluid
into the lumen of tho Intestine, HNHe further obsorved persistent
heemolytie activity in filtrotes from sgar cultures although
enterotoxic activity wos only present ocossionanlly. On the other
hand, filtrates obtained frem cultures growa in 5 por cent. paptone
water were aluays enterotoxic bul posssssed no hoomolytic

property. He concluded from these ohoorvetlions that the
enterotoxic property ip not likely to be related to heemolytie or
lecithinnge C activity.

The presence of recoptoredestroying onsyme (RDE) wos
demonstrated by Burnot and Stens (1047b) in filiretes obtained
from cultures of ¥, gholerag in mutrient broth and in semiwsolid
agar medium, De (1561) found that some filtrates hewing a high
RDE content had no affect on rabbit loop. This suggested thot
the enterotoxic activilty wes not related to the recoptoredestireying
enzyme of Y, ghalerss., Thoe roceplor-dostroying ensyme has since
been charecterized as a nouraminidase.

Chelora texins,
“The basis of ell hermful cffoocts of becteriel infoction 1s

quite certainly chemical; oad enly whan the chomist hes replaced
the immmologist choll wo bo able to give an intellectually
satisfying account of what happens when 2 particulsyr pavasite
invades a particuler host®s (Topley and Wilsom, 1936).

The haymful effects of parasitic miarcorgonisms mey be
manifosted by intorferenece with hoet metaboliam or with
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detoxificetion mechenisme of the host, by production of mechenical
lesions, or by inducing the formetion of toxic or inflammetory
substances from the tissues of the hoste It has been Imown for
many years that some bacteris injure ticsues with vhat are ealled
bactorial toxine which ere classified es endotoxing or exctoxine
according to whother they are found inside or outside the parent
organisms, Exotoxins ere found outside the parent cells and they
are also called "true” or "scluble®" toxins. Such a toxin is
excreted during the active phase of grovth of the organiom and
ronches its highest concentration vhem the growth of the orgeniem
i maximel, but there are instences of the highest production of
the toxin being sttained long affter the meaximal growth of the
organimmas hes been reacheds Some exotoxing cen also be
recovered from weshed cells but mere occurs extreesllularly than
intracellularly.

Despite e great deel of resecarch on exotoxing, very little
is nown about the physiclogy of their production, their mode of
action and the part theoy play in disease. The mode of action of
only one clessical bacteriel toxin can be defined. This is the
alphe toxin of Clogtridium perfringens vhich was recognised as
a phospholipideeplitting engyme by Maeferlene end Knight (1941)
more tham 20 yoars ngo. Recently the releaseof degradative
engymes by bacterial toxins from lysosomes mey help in elucidating
the consequences of the sction of some toxins, Veissman, Kelser
end Bornheimer (1963) showed thet the haemolytic toxins,
streptolysine O and S, libersted P—glummidue and aeid
phosphatase from tho large gramale fraction of rabbit liver, heert,
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gpleen and lymphenodes. Degradative enzymes such as cathepsin,
deoxyribonucloase, ribonucleass, phesphatase, and Beglucuronidage
are libersted from lysoscmes in the tiosuee of tho host by
heomolytic bacterial toxins and these libernted ensymes may be
respensible for the harmful, often shoeckelike, effocts.
In gos gengrone the orgenioms produce toxin in the tisuse of the
host and, though the patient is in a state of shock, the gne
gangrene toxin is not dotecteble systemieally, Specific entitoxin
therapy may be ineffoctive. The shocke-producing substance is
epparently removed by amputetion of the affeocted limb, It is
conceivable, thorefore, thot the shockeproducing substences may
bo degradative engymes or mey arice from the ection of such
onzymes dorived from lysosomes in the tiseuwes of the host.
Endotoxine ere found in cellefroc sutolysates of bacterisl
oultures. Delaficld (1932), Olitzki, Avinery and Koch (1942)
showed that the washed dead bodies of a nmber of Cramenegetive
orgenicns are toxie vhereas those of Gramepogitive bacteria sre not.
Although the bacteriel endotoxins have been studisd by many
compotent investigators during the pest severel decedes, the
exact relationship between their chemical structure end
biclogical propertios remeined lopgely unknown. As ordinarily
isclated, the ondotoxine are complexes of 1ipid, polysaccheride
and protein or poptidee-like substances. It was obasorved by
Morgan and Partridge (1942) that the protein moiety wes necessery
for endotoxic potency., Webster gt gl, (1955) end Lendy gt al.
(1955) demonstrated that the proteinefree lipopolysaecharide
rotained the ability to stimulate all of the charncteristie



physiological effects, This viou wes further confirmed by Ribi
gt 8k« (1960) .

Boivin and Mesroboaru (1935) end Preemen (1942)
demonstrated the loss of antigonicity and most of the endotostic
potency of endotoxins by hydrolysic with dilute acetic esecid
leaving the sorologieally specific polysaecheride hapten end &
1lipid component vhich was extractable with chloroform, Some
of the lipids obtained from endotoxin by hydrolysis were shown
to retain certein of the endotoxde properties by VWestphal end
Luderits (reviewed by Ribi gk galss 1961)s In order to find
out the minimal chemical structure necessary for elicitetion of
biological propertios, Ribi gt gls (1961) tried to strip awey
extraneous material from the endotoxin prepered from Sglmonells
enteritidis, These workers sll but eliminated protein and lipid
components in vhich the ultimate toxic prineiple was thought to
reside, Their most highly refined product was ecomposed of
polysaccharide complexes together with small emounta of fatty
acids, nitrogenous material and phosphorus.

The type of toxin produced by ¥, gholergg end the nature of
toxie sctivity relevant to the disease thet the organiem produces
in man have not yot been satisfactorily ascortaineds In
deseribing the astiologicel reletionship of this micreorganism to
Asietic cholera, Koch (eited by Pollitzer and Burrows 1955)
thought of the disease 28 "a condition of toxicosis due to speciflic
polsen®. He further continued, "the symptom complex of the
cholors sttack proper, umally considered to be due to dehydrotion
of the blood, is in my opinion to be considered essentielly ss an



- 2] -

intoxication®, Efforts were thereafter made to demonstrate a
specific cholera toxin experimentally, WNicati and Riestaech (1284)
were the first to meke an attempt by intravenous injection of
filtrates of broth euliures of ¥, cholerse of more than a week old
in dogs and they succeeded in producing symptoms of polaoning
characterized by vomiting, dyspnoes, and peralysis of the
extremitios leading in some of the enimels o death within 12 hr .
They found, however, that filtrates of young broth cultures were
incapable of producing signe of toxicoeis in these animals,
Apparently they were dealing with an endotoxin libereted efter
autolytic disintegration of the organisms. Further experiments by
Cantani in 1886 (Pollitaer, 1959) showed that broth culturee of
vibrios killed at 100°C and injected intreperitonsally into dogs
produced signs of intoxication not dissimiler from those obssrved
in human cholera, Cantani attributed the toxiec signs to the action
of an endotoxin liberated eftoer death of the organisms. IHis
assumption wvas emphasised by Pfeiffer in 1892 (eited by Pollitser,
1959) who stated that "quite young, aerobically eultivated cholera
growthe contain a specific poisonous substance which exhibite
extremely toxic effecta, This primsry cholera toxin stands ina
very close reletionship to the bodies of the organioms, forming
perhaps an integral constituent of them, The toxie substance
undergoes apparently no change if' the vibrios are killed with the
aid of chlorofomrm, thymol or through drying®.

A contimous drop of body tempereture in guinesspigs following
intreperitoneal aduinistrstion of cholera toxin was cbserved by
Pfeiffer in 1892 (Pollitzer, 1959)s This was one of the
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ves apt to cormence &8 eerly as 1 to 2 hr after the administration
of the toxin. Associsted with the temperature drop, the
animals beceme prostreted with paralysis of the hind lirbs;
fibrillary eonvulsion of the muscles could be observed. Desath
generally occurred within 12416 hr of administretion of a high
dose of the toxin. With e lesser dose the animel showed signs
of intoxication but it became well after 2/ hr.

Soveral workers inecluding Xolle and Schwrmann (1912) and
Kolle end Prigge (1928) observed thet the agent responsible
for the pathogenesis of cholers wes not an endotoxing it wes a
soluble exotoxin seereted by the growing orgenioms, Pollitzer
(1959) on the euthority of Kolle and Prigge (1928) stated that
the above claims "deserve no credence® and agreed with the
following statement of Wilson end Miles, 1946, ®The cholera
vibrio does not secrete a true scluble ecxotoxin but o« « « o it
contains endotoxina which are libersted on the sutolysis of the
bacilli in culture or on the active disintogretion of the bacilli
by the cells of the animel body. The enalogy that it prosemts with
the micrococcus -« ancther organism thet reedily undergoes sutolysis
- is vory close, though the cholera vibrio is far more toxic®.

Bolvin and Meorobeamu (1935, 1936) in their study of endotoxin
roported the extraction of toxle substances of glueolipid nature
from vorious Gramenogative becteris including Y, gholorage Fqual
volumes of washed bacterisl cell suspension in distilled water end
045N trichloracetic scid were mimed and kept for 3 hr in the
refrigerator for toxin extraction. The bacterial cells were then



removed by centrifugation and the supernate was precipitated with
b=5 volumes of alcohol or acetone. The precipitate dissolved in
water was biuret negative. Digestionof the organisms with
trypein ;rior to extractiom resulted in increased production of
toxine, The toxin killed mice weighing 20 g. on iatraperitoneal
inoculation of a dose of about Ce1 mge A similar kind of toxiec
material was alse found in some of the non-pathogenic bacteria.
After further studies on the glucclipid complex obtained by
extraction with trichloracetic acid, it was concluded that the
compound containing the principal part of the endotoxin of the
organisms represented thelr “complete antigen"; this included
the soumatic antigen.

Burrows (1944) obtained endotoxin from V. cholerae by high
speed grinding of the cells with sand. The toxin was also
isolated by dissolving the cells in 6 M wrea or by digesting with
trypsine It could be obtained from intact cells by extraction
with 0.5 }{ trichloracetic acid, methyl or ethyl alechol, chloroform
or ethyl ether in a soxhlet apparatus.e It could not be extracted
in glycols., Addition of 3«5 volumes of alecchol to the trichlore
acetic acid extract resulted in precipitation of the polysaccharide
while the toxic factor remained in solution. On evaporating the
filtrate fros aleohol-precipitated trichloracetate solution, a
yellow oil containing most of the toxicity was separated oute.

A similar substance could be prepared by alcohol precipitation of
the ground cells or of urca~disaclved or trypsin-digested cells,
and also by direct extraction of the inteact cells with methyl or
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ethyl alcohol or chloroform. On addition of 10 volumes of chilled
acetone to the alcoholic solution of the toxin, a white amorphous
lipid subsotance precipitated out. It gave negative resulte in the
lolisch, FMillon and Biuret tests for protein and it contained 5
per cent, nitrogen and 1.7 per cent. phosphorus. It was
insoluble in water, stable in acid, and thermostable, but it was
unstable in 0.1N NaCH at room temperature. It was closely
asgocisted with a phospholipide. The mouse lethal dose was C.03 mge
Burrows, ‘agner and Mather (1944) exposed excised strips of
small intestine of guinea-pig and rabbit to their cholera toxin
and observed increased flow of Ringer-lLocke solution across the
stretched strip under a hydrostatic pressure of 8«10 in. of the
solutions A similarly increased permeability produced by a
suspension of living vibrios was abolished by agglutinating the
cells with antiserum, but the effect of the toxin could not be
neutralized by the addition of hyperimmune scrum even in a
concentration of 10 per cent. to the toxin-Ringer Locke solution.
If, however, the strips of intestine were taken from immunized
animals they were found to be resistant to the action of the toxin,
Bernard and Gallut (1943) obtained maximum yields of endotoxin
by growing the cholera vibrio in glucose broth for 4 hr, centri-
fuging the culture and reinoculating the supernnte. The process was
repeated 3~4 times. The acidity that developed ms a result of the
successive l;:].tnrn killed the organisms; there was then diffusion
of endotoxin which accumulated in the medium. The extensive studies
of Gallut and Grabar (1943, 1947) showed evidence of production of

2 toxins by V, cholerae. OUne toxic component appeared to be low
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in molecular weight, dialyzable, antigenic, thermostable and
glucolipid in nature; it produced vascular congestion and this
wag its prominent histopathological effect. The other toxic
factor was a non=-dimlyzable, thermolabile, protein-like substance
and it produced a characteristic hypothermic effect.

Banerjee (1942) separated cholera toxin without the use of
chemicalse The toxin was produced in Ramon's (1933) broth in
which a cellophane bag containing sterile medium or normal saline
was kept immerseds The toxin dialyzed from the surrounding broth
culture into the bage The toxic fluid thus obtained was found to
kill guinea pign in doses of 1-2 ml. when injected intraperitoneally
and the minimum lethal dose for mice was 0.25 ml. given
intravenounlye

Freter (1953) stated that the endotoxin of V, cholerae grown
in 1 per cent. glucose peptone water could be partimlly extracted
with trichloracetic acid or pyridine, while 70-8C per cent.
remained in the cell. He then reported better extraction of
30=40 per cent, of the soluble toxicity from vibrios with dilute
acid at pH 3.8 for & hr. The soluble toxin thus obtained could
be purified by coprecipitation with calcium phosphate or calcium
carbonates The purified substance contained 4.5 per cent., N and
1«7 per cent. P and it had an LD50 for mice of about 0.2 mge
The residual toxin from the acid-extracted vibries could further
be extracted at neutral pH if the organisms were dried in acetone

before the second extraction process. This substance was not
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toxic at pHl 3.8+ Freter (1956) characterized in greater detail
the differential properties of the 2 toxic fractions of V., cholerase,
one of which was acide~soluble and the other was inscluble in dilute
HCl at pil 3.5« The acid-insoluble part of the toxic material had
a mouse LDSO of approximately 0.35 to 0,75 mge. and appeared to be
lipoprotein, whereas the acidesoluble moiety of the toxin had a
mouse toxicity of 0.05 to 0.10 mg. and resembled Boivin's antigen.

A toxic protein was isolated by Jenkin and Rowley (1959) from
Inaba and Ugawa strains of YV, cholerae and from water vibrios by
disselving the bacteria in 2.5 urea and then precipitating with
ammonium sulpliate. These workers suggested that there was a
similarity betweenm the protein isoclated by them and the protein
component of the Boivin antigen. The lipopolysaccharide endotoxin
of the strains examined was found to be less toxic than the
lipoplysaccharides frou other Gram-negative bacteria.

Ghosh (1938) reported extraction of cholera toxin in
trichloracetic acid from tryptic digested vibrio cells. le also
obtained toxine fiem autolysates of cholera vibrios kept in
distilled water in the refrigerator for 1 month. These toxins
killed rabbits within % = 2 hr after intravencus injection and
they also produced local skin lesions on intrseutancous inoculation
in animals.

De and his coeworkers (1951) found that there was exudation of
protein-rich fluid into the peritoneun of rabbits after
intraperitoneal injection of cultures of V. cholerme killed by heat



-ﬁa

at 56T for 15 min. The £ludd was poor in polymorphonuclear
leucoqytes and ite aommulation wae assocdated with hoemow
oonocentiration and a fall of blood pressure. Do ond Chatterje
(1953) dovioed an expeviment with adult robbits in which a meall
loop of the intestine was Loolsted from the rest of the gt ly 2
ligntures arcund the gut wdl. When an inoculum of 1 ml, of o
peptone water cultuwre of ¥V, gholerag wes injected into the lumen
of this loop, o large smount of fluld socoumilsted there within
2% hve  Congpstion and oedema of the wall of the loop and
necroais of the sumite of the villi were also seems Lo (2959)
claimed that sterile filtrates of 6-12 hr cultures of recently
isolated atraine of ¥, diolerse grown in 5-10 per cente Difco
Dactopoptone would induce o typlesl loop lesion, The active
froction was inactiveted st 56°C within 30 mine and it could be
mecipitatod with ennondun sulghote. It was not found in phege
Iyoaten of vibrios and secmoed to be o true exotomine The
requirements for grewth vere critical (De, Ghose and Chendire,
1962) end peration was essentials The produotion of the toxin
was inhibited YW the peovence of mucin and bile in the modium,
Dutta, Fonoe end Kullewmd (1959) produced dlarzhoea in baby
robbite by foeding a orude acldelyscte of vibwdocs (Gallut, 1954).
Panse and Dutte (1961) found thet when filtretes of bocteriolog
rositive stools of clindcally disgnosed cases of cholera were fed
to tuby rebbits, they succumbed to o disease similoy to experimental
dwlerm. It wos thus sugieoted that o choleragenic factor was
exoroted in the stools of puticnts with cholers during the active

atage of the docoso.
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Jenizin and Rowley (1959) eould not produce loop lseions by
injecting streptonycinwsterilized Joop fluld into fresh loops and
these workors conoluded thot active growth of the videdos in the
Ioop wan cagortinl for the dovelommont of a positive lovpe
Vardous metabolic products of baoterial growth were thought to play
an inportant role in the produwstion of a positive loop, Jenkin
and Rowlay were sble to induce aooumlation of fluld after an
injootion of 25 mge of sodium laotate into & loop. They also
oboerved o sinmdlay offoot when 5 mge of lactobe wes inooulated
into a Joop of a rabbit thet simultencously received endotoxin
intravenouslye, Formal gt ale (1961) could not produce s posdtive
loop with even 66 mgs of lactate along vwith intravencus endotoxdn,
These vorkers also demonstinted thet loop fluid contalned enly
traoes of lactate t111 degenerution of the smcosa begane Darely
detootable amownte of lactate were found in the , fladds
of cholevalo baly rebbite. Y

Do (1961) was uncble to produce positive loops ly injection
of ultvasordo lysates of whole vibrios but Osa and Dutta (1963)
could produce {darvhoea in baly rebbits by feeding large amounts
of vhole oulture lysatos of ¥, cholopee stvedn 5695 In
confirming this, Finkelstein, lorris and Dutte (1964) cbeerved
that filtrates of serated cultures in Difco Brein Hoart Infusion
Dyoth (MIB) or in a synthotie modivm (Finwlstein snd Laniford,
1955) supplemented with 1 per cont. caseminosedd (Synonse medium)
produced greator yiolds of texine Filtrates of these cultures
were also achive in man (Miakelstein, 1965)s Two compononts,
deslgnnted as Frocholeragen 4 and Procholersgen B wore separated
ly dlulysis of WOL and gynoose culture filtrate but not from
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HUB cultwres, FProcholersgen A was heat labile and nondialyzable
shereas Frocholeregen B was heat stable and dialysabie, [Heither
wos diarvhoopgenie vhen fed alone to bely rebbits; for full
Wcmiﬁw.amdﬂnSWsmm

fichafor and lewia (1965) and Chosh (1965) could demcnstrute
themolabile nenedialysable entervtoxin in loop fluid end culture
£iltrates produced by severnl straine of ¥, cholerpe. The taxin
oould be procipiteted Wy mine sulphote and smondum sulphate.
The fludd socumlating in ilenl loops of rabbitsid hr after
injoction of ¥, cholerpe eulture wms ceutrifuged at rom
temporature for 15-20 mine ok 2000 g to depuait the debwis.
The supernste vas peparuted and exoess of chlorofoem was cddeds
The misture was ellowed to stand ab romm temperatuve for L hy end
the supematent {luld was deconted from the chlorofom. &
loopful vms stresked . o & nutvient agar plate to ensure froedcm
fran ve vibrion, The reat was recentrifuged forr 30 min,
to precipitate the killed vibrios, Iy isceulating this sterile
loop fldd into fresh loopa, Chooh (log, gits) wos cble to produce
positive loops in adult rebbits, The loop lesions so produced
wre indlstingdshoble morphologically from those induced Yy
infection with culturos of ¥e choloxegs One of these Joop fluids
wos agpdn inoculoted into o thind set of 4 loopse There wos no
lopton after 16 hey  Tho fluld was thus shown %o be free of a
tranmadoniblo agprde

Cradg (1965) deteected a heatelabile, fomalineinactivated,
acddepensitive nonedlalyzable "sidin toxin® in the filtrates of
stoola from cholere potients and fyom young Ve choloroe ocultuwres
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mmswm.mr&mm. The sidin teodn couved
induration and increased capdllazy pemmeability following
introoutancous  noculation in rabbits and guinoaepigs. Such
toxie activity was not deteoted in stools from other kinda of
diarvhooal dicense nor in the culture filtrates of other entexio
pathogens. The skin toxin was neutraliged by convalescent serw
fron cholern petients but not by antibeoterisl serm containing
agolutinine produced in rabbits in responue to incoulations of
Uving oo Hlled vidtelos,
Darvown (1965) sugoeoted thot there are 3 types of cholera
toxing that may ocous
(4) The texin that is lethal for mouse and MWedey eges
{11) The temic activity showdng intradermal reactivity,
glving o toxde reaction in infant rediits and in
ligated bowel loops, and poducing e qytopathic
effoot on Sorle's L cells in cultwre; and
(441) The factor that shows toxicity for emurien
cpithelium and inhibits peaxinohippurate
concentretion ty kidngy slices in vitzo.

e Ralbit 1oop.

Exporimental wori in cholera Tesosreh has been limited
becouse the dlsease is not resdily vejsoducidle in endmalse
The boly rabidt provides a model in whdch the pathology of the
exporimental infection approximetes that of natural cholera.
Dutta and Habbu (1955) confiimed that classical cholers vibrios
couse o diesase in infant yubbits that closely resembles clinicel
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cholera in mane Some authorities maintein thot this is the
boat and most reliable model currently available.

The rebbit loop is an altermative model in which the
pathogondcity of the vibrios is Judged by the evidence of an
inflaematory resction and the scoumulation of a large amount of
findd in the inoculated loop that has the goss, microscopic,
and eultwral appearances of cholera stoole As the writer has
based mary of his obuervations on this latter model, a short
roview of ita develomment followoe

In a ief "note on experimerdal cholera® Violle and
Crendiropoulo (1915) mentionod the rabblt loop model. A loop
of about 10 oms long was made by these wopiters in the upper part
of the mall intestine of ynbbitas The animals dled overnight,
perhaps dm to intestinal cbotruotion. These worikers could not
infect rabbits by injecting vibrios into the lumen of the intestine
ebove or below a single ligature. Thus intestinal obstzuction
was ot thought to predispose the ileun to infection.
Aecamalation of watery fluid in a loop and desquemation of the
moosal epdthelium wos considered to be the sign of a typdoal
loop lesion.

De and Chatterje (1953) tried this techmique and injected
living V, gholoroe suspended in 1 ml. of peptons water into the
lumen of a 10ean, long loop of rabbit mall intestine, After
25 hr there wan an secoumulation of a large amount of blood-
stainod fluld within this loop, The fluid contained muscous
flakes, opithelial cells and live vibrioss Variable rambers of
rod ocells anfl a fow pus cells were peen but no macrophoges
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were oboerveds The altumen contont of the fludd wes highe The
colwnnoyr epdtheliun was found to Yo ncorotic, especially near
the tip of the villl, Thore was evidence of codema in the
sulmucosal ticsue spaces and lymphaticse The lawger dlood vessels
vere markedly engorged. Iydwropic changes were ssen in stromal
oslls but not in the villar cpitheliumes There was no celiular
infiltrations Dubt, Mondal and De (1964) placed more emphasis
on degenerative changes, espeelally denudation of the epithelium
of the loop.

The rebbit loop procedure was claimed to be a general method
of assessing the pathogenicity of enteric bacteria by De,
Dhattachaxya and Saviaw (1956)s  Ludhe gold struine isclated
fron lunan stools were tested for thelr ability to produce loop
logions. It was cbeerved that only 3 of 20 straine from healthy
nen caused loop lesions whereas 9 of 20 gtraine fyam potients with
chronie diarrhoca and 15 of 20 struing from petients with eocute
@armhoen were pathogerdes All of 3 strains isolated frem
children with infantile diarrhoca were also pathogenic, 1+0s
they produced loop lesionse

Nemioka, Usushido and Seknseld (1958) and Taylor, Moltly
and Payne (1958) confimmed the value of the loop test for
ansessing the enteropathogerdcity of streins of Egchs colds
Mollaught and Roberts (1958) confismed the stataments of the sbowe
anthors and also recsorded rare false pogitive reactions in
uninoculated loopes False positive loops were obecrved by De
and Ghose (1959) only wihen the amount of fludd in the inoculum
exoeeded 1 ml, in a 10 ane=lcope False positive yesctions tonded
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to coour if materdal was injected too repidly or if the loop waa
too shorts Taylor, Maltly and Payne (1958) working on
enteropathogenic Lachs cold obseswed that the proximal part of
the intestine was morve sensitive to infeotions

The technique of the loop experiments of De and Chatterje was
modified by Fasuga gb pls (1963) ond Hattore gk als (1965) who
washed the loops in normel saline to rasove debrds and muelns
The Amewicon worlers ineluding leitch (1965) and Schafer and Lewis
(1965) also tried to modlfy the technique hy the use of long loops
that were woshed with salines These molifieations d4d ot avedd
sone false positive reavtionn.

The sultablility of animals other than rabbite for loop
axperinents was also stuideds De (1961) cbserved thet rats
were unsatisfactory for the mapose. Frosh, Versage and Reyes
(1964) noted that monkays and goate could bo used but thore was
1o adventoges Guinea pdps were considered to be better then
pabbite by Hikonov gt gl. (1956) for these woriers could induce
loop lesions in the former animels with only 23 colonyeforning
units (CFU) of ¥, cholorge and the guinea pig ileum was thought
to havbour fower comensal orgsniems. Florey (1933) used loops
of guinea g intestine to study the reaction of the mucous
membrane to irritants. Mo observed coplious inflametory exudation
vithin a fow hours of incoulating o donss suspension of
There &s no reoord of mice being wsed

=.".' ;l..‘_.'.l"‘... b ‘.1"3_."_ ’ st b2
for loop experiments.

The observations of lMcllaught and Roberts (1958) and Taylor,
Holtly and Payne (1950) confimmed that about 60 per cent. of the
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Eache g0ld straine isolatod from pstients with diarrhoon induced
positive loop lesions in rabbits. The production of positive
loop lesions in rebbits end guinea pigs had been obtained by
injocting enteropathogenic ghaphvlococcup gureus (Jonkin end
Rovley, 1959), S tvphimuriug (Florey, 1933; Singh, 1964) and
Shigellee (Arm, Floyd ond Faerber, 1962; Kesuga gt flss 1963).
Taylor, Vilking and Payne (1961) found that straine of Egch, cold
causing enteritis in smnimals vere unsble to induce loop lesions
in rabtbits, Wemioke, Urushido end Sekaga'i (1958) obtained
positive loop lesions in rabbits with 14 cor 15 Sgeh. cold strains
from the stomach and ileum of pigs dying of transmissible viral
enteritis, while 9 of 11 strains from the colon were nonepathogenic.

Sarker end Tribodi (1958) produced positive loope in rabbits
with 19 of 30 streins of Alkeligemes faccalig isolated from the
blood of patients thought to be suffering from emteric fover.
Cupta gt al, (1956) produced loop losions in rebbits with 35 of
36 NAG vibrios isolsted during on ocutbresk of gestroenteritis at
Kumbh fedr., Seysmov (1963) found strains of ¥, eltor from the
Middle East end Celebes oqually infective in both rabbits end
guinee pigs, vhereas Mukerjee (1963) found only 1 of 4 E1 Tor
strainsfrom the Middle East to be pathogenie in rabbite.

De (1959) utilized the ligated rebbit gut segment to show
that bacteris=free culture filtrates of ¥, cholerae could produce
chenges in the ligated loop identical with those given by the
orgenisms themselwves, Tor this purpose he inoculsted 200 ml,
of 5 per cent., Difco Bactopeptone medium with 5 ml. of a heavy
growth of ¥, gholorgg in Dunhem's peptome water medium snd
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incubated in & Roux flesk for 18-24 hr et 37.5°%C. The culture
vas then clerified by high speed centrifugation end it wes
filtered through an Oxoid membrenme filtere A leml, volume of
the sterile culture filtrate was injected slovly into & J«in,
ligeted loop of emall intestine of rabbit, After 1824 hr, the
loop was distended with fluld which resembled cholera stool.

The histological changes in the wall of the loop were similar to
those found in human cholera, nemely, lymphoeytic infiliration of
the mucosa, dilation of blood vessels and lymphatics end a variasble
degree of desquamation of the surface epitholium and loss of willi,

Cholera is one of the most important publiec health problems
of many countries in Asia end elsevhere. Some referoncos to the
incidence of tho dlseese in India, Pakistan and Indonesia are
quoted below (see Tropicel Health, 1962).

The immedinte aree of Celcutta may be comsidered hyperendemic
with case rates of 30«60 per 100,000 anmually. Moderately
endenic ereas vith case rates of 15«30 por 100,000 are the
districts of Hoogly, Purdwan, Midnapur end Nadie. The case
rates of hypoendemic areng are 10=15 per 100,000 of the population.

Cholera ic of considerable importance in East Pakistan vhere
the mmboer of deaths between 1948 and 1959 varied betweon 7,002
and 29,582 yoesrly.

In Indoneeda, the island of Celebes seems to be the mejor
foocus of the disease. An epidemic of cholera censed by the

E1 Tor vibrios wes reported in 1957 with high pathogenicity snd
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a cese mortality of 88«90 per cent. Tho disease is spresding
and now it is becoming endemic in & wvast territory botween the
Pagific Ocean end the Caspian Sea, This sspect of the problem
is reviowed in deteil elseuvhere (See pe /(0)e

Despite extensive research in cholers, workers are still
eonfronted with a mumber of unsolved problems and their
elucidation ic essential for the sstisfactory control and
ultimate eradication of the disease. The great engineering
advances in water supply and sewage disposal that have been
achioved in the Vestern world have contributed to the eradication
of cholora epidemics there. It is thus roasonsble to consider
that the control of cholers will ultimetely depond on edequate
supplies of pure weter and the safe disposal of excreta. But
this is not s realistic epproach for the deweloping countries of
Agia vhere it mey still teke deondes to nchieve the same standards
of weter supply end sanitation s now exist in the developod
countries of the Weast., The problem is further complicated by the
pattern of distribution of population in the Asian countries in
which large mumbers of people live in villages end draw their
water supplies from rivers,; wells ond tanks,

Cholera ic spread by patients during the acute stages of
their illness and within a week or so of their incubstion period
and convalescence, Further, the cholera vibrios do not multiply
in wetery they remain viesble in thic enviromment for & few deys
enly. These facts suggest that it should be possible to contain
cholera locally, provided that intensive measures sre taken to
prevent infection of water sources during an epidemic and to
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control the movenent of temporary carriers by adequate quarantine
noanures.

Another important approach to contral of the dinease is mase
immunisation againat cholera. “rophrlactic immunismation of the
susgopitble population foma one of the nost important measures
of epidenic control available to under-developed countries with
inadequate funda and equipment to imploment sanitary measures
within a linited time, Iut several observations, including
thone of regent years in Caloutta, Dacoa and Bangkok, have been
nade that cast doubt on the proteotive value of the currently
available cholera vacoiness These obaservations point to the
need for improving the protective potency of the exiasting
cholera antigens. This will take time and satiafactory
immunigation is unlikely %o be developed until we know more
of the mechanisns that are invelved in the pathogenioity of
cholera organions,

The present work has therefore been done in an attempt to
eluclidate some poanibly aignificant toxic mechanisnms thal may
oporate in cholorae. In particular, the writer has investigated
the relatiohahip of She skin toxin of ¥, gholerge to the

enterotoxzing
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dateriale and othoda

The experimenta desoribed in this section were desijgned to
inventigate $he in vitro produetion of siin toxin of Vs gholorae
%o characterise the cutanesun-reastive factor involved and %o
compare 1t with enterotoxin elaborated in experimentally
infected loops of rabdit 1leun,

This necensitated careful measurementsa and attention to
detail in the preparation of various media and suspending flulde.

Lnasyme preparations were used in attempts to decomposo the
toxic faotor.

Toxin presarations were concentrated Ly fractional precipita~
tion with ammoniun sulphate, ‘

intestinal loops were made in experinsental animals (mee pe 44 )
and these were used in the produstion of enterotoxine.

Agar gel precipitation studies ware of use in indloating
antigenic relationahips between different faotors.

The experimontal proocedures and the reagents used are
accordingly listed in detail as ntated below.

Liegsupanontge Percontage concentrationa of solutions are
expresced as volume/velume for 2 liquids and as weight/volume

for sclids in liguids, 2ritish Standard volumetrio glasaware

of grade B (Pregl, 1951) was used. Pipettes of 1, 2, 5 and 10=nl,
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velumes were gradusted "to comtein® vherees O.leml. pipettes were
calibrated "to deliver®. A rubber toat was used for pipetting
infective matoriels. /An instrumental error; less than 002 mle,
wes therefore involved in measuring volumes greater then 0.l ml.
vith tho use of @ teat. It hao been shown by Lorens (1962) that
the overall error in pipetting microbial suspensions ean be kept
below 2 per cent. if the volume messured is at least half the
capacity of the pipette. A le-ml, Turner sutometic pipette with
Ooleml graduetions was employed for serial doubling dilutions.

A spring or pen balance was used to determine spproximste
velghtey for sccurste veighing en Oerfling Single pan Releasoe
o=Matic bolance with a sonsitivity of 0.2 mge per vernier division
wes usod.

Strains investigeted. The vibrio strains ere detailed in
Section II, pe226. Two of the Y, gholeorag strains deserve spoclal
mention in this Secticn. Thay were used for production of akin
from a patient in East Pekistan by Dre JCe Fooley and freesze
dried after passege through a suckling rabbit (MgeIntyre and
Feeley, 19€4)e l..gholorsg shrain SCOB, also passaged through
suckling rabbits (Dutte and Habbu, 1955), was received from the
Haffkine Institute, Dombay,

Ipcubstion Conditionge Tubes vers incubated at 37°C in e
thermostatically contrelled water beth for periods up to 4 hr
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and in an electrie incubator for longer periods. A ghaking
instrument with a rotatory oseillstion of about 250 per min,
installed in the hot room at 31%C, end & thermostatically
controlled weter bath fitted vith a shaker, were used for shake
cultures.

sl doterminetione The pil of flulds was determined vith a Decimen

electric pH meter fitted with an automatic temporeture conpensator.
The instrument was ealibrated before use with commereiel standerd

buffer solutions.

Storagee Materials vere stored at room tempersture between
1820°C or in a eold room botween 6=10°C or in & deep freese ot
«20%C, as indicated in the text.

Rigtilled vatere Tap water dletilled onee in a metal etill wes
generally used, The pH of the wster st room temporsture wes
botwoen S«be

Norma) ssline (N8), Thiec was mado by dissolving 0.85 g. sodium
chloride of Analer grade in 100 ml. distilled water ot pH 5«6,

_ This wvas prepared according
to Crutckshank (LAS, pe 853)s The pll ves 7.0e742

Thase were prepared according

CROENNALO=TL | S8 i Wi

to Cruickshank (1965, pp.851, 253).

Peptone weter (Pi)s This conaisted of ¢
Bacteriologicel Peptone (Oxoid) 10g.
Sodium chloride 58
Distilled vater 11,



ePa

It wes sterilised by entoclaving st 121°C for 15 min. The pi of
the medium was edjusted to 7.4e

The pil of the sterile peptome water
was sdjusted to 8.8+9,2 with sterile decienormal WaOH and the
required smount of the alkali was estimated by titrating 5 ml. of
peptone water (PW) in a Lovibond Comparator egainst phenolphthalein
indieator.

Hutriont bhroth (B)e 4 25«g, smount of Oxoid No, 2 nutrient broth
povder wes dissolved in 1 1. of distilled vater end sterilised by

sutocloving et 121°C (15 1b. per aqe ine) for 15 mine The pH
wos adjusted to 7elde

X210 Nutriont brothe A 250=g, emount of Oxoid No. 2 mutrient
broth pouder was dicsolved in 1 1, of dictilled water end

sterilized by sutoclaving et 121°C (15 1b. per sge in.) for 15 min.
The pH wes adjusted %o 7«4

This eonteined:
Difeo Bactopoptone 50 g
Sodium chleride 5 Be
Distilled wetar 11,

The medium was sterilized by autocleving et 121%C (15 1b. per
8¢ ine) for 15 min, and the pH was adjusted to 7.6,
Synease Modiume, This wes made wp as follows:

Hﬂ‘m 595 ng.
ﬂlzso‘ 89 mg.
I-!ﬂlz.ﬁzo 4205 “.

Pecla.ﬂizo 4085 mge
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HnCL, 4.0 346 mge
Suerose 500 mge
e HPO, 500 mge
Distilled weter 11,

This was supplemented with 1 per cent. casemino acide The
pedium was sterilissd by emtoclaving et 121°C(15 1b. per sg. inm,)
for 15 min, and the pH was sdjusted to 8,0,

dhdoglvecllate hxoths This contodned:

Bagoto yeast extract 5 g
Bacto Casitone 15 ge
Bacto dextrose 1g.
NaCl 2e5 Be
I~cystine, Difco 0605 go
Thioglyocollic eecid 0e3 ge
Distilled water 1 1.

It vas sterilized by eutoclaving at 121°C (15 1b. per sq. ine) for
15 min,; pH ves adjusted to 7als

Hutrient agex (NA), 40ge of bleod agar base (Oxoid) wes
dissolved in 1 1, of distilled weter end sterilised by eutoclaving
et 121°C (15 1be per sqs ine) for 15 min. The pH was adjusted
t0 7ehe

Soft agor, 6ge of Davis Agar (Type P) was sdded to 1 1, of
nutrient broth NHos 2 (Oxoid) end sterilized by autocleving et
121% (15 1b. per sqe in.) for 15 mine; the pil vas adjusted to 7ede
Streptomvein agars 40ge blood agar base (Oxold) wes dissolved
in 1 1, of distilled water and sterilised by autoclaving at 121°C
(15 1bs per sqe in.) for 15 mine; the pH was edjusted to 7«4e
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Dilutions of streptomyein sulphate B.P. (Glaxo) eontaining the
required concentrations were added aseptically to the cocled egar
at 46°C,

&=l medivn (Leniford, 1958).

1.5 g agar wos added to 100 ml. mutrient broth, The pH wes
adjusted to 8.2 snd the medium wes sterilized by autoclaving et
121°C for 15 min, While the medium wes still hot, 10 ml, of 10
per cent. glucose and 2 ml. glycerol (sterilized seperately by
autoclaving for 10 min, at 115°C) were added.

This was prepared as deseribed by Monsur (1961), tellurite
being added to & concentration of1:20,000 end the pH adjusted te
8.“.6.

Thia contained:

femonium sulphate Ol per cent.

CGlucose Oel per conte

uwo‘.mzo 0402 por cent,
NeCl 0e5 por cent.

KZEPO‘ Cul per cent,

in distilled water, adjusted to pH 8,0 end sterilized in the
sutoclave ot 121°C (15 1be por 8qe ine) for 15 min,

The medium wes sclidified with 2 per cent. Ion agar to meke
minimel so0lid medium,
Pentone geling (PS)e A 10w-ml, volume of cterile peptone water
wes added to 100 ml. of sterile physiological saline; the pH
wag 7e0=Tele
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&ngvpe urepciotionds
The following were obtained commereially:
Irypein=-(Bovine pancreas) A crystalline, seltefree preperation
with e potency of 2,000 uw/mg. wne supplied by Light & Co. Ltd.,
Colnbrook, Englend.
Pencrestin = BeDeHs Blochemical from pencrees, conforming to BP 1958,
was cbtained from The British Drug HousesLtd., B.D.He Leboratory
Chemicals Division, Poole, England,
Lipsge (Wheatgerm, Vorthington), was supplied by Light & Cos Ltde,
Colnbrook, inglend,
Ehogphorvloge=g=rom Rabbit Musele, A 2x crystallised suspension
in 0,00154 EDTA, 0,001921, sodium glycerophosphate, O.1M sodium
fluoride, st pHl 6.6 was obtained from Sigma Chemicel Compeny,
3,500 Dekalb Street, St. Louis 18, Missouri., U.Sehe

Erocholoragen As A sample was obtained from Dr. H.Ke. Chosh,

Eresze-drvine pixturg: One part of commercial horse serum wes
mixed with 1 part of 3C per cent. sucrose in broth, each
component being sterilized separstely by membrane filtration,

The strains were received freege=dried in smpoules from
fi0ld laboratories and type culture collections (See Teble 42 )e
Enguiries revealed that most of the strains hed been mainteined
on agar slopes covered with liguid pareffin before being freezo-
dried.



On receipt, the contents of each ampaulewere rehydrated with
0s2 mle of broth and streaked on to a NA plates The inoculated
plate was then incubated overnight. Suboultures from smooth
colonies were made on another NA plate and also in peptons water,
A 3«4 hr growth from the PV tube was used for charscteriszing the
straine (see below) and the overenicht growth from the plate was
suspended in 2 ml. of freego-drying mixture; 0C.l ml. of this
suspension wes introduced into each of 20 sterile ampoules of 6 mm,
internal dismeter. These were then procossed for 12«20 hr in en
Edvards Centrifugal froeze-drior according to Gresves' method
(Cruickshank, 1965, pe 806)s The ampoulos were then sealed
in vaouc, The contents of 1 of those ampoules were rehydrated es
before in broth and stroaked on to a YA plate. If a pure heavy
growth was obtained on the plate after overnight incubation, then
the rest of the ampoules were stored in the cold room.

Charactordzaiion of Straing.

l. Herphology of the golonve This wes studied by obliquely
i1luminating cultures grown on 2«1 medium,

2¢ lJotility, A hanging drop preperation was mede from a 3-hy
peptone water culture of the strain under test and motility
was observed microscopically.

3 Sugar fermentation was observed in poptone-suger tubes
(Cruickshank, 1965, pe 813).

4e DReduction of tellurite, This was indiested by blackening
of the colonies on a plate of pelatinetellurite-taurocholste
ager (Monsur, 1961) sfter incubation for 48 hr.
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Oxidese tegte An overnight agar culture was flooded with

1 per cents tetramethylepephenylenediamine and the excess
fluid was drained off, A purple colour, usually pale, was
developed by the vibrio colonies end persisted for at least
20 min, (Koveos, 1963),

Liguefaction of colatine This test was performed es
recommended by Minor and Piccheud (1963).

Hacmolvein production wes tested mecording to the technicue
of Feely and Pittman (1963).

Cholera Reod reactions /A peptome water tube was inoculated
with the test strain end incubated overnight. I'ive drops

of concentrated sulphuric =2eid were then eddeds The reaction
wvas considered positive if e pink colour developed within

15 min, |

This wes done by Barritt's
method (1936) on 48<hr cultures. The result wes said to be
strongly positive (2¢) if e distinet pink eolour developed in
20 min, or weekly positive (1+¢) when the colour developed
within 40 min,

Slide epzlutination with antiserum (Inaba and Ogewa)e This
ves done by mixing e loopful of entiserum with a drop of
saline suspension from an overnight agar culture of the strain
on & microsecpe slide, The specific Ineba and Ogava antisers
vere supplied by Purroughs Wellcome & Co. The specificity of
each serum was checked with 2 Insba and 2 Ogawa strains,

11, Sensiidvity to nolvmvin Be This was tested by adding 1 drop

of a 3=hr PV eulture to 1 mls of peptone water containing
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20 units of polymyxin B sulphste (Burroughs Wellcome & Co.).
The strain was concidered to be sensitive to ths drug if no
turbidity wag cboerved in the tube efter overnight incubstion.
Control cultures were included.

12, Phage sensitivitys Lysis of streins st Routine Test
Dilution of the Group IV cholera phage ves determined
aecording to the method of Mukerjoe (1961).

Sen HeRions by

Crude skin toxin precipitated with ammonium sulphate from
5 per cont, Bacto-peptone culture filtrete of Y, cholorss strain
12r and dielyzed against distilled water was tested for its
protein content by the FolineCioeslteu Fhenol test. This
determines protein by measuring the blue colour produced on
addition of the Folin reegent to an alksline solution of the
protein (Kabat end Mayer, 1961, pe 556)s The method was made
more mmittwwmmtimdammmwmﬂ to
enhence development of the eolour, Thus, Lowry gb gl, (1951)
employed solutions of 2 per cent. !h2003 in 0,100 NaOH and 0.5

per cente chA.SHZO in 1 per cent. sodium or potassium tartrate.
Just before use, 1 ml, of the copper solution was added to 50 ml,
of the ¥a,C00y - NaOH mixture.

A l-mles volume of this reegent wes added to 0.2 ml. of the
teost protein solutions After 10 min, at room temperature, O.1
nl. of commercisl Folin reagent, previously titrated with



- b=

phenolphthalein and diluted to an acidity of 1INV, wes added with
vigorous mixing and the test sclution wes sssayed spectroe

photometrieally after 30 min. or longer at a wavelength of 720 mp
as deteiled in the text (p.£4 ).

Lndnal cxperipents
Experimentel enimals were obtained from the Animel Breeding
Station of the University and from external deslers. Guinea pigs
were kept in groups of 2«4 in wire cages end rebbits were kept
pingly in cages. Both of these species were fed with cormercial
pellets, They were slso supplied with green vegotebles thrice
weekly. Water was allowed gd libitum, even to animels being

Rabbits between 5«12 months of sge and of oither sex were
useds The test animal wes deprived of solid feod for 16«18 hr
before the challenges It was then ansesthetized with intrevenous
Nembutal, the dose being 1 mle per 5 1lb. of body weight. A O.5-ml.
volume of the total celenlated dose was injected at a time. All
of the injections vere made very clowly. Fallure to observe this
procaution may kill the enimol during annesthesis. Vhen completely
anaoathetized, the animel was secured to an opereting board and the
hair of the ebdomen was shaveds A central midline ineclsion 4=5Sem.
long vas made in the sbdomen. The tip of the sppendix could
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easily be recognised; it 1s stteched to the terminal part of the
ileum by & short mesenteric fold snd ot a fairly constent point
shout 25 cme from the ileocascal junction. OStarting at sbout
15 em. proximel (orsl) to this point, l.e. sbout 40 cms from the
ileocascal junction, ligatures were nlaced sround the ileum at
intervals of 9«11 eme Thus, 5«7 closed segments or "loops® were
erected elong the middle third of the ileum, The toxin and the
culture doses were injected into different loops of the gut in
different animals, BEach alternste loop served as a control.

The length of the gut in living snimals is difficult te
mensure because of peristalsis. It has been observed in dead
enimals that the terminal “straight arteries" of the mesentery
enter the gut wall at an everage interval of 0.5 eme Thus,
20 vessels enter over a length of sbout 10 emes and this was
chosen as the standerd length of a loops In living snimals the
ligetures were therefore placed around the gut wall after every
20 vessels to cbiain loops of standerd length.

After administering the chellenge doses, the ileum was
replaced; the peritoneum and the musele coats were stitehed in
one layer, The skin vas elosed either with Mitchell clips
or it vas stitched with cotton threads. The operation took
about 30«40 min, end the animel regsined consciousness within
2«3 hr, No food was given and each enimel was killed after ebout
11 hr by intravenous injection of 2 ml. of a saturated sclution
Of"iﬁcz.

A pogtmorton exsminetion was thon mades The animal was
placed on its backe The chest and sbdomen were swabbed with
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2 per cente lysol and the emcess wes wiped offs With sterile
foroepg snd sclssors, the skin wes incised along the midline and
reflected laterally., The musele and peritonesl coats were deslt
with similorly. The loop lesion was recorded as "wesk positive®
(1+) when the loop eontained at leest 5 ml, of fluid, end
Sgtrong positive® (2¢4) when there was else congeetion and
haemorrhage in the gut wall,

Lger gel procipilatlon studlee
Explanatory note, Oudin in 1946 showed that vhen a concentrated

antigen is leyered over an agar-antiserum mixture in a tube &
precipitin band is formed in a position that is directly related to
the concentration of the antigen and its diffusion co-efficient,
and inversely proportionsl to the concentration of the antibody,
Thus, dilution of the sntisera or antigen ceuses displacement of
the band towerds the antiserum or sntigen respectively.

Folloving these observations, methods were developed so ss to allow
the antigen and antibody to diffuse towards esch other in egar
whoen one or more precipitin bends vere formed sccording to the
mmber of speeific reactants present, Thie method is knowm es
double diffusions It may be carried out in tubes or in petri
dishes. The most suitable tempersture for the immunce

diffusion test is 4°C becsuse although the formation of bands

is rapid at highor temperstures, there is decreased yesolution

of the preeipitin bands and the preeipitetion is less complete.



Morcover, there is less rick of densturation of labile reactents
at the lower temperature, The time required for a visible
precipitin bend to form depends upon the diffusicon retes of the
tvo reactants sud their relative concentrations. The

precipitin bands are sharpest vhen they are first formed and they
tend to brosden vwith time,

Erocedures The double diffusion agar plates were prepared by
pouring 10 ml, of a2 1 per cent. Ion agar in 0.85 per cent. ¥all
(or 042 M phosphate buffer st pi 7.2) containing 0.1 psr cent,
sodium azide into a small flatebottomed petri dish of about Gem.
diemeter to give a perfectly level surfece. Wello were cut in
the agar when it had solidified with e cork borer or more
conveniently with a gel cutter. (Different sizes, shapes and
arrangements of wolls have been used in this techmique. The
circular central well with equidistant satellite wells is the
most popular,) After £illing up the wells with entigen and
antiserum using separate Pesteur pipettes the plate was covered
and pleced in a demp chamber such as 2 plastiec lunch box with a
plece of wet filter paper in the base. Diffusion was alloved to
occur in the cold (4°C), or at room temperature (18°), cr at 37°C,
overnight or longer if necessary, The plate was examined under
ineident light (Cruickshenk, 1965, ps 948)s Precipitin bends may
form in one of 3 different patterms; (i) in the reaction of
identity, the bend lines sre contimious from ome well to the next;
(11) in the resction of none-identity, the lines eross each other;
and (111) in the reaction of partiel identity, the psttern is
similar to (4) except for n spur formation et the junction of the



preecipitin bends,.

In the present geleprecipitation exporiements with cholera
toxin, double diffusion plates were incubated in most cases at
room temperature (18°C) for 3«4 days. The toxin was placed in
the central well and the antitoxin in the peripheral wells and
Yice=varga, The reactions obtained in different experimeats are
described in the Results section.






Filtrates of stools from patients with cholera and from young
culturea of ¥, gholerss grown according to the methods for
production of cholera emterotoxin outlined by DeGhose& Sen (1960)
and De, Ghose and Chandre (1962) were found by Craig (1965) to
contein heatelabile substances that on intracutancous injection
in guinea pigs end rabbits dinduced identical skin lesions

charactoriged by erytheme, induration and a prolonged increase in
capillery permeability. The term "skin toxin® hes been epplied
to these skinereactive subotances of the eulture filirstes of
Y. cholerae by Creig (loge clts). A8 in the case of the entero-
toxin, maximm production of skin toxin vas found to be relsted to
surface/volume ratio of the culture medis. The influence of time
of ineubetion of akin toxin production by Y, gholorse grown in
shallew cultures wes also studied by Craig (19gs gits)s He found
that the concentration did not reach its maximum until 24«4F hr.

dn yitro production of skin toxin from Y, cholorse has been
achiecved in the present study by eulturing in 5 per cent. Difco
Bactopsptone, [Equslly good yields were cbtained from cultures
in 1 per cent. peptone water, Y, cholerse strain lir (Ogswa) wos
grown in the peptome water media at 37°C for 24 hr in shallow
cultures with & surface/volume retio of 2,5. The ratio was
celeulated by dividing the sur!‘?m area of the container in sq.cm,
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with the volume (ml,) of the media used for groving the euvltura,
The becterial growth was centrifuged at 4,000 g for 1 hr in the
refrigerated M.S.E. contrifuge at 5°C. The supormatant fluid,
sterilized eithor by membrane filtration or with chloroform, gove
gkin lesions on intracutancous injections im albino guinea pigs.

A similar skinerssctive substence wes elso obtained with equal
success from Insba strain 5698 growvmn in § per cent. Difco Bacto-
peptone eultures. The presence of skinereactive substances in
these preporations wes demonstrated by injecting e volume of C,1
ml, from each preperstion intracutaneconaly in partisllyerandomized
sitee on the backs of albino guines pigs or rabbits. The guinea
pigs or rabbits were prepsred by clipping and shaving the heirs off
their becks. Each of the guinea nigs were given 16 injections in
4 rows of 4 vhile each rabbit accommodated 50-60 injections.

Most of our materials were tested on guinea pigs. It was noted
that filtrates of positive loop fluid and ¥, gholerne cultures
produced skin lesions characterized by merked indursation and
erythema beginning 2 to 3 hr aftor intracuteneous injection and
becoming meximel at 18«2/ hry but persisting for 4«5 days in both
guinea pigs end rabbite.

The effeote of loop fluid snd eulture filtrates on skin
eapillary permeability vere investipated by intravenous injection
of Pontemine Sky Blme 6 x B (0,12 ml, of a 5 per cent. solution
per 100 g. body weight of the guinen pilg) st varying times after
the intracuteneous injection of the test meterial (Elder end
Miles, 1957; Craig and Miles, 1961). Erperiments showed thet
filtrates of positive loop fluid and Y, cholersg cultures capeble



of evoking induration slso caused am ireresse in ckin cepillary
permeability. Immedistely af'ter injection of the dye there wes
& marked ineresss in permesbility of skin cepillerics follownd
by recovery within 1 hr. During the next few hours the
permeability gredually increessed with mexirum intensity of blueing
at 18«24 hro Between 24 to 48 hr the intensity faded and the
ekin eppesred to return to normal by 72 to 96 hr, The induration
developed more graduslly during the first 24 hr. A graph of the
time=course of ineressed induration following intracutansous
injection of Ou1 mls of (WH,), 80zerrecipitsted cholera toxin in
guinea pige is showm in the upper 2 curves of Fig. 1. Induration
and blueing were maximel st ahout the same time but the induration
subsided more gradually over & period of /=5 doys. Residusl
indurstion wes palpahle at 6 « 7 days, The results of intradermal
injections of filtrateos of Vs gholorse cultures and positive
rabbit gutloop fluid in guinea pige are shown in Table 2,






Mean diameter of

TIME-COURSE OF INCREASED INDURATION FOLLOWING INTRACUTANEOUS INJECTION
OF 0-1ml OF ( NH, ), SO~PRECIPITATED CHOLERA TOXIN IN GUINEA PIGS.

5698 TOXIN UNHEATED

12r TOXIN UNHEATED

5698 TOXIN HEATED AT 56°C FOR 30mins
12r TOXIN HEATED AT56°C FOR 30mins.

o p =

e — 2

LI I I L] T
2L 8 n 1] n 96
Age of lesion in hours.



Vean diemeter of sikin losion
Source of Texin por 0.1 ml, dose of inoculum

Inturation (mm,) | Dlueing (mm,)

Culture filtrates of Yygholopse Stroln
12r grovn in 5 per cent, Bacto-peptone

media, 1344 13.1 |

| Culture filtrete of ¥, gholeras Strain
569B grown in 5 per cent Bactoepeptone |
madin, 1e3 12,0 ;
i

Culture filtrate of ¥, cholorsg Strain
12r grown in 1 per cont. Peplone waber
. medie. De5 948

Culture filtrste of Y, gholgrag Straln
5698 grown in 1 per cent, Poptone
- water media,. 1040 2.9

Strain 12r induced positive
rabbit put loop fluid filtrate. 16.6 16,2

Sontrols
5 per cent. Bactow-peptone water Nil mil
1 per cent, Peptome water Hil Wil

The production of skin toxin by strains 5096 and liv
cultured in 5 per cent. Bactoepoptons uster et 37°C under the
conditions deseriboad ebove was studied in serples taken et
intorvals from 2 to 72 hr of incubetion. The toxin wes first
demonstreble after incubstion of strain 5698 for 4 hr and after



6 hr with gtrain 12r, Thereafier the eoncontration increased
graduslly with maximel production at 24~48 hr, The results ere
shown in Teble 3 and tho date are represented greprhically in
Pige 2¢

Yean diemuter (zm.) of induration following
intrecuteneous injeetion of C,1 ml, of sample

E‘Q
5
?

of ture filtrate of¢
et ——
Ja.cholorag Streln ler | I, gholerag Strain 5698
2 ? LEh ] 2
! E
4 ; 1.8 6ok
i j
6 ; 7.0 ' 8,0
i |
e | 749 , 8.8
5 940 i 1044
16 %45 1 11,8
24 .. 12,1 ' 1246
l ]
48 134 ; 1e3
72 | 11,0 | 13.0







Mean Lesion Diamet

TIME-COURSE OF PRODUCTION OF INDURATION-EVOKING FACTOR
IN 5. BACTO-PEPTONE, pH 7-3, BY TWO STRAINS OF VIBRIO CHOLERAE.

L

134 INABA 5698 h T

1N+ 0GAWA 12r

) -9
o~ -

L] | ] | L] ||
B 12 16 20 2 L8 72 Hours of growth.



The skin reactione evoked by loep fluid end culture filtrates were
ccmpared by determining both dose~response and time-course of
induretion and incressed eepillary permeability in pereailel tects
on the seme sets of guimea pigs. For these determinations,
positive rabbitegut loop fluild filtrate produced in response to
Yo cholerae strain 12r wvas compared with a filtrate of & 24ehr

5 per cent. Bacto-poptomo culture of the seome strein, The relative
potencios of loop fluid end culture filtrates as regards their
production of (1) induretion, (ii) erythems, end (iii) cepillary
permeablility asre shown in the teble. The timeecourse of duration
activity of both loop fluid and eulture filtrates in the seme
animals displayed the seme sequence of events as shown in Table 4
end Fige 3, Thus the skin reeponses evoked by loop fluid and
culture filtrate guggest thet the active prineiple in the 2 materials
nay be similap,
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MEAN DIAMETER OF INDURATION ZONE (mm.)

TIME—COURSE OF THE DEVELOPMENT OF INDURATION FOLLOWING INTRACUTANEOUS INJECTION

20
19 -
18 -
17
16—
15—
14—
13
12
11
10+

OF 0-1ml OF CHOLERA TOXIN IN GUINEA PIGS.

¥—x LOOP FLUID FILTRATE
o—---o CULTURE FILTRATE

-
-
~

' T T T T T T T T T T T T T 171
10 20 30 40 50 60 70 60 90 100 10 120130 10 150 160 170 180 190 200
AGE OF LESION (HOURS)



Age of  Meen dismeter (mm,) of skin lesion produced by O.1 ml, of

A ooy Tt T
“iniuration end  Hlueing Indurstion end  Llueing
Crythame Srythare

18 hours 179 18,0 1642 1645
o 16,8 1669 15.2 15,0
6 © 143 14¢5 Lie2 1445
g8 o 12,0 12,3 115 i 12,9
12 940 9¢5 843 845
1% * 8.8 940 747 749
160 ® 846 849 7e3 X

Cultures of Shigella £loumexd type 6, ontercpethogenie Lgcherichic
gold type C 26 and E1 Tor end noneegglutinable vibrios in 5 per cont,
Difeco Bactowpoptone et pil 7.3 wero tested for the production of akine
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reactive gubstances eimiler to those produced by Y, diclerese The
cultures were grown under identicel conditions to those followed
with ¥, gholorsg for production of toxine, Positive skin lesions
of verying diamoter were obtained with culture filtrates of
Esche gold, E1 Tor vibrics end some NAG viledos; the other
orgonisms did not preduce akin-resctive subetances. The results
are shown in Table 5.



Culture filtrates of

Mean dismeter (mm.) of induration

strein folloving intradermal injection
of Ol mls of culture filtrates

Egehs oold type © 26 6.0

El Tor vibrios
H1 13.5
B2 1.5
77 Lie5
s 15,0
HE 13.0
H7 1345
He 16,0
Da7 15.0

WAG wvibrios
172 (grouw V VA2
sl * 10,0
Wu3( " 1 1244
658 g " II 89
586 . II; 1240
M (. = 1 11.3
696 E "Iz 12.8
H11 LI ¢ 0e5
98 ( * 1 HiL
49 ( * I) Nil
nE (I Hil
Ho ( *11X Nl
0% ( *I11) Wil
M2 ( *I11) il
type 2 mil

Control 5 per cent,

Difeo

water ot pH 7.3 Hil




Solid ammonium sulphate was added in smounts calculated to give
a series of precipitates at O=20, 20=40, 40«60 and 60«30 per cent.
ermonium sulphate saturation (Diwxon and Webb, 1958). Before
eollecting the preeipitete at each stage, the mixture wes kept for
1 hr ot 5°C. The precipitates vere collected ot each stage by
ecentrifugation ot 4,000 g for 30 min, et 2°C end they vere each
resuspended in a known minimal volume of distilled weter, These
semplos were dislysed in cellophane saes for 72 hy ageinst large
excess volumes of distilled water et 4°C. The weter was chenged
twice in 24 hr, and agitated 3=f times between each change. Each
froction ves storilized by membrans Tiltretion and assayed for ite
induration efeat end capillery permoability eetivity by
- intracutansous injection of e dose of 0.1 ml, from oach fraction
in guinea pige; 1820 hr after intrecutancous injection the skin
lesions vore measured and the capillery permeability was investigated
by the intravencus dye procodure., The results ere shown in
Table 6.



Precipitate st percentege| Mean diemeter (mm.) of leaion produced
(NH )2 S0 per 0ol mls of inoculum prepared fyom
il axsaioikate
saturation of
Induration Blueing
0 - 20 10.3 8 .0
20 « 40 19.3 18,0
40 « &0 10.3 8.0
60 - 80 75 4.0

In the present test o series of twofold dilutions of the toxin
obtained by precipitetion with 60 per eent. satureted (NH‘)ZSOJ'

were treated by the FolineCiocelteu phencl test procedure (see Methods)
end the absorption values of the products were oompared at a wavelength

of 720 mp in a Unicem 8P.1300 colorimeter agninst a known stendard
prepared from bovine serum albumen., Frowm the colorimetrie readings
of the sample end the standard comtrel nt 720 mp wavelength, the
protein content of the semple was estimated by calculation as

stated belowe
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handazd Gontrol
Concentration of Bovine Colorimotric roadings of the !
Serum elbumen .- P « G product }
50 li‘/llo . 06060 |
100 ug/nl, De241 %
200 ug/ul, | D289 [
400 ug/ml. 0e520 {
Semple dilutions | Colorimetrio readings of the
1/40 0ed76
1/20 Ce300
1/10 0e520

It is ovident that the 1/;, test serple dilution gives a result
equivelont to the control thet eontained 400 ug of protein per ml,
A more elogant evaluation is oblained by e regreceion tochnique
vhich ie as follows:

1ot Zyy %Xz Xap .. .. . b0 the concontretions of imown dilutions
dbov&mmnlmmlutlpl'z,!:,,___ represont tho
colorimetric readings obteined Crom the trected samples of test end
control materials. For eonvonionce in hendling these data, the X serles



is divided by 100 end the Y series is multinlied by 100; this evoide
the use of asvitward decimsl values., The coded walues for the standard
bovine sorum eontrel test results ere therefore tabulated eas follows:

X Y XY -
0e5 640 3.0 0425
1.0 4.1 1.1 1.0
2.0 28,9 578 4 .0
4.0 5240 208,0 16 .0
2Y¥=101.0 sX =75 < XY = 282,9 éxz = 21.25

Ve know the eguation for the Regression liney, ¥ = MX ¢ C vhere
M gives the slope of the Regression line and C is constant,
Now the walues of M and C are determined by putting the
values of our standard control from the above table in the following
ecuations:

n
(M representing the mmber
of items)

‘P . ;2}9“

s -

2lel5 = 50425
4
= m.g - I'&.;E
21025 - uo
2033
719
= 13.0
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and © o 2 s -
sX - N (¥ reprosenting the mumbor
of itoms)
= W
o5 - 4 x 2125

= 2hald.

28,75
= 008’

Putting these values for M and C in the Regression equation,
Y=M{+Cw hove Y = 13X + 0,85,
Now putting the eclorimotric value of the sample for Y in the
above eguation, we have for 1/10 dilution of the sample
52 = 13X + 0,85

or X = 3,93
Multiplying this coded value of X by 100 we got the value of
protein content in ug/mls in 1/y, dilution of the semple, 1.0,
393 ng/mle
Sinilerly 1/20 and lfm dilutions comtein 224 end 129 ug/ml.
respectivelys Thus the undiluted toxin sample contained 3,9

R« of protein per ule

Jhe affect of dialvgis
The effect of dialysis upon the cutemeous setivities of

enterotoxin and skin toxin of Y, choloreg wes compared in a mumber
of exporiments conducted in pearallel,

The test sample of toxin was held in a sac of cellophane
tubing of diemeter 1 em., and dislyzed st 5°C for 4272 hr. The
water was changed daily and stirred 2«3 times daﬂy.‘ The



effect of dislysiec uron the cuteneous activities of enterotoxin
and ekin toxin was then determined by compsring the skin lesions
preduced by injecting intrecutancoucly in guinea pige a velume
of 0,1 ml, from each of the dislyszed and undlalyszed materials.
Dialyeis of both meteriale for 48«72 hr at 5°C ageinst lerge
volumes of distilled water resulted in no loss of akin
reactivity. The results ere recorded in Teble 7.

Undialyszed mpi:a Dielyzed sample
Moan diameter (rm,) of Mean dismeter (mm.) of
Mmrinl — e -
Indqurstion  Plueing induration  Blueing
Enterotoxin 133 145 13.2 13,9
Skin toxin 10,C 9e5 9.8 904
Eflect of nil

The skin induretion sctivity of the skin toxin end enterctoxin
ves tested over the pH renge 4«9, Iqual volumes of the respective
toxin end buffers at diffevent pil veluos as shown in Table 8 were
mixed and ineubsted et 37°C for 30 min, prior to intrecutencous
inoculation of a volume of U,1 ml. from each mixture in guines pigs.
it was observed from the skin lesions thet the skinereactive prineiples
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in both the skin toxin and enterotoxin were steble over the raenge

of pH values tested.

pH of | Mesn dismeter (mm,) of iniuration following
the intrecutanscus injection of a volume of Ol
buffer || e tile o o ndaire of -

Buffor equal volwmos of  equal volumes of | diluent
gkin toxin and  entorotoxin end | only ot
diluent at vare diluent st vere various
MMM,

Citrate |_

phosphate 4 12,6 1446 Nil

o 5 1245 145 rs M
Phosphate i
buffer 6 12,8 | 14.6 wil
. 7 2y 27 mi1
. 8 12,6 1444 Nil
Trie
buf'fer 9 1267 L’u? i Nil




The effect of heat upon the skinereactive content of
enterotoxin and skin toxin of V. cholerase was studied in a
series of oxperiments. Both the indurstioneevoking factor
end eapillary permeability factor of both meterials are
complotoly destroyed aftor exposure to heat at 56°0 for 30
min, or at 1009 for 2-3 min, but they sre stable at 37°C
et least for 72 hrs In s typleal oxperiment the toxin under
test wes heated in & thems&lucﬂh controlled water bath at
56°c and samples were withdrewm after verying periods. A volume
of 0ol ml, from each of these samples was then injected
intrecutencously on the shaved skin of the beck of albino guinea
pigs. The ekin lesions were measured 18«20 hr after the
intracutancous injection. The capillary permeability was
investignted by intravenous injection of Ponmtemine Sky Blue
6 x B (0,12 mle of a 5 per cent. solution/100 g.). The result
of a time~course study of progressive inactivation of enterotoxin
and ekin toxin of Y, cholorae held et 56°C for verying periods of
time are shown in Table 9 and the deta are presented graphically
in Figs. 4 and 5.






MEAN DIAMETER OF INDURATION AND BLUEING (mm)

THE PROGRESSIVE INACTIVATION OF V.CHOLERAE
ENTEROTOXIN HELD AT 56°C.

% —==XBLUEING
o—— |NDURATION

TIME (min.)
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MEAN DIAMETER OF INDURATION AND BLUEING (mm)

THE PROGRESSIVE INACTIVATION OF V.CHOLERAE

SKIN TOXIN HELD AT 56°C.

% ——-xBLUEING
o——e |NDURATION

TIME (min.)



Tine

of
heu?ing Induration

1 min, 10,0 10,0 | 640 640
5 ¢ | 640 640 460 4eS
0 = 3e8 340 2.9 3.0
20 » | 2.0 20 1.5 240
w L] - L - -
Unheated
Control 133 { 133 i D5 8,9

iR

diin
89C)

The stability of both enterotoxin end ckin toxin was determined

enterotoxin

Nold at room gtennerniure .
by compearing the skin lesions produced by intracutansous injection
of 0,1 ml. of test samples snd controls that were stored in e deepe
froeze st «20°C. The mean wvalues obtained in different experiments
with the pamo batches of the toxing are shown in Tahle 10,



i . i
room temperature | | Control
| i
Mean dismetor i Mean dlemeter | Mean diameter
Material .-L-M‘ | X
N, | Indure
iee |TWINE | aton | hing | i iming
Entero= ’
toxin 16,0 | 15,0 | 12,6 140 i 1649 18,0
Skin | ?
toxin : 13,0 125 I 113 10,5 1545 1645

It is evident that very slight reduction of skin effect has
oceurred with both skin toxin and enterotoxin being held
&t 18 or 27°C for 72 hr.

Zhe eifect of dllucnt on gkin Loxin
This was studied by mixing 1 part of the skin toxin with

1 part . of each of saline, phosphete-buffered saline at pH

Te2y; and 0,01 per cont. celcium chlorids in saline at pH 7.2.
Thereafter a volume of 0,1 ml, from each of the mixtures wes

injected intracutanecusly in guinea pigs. Wo difference wes
observed in the skin lesione preduced by these inoculations.

Thus it does not appear thet the toxin ie dependont upon caleium ions.
The results of the experiment are shown in Teble 11,



Materisl injected _
Meen diemeter (mm,) of

Mixture of oqual volume of indurstion produced/
Uel ml,.
Diluent Toxin
Saline Skin toxin 12,3
Phosphate=
buffersd saline . 12,3

Seline with Caleium

chloride . 123
Saline Nil Hil
Phosrhetew
buffered saline il nil
Seline with
Caleium chloride wil 1.5

Hydrogen peroxlide (Haoa) was ussd for oxidetion of skin toxin
end onterotoxin in a final concentration of 0.1 per cent. 520 .
The H202 was initielly 6 por cent. and was diluted (1 pert to 5 perts)
in phesphate-buffered seline at pH 5.9; thereafter 1 ml, of this
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dilution was added to 9 ml, of the toxin under test snd the mixture
was incubated at 37°C for 1 hr.

The reducing agent, thioglyeollie acid, was prepared to reduce
the oxidised toxin by eadding 1 drop of BDH Universal Indicator to
Cel mls of 90 per cent. thioglyecllic seid, diluted with phosphate-
buffered saline at pH 5.9, and then 4 per cent, sedium hydroxide
vas added, drop by drop until the solution became blue-green, The
volume was then made up to 5 ml. with phosphate~buffered saline.
This neutral thioglyccllic solution should be prepared fresh each
day. Four parts of the oxidized toxin were added to 1 part of the
neutral thioglyeollic solution end the mivture was left to stend at
room tamparnture (18°C) for 15 min, before it was considered to be
completely reduced.

Direct reduction of the toxin was also done by mixing 4 parts
of the toxin under test with 1 part of the neutral thioglycollde
solution and the mixture was left at room temperature as before for
15 min, for complete reduction. Immediately after the oxidation
and reduction procedures all of the preparations and the reagent
controls were transferred separately into cellophane tubing of
diemeter 1 em. and dislysed against large volumes of distilled
vater for 48 hr at 4°C in order to climinste any possibly injurious
reagents before the samples wore tested for effects on guinea pig
skin, The samples were then tested for thelir skin induration
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and cspillary permeability activities by injecting Oo.le-ml, volumes
of each intracutansously,.

The skin indurstion snd capillery permeability activities
of the skin toxin snd enterotoxin were not inactivated when
they had beer oxidized by 3202 nor vhen they were reduced with
thioglyeollic seids In a typical experiment, either the skin
toxin or the enterotoxin preducing skin indurations of 16 mm.
and 16,5 mm. respectively per O.1 ml. on guinea pig skin wes
incubated with 3202 in & final concentration of 0.1 per cent.
st pH 5.9s The oxidized toxins were tested for their skin
indurstion snd oapillery permesbility activities end were found
to have the same titres sa the original untreated toxin in either
case, The treated toxins were again reduced with thioglyecllic
seid and tested theresfter for their production of similar skin
lesions. The extent of the warious skin reactions that resulted
is recorded in Table 12, (It should be noted thet the design of
this experiment does not execlude the posseibility that reduced
components would be re-oxidized during the period of dielyeis).



Skin toxin Enterotoxin Roagert Controls
Mean dismeter Mean dismeter Mean diemeter
Trestment (lﬂ.) (mme) e (rms)
Indur~- Indure Indur-

ation Binsing ation Blusing ation Blueing

Opriginal 16,0 155 1645 1Ge3

Oxidiged 16,0 145 1643 15,8 240 245
Indirect

reduction 16.1 E u.a 16.3 16.0 240 240
Direct g

reduection 155 l Lie5 16,0 1545 2e5 2ed

The offect of formeldehyde on cholera toxin conteined in loop
fluid wes studied in the following experiment:
To whole loop fluid, different emounts of 5 per cent. formalin

woro sdded to make final concentrations of Lormaldshvde over the
range of lel = O¢2 per cents Thres sets of each series vere

prepered in parallels OUne was incubated ot 3’7° C, another was
left st room temperature, and the third was held st 4°C. After

29 hr sll of the gamples including the reagent conirole were dinlysged



against large volumes of distilled water for 72 hr at I,DG go as

to eliminate the formeldehyde. These samples were then tested for
skin induration snd capillary permeability activities by injecting
a volume of O.1 ml. intracutanecously from each of the samples. The
presence of toxin in the samples was indieated by production of
gones of induration and erythema of verying diameter. The test
weg prepared according to the following protecol:~

F
Tube Humbers I ) 4 o IIx Iv v Vi
Formelin 5% in
saline (Hls) 047 0.5 0.3 0.1 Hil 0.7
Loop fluid
filtrate (ml.) 063 {063 [0e3 | 0.3 [ 0s3 | NL
Seline (ml.) 0.0 |02 (04 | 066 |07 | 043
Finel conce
of formelin 305“ 2-5% 1.5% 005% nil 3.55{‘
Finsl conce of _
formaldehyde 1A% | 1408 [0,68 | 0.28 | Wi | 148

The induration zoneos were messured 185e<0 hr after the

intracutensous injection of the tect meterials. The inereased
capillary permeability was investigeted by intravencus injection

of Pontemine Sky Blue 6 x B (0,12 ml. of a 5 per cent. solution

per 100 g. body weight of the guinea pig) 18 hr after the
intracutaneous injection; readings were made 5 hr efter the dye
injection. The results of tests end controls are shown in Table 13,
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In » similer experiment, the activity of the skin toxin (produced
in _yitre by groving Y. cholersg Ogeva strain 12r in 5 per cemt. poptone
water) after exposure to different concemtrotions of formeldehyde at
different temperstures was rocorded as shown in Table 14.

“Number !
of I II 113 v 1 | W
-y |
Final !
conce :
of 148 108 0467 ez Wil | ledi
formaldo= |
Mean diew Meen dioe | Mean disw Mean dise | Hoen dia- Heen dis
meter of | motor of | metor of | meter of | moter of imoter of
indura~ | induyoe indurew induree | induree  Anduras
tion & | tion & tion & tion& | tiom & tion &
erythema I erythema | erythema | erytheme | erythema erythema
(mmejper | (mm.) per | (mm.) per | (mne) por | (mm.) por |(mm.) pes
Cel mle | Oul ml, Col ml, Oel ml. i Oel nle Uel mis
i ! !
eries | | .“
hﬂm at 605 | 10.[3 10.5 § 10.3 F 13.5 | Hﬂ
4% *- - 1 ;L
Series { | i {
held st 6.3 ! 643 i TS I 8,0 1345 : Wil
1% i i { i
hold ot o O 1 |
at Se o2 i . 5 ! 3 - F
2°g , :

The skinerzactive componeal of cholera toxin contained oither
in loop fluid filtrste or in culture filtrate thus seemed to be steble

desrite exposure for 29 hr to concentrations of formaldohyde up to 1 per

cente at 4°C, but it wes considersbly inmectiveted at both 18°C and 37°C

even in the presence of 0.2 por cents Tormeldehyde for 29 hr.

The toxin



was significantly insctivated by exposure to lo4 per cente
formaldehyde for 29 hr st 4%, 18°% or 37°%C.

The effect of trypsin wes tosted and 4% wae found that slkin
toxin of Y. cholorag rotained ite full ectivity after exvosure
to trypsin 0405 per cente in buffer at pH 7.0 at time O and
after 2 hr et 27°C,

In a typical experimert, 5 mls of smmonium sulphate-
precipitated toxin frem strain 12r wes coclad at 4°C end
mixed vith § ml. of a potont sold solution of 0,05 per cent.
trypsin (bovine pancrees) in phesphotesbuffsred seline &t pil 7.0,
The mixture ves hold st 4°C for 30 min, end thon tested for skin
iniuretion sctivity by injecting e veluwme of 0.1 ml. intracutencously
into guinca pige. The towinetrypsin mixture ves then put in a
water both at 37°C and thereaftor ssmmles wers withdrewn at 10, 20,
30, 60 and 120 min, of incubation and each sample wes tested hy
injecting & volume of 0,1 xl. intracutensously in guinea pigs.
Positive end negetive controls were alee incorporsted with the
tost by injecting emly toxin snd trypein respectively under
otherwise identicel conditionse The skin reactions following
these intrecutencous injections ars vecorded as shown in
Table 15,



AR e o ter | . Peetumed/onl wls dase
time O at 4°%C 1343
10 min, ot 37° I 1344
20mn, ® 1343
30 min, » 133
I_ﬁo nin, . 133

13243

; Toxin
} Trypoin nix
alfect of clometmaln

Equal volumes of toxin and chymotrypsin in saline et pi 7.0
were mized so that there wes o concentretion of 1 ng/ml, of

chymotrypein in the resultant mixture,.

The mixture was incubated

at 37°C for 2 hr in the wnter bath before it was injocted
intracutancously in guinea pigs in dosesof 0.1 ml. to determine
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the effect of chymotrypsin on the toxin,
The repulte are shown in Table 16,

-
Matorials ected intre- Meoan diemotor of
cutanconaly (0.1 l‘silo’ induretion (m.)
.

Mixture of chymotrypein end skin
toxin obtained from 12r strein, 1249

Mixture of chymotrypein end slkin
toxin obtained from 560B strain.

Contyrolot

Mixture of skin toxin obtained from

12r strain end seline. 1340
Mixture of skin toxin obtained fyom :

5698 strain snd saline. 14,9
Mixture of chymotrypein and saline wil
deline clone Nil

S

It 1o evident from the results that the skin tomin retained its full
activity efter expoameto chymotrypein 1 mg/mle for 2 hr et 37°C at pil 740,
Ldlgch ol nonerenldn

This wes tooted by mixing skin toxin and onterctorin sepsrately
with solutions of pencreatin in Tris baffer at pH 8.2 having 5, 2,5 end
1 mg. of pancreetin per ml, in the regultant mixtures. These were

held at 37°C in the water beth for 20 hr prier to intrecutanccus
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inoculation of a volume of Ol ml, from each of tho mixtures in guinea

pigse Both of the toxins vers found to bo complotely inactivated in
the presonce of 0.5 and 0,25 per cente pencreatine The results ere
shown in Table 17.

Tris buffer cnly |

A gomtrol st 4°C should have boon dome but it hes met been dome
in the present study,



Efcech of 14
The effect of lipase on skin toxin and emterotoxin was dudled

by mixing 1 part of e solution of lipese in citrate-phosphate tuffer

at pH 5.0 to en equal volume of either of the toxins so e8 to got

a-5 per cent. lipase concentration in the resultant mixtures. Bach

mixture vas incubsted st 37°C for 2 hr in the weter bath and thereafter

the effect of lipace upon the toxins wes determined by observstion

of the skin lesions following intracutenscus injections of e volume

of Oul ml, from cach of the mixtures in guinea pigs. The resulis are

shown in Table 18,

-
-
Lentazalas
| PO TV
atorctoxin - Citrate-phosphate buffer
8 540 ...
3 ,g "t ” “ { 10.5
; pase 10 mg/ml. in citretee |
8,0 Mhaﬂ;e_buffsr. i 6=Q .
22 -
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It eppeared thet lipase iteelfl produced some degree of
gkin reaction, The toxinelipase mixtures certeinly shoued
reduced cuteneous activity so that there wes partial or
eomplote insctivation of ckin toxin by lipase.

Zffect of pheschorviose.,
The effect of incubstion of skin toxin with phosphorylase

in concentrstions of 1 mg/ml. and 0.5 mg/mle both in Tris
buffer at pll 7.9 and in acotate buffer at pil 5.6 wes studied.
To 1 part of onch of these coneentrotions of phosphorylase
in each of the buffers, 1 part of the slin toxin was added,
The nixtures were then incubsted st 37°C for 5 hr (Dutte
and Oza, 1963) end a volumo of O.l mle of cach mixture wes
then injocted intrecutenscusly into guinea pigse The rosults
are shown in Table 19,



]

Nean diemetor of
induration (mm,)
Material injocted in guinea pig folloving Ool ml,
of intracutencous
- S 3 [T 3 T+ W——
1 Part of Phosphorylese 1 mg/ml. in
Tris buffer + 1 port of skin toxin, 13.8
| 1 part of Phosphorylese 0.5 mg/mle in
5l | Tris buffer ¢ 1 pert of sitin texine 103
SIPMof'Phompharﬂaalmgfml.
acotate bulfor + 1 part of okin toxin, U
1 Part of Phosphorylase 0,5 ng/mle in
| acetate buffer + 1 part of akin toxin, el
1 Part of Trio buffor ¢ 1 part of ckin
toxin, 148
|1 Part of acotote buffor + 1 part of
gkefn toxin, 140
1 Part of Phosphorylese 1 mg/mle in
Tris tuffer ¢ 1 part of Tris buffer, 240
Control S - sk o
|1 Pert of Phoesphorylase 1 mg/mle in
acotate tuffer ¢ 1 pert of acctote
buai'fere 340
gmmel'@,‘o nil
Emmghnrferonly. ni

It ie evident that phosphorylase did not inactivnte or enhance
the skin toxin of Y4 cholores.



A 0uS5=g. emount of activeted chercoal was miwed well with
5 mle of skin toxin of Yo cholarsg strain 5698 end loft et room
tempersture for 30 min, Aliquots of the mizture (1 ml.) were
thon tremsforred into 4 emall tubes end contrifuged at 2,000 g
for 15 min. The supernatent fluide from all of the tubes vere
pooleds The deposits in the tubes were trested seperately
s follows by resuspension in @

(1) 1 ml, saline

(11) 1 ml, eitrateephospheto tuffer at pH 5.0,

(111)1 ml, phosphste-buffered saline at pi 7.0,

(1v) 1 ml. phosphete=buffered seline st pi 8,0,

A11 of the cheve susponsions were rewgentrifuged and
the supernstants were collocted separetely., The various
froactions thus cellected vere tested on guinea pig ckin to
detect the presence of skinwrcsctive substemces by injecting
a volumo of 0,1 ml, from cach preparation, The results are
shown in Table 20,



1, siein toxin of Yo gholores strain

2, supornetent efter tzestment of
gkcin toxin with setiveted
chareoal (4 such preparations)

G2

a2 TN

3, supernatant obtained by recuse
pending the deposit (1) from
< in saline,

r1

T o

4y supornatant obtained by rosuse
pending the depesit (11) from
iti{nﬁe;tsau-pmeo buf'fer

Nil

5, oupernatant obtained by resuoe
gcndlmthemt(ﬂi)tzw
in phosphateebuffored saline
at pil 7.0

Hil

65 oupernstent obteined by rosuse
ponding the deposit (iv) fyom
izi;lplmephaao te=buffored saline

N

It eppocyed from these results thot more them 50 per cemts of the akin
toxin woo adsorbed by the activated charecal but it eould not bo oluted

by saline, by eitratewphosphate buffer et pH 5,0, or by phosphatoe

buffered seline at pH 7.0 or pil 8,0,
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In enother oxperiment, 2 mle of the seme cliin toxin of otrein
5698 was mixed vith 05 ge of activeted charcosl and kept at room
temporeture for 1 hre The mixture was then centrifuged ab
2,000 g for 15 mine The swperastunt fluid wes collected end the
depoait was recuspended in 2 ml, of 2 NaCl. The chercoel was then
precipiteted by cemtrifugetion enl the resulting supormatent ves
ddalysed egainst an exsess of nhysiologicel saline for 24 hr.

The vericus fractions were tested on guinee pigs to detect the
prosence of skin resctive substance, The test and results ere
sumnmarized in Teble 21,

against physiological saline f L0

e AT X e

The ebove results show thet 41 some of the toxin iz indeod
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adosorbed to charecal the adsorbed toxin could not bo eluted
by & ¥all, but the findings do not sxclude other possible
rensons for the partial insctivation of skim to«in following
exposure to charecals

A Semle volume of skin toxin of J, cholorss strain 12y
vas mixed wvith an equel emount of Brushite suspension in
04000M phosphate buffer et pll G¢f and the mixture uas left
et room temperature for 30 min, The mixiure wes then oqually
distributed iuto 4 small tubsss The supermatent fluids from all
of the tubes were peolod after contrifugation at 2,000 g for 15 nin,
The deposit from the first tube vas reesuspsnded in 2 mle of 0.00IM
phosphete buffeor at pll 6e8s The deposit fyom the second tube wvas
guspended in 2 mls of citratoephosphate buffer at pH 5.0, and
tho third deposit wes suspended in 2 nl, of phosphate~buffored
paline at pl 7.0 The fourth deposit was suspended in 2 ml,
of phesphete buffered seline et ph 8,0, All of the above
susponsions wore reecontrifuged and the supornatante were
collected separetelys The vericus frestions were then tested
for skin resctivity in guinea pigos The experiment and the
rosults are swmmerised in Teblo 22,



Fraction tested by injecting introe
cutanoously in guinea pigs

1 - Skin toxin of ¥, gholovee strain 12re ;

2 - Supmtantnftarndnorpﬁmwitheqm
amount of Brushite suspension in
0,0011 phosphete tuffer, (Fur

such preparations).

6o

3 «» Supernstant cbtained by resuspending
the deposit (i) fyom 2 in 2 ml,
0.0014 phosphate buffer at pi 6.8,

5.0

4 « Supernatant obtained by resuspending
the deposit (ii) frem 2 in 2 ml,
citrate-phosphate bulfer at pH 5,0

oS

5 « Supernatent obtained by re
the deposit (1ii) from 2 in 2 mi,
phosphete-bulfered saline at pH 7.0,

6e0

6 = Supernatent obteined by resuspending
the deposit (iv) frem 2 in 2 nl,

S : -

phoqﬂmﬁo—tllﬂ'md eal.i.m lﬁ; ;':H 8.0.

5.0

0,001 phosphate buffer et pil 6.8 nil
Citrate phosphate buffer et pH 5e0e i w41
Phosphate=buffered selins at nil 740 } Wil
| Nil

f Phosphate-buffered seline at pH 8,0
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It is evident fyonm the results thet scme adsorption of akin
toxin ocourred end thet this wes readily eluteds The adsorbed
component was not inectivated end retained full ectivity after
elution.

The effects of skin toxin and loop fiuid (enterotexin) of
Ja.cholorag, strain 12y on 1 per cents sheep cell suspension
in normel saline were observed in the following experiment.

A volume of 0¢5 ml, of skin toxin or enterotoxin was
edded to en equal volume of 1 per cente sheep coll suspensions
In the control mixture the toxin was replaced by normel salina.
Both the test end comtrol mixtures wore incubsted et 37°C in
the water bath for 2 hre The resulis wers recorded et
intervels of 15 min, as shown in Teble 23+ The tests were
thereafter kept in the refrigerator overaight and final readings
were then mades



recorded
after
L {mina). :
15 - o | - e
- :
” E - . ! - s
il
&5 J & _!l - ' o -
: m * e i - ca
|
75 L J E ;I; i - -
i
a0 * ! L3 E s e
J‘- t
105 + « - -
m i * * l - P
! }
"| :
After overw ! { '.
night in i |
refrigerator | kS i o % -
: !
* ® Hmo]gaﬁ. o No haemelysis,

The drug mepyramine meleato is a powerful antihisteminie end its
activity in the experimental enimel is feirly specific in thin



respect (Dr. Brocklehurst, personsl comsmmication)s 4 wvolume

of 1 nlls of a sclution of mepyramine maleate in saline in 2

dose of 10 mg./Filo body weight of the animal was injected
subcutaneously & hr before the administration of the toxin and
every § hr during the experimente A control was also
incorporated in the teast by injecting the toxim into normal
untreated guinea pigse The effect of the antihistamine on

the response to the toxin was thenm coupared by cbserving the
skin lesions produced in test and control animsls; the results
ore shown in Table 2he It is evident that the cutaneous effects
of the skin toxin and enterotoxin were not inhibited by prior and
sustained treatment of the animsls with mepyramine maleates

| strain 2r. 135 . 1342
| Skin toxin from Yo cholerae

| strain 5608, 113 11,8

.V gholorme strain 12r-induced
| peaitive rabbit gut loop fluid
f4ltrate. 1540 1540




To 2 mle of oach of the cholemm toxins a charccal gelatin

disk was added.

Two sensitivity discs containing Kansmycin

sulphate (Kannasyn®) were also added into each tube to prevent

bacterial contamination.

A control was also incorporated in

which the toxin was replaced with aaline, The test and the
control tubes were incubated at 37°C for b days. lLique-
faction of the gelatin was observed after overnight incubation
when carbon particles were seen to settle at the bottom of the

tubes.

Complete disintegration of the disks occurred after 4

days of imcubation. The results are shoun in Table 25,

Haterial added | Dismintegmtion of charcoal gelatin | Result of

to gharcoal disks in cholera on incuba- | sterility

gelatin disk % check of
2% hr hr T days the material

Skin toxin of

v

strain 12r et EE et [#¢4] Sterile

Skin toxin of

strain ﬁ A R el Ch Sterile

Loop fluid

(enterctoxin)

of V

strain 12 ¢ tap E e CD Sterile

Control - o - w Sterile

CD = complete diaintegmtion of dinks
4y +44y 444+ . increasing degrees of disintegrmtions

= = no deintegratione




A sample of skin toxin of ¥V, choleras atrain 12r, which
pr-duced a zone of induration of 14«15 mm., following intracutanecus
incculation of a volume of 0,1 nl, in guinea pigs, was injected
in ileal loops of rabbits in varying amounts, undiluted and
after dilution in saline, to determine the minimal conceantration
that could produce a positive loops The results of this
titration, summarized from experiments in 5 rabbits, are showmn
in Table 26«  The appearances of the loops can also be seen
in figures 6, 7, 8 and 9 Each animal was killed 11 hr after
the administration of toxin and the reaction was then assessed

at post mortem examination.
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* =

+ = weak pogitive

strong positive

= = no locp lesion.

Tﬂblﬁ éo
The results of titration of t
in ileal loops
Rabbit | Loop Dose Result
No. No. per loop Materials injected (Loop effect)
1 11 2 ml, 12r skin toxin +4
" 12 2 ml, " ++
i
2 12 2 ml, " ++
" L3 1 ml, " -
" A 05 ml, " + 5_
3 L2 2 ml, " - _?
i L L3 1 mle " +
! » w 0.5 ml. N +
4 11 | 0.5m. |1in2 dilution of 12r +
skin toxin in saline !
" 2 0.5 ml. |1 in 5 dilution of 12r +
skin toxin in saline . [
" L3 0.5 ml. |1 in 10 dilution of 12r - l
skin toxin in saline i
" LA 0.5 ml. |1 in 20 dilution of 12r |
skin toxin in saline - |
| 7 |Between 0.5 ml. |1 in 4 dilutien of 12r skin ;"
L1 and toxin in saline + |}
12 '



Fig. 6.
Ilealloops in normal rabbit Mo, 1.
Loop | Dose per | Result
Noe loop Materials injected (loop effect)
L, 2 ml, 8kin toxin 12r (S T 12r) +
l " " L 4
] L2 |
|
1 |
| " Skin toxin 569B (8 T 569B) +
i Distal
i i
| i
. c, " | Sterile normal saline -
|
| % |
o mys | Not inoculated -
4 z ;
++ = Btrong positive
+ = Weak positive

No loop lesion
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Fige 7
Ileal loops in normal rabbit No. 2.
Loop [Dose per | Result
- No. ' loop i Materials injected . (loop effect)
L.‘ 0.5 mlo | 1ngcultt)zre suspension - ++
- (10°/ml.) in peptone saline.
' Distal | ;
L, 2m. | Skin toxin 12r (3 T 12r) ++
1.3 1 ml, Skin toxin 12r (5 T 12r) : s
| L, ©.5ml. | Skia toxia 12r (S T %2r) s L
{ ¢, 2 mle : Sterile normal saline -
E 4
3 c, " Not inoculated . -
{
i
| % g »
L

++ = Strong positive
+ = Weak positive

« = HNo loop lesion
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Fig. 8.
Ileal loops in normal rabbit No. 4.

| Loop Dose per | | Result i
| No. loop | Materials injected | (loop effcct)
! { !
| Ly 045 ml.i 1 in 2 dilution of 12r skin i +
| 4 toxin in saline |
|Jistal | {
L | |
| _
| 5, 0.5 mle | 1in 5 dilution of 12r skin S
[ i toxin in saline. | |

. . n ution o n -
| 0.5 mls | 1 in 10 dilution of 12r ski
E { | toxin in saline. | i
f i ; |
[ Lﬁ 0¢5 mle | 1 in 20 dilution of 12r akin1 - i
- ! toxin in saline. !
- L i
| { {
-G l Not inoculated . -
|
| |
| | [ |
! cz I " ! - i
e : | | |
? 03 | 0«5 ml. | Sterile normal saline -
| _ .

)

+

Weak positive

No loop lesicn



Normal HRabbit
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Fige 9o
Ileal loops in normal rabbit lo. 7.
|
| Loop (L) ' 1
| Now J’ Materials injected (Loop8¥tct) i
[ T 0.5 ml. of 12r culture (1.8 x 10" /ml,) | - |
; + 0,5 wl, serum against 12r toxin. |
I 0.5 ml. of 12r culture (1.8 x 108/11:1.) -
' + 0.5 ml, serum against 12r culture,
' i
}.43 Ge5 mle of 12r culture (1.8 % 108/5110) ++
+ 0.5 ml. peptone saline. !
|
I | 698 (6.8 x 107
Ly, 0«5 ml. of 5602 culture x 10‘/ml, ) -+
Distal | * 0.5 ml. peptone saline.
. €y | 0.5ml, of 14k 12r skin toxin. Par
C, ' 1 ml. saline. ' -
03 0.5 ml., of serum against 12r :
| culture + 0,5 ml. saline. : -

++ = Strong positive
+ = Weak posgitive

-« = No loop lesion



Normal Habblt

a
053l 12r cult. of 1.8 x 107 cells/ml + O.5al serum/12r toxin

" " + 0,5m1 serum/A2r oult.
e + 0.5ml Peptone saline
0,521 5598 cult. of 4.2 x 10" colls/al + 0.5zl Feptons saline
of 1 1 t fia

11
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It 1s evident from the above results that a sample of skin
toxin of strain 12r, wvhich produces a zone of induration of 14«15 mm.
diameter following intracutancous injection of a volume of 0.1 ml.
in the guinea pig, was also capnhle of producing » positive loop
lesion in a normal rabbit when a 0.5 nml. volume of a dilution up
to 1 in & in saline was injected into the lumen of the loop.

The effects of the skin toxin and enterotoxin of ¥, cholerae
were studied by intraperitoneal and intravenous inoculations in
Swiss white mice, each weighing 20«25 3. The animals were
observed for 7 days after inoculation., There was no death during
this obmervation period and all the animals looked healthy through-
out the period, The toxic activities of both the skin toxin and
enterotexin of V., cholerae for mice were thus recorded as negative

as shown in Tables 27 and 28,



«10k=-

Tables showing the effects of parenteral administration of skin toxin and enterotoxin in Swiss white mice
Table 27 : test dose = 0.5 ml. intravenously

_ Diameter (mm) of
Weight Number Number of deaths induration produced
Material injected _ of each Sex of mice ___ L X ___|on guinea pig skin
| mouse per 15t |2nd 3rd [4th (5th 6th 7th |after intracutaneous
sample | day !day day |day |day _&.q day |injection of 0.1 ml.
Skin toxin contained in m _m _ _ __ “
culture filtrate of | “ | | | |
V.cholerze strain 12r | Pase | e faie |
e o SR 20 gm Female 5 | M1MD ML ML N MM | 15.5
Difco Bacto peptone _ m | _
water medium. | | | “
Skin texin contained in i o | |
| culture filtrate of _ | _, _" _ “ _
Vecholerae strain 12r 25 gnm ” | 5 | n41 ﬂzuﬁ, Eﬁ. Mil |Nil1 |Ni1 (Nl | 10.0
grown in 1 per cent.Pep- | . | | _ _ | |
tone water medium. ﬂ _ M _ _ _
EZnterctoxin contained in _, “ , “ “ | | h_
Vecholerae strain 12r-induced| 20gm | " = 5 | NA1 |41 ING1 |MA1 M1 [MAD NS1 | 18.5
positive rabbit gut loop , | _ _ # m Ly
fluid filtrate. | __ _" Tt
Media control 5 per cent * __ m iy
Difco Bacto peptone water. 20gn | " | 5 | Ml Rl (N1 ML NEL NED ML | N1
Media @Gontrol 1 per cent. __ |
peptone water. Hem | * 5 | Ml [NE) (NA1 (N4 NED (N4D [NED Nil
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Table 28 : test dose = 1 ml. intraperitoneally

! | _ : ' Diameter of indur-

t | |
u | Weight | Number leatl ation produced on
| lMaterial injected | of each | Sex of mice Bugear nt | | guinea pig skin

mouse | per Tot Pnd | 3rd ith Sth Bth 7th | after intracutanecus
i sample gsgm&gvhum& injection of O.1 ml.

| Skin toxin contained m
| in culture filtrate of { m
. Vecholerae strain 12r ._ ; m

Zrown in 5 per cent. 20 gn * Female 5 Nil Nil | 41 Wil N4l N4l ) 15.5
| Difco Bacto peptone _, __
| water medium. __ | }
{ L 1

| Skin toxin contained | _—

' in culture filtrate of | m _
| Vecholerae strain 12r | 25gm | 5 Nil i1 | W41 el pEl a1 10,0
grown in 1 per cent. ﬁ.— m

Peptone water medium. |

Enterotorin contain= | , r _
ed in V.cholerae | |
' strain 12reinduced Segm | " 5 Ril M1 |81 E1 NGD mi1 18,5
- positive rabbit gut |

- loop fluid filtrate.

| Media control 5 per | |
Tuea« Difco Bacto Segm | " 5 Nil NIl @41 N1 MY Ml
peptone water, |

pedia control 1 per " m
cent. Peptone water ODgm | ® 5 BFil Wil Ml @4l a1 N1 Wi Nil
medium, | _ |
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The effects of skin toxin and enterotoxin of
Y, cholerae on choricallantoic membrane

Sxplanatory notes

The toxic effects of products of V. cholerae on the embryonated
egg are characterized by extravasation of blood in 4«5 hr and death
of the embryo within 10«20 hr after inoculation of toxic fractions
directly on to the dropped choricallantoic membrane of a 10-day
chick embryc. The reactions may be cbserved directly when a window
is cut in the shell, The toxicity for the embryonated egg was
found by J.K. Head (cited by Buprows, 1965) to be present in both
intracellular and cell wall preparations of the vibrios but only
traces were found in centrifuged supernatants of culture in which
the vibrios had been grown.

The toxicities of the skin toxin and enterotoxin of V. cholerae
for the 9=day chick embryo were assayed in our laboratory by
inoculating a volume of 0,1 ml, of the respective sterile toxin
directly on to the dropped choriocallantoic membrane. The inoculated
eggs were incubated at 37°C and observed daily aseptically for 4
days and examined for extravasation of blood or death of the embryo.
There was no extravasation of blood nor death in any of the 4 eggs
inoculated with skin toxing 1 embryo out of 4 eggs was found dead

within 24 hr of inoculation of enterotoxin, The skin toxin is thus
relatively non-lethal; the enterotoxin is probably non-lethal,

and certainly not markedly lethal.
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Table gal

on choricallantoic membrane

-. “Period of observation Diamoter of
! . for detection of ex- | induration
; | travasation of blood | produced on
_ Hunber of | and death of embryo | guinea pig |
egss | Doss of skin after
Material inoculated ! toxin
| intracutan=-
incculated per i per ! ( :
sample | egg | -: ;. eous inject=-
| 18t 2nd | 3rd | kth ion of O.1
{ day day | day | day ml., of the
i j f toxin (mm).
| Skin toxin f 5
' wprecipitated ; |
12r toxin) & 0.1 ml, | Nil Nil | Nil | Nil 1645 |
- Interotoxin 1 -;
- contained in !
- V._cholerae [
 strain 12y - |
' induced | i
- positive rabbit _I ;
| gut loop fluid ; '
| filtrate - 0ul mle 1 g2 | wea | Mg 18,0 ]
| Control: ‘
| Distilled | E
water L 0.1 ml, | Nil [Nil | Nil | Nil Nil %

D = Dead
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Toxicity of products of \fi %erag
gcells t 8
Ixplanatory note. Study of the patholegical effects of bacterial

toxine on mammalian cells in tissue culture may help in understanding
the toxic effecte observed in the intact animul, Recently, the
toxic effectes of diphtheria toxin on cell cultures were reviewed

by van Heyningen and Arseculeratne (1964). The endotoxin of
Esch,_coli has been studied by Gabliks and Solotorovsiky (1962)

using continucus cell lines as well as primary cell cultures derived
fronm a number of animal species.

The localized nature of infection in cholera suggests that an
important element in the pathogenesis of the disease 1s a primary
toxic effect in the bowel, with 2 generalized toxasmia possibly
contributing to the disease procese. Studies on the toxicities
of intracellular (1C) and cell wall (CW) preparations of V., cholerae
(Burrows, 1965) for mammalian cell cultures have been carried out,
largely with a clone of Farle's L cell, by Read (1965)., Both
fractions were toxic to cells in tissue cultures, the former killing
the cells and the latter producing a transient cytopathic effect when
the substances were introduced into the culture fluid in a concen-

tration of 250-500 ng/ml.

Results. In the present work the toxicities of the sgkin toxin
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and enterotoxin of V, cholerae for tissue cell monolayers of HEp
2 cells have been studied. A volume of 0.2 ml. of each toxiu was
inoculated in to each of & tubes of the cell cultures, and the
mixtures were incubated at 37°C in a revolving drum for 7 days.
The culture tubes were examined carefully every day for detection
of cytopathic effect. There was ne difference between the cells
in inoculated and control uninoculated culture tubes.

The experiment is summarized in Table 30.
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Table 70,

enterotoxin on tissue
cell monolayers with HEp 2 cells,

Diameter of indure-

Qi E
w B4 Cytopathic effect ation (mm.) prode
e | obeervedon = uced on guinea pig |

Material %155 |1st nd [3rd 4th |Sth [6th Ptn u""“‘i“tmzﬁ‘; njiﬂc"‘u“’o;
inoculated ?SJ%E, dayflaydgydaydaydayﬂay of 0.1 mle of the
Skin toxin

(0=60% (NH, )

50, precip=- |, o N1 Bl |ma2 (w1 {man (e pa 16.5

tafed 12r s *
tﬂxin).
Enterotoxin
contained
in V. choler- (
ae strain 12r
induced poa-
itive rabbit 0.2
gut loop fluid & jml, |Nil W41 [N41 |m42 [m |N42 2 18.0
filtrate
Diluent
control (dis~ 0.2
tilled water) & Iml. |Ni1 Py [max {2 {ms2 [ma1 pe Nil
Medda con-
trol (HEp2 .

" gells) b b1 |man e (e | e Dy (e o Not done
i




Attempe wore made to identify the skin toxin and
enterotoxdn of V. cholerse strain 12r by means of a doublee
diffusion precipitetion technique with ion egar (for deteils
see Mothods)s The central well contained entitoxic serum
egummtmmmthwripﬁamlwual.a.aandl.
vere semples of undiluted skin toxin end semples diluted 1 in 2,
1l in 4 and 1 in 20 respectively. Wells 5 and 6 contained
enterotoxin diluted 1 in 10 and undiluted respectively.

The results (Fig. 10) indicste thet undiluted and dlluted
semples of the skin toxin proecipitate with the homologous
antitoxie serums On the other hand, no such preeipitin bands
were observed vith eny preperetions of entorotoxwin, although
this wss of comperable potency in producing cuteneous effects.
This result was thought to be due to the presence of some
in hibitory factor that prevented the enterotoxin from forming
precipitin bands in the double diffusion plate, Accordingly,
the enterotoxin wae mixed seperctely with siin toxin 12r,
5698, and Procholoragen A in equal proportions. These
mixtures were then alloved to diffuse sgainst the seme
antitoxic cerum in an agar gel plate as shown in Fige 1l.



Fige 0.

Central well = Antitoxic serum agninst skin toxin, 12r.

Well No. 1 =  Undiluted 12r skin toxin,

Well No. 2 = 1 in 2 dilution of 12r skin toxine.

Vell No. 3 = 1lin4 . .

Well No. 4 = 1tm20 °® »

Well No. § = 1 in 10 dilution of enterotoxin. (loop fluid).
Well Ne. 6 = Undiluted enterotoxin produced

An yive
in response to V. cholerse strain 12r.






Central vell = Anngcaemagninst glein toxin,

Woll Mo, 1 = Enterotoxin. (Locp £lnid produced in vive
in response to Y, cholersg strein 12r)

Well No. 2 = Equel volume of enterotoxin end skin
toxin, 1lir,

Well Noo 3 = Skin toxin, 12r,
Well Mo. 4 = Skin toxin, 5698,

Vell No. 5

Egqual volume of enterotoxin and skin
toxin, 569B.

Well No. 6 = Equal volume of enterotoxin and
procholeragen A,
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It wes observed thet these mixtures gave preeipitin bends vheress
no band oppeared betwoen the wells containing the enterotoxin
elone and the antitoxine Hed there been an inhibitory factor
present in tho enterotoxin, no procipitin bands would be expected
to form between the central antitoxin end eny of the peripheral
volls containing the respoctive ckin toxinesnterotoxin mixtures.
Thus, it seeme that there is no inhibitor in the entorotoxin that
provents the development of procipitin bands when it encounters
antitoxic serum in the doudble diffusion plate.

Teste confirmed that the euliure medium thet is used for
production of gkin toxin does not give any precipitin bands
with serm of rabbits immunised with skin toxin, Purther,
it has also been observed that normal sera of rabbits obteined
before immunisetion with akin touin do not produce preclipitin
bands against skin toxin on an sger gel diffusion plates The
rosults are showm clearly in Figs. 12 and 13,

These results indicste thet the precipitin bands that
appeared betwoen the skin toxin end sntitoxin on double diffusion
plates indicste a specific antigeneentibody reesction related
to the produets of the orgeniem,
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! m. 1g.

Contral well = Antitoxic serum against gkin toxin

Well Nos 1 = Skin toxin 12r,

Well No. 2 = Enterotoxin. (Loop fluid produced in yviyo in
response to Y. gholorse strain 12r)

Well Noe. 3 = Skin toxin 5698,
Well Wo. 4 = 20 per cent. Bacto Peptone wster.
Well Yo, § = Seme a8 VWell No. 1.

Well No. 6 = Same as Well Noe. 4






Contral well
Well Nos 1
Well No, 2
Well Noe. 3

Well No. 4

Well No. 5

Well No. 6

Skin toxin 569B,

Hormel sermm of rabbit No. 31.
Normel serum of rabbit No. I&n

Antitoxic serum ageinst skin toxin 569B
rmrabbitlioonl.

Antitorie cerum agninst skin toxin 5698
from rabbit No. 32.

Antitoxic serum against skin toxin 12»
from rebbit Ho. Rao

Antitoxic serum egainst skin texin 12r
fmmbbj.tﬂo.n‘.
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Agglutination of L% vith serunm of rabbit
Jonupized with gikdn toxln

Agglutinetion of Y, gholorng strains 12r and 5698 wes studied
in tube sgplutination tests nasing impune pera obtained from rabbits
immunized with becteria«free soluble products of oither of these strains,
To 1 pert of o saline suspension (matehing Brown's opacity
tube Noe 2) of Y, cholarse streine 12 or 5698, 1 part of esch of the
doubling dilutions of tho serum under test wns addod end mixed well.
The mixture was incubsted et 37°C in tho weter bath for 4 hr and
thereaf'ter kept in the cold room overnight, The results of the
agglutination tests aro shown in Tables 31 and 32,

Agglutination occurring in the presence of sermm &
Cell suspenw wmmwmnmm
L:fj.oninsanm diluted in selino 1 im
D-chalarat ™5 T10 [ 20] 40] 80| 160 | 320 | 6401200 | Comtrol
Ly ole o lele (e |e - - -
i F ] i |
i ] i
5698 sle (¢ e i ¢ |a - - -
i : i §
Final | |
dilution of ik N
serum 1 in: maomeomo;m-@.orzao,zsw:
i & | ’

+ = Agglutinetion « = llo agglutination
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Zekble 2

Agglubtinetion ccourring in the prosence of serum :

Cell suspen= againot skin toxin of stminurdilutﬂi

&l;onl.naﬂim in saline 1 in |

styoln 10 |20 | 40| 90 | 160 | 30| 640 | 1280 | 2560 Comtrel

Ry -I-%d- * +| » go S - - - ;

I | i |

t " 1 1

5698 "%0‘ * -g~ :- - - - - j

i B ' :

Final ;5 = =Y |

dilution of 28 | | ‘
serum 1. int 20 | 40 | 80260 | 320 w!mizse%sm;

+ = Agglutination

Thus 1t is ovident from the results thet the antitoxic serum
ageinet 12r toxin agglutinstes sirains 12r end 5698 at dilutions
of 1 in 1280 and 1 in 80 respoctively. The serum prepared
ageinst 5698 toxin agglutinstes strain 5698 at a dilution of

- = o agglutination

1 in 320 end lir ot & dilution of 1 in 640,
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Rabbits were immuniged with sidn toxine precipitated with
anmoniue sulphate from culture filtrates of V. cholerse and
dialyzed agninst distilled water., These toxins were sterilized
by filtration through Oxoid meubrane filters before being used for
inpunizing the rabbits. Two of the strains of V. e were
used for taxin production, namely Y. cholerme Ogawa strain 12r and
Inaba strain 569B. The toxins were used separately for
immunization of the animals.s The immunizing doses of 1 ml. each
per week were adsministered subcutanecusly in 1 group of rabbitse
In another group, similar doses of 1 ml. of the toxin per week
were injected intracutanecusly in divided volumes at different
sitese The rising titres of the sera were followed by bleeding
the animals after the third dose in the forwer and the second dose
in the latter group of animals. The sera in both cases were found
to neutmalize completely the skin reactive effectes of loop fluid
and culture filtrates of V. cholerme and the sera wers effective in
dilutions up to 1 in 20 in saline. Following the same weekly
immunigzation procedures, titres of 1 in 80 were obtained in sera
from each group after 6 weeks.

In a typical experiment for tifration of the serum, 1 part of
the culture filtrate or loop fluid filtrate was added to 1 part of
each of twofold serial dilutions of the serum in saline. The

mixtures were incubated at 37°c in the water bath for 2 hr prior to
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intracutenecus injection of a volume of 0.1 ml, from each of the
mixtures im guinea pigs, and intravenous dye was injected 18 by
later. The serum was capable of preventing both induration
and permeability effects of both loop fluid and eulture filtrates,
The norual sera of the rabbits obtained before immunization were
fm to have no such neutralizing effect. The results of the
titration of a serum are shown in table 33 and the data are

represented graphically in figures 14 and 15.



eutranlization o

B gz on_cf the cutaneous activitices of enterotoxin-posi p
uid m nm s Sholerae strmin 12r

zation of rabbi

ti

serum ob

the
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Zable 52.

propared skin toxdn of V

of n 1

tive loo

th

Dogual volume of

Final dilution of

Hean dlamoter of

Serum serun in the result= | lesions produced/O.1 mle
Toxin dilution ant g;da-sem of inoculum (mm.)
11n 1 in Indurntion | Blueing

Intero
toxin-
positive 5 10 Nil o
loop fluid

" 10 a} L3 "

] 20 tlo " "

" ho & n 1]

" 10 20 " " |
—— . e
; i % . 3

o 8 160 1040 158 |
" 160 320 1347 8.0 |
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Zable 23 (contde)
Mean diameter of lesions
Equal volume of produced/0.1 ml. of inoculua (mm,)
k Induration Blueing

Enterotoxin lNormal

=positive serun f : 17.8 18.0

loop fluid
| "
i %ﬁ | W2 14,0 }
sikin toxin i
. wpositive | Saline 1745 178

loop fluid ]
| in Em
\r prepared " 1440 1.3
; skin toxin
| Saline Normal | Nil _. Hil
; Bserum {
| Saline imune " "
i serun
' |

Similarly skin toxin and enterotoxin of Vo cholerse strain 5698

were neutralized with serum of rabbits immunized with the same skin
toxin of V, cholerse strein 5698, It was further observed that anti-
toxic serum prepared against oneo skin toxin is equally effective in
neutralizing skin toxin prepared from a heterologous strain. Thus, the
antitexic serum prepared against 5698 skin toxin was found to neutralige
the skin toxin of strain 12r a5 shown in table 34 and fige 16.



Final serum
dilution in the

Hean diameter of lesions
produced/O.1 ml, of

i Toxin Serum resultant toxin inoculum (mm,)
i dilution = perum sixture
| 1in 4 Induration | Blueing
| invitpo Sevwn s
[ prepared No«1 Noe1
sidn toxin | 7
f .' I 12r | 5 10 Nil NiY
1 " 10 20 f "
E " | ao IOO 8 : 805
1 _
! & é o 80 15.5 1640
! | ;
¢ i Serum Serun
| No.2 Hoe2
“ | 5 10 nil 5 1
) l 10 20 " : "
" 5 20 50 9 i_ 9e5
" ; 4o 80 158 | 162
Controls |
E Vean diameter of akin lesion
i Eq\-lﬁl volume of _RZ’O_@;IGWU." mle of inoculum (m.)
| Induration Blueus_
Ty
| Skin toxin 6 p
| of Ve c%m Saline 16.0 10e2
E, strain
4 f '
{ Serum Noetl Saline - Hil | Hil f
‘ Serum Noe2 Saline g " B J'
| Saline 5 j'_ " "
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Agar gel immuncediffusion reactions with the skin toxin
derived from strain 12r against its howologous antitoxin and
against the heterologous antitoxin prepared from strain 569B toxin
gave both bands of identity and non-identity. Similar bands were
also observed when the skin toxin from strain 5698 was tested
against these sera. These observations are shown clearly in
the figures 17 and 18.






NEUTRALIZATION OF INDURATION EFFECT OF ENTEROTOXIN-POSITIVE
LOOP FLUID BY ANTITOXIC SERUM OBTAINED BY IMMUNIZATICN OF
RABBIT WITH SKIN TOXIN PREPARED FROM V-CHOLERAE STRAIN 12v.
(SERUM AND TOXIN MIXTURE HELD FOR 2hr AT 37°C IN_VITRO BE-
FORE INTRADERMAL INOCULATION IN GUINEA PIG.)

18 = NORMAL SERUM +TOXIN
— a—a TOXIN CONTROL

CONTROL MIXTURES OF :

¥— NORMAL SERUM -+ SALINE
2 o— [MMUNE SERUM=+SALINE

11 IMMUNE SERUM =+ TOXIN

I I | | I |

L L g L A L

0 20 10 80 160 320
DILUTION OF SERUM
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MEAN LESION DIAMETER (mm.)

NEUTRALIZATION OF INDURATION EFFECT OF SKIN TOXIN OF V-CHOLERAE
STRAIN 12~ BY ANTITOXIC SERUM OBTAINED BY IMMUNIZATION OF -
RABBIT WITH THE SAME TOXIN. (SERUM AND TOXIN MIXTURE HELD FOR
2hr AT 37°C IN_VITRO BEFORE INTRADERMAL INOCULATION IN GUINEA PIG)

159 NORMAL SERUM+ TOXIN
14 < % X

13+
12+
11+
10

&— TOXIN CONTROL

CONTROL MIXTURES OF:

2 - —x NORMAL SERUM -+ SALINE
e—e |MMUNE SERUM -+ SALINE

; “| IMMUNE SERUM -+ TOXIN

| | | I | 1
i U LI W EN S
10 20 L0 680 160 320
DILUTION OF SERUM

|
1
2



Tige 15
Figure showing that antitoxic serum prepared against
r 3 spared _from a

Thus, the skin toxin of strain 12r is neutralized by antitoxic
serum against skin toxin 569B.

Effects of intracutaneous injection of a volume of 0.1 ml from
mixtures containing equal amounts oft

-
H

1 in 5 dilution of antitoxic serum No. 1 prepared
against skin toxin 5698 + skin toxin 12r.

2 = 1 in 10 dilution of the above serum + skin toxin
12r.

= Above serum (undiluted) + saline.

= Antitoxic serum No. 2 against ekin toxin 569B
(undiluted) + saline.

S = 1 4in 5 dilution of the above serum loe. 2 +
skin toxin 12r.

6 = 1 4n 10 dilution of the asbove serum No. 2 +
skin toxdn 12r.

7 = Skin toxin 12r + saline.
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A ftuad.on mctiona thskint
om strain e POUE

Well Noe 1 = Skin toxin 12r.

Well Noe 2 = Antitoxic serum against skin toxin 56GB,.

Well Nee 3 = Antitoxic serum agninst skin toxin 12r.
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Fige 18
A 1 immun ffusion reactions with skin toxin
derived from strain 560B against ite homologous antitoxin and
against the heterologous antitoxin pre d from strain 12r
toxine it
Well Noe 1 = Skin toxin 569B.
Well No. 2 = Antitoxic serum against skin toxin 5698,

Well No. 3 = Antitoxic serum against skin toxin 12r.






The effccts of homologous serum on the cutanecus and loop
activitice of the skin toxin preparations of Ve cholerse strain 12¢
were studied carefully by inoculating the toxin imactivated in vitro
with homologous serum into the lumen of the ileal loops in rabbite
and inteo skin of guinea pigse The experimental procedures involved
in the study were as follownie

Four ileal loops were made in each of 2 Californian female
rabbits weighingb=0lbe The following loop imoculation procedure
was then cbserved in both of the animals. In the proximal loop
(I-.')avolmo of 08 nls of & mixture of equal quantities of skin
toxin of V. cholerae strain 12r and saline was injecteds The
succesaive loops were aleo inoculated with a volume of 0.8 ml. of
mixtures of equal quantities of the same toxin anddilutions of the
homologous seruie M.mmloop(l-a)mimuhmuth
toxin and undiluted serum; the third loop (1.3) received toxin plus
a14in 5 dilution of the serum; mdthetmthlm(h,’)m
injected with toxin and a 1 in 10 dilution of the serum. A
volume of 0.0 mls of a mixture of the serunm and saline was injected
inte the control loop C, between the third and fourth loope The

3
contyol loop c.' between the first and second loop received 0.8 mi,
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um.mmmmczmmnmmdautm
loop received nothings Fach of the above inocula was incubated
at 37% for 2 hr prior to injection into the mppropriate loope

The operation was completed within 40 mine The animals regained
conseiousnoss within 2 hr and did not show undue dietress. The
animals were killed 11 hr after the operations At pogt mortes
examination the following changes in the loops, recorded in table
35 were obeerveds The gross appearances of the loops in one of
the animals are shown in fig. 19.



Vateriale incculated '

(048 mle of a mixture of equal Rokvit | 9 | Loop effect !
quantities of ) 2 % l
Skin toxin of Vs cholerse strain *
Same toxin + undiluted homole |
ogous antitexic serume i » |
Samo toxin + 1 in 5 dilution i Ly % |
of the same serum. l |
Same toxim + 1 in 10 dilution " Iy, - |
of the sorume | ’
Saline only (0.8 mle) " ¢, . |
|

Hot inoculated " Ca -
Saline + undiluted serum " Cy * i
Skin toxdin of V 2 % |
strain 12r + Sf:ﬁm % |
fSame toxin + undiluted homow " La o |
logous antitexic serum :
Same toxin + 1 in 5 diluticn " Ly - f_
of the serum. E
Same toxim + 1 in 20 dilution % e ke + i
of the serum. } |

Saline cnly (0.8 ml.) " T -

Not ineculated " Ca =
Saline + undiluted serume " E E} - |

The results indicate that the toxin whem neutralized with hemologous serum
iz unable to produce a loop lesion in the ligated gut of rabbits.
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Fige 19
normsl t !
Loop Result :
lioe Haterials injected (loop effect) |
L, Ouls mle S T 12¢ + Ouh mls saline | - |
| i
| Ly Oclt mle 5 T 12r + Oult mle serum | - i
| against 12r toxin. t }
| !
1 1
| Ly O mle ST 12r + O mle of 1405 | - J
1_ dilution of serum against 12r { |
! toxine {
; Ly, Okt ile 8 T 12r + Olt mls of 1 in i
;- 10 dilution of serum against 12r |
Distal P | e
‘ Gy« 0¢8 mle of sterile saline -
!
¢, Not inoculated -
; |
cj Okt mle serum agninst 12r towin ; - |

+ Ok ml, saline

ST = &kin toxin

+ = Strong positive
- = No loop lesion



Normal fiabbit

Lle 0,4 ml 5,7, 12r + 0,4 ml saline.

L2« 0.4 ml 5,7, 12r + 0,4 ml serum /5,7, lar

L3= 0,4 ml 3,7, 12r + 0,4 ml of 1:5 serua /3,7, lar
Liw 0.4 ml 5,7, 12r + 0.4 ml of 1:10 serun/5,T, lir

Cu3= 0.4 2l Serum/5,T, 12r + 0,4 ml saline




hoervations in guinea pig skine
The cutaneous effects of the came toxin and toxin-antitoxin mixtures

were alsc studied by intracutaneous inoculation in albino guinea plgs.
The différent inocula were incubated as before at 37°C for 2 hr prior
to intracutanecus injections. The experiment and the resulis are
summarized in table 36 and the effects are also shown im fig. 20

Hean diameter of ;
Materinale injected intracutaneocusly induretion produced/O.1 mle
(equal volumes of) of inoculum (mm.)
Sidn toxin of V. cholerns strain 1% .0
12y + saline,
Ve homologous undiluted Nil

antitoxic serum {

I W ——

+ 1 4in 5 dilution of serum RiY
% " + 1 in 10 @ilution of serum N1 ;
" 41 in 20 aflution of serus 240 f
saline + serum N4l ]

It is evident from these observatiocns that the cutaneous and loop
activities of the skin toxin preparations of V. cholerse strain 12r are
effectively neutralized by the homologous antitoxic serum used in the
experiments in dilutions up to 1 in 10,
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Tig. 200

Effects of intracutaneocus injection of a volume of 0.1 ml,
of mixtures of equal amounts of:=

1 = Undiluted antitoxic serum against skin toxin 12r
+ skin toxin 12».

2 = 1 4n 5 dilution of the above serum + skin toxin 12r.
3 = 1 in 10 dilution of the serum + siin toxin 12r,

L = 1 in 20 dilution of the serum + skin toxin 12r,

5 = Skin toxin 12r + saline.

6 = Undiluted serum + salinee






High-titre antibacterial serum prepared sgainst V. cholerae
strain 12r was mixed in equal amounts with different batches of skin

toxin of the same vibrio etrain and inewbated for 2 hr at 37°C in the

water bath prior to intrecutancous inoculation of a Os1=mle volume

into guinea pigss The tests were adequately controlled by including
inccula of toxin and toximeantitoxin sixtuves in identicsl conditions.

The results summarized from 4 different experiments are recorded in table 37

Yean diameter of induration produced/0.1 mle
Experi- of inoculum (mm,)
ment i
Hoe . Peat Contrel
Toxine Toxine Toxin- Antibacterial
antibacterial | antitoxie | saline serunesaline
serun serum mixture mixture
mixture mixture
1 9-5 - 99 -
2 12.3 - 12.0 -
3 6.3 - 1"-03 -
h 1“.0 e ¢ 15.9 i

From the results of the above experiments it is noted that high titre
antiserun from rabbits immunized with living vibrioce had essentially
no noutralizing activity sgninat the cutanecous activity of skin toxin

of V= cholem.
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The agar well double diffusion precipitation technique revealed
that this high-titre antibacterial antiserum produced a precipitats
with antigen contained in the slin toxin prepared from Vs choleme
strain 12re The precipitin band crossed with the band produced
between the above toxin and the homologous antitoxic serun,
indicating an unspecified degree of non-identity. (See fige 21 )&



Central well
Well Hos 1
Vell lo, 2

Well No. 3

Well No. &
Well No. 5
Well No. 6

Skdn toxin, 12¢

Antitoxic serum against skin toxin, 12r
Antitoxic serum against 12r skin toxin

a.dsgrbod with living vibrios (strain
12r).

Antibacterial serum agsinst V, cholerae
strain 12r

Normal saline.
Same as Well No. 1
Hormal salinee
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ae treated ::lth homologous

antitoxie
pera on i) Loorp wil

abbi

A wolume of C.5 mle of a peptone-saline muspension of an 18«hr
culture of Ve choleras strein 12r with 1.8 x 10° colony-forming
units per ml, was wixed with an equal amount of undiluted howo=
logous antitoxic merum having a neutraliszing titwe of 1 in 80,
Siailarly, equal amounts of the same culture suspension and homo=
logous antibacterial serum having an agglutination titre of 1 in
8000 were alse mixede A control was incorporated in the test by
adding 1 part of peptonewsaline to 1 pert of the above peptone=
saline suspension of the Vs cholerse strain 12r.

A volume of 1 mls of each of the test and control preparations
was injected nto rabbit ileal loops. The loop lesions were
observed 11 hr after the adminiatration of the test and control
mixtures.s The experiment and the results are summarized in table
38, The character of the losions in rabbit Nee 7 can also be
seon in figs 9 (pe /20 ),
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Zable 28

Rabbit | Loop Dose | | Character of
o Hioe | per loop | Vaterial injected | loop lesion
7 Le | 1wl E Bqual volumes aw -
| strain 12r and Osous

| antitoxic serum,

" Ly 1mls | Equal volumes oi&m -
{ atrain 12r and | opous
i antibacterial serun,

i

: Control Equal volumes of Ve cholerae
strain 12r and peptonew i
1‘3 1 wle saline. H e
6 Ly 1 =ml, Equal volumes of V. chol -
atrain 12r and ogous

antitoxic serum,

¥ 1'2 i mle lqual volumes of V. eIa -
strain 12r and 5.
antibacterial serum, {

Seontrol
" L 1 ml. Equal volumes of c:l'mll.m-nE 4

- = HNo loop lesion.

++ = Strong positive (distended with accumulation of
fludd, congestion and haemorrhkage in the wall of
the locp)e

From these recults it is clear that both the homologous antitoxic and
antibacterial sera were capable of preventing the production of positive

loop lesions by etra‘n 12r in these normal rabbito.
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m:wutmuutmn of skin toxin

Rabbits vere imsunised with smmenium sulphate-proeipitated,
dislyzed and sterilized skin toxin of Y, cholorags The immundzing
dose of Uel mle of the skin toxin 12y was injected intracutancously
woekly for 4 weeks into sach of 2 rabbits, A and B, The skin
toxinensutralizing serum titre in each case was found to be 1 in 20
after 4 vecks. The rebbits C and D were immumnized with the skin
toxin of strain 569B, Following the seme immuniging procodures
ag mentioned above, a neutralizing serum titre of 1 in 40 wes
cbtained after 5 weeks in each of these Z rabbits,

These irmmunized rebbits were used for i vive neutralization
of gkin toxin of Yo cholersge Thus, 3 ileal loops in rabbit A
end 4 in each of the rabbits B, C and D were mades, A volume
of Cof mle of & peptone-saline suspension of Y, cholersg strain 12r
heving 1 x 10° colonyeforming units/ml. vas injected into the
distel loop (L) of rebbit A, The proximal (Ly) and middle (L)
loops received sterile toxin of V. cholerae strains l2r and 5698
rogpectively in 2eml. amountes The control loop Cy between Ly
and I; wes inoculated with 2 mle of sterile nommel saline, while
the control loop C; between L, and L3 recoived no incculum
(sve fige 22).

The distel loop (Iy) of rabbit D wes Lnosulated with 0,5 mle of
s peptone-saline suspension of Y, gholerge strain 12r that
contained 1 x 10° colony-forming units (CFU)/mls The successive
loops Ly, Ly end L, received 1 mley 05 nle, and Oof mle volumes
of 2 1 in 2 dilution of the sterile skin
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Fig. 22
Aleal loong in immunized pabbil Ae
Loop | Loop
Wou Material inoculated | offect

Ly O mle peptone-saline suspension | -

of m strein 12pr (1 x

10//mle) e
Distal
L, 2 ml, of skin toxin 569B, ++
L3 2 ml, of gkin toxin 12r. ++
cl 2 ml, of sterile normal saline. -
02 Mot inoculoted. =

++ = (JStrong positve
« = HNo loop lesion
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toxin of V, cholexmg strain 12r respectively. The comtrel loop Cg
between L, and L, was inoculated with 1 ml. of sterile seline. The
other 2 control loops, Gaandcsmmt inoculated (zee fige 23)e

The rroximal loop (L,) of rabbit C received 05 nle of & 1 in
2 dilution of skin toxin 12r; loop (Lz) received Oo5 mle of 1 in 2

dilution of skin toxin 569B; loop (1.3) was inoculated with 0.5 mle

of a peptone-saline suspension of Y, cholerse strain 12r with 1.8

® 108 CFU/mles and the last loop (L,’) received 0.5 nl, of peptonce

nlimmpm&mofamu%%hnﬂnghazwamfm.

A volume of C¢5 mle of & 1 in & dilution of the skin toxin 12r
was inoculated into control loop 05 between loops l-) and L‘l. while
tlmeontmlloopoc1moide.Sml.oful&maadCamlaft
uninoculated (see fige 24)e

The proximal loop (L,) of rabbit D was imoculated with 0.5 mle
ota?tnad:uutionofakinmmwtﬂwlwpﬂz)m
inoculated with 0.5 ml, of skin toxin 5698 diluted 1 in 2 in saline.
Loop (L’) and loop (Lh) received 0.5 ml, of peptone-saline suspension
of strains 5698 and 12r respectively with a dose of 1 x 107 CFU
per mle mmm1m.c1.ca.mc3.MMnmu
0o mle of & 1 4n & dilution of skin toxin 12ry 2 1 in & dilution of
slidn toxin 5698, and saline respectively (see fig. 25)s The
animals were killed 11 hr after the challenges The experiments and
the resulis are summarized in table 39.
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Fig, 23
Ileal loops in immunized rabbit B.
Iﬁgp Materials inoculated e{‘_?g&r,

Iy

|

0.5 ml. of peptone-galine suspension I

of V. cholerae strain 12r (1 x

| Distal 1057 ]
L, 1 nl, of skin toxin l1l2r. 4
In 0.5 ml., of skin toxin 12r, ‘ et
L) 0.5 ml, of 1 in 2 dilution of skin | *
toxin 12r.
Cy 1l nl, of sterile normal saline -
Cp Hot inoculated. | -
Cq Hot inoculated, -

++ = Btrong positive

- = No loop lesion
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Ileal loops in immmnized rabbit C.

Loop - 3 3 | Loop
No. Materials inoculated affent
Iy 0.5 ml, of 1 in 2 dilution of skin -

toxin 12r.
Lo, 0.5 ml, of 1 in 2 dilution of skin -
' toxia S69B,
L. 0.5 ol, of peptone=-saline suspension *
= of V. cholerae strain 12r (1.8
¥ 1g% ::.'!'J..a .i
Iy, 0e5 mls of.paptone—sa%infrfgspengion +

Distal ;gs;élf??lerue strain 5095 (1.8 x
Cy 0.5 nle of sterile normml saline, -
Cp Hot inoculated, -
Cq 0.5 mle of 1 in b dilution of skin -

toxin 12r.

+ = YWeak positive

- = No loop lesion




L1
L2
L3
L4
C3

won

oo ooo

Wb

1]

ml of 1:2 12r toxin.

ml of 1:2 569B toxin.
ml 12r cult, of 1.8 x 108 cells/ml.
ml 569B cult. of 1,8 x 108 cells/ml.

ml of 1:4 12r toxin.

Ccmt

2l

sl

&l

Fll

8l

gl

1o
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Fipg, 2
Ileal loops in immunized rabbit D,
| Loop : ; p loop
| o Materials inoculated . afPect
| | |
Iy 0.5 mle of 1 in 2 dilution of skin : -
toxin 1%r.
Ly 0.5 nml, of 1 in 2 dilution of skin | -
toxin 569B.
Lq 0.5 ml, of nentone-saline suspension | -
of V, cholerae strain 5650 ‘
(1 x 107 /ml,)
. Ly, | 045 mle of pentone-saline suspension -
: of V., cholerae strain 12r {1 x [
| ; ,
| Cy | 0.5 mle of 1 in b dilution of skin i -
| toxin 12r.
; 02 0,5 mle of 1 in k dilution of akin -
! toxin 5698,
| 03 [ 0.5 ml. of sterile normal saline. ! -
| |

« = Yo loop lesion



ml of 1:2 12r toxin.

5
5 ml of 1:2 569B toxin.

5 ml of 569B cult. of 10’ cells/ml.
5

5

5

ml of 12r cult. of 10’ cells/ml.
ml of 1:4 12r toxin. .
ml of 1:4 569B toxin.

won
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Table 39
Effects of skin toxin in ileal loops of immunized rabbits

[ Rabbit = : Loop | Loop Serun
Material inoculated Noe | effect titre
A 0.8 ml, of peptone-saline suspension of [ LY -
. Vo gholgrae strain 12r (1 x 107/0FU/ml.) f
o
o 2 ml, of skin toxin, S69B L2 - o
: £
) 2 ml, of skin toxin, 12r I3 ++ .
i —
oY 2 ml, of sterile normal saline €1 -
i Not inoculated c2 -
B 0.5 ml, of peptone-saline suspension of Ll * |
V. cholerae strain 12r (1 x 10 CFU/ml.) ' i
T e e - J
" 3 ml, of skin toxin, 1°r L2 |
" 0,5 ml, of skin toxin 12r L3 + =
" 0,5 ml. of 1 in 2 dilution of skin toxin =
12r LY il e
.._I
" 1 ml, of sterile normal saline Cl - |
” Hot inoculated c2 -
"  Hot inoculated c3 -
C 0,5 ml, of 1 in 2 dilution of skin toxin
ilr L. —
[ % 0.5 mles of 1 in 2 dilution of skin toxin |
l 5608 L2 | ~
[y 0.5 ml., of peptone-saline suspension of 13 .| -
| V. cholerae strain 12r (1.8 x 102 cru/mi.) ;
| s g
o 0.5 mL. of peptone-saline suspensjon of Lh ‘ - o
, ' V. cholerae strain 5698 (1.8 x 10V CFU/ml.) | £,
'_l
" | 0,5 ml, of sterile normal saline (+s -
" | Not inoculated gar | -
" 0.5 mle of 1 in & dilution of skin toxin
12r (!f_-]r -
D | 0.5 ml, of 1 in 2 dilution of skin toxin 12r L1 | -
; 0.5 ml, of 1 in 2 dilution of skin toxin SGOB L2 | -

0.5 ml, of peptone-saline suspension of V,

- (5
gholerae strain 5698 (1 x 107 CPU/ml,) 1.3 - =
| | 0.5 ml. of peptone-saline suspension of ' B
V. gholerae strain 12r (1 x 107 CFU/ml,) L4 - B
' 0,5 ml, of 1 in 4 dilution of skin toxin 12r Cl -
0.5 ml, of 1 in 4 dilufion of skin toxin 5098 C2 -
oW 0.5 ml, of sterile normel saline a3 =
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The results suggest that the toxin produced dumag multiplication
of the Vs cholerne strmin 12r in the lumen of the ileal loope in
rabbits A and D was neutralized by the imsunity developed in the
mucous membrune of the intestinal tract due to immunization of these
animals with sterile toxin prepared from the strain 12vr; but pee-
rmdmmlmm“mmtm“ﬂWMLam
Lsofboththanmulmdn(mhble”udﬂgs-azlndZ})o
fhen the texin was diluted, the loop effect was reduced or suppressed
mtdsuaimmloophbofmbhﬂ.tnandlnopﬂl-.l.hamc}
of rabbit C (see Table 39 and Fige. 23 and 2h),

In rabbit C, none of the toxins prepared from strains 12v and
5698 produced a positive loop, but the living cells of e¢ach of
thmmno.SmlodammmhiﬂthxWBmﬁﬂlq
were able to produce positive locp lesions (see Table 39 and Fige. 24).

In rabbit D neither the toxins nor the living cells were able
to produce any positive loop, but similar or even lesser doses.of
these materials have been found to produce positive loups when
inoculated into the lumen of the ligated gut of normal rabbits as
s!mink‘ornhbusa.hmdShHsm?.8nd19rupecﬁ.voly

and 61 of »abbit 7 in Figs 7.



The conversion of toxin into toxoid can be carried out most
efiectively by treating it with forumalin and incubating the toxin
for 2 = 3 weeks nt 37°C. The change from the toxic into none
toxic state is asseased by injecting the mmterial into susceptible
animals; the change is regarded as complete whem no symptoms are
produceds In the present experiment, the toxin was treated with
forualin or heated nt 60°C for 30 min. for conversion into toxoide

gmont « A Seml, volume of 5 per cent. formalin was
added to & Seml, semple of each of the skin texins of V. chclerse
strains 12r and 5698, Three such mixtures of each toxin were
prepareds 1miwuhh¢at!7°0.mthormhrtatm
tempepature, and the third was held at 4°C, After 7 days, all of

the above preparations were dialyzed in distilled water for 48 hr
to get rid of the formalin and thereafter cuch was tested (i) for
skin reactivity in guinea pige by injecting a volume of 0.1 ml,

intracutanecusly, and (ii) for specific antigen content by the agar
gel diffusion technique (Hlek, 19485 Ouchterlomy, 1948).

Heat treatments A Seml, sample of each of the above skin toxins
was heated at 60%C for 30 min. and then tested simdlarly for siin
reactivity in guinea pige and for the production of precipitin bands
in the agar gel diffusion tests The tests and the results are
cummarized in table 40. The precipitin bands obtained in agar
gel diffusion tests are also shown in figs 26 and 27.
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Table hO.

The results of skin rmgions following intradermsl inceulation
of heated or for troated sk_!n toxin of 2;: ma

- g ~ Mean diameter of skin
Material,jnistksl $iigeoutaneoualy lesion produced/O.1 ml, of
the inoculum (zm,)
Pormal inetrented and dialyzed
skin toxin of V., cholerse
strain 12r
t held at room temperature Ri1
TR SO nil
Sl L, 6.0
The same toxin hested at 60°C
for 30 min. Nil
The mane toxin unheated 13.0
Formalin-treated and dialyzed
skin toxin of V. cholerae
gtrain 5698,
t held at room temperature 8.5
AR . 8,0
" ® ha ¢ 11.0
The same toxin heated at 60° ¢
for 3C nin. Nil
The same toxin unheated 16,9
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It is evident from the results that the formalinetreated 12r skin
toxin, held at room temperature or at 37°C produced mo skin resction
when injected into guinea pigs, but in the agar gel diffucion test
it gave precipitin bands against antitoxic serum cbtained by
dmmunization of rebbit with 12r toxin (see fig. 28)¢  Simidar
results were noted in rabbits and in agar ge! diffusion tests when
the toxin was heated at 60°C for 30 min. (See figs 26 and 27).

The results suggested that the aldn toxin 12r was rendered
non-toxdc either by heating or when treated with formalin at room
temperature or at 37°C incubation. Conversion was not complete
at any stage of the formalin treatment of 5698 and 12r toxins
held at 4°C, But like the 12r toxin, the 5698 toxin is found to
be converted on heating at 60°C for 30 min., as is evident from the
results of the skin and agar gel diffusion tests (See fig 27).

It is now neceesary to use the non~toxic product to rroduce
serun which is capable of neutralizing fresh skin toxin before we
can say that we have toxoided the original without inactivating its
epeeific siin toxin antigens



Fig. 26
Double diffusion gel precipitation bands produced b
@kin toxin 12r heated At t’»&c for 30 Mine and
also by the same toxin unheated,
Central well ] Antitoxic serum against skin toxin
12r.
Well Yo, 1 = Skin toxin 12r heated at 60°C for
30 min.
Well o, 2 o= 8kin toxin 12r unheated,
Well YNo. 3 = Same as Well No. l.
Well o, b = Same as Well Ne., 2.
Well Ho. 5 = Same as Well Fo, 1.

Well No. 6 = Same as Well No. 2,
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Fige 27.
Double diffusion el precipitation bands Fmﬂ by
skan toxin SHON heated at HOUC for 30 min,
and also !_Jz the same toxin unheated,

Central well = Antitoxic serum against skin toxin
5698,

Vell Yo, 1 =  8kin toxin 560B heated at 60°C. for
30 !Binc

Well Fo, 2 =  Skin toxin 5698 unheated.

Well lo. 3 = Same as Well o, l.

Well Yo. b = fame as Well No. 2.

Well Ho. 5 = Same as Well Ho. l.

Well lio. 6 = Same as Wall lo. 2.
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Double diffusion gel precipitation bands produced by
formalin-treated siin toxin of Yo oholoras

e

Central well = Anf%%oxic serun against skin toxin,

Well Fo. 1 = Formaline-treated skin toxin 12r
and held at roon temperature for
T days,

Well Ho, 2 = Formaline-treated skin toxin 12r and
incubated at 37°C for 7 days.

Well Yo. 3 = PFormelin-treated skin toxin 12r
ani held at 4°C for T days.

Well XNo, & = ?m’mliﬁ-tr-aateg skin toxin 5695
and held at 4¥°C for 7 days,.

Well lo. 5 = Formalin treated skin toxin 56938
and incubated at 37°C for T days.

Well lo, 6 = Formalin treated skin toxin 5698
and held at room temperature for

Tdm-
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Comparative study of the mucosal morphology in cholera
toxin-induced positive loop lesions and in unincculated
normal ileal loops in rabbits.

In a control spedimen the mucosa of the lower ileum is found

to be covered with tall finger-shaped villi of variable heights
(Fig. 29a)« The surfacesof the villi are covered with 2 types of
cells, the absorbing cells and the goblet cells. As the area of
intestine chosen for this study is the lower part of the small
intestine (ileum), the goblet cells are here more numerous than in
the upper part of the small intestine., The absorbing cells which
cover the epithelium have a wavy refractile brush border. The
bristles of this border are the microvilli of the epithelial cells,
a feature recognized under the electron microscope. In a normal
specimen of mucosa, the goblet cells appear full., The core of each
villus is occupied by a central lacteal which is surrounded by bloed
vessels, nerves, and various blood cells, e.g. mononuclear cells -
lymphocytes and occasicnally plasma cells, occasionally eosinophils,
very rarely a polymorph, and some RBEC's, The crypvts of Lieberkuhn
are situated between the villi at their bases. The mucosa is bounded
by the muscularis mucosae. The submucosal blood vessels and nerves
are distributed in the loose areclar tissue of the submucosa and

this separates the mucosa from the serosal musculature.
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Toxin-induced positive loop.

The toxin has produced a remarkable effect on the mucosa.
The villi are shorter in height. One of the most prominent
features is the dilatation of the central lacteal (#ig.29v).
The goblet cells appear rather small and empty. The brush border
is irregular. The height of the epithelial cells is reduced
in comparison with the height of the epithelial cells of the
contrel specimen, It is difficult to determine the extent to
which this morphological change of the epithelial cells is
secondary to the dilation of the central lacteal., Submucosal
oedema is another feature of the positive loop (Fig. 30). The
blood vessels in the submucosa appear dilated (Fig. 29b). The
subserosal muscle layer is thinner compared with that of the
control specimen buv it is difficult to say how much this apparant
thinning of the muccle is secondary to submucosal ocedema.
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A Section of distal small intestinal

micosa obtained from a control
loop. X120

The misosa of & positive loop of

ileum 12 hr after injection of cholera
toxin. The villi are shorter. The
stroma of the Villi shows grossly dilated

areas, X120






Fig. 30.

Specimen from a positive loop of
ileum 12 hr after injection of
cholera toxin. ‘The villi are
shorter and there is marked sub=
micosal oedema, X120
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DISCUSSION

The need for definition.

There is much confusion in the literature regarding checlera.
The word cholera has denoted distinct entities at different times
in history and in different parts of the world. Huropean
pbysicians made the diagnosis in many forms of acute diarrhoeas
occurring sporadically or in limited outbreaks and coined the
names simple, sporadic and benign cholera; Huropean cholera;
Znglish cholera; cholera nostras and cholera infantum. Outbreaks
of cholera were reported in Nimes, in London and in Vienna in
1654, 1664 and 1676 respectively; these as well as the more
severe outbreaks of diarrhoeal disease in London during 1679-82
described as cholera by Sydenham, probably included outbreaks of
gastroenteritis caused by other organisms (Macnamara, 1876).

Asiatic cholera (syn: epidemic, pandemic, malignant, blue
or algid cholera; cholera orientalis; cholera morbus) was firet
brought to the attention of Huropeans by Portuguese seafarers
returning from India. It has been pointed out by Macnamara that
British physicians working in eastern India did not record the
disease until the late 19th century and the severe epidemic of
1817 in Bengal waa thought to be a new disease.

The correct definition of cholera is still disputed., The
British Medical Dictionary (1961) defines cholera as "a severe
infectious epidemic disease due to Vibrio cholerae characterized
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clinically by violent purgation, vomiting and collapse'. Cholera
is regarded by Webster's International Dictionary (1961) as

"any of several discases affecting man and domestic animals usually
marked by severe gastrointestinal syaptome". From 1961 to date,
although classical cholera caused by V, cholerse continues to be
almost exclusively limited to the Indo-Paltistan sub=-continent,
cholera El1 Tor canaed_by V, eltor with its increased potential for
survival both inside and outside the human body has rapidly spread
over wide territories. Cholera 71 Tor was originally restricted
to a limited geographical area in Sulawesi Island in Indoresia.

But since 1961 it has come out of its original home and the disease
has spread extensively from Indonesia to Hong Kong, and to the
Philippines in 1961; ¢o Taiwan in 1962; to Burma and Inde China
in 1963; to India, Pakistan and south-sast Asia in 196k; and to
Nepal, Afghanistan, Iran and Uzbekistan in 1965. A new factor has
thus altered the scene »f the world incidence of cholera,

The cause of this rapid extension has been reviewed recently
(Brit, med, J., 1966). ‘"Present studies point to the fact that
the areas hitherto invaded by cholera continue to be potential foci
of infection for a long time because of the presence of carriers,
and with rapid means of transport the danger of the spread of
cholera is great. For many years there has been a tendency to
overlook the role of carriers in transmission of cholera and te
accept without criticism reports on the apparent effectiveness of
VacCines sessceccsvsvcsssessees The carrier state in cholera El Tor
may last three years, and the vibrio can establish itself in the

gall-bladder. Even after apparently successful treatment of
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convalescent carriers with antitiotics in some cuses after purging
or during spontancous diarrhces from other cauzes, vikrios may be
excreted, The detection and clesrence of corriers ie difficult and
the use of antibiotics wmay prolong excreticn of vibrios".

The role of NAG vibtrios in the incidence of chelerz hass been
described in the writsr's discussion of the phage section of this

thesis (see p. 32.5),

Dehydration &nd re~bydraticn in cholera.

When true cholera cccurs, the disesse usually begins with
copious ddarrhces znd wvomiting., The speed of avecusbions may
be s0 rapid that in =n hour or two 2 stool pan le Iilled angd it
scareely seems poosibls that ithe body fluids are suffiocient to
supply the amount of fluid. "he Cyries? stool lun cholers is
alkaline in reaction and haz o rice weter appearance, beihg
completely devoid of any hill-yyr colquring:or of any Fagesl wmattsr,
The vomiting starts soon aftor puarging. It is offten profuse dut
never so persistent as rurging. Agorizing craups attack the muscles
of the limbs snd the sbdcemen., The iwplicated musclas ghow rigid
contractione =235 & result of deplstion of chloridea and hypocaleasuia
affecting neurc-muscular junctione. The patient may raplily paca
into a state of collapse. In oconssguence principally bocause of
loss of fluid by the diarrhoes and vomiting, Lhe s3o0ft parts shrink,
the cheeks f2l1l in, the eyes sppear sunen with lids helf open znd the

eyea turned up; the nose bocumes pinched and thin, the iips 2z
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cyanosed, the fingers become wrinkled and assune the appesrance

of what has been described as "washer-woman's fingers”. The skin
is cold, clammy and ineiastic and the voice is whispering. The
urine is suppressed; respiration is rapid and shallow; the pulse
soon becomes thready, weak and rapid aund fiually may dlsappear
entirely. ‘he surface temperature falls several degreec Dolow
normal to 9% or 93°!. whilst the rectal temperuture may be several

degrees above normal (101 to 105%F).

The blood prespure is low.
The patient becoass restlecs, tossing avcul uneasily, feebly
complaining of intense thirst. Alibough apathelic, Uhe alid
generally remsins ciear; sometises the patient way psss into a
comatose state., This is the “algld stage” of cuolers and it way
terminate in one of 3 ways - in death, in capld cosvalascencs o
in a febrile reaction. Coolera is baslcaily a sell-liuiting
disease in which all gymptowss appeayr o ve due siuply to loss of
wvater and electru.yie irom tiw gustro-iutestiuas tzact (Uniilips,
1963). For better understanding of the pathophysiological
changes and for a uwore proupt and exact replacement of salt and
water losses, studies were carried outl by verpessisy (1584) in
selected patients with acute, Lastericlogicalliyeproven V. cnolcroe
infection. ‘These studies incicuate taal the gastro-istestinal
losses in cholera are consistently isclonic end the lsotunicity of
the plasma is nowadaye maintained oy the continued intravenovs
administration of isotounic flulds in a vclume egual to stool losses

during the course of a patient'’s iliness.



=163~

The obsarvatioa of a high conceniration of bicartonate in the
cholera stool, even wher the plasma carbon dioride combining power
is greatly reducod, amphagizse that acidoslis puses a itremendous
threat to the life of the chclera putient. As the body bicarbonate
stores are small in relation to the fascal biocarbonate loeses, it is
obvious that ite replscemant is abeolutely eszential iu the course
of the treatment of the cholara patient. The potussium loss is
not so great relotive to total body stores and the necessiby for its
raplenishment ic leas elearly defined,

The complieations of vulmonary oedsms, freguently reported in
cholera patientz, mcy result fram (1) poor smyocardisl funetion
secondary to severe meisholia naidosis or (ii) overshydration
caused by continued aduinictruticn of intravencus fluids {ollowing
cesgation of disrrhoez in pationtc with superlapose’ acuts renal
failure which is another eju2lly frsguent cemplication of cholera.
FPrompt correction of sheck followed by continued infusion of
intravenous fluid in guantitiss zgual to that Yost via the guairo-
intestinal tract w!ll prevent the classical plcture of acute roasl
failure in cholera patieatz, Thuz success in the traatzent of the
disease has ¢cone with improved mathods of reehydr-tion of the {11
person, but we are still isnorant of tha vosl mechanian of
pathogenicity. Specific therapy must walt uantil we under-tond ucre
of the pathogenesis. HMounwhile, it 1z of dpnterest that thave are
similar features in Tach. ¢old pastroenteritie in children (chelers
infantum) ard disrrhoenl dlcsase o calves, Rescarch in thaig
discases may give clues of value in elucidating the underlying

mechanisms that operate in cholera.
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Zislated azndronens (1) “cholers infantun‘s
Jeveral serological types of Lache olly 8.fs O 26y O 55y

O Aily O 119 and O 20, have heen assooiated with epidenics of
diarrhoea and gastro-enteritis affecting very young childrens

The diseane ia ohiefly met with in the summer months of the yoar
and may be attended by "mild catarrhal and atrophic changea™ in
the muacous menbrane of the small bowel which are minor changes

in contrast to the severity of the aymptomn. In a severe
| attack there are watery atools which are foulesnelling, of
yellowish colour (later greenish) and scids They are usually
frequent and they tend %o be passed explonively. Vomiting ooccurs
with acute abdoninal pain and tenesmisj prostration and collapae
follow and there is subnormal temperature., lapid dehydration
and wasting are seen and death may supervene after a courso of a
week or soy or earliiors Uccasionally an infant may exhibit

aiina of shock and die as a result of loss of water and electrolyte

into the inteatinal lusen before a dimbouislool ia passed.

(41) ‘ugournin calves,

Joours is an enteric fomaof colibacillosis soen in animals
and caused Yy pathogenio jSaghs golis The diseane is most cammon
in calves mt may ccour in other species., 1% cocurs ohiefly during
the first 3 woeks of life and particularly during the firat weok,
The storile alimentary iract of the calf becomes oontaninated with
the organiam at ite first feedirge It is pontulated that if the

antibody in the ocoloatrum is not mufficient %o inagtivate the baoteria,
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the latter multiply rapidly in the lumen of the gut and produce
potent endotoxina. These are then absorbed from the gut and give
rise to the toxic symptoms characterized by watery or pastey faeces,
usually éhalk-whitu to yellow in ecolour and occasionally streaked
with blood. Defaccation is frequent, The faeces have an offensive,
rancid emell, There is usually a systemic reaction with a
temperature up to 105°F and an inecrease in pulse rate, The animal
ceases to drink, is dull and listless and rapidly becomes dehydrated.
There may be abdominal pain elicited on palpation. Sometimes
tenesmus is evident and the back of the affected animal may be arched.

.

Animal experiments in cholera research.

Experinents desizned to reproduce choleralc symptoms in animals
were undertaken manj yéarifheorwork of Snow (1849) who described the
role of cholera evacuations in the spread of the disease,

Numerous experiments with cholera stools on various animals gave
contradictory mmits. Koch (1884) used cultures of his comma
bacillus on a large variety of animals. He obaserved pathogenic
aeffects only in mice which died in the course of 24=48 hr after
intraperitoneal inoculation with the cultures. Rabbits inoculated
intravenocusly with the cultures became ill but they subsequently
recovered, Koch concluded "I think all the animals on which we can
make experiments, and all those, too, which come in cohtact with
human beings, are not liable to cholera, and that a real cholera
process cannot be reproduced in them , + « « « Should it prove

possible later on to produce anything similar to cholera in animals,
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that would not, for me, prove anything more than the facts which
we now have befeore us',

Pfeiffer (1894) obeerved peritonitis and death in guinea pigs
following intraperitoneal inoculation of the comma bacillus. No
diarrhoea was noticed and the organisms were rarely seen in the
intestinal epithelivm., Griffitts (1942) also found no evidence
of diarrhoea or lose of fluid in his animals. Many other
experimental methods tried so far without consistent success have
been reviewed by Pollitzer (1959).

De and Chatterje (1953) devised an experiment with adult
rabbits in which a mmall loop of amell intestine was isolated from
the rest of the gut by 2 ligatures. When 1 ml, of peptone water
culture of V., cholerae was injected into the lumen of this loop, a
large volume of fluid accumulated in it within 24 hr, This fluid
had the gross and microsgopic and cultural appearances of cholera
stool. Congestion and oedema of the wall of the loop and necrosis
of the summits of the villi were also noted. The development of
the rabbit loop model has been reviewed in detail in the Introduction
to this thesis (see p. 2?). The use of the model has provided a
stimulus for the re-investigation of the local effects of cholera
on the dynamics of intestinal absorption. Some workers object to
the use of the rabbit intestinal loop., They regard the obstructive
component as unphysiologilcal and the "positive~loop" reaction iz not
specific for V., cholerae. For such reasons, the baby rabbit model is
often preferred.
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Metchnikoff (1894) tried to infect newborn animals and found
that about half of his 1=4 day old rabbits died of typical cholera-
like diarrhoea when infected intraorally with a virulent cholera
vibrio strain, whereas 20 out of 22 baby rabbite receiving vibrio
mixed with cultures of Micrococcus, an Esch, coli strain, or a

yeast, died after 36-48 hr., Schoffer (1894=95) found that the
addition of a symbiotic microbe with the infecting dose of vibrio

-~ was of no advantage. Issaeff and Kolle (cited by Pellitzer, 1952)
also produced manifeat intestinel chelera in young rabbits. The
disappearance after 6 hr of virulent vibrios placed in the mouth of
baby rabbits was observed by Sanarelli (1921). The contents of the
stomach were shown to kill the vibrios in a few minutes both

in vitro and in vivoe. This was presumed to be due to the gastric
hydrochloric acid together with the fatty acid liberated from the
milk, Solarinc (1939) was able to produce diarrhoes in bahy rabbits
by placing cholera cultures in the mouth after the oesophagus of each
animal had been divided and ligatured at both ende., The animale were
thus infected indirectly presumably via the lymphatiecs., Dutta and
Habbu (1955) used rabbit-passaged V., cholerae strain 569B to infect
baby rabbits. This strain produced consistent choleraic diarrhoea
on injecting the organism (10!' colony-forming units) into the smmll
intestine, The diarrhoea began 16-44 hr after inoculation and the
animal usually died 10 hr later. On autopsy, some fluid was noted in

the terminal ileum and a large volume was cbserved in the colon.
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Inconstant congestion of the ileum and loss of epitheliua at
places were alsc noticed. Elood collected just before death showed
definite haemoconcentraticn,

Research on cholera during the last 20 years appears to fall
into 2 chronological stages. During the first decsde medern
investigations were stimulated particularly by the Fgyptian
epidemic of 1947 and the work has cleared the ground for further
advances by destroying some ingrained nctions and by defining the
problems., Thereaftér a beginning has been made in tackling the
problems. The re-popularization of the rabbit loop model in 1953
and the baby rabbit medel in 1955 re-introduced essential tools for
reproducing a cholera=like disease in the laboralory.

The elusive toxic factor.
Some authorities consider thet V. cholerae causes iie eflects

by endotexin and does not apparently produce any exotoxin. The
endotoxin results from the destruction of vibrios within the bowel
lumen. It is thought that thie ie a phospholipid that can increace
intestinal permeability without producing eny detectable changes in
the mucosa. Although V, cholerae is now known to produce variovs
exoproteins (see p /4 ), it is true that in cholera there is no
obvious toxaemia. The term toxin has, however, been widely used to
denote any soluble substance liberated from the vibrio cells or formed
outside the cells that can manifest adverse biological activity in
the natural host or in an experimental systems The factor that
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acts on the inteatine to produce diarrhoea is often called
enterotoxin and the term "skin toxin" has been applied to the toxin
that acts on the skin (see 28 ).

Although pathologists of the last century (Cohnheim, 1885)
believed that there must be an enterotoxin acting on the host in
cholera, all attempts to demonstrate such a toxin were unsuccessful
uantil recently (Pollitzer, 1959). The evidence obtained by De
(1959) in work with rabbit loops and Panse and Dutta (1961) in
baby raebbits indicating the presence of a heat-labile enterotoxin
in filtrates of cultures of V. cholerae and cholers stools has been
reviewed in the Introduction to this theeis. The presence of a
heat-labile skin texin in cholera stools sznd V. cholerae culture
filtrates as observed by Craig (1965) kas also been reviewed in the
Introduction. In the last 2 years seversl papers have appeared
confirming the occurrence of onterotoxin in wverious preparations.
The properties of the enterotoxinag deascribed by different workers are
discrepant. Fresanting tho results of a collahorative atudy
comparing cholera %oxins, Burrows (1965) concluded that there are 3
kinds of toxic acitivity present:

(i) The toxin that is lethal for the mouse and the 10-day chick
embryos

(i1) The toxic activity showing intradermal reactivity, giving
a taxic reacticn in infant rabbits and in ligated bowel
loops, and producing a cytopathic effect on Farle's I cells
in culture;
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(i14) The factor that showa toxicity for anurian epitheliunm

and inhibits peaninohippurate (2Al) concentration
by kidney slices in witro,

Burrows' data, supplemented by the more detailed information
furhished Yy his collaborators, are suamariged in the following

table (table 41)e

Table 41 - please bee

next page.

There are some lifferences between tie views of Durrows

and those of his ecollaboratora. ‘There are also nmome
digsorepancien between the text and hin table sihowling the
action of the groups of toxinas., [For example, he deascribed
cell wall (C4) as cytopathogenic but Read (1965) tabulated
the effeot as negative, Sinilarly the frog skin reaction
was described as "readily reproducible" (Burrows et ales
1965) bus Leitoh (1965) stated that "in our hands the effects

of the cholera toxina on the anurian abdominal akin apd bladderhave
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Zable b1,

The action of toxins of V. cholerse strain 569B on 8 experimental models. The data are summarised for
comparative purposes from the collaborative study of Purrows (1965), Burrows et ale. (1965), Leitch (1965)

and kead (1965).
pHi 840 Ghole cell lysate (#CL) was made by ultrasomic lysis of Escto-pepione-agar growthe.

The supernate was of centrifuged 18 hr growth in 3 per cent. Bacto-peptone solution at

Cell =all (C¥)

and intracellular substance (IC) were separated by shaking agaregrown vibrio suspenaion with glass beads and
depositing CV by cemtrifugation. The figures in the last 3 columns indicate concentrations per ml.

Vodel of assay

Supernate

hole cell

Cell wall

Intracellular substaace __

= unheated not tested.

lysate (C¥L) (cw) (1)
Toxin [Mouse toxicity Inactive 2 mge 0e5 mg D ES 5 mg D HS
: .
10-day egg (Can) .?EM _u.nﬂs:« Active 1S 70 ug D HS 130 ng D HS
H 1
Rabbit skin 150 ng 0.01 yig U 1L | 1eF ug U ML 0.0025 pg DAL
Toxin (1)
T Pabbit 500 Jig 250 mg DIl | inactive 25 og O
2 ted loop of : Inactive 3 mg D=iS Ingctive 1 mg D=IL
bbit
tures Tnactive Veak HS(4i) | Imactive (i) 1 mg 0~
monu_.u ruﬁﬂ” epithel=- | 1 ng ot 6 ng o* 5 ng o*us 1.5 ng o as
-
" [Kidmey PAH Not tested Active 10 mg D* 5 mg
\
15/ML = Heat stable/Heat labile. "~ = Dimlyzable/mondialyzable. (i) = for discrepant

recordings by the authors,
see text.
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not been very reproducible from one lot of prepared toxin to
the next."

Cé was depicted by Burrows as inactive on rabbit skin but an
HiD of 144 pge was recorded. Sirilarly, he stated that the
toxicity of the supernate for chorioallantoic membrame (CAM) was
barely detectable, yet he tabulated it as "(+)"; this reection
was presumably stronger than his "(=)", He did not explain why
toxin 2 in WCL was heat-labile when tected in the skin test and
baby rabbite but heatestable when tested in loops amd epithelial
cell cultures, although he suggested that there may also be a toxin
secreted extracellularly that mcts on the skin and baby rabbits
onlye

A heuristic hypothesis was suggested by Ghosh (1965) to
explain all of these discrepauncies. lie sugpested that toxin 1 of
Burrows should be called an endotoxin for which both mice and egps
are known to be highly susceptibles Ghosh postulated that toxin
2 compyrised 2 componentses Ome was choleragen and the other,
though not diarrhoeagenic, was normally associated with the
choleragens The choleragen itself was heat-lobile, non dialyzable,
sensitive to acid and formalin, insoluble in chloreform, and
precipitated by sulphates of ammonia and zine, and thus probably
a protein., The other factor was heatestable, dialyzable, acide
recistant and biologically inactive in vive or in epithelial cell
culturese It was designated as dialyzable factor (DF)., From the
dialyzability, heat stability and reaction with enzymes it was
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presumed to be a lipid. He thought of cholersgen as firaly

bound inside the vibrios with UF which was also presumed to protect
the choleragen to some extent from the action of acid, heat and
other agentss The complex was biclogically inert until dis-
soclated in vivo or in vitro by ensymes or by physical treatment.

Ghosh thought that toxin 3 was the seme as DIy their
physical characters were similar. lHis concept of 2 components for
toxin 2 was similar to the views of Finkelstein gt al.(1964) on the
procholeragens. [lowever, the DF wae considered to be a blecking
and stabilizing agent rather than an essential factor for the
bicloglcal action of choleragen.

Although De (1961) was umable to induce loop lesione by
ultrasoric lysates of whole vibries (WCL), Oza and Dutta (1963)
induced diarrhoea in baby rabbits by feeding large amounts of WCL
of V. cholerae strain 5698, In confirming this, Finkelstein et al,
(1964) noted that the mctivity was greater in filtrates of aerated
Difco Brain Heart Infusion Broth (BHIB) or a synthetic medium
supplemented with 1 per cent. casamino acid (syncase medium), These
filtrates were also active in wan (Finkelstein, 1965.)e. Two
fractions could be separated by dialysis of WCL and syncase filtrate,
but not from cultures grown in BHIB, Procholeragen A is heate
labile (56°C for 30 min.) and nondislyzable; procholeragen B is
heat stable and dialymable. HNone of these was diarrhoeagenic by
iteelf on feeding to baby rabbits, but a mixture became choleragenic.
The precholeragens were not detected in other cholera strains and
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El Tor vibrios, although Schafer and Lewis (1965) demonstrated

a thermolabile nondialyzable enterotoxin in loop flulds and culture
filtrates of several other strains of V, cholerase The enterotoxin
was precipitated with amnonium sulphate and zine sulphate and it
was inactivated by formaline

Zhe present studye
The present investigation has included an intensive study of
apparently toxie products of Ve cholerse that we have identified
as skin toxin and enterotoxin on the basis of their cutanecus and
intestinal activities respectively. While it is useful to use
these terms, they may be misleading as the preperations have been
crude and more than omne factor may be involved in each case. The
writer's provieional definitions of skin toxin(s) and enterotoxin{s)
of Vs cholerne are therefore as follows:
Skin toxin(s)e (A) GSkdnereactive substance produced in vitro.
(B) Skinereactive substance derived from a
positive loop fluid produced by imoculation of
(1) Organisms,
(41) Soluble products produced in vitro,
(111) Secluble products produced in viveo.
Enterotoxin(s). Substances producing a positive loop in the test
rabbit model and derived from
(1) Organisms directly injected into the loop,
(41) Soluble bacterial products produced in vitro,

{444) Solnbhle bacterial products rroduced in vivo.
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For convenience in the present discussion the existence of a
single akin toxin and a single enterctoxin is envisaged, but this
assumption will require further proof.

(1) Production of okin toxine
In the precent study, production of cidin toxin from

V. cholerae has been achieved in vitre by culturing the orjanloms
in 5 per cent. Difco Bacto-peptone water, under the same growth
conditions as used by De et al. (1962) for the preparation of
cholera enterotoxine Equally good yields were obtained from
cultures in 1 per cent. peptone water. Skin toxin and eantero=
toxin are both produced when there is a large surface/volume
ratio and both factors are developed in relatively young
cultures. Neither are produced in poorly aerated cultures.
The writer has confirmed that production of the skin reactive
substance is greater in an aerated culture than in a static
cultures The results of intradermal inoculations of filtrates
of overnight nerated cultures of strains 12r and 5698 in 5 per
cente Difco Hacto-peptone water have been compared with
inoculations of the static culture filtrates of these organisms
in the came medium and the presence of stronger skin reactive
substances in the aerated cultures is clearly evident.

The production of skin toxin in cultures of the vibrio
strains wac firet demonstrable after U4=6 hr incubation and
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thereafter the concentration increased gradually with maximal
production at 24=48 hr. The presence of skin reactive
substances in these preparations was demonstrated by intra-
cutaneous injection in guinea pigs and rabbits. IDrythema,
induration and a prolonged increase in capillary permeability
were observeds Similar skin lesions were also noticed following
intracutanecus injection of a filtrate of positive loup fluid.
The akin reactions evoked by loop fluid and culture filtrates
were compared by determining both dogse response and time-course
of induration and increasing capillary permeability in parailel
tects on the same sets of guinea pigs. The time course of
induration activity and the increase in capillary permeability
produced by both loop fluid and culture filtrates in the same
animals displayed the same sequence of eventss Thus the skin
respenses evoked by loop fluid and culture filtrate suggest that
the active principle in the 2 materials or the mechanism of
their activity may be the same. Ve huve demonstrated the
presence of akin reactive substances in culture filtrates of
classical cholera strains, and in culture filtrates of El Tor
and NAG vibrios, and enteropathogenic lsch, coli.

(11) Stability studiem.
The effect of heat upon the skin reactivity of enterotoxin

and sicin toxin of V. cholerae have been compared in a serles of
experiments conducted in parallel. DBoth indurationw-evolding
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factor and the capillary permesbility factor of both

materials are completely destroyed after exposure to heat at
56°% for 30 mine or at 100°C for 23 min., but they are stable
at 37°%C for at least 72 hre The skimeindurating activities
of the skin toxin and enterotoxin were tested cver the pil range
4«0 and both materials were stable over this range of pH
valucs. Dialyeis of both matericls sgainst large velumes of
distilled water resulted in no loss of skin reactivity. Fo
difference was observed upon the aldn activity on dilution of
the toxins in the presence or absence of calcium ions.

The skinereactive components of both skin toxin and entere
otoxin in crude preparations appeared to be stable despite
exposure to concentrations of formaldehyde up to 1 per cente
at 4°C; but they were significantly inactivated by exposure
to 1.4 per cent. formaldshyde at 4°C, 18°C or 37°%. The
toxins were not inactivated when they were ocxddized by hydrogen
peroxide nor when they were reduced with thioglycollic acid.
The toxin retained its full activity after exposure to trypsin
and chymotrypsin. It was completely inactivated by treatment
with pancreatine It appeared that lipase itself produced
some degree of skin reactions The toxinelipase mixtures
certainly showed reduced skin toxin activity so that there was
partial or couplete inactivation of skin toxin by lipase. The
effect of phosphorylase was aleo studied and it was evident
that it did not inactivate or emhance the cutaneous effects

of skin toxin of V. choleras.
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(414) Lothality studies.
The skin toxin was found to be relsatively none=lethal

for the Y=day chick embryo and the lethal effect of crude
enterotoxin preparations was doubtful, No cytepathic effects
were observed in tissue cell monclayers with HEp2 cells in
culture with either of the toxinse The toxins were not
lethal to mice on intraperitoneal or intravenous inoculations.
The cutanecus effects of the skin toxin and enterotoxin were
not inhibited by prior and sustained treatment of the animals
with mepyramine maleate. This suggests that the toxin does
not act through liberation of histamine. DBoth of the crude
toxin preparations were found to haemolyse 1 per cent. sheep

red cells gbut oy a. SO0

(iv) Zerological studieg.
Antitoxie sera produced by imsmuniming rabbits with skin

toxin were found to meutralisze the cutaneous effects of
homologous skin toxin and enterctoxin (loop fluid) completely.
Inactivation of the ckin toxin component of loop fluld by scera
propared against skin toxin derived from culture in vitre

is further evidence that we may be dealing with the same
factor in both of these materisls. The normal sera of the
animals taken before immunization were found to have no effect
on these toxinse It was also observed that homologous anti-
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bacterial serum having an agglutinating titre of 1 in 8,000 had
no effect on the cutaneous activities of either of the toxins when
the toxine-serum mixtures were tested on the skin of guinea pigs.
Thde shows that the antibody against the skin toxin does not appear
to be evoked by somatic vibrio antigens capable of evoking
agglutinins. It was alsc observed that antitoxic serum prepared
against one crude skin toxin preparation is equally effective in
neutralizing skin toxin prepared from a heterologous strain.
Further, by means of the agar well doublee~diffusion precipitation
technique, it was possible to show that although the potent anti-
bacterial serum produced a precipitate with antigen contained in
the erude skin toxin, the precipitation band so obtained was not
identical with the band produced between the toxin and the
homologous antitoxic serum.

Agar gel immuno-diffusion reactions with a particular skin toxin
and its homologous antitoxin, and againet heterologous antitoxin
prepared from a different skin todn gave both bands of identity
and non-identity, indicating serological overlapping between these
antitoxic sera, Remlt_sofbothmiml experiments and agar gel
diffusion studies sugpested that the skin toxin may be converted
to toxoid either by heating or when treated with formalin, These
observations may find some application in the preparation of a harm=-
less immunopen againast the toxin which may prove beneficialy but
it is neceseary to use the toxoid to produce serum which is capable
of neutralizing fresh skin toxin before we can say that we have
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toxoided the original toxinm without inactivating it.
limitations of time have precluded this final important step
in the present study and it is intended to develop this aspect
of the work as soon as possibles
Identification of skin toxin and enterctoxin by agar gel

diffusion studies with homologous antitoxic serum resulted in
the development of precipitin bands only with skin toxin; =no
such precipitin bands were observed with locp fiuid (enterow
toxin) although this was of comperable potency in producing
unequivocal cutanecous effectss This was first thought to be a
result of the precence of some inhibitory factor that prevented
the enterctoxin from foraing a precipitin baad in double
diffusion plates but results of further experiments excluded
the prevence of such an inhibitory factor. It was confirmed
that the culture medium that was used for production of skin
toxin does not produce any precipitin bunds with the serum of a
rabbit imsmunized with skin toxin, It was also observed that
the normal sera of rabbits obtained before immunization with
skin toxin do not produce precipitim bands. The precipitin
bands that appeared between the akin toxin and antitoxin were
thus apparently caused by a specific toxin-antitoxin reaction.
Ag the enterotoxin does not give a precipitin band with homoe
logous antitoxic serum whereas its cutancous activity is
completaly neutralized by the same serum, it follows either
that (i) skin toxin ie differemt from emterotoxin

or (ii) the precipitin band is irrelevant and is not produced

by the toxic components
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These findings are of importance but it should be borne
in mind that immuno-diffusion in petri dishes does not produce
a high degree of resolutions These developmental studies must
now be repeated and expanded with the help of mere critical
procedures.

Adsorption studies with skin toxin showed that if some of
the toxin was indeed adsorbed to activated charccal the adsorbed
toxin could not be eluted, but the findings did not exclude
other pousible reascns for the partial inactivation of skin toxin
following exposure to charceals Finkelstein (1965) also
observed that treatment of syncase choleragen with Kaolin or
with activated charcoal removed the choleragenic activitye In
the former case the endotoxim activity remained and could be
assayed in the 11«day chick embryo, whereas charcoal adsorbed
(or inactivated) both the choleragenicity and the endotoxine
Fhen the supernates of the charccaletreated and Faolin-treated
choleragens were combined, the choleragemic activitly was not
restoreds These observations are of preliminary use in planning
the further purification of the active materisle,

It should bte noted that the precent work has demonstrated
similarities between the skin-reactive components of skin toxin
produced jn vitro end loop fluid produced in vive ("enterotoxin").
1t is now necessary to compare and contrast these substances with
respect to their choleragenic activities in experimental loops.
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(v) Zdemtification of the toxic factor.

Gallut (1965) pointed out that the entigenic structure of
vibrios is complex and he was nble to 100;’{:—73:1% antigens,
demonstrable by claseical serclogical methods, in cell wall,
cytoplasm, cytoplasmic membrane snd flagellum. He found
difficulty in essigning a precise location to cholera "toxin"
because & great number of preparative methods yield different
products; moreover, most autiors maintain that more than cne
toxic fraction exists in cholera toxin. Gallut noticed that
cholera toxin prepered by autolysis of vibrios in saline and
glucose medium is the same as that hm%éytho solubilization
of vibrio cell walle, le therefore suggested that the toxin
is located very superficially in ¥V, ¢holeras. In support of
thiz he pointed out that vibrios deprived of their cell walls,
then washed and sterilized, are markedly less toxic than are
intact vibrics of the same sample taken before autolysis and
sterilized in the same way. These facts indicate that he was
dealing with endotoxine

In the present work, the skin reactive substances were
present in the culture filtrate of V, cholerse as early as
heof hr following inoculation of a 5 per cent. peptone medium
with the organism. As the skin toxiec activity is demonstrable
during the logarithmic pericd of growth it is more likely to
be primerily a product of growth rather than a product of auto-
lysis. loreover, the scluble product was nonetoxic to 11-day
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ehick embryos which are highly senasitive to endotoxiec
activity. The crude skin toxin preparation was also none
lethal to mice and it was strongly antigenic. These
observations suggect that we are dealing with a soluble
antigen that is probably an exoprotein and noet endotoxin.
Howéver, further study is necessary to analyse the antigenie
strudture of the soluble products of V, choleras and to
characterize the skin toxin more preciselyes In the present
work the gel precipitation diffusion tests showed the existence
of distinct precipitation lines that indicated the presence of
several precipitating scmatic antigens in the crude scluble
products of V. cholerae used for the preparation of antitoxiec
sera. This is not unexpected because V, cholerae autolyses
readily and somatic antigens will be precent im the crude
preparation of soluble products that was used for immunization
of the animals,

The skin toxin and loop fluid (enterotoxin) which contains
a component that is capable of producing skin lesions are both
capable of producing positive loop lesions in normal rabbitse
Both uﬁhchm; and antitoxic sera were found to prevent the
production of positive loop lesions in rabbits when the homoe-
logous vibrio strains, treated in vitre with either of thesce
sera, were injected into the lumen of a loop preparation in a
noreal rabbite This was not unexpected because, like the
antibacterial serum, the antitoxic serum is also capsble of
agplutinating the homologous vibrio strains. The vibrio cells
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agglutinated by either of these sera were presumably unable teo
multiply when injected into the lumen of the loop so that no
toxin was produced to give rise to a positive loope

The present work demonstrated that antitoxic serum is not
only capable of neutralizing skin toxin derived from the homo-
logous as well as heterclogous strains but it is also capable
of agglutineting both homologous and heterclopous vibrio cells.
On the other hand the antibacterial serum did not neutralize
skin toxin. Thus the observation of Craig (1965) that his
depmotoxin wae not noutralized by antibacterial serum is
confirmed, |

The writer was also able to show that neither the skin
toxin nor the living vibrio culture was avle to produce positive
loop lesions in yabbite that had been immunized with ekin toxin.
This may be because sufficient antibody was present in or near
the lumen of the gut of the immunized rabbit to neutralize or
agplutinate the challenge doses of toxin or the living vibrio
cells respectivelye

Ghosh (1965) was unable to produce positive loops by
injecting living vibrio cells into loop preparations in rabbits
that had been immunized With V. cholermes This probably
indicated either (1) that the antibacterial antibody present
in the lumen of these wvaccinated rabbits prevented the
mltiplicationef the vibrio cells inoculated ianto the lumen of
the gut and thus toxin could not be produced to give rise to
rositive loop lesions, or {ii) antitoxic antibody interfered
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with the enterotoxic effect. The antigen used by Ghosh to
produce antibacterial sera was saline suspencion of live
vibﬂoa. The primary factor in the pathogenicity of Ve
gholerae appears to be the multiplication of the organism in
the guts There may then be released a toxin that causes the
disease manifectations. From this it appears that to prevent
the disease one would require only the presence of antibacterial
antibodies to prevent infection; antitoxic antibodies would
be unnecessary because no toxin would be produced if the vibrios
are unable to multiply.

But it is the writer's experience and it was also
mentioned by Felsenfeld (1965) that in cholera wards many of
the beds are occupied by patients who have been recently
vaccinated shortly before their cholera attacke Collee
(personal compmunication) has pointed cut that veterinary
workers are at present exploring the possibility that failure
of the usual proteim-absorbing mechanism of new=born calves
may render these animals particularly vulnerable to septicaemic
disease and diarrhoea associated with Egchs coli. Unexplained
failure of protein absorption may cause an antibody deficiency
state to arise in the calf under natural conditions quite
independently of deficiencies attributable to bad husbandry or
absense of antibodies in ingested colostrum (see Penlinle, 1965,
pe 280)s There may be a parallel between thds obeervation and
the fact that many of the victims of cholera are severely under-
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nourished. However, Hosenberg et 8l.(1965), following
extensive nutritional studies in cholera in East Pakistan,
ocbserved that “Although the hypothesis that dietary
deficiency may predispose to cholera is suggested by the
rrevalence of malnutrition in foci of endemic cholera, (his)
investigations provide no support for a causal relationship.”
Thewiter's porsonal observations in East Pakistan also
ouggest that dietary factors are not of primary importance
in determining susceptibility to cholera.

From our experimental observations and fror'the work of
others we now have evidence that a toxic factor is indeed
produced by the vibrio growing in the intestine of the
experimental andmal or man or in eppropriate broth cultures.
This toxic factor occurs in preparations that produce profound
changes in certain animal models and those changes mimic to a
degree the physiological derangements of cholera. Benyajati
(1965) demonstrated that administration of sterile syncase
choleragen to human volunteers by mecans of a catheter and
Crogby capsule into the small intestine elicited a diarrhoeal
condition indistinguishable from naturally acquired cholera.
The patients who manifested severe choleraic diarrhoea
responded well to simple fluid and electrolyte replacement
therapy, and did not exhibit any subsequent untoward effects
or toxsemic manifestations. The cbservation that choleraic
diarrhoea can be produced experimentally in animals and in man
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by means of preformed toxins, leads to the speculation that
perhaps natural food=borne "intoxication™ may account for
some bacteriologically-negative clinical cases of cholerae.

lonwvibrio cholera~-like diseases have been described
by the workers in both Dacca and Caleutta. It will be
unwise to assume that such diceases are unrelated to
V. cholersg - especially as we know that certain cholera-geniec
toxins can produce physiological changee in the aboence of the
vibricos It is thus possible that nonevibrio cholera~like
diseoase may result from the ingection of preformed toxin as in
the case of staphyloccccal food poisoning or botulisme The
occurrence of cholera with equal frequency in meny series
among vaccinated and unvaccinated persons may be explained
on the basis that a bacterial waccine does not necessarily
afford protection against one of the soluble products of the
organisme Indeed, we are aware of the fact that immunization
of animals and man with bacterial vaceines of V. clhiolerag does
not yleld neutralizing antibodies: to the Craig skin toxin.
flowever, such antibodies develop in patients on recovery from
elinical cholera and also in animals immunized with soluble
products of ¥, cholerng. Tiis seems to suggest that the sidn
toxin is truly produced in the matural disease and it therefore
seems worthwhile to pursue the antigen.

If one possessed a good concentration of antibody against
cholera "toxins" it would not matter much if the vibrie
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multiplied in the gut because the toxin would presumably be
neutralized at the mucosal surface. Thic assumes that antie-
body would be effectively present at that sites There may
then be 2 mechanisms by which it is possible to prevent
experimental cholera immunologically, vige by antibody action
against the bacteria and by antibody against the toxine
Both antibodies would require to be effectively active in the
gut lumen or at the sucosal surface. The heat=lability of
the ckinerenctive component of either skin toxin or enterotoxin
and the neutralization of their toxic activities by antitoxic
serum or formalin lead to the suspicion that a protein moiety
is importantes However, the toxin was not affected by
treatwent with trypsin, but was inactivated by pancreatin and
lipese, implying the possible participation of polysaccheride
and lipid componentes The possibility that a trypsin-resistant
protein or protein complex is involved cannot be dismissed on
the eovidence so far availables The possible rele of the above
enzymes in the intestinal tract of man and their relationship
to susceptibility to cholera also merits further considerution,
Both the skin toxin and enterotoxin ere soluble factors
that are demonstrable in crude preparations derived from
cultures of Ve cholerge or from vibrio-induced rabbit gut leop
fluide They are equally active in producing effects in the
ckin or in the experimental loops Studies of the time=course
of induration activity and the incrense in eapillary permcability
produced by both loop fluid and culture filtrates in the same
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animals revealed the same sequence of events. Both of
the toxins are nonelethal to nice and chick embryos and they
are also non=toxic to epithelial cells in culture. They are
equally inasctivated by heat, stable over a wide range of pH,
non=-dialyzable, partially inactivated by exposure to
formaldehyde, and not inactivated when they are cxidized or
when they are reduced. Both of the crude toxin preparations
are completely noutralized by antitoxic sera prepared agninst
skin toxine Al)l of these obuervations suggest that the
active principles in the 2 materials or the mechanism of
production of their effects may be the same. However,
these complex mixtures should now be submitted to detailed
analysis se that the a¢tive principles may be precisely
characterizeds It should be noted that the in witro-prepared
skin toxin is actively haemolytic whereas loop fluid
preparations with comparable cutaneous activity are only
weakly haemolytice The crude antigens also show differences
in {msuno-diffusion experimentss Physico=-chemical procedures
for the fractionation of such complex mixtures are now well
developed and it should be possible to apply these techniques
to the isclation of the askinerenctive component in each case.
If the skinereactive component of the skin toxin and
enterotoxin prove to be differemnt, the disappointing
conclusion will be that the ckin toxin antigen will not |
necossarily give protection against enterotoxine But if the
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proparations contain the same sidnereactive principle and if
this provea to be identical with emterotoxin, then okin toxin
activity provides an easy procedure for assay. It can be
further studied thoroughly in vitro and in vive, both in regard
to ite chemical and biclogical properties together with the
immunclogical reactions that 4t will provckees The present work
confirms that the activity of thia toxin can be easily
demonstrated and measured by the inflammatory reactions that it
produces in the skin of guinea pigs and rabbits. It scems to
be a good antigens The writer hopes to apply some of the above
findings in further attempts to define the toxic mechanism in
cholerae
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INTRODUCTION

torical review of work om bacte -

Twort in 1915 isclated a filtrable virus which produced a
"glassy transformation" of micrococcal colonies during their
growth on agar surface. 1Iwo years later d' Hérelle (1917)
independently published his observations on a filtrable agent
capable of transmissible lysis of growing cultures of enteric
bacilli. These filter-passing, ultramicroscopic agents were
designated as bacteriophage and the term became abbreviated to
lwl.

After this discovery medical bacterioclogists hoped to apply
the bactericidal properties of the bacteriophage to the treatment
of some infectious bacterial diseases. The study of the bacterial
viruses thus rapidly became popular. Many of the leading
bacteriologists following the first World War became invclved and
this soon led to great controversy as to whether phages were
inanimate, autocatalytic agents or were selfe-reproducing
organisms like viruses, ©Some of these controversies were
discussed at a meeting in 1922 organized by the British Medical
Association in Glasgow. A series of hypotheses had been
discussed by d'Herelle in 1926 and amongst them the "precursor"
and the "virus" theories have survived to the present.

According to the Precursor theory, bacteriophages are endogenous
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substances existing in bacteria as precursors which spontaneously
or after stimulation are transformed into characteristic lytic
substances much as trypsinogen can be converted into trypsin,
This theory had the support of workers like Bordet (1925),
Northrop (1939), Krueger and Seribmer (1939) and Felix (1953).
In contrast, the Virus theory states that bacteriophages are
autonomous microbes but obligate parasites of bacteria,

The current concept of bacteriophage is that it may exist in
3 stages ~ prophage, vegetative phage and mature phage.
OCutside the host bacterial cell, phages exist in mature form.
In this form they are metabolically inert and very crudely resemble
the spore state of bacteria., After adsorpti:-ni.to the host cell
the contents of the phage particles are injected into the host cell,
and new phage may begin to multiply., When it does, the
multiplying intracellular stage of the phage particle is said to be
vegetative phages In this form it has almost unlimited re-
productive capacity. Infection of bacteria with some phages may
result in no perceptible change in the host cell and in that cace
the infecting phage is said to be temperate. The progeny of
bacteria containing the component of this phage is known as prophage,
the process is known as lysogenization and the bacteria are said
to be lysogenice This relationship has been termed symbiotic and

is of great survival value to both phage and the host cell.
The early hopes of & medical application resulted in valuable

work on bacteriophages during 1920-40. with the introduction of
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chemotherapeutic agents the interest in the therapeutic
applications of phage subsided. The revival of interest in
bacteriophages is largely due to the stimulus provided by Delbruck.
S8ince 1940 phages have served as the principal experimental objects
for exploring the fundamental biological properties of viruses.
The reason for this is obvious. The bacterial host of the phage
can be handled in the laboratory and growth under controlled
conditions is more easily achieved with bacteria than with the hosts
of plant viruses and animal viruses.

The initial step in the detailed investigation of bacterial
virus growth was first undertaken by Krueger (1931) and
Schlesinger in 1932a (reviewed by Stent, 1964). In his second
paper in this series Schlesinger (1932b, reviewed by Stent 1964)
showed that phage adsorption is usually an irrevetsible process
and the kinetics of the process imply that Brownian movement brings
virus particles intc random collisions with the bacterial surface.
Delbruck (1940) showed that the physiological state of the bacteria
affects the rate of adsorption. Stereoscopic electron micrographs
produced by Anderson (1953) showed that the tailed bacteriophages
attach to the host cell by the tipe of their tails.

Burnet (1929) showed that 20 = 100 viruses suddenly appeared
some 20 min, after a bacterial suspension was infected with a
single phage particle. This observation of Burnet gave convincing
support for d'Héerelle's conception that the infecting phage
particle multiplies within the bacterium and that its progeny are
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liberated upon lysis of the host cell. Finally this was
demonstrated by Ellis and Delbruck (1939) in their one step growth
experimenti-

The nature and kinetics of bacteriophage multiplication in
the host cell are demonstrated in a one-step growth experiment for
phage multiplication. The kinetics of virus multiplication
within infected cells were first studied by Doermann (1952) by
artificially disintegrating host celis at appropriate intervals
in the latent period; the lysates were assayed to determine the
mean number of mature phage particles present per infected host
cell, It was found that no mature infectious phage particles
are contained intracellularly until halfway through the latent
periods Then the number of mature phage particles incresses until
the final crop of progeny is attained. This is released by
spontaneous "lysis from within" at the end of the normal latent
period. The mature phage particle or the infective particle is
the typical extracellular stage which is assayed by its plaque-
forming ability. The immature or vegetative phage particle is
the intracellular stage undergoing multiplication. It is
potentially capable of producing mature phage particles but it is
not detectable by the plague count method because it is none
infectious (Doermann, 1953).

Different methods were adopted by various workers for
disrupting the infected bacteria to study the intracellular events
that follow phage infection, e.g. sonic oscillation by Anderson and
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Doermann (1952), chloroform by Sechaud and Kellenberger (1956), and
streptomycin by Symonds (1957).

By high speed centrifugation of phage lysates, Schlesinger
was the first to purify bacterisl viruses and on chemicel analysis
these were found to contain equal proportions of protein and DNA (see
review by Stent, 1964). Afterwards, Anderson (1949, 1950) and
Herriott (1951) showed that the viral DNA is contained within the
protein coat of the heads Harshey and Chase (1952) performed an
ingenious experiment by first labelling the DNA of the virus with
radioactive phosphorus P32 and then the protein with radioactive
sulphur 535 andfoyahom that the viral protein and DNA have
independent functions in the infective process. Host bacteria
were grown in a medium which contained either the radiocactive
isotope of sulphur 535 or that of pheosophorus F32. These
isotopes were incorporated by the bacteria and the constituents of
the bacterial protoplasm became labelled with radioactive phosphorus
or radioactive sulphur. DBacteria were not lasbelled with both
isotopes because it is difficult to differentiate between them when
they are present simultanecusly. The labelled bacteria were then
infected with phage. The phage reproduced within the bacteria
and progeny viruses were released after lysis. These progeny were
collected and it was found that they were labelled with the radio
active isotopes. Analysis of the composition of the phage had
revealed that they were composed primarily of protein and DiA.
Phosphorus is one of the major constituents of DRNA, butl sulphur is

abasent. The protein on the other hand is devoid of phosphorus but
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does contain sulphur. In the next step of the experiment,
unlabelled bacteria were infected with the labelled phage and the
distribution of the label was detersined within the host bacterium.
When the infection was brought about by 535 - labelled phage the
host bacteria were unlabelled. The 53S-labelled virus protein
was found to be attached to thg:i_._outaide of the hosts in the coats
of the infecting viruses. Whé:lf'}a-hbened phage was used, no
label was found in the protein coats but it was found within the
host bacteria. Therefore, it was the DNA that entered the
infected bacteria while the protein remained attached on the
outside. Thus the material injected into the bacterium by the
virus is DNA, and it is this DNA that is necessary for the
reproduction of genetically identical virus particles.

The current model of phage infection ia thet the phage tail
makes contact with the cell wall of the sensitive bacterium; a
phage enzyme is released and penetrates through the rigid layer of
the cell wall, The products of this activity finally trigger
contraction of the cheath leading to the penetration of the cell
wall by the core and discharge of DHA into the cells The
protein cover of the phage thus behaves as a "micro-syringe” and
appears to be relieved of any further function in the intracellular
reproductive process aftor the DNA has safely entered the interior
of the host cells On gaining entrance into the bacterium, the
phage DNA causes all normal bacterial growth to stop and directs

the whole metabolic apparatus of the cell to produce viral DEA and



proteins. Some of the latter are used in ncaking new phage heads
and tails while others perform the enzymic function of phage DNA
synthesis without becoming incorporsted into the completed virus
particles. Finally, about 20-30 minutes after infection, the
newly synthesized phage protein and DNA are assembled into new
phage particles and the bacteria undergo lys s liberating
hundreds of mature particles. The point of particular interest
here is that during the phage infection the material that is
injected into the bacterial cell and which initiates the formation
of new virus particles is the DHA. Putnam and Kozloff (1950) in
their "tranafer experiment" found that about half of the
isotopically~labelled parental DNA atoms were transferred to the
progeny phage particles. This was confirmed with improved
experimental techniques by Maslde and Vatson (1951) and Watson
and Maalge (1953).

The discovery of bacterial transformetion by Griffith in 1928
showed clearly that hereditary determinants could be transferred
from one bacterium to another. It also laid the foundation for
subsequent recognition of the hereditary material as DNA, It was
also stown that the transformation of avirulent pneumococci to
virulent ones could be effected in the test-tube (lewson and Sia
1931) and that the trancforming principle was present in the cell-
free extreocts of the virulent donor strain (Alloway, 1933)e A
systematic analysis of the chemical nature of transforming

principle showed that it poassessed all of the properities of DNA
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(Avery, Macleod and McCarty, 1944). Studies of both bacterial
transformation and bacterial viruses consequently lead to the

concluaion that DEA is the chemical basis of heredity.

Lysogenye Very shortly after the discovery of bacteriophages,
it was recognised by many workers (e.g. Hordet and Ciuea, 1921)
that filtrates of bacterial cultures often contain bacteriophages
that lyse other indicator strains of the same or related species,
If a phage-containing filtrate is diluted serially and drops of
each dilution are spotted on to a plate seeded with a sensitive
strain of bacterium, one can observe at the higher phage con-
centrations zones of clearing, and at the lower phage concentrations
discrete, small, zones of clearing or plaques. In general, there
are 2 categories of bacterial strains of which the culture filtrates
might frequently be found to contain phage. The first of these
are the so-called “earrier-strains" in which the production of
phage could be aseribed to a population equilibrium between phage-
resistant and phage~sensitive cells, the latter being constantly
infected by free phage particles (Jacob and Wollman, 1959). The
second category is the group of lysogenic bacteria in which each
¢ell can potentially produce phage. A strain can be considered
lysogenic 1f, on repeated reisclation, its culture filtrates
regularly form plagues when plated on appropriate sensitive
maié;f,or bacteria (Jacob and Wollman, 1959).

Lwoff (1953) defined a lysogenic bacterium as "a bacterium

which possesses and transmits, which perpetuates, the power to
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produce bacteriophage'”s The phage is not maintained as such
within the bacterial cell but the genetic information necessary
for phage production is carried in the form of none-infective units
called prophage (Lwoff and Gutmann, 1950). In the prophage state,
maltiplication of the phage occurs without destruction of the
bacterium and in co~ordination with division of the hoste Vhen
phage genetic material is multiplying independently the phage is
said to be in the vegetative state, which characteristically leads
to the production of mature phage particle and lysis of the host
cells, Lwoff and Gutmann (1950) showed that free phage particles
contained in cnltma?; lysogenic strain of Bacillus megsterium
were due to lysis of a small number of the bacterial cells.
Normally, lysogenic systems are very stable; transition from the
rrophage state to the vegetative state with the accompanying lysis
of the cell and release of free phage particles cccurs only rarely.
In come lysogenic syctems, however, the amount of free phage can
be greatly increased by exposure to inducing agents such as
ultravBjlet (UV) irradiation, ionising radiations, or mitrogen
mustards (Lwoff 1953). This process is known as induction.
Pollowing induction, bacterial growth proceeds for a time
corresponding to 1 or 2 divisions, then mass lysis occurs and
phage may be released by almost every bacterium (Lwoff, Siminovitch,
and Kjeldganard, 1950). Only certain lysogenic systems are
inducible, and in general inducibility is a property of the pro=-
phage (Jacob and Wollman, 1959)e Fhysiological conditioniin

culture affect the response to induction, e.ge starvation before UV
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irradiation greatly reduces the phage yield obtained (Jacob, 1952).

Release of phage by lysogenic bacteria is detected using a
sensitive indicator strain whose cells may respond in a least 2
ways to infection by the phage. The phage may establish a new
lysogenic system in a proportion of the sensitive cells, this
process belng called lysogenization, and the phage responsible
being known as temperate phage. Alternatively, the phage may
enter the vegetative state upon infecting the indicator cells
causing lysio of the bacteria and release of phage particles which
in turn may either lysogenize or lyse further cells of the
indicators The relative frequencies with which the 2 responses
occur dcponda on the conditions of infection and the genetic
constitution of the phage (Jacob and Vollman, 1950) and determines
the appearance of zones or plaques observed on a lawn of indicator
bacterias If there is 100 per cent. lwsogonimtiqu. all of the
cells infected with phage will remain viable, and no zone will be
detected; Af there '8 100 per cent. lysis, i.e. if the phage is
virulent for the indicator strain, a zone of complete clearing will
be obmerveds Turbid zones of partial clearing will be observed
if some of the cells are lysogeniged and come are lysed.

Inuneration of Phage Patticlos
Quantitative estimation of bacteriophages depends upon

employing a simple and accurate means of enumeration of thelr
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presence in a phage suspension. Various methods have bLeen used
for counting phage particles, the most cosmon involving plaque counts
on nutrient agar plates seeded with sensitive bacteria. The
nodern plaque assay procedure is a modification of d"!{‘rello‘a
technique introduced by Gratim (1936) and by Hershey, Kalmanson
and Bronfenmbrenner (1943%), The viable phage particles are
counted by assay which consists of seeding a few milliliters of
melted semi-solid mutrient agar at 45°C with about 10’ host
bacteria and mixing this with an appropriate dilution of the test
phage suspensione This phage=culture mixture is then poured over
the surface of a sterile nutrient agar plate. hen the upper soft
agar layer has solidified, the plate is incubated at 3‘?°C
overnightes Juring incubation the uninfected bacteria multiply to
form a thick turbid lawn of bacterial growth on the agar surface of
the plate. lach infected bacterium produces a crop of progeny
phages after a short times The progeny of each parent phage then
infect neighbouring bacteria which in turn are lyseds This
process of phage reproduction and bacterial lysis continues in each
focus of infection until brought to a halt by a decline in the
bactorial metabolism on which phage multiplication dependse The
result is a visible, circumscribed area of clearing in the
confluent bacterial growth, known as a plague. The final diameter
of the plaques depends on the phage type, the haotorial'hoat strain,
and the exact conditions of plating and incubation but it is
generally of the order of a few millimeters. Cince the bacteria
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in the inoculum are present in gross excess, each of the phage
particles will infect a single bacterium and this ultimately

gives rise to a plagque.

OUnee~ste th nt with

In 1939 Ellis and Delbrick devised their one = step growth
experiment to study the kinetice of phage multiplication in a
bacterial population. It is known that, on infection, the DEA
of the phage particles enters the bacterial cells and these cells
then synthesize materials needed for phage production. After a
certain time, mature phage particles form in the infected cells.
The production of mature phage proceeds at a Iconstant rate until
eventually the infected cells lyse, liberating the phage particles.
The time between infection and lysis is the latent period which is
characteristic for a particular phage and bacterial host strain.
The first half of the latent period, during which no mature phages
are present in the infected cell, is called the eclipee period,

In the cneestep growth experiment a young culture of
sensitive bacteria is infected with a dilution of phage suspension
and incubated for a feow minutes to allow most of the phage particles
to adhere to the bacteria. lesidual free phage particles are
neutralized by the addition of antiserum; the mixture is then
highly diluted in warm broth and maintained at 37°C, Samples ave
thereafter removed at different times and immediately acsayed by
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the agar layer method for the number of plaque-~forming units
they centaine The plates are examined after overmight incubation
at 37°C,

The plaque count remains constant for some time after
infection; thie is related to the number of infected cells
rresent in the samples. The onset of lysis in the cells, which
defines the end of the latent period, is then heralded by a
sudden increase in the number of plaques found on the plates.

This number increases for a further period, sometimes called the
rise period, until all of the infected cells have lysed. lLater,
a constant number of plaques is found on the plates corresponding
to the total number of phages liberated by all of the infected
cells and thus a plateau is reached. No further phage
multiplication occurs after this stage, since progeny phage and
residual uninfected bacteria in the mixture have been separated
from each other by high dilution of the phage-culiure mixture
made shortly after the initial infection.

Free phage particles are absent from the sample during the
latent period because of the add tion of antiphage serum and
because of the high dilution in brothe Thus the plagues that are
formed from the samples taken during the latent peried arise solely
from the infected bacteria. The phage particles that emerge from
each of these infected bacteria on plating are localized on the
plate and give rise to only a single plaques On the other hand,
samples plated at the plateau stage contain free progeny phage
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perticles eanch of which generates a plaque. Thus the plaque
count during the latent period gives the average number of
infected bacteria per sample, while the plaque count at the

plateau gives the average number of progeny rhage particles

released by these infected bacteria. The ratio W
que titre

%%%htmt period indicates the average number of phage
particles liberated by each of the infected bacteria. It is

called the burst size.

Doth the latent period and the burst size may very widely
depending upon the strain of phage and bacterium used and on the
exact physiological conditions under which phage growth is
allowed to proceede The latent period is longer at lower
temperatures but shorter at higher temperatures of incubation
for a particular strein of phage and bacterium (£llis and Delbrick,
1939)

The nutritional and physiological state of the host strain
can also affect the burst size as well as the latent periods In
a poor growth medium or in an old bacterial culture the latent
period ic usunlly longer and the burst size is smaller than in
cultures growing rapidly in a favourable medium (Delbriick, 1940,
and Hedén, 1951)es The latent period and burst size also vary
widely for different phage strains and also for various host
bacteriae.

The experimental findings of a one-step growth experiment with
cholera bacteriophage are recorded in the EKesults section of this

thesise.



Inactivation of phage by heat. '.*'-\
In 1926 d'Hérelle observed that many phages %q_re inactivated

by heating at 75°C for 30 min. but some phages surv:!.vgd heating at
70°C, Heat~inactivation of phage is presumed to result from
protein denaturation and takes place in accordance with ;‘Elnetica
of the first order (Adams, 1959). Inactivation of phage is
accompanied by liberation of mucleic acid mtb\‘t{m soluticn, This
results in production of emptyghost cells of phage which are unable
to adsorb to bacteria (Lark and Adams, 1953).

There are great variations in the degree of heat resistance of
bacteriophages active against different species of bacteria. The
chemical composition of the medium in which the phage is propagated
and tested alwo affects the heat susceptibility of a phage
(Hanavaty, 1930; Burnet and lcKie, 1930; Cratia, 1940). There is
variation in the composition of different lots of non~synthetic
medium and the resulte of heat=-susceptibility tests of a phage may
not be precisely reproducible unless one works with a synthetic
medium. A colie-phage was inactivated 10 times faster in saline
than in broth (Nanmavuty, 1930). It was observed by Burnet and
Meltia (1930) that many phages were far more susceptible to heate
inactivation in 0.1 N solutions of sodium or potassium salte than in
broth.

Genotypic and phenotypic heat-resistant mutants cccur in wild
type phage stocks at various frequencies and the rate of heate
inactivation of 2ll of the phage particles in such a stock is not
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uniform. Mutante of coli-phage 15 are al:boﬁt 1000 times more
heat=-resistant $h 0.1N Nacl than is the {lmhtal wild type (lark
and Adame, 1953) 1

In addition to characteristics relating to morphology,
serology and host range, the thermal death point of a bacteriophage

is of use in ite characterization and 1don£i£1catd.on.

In 1927 Berdet and Ciuca firet showed that anti-phage anti-
bodies capable of neutralizing the infectivity of homologous phage
particles can be develcped in the sgerum of rabbits inoculated with
phage lysates. It iz evident that different phage lysates carry
differcat aatigens; the antibodies developed by immunization of
rathlts with cae kind of phage usually do not neutralize the
infectivity of another kind of phage. In some cases an antlicerum
containing antibodies develcped against one strain does neutralize
the phage particles of ancther strain. FPhage estrains that crosse
react in this manper carry common antigens and are therefore said to
be servlogically relateds Serclogical crosse-reaction tests
provided the first valid method for establishing whether different
types of bacterial viruses are really generically related (Adams
and Wade, 1955; Burnet, 1933, 1934). Thus the T-even strains,
T2, Th and 76, among the 7 T phages acting on Esch. Coli were first
found toc be closely related to each other and unrelated te the

other members ¢f the seriecs. Neutralization of phage by antie
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phage antibody has, therefore, been an oxtrecely useful teol in
bacterinl virus experimentation becauve the procedure allows
identification and claceification of the viruses into groups in
wvhich the antigenic relationships are correlated with morphologlal
and biological resemblances (Delbriick, 1546).

The musber of infective phage particles decrenses continucusly
with time when a homologous anticerim prepared in a rabbit is mixed
with the phage suspension. The kinotics of thds innctivation
process can be followed by diluting samples of the phage-antiserum
mixture at warious times after the start of the rosction and
plating samples on sensitive indicator bactoria for plague assay by
the agar layer method. Since the dilution of the mixture effect=-
ively stopo further neutralization and since the re ction of the
phage with its neutralicing antibody ie ususlly irrevercitcle
(Bershey, 1943%), the number of plaques formed indicates the number
of phages in the mixture that are not yet neutralized by the serun
at the mouent of dilution. In many cases, neutralization follows
an exponential course, and the loparithm of the froction of the
surviving phage that remains active after exposure to antiserun io
proportional to the concentration of the antibody and the time of
contact with it. This can be expressed by the formulaes

P/fo = @ ke H

or log e Vo = ilte 3
P
or log 10 Po = 0,43 Kte 3
P

or K = 2.3 D/t 10310%



Where Fo is the initial phage concentrationy P ie the phage
re~~iging active after time t min. contact with a concentration ¢
(or dilution /D) of the antiserum; and K is & constant (Eractional
rate of inactivation) which characterizes the mte of immctivation
of a given pvhage by a given antiserun,

The exmct mechanicsh of the neutralization of phage particles by
the antiphage antibodies ies not fully understood. OStudics have
shown that the antibody molecules can attach theuselves to virus
particles without necensarily causing loes of infectivity as
demonstrated by the fact that treatuent of the virus-antivedy
complex with papain recults in destruction of antibody and recovery
of infectivity of the virus (Kalmancon and Dronfenbremner, 1943).
inactivation of the phage particles results cnly from the fixation
of an antiphage antibody to a "epitical site” on the virus.

This critical site for phage 12 is in the tail of the phage
(Lannd and Lernly 1953).

The logarithsde inactivation ldinetics described by the above
equation are usually valid only for the neutralication of 90-95
per cent. of the phage populati-ne The remaining 10=9 per cent.
is neutralized at a much slower rate (Andrews and Elford, 1933
Delbruck, 1985)s Thus the inactivation curves are not always
exponentiale There may be (i) an indtinl lag, or (ii) a
decreasing slope after 99 per cent. of the phage has been
inactivated,

Besides its use in phage neutralication cuperinents, antiphopee

antibedy can also be employed for agglutination oy precipitation



“209=

of the homologous phage. If a ccncentrated phage suspension is
mixed with a strong antiphage antiserum a visible precipitate is
formed containing both phage particles and antibody molecules and
the complex slowly settles to the bottom of the tube (Burnet,
1933). Chemical snalysis of such serological precipitates
provided cne of the early methods for determining the composition
of the virus particles (Hershey, Halmanson and Bronfenbrenner,
1943).

Bordet and Ciuca {1921) observed that injection of rabbits

with phage lysates stimulates the production of phage-neutralizing
antibedy. It was not poesible to produce antiphage serum by
immunizing rabbits with the host bacteria, 1In 1922 Otto and
winker (cited by Adams, 1959) used an adsorption test with host
bacteria to demonstrate that phage is antigenically distinct

from the host bacteria. In an extensive study, lanni and Lanni
{1953) observed the existence of two distinct antigens in phage T2,
Cne of the antigens was localized in the phage teil and reacted
with the neutralizing antibody. The second precipitating and
couplenent-fixing antigen appeared to be localized in the head.
The two antigens were confined to the surface structures of the
phage. The internal contents of the phage liberated by osmotic
shock gave nc sign of ;wrologicnl activity (Hershey and Chase,
1952, Hershey, 1955). Rountree (1952) observed the existence of



2 distinet antigens in staphylococcal phage 34, Cnly 1 of the
antigens reacted with neutralizing antibody. Likewise Fodor
and Adams (1955) demonstrated 2 antigens in phage TS5, 1 of which
reacted with neutralizing antibody.

The neutralization of infectivity of a phage by the anti
serum of a second phage indicates a close biological relationship
between the 2 phages providing certain sources of error are
eliminated. The antigenic specificity of bacteriophages forms
the most important criterion in their classification. The rate

effected
of neutralization/by an antiphage serum is greatest with the
homologous phage. In the case of different types of phages that
overlap serclogically, the rates of neutralization differ. The
host ranges of mutants of a phage are serologically identical
(Luria, 1945, Creigie and Yen, 1938b). The antigenic
specificity of cholera phages of types A, B, and C, were studied
by Asheshow, Asheshov, Khan, Lahiri and Chatterje (1933).
These phages were found to be soroclogically distinct. Antie-
genic relationships in cholera phages were also studied by

Mukerjee (1962) and these are inveatigated in the present work.

The phages are involved as carrying agents or vectors in
mechanisms of transduction in bacteria. The simplest concept of
the role of phage in transduction is that certain strains of
temperate phoges are able to carry a piece of genetic material
from a donor bacterium on which the phages have multiplied to a
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recipient bacterium which they infect (Zinder and Ledorberg,
1952; Zinder, 1953). Among the recipient cells surviving the
infection, some have acquired new genetic properties coriginating
from the donor bacterium. The occurrence of transduction has
been reported in lsch, coli (phages lambda, F1 and 363: lMorse,
19543 Lennox, 1955; Jacob, 1955); Shigella (phage P,: Lennox,
19553 Adams and Luria, 1958), Pseudcmonas (Loutit, 1958; Holloway
and Monk, 1960), Staphyloccccus (Morse, 1959); Froteus (Coetzee
and Sacks, 1960); and B, subtilis (Thorne, 1961).

In many instances transduction is not specific and any
character of the donor may be transmitted. It appears as if the
genetic material of the donor was disrupted during phage multi-
plication and that this permitted the segments of the genetic
material to be incorporated by chance into cccasional phage
particles. Nonespecific transduction was observed in Salumonella
(Zinder and Lederberg, 1952). Linked characters may be transe
duced together (Stocker, Zinder, and Lederberg, 1953; Lennox, 1955)
and such a posgibility was used for genetic analysis of small
chromosomal segmenta of bacteria (Demerec and Demerec, 1956).
Among the characters that can thus be transduced from donor to
recipient bacteria is the lysogenic character itself. A vector
phage particle may carry, in addition to its own genetic materdial,
a piece of bacterial chromosome carrying one or more unrelated
prophages (Jacob, 1955).

In addition to this mcde of trancduction, which ies generalized

and non-specific, another mode of transduction characteristically



specific and restricted to certain genetic characters of the denor
has been described by Horse, lLederberg and Lederberg (1956) in
phage lambda. In this case only a limited segment of genetic
material of a donor bacterium can be transfoerred to a recipient.

Sesides phage-mediated transfer of genes, the bacm-{;hago ite
self may play a part in determining the phenotype of bacteria. Thus,
as result of lysogenization with certain phages, changes may be
observed in propexg.:uea of the host. GSuch phage-mediated acquis-
ition of new traits, whose connection with prophage is often much
less obvious than capacity for phage production or immunity, is
called conversion (Barksdale, 1959 Groman 1953)e An example of
phage conversion was encountered by Ireeman in 1951, who found that
if certain strains of Corynebacterium diphtheriae that fail to
produce diphtheria toxin are treated with a preparation of phage
derived from virulent toxigenic bacilli of the same species, a pro=
portion of the survivors acquire the hereditary ability to synthesize
toxin. They also acquire immunity to lytic infection by phage
(Freeman, 1951; Freeman and Morse, 1952). Further study of this
phencmenon by Gromen (1953, 1955) and by Barksdale and Pappenieimer
(1954) showed that the capacity of the corynebacterium to produce
diphtheria toxin was conferred by the presence of a specific phage.
In other words, conversion of the non-toxigenic strain to toxi-
genicity was not due to iiection by phage of a minority of toxigenic
survivers, but to the establishment of lysogony. Ancother instance
of phage conversion was observed by Japanese workers (Iseki and
Sakai, 1953; Uetake, Nakagawa and Aliba ,1955 ; Terada, Tomii and
Kurosaka . 1956) who noticed that the presence



of certain antigenic structures on the surface of salmonella
organisms is the consequence of lysogenization with particular
phage types. In the "Prophage typing of El Tor vibrios",

Takeya and Shimodori (1963) observed that lysogeny was associated
with the virulence of the organisms (¥l Tor strains). It is
reported that lysogeny is more common in il Tor strains than in
classical cholera vibrios (liewnan and Eisenstaric, 1964).

Yhage can thus be regarded as an important factor in bacterial
ecologye Our aim in the present study is to determine whether it
is possible to tranamit factors associated with virulence of
Y, tholerae to other vibrios either by transduction or by phage
conversion as has been obeerved in C, diphtherae or in Salucnella.
To study the probable existence of similar phcnmon% operating
in vibrios, it was necessary to isclate temperate bacteriophages
and their host lysogenic strains from a number of vibrio strains
obtained from different sources. The techniques adopted for
detectibn of lysogenic straina and temperate phages will be
described in detail,



Isolation and characterization of biochemical mutants
Mutants that grow under conditions that do not support growth

of the wild type organism are easy to select. Thus phage-resistant
or drug-resistant mutants are easily isclated from large
populations of cells sensitive to these agents. They can be
selected by replica-plating the sensitive cells on to nutrient agar
containing the antibacterial agent so that the sensitive cells

are killed or their growth is suppressed. Reslstant mutants are
left to multiply and produce colonies. Similarly, prototrophic
wutants are selected from cultures of auxotrophic strains by
plating washed cultures on minimal medium. Auxotrophic sutants
cannot be isclated in this way because they are unable to grow

on the minimal medium which suffices for the growth of the wild
type. Auxotrophs need some additional substance or occasicnally
a mixture of 2 or more substances, before growth can occur. The
growth requirement may be for a vitamin, an amino acid, or a
macleic acid base or nucleoside. Auxotrophic mutants evidently
have lost the capacity to synthesize for themsédlves the sudbstances
that they are found to require.

The initial step in the isolation of biochemical mutants is to
treat wild type strains with some mutagenic agent so as to increase
the proporticn of mutants among the survivors. Ultra-violet (UV)
light is moat commonly used as a mutagenic agent, but chemical
wmutagens, e.g. manganese chloride and acriflavine, have also been
used for the isolation of biochemical mutants. In a typical

procedure, washed bacterial suspensions may be expcsed to a dose of
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UV radiation sufficient to kill 99+99.9 per cent. of the original
population, The irradiated bacteria are suspended in complete
medium, g.ge nutrient broth, and incubated. The small proportion
of auxctrophic mutants is then isclated either by a delayed
enrichment method, or by a limited enrichment method, or preferably
by replica-plating (Hayes, 1964).

In the delayed enrichment method, the culture containing the
mutants is diluted and plated on minimal agar so that isolated
colonies may appear after incubation; a small volume of molten
minimal agar is then poured over the spread surface and allowed
to set sc as to sandwich the bacteria between the 2 layers of
minimal agar.e On incubation, only the non-mutant, prototrophic
bacteria give rise to colonies whose positions are marked and
thereafter a laysr of mutiient agar is poured over the minimal
agar surface, and the plate is re-incubated. The nutrient diffuses
into the minimal agar, allowing the auxotrophic matants to produce
colonies which are subsequently identified by their delayed
appearance.

In the limited enrichment method, the irradiated culture is
spread on a minimal agar plate containing a limiting concentration
of nutrient so as to recognize the presumptively auxotrophic
bacteria directly by the small size of their colonies,

An ingenious methed for isolating rare auxotrophs was
introduced by Davis (1948) and Lederberg (1950). It is based
on the mode of actien of penicillin which kills only growing
bacteria but is not toxic to non-growing cells. Thus when a
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suspension of cells is made in ligquid minimal medium containing
penicillin, the non-auxotrophic organisms nearly all grow and are
killede The occuasicnal auxotrophic cells on ttl:g ﬁpther hand, are
unable tc grow and tend to survive. Thereafter, the penicillin
may either be inactivated by penicillinase or the fisurviving celle
may be centrifuged from the medium, washed free of peniecillin,
and subcultured on plates of soclidified minimal medium. Various
growth factors are then spotted singly or in groups on to the
plates. After incubation, only the auxotrophs responding to the
particular supplements will grow.

Though penicillin is an ideal selective agent for sterilizing
non-sutant populations in minimal medium, experiments with large
numbers of bacterial species failed to yleld any mutants among
the survivors of irradiated populations exposed to the action of
penicillin in minimal medium. Towever, success was cbtained when
an extra stage of cultivation of the irradiated bacteria was
allowed before they were exposed to penicillin in minimal media
(Davis, 1949)., Thies modified penicillin technigue was also
employed in the present work for isclation of biechemical mutants

of V. cholerae.

tic Studies with V, chole
A mechanism of genetic recombination resulting from
conjugation was discovered by Lederberg (1947) in Ischerichia coli.
Bacterial traneduction, another means whereby genetic recombination

occurs in bacteria, was demonstrated by Zinder and Lederberg (1952)



in S.typhimurium (see pe 2/0)e It was shown that bacteriophage
could serve as vectors for genetic materlal which could be transe-
duced from cell to cell with the result that the transduced cell
exhibited certain genetic characters of the donor cell on which
the phage had been propagated. Analogous studies have been
carried out in a variety of bacteria including V., cholerae with a
view in the latter case to studying the nature of variations that
may result and to determine their possible bearing on the
epidemiology of cholera.

Antigenic mutations are known to occur in V.cholerae
(Shrivastava and White, 1947; Bhaskaran and Gorrill, 1957). The
nutritional requirements of various vibrio strains were
investigated by Bhaskaran and Rowley (1956). A screening
procedure was adopted by Bhaskaran (1958) to select strains that
might be cuitable for genetic recombination studies in V.cholerae.
This procedure involved cultivating a streptomycin-resistant
methionine-requiring strain with several purine-requiring
streptonycin-gensitive strains to determine if recombinants arose
that were streptomycin-resistant and independent of purine and
methionine., GSecondly, a stable none-motile stroptomycin-resistant
Vecholerae strain was similarly cultivated with several other
streptomycin-gensitive motile strains of V, cholerae to see if any
streptomycin-resistant motile recombinants could be isolated.
Bhaskaran succeeded in this screening procedure in selecting a
strain (strain 129) that was consistently capable of giving rise to
recombinants with 2 potential partners (121 and C4)., Control
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experiments revealed conclusively that true genetic transfer
occurred,

This genetic transfer was thought at first to be mediated by
a phage (phage 129) because plague-like clearings were produced by
strain 129 on its partner strain 121, but the concept was proved to
be erroneous when all attempts to isclate the phage were
unsuccessful. The clearings were considered to be due to a
bacteriocine~like agent (Bhaskaran, 1959). It was shown later
that any strain that acquired bacteriocinogenic property from
strain 129 was itself capable of transferring the character to
other strains and to undergo genetic recombination with them.
Thus it was obvious that the bacteriocinogenic factor (designated
as P factor) conferred fertility to vibrio cells and this emabled
them to conjugate. It thus seemed analogous to the F (fertility)
factor of gﬁég;;. Later studies showed that crosses between
Ve.cholerae strains proved fertile only when one of the mating
type strain was P’ (possessing P factor) and the other was P~
(devoid of P factor); P'x P* crosses were less fertile, and P~
x P~ crosses were completely sterile. P* cells appeared to act as
donors and P~ cells as recipients, but linkage between donor
markers was rarely found among the recombinants. Thus, the
chromosomal fragments transferred by the donors were probably very
swall (Bhaskaran, 1960; Bhaskaran and Iyre, 1961). By analysis
of the recombinants derived from crosses between 2 mutants of
V. cholerae which differed from one another in 7 genetic factors,
Bhaskaran (1964) concluded that in a majority of the recombinants

the contribution of the P* parent was confined to single genetic



factors. IHe noted exceptions in the casé of linked factors

that segregated together in a small percentage of the recombinants,

Applications of phage procedures in practical microbiology

It has been shown that there are phages active against most
bacteria, each having a marked degree of specificity for its host
species,

This has been made use of in subclassification of several
groups of bacteria. The typing of bacteria by specific bacterio=
phage and the precise tracing of carrdiers and the lines of spread
of infectious diseases by this technique has been one of the most
important advances in epidsmiology in recent years. Craigie
and Yen (1938a, 1938b) obtained different salmonella phage
preparations by adapting a type II Vi typhoid phage on different
strains of Salmonella typhi. These adapted phages not only
became specific for the strains of S.typhi on which they were
propagated but they alsc behaved in an identical manner with strains
that were epidemiologically relateds The practical value of this
example of phage-typing has been proved beyond any reascnable doubt
in practice and it is now recognized as a valuable aid to the
survey and control of typhoid fever, OSimilar schemes are being
utilized in mapping the sproad of enteric fevers caused by
Separatyphi A (Banker, 1955) and S.paratyphi B (Felix and Callow
1951). Phage-typing is also of practical use in tracing
infections caused by MW’GMMME
diphtheriae, and V.cholerae (Mukerjee, 1963b).



Phages can be distinguished by means of their host range;
the morphology of particles as revealed by electron micrographs;
the morphology of plagues that they produce; their biochemical
and immunological characters; and their susceptibility to various
environmental factors.

Phage typing of V.cholerae,
d'Hérelle first observed the presence of bacteriophage in

the stools of patients with chelera in 1920, The historical
development of studies on cholera phage has been reviswed in a
monograph on cholera by Pollitzer (1959).

Since 1927 investigations carried out in India on cholera
bacteriophage ylelded valuaile information on bacteriophages in
general and cholera phages in particular, Most of these studies
had as their aim the use of phage for th:ra.;futic PUrposSes.
Thirteen types of choldra phage were recognized. Types A, B, and
C were described by Asheshov (1930); types D, Erand F by Pasricha,
De Monte and Gupta, (1932a, 1932b); types G, H, and J by Morison
(1933) and type K was discovered by Pasricha (1933). Fhage L was
isolated by Anderson (1935), and Phage M by Pasricha, De Honte and
Gupta, (1936). Phage II of White was reclassified by Pasricha,
Lahiri and De Monte, i 1941, as phage N. The classification of
the cholera phages was based on their reciprocal action on the
phage-resistant secondary growths of the vibrios. The differences
in the sensitivity of cholera vibrics to phages were observed by
Asheshov gt al (1933)s The strains of cholera vibrios collected



from different parts of India were classified into 4 types by
these workers who used a type A phage which after adaptation could
acquire virulence for all of the types of vibrios.

No systematic studies for the purposes of epidemiological
investigation had yet been made on the typing of cholera vibrios
with chelera bacteriophage when the Ixpert Committee on Cholera
of the World Health Organization in its report in 1952 (W.H.O,
Report, 1952) recommended that vibrio strains be studied "from
the point of view of thelr epldemiological significance,
advantages being taken of phage-typing for the purpose”.
Accordingly the W.H.0, International Reference Centre for phage-
typing of cholera vibrios was established in Calcutta and a schenme
of phage-typing was developod by Dr. S, Mukerjee. The old
laboratory collections of cholera phages belonging to standard
types By Cy D, E, Fy G, H, ¥ and R were used in the prelimimary
experiments. The resulte were unsatisfactory so freshly isolated
local etrains were used and these wore classified into 4 distinct
phage groups on the basis of their lytic patterns produced with
vibrio strains. This classification was further confirmed by
other biological characteristics of the phages including plaque
monphology, thermal death points, generation times and neutralization
by antiphage sera (Mukerjee, 1961a, b, ¢; 1962)., By use of
these & groups of cholera phages a typin: scheme for identification
of V. cholerae strains has been developed by Mukeriee (1903h),

Five phage types of V.cholerae have thereby been identified



[Mukerjee, Guha and Guha Roy, (1957); Mukerjee et al. (1959),
Mukerjee, Guha Roy and Rudra (1960, 19632, 1963b);Mukerjee (1963b).
Type 2 V.cholerae could further be classified intoc 3 sub-types by
phage adaptation. 1Type 1 has been found to consist of 3 sub=types
demonstrable by their susceptibility to lysis by 2 new phages
isolated from lysogenic strains of cholera vibrios in 1964, Strain
identification of Ve.cholerae by phage-typing has provided much
useful information about the epidemioclogy of cholera. The
existence of at least 4 different endemic foei harbouring different
phage-types of V.cholerae has thus been discovered in India.
Epidemiological lines of spread of chelera from Caleutta to
neighbouring districts have been confirmed by phage-typing data
which suggest exchange of infection between these areas. It has
been observed that morked variations in the incidence of phage-
types and sero-types of V.cholerae may take place in an area within
a short period (Mukerjee, Guha Roy and Rudra,1963a).

Phage-typing of V.eltor,

Interest in the strain identification of Veeltor for epidemi-
ological purposes has been stimulated by the pandemic spread of
cholera ¥l Tor in South Fast Asian Countries since 1961,

Development offphaga—typing scheme for the Tl Tor vibrios encountered
considerable difficulties. Phages used for typing of V.cholerae
were found to be unsuitable for the purpose., A number of achemes
suggested by different workers (Nicolle, Gallut and Le Minor, 1960.
Nicolle et al. 1962; Takeya and Shimodori,1963) were developed but

none of them provided a method of strain identification of practical



epidemiclogical values By use of a series of phages isolated from
lysogeniec strains of ¥l Tor vibrios, Mukerjee (1964) devised a
typing echeme for V.eltor and 5 phage-types of the strains have been
identified, Ye also found that phageetypes of V.eltor of one
country often differed from those of neighbouring countries. The
possibility of utilizing the difference iz phage susceptibility
patterns of Vecholerae snd V,eltor strains for differentiating the 2
vibrios of O-group I has been considered by Mukerjee (1960, 1963a),
tukerjee and Guha Roy (1961), and Newman (1960).

The susceptibility of a veet number of V.cholerae and Veeltor
straine isclated in different parts of the world at different tinmes
has been ztudied by Mukerjee (1964) with group IV cholera phage at
its eritical test dilution. He found that this phage was
consistently lytie for all strains of V.cholerae but for ncne of the
Veeltor strains, The phage susceptibility test has been used in a
number of laboratories including those of Felsenfeld (1963) Moor
(1963) and Takeya snd Shimodori (1963) who have confirmed its value.
The test has sc far proved to be the most dependable of the

available methods for the differentistion of V.cholerae and Veeltor
Identification n utinable (NAG) vibrios.

It was observed by Mukerjee (1964) that the NAG vibrios showed
much less susceptibility to cholera bacteriophages than V.cholerae.
The group II phage is lytic to none of the NAG strains and the other
3 groups of phages are lytic for only a small proportion of these
strains, Thus this lytic pattern may be utilized for the differ-
entiation of Ve.cholerae from NAG wibrios.



Identification of S-R dissociation of V.cholerae strains.
The group II cholera phage was found to have apecific lytie

affinity for smooth elements of a culture of Vecholerae (Mukerjee,
1959). The detection of degrees of I-R dissociation of strains of
Vecholerae is thus possible by noting their lysability by group II
rhage.

Therapeutic and ac o era N

Earlier studies by workers during the 2 decades from 1928 into
the therapeutic and prophylactic uses of cholera bacteriophage gave
conflicting results and ultimately the use of phage for these
purposes was abandoned. A team of Pussian workers (Sayamov, 1963)
reported encouraging results with thelr specislly prepared cholera
phages in cholera epidemice in Fast Pakistan and Afghanistan, both
for prophylactic and therapeutic purposes. For mass prophylaxis
the phage was administered crally with simultanecus injection of a
gingle dose of cholera vaccine to the entire population of the
epidemic area. For treatment, a single dose of phage was given
intravenocusly with saline or intramuscularly followed by an oral
dose of phage every day. The phage used was prepared by propa=
gation of cholera vibrice through alternate passages in vivo in the
small intestine of guinea pigs and in vitro in bile, 0Old
collections of phages prepared by propagation in broth culture of
Vecholerse were incapable of parasitizing cholera vibrics in vivo.

Dutta and Panse (1363) observed that the fatal diarrhoea caused
by Vecholerag in infant rabbits could be prevented by oral adminie-
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stration of cholera phages., The gut inflammatory reactions due to
V., choleras in the ligated loop of small intestine of rabbits were
found to be prevented by administration of cholera phage (:ukerjee
and Ghosh, 1961), Cholera phage was detected in adequate concen-
tration in the intestinal tracts of rabbits within a few minutes of
its parenteral administration by ‘ukerjee and Ghosh (1962), The
administration of cholera phage to cholera satients in Caloutta
hospitals in 1962 and 1963 did not afford clear evidence of the
curative value of cholera phage (lukerjee, Rudra and Guha Roy,
1963).

Adms of the present study.

The above facts indicate that phage studies in cholsra have
been of considerable importance, Although the use of phage prep-
arations in the treatment of cholera is now in doubt, further
studies on cholera phages still promise to bi of value in elucid-
ating the spidemiology of the diseass and in solving the probleus
posed by V., eltor., The present work was therefore carried out to
study the cholers bacteriophages in greater detail and to examine
the possibility of the genetic transfer of virulence factors from

pathogenic to non-pathogenic vibrios,



Materiele and Methods.



Source and characterization of vibrio strains

A strain was accepted as vibrio when it fulfilled the
following criteria; (1) Gram negative curved or "comma-shaped" rod
with rounded or slightly pointed ends; (2) actively motile;

(3) eingle long terminal flagellum (confirmed in a few cases by

E~}¥ cboervation); (&) grew on ordinary media; free growth
occurred at pl 9.0 in peptone water and on nutrient agar, producing
translucent, moist greenish colonies 1-2 mm, in dlaméter in 1820 hr,
at 37%C; (5) oxicase positive; (6) fermented glucose without
producing gas; (7) did not ferment dulcite; (8) did not attack
cellulose; (9) reduced tellurite and (10) liquefied gelatin.

Vibrio cholerae had the following additional characteristics;
(1) fermented sucrcse and mannose, but not arabinose (Heiberg, 1934);
(2) agglutinated with Group O-1 antiserum (Gardner and Venkatraman,
1935)3 (3) did not lyse sheep or goat red blood cells; and (&)
was suceptible to Group IV cholera phages at Routine Test Dilution
(Mukerjee, 1361),

Vibrio ¢ltor. This resembles V. cholerae but (1) is
resistant to group IV cholera phage; (2) is not inhibited by
polymyxin B (Gan and Tjia, 1963); and (3) may be classified as
haemolytic or non-haemolytic according to the effect of a culture
on sheep red cells,

JHon-agzlutinable vibrics (NAG), Vibrios that do not agglutinate
with Group O=1 antiserum are classified according to Helberg's sugar
reaction, Some of them resemble the cholera and Il Tor vibriocs
in biochemical properties. They are resistant to Group 1V cholera
phage. In addition to the above-mentiocned constant characters the



more variable diagnostic features of the vibrio strains used in the
present study are shown in table h2,

Table L2,
Details of vibrios studied in the present work,

Locality Year
Strain Serotype of Source of CR® Vype® pLexe
Isolation Isolation
V. cholerae Fast

12r Ogawa Pakistan Case 1961, * - -

583 Inaba ol " » - - Fos
Vo 0&3“ » L L - - -
vi Inaba * - . + o o
83k  Ogawa " . 1963 + - =
5698  Inaba Caleutta L 1943 + - e
Visk Ogawa o " 1960 * i i
PRSOB ot " " L J - -
PR1212 o " " " + - -
352 Hikojima " . o + + -
BH29 Ogava - " » * - -
BE202 Inaba " . " + - -
601 Inaba Bombay . 1961 + - -
3A Ogave g o 1962 “ - -
1843 Inaba Baroda n 1964 + - =
18kL s v L v i - -
B2 - Ratavia » 1927 - - -
8021 Ogawa ? ? 1962 * - -
7270 Hikojime ? ? " + o L
7254 Inaba ? ? - + = s
60 Hikojima ? ? " + + -
Cll6 Ogawva Chunking Case 1945 + - -
M7 Ogawe Madura ? 1064 + - &
HB n L] ” " & o L
MO Inaba " . o + - -
MLO w » . " + - -

M " ” " "w % i { = (
ML2 " . o ’ » * - -
B37 Ogawe, Bangalore 17 1564 -+ - -
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Table 42 (contd,)

locality Year
Strain Serotype of Source of CR® VPhe [L,080
Isolation Isolation
Ve eltor
iR Ogawve liong Kong Case 1963 ¢ L ad
Hp » " ! " e
Hs ] n n " + Py Py
H, Inaba o . - * o+ s
Hg Ogawa i Night " * 4+ *
soil
1.[6 " " " + e +
Hey Inaba » » . + -+ *
Hg Ogawa » " " + *» oy
10255 " . Case . + -+ s
10256 " ot » " + ++ o+
KOOL ® Korea » » * s -
3k . Phillipw » ? T T
ines
3808nn b ! T A s 3 ol 1962 S EN -
DHL96). i Thailand 2 1961 + 4 -
u13 b » = 1960 + ++ -
126 Hikojima  Indonesia o ? < s -+
Nen Ogava New Guinea . 1962 + ++ -
NGLLO Inabe od . " + >+ -
HGLOT Fikojima ” v 1963 + -
D67 » B Tor Carrier 1930 + dv s
D20 » » » 1930 * e -+
DL133 Traba - ” 1933 + +* +o
Bl 9% Ogava Burna Case 1963 > e -
MLs » Malaya > it L B 2
PLBLLO liikojima Phillip- ? ® “ > -
ines
Pl8326 - » " » +* -* -
P18136 - - " . * * »
?17978 - . " . + -+ -
PL6TLE Ogava . . . + * *
PL6LES " " " w * + +
P16759 » * . i + + -
M - 373k Fikojima Malacea - . - e
M- 335 " - » » * » -
M- 385 " ” n L] & & =
T « 3613 Inaba Taiwan » 1962 * - +
T « 3601 - Phillipe " ” + 4 +



Table 42 (contd,)

= infoermation doubtful or not known,

Locality Year
Strain Heiberg of Source of CR® vypH®  prése
Isolation Isclation
HAG
Iast

965 I Pakistan Case 1962 - + ++
656 1I » . o * - e
172 v . ol " - - ++
hsh III " e i ¢ = *
Hg I Hong Kong " 1963 + Y. »
Hyo III . . ’ . @ »
ull I " " L1 +* - .-
B g 11X 3 B 3 - - -
W3h3 I ? T 2 + + +
“255 I " " n - = Y
586 iI . " bt L 4 - %+

CR* = Cholera red reaction

Vpue = Voges=Proskauer reactiong

HL%®s = haemolysisj

+ = weak positiveg

Ees = gtrong positiveg



Agsay of phage by the agar layer method

1as agar layer method for plating bacteriul viruses was

developed by Gratia (1336) and indspendently by Hershey, Kalmanson,
and Bronfenbrenncr (1543). The method is now in general use,
Erocedure. A measured amcunt of the phage lysate and a drop of
cuncentrated suspension of the host bacteria are mixed in about
2«2.,5 mle of warm molten C.0-0.7 per cent. agar. The mixture is
poured over the surface of an crdinary nutrient agar plate and
allowed to harden to form a thin layers After the upper layer has
solidified, the plate is incubated at 37°C. The bacteria grow
to produce a multitude of tiny superficial coloanies in Che upper
layor, and are nourished by the lower layer. They form an opaque
lawn in which plaques are easily seen as clear "holes'.

The details of the procedure are as follows. The soft 0.6-
0+7 per cent. agar is melted, cooled to 46°C and transferred with a
warmed pipette in 2,0 ml, amounts to warmed test tubes which are
held at 46°C in a water bath, The host bacterial suspension is
prepared by washing the surface growth of an overnight agar slant
of the organisa with 5 wl. of nutrient broth, Cne drop of this
suspension is added to each of the tubes of soft agar and thereafter
& measured quantity of the suspension of phage dilution is added to
the soft agar - culture mixture and the entire contents of the tube
are poured immediately over the surface of an agar plate. The
plate is rocked gently to mix the bacteria and phage particles and
also to spread the mixture over the surface., Both the base agar
and soft agar layers should be allowed to harden in petri dishes

resting on a levelled surface so as to ensure uniform distribution
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of the plagques on the surface of the plate.

By this method the host bacteria and the phage particles are
wmore uniformly distributed over the murface of the plate than by
the spreading technigue. FPhage samples up to 1 ml, in volume can
be plated per petri dish. Because there is rapid diffusion of the
phage particles in the soft agar layer the plaque size iz larger
than that given by the spreading method and hence variation in

plague morphology may be more readily studied.

Bepliea plating
The replica plating technigue was devised by lLederberg end
Lederberg (1952)., This method permits the transfer or replica
plating of bacterial growth from an initial plate to corresponding
sites on a series of other plates. The technique ig useful far
many purposes including (1) the repid detection of biochemical
mutants, (41) determination of spectra of antibiotic sensitivity,
and (iii) the scoring of large numbers of colonies of reccabinant
bacteria, in genetic analysis, for inheritance of verious characters.
A sterile sguare of velveteen is placed, nap up, on &
eylindrical support of wood or metal having a dismeter slightly
less than that of a petri plate. A rubber band is used to hold
the fabyriec firmly in place. The bacterial colonies on the initial
agar plate are then transferred to the velveteen by inverting this
"master"” plate on to the fabric and pressing gently. The imprinted
fabric can now serve as the master pattern for the inoculation of



other plates. Toch thread of the pile fabric ascte a8 an
inoculating needle for sterile agar plates that are subsequently
inverted on to the velveteen. As many as 6 to 8 replicac may be
printed from a single pad, About 10-30 per cent. of the bacteria
of the initial plate are transferred to the velveteen end about the
seme proportion of these ie deposited on the epurface of the replica
plate (lederberg and Lederberg, 1952). The resulting growth on
the replica plates will be at corresponding sites on the initial
plates since members of each clone that developed on the indtial
plate are distributed to the new plates without disturbance of
their epatial relationshipe, Lederberg and Lederberg (1952) used
this techrnigue for detection of phage resistant mutants of £, coli,
The growth from a phage-susceptible population which had developed
on plain mutrient sgar was imprinted on velveteen and serial
replicas were then transferred to several plates containing nutrient
ager plus phage. Colonies consisting of phage-resistant cells
were found to develop on identical sites on each replica plate.
This indicated that the resistant cells tranasferved to the phage
plates were derived from small clones of resistant mutants already
present at corresponding sites on the initlal plain agar plate.
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Methoda of detection of lysomenie strains

In order to demonstrate lysogeny in T1 Tor strains the
following methods were uaedi
(1) 7 Tor strains wvere grown together in mutrient broth,
At times varying from 24 hr to 3 days portione of these broth
enlturas wore sterilized by heating in the water bath at 56°C
for 4=1 hr, The vemainder of each culture was sterilized with
a fow drops of chloroform which was removed by bubbling aterile
air through the culture 24 hr after its addition, These heate
inactivated and chloroformesterilized broth enltures of the M1 Tor
strains would contain phage particles if the atrains were lysogenic
becanse in a culture of lysogenic bacteria a swell proportion of
the population undergoes aspontaneous lysis with concomitant
release of infections phage partiecles whose presence may be
detected by spotting on launs of gensitive bacteria, The treated
broth cultures were therafore spotted undiluted and after serial
tenfold dilutions in broth on lawne made separntely from young
cultures of various strains as shown in table 43 (see Results),
(2) The above hsat-inactivated or chleroformesterilized brothe
cultures containing the potentisl phage, were naseaged in young
mitrient broth cultures of their respective suspected indicator
strains in ordor to enhance the concentration of phage; thereafter
they were treated as before for detection of phage,
(3) For detection of lysogeny the methods of Clarke (1964) and
Papavassiliou (1960) were alsc tried. Both methods involved
stabbing the prospective lysogenic gtrains inte a soft cverlay plate
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seeded with straina sensitive to the potential phapes that were
expected to be isolated from these lysogenic strains, Ina
roaitive ¢nse, sones of complete or partial clearing would forn
arcomnd the stabs on inoubation of the plates at 37°C for 24 hr,
In doubtful cases, Purther passages of the puspected areas were
made by picking the respective spot together with the underlying
ager and ineubating in nubwisnt broth at 37°C overnight, This
passage was oxpected to raise the concentration of the phage
that was being sought,

(b) Test for lysogeny was nlso done on mutrient agar plates
inoculated by stabbing with prospective lysogenic strains grown
in nutrient broth at times varying from 24 hr to 3 days. After
incubating overnight at 37°C. the plates were sterilised over
chloreform vapour and thereafter they were sgeeded separately with
the young broth oultures of the same straine in soft semi-solid
agar poured on to the platess In a positive case small wreas
of partial or complete clearing weould appear arcund the stabs
after incubation,

(5) Btraine of ¥, chalerae and V, eltor were grown scparately
on mitrient agar @lants for 24 hr at 37°C. Cells from each of
the alents were suspended in 9 ml, of sterile 0.35 per cent,
godium chlorides These suspensions were then expesed to doses
of UV irradiation for 1=-3 min. at a distance of 20 cm, from the
source on sterile petri dishes kept constantly shaking, After
irradiation, the contents of the dishes wers transferred to

sterile test tubes and 1 ml, of X10 broth was added tu each tube;
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the reconstituted broth cultures were incubated at 3‘7°C for 24 hr
in the durk %o prevent uncontrolled photercactivatien. The source
of UV light was encloczed in a cabinst and the whole procedure of
irradiation wvas carrisd ont with a yellow filtor fitted. After
incubatios for 24 hr tho cultures wers centrifuged at 1,200 g for

10 min. and tho supernatante were sterilized by chloroform and spot
teoted as before foxr detection of phage on lawns prepared separately
from difforent vibrio strains.

(6) WVivrie strains sugspended in distilled water wore dlsintegrated
with e Mullard ultrasonic disintegrator. The bucterdial suspension
was put into a small tube, pro-cocled in ice, and kept in iced water
during the dlaiagtegration process which procesded for 5, 10 and 15
min.; aliqueta of tho treated suspessicn were added to 1C-ul,
amounts of nutrient broth and incubated overnight at 77%. These
were then filtered through mombrane filters. The filtrates were
spot tosted for the prosencs of phage on lawns made from young
cultures of vitric atruins,

Yonganese cilordds. Aliguots (10 wml.) of overnight broth
culturss of the strain undsr test were centyrifuged. The super-
natant was diccarded and 5 ml., of a C.bh per cent solution of H::Cla
at 37°% was added to the deposit and mixed well. This mixture was
then incubated at 37°C in the water bath for 1 hr, Thercafter the



cella were deposited hy centrifugation and the MnCl:_,_ was discarded.
The deposit was thon mixed well in 5 ml, nutrient broth containing
graded concentrations of peniecillin ranging from S500=3000C unite
per ml. of the media and incubated overnight at 37°C. Serdal
tenfold dilutions wers made from these and C.1-ml. volumes were
spread on mitrient agar plates. After overnight incubation, the
coloniees from the rlates were replicated on platen containing
minimal media. After 72 hr incubation at 37°C the master end the
replica plates wore compared for isolation of rutants.
heriflavine., Strains of vibric under test were grown at 37°C
overnight in nutrient broth containing acriflavine 1:60,000.
Serial tenfold diluticna wore then made in nutrfent broth and
0,1=-ml. velumes were aspread on mutrient agar plates. Aftor overs
night dincubation at 37°C, the colonies were renlicated onm minimal

media and the plates ware examined for ovidence of rutants as before.

Methods for elestron microscopy of cholera

Ihe_specimen grids.
Collodion films on copper grids, .05 mm. in diameter, were
coated with carbon in vacuo (Bradley, 1960). These films were then

used for holding the specimen.
The physical state of the surface of a support film affects

the spreading of the negative staining material., Brenner and Horne
(1959) observed that Wottmgatute did not spread well on carbon
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films contaminated with oil molecules. It was therefore
necessary to de-grease the film by dipping the grid into chloroform
immediately before use.

Phosphotungstic acid preparation. For negative staining, a 2 per
cent. aqueous solution of phosphotungstic acid was wade up and

adjusted to pH 7.2 using normal KOH (Brenner and Hornme, 1959).

Jmmonium acetate solution. This was O.1 M ammonium acetate in
distilled water; the pi was adjusted to 7.0,

Preparation of the specimen., High-titre phage suspension (about
10 PFU/ml) in T,N, medium was filtered through an Oxcid membrane

filter to remove the bacterial debris. The filtrate containing
the phage particles was centrifuged at 135,000 g for 1 hr in a
Spinco ultracentrifuge and the supernatent fluid was discarded.
The pellet was re-suspended in 0.3 ml., of C.,1 ¥ neutral ammonium
acetate solution., One drop of this phage suspension was taken on
a clean nicroescope slide. A similar drop of 2 per cent. phospho=-
tungstic acid solution was added and the drops were mixed well
together., A freshly de-greased support film was then touched on
to the surface of the mixture. The excess liquid was removed {rom
the grid with filter paper so as to leave a thin film covering the
grid. After drying near a 60-watt table lamp the specimen was
ready for examination in the electron microscope.



Hectron microscopye An A.E.I. L.M.6. electron microscope was
used, The accelerating voltage was 50 KV providing an electron

beam with a wavelength of 0.053. Before taking an electron
micrograph of the image, astigmatism was corrected. The image
was received on 37 x 3! in. plates.

A suspension of cholera phage and the susceptible growing
vibrio strain were mixed in liquid culture medium and incubated
at 37°C in the water bath. Samples were taken from this phage-
culture mixture at different time intervals; they were immediately
chilled in iced water and sedimented by centrifugation at 2000 g
for 15 min, The sediments were washed by successive recentrifug-
ation and resuspension in 1 per cent. formalin in saline and then
1 per cent. formalin in distilled water. Finally the deposits
wvere resuspended in small volumes of distilled water. This
procedure has the advantage of yielding a clean preparation free
from nutrient and from metabolic products that tend to obscure fine
details of the relation between bacteria and developing phage
particles (Wyckoff, 1949). The final suspensions were serially
diluted in distilled water. A minute drop from each dilution was
placed on copper grids coated with collodion and carbon in 2 layers
and allowed to dry in a dessicator. Up to 6 grids were mounted on
a holder and shadowed with gold palladium alloy (60:40) at an angle



of 15°-18°. The specimens were then ready for examination in the
electron microscope.

A control specimen without addition of phage was also
performed to exclude artefacts.
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The detection of lysogenic strains was attempted with El Tor
vibrios as lysogeny is more common in El Tor strains than in
clasaical cholera vibrios. Verious methods were adopted (see
Methods)s The presence of the temperate phage was looked for
in heateinactivated or chloroformesterilized broth cultures of
each of a larse number of 1l Tor vibrioe (31) on lawns of a phage=
sensitive indicator strain of V. cholerne. The experimental
cbservations aré summrized in the following tables. The
resulte were consictently negative with the exception of tests
that involved V. cholerme strain 508 ae an indicator straine.



Results of

~hle

Table ,43 &

various methods used for the detection of 1yaq;en_§..c

strains.

|
[Lawn

Dilution of heat-inactivated and chloroformestere
ilized broth cultures®

ﬁ: Heat~ inactivated !f Chloroformesterilized
[ntrain ¥ 100 10 103 | g 1 ) y 02 1073 |
l
It o3 |
! ]13 - - - - ‘ - e - -
| I - e - L] - - - o
| . |
10256 - - - - - - - - I

= jio lysogeny.

= Broth cultures of strains He By H3. Hye 115,

e Hoyp Hgy 10255 and 10256 grown for times
varying from 24 hr to 3 days at 37° ¢,



anldyliem

Jabda i3 (contds)

Silution of heateinectivejed and chloroforme

Lowm sterilised brolh culiures st timeos verying from
made 24 hr to 3 daye
with ‘
atrain

Begteinnctiveted Chloroformestorilised

T ~l| @ =3

et 20 20 N 1020 0
K001 LR (Eal B S
% il s e i e b e L -
388nh o T (S SRR DN N R N R -
DB 1961 -%- o Vg el e L (-
U 13 slole o | ol o |
126 .- - | - - -] - - -~
N2B - |- = el e - .
NG149 .i' o]l « o IS ah -l L S
NG107 -{- - = wl o (. e
D67 - w| e = ol » l» ' »
20 G ) NG e SR
DL133 - == = o| ¢ |0 e
Bl%a -i- - - | ®« = -
M45 | ol « = | = = -

H

-~ = No lysogeny
* = Broth cultures of strains K001, 34, 388nh, DB1961,
U13, 126, N2B, NG149, WG107, D67, DR0O, DL133, Bl9a
and MA5 grown together st times verying from 24 hr
to 3 days et 37°C,
Some of the above broth cultures gave slipghtly equivocal results;
on further passage with the prospective sensitive strain, there was no
evidence of the existence of phage particles.
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Thus, of 31 El Tor strains tested, 25 gave evidence of

lysogenicity in tests with V., cholerae strain 508 as indicator.

The chloroform=sterilized broth cultures of strains that produced

discrete plaques on lawns of strain 508 as shown in Table 44
also produced similar plaques only with strain 508 when other
methods of detection of lysogeny were tried (see Methods).
Control tests with drops of chloroforme-sterilized cultures of
V. _cholerae strain 508 against all of the potential indicator
cultures confirmed that strain 508 was not itself lysogenic.

At *) X 1d of »

Attempts to increase the yield of phage from variocus £l Tor

vibrios by ultraviolet irradiation or ultrasonic disintegration of

the 17 lysogenic straine listed in Table 45 were unsuccessful,

increase in nuwsber manifested by production of semiconfluent lysis

in place of discrete plague formation at the same dilution was
observed in some cases, but no significantly enhanced yield was
obtained,

Sefore (urther work was a.lempted, experience in the handling

of cholera phases was ovtained by perforaming the following studies

with known phages.



Lysogenic strain Busceptible indicator strain
Hy 508
N, "
Hy =
B, b
i, "
B "
Hé "
Hy =

126 -
10255 | "
10256 | "
34 b
HGLL9 9
NG1OT . .
DET | =
388nn | -

K28 f "




Procedure - The details of a typical one-step growth experiment for
cholera bacteriophage are as follows:e

Reagentss=

(1) Stock cholera bacteriophage group III diluted in sutrient broth
to a concentration of 1 x 10' particles/ule

(2) Susceptible young culture of V. clolerse strain 154 grown in broth
to a concentration of 107 cells/mle approxisatelye

(3) Antiphage group III serum diluted 1:10 in bwrothe

(%) HNutrient Lroth for dilution of the infected cultures

(5) Mutrient agar plates and tubes containing 3 mle each of 0.7 per
cent. melted ager in nutrient broth.

The reagents are accurately measured in tost tubes as stated in the
protocol and brought to 37°C before starting the experiment o as to
eliminate the dfect of teaperature variation on the bacterial metabolisme

Erotecel

Time in
mine Tube Procedure
-
0 - (1) Adsorption Ue1 mle of phage group III
(1 % 107 particles/ml,) is
added to CeY ml. of host
strain 154
& (2) Serum Oel mly of (1) is added to 0.9
gle of 1:10 dilution of antie
phage 3 serum,.
| 1 (3) Dilution Os1 mle of (2) is added to 949
1 ﬂl. of bﬂth.
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The dilution tube (3) is kept in a water bath at 37°C.  Samples
of 0.1 ml, are removed at various time intervals and plated by agsr

layer method against the indicator strain 154 as shown in table b6,

Mmhle L6,
Plagua counts at different times after ads ion of
group Lijcholera bacteriophage to _ﬁimh 15k
Purther | ! Total
Miine’ 15 dilution of plagque
i dilution Inoculum lean plaque count
2 tube (3) in per plate count per nl,.
broth
20 Undiluted 0.1 ml. o7 97 x 102
25 m " 102 102 x 10°
30 " " 101.5 101.5 x 10°
35 1110 i LT.5 475 x 10°
b5 1110 " 198,5 ©1985 x 10°
55 11100 u 3% 3400 x 10°
65 " " 43,5 4350 x 10°
75 " " 27 2700 x 10°
gs " " g 2600 x 10°
95 " " 15 1500 x 10°
105 " " 6 600 x 10°

The one-step growth curve for group III cholera bacteriophage vas
obtained by plotting the plaque countsagainst various times in min,

as shown in fig. 31,
Following the same method as with group III cholera becteriophage,

the plaque counts at different times after adsorption of group I cholera

phage to V, cholerae &rain 15% are shown in table 47 and the one=-step
Rt ———



growvth curve is drawn by plotting the plagque counts?gainst time in

min, as shown in Pig, 32.

Table 47,
Plaoue counts at different times after adsmorntion
of Eog—-i cholera bactariophage to xm-'_—mlzh.
Time (min,) Total plaque count/ml.
15 | 21 x 10
20 36 x 107
25 b3 x 107
30 36 x 107
35 2k x 107
ko 27 x 107
L5 56 x 107
50 95 x 107
55 201 x 10°
60 . 35h x 10?
5 37Tk x :l.f)T
' T

a0 . 9 » 10




Fig. 31, The ome-step grewth curwe
: of group III chalera phage
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Fig 32. The one-step growth curve
of group I cholera phage
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i [*) ¢ concentration to ue count

The result of an experiment in which equal volumes of
increasing concentrations of a phage suspension were plated on agar
plates is shown in fig 33, It is evident from the graph that each
twofold increase in concentration of phage produced a corresponding
two-fold increase in the average number of plagques per plate. Thus
by counting the number of plagues produced, the number of plague=-
forming units (PFU) in the original phage suspension can be calculated.
This is known as the plaque titre of the phage suspension under test.

To determine the infective titre of a phage suspension, the
number of plagues formed on the assay plate is multiplied by the
dilution factor. For example, if O.1 ml. of a 10 fold dilution
of a phage lysate produced an average of 15 plaques per plate, one
would caloulate a titre of 15 x 10 x 10° = 1,5 x 10/ infective units
per ml., of the phage suspension.

The proportionality of phage concentration to plaque count was
observed with phage group I and indicator strain 154, The phage
suspension was diluted in nutrient broth to contain 5 x 10' Fml,
approximately. From this suspension, successive twofcld dilutions
were made in nutrient broth. A O.71-ml. volume from each dilution
was plated in duplicate by the agar layer method against 0.2 ml. of
the young culture of indicator strain 154, The plates were
incubated at 37°C overnight. Theplaques produced in each of the
plates are shown in table 48 and the data are presented graphically
in fig. 33.
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Table L3,

Promtionslitx of group I phage concentration

to pla.gue count,.

No. of plaques produced in mixtures of a

standard bacterial conceatraiion (V. cholerne
ﬁuted

strain 154) and phage suspension 4

lisio

, 2 L &8 16 32 | 6% | 128 256
| Expt. 1 692 3in | 191 103 h31 16 8 7

? Expt, 2 541 290 | 16k | 94 52 22 13 6

| 616.5| 300 | 177.5 98.5 hl.Si 19 10,5 645

| Mean

w2l
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Heat-inactivatio eriment gtability studi

The heat susceptibility of the & groups of cholera phages
were studied under identical conditions. Each of the phages
under test was put in thinewalled small glase tubes and heated
in a thermostatically controlled water bath. After being kept
in the water bathat the desired temperature, O.,%1-ml. samples
were removed and plated with a sensitive strain of V. cholerae
by the agar layer method. Headings were taken after incubating
the plates overnight at 37°C. The tests were done in duplicate
and the results are shown in table 49,

The stability of group I and group II phages at 37°C for a
period of 20 days was also studied and the results are shown in
table 50,



Effect of heating at different temperatures for 30 min, on

'i'!l.'ble 519.

cholers gh&ges.

[ ' 1
Character of plagues after exposure to temperatures of |

:Phage Range of
of | Thermal
e | o | Q, E & | gion o0 | On | @i de?th
| | 37% [55°C | 58"¢ [ 60"Cc | 64"C |687C| TLC | Th'C point ,
| €

: - 1 .
: : : !
i 1 | ol Fcl el [el Hscl +¢ 6 | - €haT1.

: i

| el cl |cl el yscl 4444 10 =

| |I

| XX |(ed e |ei lod | &1 | ®adj26 | = 68=T1 }
| _
_ [ e} el el el el scl 3k - |
i : ' | |
I e el Hsel  sel  sel 44+ - - 5868 |

[Ted [liaX 28¢l  scl  sel M4 - - }
e !
. : :

| l] |
| | e e ¢ [0 80 . - - £
| Iv e | e 1| & 1 60 6uubB
| .
! el | el el el Hsel 45 = -

el = confluent lysis;

scl = semiconfluent lysis,



Table 50,

Stability of group I cholera e at 3T ¢

lDayn of

Mean plaque count and character Titre after Original
| ineubation each titre
at 37° Dilution of Fhage in incubation
Tlﬁl maﬁium.
10~ 3076 137 asf
o sel [esse | W | N b8 % 10°  9.0:x 107
| 2 sel | sees | 32 | 3 3.2 x 10° |
|
| & scl  wbe 10 | - 1.0 x 107 |
Q
(3] sel e 10 1 1,0 x 10
[ 10 scl 84 6 - Bl x 10e
l .

- = no plagques; +#+, +++¢ = increasing numbers but uncountable;

scl = genmiconfluent lysis,
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Table 50 (contd,)

Stability of group II cholera phape at 37°C

Days of Hean plagque count and echaracter Original
G titre
incubation w4
at 37°C , tre after |
Dilutions of phage each incubae
in TN, mediuw tion
7 gt
o b -8
107 | 18 ol 10
1 | el P 32 3 3.2 x 10° | 4,5 x 10°
2 | sol | e 20 1 2,0 x 107
1 ! scl L aad 9 - 9.0x .‘_Ori
l |
8 (2 | TS 5 - 7.5 x 10°
10 PPN 50 - | - 5.0 x 108
[ o]
20 ++++ | Lo - - be9 x 107

-

e, tEbe =

scl

= No plagues;

= genmiconfluent-lysis,

increasing numbers but uncountableg
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effect of UV '} e
A suspension matching International Opacity Tube No. 4 was
made in Ringer solution (I strength) with an overnight nutrient
agar slant culture of a vibrio strain, Aliquots (3 ml) of the
suspension were taken in sterile petri plates and irradiated with
constant shaking at a distance of 60 cm. from an ultra-viclet light
(UV) source for 15, 30, 45, 100 and 200 sec. respectively. Viable
counts before and after irradiation of the samples were done by
the method of Miles and Misra (1938), The results were as
follows:
Viable count before irradiation 133 = 108 / al,
Viable count after irradiation for 15 sece 3.0 x 106 / al.
Viable count after irradiation for 30 sece 8.75 x 10° / ml.
Viable count after irradiation for 45 secs 7.5 x ‘IOl+ / ml,
NeBe After 100 and 200 sec, irradiation, no colonies were
cultured from O.1=-ml, volumes of dilutions of 153. 15". 165. 156
used for viable counts.
By calculation, the killing effects of the UV irradiation for
the above time periods are as followsi=
Per cent of killing after 15 sec. irradiation = 97,74
" " " 30 gec. " = 99.34
. " " 45 sec. ., = 99.94



This was studied with group 1 cholera bacteriophage. A volume of
& mle of the phage suspension was taken in a sterile petri dish and
irradiated with constant shaking at a distance of 60 em. from an
ultraeviolet light (UV) source for 3, 13, 33, 7%s 11 and 16 min.
regpectivelys The table 51 and the fig, 34, summarise the results of
an expeériment in which the surviving fractions of the phage particles
Immdbythea@rlwermthoduaingthemdi%umﬁﬁ.

[ Teriod ~ Dilution of the phage after irradiaticn
{ irradiated in nutrient broth
nEBe I w02 107 10" 0% 0% 107 | oot
3 L S6l e bo 6 = & x 105
13 Sel w7 5 - - b.'mog
33 4 ? - - - - | bax10°
73 RS AR (e
13 - - - - - - -
0 L G Sel e+ 40 35 |tmod

CL = confluent lysis § Scl = semiconfluent lyeis §3 +++ = uncountable
nunber of plaques.

It is evident from the results that cholera bactericphage particles
were completely imactivated by irmndiation with UV light for a period
exceeding 73 mine but less than 11 mine
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t Combined therapy with phage and
an otice 1s sometimes attempted. The writer
therefore inveatigated the effects of chemotherapoutic

agents on cholera phagese.

The effects of penieillin, streptomycin sulphate and sulphae-

s
mezathine on cholera phngaAj;ronpl I and IV were studied. Diffdrent

concentyrations of these drugs were mixed with constant volumes of
phage suspension each having a plague titre of 10° partieles per mle
and the mixtures were kept overnight at room temperature. A O.1=ml.
volume of both undiluted and diluted phage~drug mixtures was plated
by the agar layer method on to the phage-sensitive antiblotice
resictant indicator strain 154 The plates were then incubated at
37°% for 18-2% hre The plagues were counted and the effect of
the particular drug on each of the phage suspensions was determined
by comparing the plaque count of the test sample with the count
obtained fron the corresponding controls The actual procedures
‘ellowed for each of the drugs and the results obtained are
suzmarived, as followste

Pendeilline A Oo5=mle volume of the phage suspension was added %o
5000 units of penicillin contained in 0.5 ml. of sterile mutrient
broths The number of plagues that developed after overnight
incubation of the test and control plates are shown in table 52,



Test (penicillin present) Control (ponicillin absent)
Phage Mean plague count Hean plaque count
Group at dilutdons || at dllutions
Undiluted ‘IOA Undiluted | 104
1 Qa | we ca | 104
w 1 1 7 1 ! 100

Cl = confluent lysis

Streptouyein culphatge A OoS=mls volume of the phage suspension wns
added to each of the solutions containing 100, 50, 25 and 12,5 mge of

streptomycin sulphate per 0.5 mls of sterile matrient broths The plaque
. counts developing in plates incorporating those miztures after overnight
incubation are recorded in table 53

Test Control
I Streptomyein |Mean plaque count || Mean plaque count
Group %“d at dilutions at dilutions
cone ©
o tve . |Undiduted | 10~ || Unatluted o=t
100 c1
30 0} 104 (v § 106
25 C1 106
125 Cl 105
100 cl1 8845
5 C1 % c1 100
v 25 c1 )
2.5 (+ § 100
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Sulphsmezathines A Oy5-mls volume of phage suspension was added to
a sclution of 166 mge of sulphasesathine solution contained in 0.5 ml.

of sterile mutrient broth and the mixture was kept at rvom tesperature
overnighte The numbers of plaques that developed after plating the
mixture on to a sulphonamide-resistant indicator by the agar layer
method are shown in table She

| Teat . Centrol
= Mean plague ecount Mean plague eount
&::3 at dilutions at dilutions
——
Undiluted | 10~ Undsluted | 10
I cl k [} cl 106
W sca 105 ca 100

€l = g¢onfluent lysis; SC1 = sendi confluent lysis

From the above results the effects of the warious drugs are
sunmarized in table 55.

Name of Concentration | Iffect on phage (per cent inhibition)
drug per nl,
Phage Group I | Phage Group IV
Penieillin 2500 units Nl 29
Streptomyecin
sulphate 50 uge 10.3 115
Sulpha-
mezathine 83 mg. Nil 98.5




il

These results seem to be important and several repetitions of the
experiment produced eimilar resultse |

The effect of pH on cholera bacteriophage wms determined by miwing
cqmlmlmaofp!agelyaatuﬁth'l‘1ﬂ1 broth at pll walues warying from
beS to 9e5. The phage=broth mixtures were incubated at 37°C overnight and
thereafter Ol ml. from each mixture was plated by the agar layer method
on to pennitive V, cholerag strain 154, After overnight incubntion at
37° the character of the plaques was observed in each plate and the
stability of the phage waam dotermined. The results with 2 of the cholera
phages are shown in table S$6.

aroup I |2 Al |alala (ala la |

5| g|&®

Group 11X | DP i Q1 Gl 1 (55 8 2 (€2 G

DP = Discrete plague Cl & Confluent lysis
These recults show that the character of rlagues is not influenced by
prior exposure of phage to conditions in the pli range 5 « G



An emulsi-n was nade with 1 ml, of cholera phage suspension
gontaining 2.5 x 10° particles/mle with 1 mle of a mineral oil/
Arlacel A mixtuve aa nsuggested by v, ¥.54 Herbert, Rabdlitas
wore immunised with a ningle sudoutaneous dose of 1 ml, of this
emilaions From the third weok after injeotion test bleedings
wore made from eaoh of the rabhita, 1t was obaerved that in
the presenge of the adjuvant a single O¢5-nles volume of the phage
suaspenaion incorporated in the emuleion was gquite enough to
produce high=titre serums CUholera phagea of Uroup I and Group il
have thus been used with adjuvant for tho production of antiphage
sora (nee p. 277 for detalls of ecrmparative experiments without
adjuvant)s A dilution of 1 in 2048 of antiphage Group I serum
and a dilution of 1 in 512 of the antiphage Group II aerum
produced with adjuvant neutralised about 97 per cont, and 98 per
oonte Of the Lomologous phages respestively.

Hethod 1w
(1) Twofold serial dilutions of the antlserun in matrient
broth up %0l1024 were held in the water bath at 37°C

for 5 min, prior to "time O



vl on

(2) At "time O": Series (A) 1 ml. of phage stock (1x10’ PFU/ml.)
was added to each of the dilutions of the
antiserum.

Series (B) 1 ml. of the same phage stock
was added to 1 ml. of the nutrient broth and

at once assayed by diluting 10"'

in nutrient
broth and plating 0.1 ml. by the agar layer
method against the indicator strain 154.

(3) At 20 min: (A) All the mixtures of antiserum and phage

were diluted 10™°

in nutrient broth and a
volume of 0.1 ml. from each dilution was
plated by the agar layer method against the
same indicator strain 154,

Series (B) The phage euspension was again
diluted and assayed as at time O.

(4) A1l the plates were incubated overnight at 37°C., The
resulting plaques were counted and the log. percentages
of the surviving phage particles were plotted against
the time in minutes. The dilution of the antigerum that
inactivated approximately 99 per cent. of the phage in
25 min. was then calculated from the graph and was found

to be in the region of 1 in 256 (see fig., 35 and table 57).
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Table Eio
Results of neutralization of phage group IV by
antiphaze groun IV serum
Asasay of phage Mean '
and phage~serum number of ‘
mixture, plaques Po® | logePo log? survivors
Phage growp IV 66 1.32 x 107 | 7.1206 2
Phage group IV and e .
serun dilution P  log P
1sh nil nil | KL . My
1’8 " ” ! L ) L
1316 Lo - s ”
1332 3.5 Tx10°0 | 3.8451 | Z.724s
' J,
136k 15.5 3.1 x 10" | h,ho1k T.3708
13256 52,5 1,05 = 20° | se0212 | T,9006
13512 19% 3,88 x 10° 558088 D.h682
131024 538 1.08 % 10G 6.,0334 | 0,0128

d
| |
|

M sl (Bl

# Po w initial phage comcentration

#% P = phage remaining after 25 min. contact with the serum
dilution,

% survivors = P 100

Po 1
= (log P - log Po) + 2



e

Key to nlot

2.7245 = =2,0000
+0.724
- 1.2755
Using gravh paper and taking 10 small divisions of the

graph = 0.2, we have =1,2755
= «563,75

small divisions

+ 0
& ‘% = =31.4 swall divisions

1.% = - 1 .0000

+ OOM
0.00908 = 4497 small divisions
0.4682 = 23,4 gmall divisions

The dilution of the antiserum that inactivated approx. 99 per cent.
of the phage was mixed with phage stock held at 37°C and samples
were removed at 5, 10, 15, 20, 25 and 30 min, Dilution of each

of the above samples up to 1 in 100 in broth was sufficient to
dilute the antiserum beyond its effective concentration, A O.,1-ml,
volume of each of the diluted samples taken at the above time
intervals u;)g:) plated by the agar layer method with the indicator
strain 154 and the plates were incubated overnight at 37°C. A
control phage assay was also included in the test and plated egimil-
arly after diluting 15" in broth., PFlagques were counted in all of the

plates and the numbers are recorded in the table. The details of the

experiment are as follows:



Fig. 35

The log percentage of "survivors", i.e,
residual non-inactivated plaque~forming
particles, is plotted against time of
exposure to the antiserum,
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From the previous experiment it was known that a dilution
of 1 in 256 of antiphage group IV serum neutralized approximately
99 per cent, of phage group IV, To 1 ml, of this 1 in 256
dilution of the serum, 1 ml, of a suspension of phage group IV
containing 1x107 plaque forming units per ml., was addeds A
control was incorporated in the test by replacing serum with
broth.

Both the test and control mixtures were kept in the water
bath at 37°C. At intervals of 5 min. each of the test samples
was diluted 13° in broth and 0.1 ml. was plated by the agar layer
method.s The control sample was diluted 10 ® 42 troth and a
volume of 0.1 ml. was plated similerly. All of the plates were
incubated at 37°C overnight. The plagues were counted and the
numbers were as shown in table 58.

The mathematical calculations based on these data made it
possible to draw regression lines that reveal the kinetics of phage
neutralization in each case (fig. 36).
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Table 58,

Data obtained and mathematical caleulation involved in assay
of phayge uqti' serun,

Time ' Total Plague log of log¥ (r-2) (t- E?' (t=%)(x=-X)
in Count Plagque Survivors R
min. Count. %
t
t=0 .| &406 x 10T  7.0253 2,0000 1.56832 (-46.6612 «16.66 x 1.5832
(control) = 277.56 = 26,3761
=10 3.0 x 10° Se5TTL  0.h518 0,0350  (=6466)° 6,66 x 0,0350
= kk .36 = «0,2331
$215 2,13 x 107 5,328k  0,3031  «0,1137  (=1e66)2 = {=1.66)(=0,113T)
=2, 76 =0, 1 BATh
£=20 1,16 = 10°  5.,0645  0,1948  -0.2220  (3.3%)% (3.34)(=0,2220)
=11,16 = =0,Th1k8
t=25 8.5 x 10% hoU20h  =0,0059 «0,5127  (8,3k)? (8434)(=0,5127)
u(0,56 ==} , 2759

t=30 h.'fxloh L4672  =0,3532  S0,TT00 (13.34)2 (13,34) (=0,7700)

peo 453008 > £583,36 | £ -N1,7006h
- 2 A
o | Zegag06
g . O
=0, 1168
| -16°Gé {mean)
{(mean)
The equationz (X - ¥) = nle . ) () Vhere B is the
By & required glone

X = ji(t=t) +X

4 (twt) (X=X}
and B =

£(t - )2 (2)

Substituting the values from the above table ve have from equation (2)

=h1 7006k _
P = Splpe - -o.oms

Again taking the values from the above table,
X=p(t=%) +2%

Value of X at t = =0,0715 («16,66) +0,4168
= 1,191 + 0,4168
= 1.6078
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Similarly:
Value of X at ¢t 10 = =0,0715 (=6,66)+0.4168
= 0.4762+0,4168
= 0,893
Value of X at t 15 = <0,0715 (~1.66)+0.4168
= 0.1187+0.4168
= 0.5355
Value of X at £ 20 = «0,0715x3,34+0,4168
= «0.2338+0.4168
= 0,178
Value of X at £ 25 = =0,0715x8.34+0.4168
= - 0,596+0,4168
= «0,1795
Value of X at ¢ 30 = ~0.0715213.34+0,4168
= «0.954+0.4168
= 0,537
Now, the log percentages of the surviving phage particles at
different times are plotted as shown in fig. 36 and the Regression
line is obtained by plotting the different values of X against time
in the same graph, Thus we have log Po = 1.61 at time t = O min.
and log P = O at time t = 22,5 min.
Hence, from the equation
K-Z.}%xlog‘!()%g

K= 2.3 % (1.61)

s 2.3 %5 X 1-61

!-_'_:9_0 K= '.12.15.
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LOG PERCENTAGE OF ORIGINAL PHAGE CONCENTRATION

X----x  SURVIVING NON-INACTIVATED PHAGE PARTICLES
(EXPRESSED AS LOG PERCENTAGE OF ORIGINAL
CONCENTRATION) IN RELATION TO TIME OF EX-
POSURE TO ANTI-PHAGE SERUM.

O—0O REGRESSION LINE
(SEE TEXT)

o

T
10 15 20 225 25 30
TIME (min.)



The neutraliszation of group I, group II and group III cholera
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bacteriophages with the respective antiphage serum was also studied and

the results are shown in table 59,

Phage growp I | 2145 4o 3x30° 100 K41
Phage group I .:
and antiphage |
group 1 serunm |
dluted 1 4n 256 | - | -
1 in 512 s o
| 14n %026 | & 8x10° 0418 99,82
| Tin 2088 | 51 | 1.0200° 2437 97.63
| FPhage group II ’ Ve , 1.108:10? 100 Nil
Phage group 11 r
and antiphage i
| group II serum |
Diluted 1 in 256 1145 2.3x10% 0.6 99.84
1 in 512 89 14782107 12 9848
Phage group 111 | 39 7+8x106 100 il
Phage group III {
| and antiphage
| group III serum
diluted 1 in 64 5 axiot 0e13 99487
’ 10345 2.07%10° 2,65 97435

1 in 128




A voluse of 1 mle. of a phage suspensior eontaining 107 plague=forming
particles per ml, was added to 1 ml., of the undiluted normal serum of the

rabbit to be immunized with the sauve phage. The nixture was held in the water

bath at 57°C. A control test of the phage lysate was also incorporated by

replacing the serum with bz;uth. At 30 mine muMls. vanples from each of

wly

the phage - serum mixtures and controls were withdrawn and diluted to 10 " in
broth and a volume of 0.1 ml., was plated by the agar layer method against the
indicator strain 154, All the plates were incubated at 37°C overnight;

plagues were counted and tﬁe numbers are shown in table 60,

Noe of plaques resulting

hage=
SEIUm from plating phage-serum
mixture pixture at time intervals

Hoe. of plagues produced
by phage suspension
control at time intervals

gu%w of (min.)
4] 30 60 0 30 &0
Phage group I
and anti=group 20 25 21 21 22 20
I phage seyum
Phage group 1I
and antiegroup I 76 71 75 7% 75 75
phage serum
Phage group III
and antiegroup
| IIT jphage 'serum 37 1 & 3 38 &%
phevet s l

It i evident from the results shown in table 60 that all of the normal

cera under test were devoid of any antiphage sctivity.
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Serolociecal studies

Attempts to produce high-tilre antiphaze sera in rabbits.

A high-titre antiserum is produced against a bacterial virus

in essentially the same manner as that employed in the preparation
of an antibacterial serum.

The phage stocks used for immunization of rabbits in the
present work were produced in mutrient broth and filtered through
Oxoid membrane filters tc remove the bacterial debris. All of the
animals were bled beiore starting immunizaticn so that any phage=-
neutralizing activity of normal asra would have been detected. Two
subcutaneous injections of % ml. each were given weekly for 3 weeks
and a test bleeding was done 5 days after the laat injection. The
low titre of the first test sera cbliged us to continue immunization
and we gave a further course of subcutaneous injection of 4 ml,
weekly for 5 weeks with a second test bleeding 1 week after the last
fnjection. Titres were still disappointingly low and the animals
were again inoculated with the respective phage for another 2 weeks.
Instead of injecting the same amount of phage in 1 place injections
were made subcutanecusly in 4 different places simultanecusly for
2 weeks and a test bleeding was done 3 days after the last injection.
Even this did not produce a sufficiently high-titre serum in any of
the rabbits. The last course wes therelore repeated and the rabbits
were finally bled 4 days thereafter (see table 61). The blood was
allowed to clot at room temperature, and then placed in the
refrigerator overnight. The serum was separated by centrifugation

and stored in sterfle screw=capped vilals In the Jeep-freeze. AII of

these operations were performed aseptically.
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Studies of antigenic relationships between the & cholera phage
groups I, II, IIT and IV

To determine the antigenic relationships in these phages,
each of the phage stocks were diluted in nutrient broth to a
concentration of 107 PFU/ml. The homologous sera were also
diluteds Thus the antiphage group I and antiphage group II sera
were diluted to 1/50 and those of phage group III and phage group
IV to 1/25. COne volume of serum dilution was added to a similar
volume of each of the phage dilutions. The phage-serum mixture
was incubated at 37°C for 20 min, in a water bath. A control
was incorporated by replacing sera with broth, After 20 min.
incubation, the test samples were diluted to 13- and the controls
15" in brothe A O.1=ml. volume of each of the test and control
samples was plated by the agar layer method against the indicator
strain 154, All of the plates were incubated at 37°C overnight.
The results are shown in table 62,
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n:;m Phage growp | "age 0l o ttea . | Inmmitics
phage group | tested _i;_ A
. est | Contral |
1 = | 1088 16T
1 11 ' Sel | 108,5 |-
111 2 | 106 e
Iv sel | 115 |-
1 - | 035 |
11 T < - | 10845
111 .5 106
v sl | 13 i s
| I | - 103.5 .
Iz R - | Sel 08,5 | =
I ¢ 3 106 | .
Iv sel 115 .
RTCR Sl 1035 il
Iv L el 108.5 -
L | Sel 106 -
Iv 113 15 *

S¢l = Semli Confluent lLysis.



Varioun aspeats of the atudy of cholera baoteriophage have
interested many workers during recent years, but proper attention
has not been given %o struotural morphologye The ultrastrusture
of gome of the cholera phages had beeh ohaserved by eleetron
nmioroscopy in the presont study before Vieu, illcoile and Gallut
(1965) and Takeya g% als (1965) published their limited findings

on the electron mioronsgopy of oholera phages.

Lxplanatory notes The "nogative sontrast” method for eleotron
nigroscopy of baoteriophage particles bLy Lrenner et als (1959) has
bean followod in this studyes It oonaints of embeddinz an
electron-tranaparent objeot in a siruoturelesn electron-dense
naterial, potassiunm phoaphotungatate, whioh introduces conirast by
negative staininge This technique has already been recognised hy
Hall (1955) and fuxloy (1956)s

it 15 well kuown that bacterial phagen contain deoxyribonucleio
acld whioh is contained in the protein coat of its heads The
phogphotungetate does not stain either the protein or the nuclele
acid of tho phage particle direotly, and thene remain relatively
olestron-transparent objoots in an elesotron-dense surrounding of
phosphotungatate, If there are any oavities within the phage head
these will be replaced by the phonphotunsatates Thus the contrast
provided by an enpty head ia different from one that ia full of Nia,
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In adiition to providing high contrast, excellent preservation
of external form is also obtained by application of this technique
(Brenner gt aley 1959).

The different cholera phages studied in the present work are
detailed in table 63. \

{
'i strain of Source
% Yo _cholerae
|
l 326 1212 Pakistan-SEATO Cholera Research
| laboratory
| 75 154 "
590 601 L
group 1 154 .
r " n i 15], "
" 11z | 15}‘, "
" IV 15“ "
[ :
. 16718 ; 16718 Captain R.5. Swanson
16466 16466 5

Stocks for electron microscpy of these phages were prepared on
the respective sonsitive strains of Y, cholerae grown in T,N, modium,
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The following table of measurement conversions ie included
at this point for convenience in analyzing the elctron micrographs,.

Heasurement in electron microscopy

Particle size

6,000k = 11,6668 = 166.6m = 0.17n

1,250 = 125.0 " = 0.1251n
10,0008 = 1,0000 = 1000 " = 0,100

B

13,0006 = 7698 = 80,0 " = 0,08 n
16,0002 = 6258 = 62,5 " = 0,06 n
20,000 = 5008 = 50,0 " = 0.05 n
30,000 = 3338 = 333 " = 003 p
40,0006 = 2508 = 25,0 " = 0,025n
50,000x = 2008 = 20,0 " = 0.,020n
80,000x = 1252 = 1255 " = 0.012n
100,000 = 1008 = 10,0 " = 0,010
180,000x = 568 = 56 " = 0,006 n

200,000x = SR = 5.0 " = 0.,005p
300,000x = 3 = 3.3 " = 0,003
333,000x = %% = 30 " = 0,003 n

360.000:! = 283 = 2,8 " B 0.0028 n



(3)

5t s of Muke ! I - IV,

Phage I, This looks like phage III but it is of variable
size measuring from 858% x 792% to 1155% x 1056%. The tail
is 297% long and 1658 broad (see fig. 37).

Phage II, The head is 627% x 627% and the tail appears to
be 2648 x 99% (see fig. 38).

Phage 111, Thie looks lilte coli phage T3 and Brucella phage
(Bradley and Kay, 1960)3 it alseoc resembles Pseudomonas phages
20 and Pe (Bradley 1963)s It has an almost circular head
measuring 660% x 6278, The tail is short and wedge-shaped
and is 198% long (see fig. 39).

Phage IV, This phage has a regular hexagonal head like staph-
ylococcus phages 7, P42D, and 581, with a tail like that of
staphylococcus phages P71, 187, 52, 72 and P52A (Bradley,
1963). It also resembles coli phage T5 and typhoid phage 1
(Bradley and Kay, 1960), The head measures 980% x 952% and
the tail is 2240% long and 112R broad (see fig. 40).

Hiscellaneous chalera phages
Phage 326, This rhage was isolated from water at Pakistan -

SEATO Cholera Research Laboratory,Dacca. The head of this
phage is a 6-asided regular polyhedron measuring 1.600R x 1.2503.
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The tail ie 2,750% long, 100% broad and has a contractile sheath
measuring 1,050% x 250% with longitudinal striations. There
is a constriction of the tail at its junction with the head,
and there is a central hellow tubular core. The diameter of
the core is 5C% (see fig. 41).

This phage thus has many features in common with typhoid
phages 3T, C,, 11F, 66F and 2 (Bradley and Kay, 1960) and coli
phage T2 (Brenner gt al., 1959). It also looks like the
Pseudomonas phage 12 S (Bradley, 1963). It has a long tail
but it does not resemble standard group IV phage or phages

I, IT or III.

Phage 16718, This phage was received from NAMRUN ; it was
isclated from stool filtrates during the 1963 El Tor epidemic
in the Philippines. It looks like a phage of group III,

The head is 693A x 59%A and the tail is 231A long (see fig.
42,).

P 1 1 10 Phage 16466 was isolated during
the 1963 K1 Tor epidemic in the Philippines. Fhages 175
and 510 were isolated in Dacca. These 3 phages resemble
Pseudomonas phage 12B (Bradley, 1963). They are similar

in appearance, but they differ in size (see figs. 43, &4,
45).
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Fig, 37. Electron micrograph of group I cholera phage
particles demonstrated by negative staining with phosvhotungstate

at pﬂ ?.0 ° x 300q000.
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Fig, 38, Electron micrograph of group II cholera phage
demonstrated by negative staining with phosphotungstate at

pH 7.0 o b 4 300,000.
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Fige 39+ Electron micrograph of group III cholera phage
demonstrated by negative staining with phosphotungstate at
pH 7.0 o X W.OOO
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Fig, 40. Electron micrograph of group IV cholera phage
demonstrated by negative staining with phosphotungstate at

DH 700 ° X JGO.M.
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Fig, 41. FElectron micrograph of cholera bacteriophage 326
with contracted tail sheath demonstrated by negative staining

with phosphotungatate at pH 7.0 . X m’m.
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Fig, 42, Electron micrograph of particles of phage 16718
demonstrated by negative staining with phosphotungstate
at pH 7.0 . b 4 300.€m.
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Fig, 43, Electron micrograph of particles of phage 16466
demonstrated by negative staining with phosphotungstate at
pH 7.0 & x 300,000,
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Fig, 44, Electron micrograph of particles of phage 175
demonstrated by negative staining with phosphotungstate at
pﬂ 70 o b 4 Jw.OOO.
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Fig, 45, Electron micrograph of particles of phage 510
demonstrated by negative staining with phosphotungstate at
pH 7.0 . x 300.030.
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re of bacte g and bacteri roliferation a
Rhage-cul ture mixture

The stages of bacterial lysis and bacteriophage proliferation
in a mixture of cholera phage (510) and susceptible growing
vibrio strain (601) have been shown in the following microphoto-
graphs taken at various time intesfvals after addition of phage
to the culture. The experimental procedures involved in the study
have already been described (see Methods and Materials). The
sicrophotographs taken with dirfemt grids show that complete
lyeis of the bacteria had taken place at 180 min., after addition
of phage to the culture (see figs. 46, 47, 48, 49 and 50).
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Fig, 46A. Electron micrograph prepared from a culture of
V., cholerae 10 min. after the addition of phage suspension.

=(old=-palladium shadowed preparation
b 4 Eo,m.

Fige. 46B. Electron micrograph of control specimen without

phage. =Gold-palladium shadowed preparation
! EO'MC
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Fig. 47A, Tlectron micrograph after 30 min. of addition of phage
to the culture. Gold=palladium shadowed

preparation x 20,000

Fig, 47B. Electron micrograph of control specimen.
Gold-palladium shadowed

preparation x 20,000
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Fig. 48A. Electron micrograph after 60 min. of addition
of phage to the culture.
Gold-palladium
shadowed preparation
x 20,000

Fig, 48B. Mlectron micrograph of control specimen.

Gold-palladium
shadowed preparation
x 20 ' 000,






Fige ﬁ . flectron micrograph after 120 min. of addition
of phage to the culture.
Gold=-palladium
shadowed preparation
x 20,000,

Fig, 498, Hectron micrograph of control speciuwen.

Gold-palladium
shadowed preparation
X 20.@.






Fig. S50A. Electron micrograph after 180 min. of addition

of phage to the culture.
Gold=palladium shadowed

preparation X 20,000,

Fige 50B, Electron micrograph of control specimen.

Goldepalladium shadowed

preparation x 20,000,






The principles and techniques involved in the isolation of

biochemical mutante have been described in the Introduction and in
the Methods sections. Following those principles and techniques

a number of vibrio strains were tested for isclation of such mutants
(see table 44). A summary of the tests and their results is as
follous:i=

(1) Cells from 48-hr broth cultures of strains were sedimented
separately by centrifugation and washed twice in sterile normal
saline and finally re-suspended in sterile saline. A O.,1-nml,
volume of each of the suspensions was inoculated into 10-ml,

volumes of minimal liquid medium containing graded concentrations

of penicillin ranging in doubling concentrations from 500 units

to 3,000 units per ml. of the medium., The inoculated media were
incubated overnight at 37°C. At the end of this period, 0.0%1-ml.
and O.U=-ml, aliquots from each of the tubes were spread on to
nutrient agar plates. After overnight incubation, discrete colonies
were observed in the plates seeded with inoculum taken from tubes
containing high concentrations of penieillin., The potential
mutant colonies thus obtained on the plates were subcultured at
rapdon in minimal liquid medium. All of these subcultures were
found to have grown after 2448 hr incubation at 37°C, Some of
the plates with discrete colonies were also subjected to replica
plating. Identical growths in master and replica plates were
observed in all such plates, Increase of the duration of



penicillin contact with the cultures was also tried with no better
result.

(ii-a) Cells from overnight broth cultures of the strains were
sedimented separately by ecntrirugation and re-suspended in sterile
saline. The saline suspensions of each of the strains were UVe
irradiated for 45 sec.at a distance of 60 om, from the UV source
and then added to 10-ml amounts of nutrient broth, After 2% hr
incubation, the cells from each of the strains were again sedimented
by centrifugation, washed twice in saline and re-suspended in
saline matching International Opacity Tube Nos 5¢ A O l-ml.
volume of each treated suspension was added to minimal liguid
wedium containing graded concentrations of penicillin from 500
units to 3,000 units per ml, of the medium and incubated overnight
at 37°C. A loopful from each of the tubes was then streaked on
to nutrient agar plates. After overnight incubation, plates
having isolated colonies were subjected to replica plating on
minimal egar. Identical colonies were observed in all of the
master and replica plates excepting 1 where 3 colonies were not
found on the replica plate though their presence in the
corresponding master plate was c¢clear. These potential mutant
colonies were used separately to prepare lawns on minimal agar
plates. Different growth factors (see table 64) were then spotted
on to specified arecas of the lawns and the plates were incubated
at 37°C for 72 hr., No growth resulted on the supplemented or unm

unsupplemented areas of these lawns,



Zable 64
used for ation
biochenical mutants,

Growth factors Concentration/ml
Tyrosine 0.01=1 mg/ml
Phenylalanine -
Isoleucine -
Lecystine .
Learginine "
Histidine =
Tryptophan "
L=lysine "
Threonine =
Valine -
Inoasine -
Adenosine "
Uracil »
Adenine »
Guanine *
Xanthine "
Hypoxanthine id
Vitamin B,, 50 ng/ml
Aneurine hydrochloride 1 mg/ml
Depantothenic acid 1 mg/ml
Glutamic acid 0.01=1 mg/ml
Nicotinamide 1 ng/ml
Guanosine 0.01=1 mg/ml
Cytosine 0.01=1 mg/ml
Biotin 1 ng/ml
Methionine 0.01=1 mg/ml
Leucine o
Asparagine "
Proline "

Aspartic acid i
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(1i<b). Suepensions matching Opacity Tube No. & were made in
i=strength Ringer solution from overnight nutrient agar slants
of vibrio strains and they were then subjected to the following
treatments successively:

Irradiation. A 3=ml aliquot of each of the suspensions was
irradiated for 45 sec.at a distance of 60 cm. from the UV source.

Inte vation. A O.5=-nl. volume of each irradiated
sample was inoculated into a 2eml. volume of minimal liquid medium
and incubated at 37°C for 6 hr,

Penicillin treatment. After 6 hr incubation, 0,1 ml of each
of the samples was added to 2e-ml., volumes of minimal liquid medium

containing penicillin (500 and 1000 unite/ml,) and the mixtures were
incubated at 37°C overnight.

Plating auxotrophs.  An adequate amount of penicillinase (1 ml.
inactivates 100,000 units of penicillin) was added to neutralize

the penicillin in the above mixture; O.3~-ml, and O.1=-ml. volumes
from each tube were spread on nutrient agar plates and incubated

for 24 hr,.

Testing auxotrophs. The colonies that grew on the above plates
were potential mutants. These were then replicawplated as before



and lawns of suspected mutant colonies were made on minimal media.
Growth factors in groups as shown in table 65 were spotted on
specifiod areas of the lawns. No growth was observed on either
of the supplemented or unsuppleuented areas of the lawns with

the exception of those in which group I growth factors were

applied on lawvns made from suspected mutants of strains H1 and
HG'
These mutants were identified as cystine-requiring.
Talg;e 65.
The growth factors used in groups for isolation
of biochemical mutants.
Group Growth factors
I Lysine, Arginine, Methionine, Cystine.
I1I Leucine, Isoleucine, Valine.
III Phenylaline, Tryptophane, Tyrosine.
Iv Histidine, Threocnine, Glutamic Acid, Proline,
Aspartic Acid.
' Adenine, Guanine, Xanthine, Hypoxanthine, Cytosine,
Uracil.
Vi Nicotinamide, Pantothenic acid, Aneurine hydro-
Chloride. Vit. B1 2
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No improvement on these results was obtained by supplementing
the minimal media for intermediate cultivation of the irradiated
strains prior to penicillin treatment with 20 per cent, sucrose

plus 0.2 per cent, casein or asparagin and Dl-methionine.

Production of biochemical mutants from strains as shown in
table kb4 was tried using anla (see Methods). The potential
mutants thus obtaised were used to prepare lawns on minimal media;
growth factors (see tables, 64 and 65) were spotted on specified
areas of the lawns., No mutants were obgerved after prolonged
incubation of the plates for 72 hr at 37°C.

Isolation of biochemicel mutants from vibrio strains was also
attempted after treating the organisms with acriflavine (see Methods).
The vibric strains detailed in table &4k were grown separately in
nutrient broth containing acriflavine at a concentration of 1:60,000
for 24 hr at 37°C. Serial tenfold dilutions in nutrient broth were
then made from each of the cultures and O.%1-ml. volumes of each
dilution were plated on nutrient agar plates and incubated at 37°C
for 24 hr. The plates were then replica-plated on minimal agar
plates. By comparing the master and replica plates, potential
mutant colonies were identified. They were spread on minimal media
and growth factors (see Tables 64 and 65) were spotted on to the
seeded plates. The potential mutants did not grow. No
difference between the supplemented and unsupplemented areas of the

71
lawns were cbserved,
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Uenetic cisbination cross rinen
tween V, cholerae and V. eltor

(1)  Cross experiments were performed with streptomycine

sensitive lysogenic El Tor strains and the streptomycin-resistant
non~lysogenic phage-sensitive V. cholerae sub strain SR508. The
results showed that a mixture of the streptomyecin-resistant strain
(sR308) and any of the streptomycin-sensitive lysogenic ¥l Tor
strains H,, He or NG 149 produced a limited growth of colonies on
nutrient agar plates containing streptomycin at a concentration of
50 pg per ml. of media, However it was evident that V, cholerae
strain 508 itself did not persist on these plates because the
survivors obtained from the different crosses were resistant to
group IV phage. Classical V, cholerae is always suspectible but

all 51 Tor strains are typically resistant to this phage (Mukerjee,
1963a). It was also observed that in the control plates containing
a similar concentration of streptomycin, none of the Ll Tor strains
appeared whereas SRS08 grew well when the strains were inoculated
individually on to these plates. The reason for the non-growth of
the streptomycineresistant strain SR508 on streptomycin medium when
it wvas inoculated along with an Fl Tor strain is not clear, Perhaps
the E1 Tor strain liberated phage in sufficient amocunt to destroy

the phage-sensitive strain SR508, but experiments to confirm this did
not reveal such complete destruction as would be necessary for
absolute exclusion of SR508, It was quite clear that the inoculation
of plates with the above mixture yielded only ceolonies of streptomycine
resistant variants with characters of El Tor strains.
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Control teats confirmed that the Il Tor strains used in these
eéxperiments were highly sensitive to otreptomycin and resistant
variante did not arise spontanecusly after such a plating procedure.
It is likely that the variants produced in the cross experiments
wore recombinants. The results are summarized in the following
tables (66 and 67).

Lawn produced from | Result in presence of phage diluted:

| strain derived from: .[ ! :

l | 102 | 102 | 0* | 10?
Survivor from | '
Cross H, X SRS08 - - « | -
Cross He x 5H508 - | - by Je b caw
Surviver from | _; ! |
Cross NG 149 X 58508 & | T | iw | -
508 contrel a | a a | sa
57508 control | a | a |a sl
H, control - | - P f -
Be control & i i i e | o
HG 149 control s bt -

Cl = confluent lysis :
Sel = soml confluent lysis
- @ no 13‘818.
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Growth produced on plate inoculated with 0.1
_nl. of cvernight broth culture diluted

Strain |

0! w0t 0P 0wt 0P| vt
H, - - /s " e &
Hg * = - .. - -
M b a 7 : i
. SRS08 Confe ++4+  ++++ 4+t 4+ : +
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(2) In similar experiments survivors from the V., eltor -

Ve cholerae crosses H, x SR508 and iy % SR508 were observed to
have circular areas of plaque-like clearing in their coloniea.

It seems that the phage particles liberated from the streptomycine-
sensitive lysogenic Bk and H? strains in these crosses attacked the
non~lysogenic streptomycin-resistant indicator V. cholerae strain
SR508 and produced zones of clearing in its colonies. Subcultures
from these cclonies in nutrient broth were tested against group IV
phage and found to be sensitive to it., It was aleo noticed that
in control plates containing the same concentration of streptomycin,
there was no growth with either of the streptomycin-sensitive Hb
or H7 strains, This indicates that the surviving colonies of the
crosses H, x SR508 and E7 x SR508 may be lysogenized, and the next
step in this study attempted to prove this by showing the presence
of phage in the chloroform-sterilized broth cultures obtained from
these survivors. The experimental procedures are summarized as
follows:

There were 2 types of colonies in each of the cross plates,
i.e, plain colonies and colonies with plaque~like clearings (see
figs 51 and 52)s Subcultures were made in mutrient broth from each
of these colonies. A portion of each of the subcultures was
sterilized with chloroform and to 1=-ml. aliquots of each of the
remainder, O.3-ml, amounts of streptomycin sclution containing 300
e of streptomycin sulphate were added and left at room temperature
overnight, The chloroform-sterilized portions were spot-tested on

lawns of phage-sensitive indicator strain SR508. A c¢lear halo

arcund the spot indicated the presence of phage and this was
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Eig. 51, Recombinants from cross H, x SR 508 showing
plain and plaque-containing colonies.

Eig. 52, Recombinants from cross H, x SR 508 showing
plain and plague-containing colonies.
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observed in all tests except those involving cultures made from the
plaque-containing colony of cross l'l\7 x SR508,

Zach of the streptomycin-treated portions were then subcultured
on nutrient agar plates and incubated at 37°C overnight, These were
again subcultured in nutrient broth and thereafter sterilized with
chloroform and aspot-tested for the presence of phage as before.
Similar haloes were again produced around the spots excepting those
prepared from aplague~containing colony of cross IL? X SRS508 (see fig
53). With this exception the survivors of these crosses are thus
proved to be lysogenic. In other words, it appears that genetic
material from the streptomycin-sensitive lysogenic donor Fl Tor

strains has been transferred to the streptomycineresistant, nonelysoe.

genic recipient V. cholerae strain SRS08.
Similar cross experiments with other M1 Tor strains (summarized
in the table 45) were unsuccessful in demonstrating this effect.

(3) Crosses were made with (i) haemolytic lysogenic and strep-
tomycin-sensitive El Tor strains and (ii) a non-haemolytic, non-
lysogenic phage-sensitive streptomycine-resistant V. cholerae strain
to determine whether the haemolytic character of the El Tor strains
could be transduced to the phage-sensitive V., cholerae strain.
Bacterial suspensions containing 108 cells per ml. in sterile
normal saline were made from overnight nutrient agar slant cultures
of each of the strains (D67, 34, 126, 10265, Heo Hyy Hy, H5' g
Hys Hgy 5R508), SRSO8 is a non~haemolytic, non-lysogenic, streptome
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Fige 53

Showing clear haloes around the spots when chloroform-
treated broth cultures of the surviving ceolonies of the
following crosses were spotted on to a lawn of a sensitive
indicator strain,

A = Chloroform-treated broth culture of plain colony
from cross Hy x SR 508,

B = Chloroform-treated broth culture of plain colony
from cross H, x SR 508,

C = Chloroform=-treated broth culture of plaque-coantaining
colony fromcrmﬂ.?xsnma.

D = Chloroform-treated broth culture of plaque~-containing
coleny from cross H, x SR 508,
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yeineresistant derivative of V. cholerae strain 508 whereas the
other strains invelved were lysogenic, haemolytic, streptomycin-
sensitive Z1 Tor strains. A 1-ml, volume of SR508 suspension was
added to a 1-ml. volume of each of the aforementioned suspensions.
Bach of these combinations umi then mixed separately and added to
10 ml. of nmutrient broth in a 50 ml. conical flask and incubated

at 37°C overnight. The cultures were centrifuged and the deposits
were resuspended in small volumes of peptone saline. Serial tenfold
dilutions were made in peptone saline from each of the suspensions
of the doi:os:lta and 0,1 ml. from each of the dilutions was plated
on to nutrient agar plates containing 100 pe of streptomyein per
ml. of the medium. The plates were incubated at 37°C overnight.
Random subcultures from surviving colonies were made from each plate
in nutrient broth and these were incubated at 3?°C for 48 hr, A
portion of each of these subcultures was tested for susceptibility
to group IV cholera phage and the other portion was investigated
for haemolytic activity.

Results. All of the subcultures were susceptible to group IV
cholera phage and none of them was found to be haemolytic. Thus
the haemolytic character of the Il Tor strains could not be trans-
duced in these experiments.

Attempts to change the character of NAG vibrios. Mutation of
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V. cholerae into a non-agglutinable vibrio and backe-smutation into
the agglutinating type has been reported by Tomb and Maitra
(1927}, Brahmachari (1929), and Bhattacharji and Bose (1564).
A study of the literature gquoted by Pollitzer (1959) also confirms
that there were many inastances of such loss of agglutinability of
true vibrios or acquisition of agslutinability by NAY vibrios.
This type of change was also reported by Zlatogoroff (1909) end
lorowitz (1911). Such veristions may be caused by environmental
conditiono, mutations or dissociations. |
In the present work we atudied the character of NAC vibrics
treated with bacteria~free phage lysates derived from lysogenic
atrains of V. cholerae and V., eltor in nutrient broth containing
varying concentrations of anticholera serum. There was no

indication of change of characters in these NAG vibrios.

To 0.5=-mls volumes of undiluted samples and %o 1 in 2 and 1 in
4 dilutions of polyvalent anticholera serum, O,5-ml. volumes of
aterile phage lysates from lysogenic strainswere added. To each
of these T=ml, volumes of serumephage mixture, 0.5 ml. of a NAG
suspension matching Brown's opacity tube No. 5 was added and mixed
welle The tubes were then incubated in the water bath at 37°C

for 2 hr and thereafter they were held in the cold room overnipght.

Subcultures were made from each of the tubes on to nutrient agar
plates. After overnight incubation they were tested for

agglutinability with anticholera serum.
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By these methods each of the NAC etrains was treated
separately with each of the sera and phage lysatesm. Details of

the sera, HAG stra‘ns and phage lysates used in these experiments

are as follows:

Sera. The aggplutinating sera used for this __g_xparimont were
faesé-
(1) Inaba, (ii) Ogawa, and (iii) Polyvalent, were commercial

preparations (Wellcome & Co. Ltds),

Doner strains ¢+ FPhage lysates were produced for this
experiment from the following strains:
(A) Lysogenic V., gholerae M7 (Ogawa), M8 (Ogawa), M9 (Inaba),
¥10 (Inaba), H11 (Inaba), M12 (Inaba), B37 (Ogawa).
(B) Lysogenic ¥, eltor H1 (Ogawa), H2 (Ogawa), H3 (Cgawa),

it (Inaba), H5 (Ogawa), H6 (Ogawn), H? (Inaba), 15 (Ugasa).

Lecipient NAG streins ¢+ 965 group I, 658 growp II, 172 group V,
454 group XII, HO group I, H10 group III, H11 group 1, H12 group
111, w343 group II, ¥255 group I, 586 group Il.

Besults. None of these recipient NAG strains produced variants

that were agglutinable by any of the antibacterial V. cholerae
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DISCUSSION

The aim of the present bactericphage study was to determine
whether it is possible to tranamit factore associated with
virulence of YV, cholerae te¢ other non-virulent vibrios either by
transduction or by phage conversion as has been cbserved in
Co_diphtheriae or in Salsopells.

It wns indtially moamry to isolate tempernte hacteriophages
of V, cholerae and their host lysogenic becterial strains, to
isclate and characterize biochemical mutants from Ll Tor and
classical cholera vibrios, and finally to study the behaviour of
the recombinanis resulting fron various cross experiments with
these ctrains, In spite of an extensive survey of many strains,
lysogenic strains were only found among the El Tor vibrics and
only 1 indicator strain was found for these. This was V, cholerse
strain 508 and it has provided a valuable basis-for many of the
observations concerning the planned genetic studyes In additionm,
we have also studied some general characters of cholera bacterio-
phages including their morphological details as revealed by electron
mieroscopy.

The different virulent cholera phages obtained for the present
study were propagated on young susceptible otrzins of Ve cholerae.
To ascertain the optimal conditions for preparing phage lysates of
hizgh titre, various conditions of incubation with different media
and various sensitive strains were teated. Thus, it was found
that a titre of about 10> phage particles per ml. could be cbtained

by pessaging the phage for 5-06 hr in young contimucusly-shaken fluid
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cultures of the sensitive strain of V. cholerae. Temperate
cholera bactericphages were isclated from a large mumber of vibrio
strains using different techniques for their isolation, but
attempts to raise the concentration of these phages mwet with

failure,

The plaque morphology of cholerm phages is greatly influenced
by a number of environmental factora. The natwre of the host
bacterium and the media for plating affect the character of the
plaques. Prolonged adaptation of a phage under laboratory cone
ditions is accompanied by alteration of plague character. Vorking
on the charncteristics of plaques of cholera bucteriophage,
Asheshov et ale {(1933) stated "Though the morphology of the
clearings is a very important characteristic of bacteriophage, we
must never forget that it is not a permanent cne and depends on the
environmente” Thus, due to the wide renge of variations that may
be obeerved in plague morphology of cholera phages, this charscter
is not utilized for specific identification of phage groups and it
is important to investigate other characters of these phages that
way help to differentiate them.

Susceptibility to heat.
The thermal demth point is cne of the characteristic properties
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of bacteriophages which might be utilized for their identification.
In the present study the heatwsusceptibility of the & groups of
cholera phages I, II, III and IV has been studied under uniform
conditions: It sas observed that the heat-sensitivity of these
phages was not unifors. The thermal death point of group I
cholera phage was within the range 64=71°C; group II was
inactivated at 68«71%C; group III at 58-68°C, and group IV at
64=68°C, This confirme the cbservations of Mukerjee (1961b).

It has been observed that V. cholemae is killed by heating at 55%
for 30 mine, but cholera bacteriopheges are resistant to such a
temperature. Exposuve to 55°C for 30 min. is thevefore utdlized
to isolate phages from mixtures with host vibrios without resorting 7o
filtration. The stability of group I and group 1I cholera phages
at 57°c for a pericd of 20 days was observed; decreases in plaque
titre of 46.6 and 29 per cent. respectively were noted after
incubation for 24 hre The subsequent decreases iz titre for group
I phage after 2, &, 8, 10 and 20 days of incubation were Gli.h,
8848, B3.8, 90,7 and 94.4 per cent.

The effecte of pemicillin, streptomyecin sulphate and sulph-
anezathine on group I and group IV cholera phages were studied
because antimicrobial therapy may be combined with phage therapy.
The results show that pemieillin at a concentration of 2500 unite/ml.
had no effect on group I phare but it insctivated 29 per cent. of
the group IV phage. Streptomycin sulphate at a concentration of
50 mge/mls reduced the activities of group I and group IV phages to
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107 and 115 per cents of their initial concentraticns
reapectively. Sulphamezatidne at a concentration of 83 mge/mle
almost completely (98.5 per cent.) inhibited group IV phage but
sulphamegathine had no effect on group I phages

E€fect of pils
The effect of pi on group II and group III phoges was

deternined by mixing equal volumes of the respective phage lysates
with !'1!61 broth at pi values varying from 4.5 to 9.5 The phages
of both groups were stable over this pl! range.

The antigeniec specificity of bactericphages forms the most
important eriterion in the classification of bactericphages acting
on a particular bacterium, The antigenic relatiocnship between the
b groups of cholera phages has been studied in the present work
and it was found that groups I, II and IIT are serclogically
related, but group IV is not related.s It is of interest that
group IV phage was also found to differ from the others in
morphological details (geve)e These results do not agree with
those of tukerjee (1962) who rerorted that the & groups of typing
phages were antigenically unrelateds.

Antiphage serum was prepared by immuniging rabbits individunlly
with each of the phage lysates of the & groups of cholera phages.
It wae found that when the immunizing dose of the phage antigen was
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incorporated with an adjuvant of a mineral oil/Arlacel A mixture,
2 single Q.5«ml, volume of the phage suspension was quite unough
to produce high-titre serum. Cholera phages of group I and
group 1I were used with adjuvant in this way for the production of
antiphage sorae 4 dilution of 1 in 2048 of antiphage group I
serum and a dilution of 1 in 512 of the antiphage group II serun
(produced in response to phage antigen plus adjuvant) nentralized
about 97 and 98 per cent. of the homologous phages respectively.
The incorporuiion of adjuvant with the phage antigen for
immunizing rabbitc gave much better results than when the phage
was used alonee

The study of the ultrastructure of phages in the electron
microscope is of additional value as a taxonomic aid:e The cholera
phagee examined in the present work have received little previocus
attention in this respect. It is clear from the micrographs of
the phages that were examined that they fall into 5 morphological
groupss The firet group includes 2 phages with a regular hexagonsl
head and a long tails These may be subdivided into one having a
contractile tail sheath and the other without such a tail sheaths
The second group includes & phages with almost cireular heads and
thummﬁneabwtasogtnlwgth. There are some
differences in the head sizes of these phages but they are not
considered significant because distortion of the hends is likely to
occour in varying deogrees from one preparation to anothers
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Heasurenents of the negativee-stained phage heads may thus not be
reliable, but the tail lengths show mueh greater consistencys. The
third group includes 3 phages that are similar in appearance, but
differ in size.

The stages in bacterial lysis and bacteriophage proliferation
in a mixture of chelera phage and a susceptible growing vibrio
strain have been studied. Complete lysis of the strain has been
observed to take place 180 min. after addition of phage to the
culture.

Senetic otudiogs

In the cross experiments of each of the streptomycine-sensitive
lysogenic Kl Tor straine H,, Hg and HGI49 with streptomyein-recistant,
nonelysogenic, phage-senaitive Ve cholerne strain 508, colonies of
streptonycin-resistant variants with characters of Il Tor strains
‘were obtaineds It io possible that these were recombinants.

The streptomycineresistant character of strain 508 has been
transferred to the streptomycinesenmitive progeny of the crosses.

As strain 508 is not lysogenic, the transfer of this gemetic
character by phage seems to be excluded.s The mechanism involved

in this tronsfer of genetic charmcter could possibly be conjugation.
Genetic studies carried out by Bhaskaran (1958) with V. cholerae
culminated in the recognition of a conjugation system im which
hybrids could be isolated from 2 mating parents. It was also
demonstrated that in the mating process, a paurent functioned as

gene donor (male) while the other behaved as gene recipient (female)e
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This was determined by a fertility (P) facter. As in Esche coli
and Pgoudomonns eystens, crosses between T x P~ vibrios gave the
highest recombinant yield, P' x P’ crosses were less fertile, snd
P™ x P” crosses were completely sterile. P’ cells appeared to act
as donors and P as yecipients, but linkage between donor markers
was rarely found among reccubinants so that the chromosomal fragments
transferred by donors were probably very small (Bhaskevan, 19603
Bhaskanan and Iyer, 1961)s Although it is therefore probable that
conjugntion eccurred in the present exveriments, it is possible
that transfer of antibiotic resistance by a cytoplasmic resistance
transfer factor (Watanabe, 1963; Anderson, 1965) could be involved,

The transfer of resistance to a asingle antibiotic has been
demonstrated in the present work, but it has not been formally
proved that the donor strain was resistant only to streptomycia
and that the progeny acquired specific resistance to streptomyein
only. Although it is likely that this was so (because the donor
strain was deliberately pre-trained to be streptomycineresistant)
it could be argued that the operation of a cytoplasmic rceistance
tranafer factor hoas not been excludeds

It vas aloo observed that the etreptom cineresistant, non=
lysogenic, phage-sensitive V. cholerme strain 508 was lysogenized
when it was crossed with either the streptomycinegensitive lysogenic
mmratmmflhorﬂ?. It thus appears that the genetic material
from the strevtomycin-sensitive lysogenic Il Tor streins has been
transferred to the streptomycinercsistant, non=lysogenic recipient
Vo echolerme strain 508, The mechanism inveolved in this case may

te phage conversion. It ie tempting to suggest that phageemediated
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transduction was involved, but the evidence so far does not allow
this conclusion because no relisnble markers were available.

Cross experiments with more genetic markers call for the
isolation of biochemical mutante.s Various procedures were
followed extensively in attempta to isclate and characterize such
mutants. There seemed to be very low frequencies of mutation
in the stroins tested and successful results could not be cbtained,
A cystine-requirement marker was developed with 2 strains but this
nodel failed after 2-3 subcultures. The results of the cross
experinents that have been performed suggest that the temperate
phages of the lysogenic Kl Tor strains may take part in the
transfer of ponstic material from donor to recipient struina.
However, unless cross experiments with more genetic markers are
performed this cannot be conasidered provens

The problem of endemicity of choleram in the countries where
the disease is prevalent still awaits solutions A true carrier
atage for this disease has not yet been demonstrated in man and no
extra~human reservedr of infection is known in natures The
probleme of how and where the cholem organism persists during the
inter-gpidemie or quiescent period in an endemic area are unsolved.
Yie do not yet know the complete natural cycle of infection in tids
disesnes

A probable solution of the problen has been sugpested

spreisce Somalie grauwpof
following oboervations of loss ot/\nmlutimmzty of true vibrios
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and aoquisition of apecific somatie group OI agglutinability YWy
HAG vibrios. Iltation of ¥, gholoras into a “non-agglutinable
vilrio”y and back-mutation into the "agglutinable” type haa been
reported by Tomb and uaitra (1927), Drahmachari (1929) and
Shattacharji and Done (1964)s Instances of ouoh loss of agglutinae
bility of true vibrios or acsquisition of ajglutinability by lAC
vidbrios are aiso quoted by rollitmer (1959)e The term "NAG (none
agglutinable) vibrio" in misleading because, although vibries in
this category are not agglutinable by asomatie group UL antisera,
they are certainly agglutvinable by various other sora sush as
flagellar [ antisera.

Various none-pathogenic vibrios have been frequenily isclated
fron surface water sources, from house flies and also occocasionally
from human oases of cholera, both during epidemie and non-epidemic
periodsy, and 1t seens that these vibrios are in cireoulation in the
communitye Bhattacharii and Bone (1964) passaged na,}}.smgonu
vitrios in rabbits and these workera claimed that it was possidble
for NAG vibrios to change to typleal ¥, gholgrae after suscessive
passages, If the oultural habits and environment of a population
brings people into frequent sontact with auch m?juﬁmgmlo vibrios
that are present in nature, it may be that olassical VU, aholerae
could apparently emerge apontanecuslye on the other hand,
where the people have been ablie to put up a barrier botwoen
thenselves and these vibrios as a result of better soolow-economic
conditiona, the nou%.thogon&o vibrios do not get a chance to be
passaged in the human inteatine. lore data are needed before thins

theory can be postulated with any confidences
socordingly, in the present worky the writer has attempted

%o ohange the characters of IAG vibrios by treatment with phage
lysates from lysogenio £l Tor straine in broth containing
varring oconcentrationn
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of anticholern serum, There was no indication of change of
charncters in these NAG vibrios, despite a prolonged and intensive
series of experiments with many strains,

future prospects

This section of the work has been arducus and relatively
cisappeinting in not producing more positive results. lHowever,
various aspects of cholera bacteriophage including genetie
Muﬁwmhnummuum otudieds Useful
expericence has thus been gained in many procedures and some new
facts have emergeds The difficultiecs encountered endorse the
reports of other workers that this £i0ld of research is demanding.
A further period of study with an adequate and contimming supply
of recent isoclates of vibrio strains may bring success,

In view of the current prevalence of V, cholerne and ¥V, eltor
in epidemic outbreaks of cholera, thelr differentiation and
possible inter-relationships are matters of considermble importance
in the study of the epidemiology of the disease. A number of tests
are already reported to distinguish V, cholerne from ¥V, eltor.

Of these the group IV phage sensitivity test is generally preferred
because Vs cholerwe strains are uniforwly sensitive to the phage
in optimal test dilutions while m};ﬁ‘:‘mﬂa‘hﬂto As the
group IV phage sensitivity tect is therefore of importance, studiee
should be carried out to see if group IV phage resistance could
mutate to sensitivity in V. eltor strains, Haemolysin production
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should also be investigated on the mame lines., There is a
poseibility that V. cholerme mnd V. eltor may be mutant forms of
one anothers Iroof of this would have important epidemiological
implicationse

The author's experience and the experiences of other workers
in this fiecld indicate that genetic studies in vibrios should de
pursued sore extensively. Further studies on the role of
tempernte phage in transferring genetic material from donor to
recipient struins and the mechanism of gene transfer in conjugation
in Ve gholerae may reveal clues to many of the questions that are
at present unanswerede
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GUKNNARY OF SEGCGTION

¢

1e The literature on cholerae has been reviewed with particular
refercnce to possible toxic mechanisms. The present kuowledge
regarding endotoxic and exctoxic or exoengymic products of

Ve cholerae has been Sumarized.

Ze Experimental models for research in cholera are described.
e Skinereactive factors produced in in vitro preparations of
Y. cholerae and in vivo in experimental animels have been studied

in detail and the following facts have emerged:
(1) In vitro production of skin toxin from Vs cholerse
has been achieved equally well by culturing in 5 per cent.
Difeco Haetoe-peptone water or in 1 per cent. peptone water.
(41) Sidnereactive factors contained ir wibrio-induced
positive rabbit gut loop fluid (enterotoxin) evcked skin
lesions similar to those produced with the culture filtrates
of Vs cholerse.
(4i4) The production of skin toxin in cultures of the vibrio
strains was first demonstrable after 46 hr incubation and
thereaftor the concentration increased gradually with maxcimal
production at 24 - 48 hr,

(iv) Filtrates of positive loop fluid and Vs cholerae
cultures produced skin lecions characterized by marked

induration and erythema beginmdng 2 to 3 hr after

intracutancous injection and becoming maximal at 10 « 24 hr
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but presisting for 4 = 5 days.

(w) Experiments with intravenous injections of dye at
varying times after the intracutaneous injection of the test
toxic materials in guinea pige showed that filtrates of
positive loop fluid and V, cholerae culture filtrates that
were capable of evoking induration also caused an incrense in
skin capillary perameability., Immediately after injection
of the dye there was a marked increase in permeability of skin
capillaries followed by recovery within 1 hr. During the
next few hours the permeability gradually increased with
maxioum intensity at 18 = 24 hr. Between 24 - 48 hr the
intensity tadedandthol;kinnppaaredtomtumtomamlhy
72 = 96 hre

(vi)  Positive skin lesions similar to those produced by
Ve cholerae were obtained with culture filtrates of ELach. coli,
K Tor vibrios and some NAG vibrios.

(vii) Frectional precipitation of culture filtrates of

V. cholerne with ammonium sulphate produced skin lesions of
varying dismeters.

(viii) Both the induration - evoking factor and the
capillary permeability factor of both skin toxin and enteroe
toxin are equally sensitive to inactivation by heat. They
are stable over a wide range of pli, non-dialyzable, and they
are partially innctivated by exposure to formaldehyde.

They are not inactivated when they are oxidiged by 1{2(’}2 nor
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when they are reduced with thioglycollic acid.

(IX)  The skin reactivity ie not affected on dilution of

the toxin in saline, phosphate-buffered saline, citrate-
phosphate and Tris buffers, or in the presence of calcium ions.
(xX) The toxin retained its full activity after exposure
to trypein and chymotrypsin. It was completely inactivated
by treatment with pancreatin and lipase. Fhosphorylase did
not innctivate or enhance the cutaneous effects of skin toxine
(XI)  The crude toxin preparations possessed gelatinase
activitye.

(XIX) The skin toxin can be adsorbed with activated charcoal
but the adsorbed toxin does not appear to be eluted. This
finding does not exclude other possible reasons for the
partial inactivation of skin toxin following exposure to
charcoale

(XIII) The in vitro prepared skin toxin is actively
haemclytic whereas loop fluid preparations with comparable
cutaneous activity are only weakly haemolytic. The
haemolysin does not therefore appear to be the skine-reactive
factor.

(XIV) ‘The action of the toxins on guinea pig skin is not
inhibited by prior and sustained treatment of the animal with
mepyramine maleate.

(xv) Both of the toxin preparations are non=lethal to mice
and chick embryos and they are also non-toxic to epithelial
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cells in culture,

(XVI) Antitoxic sera prepared against skin toxin

completely neutralize both skin toxin and loop fluid. The
normal sera of rabbits obtained before immunization have no
effect on these toxins. Fotent homclogous antibacterial
serum also had nc effect on the skin-reactive components of
skin toxin or enterotoxin,

(XVII) &kin toxin which produces a skin induration of 14=15 mm
diameter is also capable of producing a positive loop lesion
in a normal rabbit when a 0,5-ml. volume of a dilution up to
1in 4 in saline is injected into a rabbit loop.

(XVIII) &kin toxin or vibrico cell suspension in peptone
saline treated in vitro with either antitoxic or antibacterial
serum did not produce a loop lesion in a non-immunized
rabbit. The untreated skin toxin or the vibrio cell
suspension was also unable to produce any loop lesions in
rabbits immunized with skin toxin.

(XIX) "Anti-toxic" serum was not only capable of
neutralizing skin toxin derived from both homologous and
heterclogous strains but it was alsc capable of agglutinating
both homologous and heterclogous vibrio cells.

(XX) Skin toxin prepared in vitro produced precipitin bands
in agar gel diffusion plates with either homologous or
heterologous antitoxic serum, but no such precipitin bands

were produced by loop fluid. Gel diffusion studies also
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confirmed that the culture medium that is used for production

of skin toxin did not give any precipitin bands with serum

of rabbit immunized with skin toxin. Normal sera of

rabbits obtained before lmmunization with skin toxin did not

produce precipitin bands on an agar gel diffusicn plate

against skin toxin., It is therefore evident that refined

fractionation of the crude toxin preparations is now indicated.
he The above findings are discussed with a view to their further

developuent in cholera research.

SUMMARY of SECTICON II

1« The literature on bacteriophage in general and cholera phage
in particular has been reviewed with special reference to the
uses of phage in the treatment of cholera and in the differe
entiation of V. cholerae from V, eltor and other vibrios.

2 A phage~-sensitive non~lysogenic indicator strain of V., cholerae
and lysogenic strains of El Tor vibrios were isclated after an
extensive survey of many vibrio strains.

3. High-titre phage lysates have been prepared with 9 different
virulent cholera phages and the ultrastructure of these has
been studied with the electron microscope. These investigations
revealed short tulfmmng from 1988-297% attached to tne
head of each of the phages representative of groups I, II and III;

a long tail of 2240% was attached to phage of group IV. The
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cholera phage 326 possessed a long taii-ui.th a contracted
sheath., Some cholera phages were shown to have no tails.
The heads of the phages are variable in size and shape.
A comparative study of procedures for the production of
potent anti-phage antisera in rabbits showed that best
results were obtained by incorporating an adjuvant of mineral
0il and Arlacel A ‘im the cholera phage antigen. Antiphage
sera produced in this way have been used in cholera phage
growth experiments and in studies of the kinetics of phage
neutralization in various phage~antiserum mixtures.
Serological relationships appear to exist between phages of
Mukerjee's groups I, II and III, but phage of group IV is
unrelated to the others.
Work on the characterization of cholera phages has been
confirmed and expanded.
The thermal death point of group I phage was within the range
of 64=71C; group II was inactivated at 68-71°C; group III
at 58-68°C and group IV at 64-68°C.

Both group II and group III phages were stable over a
pi range of 4.5 to 9.5.

Stability tests for group I and group II cholera phages
at 37°C revealed a decrease in plaque titre of 46.6 and 29
per cent. respectively after incubation for 24 hr. The
subsequent decreases in titre for group I phage after 2, 4,
8, 10 and 20 days of incubation were 6h4.4, 88,8, 88,8, 90.?

and 94.4 per cent.



The effects of treatment of group I and group IV cholera
phages with penicillin, streptomycin sulphate and
sulphamezathine showed that penicillin at a concentration of
2500 units/ml. had no effect on group I phage but it
inactivated 29 per cent. of group IV phage. Streptomycin
sulphate at a concentration of SOHQS/hl. reduced the
activities of group I and group IV phages to 10.3 and 11.5
per cent. of their initial concentrations respectively.
Sulphamezathine at a concentration of 83 mg/ml. almost
completely inhibited group IV phage but sulphamezathine

had no effect on group I phage.

Genetic cross experiments with streptomycine-sensitive
lysogenic El1 Tor vibrios and a streptomycineresistant none
lysogenic phage-sensitive strain of V. cholerae yielded
streptomycin-resistant recombinants with the characters of
gl Tor strains. It was initially thought that conjugation
may have been the mechaniam of transfer of genetic material
in these experiments, but it seems  possible  that a
resistance transfer factor has operated,

Recombinants cbtained from crosses between other lysogenic
El Tor vibrios and the non-lysogenic V, cholerae strain may
have been produced by tranaduction , cytoplasmic resistance
transfer mechanism has not been excluded in the present work.
Intensive attempts to change the character of NAG vibrics by

transduction with temperate bacteriophages produced no positive
evidence that this is possible,
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