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studies have been made of: (i) Biological characters of vibrio strains;

(ii) production of a condition resembling natural cholera in experimental

animals, and (iii) methods for testing active and passive protection against

experimental cholera.

On special media vibrios form four modal types of colonies. The cross-

striated form is the commonest. Colony morphology is unstable and seems

related to the arrangement of cells in a colony. Species of allied genera

may form similar colonies.

Cross-ab3orption tests (agglutination and vibriocidal) confirm that both

cholera and El Tor vibrios can be classified into Inaba (AC), Ogawa (AB) and

Hikojima (ABc) serotypes only.

Direct Bacterial haemagglutination is demonstrable with liquid cultures of

most vibrio strains. In agar cultures of recent isolates cholera vibrios

agglutinate fowl red cells only occasionally; SI Tor strains invariably do so.

The haemagglutinin cannot be extracted with saline, ethanol, ether, trypsin or

sodium periodate. It i3 inactivated by disintegration of the vibrios, heating

(50C for five minutes) or formalin treatment. OH antiserum does not inhibit it.

Vibrios have no fimbriae. The somewhat nonspecific haemagglutination is

unrelated to the ability of vibrios to adhere to living intestinal mucosa.

Inoculation of V. cholerae into the duodenum of baby rabbits■produces fatal

diarrhoea without detectable toxaemia or bacteriaemia. Peristalsis drives the

inoculum to the distal ileum where the vibrios adhere to the microvilli and



of blood and lymph capillaries and oedema in mucosa are accompanied by

accumulation of fluid in lumen of bowel. The alkaline serous fluid contains

traces of protein, nearly the same concentrations of sodium and chloride as

plasma and usually a higher concentration of potassium. The columnar epithelium

and goblet cells remain normal. Inflammation is absent. Late in infection

vibrios may be present in the duodenum, bile and spleen.

In ileal "loops" (segments tied at both ends in situ) of adult rabbits

the pathology is similar till pressure necrosis sets in? In cavies some control

loops may give false positive reactions. The condition can be simulated by

chloroform-sterilised bowel fluid from infected baby rabbits and loops. The

enterotoxin is nondialysable, and is inactivated by heat ($GC for 3^ minutes)

and formalin but not by antibacterial rabbit serum. filtrates of cholera vibrio

cultures may also increase the permeability of perfused rat ileum.

TV/o to four doses of V. choleras vaccine and a live V. cltor vaccine

conferred solid protection to vaccinated rabbits and cavies and passively

immunised baby rabbits. formolised vaccine v;as less effective. The immunity

seems mainly antibacterial. The titres of 0 agglutinins and vibriocidins are

unrelated to the degree of protection.

The relevance of these findings to the pathology of natural cholera and

vaccination against it is discussed. Both baby rabbits and adult rabbit loops

may be suitable for studying other bacterial diarrhoeas.
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PREFACE

Although the antiquity of cholera is lost in prehistory,

scientific attention was focussed on it only when it invaded the

Western world early last century. Since 1923 the disease has

again receded into Asia, where also the incidence of notified cases

had been declining steadily until recently in spite of rising

population.

During World War II and immediately after-wards tropical

medicine regained some of the attention it used to receive in the

colonial era and cholera has received its share.

A recent survey (Tropical Health 1962) of 138 tropical regions

comprising a population of 1 ,2Q>|.,501,000 showed that in 1957 the

notified cholera cases (534>106) occupied 11th position in disease

rate, making only 1.2% of 35 tropical diseases; but in mortality

it occupied the second place (534> 101 deaths; 18.l+Ji of deaths from

tropical diseases), accounting for twice and 12 times as many deaths

as malaria and smallpox respectively. Tuberculosis was "captain

of the men of death" killing nearly thrice as many people as

cholera.

Moreover, while sufficient background information was available

to initiate control measures for the more prevalent tropical

diseases immediately after the War, the known measures for cholera

control had already proved inadequate. Both field and laboratory

studies were, therefore, sponsored by international civil and

military bodies as well as by individual laboratories.



(ii)

Cholera research has been hitherto greatly handicapped by the

absence of experimental animals susceptible to enteric infection.

Come of the experimental models introduced during the past 12 years

promise to overcome this difficulty. These models are not new,

but their potential was somehow overlooked: perhaps because they

involve complicated handling of large number of rabbits.

The investigations here reported were begun in 1962 in order to

investigate the suitability of these rabbit models for vaccine assay

It was immediately apparent that sufficient information on the

nature of these experimental systems was not available to enable

intelligent standardisation of technique or interpretation of

results. In fact nothing has been published up to date, except

the work of Sanarelli (1921) and a preliminary communication from

Schafer & Lewis (1 965), that can contribute significantly to the

standardisation and improvement of these models.

Our results show that both are practicable. Not only can one

obtain highly reproducible quantal responses (i.e. infection or no

infection) but under favourable circumstances it may be possible to

grade the response, thereby extracting more information from each

animal. The results also show that when properly handled the

infection in rabbit resembles human cholera as closely as an

artificial infection in one species of mammal could possibly

duplicate the natural infection of another.

The subject is presented in four parts. In Part I the

evolution of the cholera problem till 1962 has been surveyed, the
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scope of our investigations delineated and some working definitions

formulated. The review lays emphasis on trends rather than on

incidents, though due tribute has been paid to some outstanding

contributions in cholera research that played a major role in the

rapid development of medical bacteriology and public health during

the last century.

Parts II and III contain the methods and the results respective¬

ly. The pertinent literature is reviewed in each chapter before

presenting the results. Cross-reference to Parts I and IV are

provided as necessary.

Part IV contains discussion of the individual problems in some

detail. In analysing the relevant literature, emphasis has been

placed on examining facts and hypotheses rather than on piling data.

Cholera research is, however, bedevilled with unverified notions

and impressions. This is no reflection on the workers: as

discussed in different chapters, obtaining precise data on many

aspects of cholera presents special difficulties, some of which seem

unsurmountable at present. The nature of such difficulties are-hi

defined as far as practicable at appropriate places.

In the final chapter the current position is summarised.

Reflections on probable further developments in cholera include the

possible contributions of the experimental models in this direction.

I am indebted to the staff of the Central Medical Library,

Edinburgh, the British Medical Association Library, London and the

Wellcome Historical Medical Library, London for prompt supply of
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literature, and to my colleagues in other laboratories for detailed

replies to my enquiries.

A departmental grant enabled me to join an international

symposium on current cholera research sponsored by the East- est

Center, Hawaii University. I have drawn freely from the Proceed¬

ings of the Cholera Research Symposium, January 24-29,

Honolulu, now available from the Superintendent of Documents, US

Government Printing Office, Washington at /$2.25. It should be

remembered, however, that the papers are often based on pilot

projects or preliminary observations.
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PART I

INTRODUCTION

"If the Past has been an obstacle and a burden,
knowledge of the Past is the safest and surest
emancipation."

Lord Acton«
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CHAPTER 1

GENERAL C OHSIDBRATIQHS

1.1, A working definition

A year after announcing the discovery of the comma bacillus

(Kooh 1883), Koch had to say in replying to his critics: "It would

be too far to inform you all which has been written with regard to

the cholera-bacteria; and I will, therefore, confine myself to the

most important works" (Koch 1886). The output of publications,

many of them contradictory has continued unabated ever since,

attesting the difficulty of investigating this unique disease caused

by a germ that does not seem to penetrate the host tissues and has

never been definitely proved to produce an exotoxin. Fortunately

there have been several comprehensive reviews, those by Macnamara

(1876, 472 pages), Sticker (1912, 592 pages) and Pollitzer (1959,

1019 pages) being most authoritative. This introductory chapter is

concerned with outlining some of the general problems, so that the

more specific aspects dealt with in the later chapters may appear in

their proper perspectives.

Cholera is a confused name, It denoted distinct entities at

different times and plaoes. Hippocrates (oa.400 B.C.) probably

used the word to describe bilious diarrhoea (sticker 1912). Later

European physicians made the diagnosis in many forms of acute

diarrhoeas occurring sporadically or in limited outbreaks (syn:

simple, sporadic, benign cholera,' European cholera; English cholera;

cholera nostras; cholera infantum). Outbreaks of cholera were
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reported in Nimes in 1654* i*1 London in 1669 and 1676 and in Vienna

in 1786; these, as well as the more severe London outbreak of

1679-82 described as cholera by Sydenham, were probably simple

gastroenteritis (.facnamara 1876). In the veterinary field fowl

cholera and hog cholera represent clinical conditions^unrelated to
human cholera.

Asiatic cholera (syn: epidemic, pandemic, malignant, blue or

algid cholera; cholera orientalis; cholera morbus) was first

brought to the attention of Europeans by Portugese seafarers to

India. Macnamara has pointed out that British physicians working

in eastern India did not record the disease till late 19th century,

and the unusually severe Bengal epidemic (1817) was thought to be

a new disease.

The correct definition of cholera is still disputed. The

Shorter Oxford Dictionary (19?6) gives the current meaning as "a

malignant disease (not bilious) endemic in India & occas. epidemic

elsewhere Chicken cholera is said to have been so named

because it had been first noticed during a cholera epidemic. More

recently the British Medical Dictionary (1961) defines cholera as

"a severe infectious epidemic disease due to Vibrio cholerae

characterized clinically by violent purgation, vomiting, and

collapse". Webster's International Dictionary (1961) regards

cholera as "any of several diseases affecting man and domestic

animals usu. marked by severe gastrointestinal symptomsAll

these definitions underrate the mild diarrhoeas due to V. cholerae



(Koch 1893$ included in Asiatic cholera Ty Sticker (1912) and

Pollitzer (1959).

A bacteriological definition is fraught with practical

difficulties of obtaining laboratory confirmation in every case,

apart from the controversy about what is "true" cholera vibrio

(Peleenfeld 1965). The situation is like that of influenza.

Clinicians and epidemiologists regard influenza as an epidemic form

of severe respiratory infection, while virologists prefer to

restrict the term to specific infections, often subclinical, with

a closely related group of viruses -which only passes on the

difficulty to the definition of an influenza virus (Beveridge 1961,

p86).

Meanwhile "cholera." is used in all its varied senses, sometimes

without dear indication of what is meant in the particular context.

In the following discussions it will be used to indicate "diarrhoeas

of varying severity associated with and presumably due to infection

by V. cholerae". Before the discovery of the oholera vibrio, for

some time after its discovery, and in many places even now, cholera

is diagnosed on clinical and epidemiological features alone; so

that the reports include all cases of diarrhoea, almost exclusively

severe, during an epidemic and comprising at least some bacterio-

logically unrelated cases.

1.2. The antiquity of cholera in India

The difficulty of identifying oholera is at once apparent when

one examines the antiquity of the disease in India.



The Hindu system of medioine, Ayurveda, was compiled ca,

500 B.C. in two texts or Samhitas, Sushruta Sarahita, mainly

nosology and surgery; is well preserved and has "been translated into

European languages. Charaka 3amhita, comprising logic, hygiene,

medicine and therapeutics, is less well preserved and no translation

in European languages is known. The following discussions are

based on Sushruta Samhita by Bhishagratna (1963) and Charaka Samhita

by Sarkar (1923),

Both Samhitas describe cholera as Visuchika (literally; needle

disease, because of the cramps) in a convincing way. "Painting,

diarrhoea (loose motions), vomiting, thirst, pain, cramps, vertigo

»,. are symptoms of vishuchika. ssat A patient exhibiting such

symptoms as blackish blue (shyama) colour of the teeth, nails and

lips, diminished consciousness, vomiting, eyes sunk in the sockets,

feeble voice and looseness of the joints, should be regarded as not

returning from journey (to the eternal home)" (Bhishagratna, 19£>3,

P352).

The epidemic nature of the disease is not stated. So

Macnamara (1876) was reluctant to accept vishuchika as cholera.

His suspicion would appear unfounded, because:

(1) Descriptions of slightly later dates succinctly state the

epidemic!ty of vishuchika (sticker 1912).

(2) In Ayurveda an epidemic is merely an aggregate of sporadic

cases, a view that has been revived Ty Moore (1963) to explain

epidemics of El Tor cholera. Explaining how this may happen in
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"men differing in nature, diet, physio, strength, spirit, virtue and

age", Charaka states that "they resemble each other in some

properties; due to the homogeneity of these proper-ties many

maladies with identical symptoms arise simultaneously to destroy

towns" (Sarkar 1923, p266). The resemblance to "epidemic diatheses"

of Hippocratic medicine is obvious.

(3) Charaka also distinguishes Atlsara (simple diarrhoea) from

vishuchika which is tersely described as "a disease characterised by

abdominal oramps, thirst, vomiting, diarrhoea, cough, hoarseness of

voice, dryness of mouth and dyspnoea" (Sarkar 1923, p866).

Susruta ascribes cholera to the imbalance of "Vayu" ^Roxraonesj^
due to heat and humidity of the summer monsoons.

More recently Ahmad Shah of Delhi had to raise the siege of

Mewah (1438) after his troops were decimated by "waba" or cholera.

Vasco da G-ama recorded the disease in the natives and in his own

orew on visiting Calicut in 1497 (not 1490, as stated by Macnam&ra

1892, pi).

The most accurate and detailed descriptions were recorded by

Garcia d'Orta, a Portugese herbalist who fled to Goa to escape the

Inquisition and set up a flourishing medical practice, curing the

Bishop of Malacca of cholera with bezoar stones (Boxer 1964). His

"eoloquios dos simples, e drogas e cousas medioinais da India" is

the first medical text printed in India (1563)» It was extensively

used in Europe (Reddy 1939) but was not known to the English-speaking

world till the publication of a paper by Roddis (1929). At the
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order of the Portugese viceroy a'Orta also made the first autopsy

examination of a cholera victim. In the lengthy description of

cholera, he commentedt "It is more aoute here than in Europe

■because it generally proves fatal in 24 hours" (Boxer 1964). The

distinction between endemic Asiatic cholera and epidemic gastro¬

enteritis was not yet appreciated.

1.3* The Great Pandemics

Almost certainly cholera had been spreading from India for

several centuries into China (and possibly other neighbouring

oountries) along tea and silk oaravan routes. The first westward

spread, however, occurred only in 1821*

A severe epidemic broke out in Bengal in 18i7 and spread to

China the same year,' to Burma, Indonesia and Thailand in 18195 to

Malaya and the Philippines in 1820, and Japan in 1822. A British

expeditionary force sent from India took it to Arabia in 1821.

Within a ffew months it spread to the southern Mediterranean coast,

Zanaibar and East Africa, dying out rather nysteriously in the

severe winter of 1823.

Europe was affected by the second Pandemic (1826-37) in 1829*

Naval vessels returning from the Baltic shipped cholera to England

and Scotland in 1831, only to re-export it to Prance, Belgium and

the Americas by the next year.

Pour more Pandemics scourged Europe in quick succession

(1852-60, 1863-75, 1881-96, 1899-1923)* Isolated pockets of

infection persisted in southern Europe between the Pandemios, so
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that amongst the "big three" cholera became the greatest pre¬

occupation of 19th century Europe, Yellow fever never spread

beyond the Iberian peninsula} plague had been quiescent in Europe

since 1720 after killing more than cholera ever did (Pollitzer 1959,

p48). The memory of Black Death, however, was fresh and it was

hardly overlooked that cholera had arrived throu^i aysterious India

and the Middle East along the same route. Many Londoners considered

cholera to be a more acute form of plague and Snow (1855, p153) has

vividly described the panic:

"Many houses were closed altogether, owing to the death of the

proprietors} and, in a great number of instances the tradesmen who

remained had sent away their families. So that in six days from

the commencement of the outbreak, the most afflicted streets were
by

desertedjmore than three-quarters of their inhabitants." Such
flight of people reduced the mortality in a locality, but dissemin¬

ated the disease widely, and hindered both control measures and

epidemiological studies.

The epidemiology of the Pandemics has been reviewed by

Pollitzer (1959) and analysed by May (1958)* Only their impact

on medical thought is germane to our discussion.

1.4. Cholera and Contagion

In the 19th century there was no dearth of infectious diseases

in the West. Smallpox, typhoid fever, tuberculosis and meningitis

took heavy tolls in the overcrowded unsanitary towns mushrooming

after the First Industrial Revolution. The high mortality and
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unpredictable spread of cholera suffice to explain the concern of

the laity. But there were other considerations that engaged the

attention of statesmen and scientists, catalysing a rapid evolution

in our present concepts of infectious diseases and public health.

The first International Scientific Congress of 1851 assembled under

the threat of the third Pandemic. The first municipal bacteriology

laboratory was opened in New York (1893) to prevent importation of

cholera from Europe.

After the bloodbaths and upheavals of the French and American

revolutions and the Napoleonic Wars, European nations were busily

expanding industries at home and trade abroad, especially eastwards.

Ironically, conditions which promised prosperity also favoured

cholera. Greater involvement in India, new trade routes and faster

transport facilitated the importation of cholera. It afflicted

most severely the seaports, the ships, the industrial and mining

slums, aggravating the shortage of manpower. Overcrowding, lack

of ligJht, filth and lack of clean water - even worse, extensive

systems of unfiltered piped water - provided ideal conditions for

its spread.

The question of quarantine converted opinions into passions.

This institution was basically against the spirit of the time which

demanded liberty of Individual, Science and Trade. Influential

merchants resented it for obstructing trade; social reformers

attacked it for interfering with basic freedoms.
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Since contaglonisto insisted on quarantine and the anticontag-

ionists denied its Justification, the two-centuries old controversy

of scholars now became public concern# The first two Pandemics

gave prominence to anticontagionismj the third one revived con-

tagionism in the work of Sudd (1849) and Snow (1855) in England;

the causative organism was discovered during the fifth Pandemic.

Such rapid reversal of scientific attitudes is best understood by

briefly examining the ideas of the contending schools.

The anticontagionists, led by the "looalists", held that

diseases resulted from the injurious effects of filthy water, stale

air etc. affecting persons of the appropriate diatheses. These

vague notions had the merit of great flexibility, bed by Chadwick

in Britain, Magendie in France, and Lie'big, Pettenkofer and Virchow

in Germany the localists made much improvement in sanitation in

first three-quarters of the 19th century.

That invisible animacules might cause disease had been

speculated since the days of Varro (116-26 B.C.). Microscopy had

revealed the miorobes, But the connection was not seen. Even in

1839 Schdnlein ascribed contagion to miorobes originating from

derangements of humours (Bulloch 1938)* Without a theory of living

pathogens, without concepts of long-distance spread of disease

through food, water and animate carriers, the "oontagionists" were

unable to account for the erratic spread of cholera, nor could they

employ quarantine effectively.
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By 1850 the only Influential scientist pleading contagionism

was Jacob Henle (1840) who taught pathology to Koch at Gbttingen,

The idea of transmission of cholera "by water gained firm support

through the labours of Snow (1855).

1.5* John Snow (1813-58)

The first edition of Snow's work "on the mode of communication

of cholera" (1849) was, in his own words, a slender pamphlet con¬

taining isolated examples suggestive of waterborne infection. His

two important observations were contained in the enlarged second

edition of 1855* The contaminated pump well of Broad Street killed

616 persons in five weeks (over 500 in 10 days alone) during August

and September, 1854* During July to October of the same year

a sixfold difference occurred in the cholera mortality in the south

districts of London amongst houses supplied by the Lambeth Water¬

works (water collected from the Thames above London) and the South-

wark & Vauxhall Company (water collected in London and contaminated

with sewage), The ratio was later confirmed by the extensive

returns of the Registrar General covering the entire duration of

the epidemic. The conclusions, neatly summarised in a supplement

(Snow 1856$ were as followss

"The cholera commences as an affliction of the alimentary

canal, and not with general illnessj there is no evidence of

poisoning of the blood in this disease, except in some cases where

a secondary fever occurs; there is conclusive evidence that cholera

may be consaunioated from person to person, and it follows, therefore,

that the morbid matter which produces the disease is applied to the
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interior of the alimentary canal, where it increasea and multiplies

during the period of so-called incubation, and passes off, during

the attack to oause fresh cases when suitable opportunities occur.

kjik But it must not be supposed that it is mere impurity of an

ordinary kind that causes the disease, for there are innumerable

facts to prove that ordinary impurities have no such effect, and

that it is only when the specific morbid matter gains access to

the water that oholera is propagated. ...The contents of a cesspool

had been percolating for months through the three feet of earth

which separated it from the pump well in Broad Street, but although

hundreds of people were daily drinking the water, ... only a few

cases occurred in the streets near the pump till the end of August".

Snow's book is an epidemiological masterpiece. The available

information was developed in a working hypothesis which was then

verified by personal investigations and by gleaning facts from other

observers. Apparent exceptions were demonstrated to confirm his

views. A widow and her niece who died in unaffected Harapstead

were fond of the Broad Street waterj the inmates of the Poland

Street Workhouse escaped because they had a private wellj the 70

unaffected workers of the local brewery drank only beer. One moral

of Snow's work is that in epidemiological field work detailed

investigations are more important than superficial examination of

large areas (Stamp 1964, p64)#

The book had two inevitable shortcomings. No data were

available for districts supplied by both waterworks, i.e., where
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the risk of exposure was equal* These were furnished in the

supplement (1856) showing the same mortality ratio of 6:1* Secondly,

epidemiological evidence is circumstantial: it is no proof, as is

illustrated by Snow's tentative conclusion that yellow fever and

plague are also waterborne. His claims were, therefore, rejected

easily by committees of the Board of Health and of the Royal College

of Surgeons on the argument that the connection of cholera with

contaminated water was nothing new. The localist John Parkin (1833)
had indeed recommended "filtration of the suspected water through

charcoal, or exposing this gajs to the action of carbonic acid gas,
or some other disinfecting agent" beoause "a noxious matter or

poison being generated in the earth has been diffused in the

different springs. ...Its primary effect is, I apprehend, that of

an irritant acting on the living membrane of the alimentary canal."

Snow, the protagonist of contagion in cholera, was thus not

the first to incriminate water, nor did he use the microscope.

William Budd of Bristol (1849) claimed to have seen a fungus in

cholera stool and contaminated water. He compared the infection to

dysentery as well as to influenza and whooping cough in which the

infections are limited to the lining of the respiratory tract, and

suggested prophylaxis through the use of boiled water for drinking

and through parenteral vaccination. His fungus was, however, an

example of wrong identification, like the earlier claims of Heale

(1831) and Boehme (1838). The descriptions of Hassal in 1854*

Leyden in 1866, Bruberger in 1867 and KLob in 1367 are more
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convincing (pollitzer 1959). There can he little doubt that Pacini

(1854) had seen and correctly described and named the cholera vibrio

in wet mounts of autopsy specimens from cholera cases (Hugh 1964).

1.6# The Bodentheorie of' Pettenkofer (1818-1901 )

Though a German edition of Snow's work was published in 1856,

the influence of his views on Continental workers is hard to assess.

Semmelweis (1861) denied that cholera was a contagius disease in
K

his celebrated paper on puerperal fever, Pasteur and his team

searched for the germ of cholera in air during the 1863-75 pandemic.

Koch developed the idea of waterborne infection independently from

pathologioal studies. The greatest influence in Europe was

Max von Pettenkoferj actor, poet, professor of medical chemistry in

Munich, father of experimental hygiene, founder of the Archive fdr

Hygiene and tire first Institute of Hygiene (Garrison 1929, p658).

His first major work, carried out for the German Imperial

commission on cholera, was published at the same time as Snow's

(1855). The techniques of investigation were remarkably modem.

Apart from epidemiological approaches bearing comparison with Snow's,

analyses were made of soil, water and air# Air was definitely

excluded as a carrier of choleraj water was excluded with more

reservation. The conclusion was that cholera spreads through

human intercourse when conditions are favourable.

The "Bodentheorie" advanced in this monograph was expounded

over the next 30 years in scores of papers from the Munich school

(see reviews by Pettenkofer, 1857, 1869, 1887). It ascribed
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cholera to three factors: X ("der speaifische transportable

Cholerakeim") spread fcy patients and healthy contacts, reacted with

Y, seasonal and soil conditions, to produce 2, the poison of cholera.

The theory is usually classified as anticontagionism. But

there is an important difference: factor Y was not regarded as the

cause of cholera, as the traditional antiooatagionists believed,

hut as a modifying factor. In his 1869 paper Pettenkofer explicitly

mentions the germ of cholera. Buv he held that to explain cholera

as the result of ingesting germ of a particular type was as unhelpful

in practice as to explain the exhalation of carbon dioxide as the

result of inhaling oxygen. What was required was an understanding

of how the cause was linked to the effect. Pursuing this view he

swallowed during 1892, at the age of 74# reoent isolates of virulent

cholera vibrios supplied by the Berliners, after neutralising his

stomach contents with alkali: a procedure recommended fcy Koch as

the most favourable for infection. His students joined in the self-

experiments. He escaped with mild diarrhoea} Kraraerich nearly died

of cholera} Metchnikoff, Perran, Strieker and others remained well.

This was regarded by the Munich group as a proof of their theory.

The brilliance of the disooveries of Pasteur, Koch and their

students, however, so preoccupied the medical profession for the

next six decades with the specific microbial pathogens that

Pettenkofer' s comprehensive theory on the aetiology of infectious

diseases was completely overshadowed. Only recently the development

of chemotherapy, the subsequent emergence of drug-resistance and the
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increasing recognition of the limitations of specific control

measures have begun to turn the tide again towards a growing

attention to the interactions between host, parasite and their

environments.

It is instructive to ponder why the ablest hygieaist and one of

the livliest minds of Europe overlooked the role of water while

a London anaesthetist succeeded with far less resources at his

disposal.

The answer lies in the differences of circumstances: the

prepared mind is not always favoured by chance. Fresh water was

distributed to Munich from numerous Alpine springs through separate

aqueduct systems. Each street had several sources of water.

Munich's population (132,000) was also one-twentieth of London's.

The 'experiment on the grandest scale' by two large competing

waterworks could not occur in Munich. Perhaps the most suggestive

indication was from one street supplied by five springs, where the

mortality in houses supplied by one was about twice the mortality in

those supplied by other springs. In this instance the role of water

was excluded because the suspected spring had the clearest water.

At that time potability was identified with safety.

1.7. The "Co-nmabacillus"

Qy 1880 the works of the general practitioner Davaine, the

army surgeon Villemin and, above all, the biochemist Pasteur had

reduced aaticontagionism to a weak opposition. Koch, 21 years

younger than Pasteur, had established the anthrax bacillus as
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a specific pathogen of mammals in 1876, published on traumatic

infections of man in 1878 and discovered the tubercle bacillus in

1S82» More specifically, observations in military camps converted

the influential army officers to regard cholera as a contagion

(Ackerfcnecht 1948).

As the Pandemic of 1881 swept into Cairo in dune 1882 and into

Alexandria in July, Pasteur urged the Consulting Committee on Publie

Hygiene in Paris to post a French scientific mission to Alexandria,

"Since the last epidemic of 1865", he wrote, "Science has made

great progress on the subject of transmissible diseases,.,. How

the present knowledge demands that attention should be drawn to the

possible existenoe within the blood, or within some organ, of

a micro-organism whose nature and properties would account in all
l

possibility for ail the peculiarities of cholera, both as to the

morbid symptoms and the mode of its spread" (Vallery-Radot 1906,

P378).

ohe end of the year a French Commission under Roux and

a German Commission under Koch were working in Alexandria. The

USA sent Dr. F» Q. Shakespeare to Spain, Italy and India, But the

request of Macnamara to be sent to Agypt was refused by the then

Secretary of State for India (Macnamara 1892, p29).

The vibrio was observed and isolated by Koch from the dejecta

of patients and the intestinal contents of autopsied victims in 188,3,

The findings were confirmed in Calcutta next year (Koch 1884).
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This was a turning point in medical bacteriology (Kleiae 1954)#

Pathogens had hitherto been identified primarily by animal

inoculation, a method which the French Commission pursued in vain

to identify the causative organism of cholera. Koch demonstrated

the potential of in vitro technique. His microscopy was made

accurate by the reoently designed Abbe condenser and 2eiss oil-

immersion objectives his opponent Ceci changed sides after buying

these (Koch 1886). He stained bacteria in tissues by the method of

Welgert, a cousin of Ehrlich. Above all he was the inventor of

the nutrient gelatin plate, and vibrios produce characteristic

colonies on the medium because of their ability to liquefy gelatin

rapidly. It was perhaps fortunate that nutrient agar, though

known, did not become popular till the introduction of petri dishes

in 1887. gelatin adheres better than agar to glass slabs or

plates used at that time,/
The path was laid for the discovery of the bacteria like

salmonellae and shigellas that do not easily infect animals* Koch's

students rushed along the path. Thus arose the historical

paradox that although bacteriology was born in France, nearly all

pathogens were discovered by Germans. The French school, faithful

to laboratory animals, developed immunology. Cholera vaccine

Introduced by Perran (1885) and improved by Haffkine (1892) was the

first bacterial vaccine used in man.

Koch's extravagent claim that the cholera vibrio was demon¬

strable in every case of cholera and never in other diarrhoeas car
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In normal stool was rightly contradicted by many. In 1886 he

replied to some of these, especially the criticisms of the English

Commission sent to India to verify the faots, reiterating his

claims and ascribing contradictions to bad techniques.

There were two weaknesses in Koch's oonoept of the "comma-

bacillus"« The cultural and morphological criteria used by him

were inadequate to differentiate the cholera vibrio from other

vibrios and related organisms (cf. S 2.1)* And he stubbornly

refused to accept the occurrence of healthy carriers, which was

predicted by Pettenkofer in his Bodentheorie. Only after the

winter epidemic in Hamburg (Koch 1893b) did he concede that "among

a number of persons who have been exposed to cholera infection, the

resultant oases may show the whole scale from the severest and

rapidly fatal cases down to the mildest imaginable, demonstrably only

by bacteriological investigation", (Translation ty Winslow 1943)

The oonoept of oholera vibrio being transmitted serially in

healthy carriers was still resisted by the bacteriologists. One

result was the discovery of the El Tor vibrio,

1.6, The El Tor vibrio

The first step towards specific identification of the oholera

vibrio was made by Pfeiffer when he observed that cavles /for
preferring "oavy" to "guineapig" see S. 2.2/ vaccinated with oholera

vibrios will subsequently kill and lyse only oholera vibrios, when

fresh vibrio cultures are inoculated intraperitoaeally (pfeiffer

1895a; Pfeiffer et al.1894, 1896), Metehnikoff (1895) and Bordet
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(1895) showed that the vibriocidal reaction could be performed in

vitro; but this procedure was not utilised for diagnostic purposes

till a quantitative method could be developed (Finkelstein 1962).

Similarly the specificity of the agglutination test (G-ruber &

Durham 1896) remained suspect till the exhaustive cross-absorption

tests by Gardner & Venkatraman (1935J table 1.8.1).

The greatest confusion in the serological identification of the

cholera vibrio rose from the isolation of vibrio strains in the

El Tor quarantine station that were identical with the cholera

vibrios according to biochemical tests and Pfeiffer's reaction, and

yet seemed to be nonpathogenic in man (G-otschlich 1905> 1906).

Autopsy on 107 pilgrims returning from Mecca led to the isolation of

38 vibrio strains. Of these 32 were easily distinguished from

Koch's vibrio. But six resembled typical cholera vibrios. Five

of these were isolated from cases recorded as "enteritis" or

"dysentery" at autopsy, while the sixth death was from a nonenteric

cause. Dr. Ruffer, Gotschlich's predecessor at the El Tor station,

had isolated a similar strain before. The six pilgrims were

Russians and Turks. Gotschlich concluded that they had acquired the

strains in passing through Iraq where an epidemic was reported a few

months ago.

Surprised that cholera vibrio could persist for months without

causing symptoms Kraus & Pribram (1905) re-examined the strains.

Kraus (1903) had already shown that noncholera vibrios will often

lyse goat cells. Now they showed that the El Tor strains produced

a soluble haemolysin, and also a soluble lethal toxin.
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Two extreme views developed. Kraus and his students considered

the haemolytic El Tor vibrio as quite distinct from the cholera

vibrio and, therefore, the antigenic structure of vibrios unimportant

(Buffer 1907). Others regarded the haemolysin production as

a variable property, and the El Tor strains as avirulent variants of

the cholera vibrio. A system of classifying vibrios by phages

(table 1.8.2.) that does not correspond entirely to traditional

classification has in some ways added to the oonfusion.

The status of the El Tor vibrio is still debatable. It is

discussed in more detail later. MGTTliCTD. Table 1.8.3 shows some
IKc

of tests recommended by various authors for distinguishing V.

cholera# from eltor.

Reoent studies

With the subsidence of cholera from Europe research on the

subject became confined largely to workers stationed in Asia. The

investigations made in India between the Wars are recorded in the

monograph of Rogers (1921) and Taylor's Report (1941}• The reviews

of Maokie (1929, p340) and Greig (1929, p38Q) are also largely

based on their experience in India and Egypt. In Dutch East Indies

Moor (1938) identified the choleragenecity of weakly haemolytic

strains of EL Tor vibfi'cs.

Heiberg's paper from Copenhagen (1934) was an important excep¬

tion to the rule. It provided a useful classification of aerobic

vibrios (Table 1.9.1)»
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The global extent of the Second World 3ar and the following

"oold" war have caused a resurgence of interest in tropical diseases;

partly from speedier and increasing transportation to and from

tropical areasj partly from increasing appreciation of the mutual

dependence of technologically advanced and the developing countries

(Stamp 1960), and partly from the presence of greater numbers of

western personnel in the tropics.

Naturally the leading role has been taken by USA, vitally

interested in tropical health (Wright 1962). The series of papers

published since 1944 1(7 the team of Dr. W. Burrows from Chicago

represent^ the most multifaceted investigations in the disease that

have ever been undertaken in one laboratory, illustrating how modern

technique can throw new light on the problem and also create new

shadows. The United States Naval and Army Research tfoit (NAMRU 2)

in Taiwan (Formosa) is engaged in studying the altered physiology of

cholera patients and infected animals. The Thai land - SEATO group

in Bangkok have made interesting contributions on the aetiology of

cholera, while the Pakistan-SEATQ laboratory of Dacca has been

conducting field and laboratory studies on the pathogenesis and

immunology of the disease.

These investigations have provided more accurate data on various

aspects of natural and experimental cholera, to which reference will

be made in appropriate contexts. Nevertheless, they have not

solved the basic problems. Great confusion still remains on such

important aspects as the types of vibrios capable of causing cholera
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(Linderibaum et al.1965); their usual mode of spread (Teng 1965)$
factors determining host susceptibility (Rosenberg et al. 1965)$ the

pathogenesis (Phillips 1965)$ the optimal regime for replacement and

antibiotic therapies (Carpenter et al.196£), and the claimed efficacy

of vaccines (Oseasohn -et a.1. 1965).

The last is probably the most controversial and from practical

standpoint the most important, issue. As summarised by Pollitaer

(1959, p954), "the various authors treating this eub^eot ^parenteral
vaccination/' fall into three groups - namely those who come to the

conclusion that this mode of vaccination is definitely useful for

the prevention and control of oholera, those who express a directly

opposite opinion, and finally a number of writers who while not

denying the value of the method, feel doubtful of its actual

importance in antiepideraic work."

Meanwhile Freter (1962, 1964) and Mukerjee (1964b) have

recommended resort to oral vaccines, originally suggested by Sterran

in 1885 (Thomson et al.1948» p98). Their animal experiments

indicate that oral vaccines confer a definite though transient

immunity, while parenteral vaccines are useless.

A new dimension has been added to the whole cholera problem by

the recognition of El Tor cholera in increasing numbers of countries

(WHO chronicle 1965). By the end of 1964 It has been recorded in

all south-eastern Asiatic countries from Korea to West Pakistan

(fig. 1.9.1). El Tor oholera is clinically and pathologically
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identical with classical cholera, and the cellular antigens of El

Tor vibrios are also identical. The suggestion that current cholera

vaccines should be supplanted or supplemented by SI Tor vaccines

(Beran et al. has to be viewed with reservation till adequate

tests for assaying cholera vaccines are available, especially because

classical cholera also exists in some of the countries suffering

from El Tor vibrio,

Shrivastava (1%1) on the other hand, advocates use of

a Xi cholerae vaccine containing only Inaba strains, because in his

opinion it will give complete cross-protection and the antigen

content will be greater than mixed (inaba & Ogawa) vaccines currently

U3ed.

At present laboratory assay is made in vaccinated mice challenged

intraperitoneally. Protection seems dependent on prevention of

septicaemia. Its relevance to natural infection, in which the

vibrios appear to remain confined to intestinal lumen presumably

beyond the reach of cellular and humoral defence mechanisms of the

host, is far from clear. Moreover, there is usually little agree¬

ment in the relative potencies determined by the method of Sokhey &

Habbu (1950) used in India and the method of Ranta & Dolman (i943)

modified by Pittman & Peeley (1963) used in USA. /For a comparison

of technical details, see Pittman & Feeley (1965). The main

difference is that Americans use one dose of vaccine instead of two •/

In fact the lack of suitable experimental animals has been

a serious handicap to cholera research. Two models seem to
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correspond to natural Infection more closely* the vibrios apparently

stay inside the intestine and cause an outpour of fluid resembling

oholera stool. These models were discovered early, but their

potential utility is being recognised only now.

In 1894 Metchnikoff in Paris and Issaeff & Kolle in Berlin

observed that suckling rabbits would develop diarrhoea if cholera

vibrios were smeared on the dam's teats, fed by gastric tubes,

injected into the ileum or even injected intravenously* The method

has been utilised from time to time for protection tests (Choukevitch

1911, Sanarelli 192|, Jenkin A Rowley 1960, Panse et al.1964,

Mclntyre & Feeley 1964, tteeley 19650. The results have been

contradictory. Unfortunately older rabbits suitable for active

immunisation cannot be infected by this method,

De & Chatterjee. (195?) have rediscovered that vibrios intro¬

duced into short segments of rabbit ileum ligated at both ends in

situ will cause outpouring of fluid into the ileal "loop" within

24 hours. The method, though less natural than infection of baby

rabbits, can be used in young adult rabbits. Jfukerjee (1963^) and

Freter (1964) have published some data which indicate that parenteral

vaccination is useless in this model, although Jenkin & Rowley

(1960) recorded excellent protection.

The rabbit loop technique has also been used by the same

workers*for passive protection studies. Each worker has recorded

essentially similar result in both active and passive protection

tests.
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All these experiments, in both baby rabbits and adult loops,

leave much to be desired. For example only a single strain was used

by each investigator for both vaccination and challenge j the minimm

effective challenge dose in nonimmunised animals was not determined

in any case; the dosage of vaccine and challenge being chosen

arbitrarily. No doubt some of the differences in result arose from

such variations in techniques.

Some of these limitations are of course imposed by the necessity

of making abdominal surgery in rabbits, and rabbits are expensive in

terms of cost and space.
\ajvtl-3K^

Nikonov et al.(l958) demonstrated that internal loops can be

made in cavies as well. Mukerjee (1963$ found the reaction of

cavies similar to that of rabbits in active protection tests.

1.10» The scope of our investigations

Our investigations were begun in 1962 primarily to test the

protectiveness of cholera vaccines or specific antisera in

experimental cholera using both baby rabbits and ileal loops of

rabbits and cavies* Several types of vaoeines have been examined,

fhe challenge doses have been based on the minimum effective doses.

Interval between vaccination and challenge has been varied to allow

for coproantibody (Burrows et al.1947*}» The results in rabbits

and in oavies are compared. It seems from these experiments that

at least some forms of vaccines may be protective on parenteral

administration.

It is evidently desirable to know how closely these models

resemble cholera in man. Unfortunately the pathology of cholera in
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man Is itself uncertain. Most workers, from Pacini (1854) to

Dutt et al.(1964), have concluded that diarrhoea results from

extensive ulceration of the ileal mucosa. On the other hand

several pathologists, from Cohnheim (1889) to Fresh et al. (1964),
consider the observed ulceration to "be postmortem or agonal artefact.

Similarly Kolle 4 Hetsch (1922), Dutta & Habbu (1955) and De (1961,

p94) have described ulceration of ileal mucosa in experimental

animals, while Formal et al„(l96l), Fresh et al.(1964) and Finkel-

stein et al-(l964) failed to detect epithelial desquamation in the

intestine except in the terminal stages of infection.

None of these authors have studies in detail -the dynamios of

infection in the earliest 3tages, which are the most crucial stages

in the host-parasite reaction. The results of some pathological,

bacteriological and biochemical studies are presented.

In order to select strains suitable for vaocine production and

for challengeing animals it is desirable to have markers that

correlate with antigenecity said virulence of the strains. Such

markers were not available till recently. Tests for selection of

vaccine strains have hitherto been restricted to ensuring the purity

of smooth colonies of reoently isolated strains that would infect

cavies intraperitoneally (WHO tech.Hep.Ser. 179, 1959). This is

based on the assumption that all cholera vibrios are virulent, and

other vibrios are not. The El Tor vibrio problem has convincingly

established that this view is no longer tenable.

Husain A Burrows^showed that recently isolated cholera vibrio
strains produced- characteristic striated colonies on special media,
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while older isolates produce several colonial variants. But Lank-

ford (1958) noted that R phase colonies may not be distinguishable

from S phase colonies even when examined on special media by

oblique transmitted light (Henry 1933). No attempt has been made

to examine the stability of these colonial variants or to correlate

morphology with other properties. Our observations indicate that

colonial morphology is a phenotypio character related to arrangement

of vibrios in the colonies.

Barua & ifukj^erjee (1963b) and Pinkelstein & Mukerjee (1963)
claim that El Tor vibrios invariably agglutinate fowl red blood cell^

but cholera vibrios fail to do so when grown on nutrient agar.

Some stock strains of cholera vibrios, however, seem to agglutinate

fowl cells (Moor 1963) and adherence of cholera vibrios to the

intestinal epithelium may be an essential feature of their patho-

genecity (Lankford 1960). Our observations suggest that cholera

vibrios are indeed capable of adhering to the columnar epithelium

of ileal mucosa, but this property is independent of the ability to

agglutinate fowl red cells in vitro.

Burrows et al. (1946$ have recently claimed that cholera and

El Tor vibrios contain 10 heat stable agglutinating antigens in

addition to the three 0 antigens demonstrated by Gardner &

Venkatraman (table 1.3*1). Gallut (1949a) has confirmed these

findings and recommended that vaccine strains should be selected to

include these antigens. But Kauffraann (1950), Singh & Ahu^a

(1950) and Sokhey & Habbu (1950) have failed to find these new

antigens in the same strains. Our limited observations also
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indicate that only three 0 antigens are demonstrable by both

agglutination and the more sensitive vibriocidal tests with cross-

absorbed sera.

Recently some evidence has accumulated that the cholera vibrio

produces an exotoxin acting on intestinal mucosa. But there is no

agreement on the nature of the enterotoxin. The problem will be

discussed later, after presenting the results of experiments in

rabbits. Perfusion of rat ileum in vitro indicated that crude

cholera extracts may also contain a toxic factor. Unfortunately the

claims of Phillips et al. (1965a) that cathartics act on the rabbit

ileal loop like cholera vibrio extracts could not be verified. The

technique, reproduced as closely as practicable in the same

laboratory, proved to lack sufficient precision for excluding chance

variations simulating the effects of the drugs.

There are special operational difficulties in handling vibrios.

In the first place the definition of the genus is not universally

agreed (Ley 196if). Clinical bacteriologists usually diagnose an

isolate as Vibrio sp. if it produces typical colonies on alkaline

media (pH 9)J is a curved gram-negative bacillus; liquefies gelatin,

and in the case of cholera vibrios belongs to Heiberg G-roup I and

agglutinates with specific antiserum (Cruickshank 1965). None of

these tests will differentiate vibrios from related genera (Sakazaki

et al. 1965)* The tests recommended in taxonomic manuals (Breed et

al. 1957, Skerman 1959) are seldom used. Although Davis & Park

(1962) demonstrated that a large proportion of non-cholera vibrios in
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some type-culture collections belong?to the genera Comamonas

(Lophomonas). Aeromonqs and Pseudomonas, members of these genera

continue to be diagnosed as HAG-s (Mclntyre & Fee ley 1965).

Secondly, vibrios lose virulence rapidly, sometimes after 10

days on an agar slope left at room temperature ("right & Bruce 1893)

or in a few months when freezedried (Burrows et al. 1947a). /There
is in fact little unequivocal evidence that freezedried bacteria

remain stable in virulence and genetic characters (Martin 19&t-J/•
As will be apparent in Part IV results from laboratories working

with a large number of vibrio strains have not infrequently been less

reproducible than those from more modest undertakings. And in some

cases the discrepancies have been definitely shown to have resulted

from failure to reckon with the above difficulties.

Moreover, generalisations based on careful examination of

numerous strains isolated from limited geographic areas, sometimes

from one epidemic or a few successive epidemics, have been discredited

by laboratories in other regions. The traditional haemolysis test

for distinguishing cholera and El Tor vibrios is an example.

Working with limited resources we have tried to take a middle

way by using a manageable number of strains isolated in various

countries at different times (table 3»3»1)« Each strain was

screened on receipt (S. 3*3) and then freezedried. The regenerated

cultures were discarded after a few days. The purity and antigenic

smoothness of cultures were checked constantly.
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These, together with the multiplicity of investigations and the

necessity to depend on time-consuming experimental procedures in

rabbits, have limited the number of replicate observations in each

type of experiment. It was inevitable. No apology is offered

except that a limited number of experiments designed on existing

information, carefully executed, closely observed and objectively

analysed may yield more Information suitable for further advances in

the indicated directions than a large volume of wantonly gathered

data. History has amply justified the lamentations of Koch (1893&)

that definite advances in cholera research are hindered considerably

by the contradictory discoveries of hasty enthusiasts.
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Table1.8.1

Serologicalclassification(Gardner&Venkatraraan1935)for"choleragroup,"i.e.aerobicvibrios
thatfermentsugarswithoutgasproduction.ThetermElTorvibriosisnowadaysrestrictedtovibrios of0subgroupI;allvibriosotherthansubgroupIarelumpedtogetherasNonagglutinable(NAG),being classifiedaccordingtoHeiberggroups(Table1.9.1). Choleragroupofvibrios,Sphase (biochemicallysimilar.CommonHantigen)

Jroui

0subgroupI I

nonhaemolytic(goat/sheepf^Bfi) choleravibrios

1 haemolytic
ElTorvibrios

0subgroupsII-VIIndividualraces, mostlyhaemolytic.Paracholera, cholera-likeandsomeElTorvibrios.
Types:

(0antigens:Nobechi(1933) White(1937) Burrowsetal(1946$
Original(Inaba), AX AX

AC

variant(Ogawa), BCX BX AB

middle(ilikojiraa) ABX A3X ABC)



Table 1.8.2,

Classification of vibrios by their resistance to lytic

V. choleras phages. All cholera vibrios are susceptible to

Group IV phages. (modified from Mukerjee 1965).

VIBRIO

I 1
S phase R phase

(resistant to Group II phages)

agglutinable
•with cholera

0-1 antiserum

1
inagglutinable

with 0-1 antiserum;
NAG vibrios

(Resistant to Group II phage)

I
sensitive to

Group IV
phages

V. cholerae
(4 phage
types)

resistant to
Group IV

phages
V. eltor, including nonhaemolytic strains
(Resistant also to Group II phages;

type of strains unstable)
phage-



Table 1.8.3

Differentiation of cholera and Si Tor vibrios. In several respects the
El Tor vibrio resembles HAG vibrios. Phage and polymyxin sensitivities are
highly reliable; haemolysis is less so: A practical classification of
"agglutinable" vibrios depending on these three characters has been described
by Feeley (1965$.

Author Test V. cholerae V. eltor NAG

Greig (1914) haemolysis of goat cells by
liquid culture.

- + + (v)

Kovacs (I927) clearing of heated blood agar
in 24 hours, aerobic.

+ - V

Botman (1936) phenolised broth culture
intraperitoneally in white
rats.

death

Linton (1936) type of protein by optical
activity in polarised light.

I II II

GroJSmann (1937) pH of 72 hour culture in F*V
with 2," glucose or mannitol.

<8.3 >8.3

Taylor et al.(1937) VP by Barrit's method. - + V

Moor (1938) lysis of sheep blood in agar
plates (anaerobic).

- +

Gispen (1939) specific agglutination of
vibrio suspension heated
60° C„ 3 hr.

+

Meyer (1939) specific agglutination of
suspension in 2,1 chloroform.

- +

Tanamal (1948) soda-serum test : agglutin¬
ation with antiserum dil¬
uted in 0.2, Na^OjpiIgO
soda-sublimate test : vibrio
suspension + a few drops
0*5% HaH C07. equal volume
0.5/c HgCTj 15 rain, later -
cfeetmping.

+

+

Mukerjee (1961) lysis by cholera phage IV. + - -

Wahba (1962) suspension boiled 15 min. -
a few drops 0.259■ CuSO^.
Agglutination in 5 min,.

+

Finkelstein &

Mukerjee (1963)
Agglutination of fowl RBC
by agar growth.

— + + (V)

Gan & T^ia (1963) Inhibition by 0*$fi> trypsin
(pH 7) and Polymyxin B disk
(50 units.)

+

V = variable



Table1.9.1 HEIBSRG*SGROUPS
Distributionof379vibriostrains(Heiberg1934)

Group

Sucrose

Arabinase

Mannose

Cholerared
Agglutinable
NAG

Rstate

Total

I

A

-

A

277

239

27

13

279

II

A

-

-

77

1

76

0

77

III

A

A

A

0

0

12

1

13

17

A

A

-

0

0

3

0

3

V

«•»

-

A

0

0

2

0

2

VI

-

-

mm*

0

0

5

0

5

Total

354

240

125

14

379

A=Acid



ii;,.1.3.1.LIiorCholerabeforeand.since1960.Theopen—facesignsrepresenttheincompletelydocumentedepidemics:in1943inE&ypt(VanDooren1943),in1945inLucknow(Mukkerji1955)andin1943inMalaya(Mancharan1964).
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GHAPTKfi 2.

DEFINITIONS A ABBREVIATIONS

The following definitions are chosen for their suitability in

the oontext of experimental cholera. These definitions are not

necessarily the most useful ones when describing other infections.

2.1» Vibrio & Vibriosis.

A. VIBRIO. The genus Is difficult to define, and has now

been shifted to the new Order Pseudomonales from Eubaeteriales

(Breed et al.1957)* It appears to comprise -of at least four groups

of organisms deserving generic status (Ley 1964)«

This study excluded anaerobic vibrios. A strain was accepted

as vibrio on satisfying the following criteria: (1) Gram negative

rod, usually ourvedj (2) highly motilej (3) single polar flagellumj

(4) grew freely at pH 9.0 in peptone water and on nutrient agar,

producing translucent greenish colonies 2-3 nan in diameter in 18-20

hours at 37°Cj (5) Oxidase positive} (6) fermented glucose without

producing gas} (7) did not ferment dulcite; (8) did not attack

cellulose} (9) reduced tellurite, and (10) liquefied gelatin.

B. VIBRIO CHQLERAE. A vibrio that (1) fermented sucrose and

mannose, but not arabinose (Heiberg 1934). (2) Agglutinated in

slide test with Group 0-1 antiserum (Gardner & Venkatraman 1935)J

(3) did not lyse sheep red blood oells in liquid cultures; and (4)
were lysed hy Group IV cholera phages at Routine Test Dilution

(Muber^ee 1961),

c# VIBRIO ELTOR;. A vibrio resembling oholera vibrio, but (1)

resistant to Group IV cholera phage; and (2) not inhibited by
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polymyxin B (Gan & T^la 1963). The El Tor strains were classified

as haemolytic and non-haemolytic according to their effect on sheep

blood.

D, NONAGGWJTENABLE VIBRIO (HA®). A vibrio, not agglutinating

with Group O-I antiserum. The group included some that resembled

cholera and El Tor vibrio in biochemical properties* All were

classified according to Beiberg's sugar reaction (table 1.9*1).

All were resistant to Group IV cholera phage,

E. S, SB and R states: A vibrio was considered to be in the

R state (phase) when it: (1) agglutinated spontaneously in 0,9/5

saline; (2) was Millon positive (Asheshov et al.l933)j and (3) was

completely inhibited by serum complement in the absence of specific

antibody (Ahu^a 1952), In the absence of above features a strain

was considered to be in the S phase* In SB state a strain had the

properties of B state but (1) agglutinated with group 0-1 serum

when suspended in 0,2^5 saline, and (2) was not completely inhibited

by complement.

The descriptions smooth, rough and rugose are reserved for

gross appearance of colonies.

P. VIBRIOSIS* Infection with vibrio, "Alimentary vibriosis"

includes cholera and asymptomatic colonisation of the alimentary

tract,

G» CHOLERA. Diarrhoea in man caused by V, cholerae infection.

El Tor cholera is diarrhoea due to V, eltor infection, In experi¬

mental infection (CBOLBRAISATIGN) of animals, cholera denotes

V, cholera*, 'ufeotion limited to the alimentary tract and its
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appendages, associated with diarrhoea or accumulation of wateiy

fluid in the intestines, and without noticeable toxaemia*

H# CHOLEROIO DIARRHOEA. The passage of watery stool without

infection with V, oholerae and V, eltor.

2.2* Experimental animals.

A* The tern cavy is given preference to guinea-pigs (Cavia

poroellus) as recommended by Lane-Peter & Porter (1963, p288)*

B. FAMILY. A breeding group descended from a single pair of

parents (Short & Woodnot 1963)#

C« CLOSED COLONY* A colony not recruiting from outside.

D* COMMERCIAL GRADE ANIMALS. Animals of undetermined quality,

not always conforming to accepted minimum standards*

In accordance with current veterinary trends organs of rabbits

have been described by terms from human anatomy* Ileum refers to

the entire length of small intestine except the duodenum.

2«3» Water & Electrolyte metabolism.

A. ACTIVE TRANSPORT. The movement of a solute against con¬

centration gradient across a living membrane j there is a

simultaneous diffusion of other solutes in the opposite direction,

or a building up of an -saotio gradient (Elkinton & Danowski 1955)#
B. PASSIVE TRANSPORT comprises diffusion, osmosis and mass

movement of fluid from hydrostatic pressure gradients.

C* FLUX is the rate of unidirectional movement of an ion or

molecule of solute (or solvent) between two phases. If there is

simultaneous movements in opposite directions, the "net flux" is

the algebraic sum of the two fluxes.
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D, TURNOVER is the arithmetic sum of fluxes in opposite

directions. For example if the fluxes in opposite directions are

equal, the net flux is zero, but turnover is double the individual

fluxes*

E. The terms ABSORPTION and SECRETION ore used to denote

movement of solute or solvent from the intestinal lumen to extra¬

cellular fluid and vice versa respectively, irrespective of whether

the transfer is active or passive*

DIALYSATE refers to the non-diffusible portion of a solution;

the diffusible part is referred as DIEFUSATE. ^/§ome Amerioan

papers on cholera describe the diffusible solution as dialysate,

and the non-diffusible part as dialysancu7



PART II

MATERIALS AND METHODS

*\

Experimenters should remember that they and their
colleagues usually know more about the kind of material
they are dealing with ... and that a more complex, or
less intelligible, test is not likely to serve their
purpose better, in any sense, than those of proved value
in their own subject."

Sir Ronald Fisher
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CHAPTER 3.

EXPERIMENTS IN VITRO

3.1* Measurements and units.

Throughout the following chapters the metric system of units

has been used, the data of other authors being converted to it when

necessary.

Percentage concentration of solutions are expressed as volume/

volume for two liquids and as weight/volume for solids in liquids.

Volumetric glasswares were of Grade B of British Standards

(Pregl 1951). The 0.1 ml pipettes were graduated "to deliver"j

1, 2, 5 and 10 ml pipettes were "to contain". Since all infective

material was pipetted with a rubber teat an instrumental error, less

than 0.02 ml, was involved in measuring volumes greater than 0.1 ml.

Lqrenz (1962) has shown that the overall error in pipetting microbial

suspensions can be kept below 2/ if the volume measured is at least

half the capacity of the pipette. The pipettes were chosen

accordingly. A 1 ml Turner automatic pipette (graduated in 0,1 ml)

was employed for serial doubling dilutions.

Approximate weight was determined in a spring or pan balance*

Accurate weight was determined by the direct method in an Qertling

single-pan Release-?-Matic balance with a sensitivity of 0.2 mg per

vernier division.

Materials were stored at room temperature (18-22C), in a cold

room (6-1OC) or in deep freeze (-20C). Incubation at 35-37C was

carried on in a thermostatically controlled water bath for periods

up to four hours and in an ineubator for longer periods. A con-
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trolled water "bath was also employed for heating to 56c and 65C.

Other temperatures were obtained by manual control of baths heated

over a Bunsen flame or chilled with ice. Rapid cooling was achieved

in a bath of acetone and solid carbon dioxide (-79Cj,

"Overnight" refers to a period of 14-18 hours. The pH of

infective fluids was determined with BDH wide-range (pH 2-10) and

narrow range (pH 7*0-8.5) indicator papers. The pH of other fluids

were determined with a Beokraan electric meter fitted with automatic

temperature compensator and calibrated before use with commercial

standard buffer solutions.

Statistical symbols end computations are according to Snedecor

(1956)* The exact probability (Pe) of 2 x 2 contingency tables

was determined according to Usher (1958). The degree of

statistical significance is indicated by one asterisk (P = 0.05 -

0.01) or two asterisks (P < 0.01) after the datum. As a rule

measurement data have been expressed as mean ± Standard error of

mean ( xi sg), quantal responses as number of positive reaction/''
number of Experiments (f/n).

3.2. Suspending fluids and Culture media.

A. DISTILLED WATER t Usually tap water distilled onoe in

a metal still was used. For special purposes, the distilled water

was redistilled in a glass still. In both eases the pH was 5-6 at

room temperature,

B. NORMAL SALINE (NS)j Analar grade sodium chloride 0,85 0®

dissolved in 100 ml distilled water; pH 5-6.
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C. HiQSHUTE BUFFERED SALINE (PBS): was prepared according

to Cruickshank (19&3)* The pH was 7*0-7*2.

I). PEPTONE WATER (PW): QK«id Bacteriological Peptone was

reconstituted in tap water according to manufacturers directions.

E. ALKALINE PEPTONE WATER (APW)j After sterilisation the pH

of peptone water was adjusted to 8.8-9,2 with -efciSdr deci-normal

NaOH. The amount of alkali required was estimated by tritrating

5 ml of FW in a Lovibond comparator with phenolphthalein indicator#

P. NUTRIENT BROTH (NB); Gxoid Broth no. 2 was used,

G. HEART INFUSION BROTH (HIB)i the powdered medium of Difco

was reconstituted as directed on the bottle. This medium is

buffered at pH 7*4-7*6*

H. PEPTONE SALINE (PS): 10 ml of PW was added to 100 ml of

NS; pH 7*0-7.2*

I. NUTRIENT AGAR (NA): Nutrient broth was solidified with

1 *5?' granular New Zealand agar} pH adjusted to 8,0-8*4*

J. GELATIN^TELLURITE-TAUROGHOLATE AGAR (TTfc\)s It was

prepared as described by Monsur (1961), tellurite being added to

a concentration of 1:20,000 and pH adjusted to 8.4-8*6.

K* 2-1 MEDIUM (Lankford 1958)s 1.5 gm agar was added to

100 ml broth* The pH was adjusted to 8*2 and the medium autoclaved

at 121C for 15 minutes. While still hot, 10 ml of 10^ glucose

and 2 ml glycerol (sterilised separately by autoclaving for 10 min¬

utes at 115C) were added*

L. THIONIN-GLYCEROL AGAR (TQA)t was prepared according to
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Husain 4 Burrows (1956)* The final thionin concentration was

0.5 mg per 100 ml; pH 8.0-8.2.

M. PREEZEDETIMG MIXTURE: Commercial horse serum one part

mixed with one part of 3Q£> sucrose in broth, each component having

been separately sterilised by membrane filtration.

3.5. The vibrio strains.

The strains were received from field laboratories and type-

culture collections (Table 3.3.1)» They were reoeived freeze-

dried but enquiries revealed that most of them had been maintained

by serial culture on agar slopes covered with liquid paraffin before

being freezedried.

On receipt the contents of each ampoule were rehydrated with

0.2 ml broth, streaked on a NA plate and incubated overnight.

Portions of 8-10 smooth colonies were spread uniformly on another

plate and also inoculated in a peptone water tube. The PS? tube

was incubated 3-4 hours and used as inoculum for characterising

the strain (see below). The plate was incubated overnight. The

growth was suspended in 2 ml of freezedrying mixture. About 0.1 ml

of the suspension was introduced in each of 20-30 ampoules of 6 mm

internal diameter, which were then processed for 18-20 hours in

Edwards centrifugal freezedrier by Greaves method (Cruicksh&nk 1965).
The ampoules, sealed in vacuo, were kept in the dark at room

temperature for two days. One ampoule was then opened and the

rehydrated contents streaked on a NA plate. If growth after

overnight incubation was heavy, the remaining ampoules were stored

in the cold roan.
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The strains were characterised as follows:

1. COLONY MORPHOLOGY was studied by oblique illumination

(q*v.) of cultures on 2-1 medium.

2. MOTILITY was noted in hanging drop preparations of 3 hour

peptone water culture.

3. FLAGELLAR distribution was studied in metal-shadowed grids

of 3 hour W culture examined with an electron microscope (qfv.).
4. SUGAR FERMENTATION was tested in peptone-sugar tubes

(Cruicfcshank 1965).

5. FERMENTATION of glucose was distinguished from oxidation

"tor Hugh & Leifson method (Skerman 1959) using an Escherichia coli

and a nonchromogenic Pseudomonas sp, as controls.

6. LYSIS OF CELLULOSE was excluded (cf. Cellovihrio) by

incubating FW culture containing a strip of Whatman no, 1 filter

paper for 14 days (Skerraan 1959),

7. REDUCTION OF TELLURITE was indicated by black coloration

of colonies on TTGA after 48 hours' incubation.

8. OXIDASE TEST was performed by flooding overnight agar

cultures with tetramethyl-p-phenylenediamine and draining off

the excess. Vibrio colonies developed a purple colour, usually

pale, persisting for at least 20 minutes (Kovacs 1963).

9. LIQUEFACTION OF GELATIN was tested according to Minor & Pi^chaud

(1963).

10. The technique of Feeley & Pittman. (1963) was used to test

for the production of haeaolysin (lysis of sheep blood).
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11. CHOLERA RED REACTION: five drops of concentrated sulphuric

acid were added to a tube of overnight FW culture. The reaction

was considered positive if a pink colour developed within 15 minutes.

12. VOGES-PROSKAUER REACTION (VP): Barritt's method (1936)

was employed on cultures incubated for two days at 37C. The result

was scored as strongly positive (2+) if a distinct pink colour

developed in 20 minutes and as weakly positive (1+) when the colour

developed within 40 minutes.

15. MILLON-NASSE REACTION: The overnight growth on an agar

slope was washed thrice in NS and suspended in 5 of distilled

water. Nasse's modification of Millon reaction, which is less

affected by salt in the suspending medium, was performed as described

by Hawk et al. (1954)*

14. AGGLUTINATION OF FOWL RED CELLS was determined by slide

agglutination with overnight agar cultures, as described later.

15. SLIDE AGGLUTINATION with antiserum (inaba & Ogawa) was

performed as described later.

16. POLYMYXIN B SENSITIVITY: One drop of a three hour FW

culture was added to 1 ml of FW containing 20 units of polymyxin B

sulphate (Burroughs & Wellcome Ltd.). The strain was considered

sensitive if there was no turbidity after overnight incubation.

In pilot experiments with five strains each of cholera and El

Tor vibrios, all the strains grew freely on NA containing 10 units

polymyxin per ml (Power & Finkelstein 1964)* and also around a strip
of filter paper soaked in saline containing 50 units of the antibiotic
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per ml (&an & Tjia 1%3). tube method gave consistent

differentiation between the cholera and El Tor strains. NAG- vibrios

varied in their sensitivity (table 3-3-1 )»

17- PHAGE SUSCEPTIBILITY: Group IV cholera phage and the

indicator strain V. cholerae 134 were obtained from the WHO Intei--

national Reference Centre in Calcutta. The lysis of strains at

the Routine Test Dilution of the phage was determined by the method

of Mukerjee (1961).

Four of the V^ cholerae strains deserve special mention. They

were used for vaccine and challenge in most experiments. Strain

12r was isolated from a patient in East Pakistan by Dr. J.C. Feeley

and freezedried after passage through a suckling rabbit (Maclntyre

& Feeley 1964)- Strain 834. also isolated in East Pakistan at the

SEATO Cholera Research Laboratories and immediately freezedried,

was passaged after receipt through a rabbit loop before being stored.

It agglutinated fowl cells strongly. Strain 369B, already passaged

through suckling rabbits (Dutta & Habbu 1955)» was received from the

Haffkine Institute, Bombay. Its antecedents are not recorded at

the Institute, but it may well be the same 5&9B recorded by

Shrivastava & White (1947) as having been isolated from a cholera

case in 1943 at the Calcutta School of Tropical Medicine. It also

agglutinated chicken red cells when received. Strain 7270 is of

unknown origin. Its peculiarities are the formation of minute

colonies (1-2 mm in diameter in 24 hours at 37C), absence of

flagellum, a strong VP reaction and agglutination of fowl red blood

cells.
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3.4. Miscellaneous bacteria

The Comamonas, nonchroraogenio Pseudomonas and Aohroattobaoter

strains described "by Davis & Park (1962) were obtained from the

National Collection of Type Cultures and the National Collection of

Industrial Bacteria.

Escherichia coli 65/56 (antigenic structure 0 26, B 6 H -) was

sent by Dr. Joan Taylor, Central Public Health Laboratory, London.

It had been isolated from a diarrhoeaic child and used for infecting

rabbit loops.

A Chromobacterium prodigiosan and a Salmonella typhi (Cole

strain) strain had been maintained in this laboratory for some time.

Sal, paratyphi B M10181 had been isolated in this laboratory in 1965

from the faeces of an enteric fever patient.

Salmonella typhirnurium 6351» a noamotile and nonfimbriate

strain, was used within two months of passaging through mouse.

^11 the strains were maintained at room temperature on Dorset

egg medium in screwcapped bottles.

3.5. International Reference Opacity Standard

The stock solution of 20 international opacity units (Maal/e

1955) -ware- obtained from the State Serum Institute, Denmark, A

series of dilutions corresponding to 1, 2, 4> 5, 6, 8 and 10 i.u.
Cto

were made in distilled water, and 5 ml of each dilution was sealed

in test tubes of 10 mm internal diameter. The tubes had been

matched in the EEL portable colorimeter.
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Agar cultures were suspended in P3 in matched test tubes and

compared visually in the oblique transmitted light of a 60$ bulb in

an Anglepoise table lamp.

Table 3*5-1 shows the total and colony counts, dry weights and

nitrogen contents of several vibrio suspensions corresponding to

5 i.u. opacity. Turbidity correlates closely with dry weight but

poorly with colony count (Maal/e 1955}«

For practical purposes each millilitre of vibrio suspension of
9 8

5 i.u. was assumed to contain 10 cells or 5 x 10 viable oells.

This agrees with recent data of Joo*'et al.(l964).

The actual colony count was determined in each sample when the

count was important, In practice the count varied from half to

double the value expected from the opacity.

3.6. Bacterial Counts

A. TOTAL COUNT: A vibrio suspension of 5 i.u. opacity was

diluted 1 :10 in formol saline, and counted in a Helber chamber

with a negative phase contrast microscope (320x) fitted with a pale

green filter, The bacteria in all 20 snail squares (each

1/20,000 oas&j of a row were counted, every fifth row being included

in the count. Thus a total of about 400 oells were counted.

The small size and excessive Brownian movement of vibrios

made counting difficult. The chamber was filled twice. bach

filling was counted twice proceeding in opposite directions. The

total count in eaoh raillilitre of the original suspension was

calculated from the mean of the four counts.
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B. COLONY COUNTS:

(1) Drop plates (Miles & Misra 1938). A series of 10-fold

dilutions (suspension 0.5 ml + PS 4.5 ml) were made in screwcapped

Bottles. Five drops of eaoh dilution were distributed on at least

three well-dried NA plates. The plates were tilted gently to make

the drops spread without running into each other* They were dried

on the bench and then incubated overnight. The number of colony-

forming units (CPU) in 1 ml of vibrio suspension was calculated from

the five drops (0.1 ml) of the lowest dilution that yielded non¬

confluent colonies. By limiting the period of incubation to 12-14

hours it was possible to count up to 40 colonies in each drop.

The same 50-dropper was used for each series of dilutions,

starting from the high-, st dilution. The droppers were made as

required from Pasteur pipettes cut to Morse gauge 57 (Fildes A

Smart 1926).

Counting colonies. The lid of the petri dish was removed and

the bottom inverted on a black surface. An Anglepoise table lamp

was adjusted to illuminate the plate from one side at an angle of

20-30°, so that the colonies stood out against the dark background:

even overlapping colonies were easily discerned. A mark was made

on the undersurface of the plate over each colony as the count was

recorded with a hand tally counter. Finally the plate was examined

against the light to ensure that all colonies had been marked for.

The main difficulty arose from the not infrequent multiplication

of vibrios even at room temperature before the drops dried, as was

evident from comparing the plates of a series.
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(2) Spread plates* A serial dilution was prepared as above.

With a graduated pipette 0.1 ml of each dilution was delivered on

each of two NA plates and spread with the bent shank (ca 2 cm) of

a sealed Pasteur pipette till the water soaked into the medium.

The same pipette and spreader were used for a series, beginning with

the highest dilution.

After incubation for 12-14 hours up to 500 colonies could be

counted without difficulty from confluence of the relatively large

colonies.

Unless otherwise stated, colony counts were made by this

method. Precision of counts by different methods varies between

individuals and from day to day. The data of Table 3.6.1 suggeste-

that in our hands spread plate was quite reproducible, Drop plating

was more variable, apparently from shifts in the rate of dropping:

there is no evidence of variation due to 50- droppers. It also

seems unlikely that doubling the number of drops would have increased

precision. In any case glass droppers are never accurate (Pildes &

Smart 1926). The spread plate tended to underestimate the viable

count, compared to pour plates (Table 3,6*2)•

3.7. Determination of dry weight

A saline suspension of 5 i.u. opacity was washed thrice by

adding 20 volumes of N3 and by centrifuging for one hour each time

at 6000 g at 45. It was resuspended in No to original volume.

3 ml aliquots were placed in each of 2-3 petri dishes of known

weight, dried for two hours over a boiling water bath and then over¬

night in an oven (110C). Aliquots of N3 were treated similarly as
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controls. The dishes were cooled to room temperature over

inside a dessicator and weighed. The weight of a millilitre of

vibrio suspension was calculated from the average of 2-3 replicates

by subtracting the weight of dried saline from the weight of the

dried suspension.

3.8. Estimation of nitrogen content

A vibrio suspension was washed as above. The nitrogen content

was determined from duplicate estimations by the Kjeldalhl

distillation method (King & ffootton 1959).

3.9. Estimation of protein and electrolytes

Specimens were collected in screwcapped bijou bottles that had

been rinsed in deionised water and dried.

Heart blood was allowed to clot at room temperature, and kept

in the cold room overnight. The serum was separated by centri-

fugation. Bowel fluids were sterilised by adding one drop of

chloroform to every millilitre of fluid and keeping the mixture on

the bench for 20-30 minutes. It was then centrifuged for one hour

at 2000 g at roan temperature. A loopful was streaked on a NA

plate in order to check sterility.

Protein concentration of bowel fluid was determined by the

sulphosalicylic acid precipitation method for urine, while ^a/ and

/~KJ in both plasma and bowel fluid were estimated in an EEL flame

photometer by interpolation between a series of standard solutions

(King & Wootton 1959). £Gl7 was determined by Van Slyke's silver

nitrate titration method (Varley 1954).
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3.10. Microscopy

A. LIGHT MICROSCOPY. Illumination was from a 6V 15'f high-

intensity microscope lamp fitted with oondenser and iris diaphragm.

For critical work like searching for "bacteria in stained tissue

sections, Kohler's illumination in combination with ft'atson aplanatic

condenser (maximum effective numerical aperture 1.0) and Zeiss

apochromatic objectives and compensating eyepieces was used, the

resolution being checked by focussing on the surface markings of

a'diatom (pleutosigaa).

B. DARKGROUND MICROSCOPY: Low (lOQx) and high (40Qx) power

darkground microscopy was set up by placing central stops in the

substage filter holder of a Tfatson aplanatic condenser. Contact

between condenser and slide was established through a drop of water

placed on the condenser.

Oil immersion examination was made with a special dark ground

condenser, contaot with slide being established through a drop of oil,

C. COLONY MORPHOLOGY: A loopful of agar or broth culture was

spread on a corner of a TGA and a 2-1 medium plates, and streaked

with glass rods whose tips had been rounded and smoothed in Bunsen

flame (Bisset 1938). TGA plates were incubated for 18-20 hours,

2-1 plates for 16-18 hours. The colonies were examined with a

stereomicroscope (l6x) fitted with a glass stage. Light from the

microscope lamp placed about 20 am in front of the microscope was

reflected by a plane mirror to the undersurface of the plate at

an angle of 30-40° (Henry 1933).

Agar blocks containing selected colonies were cut out from the

plate and impressions were made on microscope slides as described
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by Bisset (1938), viz., by fixing the impression in Bouin's

solution for four hours and staining with dilute carbol fuohsin.

I). HISTOLOGICAL PREPARATIONS (Lillie 1954): Tissues from

dead or ether-killed experimental animals were fixed for at least

48 hours in buffered neutral formalin (4'0 and then stored in

ethanol.

Fixed intestinal segments were slit along the antiaesenteric

border and examined with a stereomicroscope in inoident light.

Paraffin sections were cut about 5 thick. They were stained

with haematoxylin and eosin. In most cases duplicates were also

stained for muoin with either leucofuchsin-haematoxylin-tartrazine

or alcian blue and neutral red.

Strips of ileum for succinicdehydrogenase stain were collected

from neabutal-anaesthetised adult rabbits. Frozen sections of

30-40 p thickness were immediately cut in a Cryostat and stained by

the neotetrazolium method.

E. ELECTRON MICROSCOFT:

(1) Shadowed films of bacteria. One loopful of saline

suspension (5 i.u. opacity) of agar culture or a loopful of 3-6 hour

FW culture was placed on a clean glass slide. A copper grid coated

with collodion and carbon in two layers was floated faoe downwards

on the vibrio suspension for about half a minute. The bacteria

adhered to the grid. It was lifted with a fine-pointed forceps,

dried in the heat of a 607 table lamp and stored in a dessic^tor.
Up to six grids were mounted on a holder and shadowed with gold

,0
at an angle of 15-18 .
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For detection of fimbriae a 48 hour broth culture was fixed

by adding commercial formalin to Lgi concentration, incubating the

mixture for three hours at 37C and centrifuging for half an hour

at 2000 g at room temperature. The deposit was suspended in

distilled water to 5 l.u. capacity and then processed as above.

(2) Negative staining of bacteria. A drop of vibrio

suspension was placed on a slide as above. A drop of 2/ neutral

sodium phosphotungstate was mixed with the suspension. The mixture

was mounted on a grid and dried as described above. The grids

were examined on the same day.

(3) Tissue sections. Pieoes of ileum from nembutal-anaes-

thetised rabbits were fixed in osmium tetroxide and embedded in

Araldite. Ultrathin sections were stained with potassium permang¬

anate or uranyl nitrate.

The tissues were processed and examined by Dr. B.K. Patnaik

of the Pathology Department, The results have been reported

elsewhere (Patnaik 1965).

3.11. Vaccines

Vaccines were prepared from overnight agar culture of freese-

dried stock strain. Unless otherwise stated V. cholerae 834 was

used.

A. LIVE VACCINEj The agar growth was suspended in saline to

5 i.u. opacity and used on the same day. The antiserum is

referred as serum OH-L.



B. FQRMOLISED VACCINE: Commercial formalin was added to live

vaccine to a concentration of 0.1 . The mixture was incubated for

one hour at 37C. A loopful was streaked on a NA plate to ensure

sterility. The vaccine was stored in the cold room up to one month.

The homologous serum is referred as serum OH-F.

C. 0-ANTIGEN VACCINE: Live vaccine was steamed in Koch's

steriliser for two and a half hours (Gardner A Venkatraman 1935)

and stored in the cold room up to one month. The antiserum is

referred as serum 0,

VACCINATION. About 1 ml of blood was collected from the ear

vein of rabbits weighing 2-3 kg (both sexes). The agglutinin

titre was determined. Only rabbits with an agglutinin titre below

1 :25 were vaccinated for antiserum production.

For a "short course" of vaccination 0.5 ml of vaccine was

injected into the ear vein and 1.0 ml one week later. A "long

course" comprised additional 1,0 ml repeated on the 15th and 22nd

days. In either case the animals were bled from the ear vein one

week after the last injeotion, 5-8 ml of blood per kg body weight

being collected. The 3erum was heated to 56C for 30 minutes and

stored at -20C.

Cavies weighing 250-500 g were vaccinated intraperitoneally

according to the same schedulei the dose was 0.1 ml on the first

injection and 0.2 ml subsequently. This was the maximum dose of

live vaccine tolerated by the animals. Agglutination titre before

vaccination was not ascertained. One week after last dosage about

1 ml blood was collected from the heart under ether anaesthesia.
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The antibody titre of animals used for protection tests was

determined on blood collected 2-4 days before the challenge. The

antigen was the challenge strain, not the vaccine strain.

3.12. Agglutination tests

A. SLIDE AGGLUTINATION: Two drops of saline were placed

separately on a microscope slide. About half of a colony from

overnight agar culture was emulsified in each drop. A loopful of

antiserum was mixed with one of the drops. The slide was rotated

and agglutination watched for in oblique transmitted light up to

one minute. A hand lens (6x) was used in case of doubt.

Strains in R or SR phase were suspended in 0.2^ saline.

The polyvalent diagnostic antiserum was prepared by vaccinating

a rabbit with a steamed mixture of equal parts of Inaba and Ogawa

cholera vibrios, viz., strains 7254 and 8021, as described by

Gardner and Venkatraman (i935)• The specific Inaba and Ogawa

antisera were supplied by Burroujs & Wellcome Ltd. The specificity
of these sera were checked with two stock Inaba and two Ogawa

strains.

B. TUBE AGGLUTINATION: The antigen was similar to the live

vaccine.

Antiserum was diluted in a twofold series in NS and the

agglutination test performed in the usual manner for 0 antigens

(Cruickshank 1965}. The titre was expressed as the highest serum

dilution, before mixing with antigen, that gave unequivocal

agglutination detectable by examining the tubes with a concave

mirror.
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C• AGGLUTININ ABSORPTION: The antisera were diluted with

equal volumes of NS,

The absorbing antigen was prepared by washing overnight agar

cultures twice in NS. The packed cells were suspended in an equal

volume of diluted serum; incubated for two hours at 37C with inter¬

mittent agitation; kept in the cold room overnight and centrifuged

at room temperature for one hour at 2000 g. A slide agglutination

was performed with the supernatant fluid and fresh culture. The

process of absorption was repeated, usually 3-4 times, till slide

agglutination test was negative, A tube agglutination test was

set up with antiserum diluted to 1:50» If necessary the absorption

was repeated till the tube agglutination titre became less than

1 :50. The adsorbed sera were stored in the cold room,

D. TITRATION OF COPROANTIBODY. The semifluid caecal contents

were collected at autopsy. An incision was made through an area

of caecal wall seared to prevent bleeding. The adjacent contents

were discarded, and then 1 ml of the remaining material was plaoed

in a screwcapped bottle. Approximately equal volume of N3

containing thiomersal B.P* (1!10,000) was mixed with the collected

material, and the bottle kept in the cold room overnight. The

mixture was then oentrifuged at 2000 g for 30 minutes at room

temperature. The brown clear supernatant fluid was titrated for

agglutinin in the manner described for serum, starting with a

dilution of 1:5.
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3*13. Vibriocidal test

The technique of Finkelstein (1962) was simplified as follows#

A series of 10-fold dilution in NS was prepared from each serisa.

The same pipette was used for a series "by rinsing it thrice in NS

between dilutions. After the final rinse the pipette was used to

transfer 0.4 ml of diluted antiserum, starting from the most

diluted, to sterile Wassermann tubes.

An overnight agar oulture was suspended in PS to 5 i.u. opacity
5

and diluted 2 x 10 times in PS. To 10 ml of the last dilution was

added 0.25 ml complement (the sera of 3-4 cavies pooled and stored

at -20C), and 0.4 ml of the mixture was added immediately to each

antiserum-containing Wassermann tube as well as to a tube containing

0.4 ml NS. 0.1 ml of the saline control was spread on a NA plate.

The tubes were incubated at 370 for 40-60 minutes and then placed in

an ice-cooled water bath. Beginning with the highest antiserum
fa*

concentration, five drops each tube were spread on a NA plate

using the same pipette and glass spreader for a series* The plates

were incubated overnight. The titre was taken as the highest

antiserum dilution (before adding to antigen) that reduced colony

count to at least half of the control plate's count.

With 10-fold serum dilution the endpoint was usually evident

even before counting colonies. Triplicate dilution series

indicated that the observed titres did not vary more than one tube

on repeated examinations of same serum.
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3«14« Fractionation of serum proteins by gel

filtration (Flodin £ Killander 1962).

Sephadex G-200 granules (Pharmacia Ltd., Sweden) were freed of

finer particles "by repeated washing in tap water. The granules

were soaked for 6-7 days in tris buffer and packed in a vertical

glass tube (internal diameter 4 cm) to a height of 84 cm. The

column was equilibrated for two days with 0.214 tris buffer of pH

8.0. . Up to 5 nil of serum were layered on the Sephadex oolumn and

eluted by running the buffer at the rate of about 36 ml an hour.

About 5 ml aliquots of effluent were collected in serially numbered

test tubes placed in a LKB automatic sample collector coupled to

a drop counter*

The optical density of each aliquot at a mean wave length of

280 mji was determined in 1 cm deep quartz cuvettes of a Unicara

ultraviolet spectrophotometer (model SP500).

Aliquots containing 19s and 7s globulins were pooled separately

and concentrated by dialysis to the original serum volume.

3.15. Concentration by dialysis. (Kohn 1959)

Depending on the volume the solution to be concentrated was

filled into Visking cellophane tubing of 1-3 cm diameter. The

tubing, tied at both ends, was placed in a beaker containing

moistened polyethylene glycol (PEG, MSf 8000). The beaker was kept

in the cold room till the contents of the tubing were reduced to

the desired volume.

Vihen the exact volume of the concentrated solution was important;

the material was placed in a measuring cylinder and the PEG inside
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a sac of Visking tubing as shown in fig. 3.15.1.

The concentrated fluid was dialysed overnight against N3.

3.16. Inaotivation of macroglobulins fry mercaptoethanol.

(Deutsch & Morton 1957)

The reagent consisted of Q.2M mercaptoethanol (Light & Co.Ltd,)

in phosphate-buffered saline (EBS).

Two vassermann tubes, one serving as control, were set up for

each sample.

Tube 1. Serum 0.2 ml + EBS 0.4 ml + Mercaptoethanol 0.6 ml.

Total 1.2 ml

Tube 2. Serum 0.2 ml + PBS 1.0 ml. Total 1.2 ml.

Both tubes were stoppered and kept overnight at room temper¬

ature. The mixtures were dialysed separately in tubes of 6 mm

diameter against several changes of PBS in the cold roan for two

days. The control and treated sera were titrated simultaneously.

3.17. Direct haemagglutination.

Venous blood was stored up to one week in cold room in

Alsever's solution (Cruickshank 1965). When required a portion

was washed thrice in N3 at room temperature and suspended in IBS to

concentration (v/v). The suspension was discarded at the end

of the day. Unless otherwise indicated, eavy blood was used.

Agar cultures were suspended in saline to 5 i»u. opacity.

Liquid cultures were used as such. For titrating activity both

were diluted in N3, a separate pipette being used for each step.
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At SLIDE AGGLUTINATION: Two loopfuls of red cell suspension

were placed on slide, To one loopful was added an equal volume of

culture; to the other a loopful of NS» The slide was rotated for

one minute and observed for agglutination of red cells in oblique

transmitted light. The reaction was scored as strongly positive

(2+) when the clumping was evident to the naked eye, and as weak

positive (1+) when detectable only by microscopy (lOGx). Strong

reactions were also cheoked microscopically to exclude the deceptive

appearance caused by spontaneous agglutination of SR or R phase

cultures in saline.

B, TUBE HAEMAGLUT3NATI0N: 0.1 ml of each of culture and red

cell suspension were mixed in the cups of a plastic MO influenza

virus haemagglutination tray. The tray was kept at room temperature

for one hour and in the cold room overnight.

The control contained a mixture of red cells and N8. The

cells settled in a compact button or a sharply defined ring.

Agglutination was indicated by diffuse settling of the red cells.

The titre of haemagglutinin (lIA) was recorded as the highest

dilution that produced a distinct agglutination on mixing with red

cell suspension.

5.18. Effect of pH on HA titre

Red cells were suspended in 0.12jM saline containing 0.01M of

following buffers (Cruickshank 1965):

pH 5.0: phosphate-citrate

pH 6.0-8.0: phosphate

pH 9.0: carbonate-bicarbonate.

X
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Tube agglutinations were performed with serial dilutions of

overnight culture in heart-infusion broth.

5.19. Temperature and reaction time

About 0.5 ml of red cell suspension and NS were placed in

separate thinwalled boiling tubes of 13 nm internal diameter. The

tubes were placed in a water bath cooled with ice or heated on a

burner to the required temperature. A third tube containing two

drops of agar culture suspension was placed in the bathj after

one minute two drops of red cell suspension at the same temperature

were mixed with the culture. The tube was rotated slowly while

held under water at an angle of 30-40°. It was lifted every

10 seconds, inspected for agglutination and quickly replaced in the

bath.

The first experiment indicated an approximate agglutination

time. During the second and third tests the tube was not lifted

till about 10 seconds before the expected agglutination time. The

average of these two readings was taken as the agglutination time

for the strain at the particular temperature. A saline control

at each temperature excluded spontaneous flocculation of cultures.

ffiBgi. Inactivation of HA by heat and ohemicals

Overnight HIB cultures of strongly haemagglutinating strains

were used.

Since the HA titre of a strain sometimes varied in replicate

culture tubes on the same day, a diminution of titre due to physical

or chemical treatment could be detected only ty comparing parallel

titrations of treated and control (i.e. saline treated) aliquots

from the same tube.
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A. HEATj 1 ml of culture was pipetted into a sterile 25 ml

conical flask and warmed in a water bath for five minutes. The

cooled culture was titrated along with unheated culture.

B. FORMALIN: Commercial formalin was added to culture

aliquots in concentrations of 1, 5 and 10;" respectively, the

mixtures were incubated at 57C for two hours. Serial dilutions

were made in N3,

C. P0TTA3SIUM FERIODATE: 1 ml of culture was mixed with 1 ml

of 0.23r'' periodate in saline and incubated for two hours. Serial

dilutions were made in saline containing glycerol to neutralise

the iodate.

3.20. Extraction of HA

A. WASHING: Overnight HIB cultures were centrifuged at room

temperature at 2000 g for one hour. The HA activity of deposit

and superaate tested ty slide agglutination.

The deposit was suspended in 10 ml saline and centrifuged.

The process was repeated up to 12 times, the HA activity of saline

and deposit being checked every time.

B. FREEZING AND THAWING: 5 ml of a dense suspension of

overnight agar culture (washed twice in saline) was placed in a

boiling tube. It was frozen 10 times ty dipping the tube

alternately in a bath of solid ice and acetone, and in 37C water

bath.

The resulting slimy solution contained many motile vibrios.

It was centrifuged as above. The HA activity of the opalescent

supernatant and the deposit was tested by slide agglutination.



59.

C. TRYPSIN: 5 nil of an agar culture suspension (ca. 20 i.u.

opacity) was mixed with an equal volume of 0.1% trypsin (Difco

1 :250) in phosphate buffer of pH 7.6. The mixture was incubated

for one hour at 370. A control suspension was incubated with

buffer alone. Both were centrifuged. The HA activity of deposit

and supernatant fluid were examined by slide agglutination.

D. ETHER: Overnight agar cultures were washed twice in N5

and suspended to ca. 20 I.u. opacity in NS«

3-/4. ml were kept at room temperature as control. The rest

(ca. 5 ml) was suspended in two volumes of ether and kept at room

temperature for 90 minutes with intermittent agitation. Both the

ether-treated and the control suspensions were centrifuged for one

hour at room temperature at 2000 g. The deposits and supernates

were dried overnight in separate petri dishes at room temperature.

Each preparation was suspended in 1 ml of N8, The HA activity was

tested by the slide method.

E. ABSOLUTE ETHANQL (Fukuhara 1909). Each strain was grown

overnight on NA in two Roux bottles* The growth of both bottles

were pooled and washed thrice in NS. The packed cells were sus¬

pended in four volumes of redistilled ethanol (ca. 99?'-) auidL

incubated in screwcapped bottles for 48 hours at 370 with inter¬

mittent shaking. The extract was filtered through Whatman no. 1

filter paper. The filtrate and the residue were separately dried

in petri dishes at room temperature.
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The dried filtrate was a waxy material, only partially

soluble in NS producing a brownish turbid fluid. It was completely

soluble in 4Q ethanol in saline or in saline brought to pH 10 with

0.1N NaOH, yielding an opalescent straw coloured solution.

Slide agglutination was performed with the deposit suspended in

NS as well as with the deposit dissolved in N3, alkaline NS and

40/ ethanol.



TABLE 3.3.1

Source and characterisation of the vibrio strains.

The constant features are described in chapter 2; only

the more variable diagnostic features are tabulated.

strain serotype locality source year CR VP HL COfl

V. cholerae;

569B Inaba Calcutta case 1943 + - - +

BH29 Ggawa tt tf -I960 + - - -

BH202 Inaba fl ft ti
+ - - -

V154 Ogawa II II t»
+ - - -

352 Hikojima fl II it
+ + - ++

H1508 Ogawa II It ft
+ - - -

PR1212 Ogawa ft ft it
+ - - -

Vo Ogawa E.Pakistan case 1961 - - - -

Vi Inaba fl If tt
•f - - -

12r Ogawa ft fl ti
+ - - -

583 Inaba If If it
- - ++ -

834 Ogawa fl ff 1963 + - - ++

601 Inaba Bombay ft 1961 + - - -

3A Ogawa tf ft 1962 + - - -

1843 Inaba Baroda ft 1964 + - - -

1844 n tt fl it + - - -

B2 <1 Batavia II 1927 - - - +

C116 Ogawa Chunking It 1945 + - - ++

60 Hikoj irna ? ? -1962 + + - 4

8021 Ogawa ? ? n
+ - - -

7254 Inaba ? ? M
+ - - -

7270 Ilikoj ima ? ? M + ++ — ++



Table 3*3#1 (contd.)

strain serotype locality source year CR VP HL CCA

V. eltor:

E2 El Tor carrier 1906 + ++ - ++

D67 Hikojima n it 1930 + ++ ++ -

D20 ft ft tt N + ++ ++ ++

D1933 Inaba n ft 1933 + ++ ++ -

Bl9a Ogawa Burma case 1963 + ++ ++ ++

M45 Ogawa Malaya tt tt
+ ++ ++ ++

N2B tt New Guinea tf 1962 + ++ - ++

N149 Inaba tf tt it ft
+ ++ - ++

N107 Hikojima tt ft w 1963 + ++ - ++

126 ft Indonesia if ? + ++ ++ ++

U13 Ogawa Thailand ft i960 + ++■ - ++

DB1961 »t tt tt 1961 + ++ - ++

3S8nh ti Philippines tt 1962 + ++ - ++

34 t! ft it ? + ++ + ++

10255 ft Hong Kong tt 1963 + ++ ++ ++

10256 tf tt tt it ft
+ ++ ++ ++

HI ft H tt tt ft
+ ++ ++ ++

H2 ft It ft tt tt
+ ++ ++ ++

H3 ft tt If tt tt
+ ++ ++ ++

H4 Inaba tt ft tt ft
+ + ++ ++

H5 Ogawa tt ft

as*-
tt ■

+ ++ ++

H6 It It ft tt ft
+ ++ - ++

H7 Inaba If tt rt ft + ++ ++ ++

H8 Ogawa tt It tt ft
+ ++ ++ ++

K001 t» Korea case 1963 + ++ mm ++



Table 3.3.1 (Contd.)

strain Heiberg locality source year CR VP HL CCA Polymyxin

HAG:

8042 I Nanking water ? + ++ ++ ++ S

965 I E.Pakistan case 1962 + + ++ - R

658 II tt II tt
+ - ++ ++ R

172 V »t ft M
- - ++ - S

454 III ft tt II
+ - ++ ++

H9 I Hong Kong tt 1963 + ++ - ++

mo III tt tt ft tt
+ + - - R

Hll I tt rt tt tt
+ - - ++ R

H12 III w tt It ft
- - - ++ R

Total:

V. cholerae (22 strains) 19 3 1 7 22(3)

V. eltor (25 w ) 24 25 15 23 25(H)
NAG ( 9 M ) 7 4 5 6 ^fts)

CR = cholera red reaction VP = Voges-Proskauer reaction

HL = haemolysis CCA = chick cell agglutination

+/++ = 'weak/strong positive S = sensitive

R = resistant -i960 = shortly before i960, exact date unknown



Table 3.5.1

The bacterial count, dry weight and nitrogen contents of

one millilitre of agar-grovm V« cholerae strains suspended to

5 international opacity units.

strain total count viable count dry weight nitrogen
number (millions) (millions) (rag) ( M-g)

834 704 320 0.8

614 516

1216 530

1400 73

7254 748 160 1.2

958 800 1.0 22

690 250 0.9

1500 69

12r 600 350 0.6

540 1.1



Table 3.6.1.

Comparison of precision of spread and drop plate techniques.

Four dilution series (A, B, C, D) from a suspension (5 i.u. opac¬

ity) of V. cholerae 12r. f? test shows that the overall distrib¬

ution in each experiment was well within the limit expected in a

Poisson series (Fisher 1958). The analyses of Variance (F test)

show that count estimated from two consecutive spread plates was

reproducible} counts made from five drops varied significantly.

All counts on same day.

Experiment I

Using the same 0.1 ml. pipette, sterilised with boiling water

between deliveries, 0.1 ml. on each 10 plates. Same spreader.

Suspension A.

colony-forming units

135 151.8

154 C tyo

144 CO * ON

155 d.f. 9

174 P > 0.50

165 (continued)

153

154

149

135



Experiment II

Using same pipette, two pairs of plates from

each of suspensions A to D.

Suspension A A B B C C D D

153 149 144 184 163 164 144 153
Contents

154 135 159 116 173 172 148 155

x± 153.5 142 151.5 150 168 168 146 154

Grand mean 154.1 X2 6.6 d.f. 15 P >0.95

Source of S2 a.f. S2

plates in pair 8 337.5

between pairs 7 206.4

F = 206.4/337.5 = 0.6 d.f. = 8, 7 P >0.25

(continued.)



Experiment III

Counts of 45 drops of suspension A; same dropper.

The five consecutive drops were placed on different plates.

Each set of five was consistent, but drops varied signific¬

antly from set to set, probably due to change in rate of

dropping,

I II III IV V VI VII VIII IX

29 36 34 32 32 36 34 36 29

32 36 27 34 21 34 28 38 25

38 40 28 34 28 37 36 32 30

32 38 29 33 32 33 34 37 28

28 31 31 24 37 31 39 35 37

EX 159 181 149 157 150 173 171 178 L48

h 31.8 36.2 29.8 31.4 30 34.6 34.2 35.6 29.2

X2 24.6 d.f. A4 P> 0.99 Grand mean 32.5

C 12,,'

Source of S2 d»f. S2

drops within set 36 14.32

between sets 8 35.45

F 2.48 a.f. 36,8
(continued)

P <0.05



Experiment IV
CO

Ab experiment III, but different dropper for

each set, s2 within set and between sets are

similar to Experiment III, i.e, no significant

error from dropper size.

I II III IV V VI VII VIII

29 25 32 46 33 36 29 29

29 26 37 30 36 27 30 25

28 37 33 37 37 28 26 30

26 32 30 33 34 31 30 28

29 31 31 31 35 37 30 34

141 151 163 177 175 159 145 146

xi 28.2 30.2 32.6 35.4 35.0 31.8 29.0 29.2

J? 2.27 a.f. 39 P> 0.99

Source of s2 d.f. s2

within set 32 13.99

between sets 7 37.74

F = 2.7 cuf. 32,7 PC0.05

.r



Table 3.6.2

Diluted suspension of E. coli delivered

(0.1 ml. ) on 10 NA plates and also 10 petri dishes.

10 ml. melted agar at 45° C. added to dishes. Pour-

plate count is always higher (mean 9$) than spread

plates. Note that dispersion of spread plates is

no greater than in Table 3*5.1 (experiment on

different day).

pour plate spread plate difference

406 396 10

443 410 33

423 403 20

426 420 6

493 395 98

446 412 34

454 397 57

444 437 7

462 413 48

458 407 51

xi 409*0 445.5 36.5

s^ 164*4 579.2 818.2

C 3*¥ 5.4$
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CHAPTBR 4

ANIMAL EXPERIMENTS

4.1. Ixperimental animals.

These were supplied by the Small Animal Breeding Station of

the University, which sometimes replenishes its stock from accredited

dealers. The breed of animals therefore varied from time to time.

So each batch of animal was distributed amongst the several treatment

groups being compared and the results of successive groups were

pooled (Fisher 1960).

Suckling rabbits were bred in this laboratory from a black-

pointed California family. The phenotype and relatively simple

genotype of this breed has been reviewed by Robinson (1957). The

babies were separated from their mothers on the day of experiment¬

ation. A 10 day old baby weighed 150-250 gra, about twice the

weight of a Hew Zealand White of same age.

Rabbits were kept singly in wire-mesh cages. Cavies were

kept in wire cages in groups of 4-6, all the animals in a cage

being subjected to one treatment. Both rabbits and cavies were

fed with commercial pellets supplemented with green vegetables

thrice weekly. Water was allowed ad libidum even to animals being

starved,

4.2. Passive protection test in baby rabbits

10-12 day old rabbits were put singly in sheet-metal cages,

perforated for ventilation, on Celiosene bedding. The 4-7 siblings

in a litter were randomly alloted to 2-4 groups each treated with

one type of antibody. At least one animal of each litter was kept

as control,
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1 ml of antibody was injected intraperitoneally Jj.-6 hours

"before challenge. The control animals received saline or normal

rabbit serum.

The challenge dose was prepared every time from freeze-dried

V. cholerae 12r regenerated as described in 3 3* 3. The growth on

agar slope was suspended in PS to 5 i.u. opacity and diluted

further. The inoculum for each animal was 0.2 ml of the appropriate
5

dilution. Usually a dilution of 2 x 10 times, expected to contain

500 CPU, was used. At the same time 0.1 ml of the suspension was

spread on each of two NA plates for colony counting.

The infective dose was administered as follows.

The right half of the abdomen was shaved. The rabbit was

anaesthetised with ether in a mask. It was placed on its back.

A right subcostal incision about 2 cm long was made. The duodenum

(ca. 15 om long) which has an unmistakable pink fleshy look could be

seen lying loosely ventral to the kidney and lateral to the

sacculated colon (Pig. 4.2.1). The blunt tip of a curved haemostat

was passed under the duodenum to prevent its slipping away. The

inoculum was injected into its lumen with a fine (27 SWG-) needle,

5 cm long and bent to an angle of about 120° at the tip, fitted to

a tuberculin syringe. The peritoneum and muscle layers were

stitched together. The skin was closed with Mitchell clips.

The inoculation took 7-8 minutes and the animals became

conscious within half an hour. From the same evening they were
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fed twice a day with pasteurised cow's milk introduced in the

stomach through a premature-infant feeding tube (size French

Gauge 5). The amount of each feed was 1 ml per 15 g® body weight

for two days and 1 ml per 10 gm subsequently. Feeding was con¬

tinued till a rabbit was moribund or dead. Well animals neither

gained nor lost weight on this regime for five days. ^The calorie

and protein contents of cow's milk is about one-third of rabbit's./
The animals were observed up to five days or till 24 hours

after recovery from diarrhoea. Moribund animals were sometimes

killed with a blow on the head and a postmortem examination made

immediately: such animals were unlikely to live beyond another

hour if left alone.

When an animal was found dead in its cage its death was

reckoned to have occurred at the mid-point between the last two

observations, thus allowing a maximum error of seven hours for

animals dying during the night. The same procedure was followed

for timing the onset and cessation of diarrhoea.

Autopsy was made in all animals, dead or killed. The rabbit

was plaoed on its back. The chest and abdomen were swabbed with

2}l lysol, the excess being wiped off, With sterile forceps and

scissors the skin was incised along the midline and reflected

laterally. The instruments were flamed and used to open the chest.

Blood was collected from the heart with a Pasteur pipette and

dispensed into: (i) a Wassermann tube (ca 0.2 ml), in order to

verify the presence of agglutinin in immunised animals by slide
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agglutination with plasma; (ii) 5 ml of AP.Y, which was incubated

for 6-12 hours and then a loopful v/as streaked on TTGA /Tn immunised

animals 5 drops of blood v/ere added to 25 ml of medium in screw-

capped bottles7; and (iii) an NB tube, which was incubated 6-12

hours and then a loopful was streaked on a MacConkey's plate. In

the case of killed animals 1-2 ml of blood was also placed in a

bijou bottle for chemical examination.

The instruments were flamed again. The abdomen was opened,

The condition of the stomach, spleen, gall bladder (undetectable in

about half the animals being embedded in the liver), the urinary

bladder, the intestines, the kidneys and the adrenals examined

in that order, With Pasteur pipettes samples of the contents of

the gall bladder, stomach, duodenum, mid-ileum, terminal ileum and

colon were collected in that order. One drop of each was streaked

on TTGA and MacConkey plates; one drop was added to an AP.V tube;

a drop was placed on pH indicator paper, while the rest was bottled

for microscopic examination, colony counts and biochemical analyses.

For determining the total number of viable vibrios in a

diarrhoeaic animal, the intestines were severed from the mesentery,

placed in a petri dish and slit along the length. The fluid was

transferred with a graduated pipette to a bottle. A colony count

was then made: there was no difficulty in identifying the vibrio

colonies on alkaline agar plates (pH 8.6-9*0). In infected

animals that did not have any fluid in the colon, the intestines,

removed to a petri dish, were washed by injecting 15 ml PS through

the duodenum and expelling the fluid by injection of air. The
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amount of PS recovered from the colon was noted and a colony count

made.

Finally tissues were collected for histological examination.

4.5. i-xcretion of antibody through the intestines

of baby rabbits

3-5 ml of antiserum was concentrated by dialysis to 1-2 ml and

injected intraperitoneally in a haby rabbit.

After the desired interval the rabbit was anaesthetised and

heart blood collected for titration. The abdomen was opened.

About 15 cm of the middle part of ileum was llgated at both ends.

The segment was removed by severing the mesentery close to the gut.

It was dipped in iced NS for about a minute: this caused contraction

of the blood vessels and also washed away the blood on the surface.

It was then dried by placing between two sheets of filter paper for

one minute, 1 ml of cold saline was injected into, and circulated

for 2-3 minutes by alternately lifting and lowering one end of the

segment. The end was then snipped off and the contents of the

loop expelled into a bottle by injecting air through the other end.

About 0.8 ml of saline could be recovered. It was centrifuged for

15 minutes at 2000 g at room temperature. The colour of the super¬

natant fluid and the deposit was inspected to exclude gross con¬

tamination with blood.

The contents of caecum were washed out similarly.
v

The supernatant fluid was heated for half an hour at 56 C.

Its agglutinin titre was determined. The Vibriocidal test was

unsatisfactory, probably because of the high anti-oomplementary

activity of intestinal contents.
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4*4* Intestinal loops in adult rabbits and oavies

The infective dose was prepared as for baby rabbits. 0.5 ml

was injected into each loop. Control loops were injected with the

same volume of N3 or with cultures killed with heat (56 C for half

an hour). The loops were prepared as follows.

A. BABBITS: 4-12 month old rabbits of both sexes were used.

An animal was deprived of solid food from 16—18 hours before

challenge. It was anaesthetised with intravenous nembutal and

tied to an operating board. The hair over the abdomen was shaved.

A 3-2» era long midline incision was made in the centre of the

abdomen. The tip of the appendix could be easily identified by

its appearance. It is attached by a short mesenteric fold to the

terminal ileum at a fairly constant point-50 cm from the ileocaecal

junction (fig. 4*2.1, table 4.4.1). Starting at 15 cm proximal

(oral) to this point, i.e. 40 cm from the ileocaecal junction,

ligatures were placed around the ileum at 9-11 cm intervals thus

creating 5-8 closed segments or "loops1 along the nr* drll e third-sf

the ileum. Bach alternate loop served as control. The infective

doses were administered at different levels of the gut in different

animals. 1

Due to peristalsis the length of the living gut cannot be

measured with certainty. Examination 1-2 hours after death showed

that the terminal "straight arteries" of the mesentery enter the

gut vfall at average intervals of 0.5 cm. Thus 20 vessels mark

off a length of about 10 cm (8-9 cm in cavies). This was chosen

as the standard length of a loop.
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,,fter replacing the ileum, the peritoneum and muscle coats

were stitched in one layer. Skin was closed with Mitchell clips.

The operation took 20-30 minutes and the animals regained

consciousness within two hours. They were starved till killed

after 16-18 hours by intravenous infection of 2 ml saturated MgSO^.
The postmortem examination was conducted as in baby rabbits.

The loop lesion was recorded as weak positive (1+; when the

loop contained at least 5 ml of fluid, and as strong positive (2+)

when there was also haemorrhage in the gut wall.

B. CAVIES: Adults of both sexes weighing 300-500 gm were

starved overnight, and anaesthetised by intraperitoneal injection of

nembutal (30 mg per kg body weight) with atropine sulphate (0»6 rag

per animal). They were unconscious in about 15 minutes, but

muscle relaxation was inadequate in most cases. About 1 ml of

procaine hydrochloride B.P. (%i with adrenaline 0. COP ) was

infiltrated into the subcutaneous and muscle layers on both sides of

the midline of the abdomen. A 3 cm long incision was made along

the midline. The ileoeaecal junction was identified. Starting

about 20 om proximal to it 4-5 ileal loops, each 8-9 cm long, were

prepared. The rest of the procedure was as in rabbits. The cavies

were killed with ether.

It was extremely important to keep the delicate and friable

intestines of the cavies warm and moist with saline packs during

the surgical operation. Otherwise control loops also tended to

accumulate fluid (false positive reaction).



68,

4«5. Absorption of water by ablated rat intestine

This work was guided "by Prof. R.B, Fisher, Department of

Biochemistry. The technique was as described and illustrated ty

Usher & Parsons (1949) except that the entire ileum of rats was

employed instead of short segments.

A cholera vibrio extract was prepared in the laboratory from

the overnight growth of V« cholerae 12r in semisolid agar in two

Roux bottles. The agar was enclosed in six layers of surgical

gauge and its fluid extracted by squeezing. The extract was

filtered through Millipore membranes (maximum pore diameter 0.2^).
Commercial extracts, prepared essentially in the same way, were

purchased from Phillips-Duphar of Amsterdam, who now market it as

the International Standard Receptor-destroying Enzyme Preparation

for haemagglutinin titration with myxoviruses.

As might be expected of a cell extract the filtrates contained

high concentrations of potassium. The /No/ and /~k7 of each

extract were determined. Control solutions containing similar

and K7 were made up by adding NaCl and KC1 to glass-

distilled water.

Four perfusions were set up simultaneously. 1 ml of an

extract was added to each of the perfusion fluid (60 ml) of each

alternate preparation; 1 ml of control fluid was added to the

other two. After one hour's perfusion the change in volume of the

perfusion fluid was determined. The length of the gut was measured.

The amount of water absorbed by each centimetre of ileum was

calculated.
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4.6. Water and electrolyte fluxes in rabbit loop

These studies were made at the USA Naval and Army Medical

Research Unit 2, Taipei, Taiwan under the supervision of

Drs. R.A. Phillips and T.G-. Mitchell, They were a continuation of

investigations undertaken ty Dr. G, Love (Phillips et.al 1965a).

Briefly, two loops were made in a rabbit maintained under

anaesthesia with repeated intravenous injections of nembutal. A

plastic tube (length 5 era, bore 1 mm) was inserted in each end of

the loops which were replaced in the abdomen, leaving the tubes

protruding outside,

5 ml of perfusion fluid were introduced in a loop through one

of the clamped tubes, left for 15 minutes and then expelled by

injection of air combined with gentle pressure on the abdomen. The

volume recovered was measured. The and jfy.J were estimated in

flame photometer, and were calculated from the

readings in a well-type scintillation counter (Nuclear Chicago

model l8ijA) immediately and one week later: the half life of ^Na
is 2.6 years, of 12.5 hours.

The perfusion fluid (ph 8.0) contained in each litre: NaCL

102 mEq, KC1 8 mhq, NaHCO^ 40 mtq, ^2Na 10 pc, and 20 jic. A
cathartic was added, usually to a final concentration of % mOsrn per

litre, the amount required being ascertained from the data in Merck

Index (stetcher 1960).

Each loop was used four times, alternately as control

(perfusion fluid only) and test (fluid plus cathartic). Between

perfusions the loops were washed with about 50 ml of radioisotope-

free perfusion fluid.



70.

Before killing the animal 10 ml of heart blood was collected

in a heparin!sed syringe and centrifuged. The plasma ^ 2%a7 and

were estimated. The osmolarity was determined by freezing-

point depression in Pisk osmometer (Hendry 1961),

The flux rate constant k (in hours) was calculated as follows:

(i) Water (net absorption):

fe e S

when dV was the decrease in volume in interval T.

(ii) Electrolytes (absorption or secretion):

when A0 and were amounts at the beginning and end of interval T.

(This is the familiar equation of monomolecular reactions.)

The calculations are based on the fact that water flux is

constant in a segment of ileum, while fluxes of Na+, K+ and Cl"are

exponential and depend on the amount available at a given time

(Visscher 1953, Mitchell 1965).

The values for total Ka and K indicated the net turnover. The

radioisotopes gave the lumen to plasma fluxes. The difference of

the two gave the plasma to lumen fluxes.



Table 4.4.1

■vc.

jjength in centimeter of duodenum and the rest of small

intestinal (ileum) of adult and baby rabbit (R) and adult

cavies (G), measured at autopsy.

No. Weight
(m)

duodenum ileum
ileocaecal

valve to tip
of appendix

total
small

intestine

R 101 2,500 50 250 31 300

276 2,000 51 250 35 301

277 2,400 55 280 28 335

240* 212 15 100 7 115

G 1 420 11 124 135

2 340 10 124 134

3 320 10 130 140

4 410 12 134 146

* baby rabbit (14 days)
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RABBIT CAW

Fig. 4.2.1. Drawing from dissection showing relationship of
alimentary tract. Arrow points inoculation site
in duodenum (d). The manipulation of duodenum of
cavies is liable to injure other structures.
S = Stomach, G- = gall bladder, C = caecum, cl = colon,
A = appendix, i = ileum, P = pancreas.



PART III

RESULTS

"Whatever is, is right. Though purblind man
Sees but part o' the chain, the nearest link:
His eyes not carrying to the equal beam,
That poises all above."

Diyden
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CHAPTER 5

COLONY MORPHOLOGY IN OBLIQUE ILLUMINATION

5.1 . Introduction

The extreme variability of vibrios received considerable

attention from early morphologists in connection with the fixity of

bacterial species and life-cycles of bacteria (Legroux & Magrou

1920, Ilenrici 1925). Balteanu (1926) described four colony types:

typical (corresponding to Type 3 described below), rugose, ring

and opaque. The consensus was that such forms were "fluctuating

variations of the organisms" (Mackie 1929).

After Braun (1953) popularised the oblique illumination

technique, devised by Henry in 1933 to study S-R dissociation in

Brucella, for identifying colonial variants of enterobacteria

Husain & Burrows (1956) described that all recently isolated

V. cholerae strains at Calcutta produced only large striated

colonies on TGA plates. Later, however, variant colonies were

seen to constitute up to 20fo of the colonies on primary culture of

cholera stool from cases in Thailand (Lankford & Burrows 1965). The

colony morphology was said to be related to the content of sudano-

philic material in the cells, though no data were presented in

support of this view.

Some observations on colony morphology of stock and animal-

passaged strains of vibrios are presented below.

5.2. Strains

Six V. cholerae ( 12r, 834, 202 , 8021, 18R3, 184k), six V.

eltor ( E2, 388, D20, N107, U13, K001) and five NAG- strains (172,
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'<•343j 965} 658, 0C42) were studied in detail. The colonial

morphology of the strains was similar and will be considered

together.

Davis & Park (1%2) have shown that certain "vibrio" strains

in the National Type culture collection and the National Collection

of Industrial Bacteria actually belong to other related genera.

Among these Commamonas percolans (NCTC 1537)» Achromobacter sp.

(NCIB 8250), Pseudomonas sp. (NCIB 2581, 2582, 3194) and V.

alkaligenes (NCTC 9239) were also included in the study. Strain

8250 formed colonies resembling those of E. coli; the others were

indistinguishable from vibrios. However, none of these strains,

including V. alkaligenes, grew on TTGA plates.

5.3. Culture medium.

On NA plates incubated overnight at 370 the colonies were of

uniform appearance. They v/ere low convex, circular, 2-3 mm in

diameter (measured with micrometers under the plate microscope),

translucent, greenish blue, finely and homogeneously granular.

Rugose strains formed distinctive colonies (Fig. 5-3«l)»

Colonial differentiation was most evident on TGA. The medium

was strongly inhibitory: after 18-20 hours' incubation the largest

colonies were no more than 1.5 mm in diameter. Growth on 2-1

medium was nearly as profuse as on NA, and colony differentiation

was well marked; but it was difficult to prepare satisfactory

impressions on slides. Therefore both 2-1 and TGA plates were

used as a rule for each culture.
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5«4» Types of colony

Apart from rugose and mucoid variants, the colonies could be

categorised in four modal types. Intermediate forms were common,

but each colony could usually be consigned to one or other type

without difficulty.

Type 1. Dwarf transparent colonies. After 14-16 hours

incubation on 2-1 medium, the colonies were 0.2-0.6 mm in diameter.

They were dome-shaped, water clear, and could be easily overlooked.

Impression preparations showed that the vibrios were arranged

irregularly throughout the colony, involution forms like spheres

and filaments being numerous (Fig. 5 »4 »1)•

Type 2. Dwarf striated colonies. The size and the arrange¬

ment of vibrios were like type 1. The colonies were less trans¬

parent and the surface striated like type 4 colonies. On further

incubation some of these colonies grew into Type 4 colonies.

Type 3. Granular colonies. Flat, translucent, uniformly and

finely granular; diameter about 0.8-2.0 mm. Impression prepar¬

ations showed vibrios densely crowded without regular orientation

(Fig. 5»4*2). This is the colony form usually seen on NA plates.

Type 4. Striated colonies. Finely granular with concentric

striations on the surface; same size and shape as Type 3• The

vibrios arranged in parallel inside interlacing bundles, the

individual cells tending to be long, slender and prominently curved

(Fig. 5.4.3); involution forms absent.

The colonies of Types 2-4 had a characteristic blue-green

colour. The orange and golden yellow colours described by Gallut
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(1962) were pronounced only in colonies located near the edge of

the plate or near an air bubble in the medium. The colour was

probably a prismatic effect in the oblique light.

Occasionally plates contained dense white colonies. On

further examination these proved to be contaminants, usually

micrococci and diphtheroids (Fig. 5 «4«3) •

SR variants of strain 126 looked like 3-phase colonies of

other vibrios. There was no R-phase strain in stock.

Most plates contained 20-50 well separated colonies. These

were counted and their approximate percentages calculated. In

order to ascertain the stability of the colony types, single

colonies were picked with a straight wire under the microscope and

streaked on another set of TGA and 2-1 plates. Alternatively,
Mel

the colony was suspended in 0.5 ml P.'.' which wa-a injected in an

intestinal loop of a cavy. The fluid accumulating in the loop

after 16—18 hours was streaked directly on TGA and 2-1 plates.

Y/ith recently isolated or animal-passaged strains, 80-100^ of

the colonies were of Type 4« Even after repeated subcultures of

older strains Type 4 colonies formed, with rare exceptions, over

two-thirds of the colonies (Fig. 5»4«4). Therefore, at least on

the special media, Type 4 would seem to be the typioal form, the

other types being unstable variants.

5.5. Associated properties.

Subcultures on NA slopes from single colonies of various types

agglutinated to the same titres with same OH-L antisera. Moreover,
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single colonies were invariably pathogenic in intestinal loops:

the significance of this is doubtful because as will be shown later

even 10 or less virulent cells can cause lesion in the loops of

cavies. t

5.6. Nummary

These limited studies indicate that colony variation on

special media is an unstable character related to the arrangement

of cells in 'a colony, as is the case with most other bacteria

(Braun 1953)• Usually such arrangement is related to the S-R

phase of surface antigens^ This could not be demonstrated in

vibrios, presumably because the cell suspensions were not from

a single colony. A micro-agglutination method allowing titration

of suspensions of single colonies against a standard antiserum may

reveal some differences between colonial variants.

From a diagnostic viewpoint the oblique illumination technique

seems unable to distinguish vibrios from members of allied genera,

especially ComamonQs and Alkaligenes, although most enterobacteria

are easily differentiated.



Fig. 5«3«1 • Rugose colonies of V. eltor 34.
48 hours growth on TTG-A,
(Incident light, 6X).



Impression preparation of a type 1
colony. The cells are closely packed
without regular arrangement; involution
forms like spheres and filaments are
numerous.

(Magnification: top: 170X, bottom )
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Fig* 5*4*2• Granular type 3 colony (8x) and
impression preparation (500X).
Cells arranged irregularly;
involution forms very few.
(Magnification: upper SX, lower 500Z.)



Fig. Cross-striated Type 4 colonies (8l) and
impression preparation (5OOX). The
slender curved cells are arranged in
interlacing bundles. The white dense
colonies are of an aerial Micrococcus Sp.



Fiq. 5-4-4 Stability of colony morphology of V. cholerae 12r by oblique illumination on
2-| Aqar. The percenfaqes are approximate. Each step represents a direct sub¬
culture , except in step 3.

V. cholerae 12r Cbaby rabbit,rectal swab)
I

Type 4 (ioo%)

Colony I
I

Type 4noo%)

Type l(5o°/oi

Type I (2%)
I ,

Type 1(2%)
i

Colony 2

Type 3uo%)
J

r

50 daily subcultures on NA
I ,

Type 4i 9s%)

Type 4iso%)

Type 4 (ioo%)

Type4u^o%)

Type3(4o%) Type4(6o%) Type3(90%) Type4(io%)
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CHAPTER 6

0 ANTIGENS OP CHOLERA MP EL TOR VIBRIOS

6.1 . Introduction

Due to lack of methods for precise identification of the

cholera vibrio (S.1.7) early workers were sometimes led to immunise

animals for Pfeiffer's reaction or preparation of specific

diagnostic antiserum with other organisms. The confusion was so

great that the Bureau of Health of the League of Nations requested
e

Gardner & Vpnkatraman (1935) to investigate the serological
specifity of the cholera vibrio. These vorkers examined about 100

strains sent from various countries and vie re able to exclude some

of these from the genus Vibrio by biochemical tests. (The sero¬

logical classification of vibrios suggested by them from the results

of cross-absorption tests, and the modifications introduced more

recently, have been already presented in table 1.8.1.) They also

confirmed the earlier claims of Japanese workers (Kabeshima 1918,

Nobechi 1923) that cholera and El Tor vibrios can be classified into

three serological types currently known as Inaba, Ogawa (after the

patients) and Hikojima (after the town).

Burrows et al. (1946b) claimed to have identified 10 additional

0 antigens in cholera vibrios. Gallut (1949b) confirmed this.

But Kauffmann (1950), Singh & Ahuja (1950) and Sokhey & Habbu

(1950) concluded from examining the same strains and antisera that:

(i) The additional antigens did not exist; some of the strains

were not agglutinated by the homologous sera supplied. (ii) Some

of the strains were degenerate. (iii) According to Kauffmann the



77.

key strain said to contain only A antigen v/as an atypical coll.

An examination of the original description of the strains (Burrows

et al. 1946a) indeed reveals that only 15/5") cholera and El Tor

strains were biochemically typical. flowever, Aoki & Sakazaki

(1961) consider that the special antigens described by Burrows et

al. can be demonstrated in strains from particular countries. It

is by no means clear from their data that they used properly

preserved recent isolates,

Gardner & Venkatraman (1935) found that agglutination is

specific only when vibrios boiled for at least two hours (0 antigen)

are used as vaccine and live suspensions of vibrios used as

agglutinating antigen, or vice versa: using boiled suspensions for

both purposes gives nonspecific reactions. Recent work (De et al.

1958, Koshi et al. 1963) indicates that the most specific and

sensitive reaction is obtained by using live suspensions for

agglutination and by incubating for only four hours at 37C•

In spite of the proved reliability of Pf'eiffer's reaction the

bactericidal reaction in vitro did not gain sufficient attention.

Mackie & Finkelstein (1931) thought that normal sera of several a-nim)

species would distinguish the serotypes of V. cholerae more sharply

than agglutination test but Gordon & Johnstone (1942) concluded

from cross-absorption tests with normal cavy serum that: "The

method is limited in its practical application because of the

difficulties in adjusting the several factors of absorption,

inoculation /i.e. viable count of antiger^ and complement titre of

several sera simultaneously." Curiously none tried immune sera.
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Following the revival of the bactericidal test as an extremely-

sensitive quantitative measure of antibodies (I'aaljzfe 1946),

Finkelstein (1962) showed that use of sera of convalescents or

vaccinated men and animals enables a sharp distinction of serotypes

of cholera vibrios even when the titre i3 low. Moreover minute

quantities of antigen as is found in sera of infected men and

experimental animals can be detected by antibody-inhibition test

(vibriocidal inhibition test, VAIT).

Apart from the specific 0 antigens vibrios have been described

as having up to 11 nonspecific heatstable and heatlabile antigens,

some of which can be demonstrated by precipitation and indirect

haemagglutination but not by agglutination (Aswani & Rao 1962,

Gallut 1965). At least some of these may be artefacts resulting

from unfavourable growth conditions and drastic treatments (Lyles

& Gardner 1958, Ghosh & Mukerjee 1961, Levroskaya & Brant 1964)*

From immunoZchemical studies uhrivastava (1965) concludes that all

the specific agglutinogens (antigens A, B, c) are biochemical

variants of the same lipopolysaccharide (alpha antigen) distributed

throughout the cell, while the other protein and lipoprotein non¬

specific antigens are present intracellularly.

The absence of flagellar agglutination with live antigen

suspensions and the necessity of boiling vibrios for at least two

hours to destroy K antigens hacf never been satisfactorily explained.

Sasaki (1961) used mechanically separated flagella and cell-bodie3

for immunising and absorbing antisera. With tube agglutination

and "swelling reaction" (observed with electron microscope) he
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concluded that flagella contain the same 0 antigens together with

a minor heatlabile antigen. Follet & Gordon (1%3) showed that

the flagella of eltor and V. metchnikovii consist of an inner

core (which resembles other flagella in X-ray diffraction studies

and probably is made of flagellin) and a sheath continuous with

the cell wall. Dr. Patnaik (19^5) has confirmed that V. cholerae

has the same flagellar structure electron microscopically.

The antigens of NAG vibrios seem to be numerous and rather

unstable in a strain (Smith & Goodlier 1965).

6.2. Results of agglutination tests.

The tube agglutination test was made with live vibrios and

antisera from rabbits vaccinated with live antigen (two doses).

Tables 6.2»%.A and B show the results of the agglutination tests

with V. cholerae 5^93 (inaba) and 834 (Ogavm), V. eltor 34 (Ogawa)

and 126 (Hikojima) strains, and the absorbed and unabsorbed

homologous as well as heterologous antisera.

Each unabsorbed serum agglutinated heterolous antigens to

full titre. The El Tor 3era agglutinated the cholera vibrios to

full titre and vice versa. There was little difference between

sera from different rabbits, but strain 569B tended to show lower

titres than other antigens with a particular serum. The observa¬

tion of Beran et al. (1964) that men and animals vaccinated with

cholera vaccine had considerably lower agglutinin titres for El Tor

vibrios than for cholera vibrios is not reproduced in these rabbit

sera.

The common agglutinogen of the agglutinable vibrios seems to

be the dominant agglutinating antigen.
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Absorption of Inaba antisera with Ogawa antigen did not remove

Inaba agglutinin and vice verga. Therefore Inaba and Ogawa strains

possess at least one strain specific agglutinogen. The Hikojima

3train agglutinated with both absorbed s'era, and also removed all

agglutinins from all sera. This confirms that it contains both

Inaba and Ogawa components.

Absorption of Hikojima antiserum with Inaba antigen diminished

its Ogawa titre only slightly, while absorption with Ogawa antigen

reduced the Inaba titre to less than 1:50. This may indicate that

the Inaba component in Ilikojiraa strains is minor. Whether this

was characteristic of the strain used or represents a general

property of Hikojima strains (Kauffmann 1950) cannot be said from

the limited data.

Table 6.2.2 shows the results of cros3-absorption tests with

five Ogawa strains: three cholera and two El Tor. They are

antigenically homogerious. Again strain 12r gave lower titre than

other strains with all unabsorbed 3era« The actual titre^ of

antisera seem to depend on the homologous strain selected.

6.3« Vibriocidal reaction

The vibriocidal tests were performed with the same 3et of

antigens and antisera. The results are presented in table 6*3*1•

The titres were 50-1000 times higher than the corresponding agglutinin
titres but no qualitative difference in antigenic patterns emerged

from the cross-absorption tests.
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That the vibriocidal test involves the same antigen antibody

system as the agglutination test is corroborated by two other

observations.

Simultaneous agglutination and vibriocidal tests on 23 sera

showed a good correlation between the two titres (fig. 6.3•"!•)

a3 has also been observed by Feeley (l%5a). It will be remem¬

bered that the agglutination test was performed on twofold dilutions

of antiserum while the vibriocidal test was performed on tenfold

dilutions.

The rise and decline of agglutinin titres in two rabbits

during, and up to one year after, vaccination followed a similar

course to vibriocidal titres (fig. 6.3.2.).

6.4« Conclusions

The experiments confirm that V. cholerae and V. eltor have

similar 0 antigens, as far as the agglutination and vibriocidal

tests can demonstrate. Gel diffusion studies have also failed

to show any difference in their somatic antigen (Mukerjee 1965).

The Hikojima strain seemed to contain only a small amount of

C antigen, was also observed by Kauffmann (195^)• The alpha

antigen isolated from Ogawa vibrios invariably contains the

C component (Shrivastava 1965) •

The tests also indicate that agglutination and vibriocidal

tests measure the same antigen-antibody systems. This has been

oonfirmed with partially purified antigens (0-allut 1965).

Since the agglutination and the vibriocidal tests seem to

demonstrate the same antigen-antibody systems, the advantage and

shortcomings of the tests may be compared here.
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The relative advantages of the vibriocidal test are:

(a) The titres being high are detectable even when agglutinin

titres are undetectable (fig. 6.3.1, Finkelstein 1962). The VAIT

mentioned above permits detection of even traces of 0 antigens in

solution.

(b) Alteration of S phase antigen into 31 or R phase is

readily detected: complement reduces the colony count (31 phase)

of incubated control plates which is immediately apparent when the

incubated and non-incubated plates are held side by side.

(c) There is no chance of confusion from flagellar antibodies.

The main disadvantages of the test are:

(a) Performing the manipulations and reading the results are

time-consuming, so that the test is too cumbersome for routine use

on large batches of sera.

(b) The large numbers of culture plates and sterile glassware

required make the test expensive.

(c) Contaminants, either present in the reagents or acquired

during the manipulations, may necessitate repetition of the test

with' sterilised material.

(d) The presence of anticomplementary substances like faecal

matter (e.g. in titrating coproantibodies) seriously interferes

with the test.

Feeley (1965a) has used a tubidimetric method (bacteriolysis)
\

which is simple and rapid. Its precision is - 10%, compared to

- 100'/': in plate count technique (Kabat & Mayers 1961 ) but it3

sensitivity is only 1/i of plate counting which can detect as little

as 10~5pg 0f antibody nitrogen per ml. (Humphrey & White 196l(.,p20l)
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Recently Barua et al. (1963c) have claimed that the use of

three hour- old FW culture makes the agglutination test several times

more sensitive than the use of overnight cultures and the agglutinin

titres recorded are about the same as those in vibriocidal tests

by Feeley (1965a).

In brief, the vibriocidal test would seem to be better than

the agglutination test only when great sensitivity is required,

e.g. to titrate natural antibodies or to detect amounts of antigens

by their inhibitory effect on standard antibody (Finkelstein 1962).
The gel diffusion test does not seem very sensitive quantitatively

(Finkelstein et al. 1963).



Table 6.2.JL4

Reciprocal agglutinin titres of antisera, before and

after absorption vdth antigens (V. cholerae, 5^92, 834 and

V, eltor 34, 126)* The serum of each rabbit was titrated

separately without pooling.

Ab-CSI (L) Absorbing Titre with antigen
number antigen 569B 834 126

Inaba

569B.1 nil 800 800 800
2 tt 800 800 800
3 11

165i) 1600 1600
1 569B - -

2 tl
_ — -

3 ft
- - -

1 834 100 - 200
2 11 100 - 50
3 It 900 - 200
1 126 - - -

2 t»
- - -

3 tt
- - -

Ogawa

834.1 nil 200 I6oo 400
2 200 800 800
3 200 800 400
1 569B - 400 400
2 tt

• 800 200
3 tt

- 200 200
1 834 - - -

2 rt 50 -

3 ft 100 -

1 126 — - -

2 tt
- -

3 tt
- -

34*1 nil 800 3200 1600
2 tt 100 1600 800
3 tt 400 1600 1600
1 569B - 400 400
2 tt 800 400
3 II

- 800 200
1 834 - - -

2 ft
- - -

3 tf
- - -

1 126 - - -

2 tt
— - -

3



Table 6«2.JtA.
(continued)

Ab-QH (L) Absorbing Titre with antigen
number antigen 5693 834 126

Hikojima

126.1 nil 200 400 400
2 400 800 800
1 5693 - 400 400
2 If

- 200 200
1 834 50 - 200
2 <1

— - —

1 126 - — —

2 H
_ _ —

(1) less than 50

Table 6.2.|B

Summary of Table 6.2. JfcA

Antigen
Inaba serum

absorbed with
nil Inaba Ogawa Hikojima

Ogawa serum
absorbed with

nil Inaba Ogawa Hikoj ima

Hikoj ima serum
absorbed with

nil Inaba Ogawa Hikoj:

Inaba
J

N> + I + i ~ — + - -

Ogawa 2+ - 2+ 2+ +* — i+CM+CM

IICP

1-3
I+l+CM 2+ 2+ 2+ 2+ +

* incomplete absorption



Table 6.2.2. Cross-agglutination test with three V. cholerae
(l2r, 834, 8021) ancfffi. eltor (II—1, H-2) identified
as Ogawa serotype by slide agglutination. The
cholera and El Tor vibrios appear antigenically
similar: there is no evidence of individual strain
variation. Live vaccine and suspension.
Reciprocal titres = less than

Antiserum Absorbing
antigen

Antigen
12r 834 8021 H-1 H-2

12r nil 3200 64OO 6400 12800 3200
12r - - - - —

834 - - - - -

8021 - - - - —

H-1 - - - - —

H-2 — — — — —

834 Nil 3200 6400 3200 3200 3200
12r - - - - —

834 - - - - -

8021 - - - — —

H-1 - - - - —

H-2 - — — — —

8021 Nil 3200 12800 25600 6^00 3200
12r - - - - -

834 - - - - —

8021 - mm - - —

H-1 - - - — —

H-2 - - — — —

H-1 Nil 64OO 6400 12800 12800 3200
12r - - - - —

834 - - - - -

8021 - - - — —

11-1 - - - - —

H-2 - — — — mm

H-2 Nil 3200 3200 12800 12800 25600
12r - - - — —

834 - - - - —

8021 - - - — —

H-1 - - - - —

H-2



Table 6.3.1

Vibriocidal tests with absorbed, antisera (same

material as Table 6,2.1). The titres are reciprocal

common logarithms.

Ab-CH (L)
number

Adsorbing
antigen

Vibriocidin titre with
569B 834 126

569B.1 nil 6 6

2 tt 5 5

3 •I 5 6

2 569B <1 <41

3 (f <1 1

1 834 4 1

3 H 4 <1

1

834.2 nil 5 5

3 H 5 5

2 569B <1 4

3 W <1 4

2 834 <1 <1

3 <.1 <■!
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25 SO IOO 200 400 800 IbOO 3200 6400 12800

Fig. 6.J.1 . Correlation between agglutinin and
vibriocidin titres of sera of eight
normal and 15 vaccinated rabbits.
The best-fit line is after Bartlett
(Snedecor 1956). Concentric circles
indicate number of overlapping points.
Each point indicates the agglutinin
and vibriocidin titre of a serum.
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CHAPTER 7.

DIRECT BACTERIAL I-I/ffiFiAGCLUTHTATION

7 .1. Introduction

Direct haeoagglutination (Neter 1956) by vibrio strains has

been studied with two objectives: to differentiate species of

vibrios and to explain the ability of vibrios to adhere to the

intestinal epithelium (Lankford 1960).

Kraus & Ludwig (1902) had recorded that a heatlabile haemag-

glutinin of V. cholerae was always accompanied by haemolytic ability

but normal serum inhibited only haemolysin. Fukuhara (1909) claimed

that the haemagglutinin of V. cholerae can be extracted partially

with KaOH and completely with ethanol. while attempting to produce

lysogenic conversion of V. cholerae to V. eltor Doorenbos (1932)

noted that agar cultures of El Tor are invariably haemagglutinative

(sheep IlBC) but cholera vibrios vary in this respect.

G-riffitts (1948) also recorded direct haemagglutination in

agar cultures of 7/10 stock cholera vibrio strains.

Bales & Lankford (1961) observed that while only 1/17 V.

cholerae strains agglutinated rabbit RBC in agar cultures, all were

haemagglutinative when grown in aerated broth. They failed to find

fimbriae.

The claims of Barua & Eukherjee (1963b-) and Finkelstein &

Mukerjee (1963) that agar cultures of El Tor strains invariably

agglutinate fowl RBC and can thus be reliably distinguished from
oj-

recent isolates V_. cholerae cultures were contested by Moor (1963).k

Barua & Kukherjee claimed to find fimbriae in El Tor vibrios; unlike

Brinton (quoted by Finkelstein & Mukerjee 1963).
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7.2. The choice of suspending medium, blood and culture.

It was evident in the early part of investigations that the

slide test did not give reproducible results. With agar cultures

suspended in saline the reaction was more constant if the acidity of

the saline was neutralised. Titration of the HA confirmed that

the activity was greatest at neutral or slightly alkaline pH, being

strongly depressed at lower pH (table 7.2.1.).

The addition of 0EDTA to neutral saline did not affect the

reaction, so that divalent cations were not important. Consequently

PBS was used as the suspending medium for all subsequent experiments

Tables 7«2.2 and 7.2.3 show the results of slide haemagglutina-

tion tests with vibrios grown on NA, NB and IHB and the RBCs of

several species. louse and rabbit bloods(from laboratory strains)

agglutinated spontaneously in PBS.

The blood of cavie3 was most universally agglutinated. Blood

of man and horse agglutinated almost as frequently, while sheep and

ox cells were the most resistant. Fowl blood occupied an inter¬

mediate position. All El Tor vibrios, except two very old strains,

agglutinated fowl blood cells. Of these one recent isolate (#126)
did not agglutinate ox cells.

HA was most marked in HIB cultures. NB cultures were les3

commonly haemagglutinative than suspensions of NA cultures. This

is opposite to what have been recorded by Finkelstein & l.'ukerjee

(l%3) and Barua (1%3)« It is not improbable that these workers

underestimated the frequency of agglutination with agar cultures

because they used saline as the suspending medium for these cultures

usually NB cultures of vibrios are alkaline.
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HA and haemolysin appear to He quite independent, though either

property is less frequent in cholera vibrios than in others

(table 7.2.3).

Table 7.2. Ij- shows that the haemagglutinin titres reached the

maximum in four hours in stationary HIB cultures, remained constant

till 48 hours and then declined at variable rates.

The table also indicates that there was no significant

difference between two hour old stationary and aerated cultures,

(for aeration 2 ml of medium was placed in 50 ml conical flasks and

shaken continuously in a waterbath at 37C.)» The slightly higher

titres in some cultures probably resulted from the denser growth on

aeration. ..

Slide haemagglutination tests with strains 834, K7 &■ H11 were

strongly positive in HA cultures incubated for 18 hours both aerobic-

ally and in an anaerobic jar at 37C, and aerobically at 22C.

7.3. Temperature and reaction rate.

Haemagglutination was not inhibited even when both vibrios and

red cells were chilled to 4C before mixing. With rising temperature

the reaction occurred faster (fig. 7«3«l)» but there was no linear

relationship between reaction time (or its logarithm) and temperature.

At 55C agglutination was almost instantaneous, followed by

disaggregation of the clumps in 1-2 minutes. On cooling to room

temperature clumping occurred again on adding fresh culture but not

on adding red cells, so that the disaggregation was probably due to

inactivation of HA on vibrios, and not of reactive sites on RBCs.
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7*4. Physical and Chemical Treatment of vibrios.

On heating for five minutes the IiA activity was unaffected at

45C but wa3 completely lost at 30C,

There was no HA in filtrates of 24 or 48 hour broth and MB

cultures. Vibrios did not lose their HA even after 12 washes in

saline. Disintegration of the vibrios by ultrasonic treatment (18

Kc for 15 minutes at 4C) or by alternate freezing and thawing for

10 times destroyed the HA.

Slide haemagglutination was not inhibited by 2% D-mannose

(Duguid & Gillies 1957)- Nor were fimbriae demonstrable by electron

microscopy, though artefacts that could be mistaken for fimbriae

were not rare (fig. 7«4»l)«

HA was lost in HIB cultures treated with 1C$$ and 3% formalin,

and was barely demonstrable after treatment with 1/' formalin.

The HA could not be removed from vibrios by treatment with

trypsin, potassium periodate and ether. It, therefore, does not

appear to be a looseiy bound protein, polysaccharide or fat.

Extracting with absolute ethanol foi 48 hours at 37C caused

loss of haemagglutination activity of the vibrios. When the waxy

material in the dried extract was suspended in NS and the insoluble

particles removed by centrifuging at 2000 g for 30 minutes at room

temperature the resultant straw-coloured fluid gave weak slide

haemagglutination. Examination with a phase-contrast microscope

showed that the red cells adhered to minute flakes of bacterial

debris. Haemagglutination was not observed after removal of the

particles by straining through Millipore filters. The activity was
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also removed by filtering the original ethanol extract through

membrane filters, instead of through Whatmans- papers.

7-E- Specificity of vibrio haemagglutinin.

Addition of one volume normal rabbit 3erun or live vaccine

antiserum to the red cell suspension before mixing it with vibrio

suspension did not inhibit haemagglutination. In fact, rapid

clumping of vibrios by antiserum produced larger clumps of red cells.

The presence of IIA in HACs is another evidence of the distinctness

of HA from the 0 antigens.

Treatment of red cells with receptor-destroying enzyme

(Burroughs Wellcome Ltd.) according to manufacturer's instructions

did not affect their agglutinability.

The strongly haemagglutinating strains 834, H7 & H11 also

agglutinated, by slide test, suspensions of a strain each of

Saccharomyces cerevisiae and Candida albicans and the spores of a

PeniciIlium sp..

Of five nonhaemagglutinative V. cholerae strains four became

weakly agglutinative after 10 serial daily cultures on NA slopes.

On the other hand strains 834 and Vi lost their HA after 3-4 months

on being maintained at room temperature by weekly subculture on NA

slopes: on further 10 daily cultures Vi regained its HA. The HA

would thus appear to be an unstable character for cholera vibrios.

The stability of HA of NAG- vibrios was not tested.

The vibrios deposited by centrifugation from the colonic fluid

of a baby rabbit infected with V. cholerae 12r were nonhaemagglutina¬

tive by the slide method. Ability to agglutinate red cells in vitro

does not seem related to virulence. As is pointed out later, this
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strain did adhere to the intestinal epithelium of infected baby

rabbits,

7.6, Conclusions

The observations indicate that while all El Tor vibrios, except

some very old strains preserved by serial subcultures, are indeed

capable of agglutinating fov/1 RBCs some Vj_ cholerae strains also do

so even after animal passage. The HA. of cholera vibrios is in

general weak and unstable. No relation was detected with the

country of origin. Rizvi et al. (1965) have detected both haeraag-

glutinative and nonhaemagglutinative V. cholerae colonies on same

plates of primary stool cultures. The position thus seems to be

that while a recently isolated agglutinable (Group O-l) vibrio that

fails to agglutinate fowl RBCs is quite unlikely to be an El Tor

vibrio, the converse is not necessarily true.

The extreme lability of the cellbound HA is confirmed by

Zinnaka et al. (1965)'• the fimbriae illustrated by them is evidently

artefacts of the type depicted by Barber (l96lf) in connection with

bacterial slime. Attempts to isolate the HA usually denatures it.

I'ukuhara (19°5) had apparently failed to exclude agglutination due

to bacterial debris present in the ethanol extracts.

The haemagglutin is relatively nonspecific. Strain 12r was

shown to adhere to ileal mucosa in vivo though it was nonhaemagglut¬

inative in vitro. Freter (1964) reports that haemagglutinative

rugose V. cholerae strains inoculated into the duodenum of cavies are

distributed in the ileum and colon after three hours like a non¬

haemagglutinative E. coli strain. According to Weiss (1963)
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adhesion of mammalian cells to particles is determined by chemical

and physical properties of the cell surfaces, and also of the

ambient medium. The sharp curvature of microvilli reduces repulsion

due to negative charges on living cells. The failure of vibrios to

stick to caecal mucosa may also have a physical reason.

Recently Ghosh et al. (1965) have demonstrated an extracellular

thermolabile haemagglutin that can be precipitated by ultracentri-

fugation or 5°/" saturation with ammonium sulphate. The soluble HA.

of cholera, LI Tor and HAG vibrios appear similar. Lankford &

Legsomburana (1965) also distinguish a cell-bound HA, presumably

associated with microcapsule, from a soluble HA. Both seem thermo¬

labile, nonspecific and nonantigenic. El Tor vibrios seem to

possess more cellbound and cholera vibrios more diffusible HA.



Table 7.2.. 1

Influence of pH of suspending medium on
haemagglutinin titre. The titre is expressed
as reciprocal of observed value. 18 hour HUB
cultures.

Strain pH 5.0* 6.0 7.0 8.0 9.0*

V£ 1 4 256 128 32
569B - 64 1024 252 -

H-7 4 16 8
10256 256 1024 64
K001 16 256 256

* Partial haemolysis, also in controls

Table 7.2.4

Reciprocal HA. titros of stationary HIB cultures of
various ages; and the effect of aeration.

Strain
1.5 4

Hours
24 98 72 96

2 hour cultures
aerated stationary

Vo 256 128 512 256 64 8

n 512 512 256 4 64 8
10255 256 128 256 128 16 16
H-7 256 2^56 256 16 — -

965 512 512 256 256 128 64
H-ll 4 64 16 4 •



Table 7.2.Z

Slide haemagglutination with 18 hour NA culture of vibrio

strains. The strains are arranged in the same order as in

Table 3.3,1.

S = Sheep C = Cavy F = Fowl

Ox S C P

V. eholerae

569B 2+ 2+ 2+ 2+
BH29 - - - -

BH202 - 2+ -

V154 - 2+ -

352 - 2+ 2+
FR508 - - -

PR1212 - - - -

Vo - — + -

Vi - — - -

12r - - - —

583 — - - -

834 — 2+ 2+ 2+
6ol - •• - -

3A - - - -

B2 - - 2+ +

C116 - — 2+ "2+
6o - 2+ +

8041 - - 2+ -

7254 - - - -

7270 + + 2+ 2+

Total:
2 -I 11 6

15 20 20 20

V. eltor

E2 2+ 2+ 2+
d67 — 2+ -

D20 + 2+ 2+
D1933 - - -

Bl9a 2+ 2+ 2+
M45 2+ 2+ 2+
N2B 2+ 2+ 2+
K149 2+ 2+ 2+
K107 2+ 2+ 2+
126 — 2+ 2+
U13 2+ 2+ 2+
DBiy6l 2+ 2+ 2+
388nh + 2+ 2+
34 2+ 2+ 2+ 2+

Ox S C P

Continued

10255 + 2+ 2+ 2+
10256 2+ 2+ 2+ 2+
HI 2+ 2+ 2+ 2+
H2 2+ + 2+ 2+
«3 + + 2+ 2+
H4 2+ 2+ 2+ 2+
H5 2+ 2+ 2+ 2+
H6 2+ 2+ 2+ 2+
H7 + + 2+ 2+
H8 2+ 2+ 2+ 2+
K001 2+ 2+ 2+

Total:
11 22 24 23
12 25 25 25

NAG

8042 mm 2+ 2+
965 mm - 2+ —

658 mm - » 2+
172 .

- - 2+ •

454 2+ 2+ + 2+
H9 + + 2+ 2+
H10 - - - —

nil 2+ + 2+ 2+
H12 + + 2+ 2+
v.
me technikovii mm + +

Total* it Jt 8 J.
J»W wCJ.I U 0

9 10 10 10



Table 7,2,$

Slide haemagglutination -with 18 hour cultures in nutrient broth and
heart infusion broth. Haemolysis by the HIB cultures are also shown
for comparison.

S = sheep C = cavy F = fowl H = Horse M = man

haemolysis (HIB)
Ox S C P H MOx

NB

S C Ox

HIB

C P H M

V. cholerae;
5%9B
Vo
Vi
12r
583
834
601
3A
8021
7254
7270

— 2+ —

2+ 2+
m* mm

2+ -

2+ + 2+ 2+ 2+ 2+
- 2+ 2+ 2+ 2+ 2+
- - 2+2+2+ +

— — 2+ + + +
— — 2+ 2+ 2+
— 2+ 2+ +
- - 2+ +
- -2+2+
— + 2+ 2+

2+ - 2+ -

2+ 2+
+ +

+ +

+ 2+
2+ 2+

- - 2+

2+ 2+ 2+ 2+ 2+

Total (N 11) 0 0 3 1 3 5 11 10 11 11

V. eltor:
12S - - 2+ -

34
10255
10256

2+ 2+ 2+ 2+ 2+ 2+
2+ 2+ 2+ 2+ 2+ 2+
2+ 2+ 2+ 2+ 2+ 2+
2+ 2+ 2+ 2+ 2+ 2+

2+ 2+ 2+ +

2+ 2+ 2+ 2+ + 2+
2+ 2+ 2+ 2+ 2+ +

Total (N 4) 0 0 2 4 4 4 4 4 4

HAG:
8042
965
658
454

2+ - 2+ 2+ 2+ 2+
2+ 2+ 2+ 2+ 2+ +

— — 2+ 2+ 2+ 2+
— — 2+ 2+ + +

2+ 2+ 2+
2+ 2+ +

+ 2+
+ +

+

+

2+ 2+ 2+ 2+

Total (N 4) 0010214444



FIG. 7.3.1. Relationship of temperature and
haemagglutination time. NA cultures suspended
in PBS. There seems to be two distinct
reaction rates below and above ca. 22 C.

CENTIGRADES.



Fig. 7. j^.1-. Electron micrograph (320nn;;) of
V. eltor 126, metal shadowed.
The detached jlagellum is in lo-ver
right corner. The "fimbriaS." are
artifacts: true fimbriae do not
branch, or curve irregularly.
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CHAPTER 8

EXPKRIMEMTAL CHOLERA IN BABY BABBITS

8.1. Introduction

Suspecting that the absence of cholera from certain localities

might be due to the peculiar enteric microflora of the natives,

Hetchnikoff (18%.) tried to infect newborn animals. Cavies, mice,

kittens and puppies could be infected only irregularly and tended

to have septicaemia. But about half of 1% day old rabbits died

of typical cholera-like diarrhoea when fed with a virulent cholera

vibrio strain. On mixing the vibrio with cultures of a I'icrococcus,

an E. coli or a yeast (all of which augmented growth of the vibrio

strain on gelatin plates) 20 out of 22 baby rabbits died. Vibrios

could be isolated from the ileum and colon and also from bile (50/)»

liver (33/0 and blood (25'/0 • The intestines contained a large

volume of watery fluid.

In confirming these observations Schoffer (l8%-5)» Wiener

(1096) and Choukevitch (1911) found no advantage in adding a

symbiotic microbe.

Quite independently Issaeff & Kolle (189A) infected baby rabbits

by several routes. xperimenting with rabbits of various ages they

noted that babies could be infected: (i) intravenously, with a dose

(l/20th loopful) insufficient to cause septicaemia so that the blood

became sterile as the vibrios localised in the intestines; (ii)

orally (1-2 loopfuls) after neutralising gastric acidity ?/ith sodium

bicarbonate; and (iii) by direct inoculation in the small intestine

(l/20th loopful). In dead animals the watery fluid distending the
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intestines contained numerous vibrios. Histological examination

showed loss of mucosal epithelium and penetration of vibrios in the

submucosa (Kolle & Hetsch 1922, p277)«

The nature of this experimental model was studied in great

detail by Sanarelli (1921). He noticed that virulent vibrios

placed in the mouth of baby rabbits disappeared within six hours.

The stomach and small intestine remained sterile. The stomach

contents were 3hown to kill the vibrios in a few minutes both in

vivo and in vitro - presumably due to the fatty acids liberated

from milk acting together with gastric hydrochloric acid.

Disappearance of vibrios from the oropharynx was partly

attributable to the natural antibodies in milk, but the vibrios

were also absorbed through the mucosa. They could be recovered

from the pharyngeal lymphatics in half an hour, from neck lymph

nodes in two hours, from liver and kidneys in six hours after oral

feeding. Though blood culture was never positive, a transient

bacteriaemia must have occurred. Vibrios were demonstrable in the

terminal ileum and colon 11-12 hours after feeding. A fluid

"transudate" began to appear about eight hours later. The vibrios

then spread upwards affecting the jejunum in 36 hours after feeding,

but the duodenum remained sterile even when the bile was infected.

The rabbits remained vivacious till just before death, which could

take a few days.

Sanarelli considered the bowel fluid to be a transudate because

of its composition. One 4-day old rabbit had bowel fluid of

following composition:
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Volume 4.5 a^I

SG 1.005

Dry iveight 1 .567'

Ash 0,88;'

NaCl 1 .24; ' (/212 inly/37
After subcutaneous Injection the vibrios localised in the

ileocaecal region. Sanarelli attributed the success of intra-

intestinal inoculation to contamination of blood and peritoneum

during injecting the inoculum. His most interesting experiment was

that vibrios placed in the rectum grew backwards into the colon and

the small intestine but did not cause diarrhoea: he, therefore,

held that damage to intestinal mucosa during excretion of vibrios

was essential for transudation of fluids into the intestine. Like

Metchnikoff, he considered the infection primarily a colitis.

Solarino (1939) could produce diarrhoea in baby rabbits by

placing vibrios in the mouth after severing the oesophagus between

ligatures.

Dutta & Habbu (1933) used a stock strain, V. cholerae 5&9B.

After one passage through baby rabbits it produced consistent

choleraic diarrhoea on injecting ic/*" CITJs /the lowest dose tested^
in the small intestine. With this dose diarrhoea began 1 6-44 hours

after inoculation and the animals usually died 10 hours later.

Autopsy revealed some fluid in the terminal ileum; a larger volume

of fluid in the colon; inconstant congestion of the ileum; and

loss of epithelium at places. Among 50 animals the vibrio was



isolated from the heart blood of three and the liver of one. Blood

collected just before death showed definite haemoconcentration.

While Finkelstein et al. (1964-) could also infect their rabbits

with the same dose of strain 569B, Mclntyre and Feeley (1964) failed

to infect theirs with even five times the dose, although the rabbits

succumbed to 10 or less CFUs of four other vibrio strains. It seems

that rabbit colonies not only vary in their susceptibility to vibrio

infection, but may also vary in the relative susceptibility to

different strains. In our animal3 V. cholerae 12r, said to have an

MID of only one viable cell (Mclntyre & Feeley i 961*.) had an MLD of

about 60 CFUs.

The actual technique of inoculating the vibrio and handling the

baby rabbits varies considerably between laboratories and may account

for some of the conflicting results (Feeley 1965b). Dissatisfied

with the variability in the site of inoculation in ileum and the

amount of trauma to the bowels, Feeley (1965b) reverted to oral
I

infection with V. cholerae 12r. Gastric acidity was neutralised

with 1 ml of sodium carbonate, and ca. 1.5 x 10^ CFUs of an over¬

night culture suspended in 1 ml saline was introduced into the

stomach: only one of 50 animals failed to contract infection.

The high dose required for oral infection suggests that a large

proportion of the vibrios failed to reach the ileum in viable form,

i.e. the effective infective dose could not be controlled.

It was to eliminate such potential variables in both oral and

ileal challenge that we resorted to intraduodenal challenge. In
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rabbits the duodenum can be exposed and injected without handling

(S.4..4.).

Attempts have been made to correlate the enteropathogenecity of

vibrios and other bacteria in man and baby rabbit. Dutta et al.

(1963) inoculated baby rabbits intraintestinally with stock Vibrio.

Salmonella typhi and £. coli strains, recovered the bacteria after

24-4.8 hours from the caecum, and reinoculated 3-6 rabbits with each

passaged strain (1 (A - 101"' CFUs per 100 gm bociy weight). Mukerjee

(1963b) did the same with vibrios only. Finkelstein et al. (1964-)

used unpassaged vibrios, mostly recent isolates.

The results (table 8.1.1) show excellent correlation between

rabbit and human pathogenecity of case strains ,/i.e. strains from

patients/5 of cholera and £1 Tor vibrios, though one would have

expected more of the case £1 Tor strains to be virulent in rabbits

and the water £1 Tor strain to be avirulent. V.ith NAG- vibrios the

correlation is less clear. This may be partly because of the
<_

difficulty in ascertaining the pathogenicity of a particular strain

in man. A NAGV strain, isolated during a gastroenteritis outbreak

and pathogenic in rabbit loops (Gupta et al. 1956) produced only mild

diarrhoea, while in the same series of experiments of Dutta et al.

the virulence of water NAG vibrios is unexpected.

8.2. Clinical Course of baby rabbit cholera

Altogether 32 nonimmunised California rabbits were infected by

intraduodenal injection of V. cholerae 12r in doses ranging from
O

1-10 CFUs. Nine remained well till the sixth day. One ( 11 112)

developed diarrhoea two days after challenge but recovered the day
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after. 37 others died of fatal diarrhoea, while five died with

fluid in the intestines but without overt diarrhoea.

Death occurred 8-36 hours after challenge, except in three that

died 56, 82 and 90 hours after inoculation. Interval to death was

to some extent related to dosage (fig. 8.2.1). None of the animals

infected with more than 60 CFU survived longer than 34- hours

(table 12.4.1 )«

Diarrhoea appeared 8-34 hours after inoculation of vibrios,

except In the three cases of delayed death (diarrhoea in 48, 38,

42 hours respectively and the animal that survived had diarrhoea in

42 hours). The incubation period v.'a3 also related to the dosage

(fig. 8.2.2).

The stool was watery with greenish colour. It was rarely

profuse: as a rule a trickle of fluid was discharged from a few

hours before death. In 21 of the 37 rabbits diarrhoea was noticed

only eight hours or less before death. Orily' two had diarrhoea

longer than 24 hours; in these a serous fluid,dribbled continuously

for the last few hours before death. None of the diarrhoeaic

animals lost weight detectably, perhaps owing to the continued

feeding.

There was no evidence that age, within the range of 10-14 days,

influenced the incubation period or the time of death. But litters

seemed to vary considerably in their susceptibility to infection

(table 8.2 .lj. This trend was also evident in passive protection
tests.
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The general condition of the animals did not deteriorate till

6-12 hours before death, even when they had diarrhoea for some time.

Just before death the animals became cold, sluggish and limp. The

abdomen looked fuller than normal and felt distinctly full. Presence!

or absence of cyanosis could not be determined because the oral mucosa

of California rabbits is normally blackish.

Four rabbits of a litter were infected with V, cholerae 569B

(5000 CFUs each). They were all found dead on the third day morning

three had diarrhoea during the night.

6.3. Postmortem rbcamination.

The findings of postmortem, bacteriological and biochemical

examinations were qualitatively similar in immunised (IT =109) and

nonimmuni3ed (IT = 52) animals. The rabbits in both groups are

considered together.

Of these 73 died of cholera (46 nonimmunised, 27 immunised).

The rest were well till killed on the sixth day after challenge. The

autopsy was made within 10 minutes after death in 13• Five others

were killed 24 hours after apparent recovery from diarrhoea but

typical fluid was found in the intestines: bacteriological evidence

did suggest, however, that they were on the way to recovery (see

S 8.4). In addition to the 161, six rabbits were killed at pre¬

determined intervals of 6-28 hour3 after challenge in order to study

the early 3tages of infection.

In baby rabbits dying of cholera the gross changes comprised

accumulation of fluid in the intestines and signs of dehydration.

The prominent rigor mortis contrasted with antemortem limpness
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(fig. 8.3«1). The subcutaneous and muscular tissues were dry and

sticky; the serous surfaces also looked dry, matt and were sticky.

The dark viscous blood flowed from'heart slowly into pasteur pipettes,

haemolysed easily and yielded very little serum on clotting. Apart

from the intestines the viscera looked normal apart from some con¬

gestion (see below). In one rabbit the kidneys were swollen .and

pale, and showed parenchymatous degeneration on histological

examination.

Accumulation of fluid in the intestines was the most character¬

istic feature (fig. 8.3.2). The terminal 10-12 cm of ileum con¬

tained about -vp-1 ml opalescent watery fluid. The caecum and colon

were distended with fluid, usually 3-6 ml. However the intestines

of rabbits no. 246 (156 gm), 250 (216 gm), 249 (228 gm) and 239

(212 gm) contained 11, 10, 10 and 8 ml fluids respectively, corres¬

ponding to 7.1, 4.6, 4.4 and 3*8 ml per 100 gm body v/eight: nearly

equal to their expected plasma volumes.

The colonic fluid was watery, but bile-stained and always

contained floating faecal material and other debris. It was turbid,

though on standing on the bench for 30-40 minutes or on gentle

centrifugation become water clear (fig. 8.3.3)• It lacked the

gruely opalescence and the peculiar odour of human cholera stool.

The proximal ileum, duodenum and stomach looked normal. The

frequently described hyperaemia limited to the small intestine was

rarely encountered. In a few animals there was visible congestion

in all abdominal viscera, which tended to be most evident in liver,

renal medulla, the ileum (more prominent in the terminal part) and

its mesentery. Such congestion was by no means infrequent in well

animals killed with ether.
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The urinary bladder was full in 68; of choleraic animals and

almost all well rabbits. The gall bladder looked normal in all.

8.4. Histology

The tissues of six normal and eight choleraic rabbits were fixed

in formalin immediately after death.

Apart from cloudy degeneration in the kidneys of one animal

and general congestion there was no abnormality in liver, adrenals

and kidneys.

The most notable feature in the intestines was the virtual

absence of microscopic changes. The duodenum and proximal ileum

were normal, except some congestion in one animal.

The terminal ileum showed the most evident changes (fig. 8.4.1-5)-

The general architecture including the shape and size of the villi

were normal. The epithelial lining on villi was intact; the cells

stained normally and had a regular brush border. The layer of

mucin that normally covers the brush border was absent in all

specimens and vibrios adhered to the bared surface. The goblet

cells were well filled with mucin. ^Emptying of goblet cells is

the most sensitive histological indicator of irritation of ileal

mucosa (ELorey 1933^7* In all rabbits the mucosa was hyperaemicd-

the vessels contained densely packed red cells; the stroma was

oedematous, and the lacteal3 dilated. But these changes were pro¬

nounced in only two animals. An amorphous eosinophilic protein-like

material was deposited in the stroma and lacteals of most animals.

There was no cellular infiltration.
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The caecum was normal in four; its mucosa was congested and

hyperaemic in the other two (fig. 8.4.6-7) • The mucin on the

columnar epithelium was absent but vibrios were not seen to adhere

to the epithelium.

R225 developed diarrhoea on the third morning after challenge,

recovered on the next afternoon and was killed the next noon. It

contained watery fluid in the colon. Histology was identical with

the others: there was no degenerative change or cellular

infiltration.

8.5« Bacteriological investigations.

A. Microscopic examination

Smears of the contents of duodenum and proximal ileum were

usually free of bacteria; occasionally a few organisms resembling

lactobacilli, coliforms or streptococci were seen. Stained smears

from lower ileum showed vibrios alone. In smears of colonic fluid

vibrios predominated but the normal commensals, morphologically

identified as Clostridium welchii, lactobacilli, streptococci,.

coliforms, bacteroides, spirilla or yeast cells were also invariably

present in fair numbers. Epithelial or pus cells were rare.

Since the intestinal organisms tend to disseminate rapidly and

widely after death, the results of cultural examination have been

divided into those from 23 immediate autopsies and those from 57

delayed autopsies (table 8.5.1).

B. Culture

In 12A of Inoculated well animals the vibrios were isolated

from the caecum contents at autopsy. The vibrios were usually few

in number on TTGA plates.



101 .

In choleraic animals the caecum and ileum contained abundant

vibrios in all rabbits, and in the mid-ileum of mo3t. Vibrios were

isolated from the duodenum of about one-third of the animals, but it

would appear from table 8.5.2 that it was invaded late in the course

of illness. The gall bladder, though loo Icing normal, contained

vibrios in one-third of delayed autopsies, including some instances

where the duodenum was free of vibrios. The spleen culture was also

positive five times when no vibrio could be isolated from blood. The

stomach contents were invariably sterile, as might be expected from

their high acidity (pH 2-3).

A few colonies of coliforms grew on MacConkey plates in most

specimens from caecum and terminal ileum. When the diarrhoea had

lasted more than 6-8 hours these organisms could usually be recovered

from the entire small intestine. This would suggest that once a

large volume of fluid had accumulated in the distal intestines, the

caecal commensals and vibrios were carried upwards by backflowing

fluid. In the five rabbits that had apparently recovered from

diarrhoea, vibrios were isolated from the terminal ileum and caecum

only, while coliforms grew heavily from specimens from upper ileum

and duodenum as well.

8.6. Biochemical changes (table 8.6.1).

The serum g7a7, and l/ we re within normal range in

choleraic animals.

The bowel fluids were alkaline (normal pH of ileum ca 8, of

caecum ca 7). Protein concentration was below The ranges of

and /pi/ resembled serum concentrations, while £K/ greatly

exceeded the serum concentrations in 5/7 specimens.
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8.7. Pathogenesis

From the above observations the pathogenesis of experimental

choleraic baby rabbits appears to be as follows.

On introduction into the duodenum the vibrios are transported

to the terminal ileum and the caecum. After a lag period of about

an hour they multiply at a constant rate to reach a concentration of
9

about 10 CFU in the intestine, and then attain a "stationary" phase

(fig. 8.7.1, table 8.5.2). The growth rate is slower than in

stationary broth cultures (fig. 8.7.2). This is probably due to

the partially anaerobic condition and the limited availability of

readily assimilable nutrients in the intestines, compared to culture

media. In contrast to the steady growth of vibrios, when 7 x 10^
CFU of Chromobacterium prodigiosura were introduced into the duodenum

7 6
of each of two baby rabbits, only 2.5 x 10 and 6x10 CFU were

recovered from them after 12 hours: these were localised in the

caecum.

Once the vibrios have multiplied, fluid begins to collect in

the intestines, probably in the terminal ileum. There is no evidence

that this is due to an inflammatory process in the gut wall: the

absence of inflammatory cells in the ileum of R225, after two days'

diarrhoea, would seem to rule out inflammation as an essential

factor. As is shown in the following section, the baby rabbit's

tissues are mature enough to manifest typical inflammatory reactions.

The caecum would seem to act merely as a reservoir of fluid.

The accumulated fluid may escape as diarrhoea, or refills towards

the duodenum.
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Ifyperaemia and oedema of viscera appear late. Their gross and

microscopic distribution closely resembles those seen in peripheral

circulatory failure with surgical shock (Moon 1957).

Death is probably entirely due to loss of fluid and salts.

There is no clinical sign of toxicity. In recovering animals fluid

in the intestines may persist for some hours after apparent recovery,

but there are no degenerative changes in the intestines.

Bacteraemia is not a constant feature. Gall bladder and spleen

may contain vibrios late in the infection. How the vibrios reach

these organs, or whether there is a true invasion of these viscera

has not been elucidated: some possibilities are discussed later.

Sanarelli's observation (1921) on retrograde asymptomatic
8

infection could not be verified. About 10° CFUs of V. cholerae 12r

in 0.2 ml of PS were inoculated into two baby rabbits with a plastic

catheter (size French 4*5) inserted 4 cm through the anus. Both

remained well till killed 50 hours later. Vibrios could not be

isolated from any part of the intestines or from bile.

6.8. Specificity of enteritis in baby rabbits.

Baby rabbits were challenged with salmonellae-and an Th coli

strain (cf. S 3«3)• The results (table 8.8.1) showed that suckling

rabbits were not only infected easily with these, but the host

reaction varied with the causative organism producing diseases

simulating the corresponding human infections.

The 33. coli strain infected 3/4 rabbits belonging to two litters

The diarrhoea was mild, transient and self-limiting. The stool was

semisolid, greenish and mucoid. Cultures of ileal and colonic
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contents collected at autopsy four days after recovery from diarrhoea

yielded a pure growth of this serotype.

Both siblings infected with J3. typhimurium died of choleraic

diarrhoea. But they looked very ill with the onset of diarrhoea,

and their abdomens were bloated with gas. So the clinical condition

was easily distinguished from cholera, as was the autopsy appearance.

The blood was dark, thick and clotted slowly; the spleen was about

twice the normal 3ize, soft and friable; the peritoneum, contained

a little bloodstained fluid: the typical features of septicaemia.

The ileum and colon were markedly hyperaemic. The caecum contained

3-5 ®1 of a thick, turbid, bloodstained fluid (pH 6.5) in one, and

5 ml of watery fluid (pH 7*6) in the other. The salmonella was

isolated from all parts of the small and large gut, blood, spleen,

bile, and also from the peritoneal fluid.

Two rabbits from different litters were challenged with the

S. paratyphi B strain. Both developed pea-soup diarrhoea in about

32 hours. They were somewhat listless with the onset of diarrhoea

and remained so till killed four days later. There was also marked

abdominal tumefaction. Autopsy showed large volumes of gas in the

ileum and caecum, which contained 3-4 ml of dirty greenish fluid

(pH 7-8). The ileum and caecum were noticeably hyperaemic. The

spleen was enlarged, purple, soft and friable. liistological

examination of the ileum showed circumscribed foci of macrophages and

lymphocytes in the mucosa (fig. 8.8.1). These foci, probably corres¬

ponding to Peyer's patches, were congested and oedematous. The

adjacent villi were also densely infiltrated; they were short, thick

and tended to fuse. The mucosal epithelium over the inflammed
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regions was lost at places with exudation of blood and bacteria.

The intervening parts of the mucosa were normal, apart from peri¬

vascular infiltration by mononuclears. The caecum showed similar

changes (fig. 8.8.2) of a more diffuse distribution.

An interesting accident happened with another rabbit ( R257)

that was challenged, after passive immunisation, with cholera vibrio

on the same day as R260 was challenged with S_. paratyphi. It

developed choleraic diarrhoea on the third day and recovered on the

fourth day morning. The stool culture yielded vibrios but enrich-
fct-olK"

ment culture in selenitejvas negative. It again load diarrhoea, of

a pea-soup type, on the fifth day which continued till the animal was

killed two days later. The postmortem appearance resembled para¬

typhoid infectionj the colonic fluid had a pll of 7« A few vibrio

colonies grew from a loopful of colonic fluid, while a heavy growth

of salmonella was obtained from all parts of the small and large

intestines. These two were in separate cages. The infection was

probably transmitted during feeding, through contamination of the

gastric tube or, les3 probably, of the milk. It contrasts with the

difficulty of infecting baby rabbits orally with V. cholerae without

special measures and a large challenge dose.
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Table &.U. Snteropathogen^city of enteric bacteria in

baby rabbits. Groups A and B were passaged
once before the experiment (cf. table 8.8.1).

Organism
No. of

Strains
No.

Virulent
Diarrhoea

A. Dutta et al»(l%3)
V. cholerae
V. eltor (case)
NAG- (case)
NAG- (water)
£. coli (case)
Sal, typhi

2
3
7
2

2
1

2
3
5
2

2
0

severe

Severe to mild.

(30^Xnamal3 )
"mild" fatal.

B. Mukerjee (1963b)
V. cholerae
V. eltor (case)
V. eltor (Middle East)
V. eltor (water,

Calcutta 1958)

2
1
4

1

2
1
0

1

severe
it

" (2/16
rabbits)

C. Finkelstein et al.(1964)
V. cholerae
V. eltor (case)
V. eltor (water)
NAG-I (case)

6
8
4
1

,(i)
0(iii)
1

ft

ft

(i) Two old stock strains avirulent.
I

(ii) Two Thailand strains avirulent:
mild cases.

recent isolates from

(iii) Avirulent even after animal passage.



Table 8.2.1

Titration of Minimum Lethal Dose (MLD) of V. cholerae 12 r in

10-12 day old California baby rabbits. Intraduodenal inoculation.

Litter Wo. 2-10 15-20

C F w s

30-30

& v\rw\o.(

65-80 100-250 300-800

1 2/2 2/2

2 2/2

3 2/2

4 2/2 oA* VI

5 V3 0/1

6 Vi VI VI 1/1

7 o/i Vi 2/2 2/2

8 0/5

9 Vi

10 Vi

11 Vi

12 Vi

13 2/2 2/2

19, 25, 27 3/3

16-50 7/7

Total: 4/7 2/3 4/10 7/7 n/11 ll/ll

* developed diarrhoea but recovered



Table 8,if.l

Isolation of V. cholsrae from 112 baby rabbits inoculated

intradnodenally. The data of Table 8.5". 2 are incorporated.

Material
No

disease
Cholera

Early autopsy Delayed autopsy

V19 3/32

0/4 5/5**

0/13 10/36

0/7 0/7

6/18 5/11

15/17 9/9

18/18 1V14

23/23 54/57

Blood

Spleen

Bile

Stomach*

Duodenum*

Mid-ileum*

Distal ileum*

Caecum*"

0/10

V32

* Contents in lumen. ** Blood culture negative



Table8.>.2

GrowthanddistributionofV.choleraein13babyrabbitsatdifferentstagesofinfectionfollowingintraduodcnalinoculation.Autopsyimmediatelyafterdeath.
No.

Weight gm.

Challenge dose(CFU)
Recovered CPU

T ,hour)

Autopsyfindings

Culture* duodenum
Mid-ileum

Terminal ileum

Colon

212

356

1.5x106
4.2x107

8

7.5ml.greenishfluidincae¬
2+

2+

2+

cumandterminalileum$no
6x103

hyperaemia.UBLfull.

245

160

12

Normal,noentericcongestion.
-(c)

2+

2+

2+(C)

5.72x103

UBLfull.

252

284

8.26

X

106

12

Normal,noentericcongestion.
—

-

-

2+(0)

10^

UBLempty.

287

220

100

5.23

X

12

Normal,noentericcongestion.
-(C)

-(c)

♦(c)

2+(c)

UBLfull.

•

253

285

5.72x103
8.42

X

107

18

5.5ml.fluidinileumand
—

2+

2+

2+(C)

colon;nocongestion.UBL empty.

288

240

100

109

18

•formal.UBLfull.

-

-(C)

2+(C)

2+(c)

244

212

230

6.24

X

20

8ml.fluidinterminal,20cm.
-

2+

2+

ofileumandcolon;nocon¬
6x103

108

gestion.UBLempty. 11ml.fluidinterminalileum
*(C)

2+(C)

246

156

6.16

X

24

2+

2+

andcolon;nocongestion.
107

[JBLfull.

289

210

100

1.05

X

24

1.3ml.offluidincolonand
+

+(c)

2+

109

ileum;nocongestion;UBLfull
•

250

216

160

5.65

X

28

10ml.fluidinileumandcolon:
2+

2+

2+

2+

109

entireileumcongested.UBLfull
•

251

212

160

7.15

X

28

6.5ml.fluidinileumand
—

_

2+

2+

3olon;lowerileumspecially
109

congested.UBLfull.

138

200

170

2.29

X

34

4.5ml.fluid.

278

216

160

9.83

X

109

124

?.5ml.fluidinileumand
2+

2+

2+

2+

colon;nocongestion.Renal lortexpale.UBLfull.

UBL=Urinarybladder*Blood,bile,spleenandstomach:nogrowth.(c)=ConformonMaoConkeyplate



Table 8.6.1

Sodium, potassium, chloride (niSq/l), protein (gn/100 ml.)

and pli of serum and bovvel fluids of choleric baby rabbits,

(cf. Table 13.2.1).
T = Interval in hours

Material T pH £K1 {?!] Protein

A. Serum

No. 245 0 156 3.6 86
12 136 4.2 86

252 0 143 6.3 90
12 135 4.7 100

253 0 134 5.8 102
18 150 4.4 95

246 0 140 3.4 87
24 138 81

250 28 126 8.7
251 l» 114 6.8 76

Range: 114-150 3.6-8.7 76-102

B. Baivel fluid (infection)

253 18 8.2 117 15 113 0.2
239 tl 9.0 130 5.2 73
246 24 9.0 138 2.8 92
250 28 9.0 137 14.2 85 0.1
251 t« 8.5 125 20.8 78
279 II 8.0 140 14.8 82 0.2
248 124 122 18.8 69 0.2

Range: 8.0-9.0 122-140 2.8-20.8 69-113

C. Bovvel fluid (enterotoxin)

270 32 140 17.6 82 0.1
271 10 8.0 130 32 100 0.1



Table8.3.1

EnteritisofsucklingrabbitsduetoEscherichiacoli65/56andsalmonellae
Strain

Rabbit

Diarrhoea

Culture

BloodBileSpleenDuodenumIleumColon

£.coli (106CPU) S.typhi (108CPU) S.tvuhimuriura (108CPU) S.paratyphiB (108CPU)

193 194 205 206 213 214 262 263 260 274 257

58-82hours,mild.Swab:puregrowth.Killed 7thday.

II nil

n nil

78-88hours,killed7thday. Niltill5thday. From88hourstilldeath(92hours),likecholera©-. HiiitH(80iitiii
Prom32hourstillkilled(120hours);pea-30up. ♦tIIII»lII?QQII\.IIII

Seetext(secondaryinfectiononcholera)
+ + + +

+ +

+ + + +

2+ 2+ 2+ 2+ 2+

2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+
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Fig.8.2.1.(left)Relationshipbetweenchallengedose(V,cholerae12r)andintervalto death(Thours)inbabyrabbits.3rabbitsdyingin90,82and58hours onchallengewith3>16and33CHJsarenotshown.
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Fig. 8.3.1. (top). A 12-day old rabbit dying of
cholera. Postmortem rigidity
is marked; fur on abdomen and
hind legs smeared with faeces.

#R216.

Fig. 8.3.2. (bottom). Same rabbit. Fluid in caecum,
colon and terminal ileum
(from left to right; caudal to
liver).



 



8.3«3 • Colonic fluid of two choleraic rabbits,
before and after centrifugation.#£R2lO, 212.



Fig.8»Z|..1.Terminalileumof13dayoldrabbit.Normal.(PAS-haematoxylin,225x)^4R1Q4» Fig.8.4.2.(right)Ileumof12dayoldcholeraicrabbit.Killed20hoursafterinfection. 8mlserouscolonicfluid.Subepithelialoedema,otherwisenormal; gobletcellswellfilled.(Alcianblueandneutralred,185x)^R244.



Fig. 8.4»3. (top). Ileum of infected rabbit. Died at 28 hours,
diarrhoea two hours. Fluid in colon. .Section
looks normal apart from mild congestion at tip
of villus. (H.E., 20Qx)#-R 86.

Fig. 8.4.4. (bottom) Ileum of choleraic rabbit. Died 38 hours after
challenge. Vibrios adherent to epithelium.
(H.E., 1000x)^R 122.



Fig. £.4.5. Harae section as fig* 3J«.*4 showing
dilatation of lacteal, capillary
packed with ETC (shock + haerao-
concentration); intact epithelium.

K122. (X W>)



 



Fig. 8.4.6. (top) Caecum of 14-day old control rabbit.
Arrow points to capillary in mucosa.
Mucin stained dark. (PAS-haematoxylin, 200X).

^ R1Q4.

Fig. 8.4.7. (bottom) Caecum of 13-day old rabbit dying of cholera
28 hours after challenge. Immediate autopsy.
Brush border bared of mucin, oedema in wall:
otherwise normal (PAS-haematoxylin, 200X)

#£86.



MINUTES

Fig. 8.5.1 . Growth of V. choleras 12r in baby rabbit's
bowel fluid. Choleraic rabbit {-*/R 21^8)
killed. 5.5 ml colonic fluid centrif'uged
at 2000 g at room temperature for one hour.
Supernate (3 ml) incubated at 36C in matched
tube (1 cm internal diameter) and optical
density determined in EEL Portable Colorimeter
with saline blank (cf. fig. $.7«l)«



T ( HOURS.)

Fig. 8.7.1 . Growth of V. Cholerae 12r in baby rabbit's^
intestine. Number of divisions = log? -g— , when
Cq and are total colony counts, 0
initial and at interval T. From the data of table
8.5.2. On infection with 5-10 MLDs there is lag
of ca. one hour, steady growth of 30 hours followed
by stationary phase. Line fitted by least square
method.



Fig. 8.7.2. Growth rate of V. cholerae 12r in broth
tube (pH 8.0), determined by optical
density (a) and colony counting (3). The
Mean Generation Time is about 25 min. at 37C.



Fig.8.8.1.(left) Fig.8.8.2.(right)
IleumofbabyrabbitinfectedwithSal,paratyphiB.Diarrhoeafor4days, killed.Congestion,mononuclearinfiltrationofmucosa;villithick, ulcerated(arrow)andmatted.(lI.E.,75^)#B260. Caecumofsamerabbit.Similarchanges,morediffuse.(H.E.,185X).
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CHAPTER 9

ILEAL LOOPS IN ADULT BABBITS AND CAVBLS

9.1. Introduction

The loop method differs from the baby rabbit technique in three

important v/ays: (a) The vibrios are confined artificially to a

short segment of the ileum. (b) The prolonged surgical procedures

allow greater injury to the intestine from both handling and exposure

to air. (c) The pathology of acute intestinal obstruction is super¬

imposed on the infective process. An aseptic peritonitis manifested

by matting of intestines and deposition of fibrin under the serous

coat of ileum is invariable, and the amount of fluid accumulating in

the duodenum and upper ileum may be considerable. The composition

of this fluid is similar to that of fluids in infected loops (see

below).

The rabbit loop model was first reported by Violle & Crendiro-

puolo (1915) in a brief "note on experimental cholera". They made

a loop about 10 cm long in the upper part of small intestine. The

animals died overnight, presumably from intestinal obstruction.

Rabbits could not be infected if vibrios were injected into the

intestine above or below a single ligature, so that obstruction alone

was not thought to predispose the ileum to infection. A typical

loop lesion consisted of -watery fluid accumulating in the loop and

desquamation of mucosal epithelium.

De and Chatterje (1953) rediscovered the technique. One loop-

ful of overnight PW culture suspended in 1 ml of fresh PR" was

inoculated in a 10 cm loop. Next day 14-20 ml blood-stained fluid
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collected in the loop. The fluid contained mucous flakes; numerous

epithelial cells and live vibrios; variable number of ?J3Gs; few pus

cells; no macrophage, and 1-4/' protein /sic/. The columnar

epithelium was necrotic, especially near the tip of villi. The

submucosal tissue spaces and lymphatics were widened with oedema.

The larger blood vessels were markedly engorged. Hydropic changes
were seen in stromal cells, but not in villar epithelium. There

was no cellular infiltration. In later publications more emphasis

has been placed on degenerative changes, especially denudation of

epithelium (Dutt et al. 1964)

In 1956 De et al. claimed that the rabbit loop provides a genera.
i

method of assessing the pathogenicity of enteric bacteria. Among

B. coli strains from human stool, only 3/20 from healthy men caused

loop lesions while 9/20 from chronic diarrhoea and 15/20 from acute

diarrhoea cases were pathogenic. All three strains from infantile

diarrhoea were virulent.

McNaught & Roberts (1958) recorded rare false positive reaction

in uninoculated loop. Investigating such reactions De & Ghose (19591

concluded that false reactions occurred only when the volume of fluid

was greater than 1 ml in a 10 cm loop and the fluid was injected too

rapidly, or when the loop was too short. There was no evidence that

the proximal intestine was more sensitive to infection as stated by

Taylor et al. (1958) working with enteropathogenic Jh coli. On the

other hand Taylor et al. did not consider the nature of culture

medium, pH of inoculum and age of culture to be as important as

De & Chatterje claimed.
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Dissatisfaction with De & Chatterje's technique is evinced by

the modifications introduced. Japanese workers (Kasuga et al. 1963,

Hattori et al. 1965) wash the loops in NS to remove debris and mucin.

American workers (Leitch 1965, Schafer & Lewis 1965) use long saline-

washed loops. Such loops invariably give some false reactions: at

NAMRU-2 the false reactions amounted to about a quarter of the

experiments.

Such variations have been introduced quite arbitrarily, without

considering the pathology of the lesion. In fact the pathology of

the loop lesion has not been studied as thoroughly as Sanarelli (1921,

had studied the pathology of V. cholerae infection in baby rabbits.
fcrfYW.0-/

Fresh et al. (1961) have studied the morbid anatomy by killing
K

rabbits serially 4-24 hours after inoculation. Ilyperaemia and a

protein-rich oedema wore detectable microscopically in the earliest

specimens. Necrotic changes did not occur till 10 hours when the

loops were already distended with fluid. An intense neutrophil

infiltration was common in the early stages; it tended to disappear

later.

Attempts have also been made to find more suitable animals.

Rats are unsatisfactory (De 1961). Monkeys and goats can be used

(Fresh et al. 1964) but provide^ no advantages. Niknov et al. (19581
preferred cavies to rabbits because: (i) They could induce loop

lesions with only 2-3 CFUs of V. cholerae, and (ii) the ileum of

cavies was thought to harbour fewer commensals.

It is of interest that loops in cavies were used by Florey (1933)

for studying the reaction of mucous membranes to irritants. Within
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a few hours of inoculating a dense suspension of S_. typhimurium there

was copious inflammatory exudation and the bacteria could be seen

inside both epithelial cells and phagocytes.

There is no record of mice being examined for making loops.

McNaught & Roberts (1958) and Taylor et al. (1958) have con¬

firmed that about 60/ of B. coli strains from human diarrhoea cases

infect rabbit loops. The correlation between loop-pathogen^city and
clinical source seems bettor than between serotype and human patho-

t'
genicity. The loop pathogenicity usually shows no association with

serotype, haemolytic activity, mouse virulence and rabbit skin

necrotising activity (Namioka et al. 1961). linteropathegenic

Staphylococcus aureus (Jenkin & Rowley 1959), S. typhimurium (Florey

1933, Singh 1964-) and shigellae (Arm et al. 1962, Kasuga et al. 1963)

have also been shown to infect loops in rabbits and cavies.

On the other hand Taylor et al. (1961) failed to demonstrate
t

correlation between loop pathogenicity and natural infectivity of

E. coli strains causing enteritis in animals, e.g., strains from

swine oedema and enteritis were nonpathogenic in rabbits. Namioka

et al. (1958) obtained loop lesions with 14/15 coli strains from

the stomach and ileum of pigs dying of transmissible viral enteritis

while 9/l1 strains from the colon were avirulent. In this context

it may be noted that _E* coli may be a natural enteropathogen in

rabbits (Napier 1963, p323).

Sarkar & Tribedi (1958) reported that 19/30 Alkaligenes faecalis

strains isolated from blood of suspected enteric fever patients

produced loop lesions in rabbits.
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G-upta et al. (1936) claimed that 35/36 NAG- V vibrios isolated

in a gastroenteritis outbreak at Kumbh fair produced loop lesions in

rabbits. In confirming this De (l957, p112) noted that 2/6 Middle

Eastern El Tor strains also infected rabbits. Sayamov (1963) found

Middle East and Celebes strains of V. eltor equally infective in both

rabbits and cavies. On the other hand Kukerjee (1963b) found only

1/4. El Tor strain from Middle East pathogenic in rabbits. All six

strains from patients in southeast Asia were virulent. Barua &

Mukherjee (1964-) could demonstrate pathogenicity in rabbits in only

3/10 El Tor strains isolated from patients in Calcutta.

Mukerjee also found 1/7 HAG- vibrios from surface waters in

Calcutta pathogenic in rabbits while 15/ of water vibrios tested by

Sayamov were pathogenic in cavies.

These results agree well with those in baby rabbits (table 8.1.1

except that the Middle East El Tor strain in Mukerjee's collection

was nonpathogenic in baby rabbits.

9.2. Evolution of lesions in rabbits. Morbid Anatomy.

The natural evolution of infection in a loop is compromised by

limitation of space for accumulation of fluid and by the altered

physiology of intestinal obstruction. The amount of fluid collect¬

ing in the gut above the loops often exceeds the total volume in the

loops.

The course of infection was studied in animals killed three

hours (two rabbits), six hours (five rabbits), nine hours (two

rabbits), 12 hours (three rabbits), 18 hours (three rabbits) end
8

24 hours (one rabbit) after challenge with 2x10 CFU of V. cholerae

12r per loop. As a rule two loops in each animal were inoculated
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with vibrios, while two others were inoculated with NS, heat-killed

vibrios or an avirulent 33. coli culture. The morphological changes

observed in a series are summarised in table 9>2.1 . Till 18 hours

the animals did not show more distress than one would anticipate in

any laparotoay.

There was no accumulation of fluid in the control loops till

24 hour3. The mucosa was usually ulcerated at the site of ligature,
ike j>-<-«<»«•«- «>)-

and a few drops of clotted blood at both ends of a loop was common.
K

Some contained inspissated faecal material. The wall was normal,

except in two that showed mild mucosal congestion: the cause of the

congestion could not be determined. The villi were tall and slender

(fig. 9.2.1). .ith the dissection microscope they looked "finger"-

or "leaf-shaped.

In infected loops changes were discernible at three hours. The

loops contained 2-3 ml serous fluid. The wall looked normal micro¬

scopically and 'with the dissection microscope, but histological

sections (fig. 9*2.2) showed subepithelial oedema with proteinaceous

deposit in the villi, most marked at their tips, and moderate con¬

gestion of the villar capillaries.

By six hours the loops contained 5-10 ml serous fluid; two of

the loops were already distended with 15-20 ml fluid (fig. 9.2.3).
The subserous and submucous blood vessels were engorged. Microscopic

changes were more pronounced than in three hours' specimens

(fig. 9*2.4, 5> 6) pi-otein deposits were in the lacteals as well.

The brush border had lost its mucin covering and numerous vibrios

adhered to the microvilli. The columnar epithelium looked normal.

The goblet cells were usually empty but not always.
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By 12 hours all loops were distended with 20-30 ml fluid which

was usually tinged with blood. The engorged blood vessels stood

out prominently on the stretched wall; petechial haemorrhages were

common on the serous surfaces. The villi were markedly congested,

but normal in size and shape (fig. 9*2.7, 8). The epithelial lining

of villi was still intact, with normal brush border. There were no

inflammatory cells in the stroma.

By 18 hours there was gross bleeding in the wall of the distend¬

ed loops. The blood lifted and broke through the epithelium

(figs. 9*2, 9j10). By 24 hours the loops were gangrenous.

The stage of reaction naturally varied to some extent from

animal to animal (fig. 9.2.11). But macro3copically detectable

changes were always present in six-hour specimens infected with
g

2x10 CFU. The histological changes corresponded fairly well

Y/ith the macroscopic stage of the lesion.

Epithelial cells and WBCs were rare in the loop fluid till

bleeding occurred.

9.3» Bacteriology

No vibrios could be isolated from the blood or bile of 15

rabbits. Vibrios were present in the blood of the rabbit killed

24 hours after infection: they probably invaded the blood stream

after ulceration of the intestinal mucosa.

Vibrios were isolated from the fluid of all infected loops.

The count varied between 8-60 x 10^ CPUs/ml, irrespective of the

stage of lesion.
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Smears of fluid from 15 loops showed organisms morphologically

resembling 5. coli (11), lactobacilli (10), Clostridium welchii (7),

streptococci (6), yeast (2) and Fusiformes (l). On aerobic culture

B. coli were isolated six times and Strep* faecalis once. A strain

welchii and two of C. multifermentans were isolated on blood

agar plates incubated at 370 in anaerobic jar. All plates tended to

be heavily overgrown by vibrios.

Although vibrios could be adherent to the epithelial brush

border, they were never seen inside the cells or in the subnucosa.

9 «4. Bio chemical change s.

Loops from two rabbits infected for six hours were sectioned

and stained for succinic dehydrogenase (an enzyme in the tricarboxylic

acid cycle): there was no difference between the control loops and

the infected loops. Both groups showed the dehydrogenase stain

diffused throughout the columnar epithelium, instead of being

localised predominantly along the luminal border.

The pH of loop fluids rose from 8.0-8.4 at three hour3 to

9.0-9.5 at 18 hours (tables 9«1*1> 9»4«l)« Protein remained below

0.3/2, while the electrolyte concentrations resembled serum levels.

9«5» Loops in cavies

The loops resembled those in rabbits in pathology, bacteriology

and biochemistry (Table 9^.1 ). The extremely friable small
intestine and its mesentery were easily traumatised. Presumably

because of this about one-third of control loops 'were distended with

fluid (false positive reaction), which never happened with rabbits.

Another 35/2 of control loops contained vibrios, usually in moderate

numbers: these have been excluded from the data. The vibrios were

also common in blood (5/13) and bile (6/22).
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The fluid in loops of cavies vrere usually serous, but faecal

and even chylous fluids were not rare (fig. 9-5.1 )• Table 9.^.1

shows that the biochemical composition of the fluid in infected

loops was not different from that of fluid in false positive reaction

or of the fluid collecting in upper ileum from intestinal obstruction

9.6. Infective dose

Table 9-6.1 shows that cavies could be infected with less than

10 viable cells, a fairly consistent infection being achieved by

inoculating even this small dose of V. cholerae 12r. Rabbits were,

however, resistant to doses below 10^ CFUs; a consistent infection

required 10-* CFUs.

9.7. Remarks

Cavies seem less satisfactory than rabbits for loop experiments.

Apart from false positive reactions, the mortality in cavies may be

considerable unless great care is taken in inducing anaesthesia and

then to avoid shock from cold and trauma.

Except during pilot experiments there was no false positive

reaction in rabbits even when 2 ml solution was injected into a

10 cm loop (table 10.2.. I ). It is most important to ensure foe.

length of the loop accurately and in the living gut anatomical

landmarks like mesenteric arteries alone (S.4.4) are dependable.

The proximal loops did not seem particularly more sensitive than

distal ones (table 12.2.1), but all the loops were located in a

short length of the ileum. The greatest difficulty arose from the

presence of food in the lumen. Usually they could be made to be

propagated distally by applying hot saline compresses to stimulate

peristalsis.
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The current practice of observing the loop reaction 10-24 hours

after a heavy challenge allows masking of changes due to infectipn

by secondary changes. From the data presented above it would seem

that the infection can be observed in a comparatively uncomplicated

and dynamic state if the loops are examined 6-9 hours after

inoculation.



Table3.Z.I

Ilealloopsinfivemalerabbitsinoculatedsimultaneouslywith2x10^CFUofV,oholerae12rineachloopand killedatintervals(T)

No.

T (hours)

Grossappearance

Dissectingmicroscopy

Stainedsections

90

3

Nochangeinwall.2ml. clearfluid,pH8.

Engorgementofcentralves¬ selsofvilli;punctate bleedinginmucosa.

Dilutationofvillarvesselsand lacteals;subepithelialorotein-rich fluid.

89

6

5ml.clearfluidpH8.
Morepunctatebleeding.

Gobletcellsempty;mucinonsurfaceof columnarepitheliumlost;stromaloed¬ emajnocellularinfiltration.

88

12

Wallcongested;subserous petechia#;20ml.amoky fluid,pH9.

Morebleeding,punctate.
Villioedematous;intervillarspace widenedduetostretchingofwall. Epithelialliningofmucosanormal.

92

18

Patchesofhaemorrhages. 20ml.pinkfluid,pH 9.5

Massivebleedingobscuringdetails. Epithelialliningbrokenatplacesbyblood.

91

24

Infarction.Loopwall purple.20ml.blood- mixedfluid.pH9.



Table 9.4.1

The pH and the concentrations of sodium, potassium and chloride

(mEq/l) and protein (gm»/100 ml.) of sera and bowel fluids of rabbits

(R) and cavies (G).

Animal Specimen PH Na K CI Protein

R234 serum (normal) 138 47 99
R292 " (loop 18 hr.) 134 94
R293 fl tl ft 146 7.0 96

R266/1 loop fluid 8.6 164- 7.4 81 0.2
R266/2 ft ft 9.5 170 7.6 83 0.1
R267 ft ft 162 8.0 83 0.2
R235 ft It 9.0 147 6.0 89 trace

GN-1 serum (normal) 142 6.4 99
G284A loop fluid 9.0 138 6.2 109 0.3
G284 ft fl 9.0 138 10.8 86 trace
G276 tt ft 9.5 136 7.4 94
G277 control-loop fluid 142 7.0 77
G284 tt 11 tt 8.5 142 11.6 81 trace
G285 tt It tt 8.5 144 6.6 91
G274 fluid above loops 9.0 142 6.6 trace
G284 If ft ft 8.5 150 8.2 trace
G286 ft tt tt 8.5 152 20.5 147

R262 toxin - induced loop 150 6.9 24 0.2
R262/2 ft It ft 149 6.6 67 trace

R292 tt tt ft 7.6 144 3.7 99 0.1
R292/2 N fl ft 8.0 150 3.8 102 0.1
R293 ft ft ft 8.0 160 3.6 104 0.1
R272 It ft tt 129 3.3 70
R272/2 ft It It 156 6.5 74

- R289. ft It tt 146 77 0.2
DeU) ft If tl 144 5.7 85 O.Zf3

(i) De, S.N. (1961). Mean values, No. of samples not stated.



Table9.6.1

RelationshipbetweendoseofV.cholerae12rinintestinalloopandthefrequencyoflesion.The
actualcolonycountfordosesof10^CHIandabovevariedfromhalftotwicetheindicatedcount. CFtJ

0

5-10

10-30

50-70

100-300

103

KA

lo5

106

lo7

108

Cavies

38/127

9/12

13/15

9/10

59/62

3/5

y4

V4

3/4

3/3

Rabbits

0/47

0/2

0/5

2/8

13/13

1V15

2/2

12/12



Pig. 9.2.1. (above). Section of control loop of three hours'
duration. The dark cells (red stain)
contain mucin. (PAS-tartrazine, 110X)#R51.

Fig. 9*2.2. (below). Same rabbit, infected loop. Oedema of villi
lifting epithelium. The fluid seems rich
in protein. (H.E., 110X).



Fig. 9.2.9. (below) A loop infected 18 hours and its control
(3rd natural size). The wall is stretched
and haemorragic. ^R94«

Fig. 9.2.3. (above) A six-hour loop (approximately 3rd natural
size), containing unusually large amount
of fluid. #R93*



Fig. 9.2.4. (top) Loop, infected six hours. The lacteals
are distended with protein-rich fluid.
(H.E., 75X)#H51.

Fig. 9.2.5. (below).2ame section. Vibrios sticking to brush
border. Epithelium is intact, stromCv
oedematous. (1,OOOX)



F%*3.2..(left)loopinfectedsixhours,5al.fluidinlumen.Oedemainvilliand submucosalgobletcellsempty;probablyaildcellularinfiltration. Thispictureiscommonerthanthemoredi'asticchangesoffig.9.2.4. (:'/•—haematoxylin,160:)V̂c9.
Fig.9.2.11.(right)Loopinfected18hours,ca.5mlfluid,(h..150



Fig.9.2.6.(left)Loopinfectedsixhours,5mlfluidinlumen.Oedemainvilliand submucosa;gobletcellsempty;probablymildcellularinfiltration. Thispictureiscommonerthanthemoredrasticchangesoffig.9.2»4« (PAS-haematoxylin,160X)ft"RQ9.
Fig.9.2.11.(right)Loopinfected18hours,ca.5̂fluid.(H.E.15OX)^R96.



Fig. 9.2.7 (top) Loop of 12 hours; 20 ml fluid. Dissection
microscopy (14X). Congestion of large
submucosal vessels (dark bands) and
central villar vessels. y£Rl8.

Fig. 9.2.8 (below) 12-hour loop. Villi separated by
stretching of wall, otherwise as in
6-hour loops. (14-OX; PAS-haematoxylin)

# R.88.



Fig. 9«2./0# (top) Loop, 18 hours; 20 ml bloody fluid; bleeding
in mucosa, denuding epithelium sefe-
(14X)#R?2.

Fig. 9»2.lOS(bottom) Same specimen as above. (75^» U.K.).



Fig. 9.5• fluid from 18 hour infected
loops of three cavies. The
middle one is chylous.

(from left I ^G- 258, 1 261, G 259.)
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CHAPTER 10.

ENTEROTOXIN IN RABBIT CHOLERA

10.1. Introduction

There is no toxaemia in cholera. The term toxin has, however,

been widely used to denote any soluble substance liberated from the

vibrio cells or formed outside the cells through their activity,

that can manifest biological activity in the natural host or experi¬

mental systems. Toxins acting on the intestines are often called

enterotoxins.

The earliest pathologists (Cohnheim 1889) realised that there

must be an enterotoxin acting on the host. However, all attempts

to demonstrate such a toxin were unsuccessful till recently

(Pollitzer 1959).

De (1959) claimed that sterile filtrates of 6-12 hour cultures

of recently isolated V. cholerae strains in 5-1 Difco Bactopeptone

would induce typical loop lesions. The active fraction was heat-

labile (56c for 30 minutes) and separable by ammonium sulphate

precipitation. It was absent from phage lysates of vibrios, and

seemed to be a time exotoxin. Growth requirements (De et al. 1962)

were critical, aeration being essential. Its production was

inhibited by presence of mucin and bile in the medium, which would

throw some doubt on the relevance of this toxin in vivo.

At the same time Dutta et al. (1959) could produce diarrhoea in

baby rabbits by feeding a crude acid-lysate of vibrios (Gallut 1954)•
The properties of the active factor was not determined, but a cholera-

genie factor in filtered stool of cholera patients was heatlabile

( anse & Dutta 1961)-
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Jenkin & Rowley (1959) injected streptocycin-sterilised loop

fluid in fresh loops without effect, and concluded that active

growth of vibrios in loops was essential. Lactic acid was thought

to play an important role because: (i) 25 mg of sodium lactate

injected into a loop could induce fluid accumulation, and (ii) only

5 mg of lactate in a loop together with administration of endotoxin

intravenously could do the same.

Formal et al. (1961) could not induce loop lesions by up to

66 mg of lactate along with intravenous endotoxin and demonstrated

that loop fluid contained only traces of lactate till degeneration

of the mucosa began. Lactates were barely detectable in fluid

from choleraic baby rabbits.

The author's attempts to detect enterotoxin active in loops by

the method of De et al. (1962) were unsuccessful and he also con¬

firmed that 1 ml of streptomycin-sterilised loop fluid was not

enterotoxic. At NAMRU 2 Dr. T.ft. Mitchell and Mr. J.D. G-illmore

demonstrated to him that they could produce loop lesions in rabbits

by injecting 3-5 ml of membrane-filtered loop fluid. Unfortunately

the long saline-washed loops gave a large proportion of false

reactions and the toxin's susceptibility to heat (iQOC for two hours)

was quite erratic. It was therefore decided to try the highly
i

reliable 10 cm loops in the author's own laboratory. Owing to the

great difficulty of filtering the loop fluid through membrane filters

of small pore-size, attempts were made to use chemical sterilisation.

Rabbit loops were found to be unaffected with up to 3 ml of saline

saturated with tolciuene or chloroform, or containing 1:1000 thiomeral
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(B.P.). The last was unreliable for sterilisation. A diarrhoea-

inducing factor could be demonstrated with chloroform-sterilised

colonic fluid of baby rabbits and loop fluids.

The watery contents of a loop, or of the colon of a baby rabbit,

were centrifuge! at room temperature for 15-20 minutes at 2000 g to

deposit the debris. The supernate was separated and an excess of

chloroform was added (solubility in water, 1:200 at 25C). The

mixture was allowed to stand at room temperature for one hour. The

excess chloroform collected at bottom. The fluid was decanted.

A loopful was streaked on to a HA plate to ensure freedom from live

vibrios. The rest was centrifuge! again for $0 minutes to precip¬

itate the killed vibrios, and stored in cold room.

This fluid was injected in intestinal loops (2 ml in each) or

baby rabbits (1.5 ml in each). Saline saturated with choloroform

was injected in controls.

10.2. Results (table 10.2.1)

Two Ogawa and one Inaba strains of V. cholerae were inoculated

in loops. The fluid accumulating after 18 hours was sterilised as

above and inoculated into fresh loops. Enterotoxin was demonstrable

in each case. The loop lesions produced by sterile fluid were

indistinguishable morphologically from those induced by infection.

The fluids were sterile in every loop.

One of these loop fluids was again inoculated in a third set

of four loops. There was no lesion after 18 hours. The sterile

fluid was thus confirmed to be free of a transmissible agent.

The sterilised,fluid from an infected loop was inoculated in
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two baby rabbits. Both died overnight with typical fluid collection

in the intestines.

The sterilised colonic fluid from one baby rabbit killed both

recipient babies; the fluid of another baby rabbit killed two of

four recipients, the third one developed diarrhoea but recovered.

In all cases diarrhoea began 8-10 hours after inoculation of

fluid. Two died overnight, and three died 16, 34 and 56 hours

after inoculation. Thus the onset of diarrhoea appeared to be

earlier than its onset in infection by vibrios, but the interval to

death was about the same. The autopsy findings were similar to

those of infected babies. The colonic fluids were invariably

sterile{i-t-

Biochemical changes in both loop and colonic fluids were also

identical with those of infected animals, except that the pH tended

to be slightly lower (tables 9»4.1> 8.5.1).

10.3. Character of toxin.

Chloroformed fluids were placed in cellophane tubing of 6 mm

diameter, and dialysed in the cold room against tap water for

48 hours and then against saline for 8 hours. They retained their

activity, as shown in the table.

The activity was also demonstrable in fluids incubated for one

hour at 37C or stored for one month at 6-1OC. It was lost on

heating for 3° minutes at 56C. Fluids stored in cold room for

16 days after mixing with commercial formalin (to final concentration

of 2/v v/v), and then dialysed, were also inactive in rabbit loops.

The sterile fluid had no ill effect on intraperitoneal injection

in white rates (2 ml in each) and Swiss mice (0.5 ml in each).
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The enterotoxin would thus seem to be an "exotoxin", though it

may be liberated mainly from disintegrating cells (cf. diphtheria

toxin).

It was not neutralised by an antiserum (agglutinin titre

1:12,800) from a rabbit vaccinated with four weekly doses of live

homologous vibrio. (The antiserum was added to 20 parts of steril¬

ised loop fluid and incubated for 15 minutes at 570 before inoculatior.

of the fluid into loops,) As shown later this antiserum was strongly

protective in passively immunised baby rabbits.

The potency of the enterotoxin wa3 not titrated. Fluid from

baby rabbits was not injected into loops of adult rabbits. But

since loop fluid killed baby rabbits, the active principle in both

adult rabbits and babies seems to be the same.

It was evidently not soluble in chloroform. From its general

properties the toxin may be expected to be protein.



Table 10»2,1

Demonstration of enterotoxin in the loop fluids of adult rabbits and

the colonic fluids of baby rabbits.

Technique Material inoculated Positive,
reaction^

Ileal loops Saline saturated with chloroform 0/18

(2 ml. in each Sterile loop fluid, strain 12r V4

loop) It H It It 334 V4
». « tt ii 5g9B 2/2
" " " strain 12r, (37° C. 1 hr.) V4
" •» » 11 it (550 c# 30 0/3

rain,)
" " " " • (formolised) 0/2

" " " " (dialysed) V4
H « n it 11

+ OH-L anti¬ 3/3
serum

suckling rabbits Chloroform saline 0/2

(1.5 ml. in each Sterilised fluid (strain 12r) from loop 2/2

loop) Sterilised fluid frcm baby rabbit (strain 12r) V6(i±:
11 11 tt it it (550 Ct 30 0/2

min,)

(i)

(ii)

Accumulation of fluid in loopVdeath of baby rabbits.

Another had diarrhoea for one day, recovered.



121 .

CHAPTER 11

WATER & ELECTROLYTE TURNOVER IK PERFUSED INTESTINES

11.1 . Introduction

Apart from feeding baby rabbits and inoculating rabbit loops

with materials expected to contain enterotoxin (Chapter 10) attempts

have been made from time to time to demonstrate enterotoxin in more

controlled experimental systems. Burrows et al. (1944c) immersed

strips of rabbit and cavy ileum and frog skin in Ringer bath and

noted INCREASE of water transfer on adding cholera endotoxin to the

bath. The viability of such ablated organs is doubtful and

recently Burrows (1965) describes the results to have been "somewhat

erratic".

Lam et al. (1955) cannulated the small intestine of mice at

both ends in situ and recorded an increase in intraluminal pressure

on instilling a culture filtrate into the gut. Similar results are

said to have been obtained in ablated intestines. The increase of

pressure was less in intestines of immunised mice.

In recent years the frog skin, which normally transfers Na+
and water in both directions (Ussing 1960), has been utilised as

a convenient substitute for the intestine. A patch of skin is

stretched across an aerated buffered bath and the test material is

added to one side of the bath. The transfer rates of Na+ and water

can be measured directly by isotopes or indirectly by recording

changes in electric potential across the skin believed to be
•f

proportional to the rate of Na transfer. The urinary bladder of

frogs and toads can only absorb Na from the mucosal surface

(Puhrman et al. 1962) and as control one can use the frog stomach
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which absorbs very little Na^ (Fuhrroan & Fuhrman 1960). The

uhrmans detected a heatstable, rapidly dialysable anionic substance

in cholera culture filtrates supplied by Phillips-Duphar Ltd.

(S. 4*5) that depressed Na' transport across the frog skin. Huber &

Phillips (i960) on the other hand could detect a heatlabile

dialysable factor with similar activity in filtrates of cultures

(laboratory made) and cholera stool. In reviewing the frog-skin

method Phillips (1965) has pointed out that the results observed on

skin do not agree with those derived from experiments on rabbit

loops and baby rabbits.

Fisher & Parsons (1949) broke new ground by demonstrating that

the rat ileum can be kept viable in vitro for at least one hour if

perfusion with aerated buffer is started before severing the

mesenteiy. This model - and its modification the inverted ileal
I9&2>

sac (Booth.) - has been used extensively to study absorption of
l\

solutes by the intestine. They have not been used in cholera

research. Some results of the author's experiments are presented

below.

At the Cholera Research Symposium Dr. G-. Love presented a paper

(Phillips et al. 1965) reporting that in rabbit loops cathartics

(cascara sagrada, podophyllum, ricinoleic acid and phenolphthalein)

depressed the absorption of water and Naf like cholera toxin and

that these results were confirmed in frog skin. The paper attracted

the author's attention for several reasons:

(i) While searching the literature for a drug that would induce

diarrhoea in rabbits (as a control on infected choleraic animals) it
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had been evident that rabbits are quite resistant to cathartics

(e.g. G-rollman & Grollman 1965).

(ii) Cascara sagrada described as the most active cathartic in

loops is known to act only on the colon after liberation of anthra-

quinone by enzymes.

(iii) Mitchell (1965) reported that the frog skin toxin of Fuhrmar.

et al. (1962) although active in frog skin in his laboratory as well,

had no effect on rabbit loops. On the other hand he failed to
"t"

detect any depression of water and Na absorption in infected rabbit

loops. Usually there wa3 an increase of absorption with a con-

commitant greater increase in secretionj sometimes both were

decreased•

After a discussion on these discrepancies Capt. Phillips and

Dr. Mitchell encouraged the author to repeat the experiments on a

larger scale. The results are presented below.

11.2. Perfusion of rat intestine

Three cholera culture extracts were used: two purchased from

Phillips-Duphar Ltd. and one made in the laboratory (table 11.2.1 »§-).

These differed grossly in their protein and electrolyte concen¬

trations. Control solutions were, therefore, made up to contain

the same and £"'£? as the corresponding extracts.

Only the intestines treated with extract 2 absorbed more water

than the controls (table 11.2.2). The difference is statistically

significant (t*2.7*» d.f. 8)j four of the five sets showed excess

absorption in the toxin-treated intestine. But the number of

observations are too few for a firm conclusion. Unfortunately more
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material of the same batch could not be procured.

An interesting observation was that adding NS to perfusing

fluid resulted in a striking difference in the water absorption

compared to water absorptions by intestines treated with extracts

or "control" solution. The rat intestine would seem to be extremely

sensitive to the ionic composition of the perfusing fluid. The

addition of 1 ml of "control" solution increased the ^la/ and X/
—2 —3

by no more than 10 and 10 raEq/ml respectively.

11.3. Perfusion of rabbit ileal loops.

The data of perfusing rabbit loops with 5 ml of fluid, with

and without added cathartic, are summarised in table Jf.3.1. The

controls and tests were alternate runs on the same loops. Usually

2-5 rabbits (6-10 loops) were used for each cathartic.

The data show that the technique lacked precision. In 11 of

88 sets of readings the standard error of mean equalled or exceeded

the meanj the mean amount of water absorbed varied from -0.2 ml to

1.0 ml in the control groups. Some of the estimated flux rate

constants for potassium in either direction across the gut had in

fact negative values: theoretically the values cannot be less than

zero.

No significance can, therefore, be attached to small differences

in the data. The only convincing effect is that of saturated %S0^.
It caused consistent outpouring of fluid, about 1 J+ ml in 15 minutes.

Unfortunately the and K/ were too low to be detected by

flame photometry, so that only the lumen to plasma fluxes could be

calculated from the radioisotope data: there was no change in rate

constants of these fluxes. Hypotonic MgSO^ solution had little
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-f-h
effect in spite of the considerable amount of IZg . So the action

of saline cathartics seems to depend on the osmotic effect, as has

been shown in dogs (Visscher & Ralphe 194-5).

Since potassium salts are known to be strong irritants and

necrotising agents for mucous membranes, the lack of significant

activity of isotonic is noteworthy.

In retrospect, the large experimental error could be attributed

to two principal causes. Since the variation between rabbits was

no greater than the variations in repeated tests on the same loop,

the defect evidently lay in the technique.

First, it was impossible to recover a constant fraction of the

fluid in a loop. linlike rat intestine preparations the rabbit loop,

being attached to the mesentery,was too sinuous for complete

expulsion of fluid.

This is exemplified in table 11.3.2. The amount of

"recoverable fluid" was estimated by adding Phenol red (PSP) to

a concentration of 0.03 mM/l according to technique of Mitchell

(1965).

Another source of considerable error was the flame photometer.

This method, popular in clinical medicine for ease and rapidity, is

seldom very accurate (King & Wootton 195}?)« Any change in electro¬

lyte concentration in 15 minutes' perfusion seemed to be veiled by

the error in estimating the electrolytes.

To sum up, there was no evidence that saline and anthracene

purgatives have a strong "toxic" action on the ileal mucosa of the

rabbit.
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11.4. Remarks

The increase of water transport in rat ileum agrees with the

observation of Mitchell (1965) that in rabbit loops there is usually

an increase in permeability.

The different results obtained in rabbit loop experiments with

cathartics may be due to several factors:

(i) A larger number of animals was used in each experiment

(2.-^j instead of 1-2). This enabled comparison of treated loops

with the control runs on the same loops, instead of pooling all

controls from different experiments. The larger number also

exposed the potentially large error in the experimental procedure.

(ii) In each case the control solution was made up to contain

the suspending fluid of the cathartic solution. Thus the control

of cascara sagrada contained alcohol, which itself stimulated fluid

outpour to some extent.

(iii) The flux rates of the ions were calculated on the establish¬

ed fact that at a given time the rate of absorption is proportional

to the amount available, i.e. it follows the pattern of a monomolec-

ular reaction (S 1+.6). In the preceding experiments the calculations

were based on simple difference of amount administered and recovered,

which is valid only when the initial concentrations of the ions and

the duration of experiments are strictly similar throughout the

series. This had not been the case in practice.

(iv) The results above are expressed in terms of flux rate per

loop and not as amount per gramme of wet tissue. Since the
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thickness of ileum varies along its length, the weight of a segment

is influenced by the amount of fluid accumulating in the mucosa

during rapid absorption (Fisher & Parsons 1and absorption is

proportional to area of mucosal surface rather than the thickness

of wall, estimations based on wet weight of loops can be heavily

biased.



Table 11.2.1

Sodium, potassium, chloride (iriEq/1) and protein

(ga/1) concentrations of vibrio extracts.

Extract No. Source [Na] c-a (01J Protein

1 Laboratory made
strain 12r.

598 81

2 Phillips-Duphar
Batch P0Q5.

147.8 30.7

3 Phill ips -Duphar
Batch P019.

152 20.5 147 0.6

4 Burroughs Wellcome 110 28.5 86 <0.1



Table 11.2.Z

Rate of water absorption (pl/hour/cm) from perfused

rat intestine.

Extract Treated Control intestine
No. intestine Control soln. NS Ringer

175 66

1 160 122

163 189
1

175 204

184 144

196 109

z 204 102

185 204 213

204 159 170

(x +5jf) 194.6 +_ 4*4 143.6 + 18.4
1 _j

170 126

3 127 173

190 191

sl.

,162.3 + 18.7 rv 163.3 + 19.4
„■ ~~r



Table11.3.1•Perfusionofrabbitloopswith5mloffluidandcathartics.Theamountofwaterabsorbed in15minutesandthefluxrate/constants(1hour)ofwater,sodiumandpotassium,interms ofmean,standarderrorandnumberofexperimentsinthatorder.Con=control,Trd=
treatedgroup.

Treatment

Water
absorbed(ml) Con.Trd.

Water
(L-P,net) Con.Trd.

Na+(L-P) Con.Trd.

Na+^-L) Con.Trd.
K+(L-P) Con.Trd.
K+(PL)

Con.Trd.

NaSO 2mOsminPF

0.40.1 0.160.2
1010

0.17-0.49 0.110.09
1010

1.931-71 .230.22
1010

1.971.51 0.200.23
1010

2.482.03 0.350.20
1010

0.890.75 0.250.30
1010

"(hypotonic)

0.80.5 0.350.37 44

0.16-0.09 0.08,11 44

1.972.22 0.320.85 44

2.382.42 O.420.98 44

2.702.16 0.610.41 44

0.530.27 0.260.11 44

!KS042mOsm|2inPF

-0.2-0.2 0.170.12 46

-0.15-0.03 0.150.16 46

1 .461.65 0.34O.37 46

1.681.81 0.280.35 46

1.681.59 0.27O.34 46

0.751.02 0.24O.36 46

0.10.1

"(hypotonic)g*13£*1°
0.080.09 0.090.07

24

2.071.05 0.650.19
24

2.074.24 O.65O.24
24

2.791.65 1.000.33 24

2.39O.95 1.700.30 24

" mOsmini.00.6 distilledwaterO.450.15
88

0.830.13 0.270.05 88

3.391.59 0.540.10 88

2.43I.63 O.390.92 88

3.821.56 O.440.26 88

2.39O.33 0.310.50 88

lagS04164mOsm indistilledwater
0.60.3 0.250.18

57

0.22O.59 0.210.18
57

2.022.39 0.610.26
57

3.362.78 O.38O.31
57

MgSOhsaturated (3000mOsui)in distilledwater

0.3-1.4 0.160.34 78

0.30-0.50 0.170.21 78

3.092.22 0.20.23 78

3.632.32 O.360.21 78

MgO2mOsm inPF

0.1-0.1 0.320.1 44

0.20-0.05 0.20.67 44

2.271.29 O.37O.14
44

1 .861.78 0.26O.14 44

3.252.17 O.560.28 44

1.080.84 0.27O.25 44

CascaraSagradaBP 0.5gm,ethanol4ml PF96ml.

0.2-0.1 0.170.12 88

0.220.06 0.150.15 88

3.381.76 O.56O.34 88

2.932.52 O.540.27 88

3.883.16 0.340.38 88

1.521.53 0.29O.32 88

PF=perfusionfluid,hypotonicsolution=PF6ml+distilledwater1ml.P-L=plasmatoguthumanflux
L-P=Lumentoplasmaflux.



Table 11.3.2

Volumes (ml.) of fluid recovered in eight consecutive

perfusions, compared with the potential recoverable fluid

as estimated by phenol-red volume indicator.

Volume estimated Volume recovered percent recovered

4.6 3.7 81

4.9 3.2 65

5.1 3.3 65

4.8 4.0 83

5.0 3.6 72

5.0 3.8 76

1*9 3.8 78

4.7 5.0 106
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CHAPTER 12

IIEimiOLOGICAL IHVE 3TIGATI0NS

12.1. Introduction

When the immunological investigations were planned there were

only a few papers on the subject. Metchnikoff (1894) and.

Choukevitvh (1911) had failed to protect baby rabbits by vaccination,

though occasionally a rabbit could be protected by passive immun¬

isation. Oral vaccines seemed more effectove. Sabolotny (1894)

was also able to protect orally challenged adult Spermophllus

guttatus by previous feeding of live or heatkilled cultures but not

by subcutaneous vaccination. Baby rabbits born of dams vaccinated

with vibrios killed by heat (56c for 30 minutes, or tolouene) were

completely resistant to oral challenge (Sanarelli 1921), perhaps

due to the antibody in colostrum. Jenlcin & Rowley (1960) used 0

antigen in rabbits /for notation of antigens and antisera see S*3*11/?
They were able to protect adults both by vaccination and by intra¬

venous administration of 10 ml antiserum. Baby rabbits survived

when the cholera vibrio suspension was mixed with antiserum in vitro

before intraintestinal inoculation.

Burrows et al. (1947a), Burrows & Ware (1953), and Freter (1956)

ascribe such protections entirely to coproantibody. In orally

challenged cavies the degree of protection conferred by parenteral

and oral vaccinations followed the same time course as coproantibodie; >

being highest during the first two weeks and virtually disappearing

within 3-4 weeks. While Burrows et al. could also protect the

cavies by administering 0 antiserum intraperitoneally, Freter failed

to do so.
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The experiments ?/ere therefore designed to ascertain:

(i) Whether parenteral vaccination with live or dead vibrios

was at all protective as determined in ileal loops of rabbits and

cavies and in passively immunised baby rabbits.

(ii) If so, whether coproantibody alone was responsible for the

protection. That is whether the immunity persisted beyond three

weeks (by which time coproantibody should disappear) and whether

free antibody could be demonstrated in the lumen of small intestine.

Recently Panse et al. (196k) and Panse & Dutta (1964) observed

that baby rabbits were completely protected by homologous OH-L

/live-vaccine/ antiserum but not by OH-F /formol vaccine/ or 0

antiserum. Mclntyre & Feeley (1964) on the other hand could obtain

only a poor protective effect - usually no more than a slight

delaying of death - in baby rabbits challenged intraintestinally.

Later Feeley (1965$ obtained excellent protection with 0II-L serum

using oral challenge, especially with hyperiumune sera. /k serum

will be referred as hyperimmune if repeated vaccination was spread

over at least 21 days// He thought that either the IgG immune

globulins /t, or 7s globulins/ appearing late in the course of

vaccination were more protective than the IgM globulins /macro-
globulin, jEJ/I, r M or 19s globulins/ appearing earlier, or the
additional precipitation bands in agar gel diffusion plates repre¬

sented protective antibodies that appeared only after prolonged

immunisation.

Freter (1964.) on the other hand failed to protect baby rabbits

(intraintestinal challenge) by intraperitoneal or intracardiac
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administration of 0 antiserum that was highly protective when mixed,

with the challenge inoculum. He therefore ascribed the protection

in baby rabbits also to coproantibodies. In adult rabbits, the

frequency of loop lesions was nearly halved (PCO.05) on administer¬

ing antiserum intravenously but he thought that this was not

significant.

12.2. Active immunity in adult rabbits

The results of challenging 11 unvaccinated and 27 intravenously

vaccinated rabbits are presented in table 12.2.1. The loops were

challenged with ca 10^ and 10^ CFUs representing about 1 and 10 MftOs

respectively.

In interpreting the data it is assumed that the reaction of

a loop is not affected by the reaction in other loops of the same

rabbit. The date on nonimmunised rabbits would seem to justify the

assumption. The "exact" binomial probability has been indicated

for each group. But in view of the small number of experiments in

some of them a qualitative analysis appears more appropriate. Hence

the loop reaction of each rabbit has been set forth.

The experiments of Groups A, E, F and G are most comparable,

being made on more or less the same batches of rabbits and challenge

inocula. The live vaccine gave complete protection, and the 0

antigen was nearly as protective. The formolised vaccine was

inferior to both, though not devoid of protective power. The

pattern of reaction would seem to be reproducible in repeated

experiments over a long period.

The immunity evidently lasted for four weeks. The data in

Groups B and C, though inadequate, suggest that immunity four weeks
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after vaccination may be even better developed than at one week.

The data in table 12.2.2 indicate that a low titre of agglutinin

can be demonstrated in some rabbits one week after vaccination. The

antibody disappears in four weeks. The titre is much lower than
k

that recorded in cavies and man (Burrows et al. 1947a). In fact

Freter (1962) failed to demonstrate coproantibody in rabbits.

The degree of immunity seems unrelated to agglutinin and

vibriocidal titres in serum: Group E with the lowest titre was the

most immune.

In Group H two rabbits were vaccinated with V. eltor H-1 (Ogawa^.

They were completely resistant to challenge with V. cholerae 12r.

In each rabbit one loop was also challenged with 10^ CFUs (ca.100

MJDs) and these also gave negative reactions.

Total colony count of washing of an 18 hour negative loop

(challenge dose 4 x 10^ CFUs) in Rabbit 294 in Group B yielded
g

2x10 CFUs of vibrios, while in Rabbit 295 the count of a similar
8

loop was 3*5 x 10° CFUs. The latter rabbit would also appear to

have been less resistant as judged by the loop reactions. In

"positive" loops of immunised rabbits the colony count was similar
8

to that in loops of unvaccinated rabbits (ca. f-6 x 10 CFUs per ml

of loop fluid).

12.3 Loops in vaccinated cavies

Table 12.3*1 shows the results of ileal loop reaction in

vaccinated and normal cavies. Only the total number of loops in

each group is shown, because as a rule only one loop for each

challenge dose was prepared in each animal and the total number is

also larger than in rabbits.
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Two special difficulties arise in interpreting the data:

(i) There is no sharply defined MRD in cavies (table 9.6.1).

The lowest challenge dose of 15-30 CFUs was probably 3-h times

larger than the minimum required to give 80-9C$ positive reaction

in normal animals. This may account for the absence of solid im¬

munity in any of the vaccinated groups.

(ii) A highly variable proportion of false positive reactions

occurred in most groups. It is possible to correct for this

mathematically, but with the wide range in the variations (O-33/0

the biological validity of such correction is questionable. More¬

over "correction" of some of the data revealed that the conclusions

drawn from the uncorrected data are not materially changed: usually

the efficacy of vaccines appear to increase slightly in the corrected

data. So the raw data are presented in the table.

The trend of loop reactions is similar to that of rabbit loops.

Formolised vaccine was hardly protective in cavies. Live vaccine

and 0 antigen were almost equally protective. Two doses of vaccine

seemed inadequate. Again immunity four weeks after vaccination was

in no way inferior to immunity at one week, and serum agglutinin

titre did not seem to reflect the degree of resistance.

Three additional vaccines were examined in cavies. As might

be expected from the efficacy of boiled vibrios the heat-killed

(56C, 30 minutes) vaccine was highly protective, while the E. coli

vaccine was without effect. Interestingly the water vibrio

(Nanking, NAG- I no. 80^2 NCTC) seemed to confer considerable

protection, although the level of serum agglutinin for the challenge

strain was normal. This finding needs to be corroborated in
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rabbits. Burrows (1953) also found a Nanking water vibrio con¬

ferring substantial protection in cavies challenged orally with

Xi cholerae, although Jenkin & Rowley (1960) could not protect

rabbits with a NA&Xvaccine.

12«4» Passive protection tests in baby rabbits.

Preliminary experiments with 10-14 days old rabbits of mixed

breeds challenged with 90-600 CFUs of V. cholerae 12r showed that

a hyperimmune OII-L serum protected 5/5 rabbits when it was

administered intravenously immediately after intraduodenal challengej

and 9/10 rabbits when administered intraperitoneally six hours

before challenge. Moreover antiserum was found to be absorbed

into the blood stream from the peritoneal cavity within an hour

(fig. 12.4.1). Rabbits were subsequently challenged 4-6 hours

after intraperitoneal administration of serum. The results are

presented in table 12*4-.1 .

In Group A each serum was pooled from two rabbits subsequently

used for loop experiments. All baby rabbits in the group were

protected to some extent, living beyond 34 hours (the maximum

longevity of 22 control animals), although about one-third succumbed

within five days. Death in Group A.1 (average 78 hours) seemed to

be more delayed than in other groups (average 60 hours), but the

difference is not statistically significant. The antiserum to

formolised vaccine did not appear inferior to others.

In Group B the Inaba antiserum (569B) also protected all the

rabbits to some extent, but 2/7 had nonfatal diarrhoea and 3/7 died

after 34 hours. The serum would seem to be inferior to those in
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Group A. The El Tor antiserum (34) seemed even less effective,

2/8 rabbits dying within 34 hours although the agglutinin titre of

the serum was four times that of the Inaba serum. The lack of

association between agglutinin and vibriocidal titres and protective

activity of sera is evident in other groups as well.

Teale (1935) demonstrated that heating to 650 for 3^ minutes

destroys the protective power, but not agglutinin, of Salmonella

Shigella antisera. The antiserum of Group A.1 also lost most

of the protective power when heated in this way (Group B«3)» But

there was simultaneously marked decrease of agglutinin and vibrio-

cidin titres. Nevertheless the titres of the heated serum were

still similar to those' of unheated Inaba serum which was considerably

more protective.

Agglutinin could usually be demonstrated in washing of ileum

six: hours after administering a large dose of serum (table 14«4«2).
The actual titre in the undiluted contents of the intestine must

have been much higher. The titres did not show any relation to

serum titres and tended to decrease next day in spite of serum

level remaining constant. However, since the degree of dilution of

ileal contents could not be ascertained such observations might

have been artefacts due to variability in initial dilution of the

washings.

Assuming that the coproantibody titre is related to dosage,

even 1 ml of serum would presumably lead to the presence of

sufficient antibody in the ileum to act on all the vibrios in a

small inoculum. It is therefore of interest that culture of caecal
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contents of 27 antiserum-protected rabbits sacrificed on the fifth

day yielded moderate growth of vibrios on TTGA plates on tv/o

occasions. Vibrios were also recovered from 2/5 normal rabbits

that survived small challenge doses.

The high titres in ileal washing was unexpected considering

that 0 antibodies are usually macroglobulins (Landy et al. 1965)

that do not readily pass out of blood vessels (Cohen 1963). The

protein composition of the antisera was therefore investigated.

Sulphhydryl compounds like mercaptoethanol inactivate about

80/ of the IgM immune globulins in rabbit sera (Deutsch & Morton

1957). Table 12.4.3 shows the effect of mercaptoethanol on four

sera. Only in Serum 109 was the agglutinin titre decreased. Both

15 day antisera were then fractionated by filtering through Sephadex

G-200 (fig. 12-.4.2,) and the IgM and IgG fractions separately treated

with mercaptoethanol. The results incorporated in table 12.4.3

confirm that in Serum 108 the greater part of activity was in IgG

fraction while in Serum 109 agglutinin activity of IgM fraction was

greater than in IgG fraction. In practice both sera were pooled,

so that probably about equal amounts of IgM and Igt) immune globulins

v/ere administered to rabbits of Group A1 . The nature of globulins

in bowel washings could not be determined due to shortage of

material.

12.5» Summary

The ileal loop experiments indicate that active parenteral

immunisation even with killed antigen confers protection to

experimental cholera in rabbits and cavies. Immunity does not
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seem dependent on coproantibody. The loop technique seems

capable of differentiating the relative potencies of vaccines.

In passive protection tests in baby rabbits the protective

activit;e5of antisera prepared against live and killed vaccines

were confirmed. Differences between vaccines were less evident

than in loops, but a graded challenge or antiserum dosage might

have demonstrated such differences.

The degree of active and passive protection does not seem

related to agglutinin and vibriocidal titres in serum.

The significance of these findings is discussed later.



Table 12.2.1. Results of challenging rabbits vaccinated with
V. cholerae 834 with Y. cholerae 12r. First
column shows the type of vaccine, the number of
doses, interval to challenge, reciprocals of
mean agglutinin (AT) and vibriocidal (VT) titres,
in that order. Ileal loops of a rabbit are
arranged in each column from distal to oral end.
KrCFU = ca. 1 LSD. Asterisks indicate "exact"
probability.

Vaccination Date No. Challenge Dose (CFU)
106

A. Nil 30. 7.63
30.10.63

ft

14.11.63
n

27. 7.65

6. 8.65

21. 9.65
22. 9.65

83
99

100
102
103
227
235
266
267
264A
266A

4*

-I-

2+
+

2+
2+

+ +

+

+ +

+ +

2+
+

+

2+

2+

+ 2+
+ 2+ 2+

+ +

+ +

13/13 14/15

B. Live
2 doses/1 v?eek
AT 4800
VT 10?

14.11.63
n

15.10.65

95
96

294
295

- _

*4*

-f

- 2+

0/6 ' 3/7*
C. Live

2 doses/4 weeks
AT 1600

14.11 .63
II

97
98

- -

0/2 0/2

D. Live
4 doses/ 1 week
AT 12800 VT 106

18. 9.65
W

»

276
277
278

- - - -

0/6** 0/6

(continued)



Vaccination Date No. Challenge
105

Dose (CFU)
106

E. Live
4 doses/4 weeks
AT 1200 VT 106

30. 7.63
2. 8.63
6. 8.65

21 . 9.65
ft

9
11

234
264
263

,*%■
0/6

.

0/9

F, Fonnolised
4 doses/4 weeks

AT 2650
VT 10®

10. 6.64
ft

26. 8.64
27. 7.65

22. 9.65

132
153
171A
230
231
266

+

2+
- +

+ +

2+

2+

+ +

5/9* 4/B*

fr. 0 Antigen
4 doses/ 4 weeks

AT 1600

VT 106

10. 6.64
w

27. 7.65

21 . 9.64

150
151
228
229
236
264
265

- - - +

+ -

0/13 2/12

H. Live El Tor II-1
weeks

7. 8.63
6. 8.65

7
232 — — — —

. **

0/5

2+ = loops haemorrhagic + : positive loop, no
haemorrhage.



Table 12.2.2 . Reciprocal agglutinin)titre in caecal contents
of intravenously vaccinated rabbits. Normal
cavies also show low agglutinin titre (ca. 1:20)
in faeces (Burrows et al 1947&) •

No. Doses Vaccine Interval Agglutinin

N-1 Nil 5

N-2 tt 10

13 1 1 week 20

14 1 11 20

18 1 it 80

96 2 « 80

277 4 n 10

91 2 4 weeks <110

98 « « 10

264 4 « < 5

265 t» tt 10

276 n < 5



Table12.3*1•FrequencyoflooplesionsincaviesvaccinatedwithV.cholerae834andchallengedwith V.cholerae12r.Figuresinparenthesisarepercentages.Usuallythreeloopsin acavy:twowithdifferentchallengedosesandonecontrol.
Vaccine

Doses

T(weeks)
Agglutinin

Challengedose(CFU)
0

15-30

180-300

Livecholera834

2

1

500

0/8

6/8(75)

5/8(62)

tt

4

200

0/2

2/2

2/2

4

1

350

0/19

8/19(42)'^
6/19(31)"

tt

4

600

4/61(7)
18/34(53r
15/35(43)""

Formolised""

A

tt

100

6/25(24)
12/19(63)

8/11(72)

O-AntigenM"

tt

tt

100

1/13(8)

4/13(31r

9/13(69r

Heated(56C,30min)"H
n

tt

60

7/22(32)
9/17(53)^
11/17(65/

LiveNAG8042

tt

tt

<50

4/16(25)
6/11(55)

8/12(66)"'

"E.coli65/56

tt

tt

tt

15/45(33)
13/17(76)
14/17(82)

Unvaccinated

A

21/80(26)
28/56(78)
22/22(100)

T=intervaltochallenge(weeks)



Table12.4.1.Passiveprotectiontestinbabyrabbits.1nilantiserumgivenintraperitoneallytobabies; challengedwithca.5MLDs4-6hourslater.GroupAwastitratedononesetoflitters; GroupBonnextseries.Thenon-immunisedarepooled:onefromeachlitter(Gr.A+ Gr.B).ATandVTarereciprocalagglutininandvibriocidaltitresrespectively.Each antiserumispooledfromtworabbits.
Antiserum

AT

VT

Death(Timeinhours)
Diarrhoea,non-fatal

GroupA. 1.Livevaccine8342doses 2."""4doses 3.Formolised*"" 4»0antigen"""
64OO 12800 3200 3200

1°E1°610r 106

4/17(48,80,88,90) 3/9(56,58,82) 3/10(42,71,88) if/10(40,44,54,82)

0
0 0 0

GroupB.

104 i(f

1.Livevaccine5&9B"" 2."w34c" 3«"n8341tserumheated 65Cx30min.)
800 3200 800

3/7(54,55,104) 3/8(20,34,82) 7/10(29,30,32,32,32,48,56
2/7(32,56) 1/8(72) 0

non-immunised

<50

22/22(^34)^11'

0

(i)Onsetinhours.(ii)1.5ml.toeachrabbit. (iii)Hours-202224283234Hours-10141820242634 heathFataldiarrhoea Ho.-326713Ho.-2122521



i12 tLal 1Q!f 105 114 115 124 125 188 190 189 211

Agglutinintitreinserumandinwashingsofileumandcaecumofbabyrabbits. Antiserum,concentratedto1-2ml,givenintraperitoneallyThoursbeforekilling. Theserumwascollectedon15thdayfrombeginningofvaccination:2doses ofvaccine. Serum(ml)

T

Serum

Agglutinintitre Ileum

Caecum

1.5 5
4

18hr. W

ft ft

800 5200 800 1500

^5

5

20

5

5

<5

5
n 3

it

6hr.
It ft ft

1600 800 400 1600

40 40 40

10

"(normal)

<10 <10

<5 <5



Table 12.4*3• Results of mercapto ethanol treatment of two
"early" and two "late" antisera. The IgM (19s)
and IgG(7s) fractions were separated by
Sephedex G-200 column chromatography. Reciprocal
agglutinin titres of treated serum/control serum.

Rabbit
Doses
of

Vaccine

Day
of

Bleeding
Serum IgG- fraction IgM fraction

106 4 28 3200/1600

107 n 91 3200/3200

108 2 15 400/400 20/60 «20/20

109 91 99 400/3200 100/100 <20/120



Fig. 12 .4.1. Agglutinin titre in heajt blood of baby
rabbits, collected after intraperitoneal
administration of 1 ml antiserum.
Maximum titre is reached within 45 min.
and persists for 2-3 days. With "£3

1311-labelied globulin Dixon et al.(l952)
estimated the half-life of homologous
antibodies to be over five days in rabbits.



EFFLUENT ( ml.)

Fig. 12.4*2. Fractionation of a normal (2 ml) and two immune
rabbit sera (^£R108 1 ml; ^R109 3 ml) by
filtration through Sephadex G—200 column with
0.2F tris buffer at pH 8. The ratio of 7s and
19s globulins in immune and normal sera is very-
similar, and immunological tests with each
fraction were necessary to locate the antibodies.



PART IV

DISCUSSION

"The greatest difficulty comes from
the fact that we are too much accustomed
to attribute to a single cause that which
is the product of several, and the majority
of our controversies come from that."

Justus von Liebig
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CHAPTER 13.

THE NATURE OF EXPERIMENTAL CHOLERA

13.1. Introduction

Ingestion of recently isolated cultures rarely infects man

(Ackerknechi 1948). Koch (1886) verified Macnamara's report that of

19 people who "accidentally" drank water mixed with cholera stool

only five developed cholera.

Animals are not known to be natural hosts of V. cholerae.

Vibriosis in animals is usually bacteriaemic. The pathogenecity of

V. metchnikovii (G-amaleia 1888) described as V. cholerae of fowls in

veterinary textbooks (Hutyra et al. 1938) and of V. coli associated

with Swine enteritis is doubtful (Soltys 19^3, SMerlind 1965). The

sporadic success in artificial choleraisation, recorded in nearly all

vertebrates (Pollitzer 1959, ch.6), have been too irregular for

experimental use. The only adult animal in which a cholera-like

disease has been produced consistently by oral infection is the

Siberian ground squirrel Spermophilus ;?uttatus (Sabolotny 1S94>

Korobkova 1922), a species rare in nature and not breeding in

captivity. The allied species have not been adequately screened.

Amongst claims of consistent experimental infection one must

distinguish the cholera-like alimentary infection from:

(i) Bacteriaemias, e.g., infection of chick embryos, parenteral

infection of mice and cavies; oral and intraintestinal infection of

adult rabbits (Arnold 193<"0#

(ii) Toxaemias, e.g., Koch's method (1886) of infecting cavies

orally after neutralising the gastric acidity and administering
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tincture of opium to arrest peristalsis (Burrows et al. 1947a). The

signs - hypothermia,.paralysis of hind legs, congestion of the

intestines together with accumulation of some fluid - can he repro¬

duced by administering killed vibrios (Choukevitch 1911) or purified

endotoxin (Bernard & G-allut 1943)• Freter (1955&) and LaBrec et al.

(1965) infect cavies orally after starving them for four days and

administering opium. There is no diarrhoea but the animals died in

18-24 hours with watery fluid in the intestines. Feeding killed

vibrios or endotoxin is said not to reproduce the symptoms which,

however, do not differ from those in Koch's method. Omission of

starvation leads to an asymptomatic colonisation of the intestines

for 2-3 weeks (Burrows et al. 1947a). Moreover Dammin et al. (1965)

found extensive degenerative changes - necrosis and loosening of the

columnar epithelium, oedema and cellular infiltration of stroma - in

starved controls. Oral infection of monkeys (Mendoza 1913j Hasan et

al. 1965) also appears to be of this nature.

Thus the baby rabbit, and the ileal loop in adult rabbits and

cavies provide the only experimental models in which the pathology of

the experimental infection approximates that of natural cholera.

13.2. Pathology of experimental cholera in rabbits.

Results of investigations into the bacteriology, morbid anatomy

and biochemistry of experimental cholera have been presented in

chapters 8 and 9 where the course of infection was traced from the

earliest stages. In general they agree with the observations of

other workers. Certain discrepancies will be discussed.
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Both Metchnikoff (1894) and Sanarelli ("1921) considered

infection of baby rabbits as a colitis with secondary involvement

of the ileum. Eater workers have not studied this problem. The

data of S, 8J+, 5 clearly show that from the earliest stages of

infection the vibrios are demonstrable in both caecum and terminal

ileum. Histologically changes are most marked in the distal ileum

and the vibrios can be seen adhering to the columnar epithelium.

By contrast the caecum can be normal in some cases and vibrios are

never detected adherent to its mucosa. Together with the success of

infection in loops, it would seem, that the infection is in ileum

while the bulky caecum acts as a receptacle for vibrios and fluids

from the ileum.

Although Metchnikoff (1894) recorded loss of columnar epithelium

as a terminal phenomenon in choleraic baby rabbits Issaeff & Kolle

(1894) and Sanarelli.(1921) noted it regularly. Dutta & Habbu

(1955) noted ulceration at plaoes. In ileal loops Violle & Crendiro--

poulo (1915) and De and Chatterje (1953) recorded some loss of epith¬

elium but later De (1961) and Dutt et al. (19&4) Have placed great

emphasis on loss of epithelium in 21+ hour loops and described the

passage of Evan's Blue from blood to loop fluid.

In no case was loss of epithelium detected in infected baby

rabbits in our series, which agrees with the recent reports of resh

et al. (1964) and Finkelstein et al. (1964). The results also

confirm the observation of Formal et al. (1961) that ulceration in

loops follows oedema and haemorrhage in wall. Moreover Fresh et al.
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(1964) have produced similar degenerative changes in loops by

distending them with saline. In intestinal obstruction in man as

well, infarction results in a few hours due to high intraluminal

pressure and oedema of wall interfering with circulation (Schenken &

Burns 1957).

In conformity with the pinkish hue of small intestine described

in cholera victims, congestion of the ileum of choleraic baby rabbits

has often been emphasised. Dutta & Habbu (1955) observed the

congestion m baby rabbits usually, but not always. In our series

macroscopic congestion limited to the ileum was rare. General

visceral congestion with greater prominence in distal ileum, liver

and renal medulla was not uncommon: the distribution accords with

what is seen in hypovolaemic shock (Koon 1957)* A microscopically

detectable capillary dilatation limited to the mucosa of distal ileum

cj- baby rabbits and in loops was invariable in the earliest stages
of fluid outpour indicating an early involvement of blood vessels in

the pathogenesis of the fluid outpour. Intestinal coils were also

observed to redden markedly when handled in situ immediately after

death. The condition is probably akin to "acute traumatic

appendicitis" (Schenken & Burns 1957) in which the normal appendix

removed during operation on other viscera shows congestion, oedema

and neutrophilic infiltration due to handling. This may also

explain why Formal et al. (1961) noted dense cellular infiltration

in loops examined 4-6 hours after inoculation but it seemed to

diminish or disappear later, and Finlcelstein et al. (1964) found



Table 13.2.1', Biochemical data on plasma and stool of
experimentally infected baby rabbits, and
of natural cholera and choleroid diarrhoeas
(cf. table 8.6»l).

A. Baby rabbits^
Plasma, control

" cholera
Bowel fluid

S.&.

1.018
1 ,027

^7

139
143
149

&7

4-4
5.9
9.6

94
93
99

29
28
47

•o %. (ii)B. Man
Plasma norraal

" cholera

Watery stool:
severe cholera
mild "

1023
1039

146-156
158

137
114

3•8-5.4
5.9

16.1
26

107-114
116

107
89

26-30
18

45
44

„ „ (iii)C. Man ,

cholera
Plasma

no pathogen
NAG- cholera
'watery stool:
cholera
no pathogen"
NAG cholera'"

139-144
126-142
138-144

46-161
70-163
99-130

3.5-5.0
3.2-4.7
4.0-4.6

10-82
8-67

26—56

86-119
82-110
90-100

63-129
89-130
82-98

9-22
9.5-20

17.5-19

27-67
18—68
40-55

* pH 7.1-7.5

(i) Courtesy of J.D. Gillmore, NAMRU-2, Taiwan. Mean of
4 litters each of control and choleraic rabbits.

(ii) V'.atten et al, (1959), Thailand.

(iii) Lindenbaum et al. (1965), Bast Pakistan. The cases
comprised three groups: bacteriologically proven cholera;
choleroid diarrhoea with NAG; choleroid diarrhoea
without pathogens in stool. Normal values are not
stated.
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infiltration in the ileum of baby rabbits infected intraintestinally

but not in rabbit3 fed choleragen. Working with Jh coli Taylor et

al. (1958) noted cellular infiltration in both infected and control

loops while McNaught & Roberts (1958) failed to observe infiltration

in either. The elimination of trauma to ileum may explain the

absence of infiltration in our series. The absence of such

infiltration together with the well-filled goblet cells and intact

epithelial brush-border, even in rabbits suffering from diarrhoea for

2-3 days, virtually excludes acute inflammation of the mucosa during

infection.

Because of the low protein contents of cholera stool, loop

fluid and baby rabbit's bowel fluid (Sanarelli 1921, Formal et al.

1961, tables 8.6.1, 13.2.1) these fluids are sometimes described as

"transudates". The distinction of transudate from exudate by

protein contents, however convenient, is not always valid (Koon 1957)

the protein concentration is determined by the degree of damage to

capillaiy wall and not by the aetilogy of the injury. The greater
be

part of protein escaping from vessels would be expected to prevents

from passing into the lumen of ileum by the intact epithelial

membrane. The protein would be either drained away by blood and

lymphatic vessels or deposited in the stroma, especially under the

columnar epithelium - which is exactly what one sees in histological

section.

While statements that ^a/and /Cl7 in stool are lower than

those in plasma and the /k7 is higher (Phillips 1964) are generally

correct, exceptions are not infrequent. In table 8.6.1, for example,
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the £y is quite low in 2/7 baby rabbits: in R246 it is even lower

than the plasma concentration. The implication is that the columnar

epithelium is sufficiently viable to influence the composition of

fluid.

The succinic dehydrogenase in columnar epithelium of six hour
I

loops wea?e not abnormal (S. 9.4)• Fresh et al. (1964) hov/ever

detected a decrease in the contents of alkaline phosphatase and

leucine aminopeptidase in infected baby rabbits and 18 hour loops,

as well as in patients that suggested a functional derangement of

these cells. Such changes could of course result from the oedema

and circulatory disturbance, rather than be the cause of the

diarrhoea.

Examining rabbit loops infected for six hours Patnaik (196>5)

could detect only minor changes in electron micrographs. The

cytoplasm of columnar epithelium was slightly oedematous, the

mitochondria were somewhat opaque and swollen. The microvilli were

normal in size and shape, but pyrifonn vesicles (ca. 20-40ft long)
were present in the plasma membrane. Some vesicles ruptured

establishing direct communication between cytoplasm and ileal lumen.

The "pores" may represent the channels of fluid escape. If 30,

the micrographs did not explain how the excess fluid reached the

luminal border across the cell. At the same time the capillary

endothelial cells seemed to have separated instead of overlapping

along their edges so that only the basement membrane separated blood

from tissue spaces. Dammin et al. (1965) also failed to detect

significant changes in mucosal epithelium in electron micrographs of



143.

ileum of orally infected cavies and were inclined to regard the

primary lesion to be vascular.

13»3« Mechanism of diarrhoea

Although they have indicated certain possibilities, pathological

studies have hitherto failed to explain the mechanism of the massive

diarrhoea. Further studies with electron microscope and histo-

chemical methods in earlier stages of infection are highly desirable.

Huber & Phillips (l%0) applied the sodium pump theory to
+

explain the depression of water and Na transport across the frog

skin treated with cholera stool filtrates, and the diarrhoea in

cholera. The hypothesis, originated by Dean (1941) and Conway (1547)
to explain how cells maintain a low /p<£/ and high /"p/* in cytoplasm

in spite of the great excess of Na+ in extracellular fluid, postulates

that "carriers" in cytoplasm constantly bind Na+ and exchange it for
•f

K at the cell surface, the energy for transfer being provided by

cellular metabolism. The exact mechanism is disputed by the

supporters of this theoiy (review by Conway 1964). According to

Phillips (1964) and Ussing (1965) even 30^ block in the pump could
"t"

account for enough retention of Na , normally secreted in the lumen

from blood as part of the plasma-lumen turnover of water and electro¬

lytes, to account for the diarrhoea. In support Phillips (1964)

produced some data purported to demonstrate that the in cholera

stool is inversely related to its volume. The fact, however, remains

that (K) in milder diarrhoea is not significantly higher than in

severer diarrhoeas, as one would expect if the columnar epithelium
"I" "I*

absorbed more Na in exchange for K . The inverse relationship of
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stool volume and is also evident in choleroid diarrhoea and

medicinal purgation (Fresh 1965). It might perhaps more plausibly

be explained by the longer passage of stool in mild diarrhoea through
-J- ■» -f

the colon, which is known to exchange plasma K and IiCC_ for Na and

CI in its lumen (Code 1965).

An alternative hypothesis, "the molecular theory", attributes

the ability of cells to retain K to the negative electric charges

on cytoplasmic proteins and phosphates together with the greater
4* -f

diffusibility of hydrated K compared to Na . The diarrhoea of

cholera is ascribed to disarray of the integrity of the molecular

structure of the columnar cells (Ling 1965).

In his treatise on fluid balance Black (i960) has pointed out

that:

(i) Since the integrity of cell structure is dependent on normal

metabolism, the sodium pump and molecular theories are not mutually

exclusive;

(ii) Neither of them is sufficiently developed to explain the

known facts of deranged fluid and electrolyte metabolism}

(iii) Both deal with the physico-chemical mechanisms and not with

the ulterior cause of the functional or structural alteration in

cells;

so that treatment of fluid imbalance continues to be empirical.

The failure of Mitchell to detect a selective depression of Na'

absorption from infected ileal loops (S. 11 .1 ) excludes a gross

change in the sodium pump (Phillips 1965). Moreover the Philips-
4-

Duphar cholera extract that inhibited Na transport aeros3 frog skin
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had no effect in ileal loops (Mitchell 1965, Leitch 1965).

Thus the mechanism of diarrhoea in cholera, or indeed in aH-wslr

diarrhoeas, remains to be elucidated. The weight of evidence

seems to point to the blood vessels rather than the columnar

epithelium as the principal 3ite of the lesion.

13«4« Correspondence with natural cholera.

Study of the pathology of cholera in man has hitherto been

handicapped by lack of methods for direct study of the small intestine

in vivo. Examination of blood and stool, undertaken as early as

1832 (Pollitzer 1959, p607) has established that there is acidosis
+ *f —

and haemoconcentration associated with loss of water, Na , K , CI

and HC0_. Similar changes are demonstrable in all diarrhoeas
5

(Fresh 1965, Carpenter et al. 1965a, Lindenbaum et al. 1965), except

that in babies there is usually a lowering of serum K level

(Kerpel-Fronius et al. 1964) presumably due to their limited reserve.

Such changes are reproduced in experimental animals.

Autopsy is of limited value in cholera even when performed

immediately after death, because secondary effects may be difficult

to differentiate from essential lesions. The parenchymatous

degeneration, visceral congestion and oedema generally described in

victims of cholera are common in simple hypovolaemic shock (Moon 1957).

Ileal ulceration may accompany death associated with oligaemic shock

like myocardial infarction (Marston 1962). Mucinase I and tissue

disintegrating enzyme of cholera vibrios can desquamate the epithelium

of devitalised ileum in a few hours (Burnet & Stone 1947b).



146

The consensus of opinion is that the infection involves the

jejunum and ileum, the distal parts being affected more severely. The

colon escapes. This would agree with the distribution of vibrios

in infected baby rabbits (s» 8.5).

Since Pacini (1854) ulceration of ileum has been emphasised by

all workers with rare exceptions like Cohnheim (1889), Stoerk (1916),

Goodpasture (1923) and. Dutta (1941) v'ho observed merely a lifting of

the epithelium from basement membrane by a protein-rich oedema fluid

accumulating underneath, as is observed in infected rabbits. Gang-

arosa et al. (i960) and Fresh et al* (1964) obtained peroral Crosby

capsule biopsy from acute cholera cases and found intact mucosa

with mild oedema and congestion and cellular infiltration. However,

such biopsies are usually from jejunum (Jones and Gummer 1960) and

the radiographs and histological sections leave little doubt that

this was so in the cholera cases. Culture of intestinal contents

aspirated from biopsy sites by Gangarosa et al. (1960) was also

negative although the patients continued to excrete vibrios. The

anatomical investigations in man have, therefore, not conclusively

excluded the possibility of ulceration in distal ileum which can be

demonstrated in material fixed immediately after death by injecting

Zenker's solution in the abdomen of victims (Dutt et al. 1964)*

The low protein concentration in cholera stool, however, speaks

against significant ulceration of the ileum in the acute phase of

illness. Watten et al. (1959) demonstrated that intravenously
131

administered I-PVP does not appear in cholera stool in abnormal
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amounts. ^PVP = polyvinyl-pyrrolidone, average Mi 1+0,000; serum

albumin MvV 60,000^ Such evidence together with the observations in

animals would seem to exclude ileal ulceration as an essential

element in the pathology of cholera.
y

The cellular infiltration, stromal oedema and blunting of villi

described in both biopsy and autopsy materials seem to be quite

common in apparently healthy Thais (Sprinz et al. 1962), West Indians

(Dammin et al. 1965) and South Indians (Baker et al. 1963).

Although a bacteriaemia has never been detected in cholera,

vibrios can be sometimes demonstrated in bile and urine at autopsy

(G-reig 1929). Vibrios were also isolated from bile and spleen of

infected baby rabbits without demonstrable vibrionaemia (S. 8.5) and

Burrows et al. (1947a) isolated vibrios from spleen of asymptomatic

orally infected cavies. Particles as large as diatoms are known

to pass through the healthy intestinal mucosa of animals - so-called

Iierbst effect (Volkheimer 1965); and there is evidence that a few-
bacteria normally pass through the human mucous membranes as well

(Thomson et al. 1948). In a collapsed patient or animal a few

vibrios may pass into the blood stream to be trapped by the spleen

and liver. G-reig (1916) noted that in about 5Q of rabbits

vaccinated intravenously with live vibrios the organisms could be

recovered from bile, sometimes even 15 months later.

Thus the pathology, including biochemistry, of experimental

cholera in rabbits seems to agree quite well with the natural

infection. Certain features, however, have not been adequately

investigated. The serous bowel fluid in baby rabbits and loops is

visibly different from the gruelly "rice-water" stool of cholera. In
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fact the peculiar appearance of cholera stool has never been explained

Large amounts of protein can be excluded. Does the stool contain

a large concentration of polysaccharide, for example a breakdown

product of mucin? The answer may be linked to another question,

viz., why is the cholera stool usually iso-osmotic with a patient's

plasma although it contains far less protein and no more of the

known electrolytes?

13«5» The rabbit as an indicator host.

The data in chapters 8 and 9 clearly show that both baby rabbits

and ileal loops in adult rabbits can be used to test the pathogenecity

of several species of enteropathogens. The correspondence with

virulence and pathological changes in man is probably better in baby

rabbits than in loops. The discrepancies in human and rabbit

pathogenicities may arise to some extent from failure to ensure the

optimal experimental conditions. Arm et al. (19^2) observed that

two Sh. flexneri strains that were nonpathogenic in rabbit loops

when grown at 37C aerobically on a salt-carbohydrate medium at pII5»5

became virulent when grown anaerobically on casein hydrolysate medium.

The baby rabbit may, however, be less suitable than ileal loop

model for immunological experiments. Baby rabbits do not produce

antibodies, as far as can be shown by usual techniques, to soluble

protein antigens till they are about 20 day3 old (Bridges et al. 1959>

Their intestinal mucosa is highly permeable to proteins at birth and

to some extent till the third week (Eitznann et al. 1963). But the

failure of vibrios to penetrate into the mucosa during life and the



Fig, 15.3*1. 16 hour loops in R 266 imaunisec with fbrmolised

vaccine. Loops 1 and 3» challenged with Ca. 10 MRDs (10^ CHJa)

are more affected than loops 2 and 4 challenged with Ca. 1 ?J).

This distinction is usually not evident in rabbits killed later

than 6-9 hours after challenge, fhia rabbit was probably

partially resistant due to vaccination.
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striking inflammatory reaction to salmonella infection indicate that

the sucklings are not entirely devoid of power to resist infection.

Bellenti et al. (1963) recorded the appearance of Ig;>! antibodies in

about one week on daily vaccination with _3. paratyphi B from birth,

while IgG- antibodies appeared only on the third v/eek. Pemis et al.

(1963) also induced phage-neutralising antibodies in a week by

vaccinating with coli phages from birth. Parenteral vaccination in

newborn rabbits confers resistance to intraperitoneal challenge with

cholera vibrios (.Banarelli 1921). So further investigations may

enable one to utilise this model for studies in active immunity as

well, e.g., to differentiate roles of IgK and IgG- antibodies.

/mother difficulty in baby rabbits is the steep dose-response

slope of diarrhoea and death (fig. 8.2.1, 2), so that an accurate

challenge dose of LD5O-8O cannot be prepared reproducibly by the

current turbidimetric methods. She use of a standard virulent

suspension preserved by freezing below -55C ( Appendix H)seems, from

preliminary investigations, to provide an answer to this problem.

The loop requires a larger dosage and allows a better control of

challenge. As has been emphasised in chapter 9, the infection is

best studied during the first 6-9 hours after inoculation. In

which case it should be possible to grade the response. Fig. 13*5«1

shows four loops in a rabbit immunised with formolised vaccine which

may account for the relatively mild reaction without haemorrhage (+)

after 16 hours. The two loops challenged with 10^ CPUs (ca. 1 MftD)
are definitely less affected than the loops challenged with 10^ CPUs.

The limited experience with rabbits killed earlier, suggests that it
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should be possible to distinguish several grades of loop reactions by

the condition of the wall, the volume of fluid or by the bacterial

growth in rabbits killed 6-9 hours after challenge. In a

preliminary report Schafer & Lev/is (1965) have also recorded some

correlation between fluid volume and dose of choleragenic culture

filtrates in rabbits killed about six hours after inoculation. In

baby rabbits the optimal time for observation seems to be about

24 hours (after a challenge dose of about 1-10 MLDs). Such experiments

would also be more humane.

13.6. Susceptibility of baby rabbits to enteritis.

Finally, why are baby rabbits so susceptible to experimental

cholera while adult rabbits resist the largest doses? The answer

is not known but three possibilities have been suggested.

(i) Metchnikoff (1894) supported the idea of intestinal

bacterial antagonism by pointing out that the babies became resistant

to infection wlien they started eating solids. He was, however,

unable to prevent infection in sucklings by administering bacteria

that inhibited vibrio strains in vitro.

Sanarelli (1921) pointed out that micrococci and streptococci

are demonstrable in the pharynx of baby rabbits within a few hours

after birth, while the large intestine contains a large number of

bacteria, mostly anaerobes, from the third day. The small intestine

remains sterile. Baker (1944) also detected micro-iodophiles,

fusobacteria and spirochaetes in rabbits one week old.

control and infected rabbits the nature of commensals was the same

1
In our
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(S 8.4). The rabbit seems unique among laboratory animals in

having a nearly sterile small intestine throughout life (Smith 1965)

thus resembling man (itosebery 1962).

Thus antagonism of enteric microflora does not seem an important

factor.

(ii) Sanarelli (1921) approached the problem from the opposite

direction. He pointed out that cavies born after a gestation

period of about 7^ days (twice that of rabbits) begin to eat soon

after birth, i.e. they are born with a more mature intestine.

Secondly, the serum of baby rabbits is less strongly vibriocidal

in vitro than that of adults, which would make it possible for a

bacteriaemia (held by him to be essential) to occur.

The first part of the explanation, although somewhat vague, is

supported by recent experience. lLabbits have been shown to have

two "critical periods" in their lives when they are unusually

susceptible to many disorders (Sandford et al. 1957) • The first

critical period lasts for some days after birth, the second for

1-5 months of age. These correspond to the periods of maximum

growth. Conceivably the body reserves are low and the stability

of the internal environment rather precarious. This would account

for their unusual susceptibility to other enteropathogens as well.

(iii) Dutta & Oza (1963) demonstrated that a choleragenic acid-

extract of vibrios (G-allut 1954), presumably an endotoxin, became

innocuous for baby rabbits after treatment with commercial (Alembic

Chemicals, India) lipase, pancreatin, phosphorylase A and extracts

of the ileum, pancreas and gall bladder of adult rabbits at pH 5»0.
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Treatment with, the same materials at pll 7 or 8.2, or with extracts

of baby rabbit's tissues or with pepsin and trypsin had no effect.

They considered that the inability of baby rabbits to degrade the

lipid part of lipopolysaccharides of vibrios accounted for their

susceptibility.

This hypothesis has several weaknesses: (a) The normal

reaction of rabbit's ileum is neutral or slightly alkaline (Alexander
pH

and Choudhuri 1958). It is quite unlikely to fall to^5•
(b) Lipases are most active at neutral or alkaline pH. (c) There

is no evidence that vibrios recovered from symptomless adult rabbits

after oral or intraintestinal challenge are abnormal in their 0

agglutination reaction. (d) Endotoxin itself has never been proved

to be choleragenic.

It is quite possible that the crude "endotoxin" contained

a choleragenic contaminant that was inactivated at pH 5, perhaps

even specifically, by unidentified factors in the enzyme preparations.

The subject is further discussed in connection with the enterotoxin

of vibrios in next chapter, where a possible reason for susceptib¬

ility of the loop to infection is also suggested.
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CHAPTER 1k.

VIRULENCE FACTORS

1A«1 . Introduction

The early evidence obtained by De (1959) in rabbit loops and

Panse & Dutta (1 %1) in baby rabbits indicating the presence of a

heatlabile "enterotoxin" in filtrates of cultures and stools were

reviewed in S. 10.1. The intestinal fluid of loops and baby rabbits

infected with three V. cholerae strains were also shown to contain

a nondialysable, thermolabile and chloroform-insoluble enterotoxin.

In the last two years several papers have appeared confirming the

occurrence of enterotoxin in various preparations. The properties

of enterotoxins described by different workers are discrepant. A

heuristic hypothesis is here suggested,which attempts to explain

such discrepancies as arising from the enterotoxin (choleragen) being

normally combined with another factor.

Certain other factors have from time to time been considered to

be associated, and perhaps causally related, with the ability of

vibrios to spread from host to host (epidemiological virulence) and

to establish themselves in a host (tissue virulence). In assessing

the significance of such virulence factors one usually compares

virulent strains with less virulent or avirulent strains. Unfortun¬

ately the natural virulence of a particular strain may be difficult

to ascertain and the virulence of vibrio cultures is extremely

unstable (S. 1.10).

All cholera vibrio strains seem pathogenic, and this is confirmee,

in rabbit experiments. El Tor vibrios have been traditionally
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regarded as nonpathogenic (Pollitzer 1959, p156), reports of limited

epidemics notwithstanding (fig. 1.9.1). With the unequivocal

identification of El Tor cholera in many countries there is a

tendency to refer to the nonhaemolytic strains as of the Celebes

type and the haemolytic strains (using ordinary fluid cultures) as

of Middle Ea3t type. However most "nonhaemolytic" El Tor strains

can be shown to be haemolytic by growing them in glycerol broth

(Barua & Kukherjee 1964) or anaerobically on blood-agar plates

(Moor 1938), and the haemolytic property of V. eltor seems to be

quite unstable (Roy et al. 1963). In ileal loop and baby rabbits

the virulence of El Tor strains does not agree completely with the

clinical source or country of origin (S. 8.1, 9«1)»

Hie choleragenecity of NAG- vibrios has long been suspected

(G-reig 1917, Gardner & Venkatraman 1935) and at least one NAG I

strain was choleragenic in volunteers (Mackie & -torer 1918).

Lindenbaum et al. (1965), Sakazaki (1965) and Mclntyre & Feeley

(1965) have demonstrated a rise of homologous serum agglutinin titre

in some cases of NAG diarrhoea. In both baby rabbits and ileal

loops some strains of NAG vibrios, both from patients and water,

produce typical lesions (S. 8.1, 9»1 J Ilattori et al. 1965).

For the present discussion all vibrio strains shown to be

pathogenic in rabbits will be assumed to be choleragenic.

14*2. Enterotoxin.

The assumption of Dutta et al. (1959) that an endotoxin

preparation could induce diarrhoea in baby rabbits was mooted in
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last chapter (S. 13.6). Thi3 "endotoxin" is prepared by growing

vibrios in glucose saline. The acidity generated (pH ca.4) kills

the vibrios and is said to dissolve the cell wall only (ftallut 1954).
However the author's suggestion, based chiefly on the high dry

weight of the extract, that the endotoxin preparation was likely to

contain much intracellular material (Ghosh 1963) has now been

confirmed (Gallut 1965). The heatlability and dialysability of the

active fraction not tested.

Although De (1961) was unable to induce loop lesions by ultra¬

sonic lysates of whole vibrios (*,YCL) Oza & Dutta (1963) induced

diarrhoea in baby rabbits by feeding large amounts of WCL from

V. cholerae 5&9B. In confirming this Finkelstein et al. (1964)

noted that the activity is greater in filtrates of aerated Difco

Brain Heart Infusion Broth (BHIB) or a medium supplemented

with 1/.. casamino acids (Syncase medium), the filtrates being active

in man as well (Finkelstein 1965b). Two fractions can be sepai-ated

by dialysis of WCL and Syncase filtrate, but not from BHIB.

Procholeragen A is heatlabile ■ (56C for 30 minutes) and nondialysable,

Procholeragen B is heatstable and dialysable. None is diarrhoea-

genic by itself on feeding to baby rabbits, but a mixture becomes

choleragenic. The Procholeragens have not been detected in other

cholera and HI Tor vibrios, although Schafer & Lewis (1965) and the

author can demonstrate a thermolabile nondialysable enterotoxin in

loop fluids and culture filtrates of several other strains of

V. cholerae. The enterotoxin is precipitated with ammonium sulphate

and zinc sulphate and inactivated by formalin.
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Experiment

Do36

Supemate
Tdiolecelllysate (VEL)

CellWall(CiST)
Intracellular Material(IC)

Toxin1. Mousetoxicity
10dayegg(CAM)

oo

Inactive Trace iMh

2mg ActivePIS

0.5mgd7H3 70pgD7HSU;
5mgD~HS 130pgdJhs

Toxin2 A.Rabbitskin B.Babyrabbit C.Rabbitloop D.Epithelialcell culturescytopathy

MRD l.ILD MRD

0.5-1mg/ml
150pg 500mg Inactive Inactive

0.01pgDtIIL? 250mgd7hL 3mgDjHS
...,TI..(iii):;: weakHSN'

14.pgd7iil(ii) Inactive H

T(ii)Inactive*

0.0025pgD7HL 25mgD
1mgD,HL 1mgD

Toxin3 FrogSkinpotential ^Sodiumtransport?/ RabbitKidney,PAH transport'1V'

PJ)5o ^50

1mgD+ Nottested
6mgIH- Active

5mgD+pUS 10mgD+

1.5pgI*,HS 5mg

HS/HL=Heatstable/lleatlabile.D+/D-=dialysable,nondialysable.PAH=para-aminohippurate. (i)heat-labiletoxinalso(?).(ii)fordiscrepantrecordingsbytheauthors,seetext, (iii)unheatednottested,(iv)nodecreasedetectedinkidneysofrabbitswithinfectedloops. *Partiallydestroyed100Cfor1hour.
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A heatlabile, nondialysable, formalin inactivated and acid-

sensitive factor in filtrates of 7/12 cholera stools has been

detected by Craig (1965)* which causes induration and increased

capillary permeability in the skin of rabbits and cavies. Its

enterotoxity remains to be confirmed, but the physical properties

and the rise of titre in the medium recommended by De (1959) for
O

entertoxin production closely resemble those of entertoxin.
A

Presenting the results of a collaborative study comparing such

cholera toxins Burrows (1965) concludes that there are three toxin3

or groups of toxins. His data, supplemented by the more detailed

informations furnished by his collaborators, are summarised in

table 14.2.1.

There are some discrepancies between the text and the table of

Dr. Burrows and also between him and his collaborators. For

example he states that toxicity of the supernate for CAM (chorio¬

allantoic membrane) was barely detectable, yet tabulates it as (+):

presumable stronger than his (-). Similarly cell wall (CW) is

depicted as inactive on rabbit skin and stated to have a MUD of

1.4 pg. He describes CW as cytopathogenic, but Read (1965)

tabulates the effect as negative. The frog-skin reaction is

described as "readily reproducible" (Burrows et al. 1965) but

Leiteh (1965) states clearly that "in our hands the effects of the

cholera toxins on the anurian abdominal skin and bladder have not

been very reproducible from one lot of prepared toxin to the next".

Leitch alone provides numerical data about the number of

experiments. Of 37 groups of experiments for titrating the
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different fractions on rabbit loop, 16 comprise one single loop

each and only seven comprise more than three loops each. The long

saline-washed loops used by him tend to give considerable false

positive reactions (S. 10.1) and he admits as much in connection

with attempts to examine the effect of EDTA in loops.

The conclusion of Burrows that there are three toxins is

evidently inadequate. For example why is Toxin 2 in WCL heatlabile

in skin test (A) and baby rabbits (b) but heatstable in loops (C)
and epithelial cell cultures (d)? Then Burrows suggests that

there may also be a toxin secreted extracellularly that acts on the

skin and baby rabbits only.

If one invokes a new toxin for each of these discrepancies

there must be at least three toxins in Toxin 2 alone.

Nearly all these discrepancies can probably be accounted for

by the following hypothesis:

(i) Toxin 1 of Burrows is probably endotoxin. Both mice and

eggs are known to be highly susceptible to endotoxin and the

tabulated characters of the toxin fit.

(ii) Toxin 2 comprise two components. One is the choleragen,

the other not diarrhoeagenic but normally associated with the

choleragen. The choleragen itself is heatlabile, nondialysable,

sensitive to acid and formalin, precipitated by sulphates of

ammonium and zinc, and insoluble in chloroform, i.e. it is a protein.

The other factor is heatstable, dialysable, acid-resistant and

biologically inactive in vivo or in epithelial cell cultures. It

will be referred as dialysable factor (DF). From the dialysability,
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heatstability and action of enzymes (see below) it may be a lipid.

Inside the vibrios the choleragen is firmly bound with DP which

protects it to some extent from acid, heat etc. The smaller

molecules of DF could conceivably cover the choleragen. The complex

is also biologically inert until dissociated in vivo or in vitro by

enzymes or physical treatment.

(iii) Toxin 3 may be the same as DF. Their physical characters

are similar.

The postulation of two components is similar to the view of

Finkelstein et al. (19&1-) on Procholeragens. But the DF is

considered to be a blocking and stabilising agent rather than

essential for biological action of choleragen.

One may now examine the evidence in support of the presence of

two factors and how the hypothesis accounts for the discrepancies

not explained by the Toxin 2 and Procholeragen theories.

(i) Referring to the table, the activity of the WCL on models A

and B is heatlabile but on models C and D it is heatstable. Where

does the heatstable and ultrasound-resistant toxin vanish during

separation of CW from IC (intracellular substance)? It is more

plausible that the stable complex dissociates so that the active

factor in IC becomes heatlabile.

(ii) Comparing by weight the equivalent activities of WCL and IC

in each model it is seen that in A and B the ratios are 1 :I+0 and

1:10 respectively whild in C it is 1:3, i.e., the WCL preparation in

C is relatively more potent per unit weight. Thi3 agrees with the

conclusion above that the last preparations were less drastically
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treated and therefore both less denatured and dissociated than the

first two.

(iii) The activity in supemates of A and B could also result

from liberation of toxin due to greater cell damage.

Such differences between the preparations used in A and B, and

C and D become explicable if they were different lots made in the

same laboratory (Burrows states that some Y/CL were made from liquid

cultures instead of agar growth^ or if they were prepared by

different laboratories (the C and D were tested in Chicago while

baby rabbits were examined in Bombay).

According to Burrows V/CL of C (loops) lost most of its activity

when boiled for an hour. This would agree with the partial pro¬

tection of choleragen by DF.

(iv) Dr. Finkelstein's failure to produce diarrhoea in baby

rabbits by either Procholeragen alone may be attributed to the fact

that he gives the material by mouth and, as the acidity of rabbits

stomach is pH 2-3, the enterotoxicity is destroyed. In the table

it appears that 23 mg of heatlabile IC had to be fed to baby rabbits

compared to 1 mg injected into loops.

In rabbit's stomach food is not churned and mixed but remains

in layers so that the material last introduced passes last to the

duodenum (Short & Aoodnot 1963). This may be the reason why even

a mixture of Procholeragens A and B is ineffective unless the

stomach is washed out: there is enough time for their dissociation

and inactivation, probably augmented by the fatty acids liberated

from milk.
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(v) The deactivation of choleragenic activity of "endotoxin" by

lipase, pancreatin and phosphorylase may be explained as follows.

The vibrios liberated choleragen-DP complex in glucose-saline

medium. On feeding to rabbits the complex broke down in the

intestine to cause diarrhoea. But on treating with the crude tissue

extracts or commercial enzymes (Alembic Chemicals India) in vitro,

the complex dissociated and the choleragen was then incativated

by either acidity of the buffer or a proteolytic enzyme present in

the preparations. It is noteworthy that the esterases did not work

at pH 7 or 8.2, although they are known to work best in alkaline

medium. Much of the biological activity in pancreatin is due to

proteases (White et al. 1959, p476) and trypsin, which did not

inactivate the "endotoxin" may not attack native proteins (ibid.

p152). Purified lipase does not seem to detoxify the acid-lysate

("Wallace 1965, personal communication).

(vi) The dermotoxin (Craig 1965) is not neutralised by the sera

of rabbits or men vaccinated with vibrios, but the sera of convalesc¬

ents are inhibitory. The Procholeragens can be inhibited by anti-

choleragen sera, but not by sera of vaccinated men and rabbits.

Moreover the neutralising power of anticholeragen serum or the

specific precipitin band given by it in gel diffusion plates is not

removed by absorption with vibrios which that, lysed are diarrhoea-

genie (Finkelstein 1965a). The Procholeragen mixture was apparently

not neutralised by the sera of two convalescents, but no data are

presented about the date on which the sera were collected.
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These findings may be explained by assuming that absorption of

free choleragen by patients or administration of choleragen parent-

erally in animals produces immunity when the stimulus is sufficient.

/K protein antigen in soluble form may need large doses or an

adjuvant to be effective_Z On the other hand a vaccine of vibrio

cells liberate only the firmly bound complex in tissues. Craig

did not get skin reaction in rabbits by injecting live vibrios.

Probably the action of enteric or extracellular bacterial enzymes

is essential for dissociation of the complex. The weak activity

of WCL (heatstable) on epithelial cell culture, in spite of a fairly

Strang action in rabbit loops, may also be related to the paucity

of such enzymes in tissue-culture fluid.

(vii) Dr. Finkelstein has been unable to demonstrate Procholera-

gens in virulent strains isolated more recently. Is it unlikely

that the more recent strains are not "defective", i.e. they not

only liberate the complex toxin but also split it, so that the

activity is no longer demonstrable by oral feeding, but can be shown

by direct inoculation in loops (Schafer & Lewis 1%5)? Failure to

separate the Procholeragens in RIIIE may also be related to the

production in this rich medium of vibrionic proteases that destroy

any free choleragen.

(viii) It is doubtful if the small intestine secretes any proteo¬

lytic enzyme (white et al. 1959, p502). This could explain the

success in producing loop lesions. The ligatures probably exclude

the pancreatic proteolytic enzymes, but not the intestinal enzymes

that can dissociate the complex of choleragen and DF.
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Thus the hypothesis of a heatlabile protein choleragen coupled

with a stable noncholeragenic factor can be utilised to explain most

of the known phenomena by maiding assumptions that are at least

plausible. The crucial tests for the hypothesis would be to verify

the assumptions, viz.,

(i) To show that thermolabile fractions inactive by mouth (or

active only in large doses) are diarrhoeagenic in smaller doses when

introduced directly into the intestine.

(ii) To show reactions of identity by cross-absorption and gel

diffusion among the various fractions in Toxin 2 (supernate, cell

lysate, cell wall, intracellular substance) and the factors in

fluid of choleraic rabbits and man.

(iii) To show that an antiserum neutralising heatlabile cholera-

genic preparations will not only retain the power to do so even when

absorbed with a heatstable choleragenic whole-cell lysate, but will

also block the activity of the lysate when mixed with it and

inoculated in loops (or intraintestinally in baby rabbits).

(iv) To show that heatstable V/CL preparations can be dissociated

in vitro by physical or enzymatic treatment into heatlabile active

factor(s).

12i-.3. Other virulence factors

Since the claim of Doorenbos (1932) that he could transform

nonhaemolytic V. cholerae into haemolytic V. eltor by ly3ogenic

conversion, numerous attempts have been made to demonstrate relation¬

ship between phages and virulence without success (Mukerjee 1965).

Farkas-Ilimsley & Seyfried (19&5) have suggested that the vibriocines
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may be defective phages or induced by such phages, but their

ecological role is unknown.

Among the numerous enzymes the titres of mucinase and receptor-

destroying enzymes do not seem related to virulence in man (Freter

1955b, De 1961) and the mucinase titre of cholera stools is usually

low (Freter et al. 1961). The lecithinase of vibrios is of type C

(Felsenfeld 19A4 )•

There is no evidence that the haemolysin and lethal factors

of El Tor vibrios have ill effect on man. The cell-bound

haemagglutinin was shown to be unrelated to the ability of vibrios

to adhere to the ileal mucosa (S. 7*6). It is difficult to

visualise a role of diffusible haemagglutinin in vivo.

The absence of pathogenecity of some El Tor strains, and the

probable pathogenecity of some HAG strains are against the specific

0 antigens of vibrios being directly involved in virulence. Never¬

theless, as will be discussed in the following chapter, acquired

immunity to cholera may be mainly antibacterial.
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CHAPTER 15.

imiUHOLQ&Y OF EXPERIMENTAL CHOLERA

15 «1♦ Introduction

The literature reviewed in chapter 12 reveals a general agree¬

ment that in experimental cholera parenteral immunisation with live

vaccine is successful if the animals are challenged within a few

days after vaccination. The experimental data presented accorded

with this view. However, the data demonstrating that some killed

vaccines also confer excellent protection and that the immunity is

not necessarily dependent on coproantibody touch the two most

controversial points in the immunology of experimental cholera.

The failure of the earliest workers to protect 5-10 day old

baby rabbits with parenteral injection of killed vaccines is readily

understandable in viex* of recent experiments which have established

that in newborn rabbits antibody response to even intensive

stimulation with particulate antigens may be delayed by at least one,

and sometimes two, weeks (Bellenti et al. 1965, Pemis et al. 1963).

Several difficulties arise in assessing the recent experiments

on passive immunity in baby rabbits and on both active and passive

immunity in rabbit ileal loops. The number of independent

observations are few. Different groups of workers have designed

their experiments rather differently with respect to immunisation

schedules, choice of strain, preparation of vaccine and handling of

animals. Except Mclntyre & Feeley (1964) and Foeley (19651) none

state the potency of the challenge dose in normal animals, and

except Panse et al. (1964) and Panse & Dutta (l96i|.) none compared
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live and dead vaccines simultaneously. Every experiment has

involved a single arbitrarily chosen immunising and challenge dose

so that the differences in protection could in 3ome cases be due to

variations in the ratio of challenge and immunising doses rather

than inherent differences in the qualities of vaccines (or antisera).

The problem is well illustrated by the experience of Feeley

(l%5b). Suspecting that the feeble and irregular protection of

passively immunised baby rabbits challenged intraintestinally

(Mclntyre & Feeley 19Q±) might be due to variability in (i) the

trauma to intestines and (ii) the site of inoculation, he resorted

to oral challenge and observed excellent protection. His data,

however, clearly show that the challenge dose in the second

experiment had been reduced to 1 KID from over 60 I.ILDs in the

previous experiment.

15*2. Coproantibodv

In some experiments, especially in baby rabbits, the challenge

dose is incubated with diluted antiserum in vitro before inoculation

into the intestine. The authors 3tress that no bactericidal or

agglutination effect was detected in vitro. But one would expect

on first principles that the surface of the vibrios would be altered

by combination with antibody* Therefore, unless one assumes that

the ileum of immunised rabbits contains fair amounts of antibody in

the lumen such experiments would appear to be somewhat unrealistic.

And as pointed out by Freter (1962) neither he nor his forerunners

ever succeeded in demonstrating coproantibody in immunised rabbits.

That does not mean that traces of antibody may not be present in the
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intestine. Minute amounts of gamma-globulin are detectable in

mesenchymal mucin (Cohen 1963) an& &lso in epithelial mucin

(Remington et al. 1964). Conceivably some antibody may be present

in the intestine, as is indicated by the data in table 12.2.2.

Nevertheless, coproantibody in the sense of Burrows et al. (1947a)

and Freter (1962) and as demonstrable in man and cavies - appearing

in intestinal contents in quantities sufficient for demonstration by

in vitro techniques and persisting only 2-3 weeks - seems unlikely to

play a significant role in rabbit experiments.

The baby rabbit is probably unsuitable for distinguishing

effects of coproantibody end. serum antibody. For the first few days

of life the intestines of the rabbit is highly permeable to proteins

(Eitzman et al. 1963), and considerable amounts of agglutinin to

vibrios could be demonstrated in washings of ileum (table 12.4.2).

Mclntyre & Feeley (1964) also attributed the protection observed in

their baby rabbit experiments to diffusion of antibodies into ileum

though they mention in passing that agglutinins were not detected in

ileal washings. Freter (1964) failed to protect baby rabbits by

intracardiac injection of 50 pi of an antiserum ^/titre not stated)?

that was protective in 0.5 pi dose when directly mixed with the

inoculum of vibrio. It can be readily calculated that in a rabbit
lnfct-TK +1' J*

weighing 100 gm with an BOF volume of 15/' of body weight 5° pi of
K

serum will be diluted about 1:300 if the antibody is of the readily

diffusible IgG- (7s) type: with macroglobulin antibody (19s) the
U-, h/oH Cc-X

concentration in BGS will be negligible.
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In adults, not supposed to excrete coproantibodies, Jenkin &

Rowley (i960) protected 9/10 rabbits by active immunisation and 2/2

rabbits by injecting 10 ml serum intravenously. They challenged

the rabbits only one week after vaccination, but the data in S. 12.2

clearly show that challenge one month after vaccination is as

effective. Freter's conclusion (1964) that "anticeram administered

parenterally had little effect" in his experiments seems overcautious

considering that two series of experiments gave consistent protection

and about 30 loops were used in each group. In the first experiment

only O.Zi. ml of serum intravenously reduced the incidence of positive

loop reaction to 2|£. from 68, in controls ( <n.r,5) and in the second

4 ml serum reduced it to 378 (iXO.Ol).

Such considerations leave little room for doubt that "copro-

antibody" is not the only humoral agent capable of conferring a solid

immunity in experimental rabbit cholera.

15 «3. Killed vaccines

Jenkin & Rowley (1960) and Freter (1964) used 0 antigen. The

excellent immunity induced by them is duplicated in the active and
f\v\d

passive protections in rabbits cavies in our series. Ganaraelli

(1921) also protected all litters to oral challenge by vaccinating

the dams with killed vaccine.

Panse et al. (1964) and Panse & Dutta (1964) record that in

intraintestinally challenged baby rabbits protection was observed

with OII-L (live-vaccine) antiserum but not with OH-F (formol-vaccine)

or 0 antiserum. As pointed out by Peeley (1965b) these workers used

only a few animals in each experiment /5-6, presumably one litter/.
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It is also possible that the particular boiled vaccine was unsatis¬

factory due, for example, to excessive heating or perhaps an

unfavourable preservative. The disappointing result with formolised

vaccine is reflected in our experiments in loops of both rabbits and

cavies. This was not observed in baby rabbits, which could well

have been the result of using only one dosage level of antiserum and

challenge. No investigation was made to ascertain whether the

vaccine deteriorated during the initial incubation to kill vibrios

or during storage without neutralisation of the formalin. ^For
0 antigen vaccine thiomersal was used as preservative^
15 J;-. The mechanism of immunity

As evidence is accumulating that the diarrhoea of cholera

results from the action of an enterotoxin (chapter 13) one might

expect the immunity to be antitoxic. The persistence of vibrios in

immunised well baby rabbits and ileal loops and in orally challenged

cavies (see below) lends support to the possibility. It has already

been pointed out that the protection to derraotoxin (Craig 1965) may

represent an antitoxic effect of convalescent serum. On the other

hand Panse et al. (1964) failed to protect baby rabbits with anti¬

serum capable of neutralising a choleragenic acid-lysate of cholera

vibrio, although live-vaccine antiserum was highly effective.

Parenteral immunisation of baby rabbits with an antiserum that com¬

pletely neutralised the Procholeragens in vitro failed to protect

Procholeragen-challenged baby rabbits any more than an antibacterial

serum (Finkelstein 1965a). The role of antitoxic immunity

evidently needs more investigation.
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Meanwhile the protectiveness of bacterial vaccines and antisera

seems convincingly demonstrated in animals. There is also good
/

evidence that virulent vibrios fail to grow freely in immunised

animals, though they are not totally destroyed on inoculation.

Immunised cavies excrete fewer vibrios for a shorter duration on oral

challenge (Burrows et al. 1947a). Colony counts of washings of

negative loops (18-24 hours) in immunised rabbits yield more or less

the same count as the inoculum (S, 12.2, Jenkin & Rowley 1960).

Vibrios persist in immunised baby rabbits for 4-5 days (S. 12.4;

Feeley 1965b). Freter 6964) inoculated baby rabbits intraintestin-

ally with a mixture of vibrio suspension and antiserum. After four

hours total count on the intestinal contents showed equal growth in

both controls and antiserum-treated inocula. At 19 hours the treated

vibrios had definitely multiplied, but the count was only about "\% of

that in control animals. It seemed that the vibrios multiplied

normally for the first few hours but then grew only slowly. More

frequent counts to establish the course of growth (cf. fig. 8.7.1)
will evidently be desirable.

It thus seems possible that in immunised animals the vibrios

multiply at normal rate, but soon reach a stationary phase, as in

a stationary culture, in the absence of fluid accumulation in the

intestine. Alternatively growth and metabolism of vibrios may

stimulate host reaction. Jenkin & Rowley (1960) detected numerous

phagocytes in the washings of negative loops of immune rabbits:

this question needs to be further investigated by cytological and

histological methods. Or, lysozyme which can rapidly kill vibrios
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sensitised by antibody and complement (Amano et al. 1954> Glynn &

Milne 1965), and is abundant in ileal secretions (Florey 1962) may

destroy the vibrios. Organisms that lodge in the crypt3 of

Lieberktlhn escape the defensive mechanisms in the intestinal lumen

(Florey 1933) which may account for the persistence of vibrios.

As pointed out in chapter 12, no correlation was demonstrable

between serum titres of 0 antibodies (agglutinin and vibriocidin)

and the degree of protection, and a HAG vibrio seemed protective in

cavies. Burrows et al. (1947a) could protect intraperitoneally

challenged mice with antisera from which 0 agglutinins had been

removed by absorption, and orally challenged cavies were protected by

a NAG vibrio vaccine (Burrows 1953)- Feeley (1965b) also detected

no correlation between 0 agglutinin and vibriocidin titre and passive

immunity in baby rabbits. By mercaptoethanol treatment ana density-

gradient ultracentrifugation he demonstrated that serum collected on

12th day during vaccination (protecting 0/12 rabbits) and 14th day

(protecting 4/12 rabbits) contained a higher proportion of Igl immune

globulins than sera collected on 27th day (protecting 11/20 rabbits)
or 64th day (protecting 19/21 rabbits). The data, hov/ever, also

show that the last two sera had similar Igl!: IgG ratios though the

difference in their protectivity is significant (p<O.Ol). There

was also a larger number of precipitation bands in the later sera in

agar-gel diffusion plates. So the immunising power of such sera may

rest in the antibodies, presumably of IgG type, that the host

produces either slowly or only on repeated vaccination. Our data on

the efficacy of sera obtained by two doses of vaccine favour the

first possibility.
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15 «5» Conclusions

The various aspects of immunity in the recent experimental

models have been imperfectly investigated. Even so it appears

almost certain that an effective immunity can be induced in rabbits

by parenteral vaccination with live vibrios as well as with vibrios

appropriately killed and preserved. Several doses spread over 2-3

weeks may be essential to induce a strong resistance to infection.

The duration of immunity is longer than what would be expected with

coproantibody-dependent protection, but the full duration of

effective immunity has not been ascertained.

There is good indication of cross-protection between Inaba and

Ogawa serotypes and also between El Tor and cholera vibrios, and

possibly also between certain NAG- strains and cholera vibrios. In

fact, the evidence is against the specific 0 antibodies playing an

important role in immunity which is proba.bly antibacterial or a

combination of antibacterial and antitoxic mechanisms.

Because of false positive reactions in control loops the cavy

is an unsatisfactory animal for protection tests, though the results

generally agree with those derived from rabbit experiments. Passive^

immunised baby rabbits may be less satisfactory than actively

immunised adult rabbits. However, in spite of antibody leaking

into ileum of baby rabbits there is no correspondence between pro-

tectiveness of antiseru and their vibriocidal titres, although in

passive protection tests of intraperitoneally challenged mice there

is a linear correlation between protective power and vibriocidal

titres of sera (Ahuja & Singh 194-8* Watanabe et al. 1965)- This
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suggests that the passively immunised baby rabbit is not merely an

antibody-containing test tube and its potentials are still worth

exploring. The possibility of utilising suckling rabbits for active

protection tests has been indicated in . 13.5~.

There is indeed much scope for improving both models. For

example, it may be possible to assess the degree of immunity more

accurately by killing the animals towards the end of incubation

period ^/approximately 3-6 hours in loops; 8-12 hours in baby rabbits

challenged with 1-10 I'LDs^ and making viable counts, or the challenge

dose may be adjusted to less than LD100 or the animals may simply be

killed at a predetermined interval expected to give a moderately

severe reaction in controls and the reactions in immunised animals

graded according to severity (cf. S. 13*5).

From a practical point of view the induction of solid immunity

in both rabbit loops and baby rabbits, and some immunity in the

highly susceptible cavies, is encouraging, especially since some

killed vaccine-preparations also appear satisfactory. One must,

however, exercise caution in transposing results of animal experi¬

ments to man. Recent field trials have exposed two grave fallacies.

One is to suppose that a refined method of great precision in animals

is necessarily relevant for man. Since an acetone-killed typhoid

vaccine has been established to be more effective in man that a

heat-phenol-killed vaccine, all the elaborate mouse-protection tests

have been demonstrated to be irrelevant (Spaun & Uemura 1964).

Secondly a "more natural" laboratory infection is not necessarily
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a "better bioassay system. Again field trials with several pertussis

vaccines have shown that intracerebral challenge in mice is a more

satisfactory method of assay than the "more natural" respiratoiy

infection by intranasal challenge (Standfast 1952). Ultimately the

value of the rabbit models will have to be ascertained by simultan¬

eous assays with at least two vaccines of known potency in man.

Judged by body weight each dose of vaccine given intravenously
9

to rabbits is several times the usual dose of 8 x 10 vibrio cells

administered subcutaneously or intramuscularly in man and which

appears from the experience in Dacca (Oseasohn et al. 1965) to be

near the limit of human tolerance. Moreover rabbits have invariably

been given several doses of vaccine (in order to examine their

maximum potential) while men as a rule receive ohly one dose that

usually provokes an unsatisfactory antibody response as inferred

from serum agglutinin titres (C-oodner & Smith 1965). It is therefor!

highly desirable to test iu rabbits the protective effect of single

doses of vaccines in amounts comparable to what is practicable in

man. If vaccines that are highly effective on multiple dosage are

ineffective in single doses, one must seriously consider changing

the current vaccination procedure in man. Two doses of vaccine

spaced one week apart was shown to be adequate in rabbits (S. 12.2),

and this schedule also elicits a good agglutinin response in man

(Goodner & Smith 1965). Certain alternative possibilities are

discussed in the following chapter.
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CHAPTER 16.

CONCLUSIONS & PRO JECTS

Taking a bi-oad look at cholera research since last War (S. 1 .9)

it appears to fall into two chronological stages. For the first

decade modern investigations, stimulated particularly by the Egyptian

epidemic of 1947, cleared the ground for further advances by destroying

some ingrained notions (like the convenient explanation that the

profuse diarrhoea of cholera results from extensive intestinal

ulceration or the belief that cholera can always be clinically

differentiated from other severe diarrhoeas) and by defining the

problems. Thereafter a beginning has been made to solve the problems.

The popularisation of the rabbit loop model in 1953 siid the baby

rabbit model in 1955 provided the long-awaited tools of reproducing

a cholera-like disease in the laboratory.

Indication of the existence of an enterotoxin was first obtained

in these models (s, 10.1). However one wonders whether the textbook

teaching that gram-negative microbes do not produce symptoms through

specific exotoxins had not inhibited more enquiry into enterotoxin

in volunteers: they had not hesitated to drink cholera stool and

culture. As far as analogy is valid in experimental medicine,

cholera now seems more akin to diarrhoeas caused by S. coli, C.

welchii and Staph. aureus than to the dysenteries.

The production of baby rabbit cholera with cholera stool (Panse
& Butta 1961) and of human diarrhoea with Procholeragena (Pinlcelstein

1965b) strongly Indicates the suitability of the rabbit models for

studying the pathology of cholera. It was shown that the



Table 16.1

Data from interim reports of cholera vaccine field-trials in Calcutta

(Taneja 1965), Dacca (Oseasohn et al 1965) and the Philippines

(Philippine Cholera Committee 1965). Single parental dose of equal parts

of Inaba and Ogawa types. Only bacteriologically proved cases are

included.

Place and
Period of Observation Type of Vaccine No. vaccinated No. of cases

Calcutta 'Xiphoid - Paratyphoid 10789 16 (11)

3 months Agar vaccine I 10782 13 (6)

(4th - 10th month
in parenthesis)

t» It tj\ 10784 11 (6)

( freewadried) 7975 5 (7)

Casein hydrolysate 10785 18 (7)

Dacca Typhoid - Paratyphoid 7103 43

12 months Agar vaccine 6956 12

Philippines Typhoid - Paratyphoid C a. 14600 65 (89)

4 months Cholera, agar grown
ft 34 (87)

(4th - 10th month
in parenthesis)

El Tor, "

Oil adjuvant

11

»r

29 (74)

34 (36)
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bacteriology and biochemistry in rabbit3 are similar to human infection

(S. 13 >4) • The accumulated evidence is fairly convincing that the

diarrhoea of cholera is primarily due to a functional derangement,

probably in blood vessels, without gross or histologically detectable

anatomical lesions, though such changes may result from circulatory

and metabolic disturbances associated with rapid loss of fluid and

salts. Perhaps further biochemical (including histochemical)

studies will reveal the nature of the damage to the intestines:

probably an alteration in metabolism or molecular structure or both.

Nor do we know why and how loss of 3alts and water kills an organism

(Kerpel-Fronius et al. The baby rabbit provides a suitable

model for investigating these questions.

The excellent protection conferred by parenteral administration

of appropriately killed and preserved vaccines in both rabbits and

cavies and the close similarity of the disease to natural cholera

raise strong hopes that the protectivity will hold good in man.

Preliminary reports from field-trials in Calcutta, Dacca and the

Philippines (table 16.1), although each comprising too few cholera

cases in the control group to be decisive, suggest some protection

from cholera vaccine. The use of at least two common vaccines in

these trials might have made the hesuit3 more comparable and con¬

vincing apart from providing laboratory workers with the two

standards required for ascertaining the relevance of various experi¬

mental models. As they stand, the degree of protection seems only

moderate and the duration variable. The use of two doses of vaccine

(S. 15.5) is worth considering. Other approaches include the U3S of
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a comparatively larger dose of purified antigens (Shrivastava 196p,

Watanabe & Verwey 1965) and the use of adjuvants. However, the

water and mineral oil adjuvant used in the Phillippines caused so

many sterile abscesses that it had to be abandoned.

Preoccupation with specifity ha3 led immunologists to concen¬

trate on the 0 antigens and antibodies although evidence casting

doubt on their role in immunity was presented by some early workers

(Wilson & Miles 1964). Use of rough strains to immunise animals

against some forms of salmonellosis is accepted practice. Russian

workers (Tikamov & Skavronskaya 1961) have demonstrated that in

mouse-protection tests the protective activity of antisera against

B. coll, S. typhi, typhimurium and Sh. fle:cneri may be related to

protein antigens that do not give high precipitin titres. In

cholera there is serious doubt if immunity is dependent on the 0

agglutinins and vibriocidins (S, 13«5)» The rabbit provides a

promising model for screening the efficacy of various antigenic
best

fractions, the dosage required, the/types of preparations and the

duration of immunity.

In the Phillippines an El Tor vaccine seemed to confer longer

protection than the classical cholera vaccines. In rabbit loops

V. eltor II—1 was highly protective ( . 9»2) but in baby rabbits anti¬

serum to V. eltor 34 was inferior to antiserum against cholera

vibrio. The efficacy of the El Tor vaccine in the Phillippines

may thus be a property of the strain rather than of the species.

Nevertheless, the possibility of using El Tor vaccines deserves

serious consideration in view of the increasing prevalence of this
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infection. The vibrio seems capable of surviving longer than

cholera vibrios in nonacidic solids and liquids, and the carrier

state is both more prolonged and more common (Pesigan 19£>5). It

may also spread more often through food and carriers than through

water. Fortunately, successful eradication of the infection from

Hong Kong indicates that it is unlikely to pose the same baffling

problem as Si. sonnei dysentery in the west.

The degree of cross-protection between El Tor and cholera

vibrios and also between the serotypes needs further evaluation with

large number of strains. Unfortunately until we know what makes a

good vaccine for man the choice of strains by their characters in

vitro, like morphology and agglutinability, and in vivo by antibody

response in animals (Rahman 1965) must remain based on general

principles instead of certain knowledge.

Although preliminary results have been discouraging the role of

antitoxic immunity deserves more investigation. And cellular anti¬

bacterial immunity has not been investigated since Jenkin & Rowley

(i960) produced evidence of its importance in loop experiments.

Whether oral vaccine is superior remains to be proved. On the

whole laboratory studies on volunteers and field studies have failed

to demonstrate any advantage in giving live or killed vaccines by

mouth (Poliitzer 1959, p32l). 2.'oreover the dosage required - a

number of daily doses followed by weekly maintenance doses (Freter &

G-angarosa 1963) - is practicable only in small well-organised groups

of people.

The ultimate eradication of cholera will depend on general

improvements in sanitation and provision of safe drinking water.
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But a survey of 75 developing countries (Dietrich & Henderson 1963)

revealed that the resources of these countries, especially of India,

&ye inadequate even with the current rate of external assistance to

achieve a reasonable water supply within decades. Meanwhile

vaccination will continue to be an important measure.

Apart from pathology and immunology, that formed the subjects

of this thesis, the rabbit models might be profitably used for

studying other aspects. For example:

(i) rJPRiAD & CARRIERS: I'etchnikoff (1894) noted that choleraic

baby rabbits sometimes infected litter mates. Hasan et al. (1965)
isolated vibrios from monkeys kept in separate cages in the same room

as experimental animals. The way vibrios spread and infect by mouth,

presumably in small doses, is worth ascertaining.

(ii) BACTKRIAL ANTAGONISM: Although many bacteria can influence

growth of cholera vibrios in vitro (Pollitzer 195?» p1.67) tests in

vivo have been mostly negative (S. 8.1 ). Y.hen two baby rabbits

were inoculated intraduodenally with a mixture of ca. 70 CFUs of

V. cholerae 12r and ca. 150 CFUs of an i. coli strain frr>"-' a normal

| rabbit, both died in 28 hours with diarrhoea and the 33. coli could
! not be recovered fro: their bowel fluid. Barua et al. (1965a)

could not inhibit loop lesions with excess of E. coli. However,

the human ileum is virtually sterile, occasionally containing a few

Clostridia and lactobacilli (Aosebury 1962). The role of these

remains to be assessed. In loops V. parahaeraolyticus, an entero-

pathogenic halophilic vibrio, was inhibited by a strain o~ Lacto¬

bacillus casei, but not with two other lactobacilli and two faecal

streptococci (Hattori et aD 1965).
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(iii) THERAPY: Isotonicity of cholera stool has encouraged

succussful replacement therapy with normal saline (Phillips 19&0.

However, hypertonic saline has advantages in theory, like avoidance

of dilution acidosis, and has been highly effective in severe

diarrhoeas (Black 1960). In scouring of calves plasma and its

substitutes have proved better than saline in spite of initial

haemoconcentration ('.Vatt 1965). The requirement of about 20 litres

of isotonic saline per patient, which imposes a great administrative

strain (Phillips 1964.), may be reduced to 1-2 litres of hypertonic

saline. There are authoritative reports favouring hypertonic saline

in cholera (Pollitzer 1959, p797)• The baby rabbit is an obvious

choice for testing this aspect.

Chemotherapeutics (Dutta & Habbu 1955) and phages (Dutta &

Panse 1963) protect baby rabbits only when administered soon after

challenge. Recently Carpenter et al. (1965b) and Kobari (1965)
have claimed a quicker recovery of patients with supplementary anti¬

biotics. The efficacy of drugs and phages may be reassessed in

baby rabbits maintained on fluid-replacement therapy.

(iv) The rabbits, particularly the sucklings, may be utilised

for studying other enteropathogens as well.

Such experiments will involve systematic experimentation on

large number of animals. It is hoped that the information and

recommendations in chapters C, 9 and 13 will enable better design of

experiments and make it possible to substitute fairly precise

measurements for the current practice of recording arbitrary

"positive" and "negative" reactions. This may yield results not

otherwise available. It will almost certainly reduce the number of
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animals required for an experiment and also mitigate their suffering,

however little such suffering may be.

The international scientific co-operation engendered by cholera

Pandemics (s. 1 .4) continues to flourish. The traditional team of

bacteriologist and hygienist has enlarged to include others like

biochemists, physiologists and sociologists. The omens are good

that definitive informations of practical value will accrue in near

future. But solution of the basic problems like the exact mechanism

of diarrhoea or of the ill effect of fluid and salt los3 may require

years of patient research by workers from various disciplines. Per¬

haps it may help to bear in mind the caveat of Claude Bernard:

"Indeed, our minds are so limited that we can know neither the

beginning nor the end of things; but we can grasp the middle, i.e.

what surrounds us closely" (An Introduction to the Study of

Experimental Medicine).
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APPENDIX I

Abbreviations

1. Units of measurement

A°
0 ^<1 Q
Armstrong (-JO meter)

C centrigrade

c curie

CFU colony-forming unit

cm centimeter

e base of natural logarithm (=2.71828...)

S standard gravitational acceleration (^981 cm/sec^
gm gramme

hr hour

k flux rate constant (per hour)

Kc kilocycles

kg kilogramme

1 litre

V- micron (10 ^ meter)

M gramme-molar

m meter

mEq milliequivalent

MED minimum effective dose

mg milligramme

pg microgramme

MGT mean generation time

KID minimum infective dose

min, (0 minute

ml millilitre



2.

MLD minimum lethal do se

pi microlitre (10~^ ml)

raM millimolar

mm millimeter

mOsm milliosmole
MRD minimum reactive dose
W molecular weight

s ^verdberg unit

sec second

SWG- steel-wire gauge

2. Statistical symbols:

a sample estimate of intercept of
linear regression.

b sample estimate of slope of linear
regression.

C coefficient of variation

df degrees of freedom

F ratio of two variances

f frequency of positive reaction in
N observations.

N sample size

OR observed range

P Probability of occurrence by ohance
from a standard probability distribution
like t, chi-scuare.

Pe "exact" binomial probability
2

s , s sample estimates of variance and standard
deviation respectively of a population.

s_ , s standard error of x and b respectively.
x b

t Student's t statistic

X individual value of a variate;
independent variate.



X

X

X2

Y

*

3» Miscellaneous

APW

ca.

CW

DF

DW

ECF

EDTA

IIA

Iij 3

IC

ICF

i.v.

H
L-P

MR

-J-
Ha etc.

(Na) etc.

3.

arithmetic mean of values of X

deviation of X from x

chi-square statistic

individual value of second (or
dependent) variate.

P = 0.05 - 0.01

P<0.01

alkaline peptone water

circa (approximately)

cell wall

dialysab^ factor

distilled water

extracellular fluid

ethylenedismine-tetra-acetate

haemagglutinin

heart infusion broth

intracellular material

intracellular fluid

intravenous

wave length

lumen to plasma flux

methyl red test

Ionic form of sodium etc.

amount in gramme of sodium etc.
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^jNa/ etc. concentration in mEq/l of sodium etc.

M nutrient agar

I® nutrient broth

NS normal (O.15M) saline

OD optical density

OII-L Live vaccine

OII-F formalised vaccine

PBS phosphate-buffered saline

P-L plasma to lumen flux

PS peptone saline

PSP phenol red

RV peptone water

flf phage

RBC red blood cell

SG- specific gravity

T interval between two observations or

experiments

thionin-glycerol agar

taurocholate-tellurite-gelatin agar

Voges-Proskauer reaction

white blood cell

whole cell lysate

TGA.

TTGA

VP

M5C

WCL
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It is difficult to prevent changes in biological characters of

vibrio strains during storage (Martin 1964)• Even freeze-drying may

be unsatisfactory for two reasons. First, only about 5% of viable

cells survive the process (Fry & Greaves, 1951) allowing chance for

selection of variants. Secondly, the viable cell count of each sus¬

pension made from regenerated cultures has to be ascertained. This

may lead to large deviations from the intended dose because the number

of vibrios in suspensions of equal optical density varies unusually

widely (Maaloe, 1955)> and the viable count is not available till the

next day. Thus Llaclntyre and Feeley (1960 noted fifteenfold varia¬

tions in their challenge doses during a passive protection test. We

have, therefore, investigated the possibility of storing a vibrio

suspension of known viable count at a very low temperature, i.e., of

preparing a vibrio stabilate. /k stabilate has been defined by

Lumsden & Hardy (1965) as "a population of an organism preserved in

viable condition on a unique occasion^
Martin (196^) has reviewed the principles of storing microbes at

temperatures below -55°C. The problem is to prevent cell death during

freezing and thawing. Addition of glycerol or dimethylsulphoxide

(DMSO) reduces cell death with some organisms. Once successfully

frozen, microbes seem to keep indefinitely without noticeable change.

Materials and Methods.

Vibrio cholerae 12R (Ogawa) was received from the National

Institute of Health, USA. (Kaclntyre & Feeley 1964) • V« eltor 112 (Ogawa)
was sent by Dr M* Robertson, Queen Elizabeth Hospital, Hong Kong; it

had been isolated from a cholera patient in 1963• Both strains were



received freezedried. The contents of each ampoule were suspended in

0.2 ml.of nutrient broth (Oxoid no. 2) and streaked on a nutrient agar

plate (pli 8.0-8Jf). After incubating for 18-20 hours at 37° C the

growth was freezedried in a large number of ampoules.

Preparation of a stabilate. The contents of an ampoule were cul¬

tured as above. Portions of 5-6 colonies were streaked on a nutrient

agar slope and incubated overnight. The growth was suspended in 2 ml

of broth, and divided in two portions. To one part was added sterile

glycerol (7«5/ v/v), the second portion received no preservative. In

early experiments sterile Analar grade dimethyl sulphoxide was added to

a third portion to a final concentration of 1Q?* (v/v). The suspensions

were filled into capillary lymph tubes and then frozen and stored in

solid carbon dioxide (-79°c) as described by Cunningham et al (i963).

Determination of viable count. A tube was opened at both ends

and weighed. The contents were expelled in 1 ml, of diluent (0.1^

peptone in 0.15M saline, pH 7•0-7-2), and the tube weighed again. The

volume of diluent was adjusted to contain 10 mg. of stabilate in each

millilitre. A series of tenfold dilutions was made. ..ith a 0.1 ml.

pipette, 0.1 ml,of each dilution was delivered on each of 2 agar plates

and spread with the bent tip of Pasteur pipettes. After overnight

incubation the colonies on both plates from an appropriate dilution

(giving 100-300 colonies per plate) were counted. The number of colony-

forming units (CFU) in each milligramme of undiluted stabilate was

computed from the average.

At least 2 tubes at a time were examined immediately before freezing

and after storage for 48 hours.



Infecting suckling rabbits* A litter of 11 day old rabbits was

infected as described by Maclntyre and Feeley (1964) except that the

inoculum (500 CFU of V. cholerae 12R) was injected into the duodenum

exposed thix>ugh a right subcostal incision. One animal was killed with

ether when it developed diarrhoea 20 hours later. The wateiy fluid in

its caecum was mixed with an equal volume of normal rabbit serum. The

mixture was frozen after adding glycerol.

Results and Conclusions

The results of three consecutive experiments are presented in the

table. It will be observed that: (a) there was usually a slight

increase in viable count after freezing and thawing, presumably due to

disaggregation of clumps; (b) the contents of tubes processed simul¬

taneously had comparable viable counts; and (c) the addition of a

preservative was unnecessary.

The count in the diarrhoea fluid was reduced from 1.3 million CFU

per milligramme of the mixture with serum and glycerol to 0Jh million CFU.

It thus seems practicable to store at low temperatures moderately

dense suspensions of vibrio cultures without cell death. Perhaps

even cholera stool can be preserved directly; it will be of interest

to investigate various preservatives for this purpose.

We are indebted to Prof. R. Cruickshank for his help and advice

during the experiments and the preparation of the manuscript, and

for providing the senior author with a research grant.



TABLE

Viable counts (millions of colony-forming units) per mg. of stabilate

before and 48 hours after freezing. Each count represents 1 tube,

correct'5'''' for dilution by preservative.

Strain preservative

count

before freezing after freezing

V. cholerae
12R

nil

glycerol

dimethyl-
sulphoxide

16.9, 18.1

21 .5

16, 16

19, 21 .2

21, 24

18.1, 23.8

V. cholerae
12R glycerol 18.4, 15.5, 18.6 18.1, 17, 16.5*
V. eltor nil

glycerol

5 *5, 4 «4 > 4 «5

4*4, 4.5

4.2, 5.

5.2, 5.5, 6.1

* counts after 5 months: 17*1 > 14*1

(1 ) Cunningham, M.P., Lumsden, Y/.H.R. and V/ebber, Y..A.F. (1963)•
exp. oyasit, 14, 280.

(2) Fry, R.M. and Greaves, R.I.N. (1951)« J. Hyg. (London), 49, 220.

(3) Lumsden, W.H.R. and Hardy, Gillian J.L. (1965). Nature, 205, 1032.

(4) Maal^e 0. (1955)- Bull. V/ld. Hlth. Org., 12, 769.

(5) Mclntyre, O.R. and Feeley, J.C. (1964). J. infect. Lis., 114, 468.

(6) Martin, . (1964)• App. Rev. Microbiol., 18, 1.
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