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I FOREWORD 

Cholera stands unique among the quarantinable diseases. 
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It is the oldest 

known, and nowhere in the history of the pestilences that beset nan was there a 

disease whose pandemic excursions "ere so widespread and so catastrophic in 

virulence. 

Cholera stands unique also among the communicable diseases for, in spite 

of the discovery of its causative agent more than eight decades ago, yet there 

is still discrepant opinions among the different investigators about some of 

its attributive characteristics. The pathogenesis of the disease, the infec-

tivity or safeness of the convalescent carrier, the degree of effective pro

tection of vaccination, etc., are but a feVI of the aspects of the disease that 

need further study. 

Yet, one must avow the fact that, to cholera, goes the credit of insti

gating, or rather initiating, international collaboration in the field of health. 

One might mention as well that, to cholera, also goes another credit of interest 

to this Region, and that is the institution of the first health administration 

in Egypt. 

II HISTORY AND INCIDENCE 

Although the history of cholera has shown its incidence has never ceased, 

yet one can safely divide its "orld incidence into four arbitrary periods< 

First period: prior to 1817, "during which cholera was confined to the East, 

if not almost exclusively to India". 

Second period: from 1817 to 1923, "during "hich pandemics originating from 

India spread to countries lying east and west of India and, in 

some cases, swept over several continents of the worldtt
• 

Third period, from 1923 to 1960, during "hich "chOlera became once more almost 

entirely a disease of the East, with the exception of an invasion 

of Iran and Irak in 1927 aDd 1931 and of Iran again in 1939". 

During this period two epidemics outside the Indian subcontinent 

were reported. The first in Egypt (1947) and the second in 

Syria 1948. They were not included in Pollitzer and Swaroop's 

third period, most probably because the theme of these authors' 

discussion was the role of the Indian SUbcontinent in dissemina

ting infection, and as the origin of these two outbreaks had not 

been elucidated, they were excluded from their discussion. 



FIG. I SPREAD OF CHOLERA IN THE WORLD 

DURING 1865-1875 TO 1948-1960 
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Fourth period: from 1961 up to date, during which outbreaks of cholera caused 
1 by V. El Tor· have spread from Celebes and invaded nearly all 

the South-East Asian countries, India, Pakistan, Afgpanistan, 

Thailand, and. lately Iran, reaching northwards the USSR province 

contiguous to Afghanistan2 • 

. In contrast, "classic" chOlera
l 

has not bee.·l reported outside 
2 

India and Pakistan during this period. 

A. Cholera during the first three periods 

Study of the available records of cholera during the first three periods 

delineated above, evinces three important epidemiological facts: 

1. The disease occurring during all these epochs was of the "classic" 

kind - i.e. caused rr, V. Choler~e, the only exception· recorded being 

the C"lcbes outbreaks (see later). 

2. India and Pakistan3 are the habitats of the infection of cholera. 

All the records testifY to its yearly occurrence in those two countries 

without interruption since records were kept. Not only this, but 

these same records also show that the combined share of cholera mor

tality of these two countries put together never fell in any decade 

or period below 93% of the total mortality of cholera allover the 

world, from 19C1 till 1960, the last year of the first three periods 

under discussion. The average yearly toll of dea~hs caused by cholera 

for the period 19C1-1960 reaches the figure of 243 309 deaths in India 

and Pakistan (pre-partition India). 

rest of the world is 17 335 deaths. 

These fi.o;ures are for "classic" cholera. 

The corresponding figure for the 

Figure No.1 shows thp spread of cholera in the world during 1865-1675 to 

1948-1960 (reprinted from Kamal 1963). 

lAS shall be mentioned later,.it has been proved and ac~owledged inter
nationally that certain strains of V. El Tor could cause "cholera" indis
tinguishable clinically and epidemioiogically from· "Cholera" caused by 
V.·cholerae. This latter: disease is always referred to as "classic" cholera. 

2Thisis the.Qfficiali~ormationas un· to the time of writing this paper (first 
week of September 1965). 

3Before 1947 Pakistan was part of India and together they are alluded to in 
the literature as pre-partition India. 
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1 
Bengal acts as the "fans et origo mali" of cholera, or to put it in 

the words of Pollitzer, "as the cradle, if not the original home of 

the infection". Proof of Bengal acting as the "fans" (home) evinces 

from the fact that it is responsible for a little less than a third 

of cholera mortality allover the world. The percentage for the 

years 1951-1960 was 31.24%. Swaroop in his study of endemicity of 

cholera in India has sho>m that at least eight of the districts 

situated in Bengal did not have even a single month which was free 

from cholera deaths during the 360 months studied. 

'!he "origo mali" qualification conferred on Bengal is based on the results 

of the studies of both the pandemic and the epidemic spread of the dise~se 

since 1817, the year of the first reliable records of the inoidence of cholera 

(Pollitzer 1959). 

During the era of pandemic spread of cholera, all investigators agreed 

that the infection originated in pre-partition India. (Macnamara and others, 

quoted by Pollitzer). As regards the epidemic spread of the disease within 

the India subcontinent, the Report of the Central Expert Committee of the 

Indian Council of Medical Research (1959) earmarked Bengal as the focus whence 

infection disseminates, invading other states with the returning pilgrims, 

tradesmen, etc., at the finish of the religious rites (Figure 2). 

Three important epidemiological facts can be deduced from this abridged 

exposition of the history of "classic" cholera. 

1. Cholera is endemic in that part of Asia formerly known as pre

partition India and which now comprises India and Pakistan. 

2. The "fans et origo mali" of the infection is Bengal. In other words, 

it is the area of the (~anges-Brahmaputra Delta that is responsible not 

only for keeping up the flame of endemicity, but also for the epidemic 

conflagrations ",ith the potential danger of pandemic spread. 

3. Movement of population from infected areas to clean ones, is an im

portant means of spreading infection. 

B. Cholera during the fourth period 

'TIlis period is characterized by the persistence of classic cho18ra in the 

Bengal area and by a pandemic spread of El Tor cholera among the South East 

Pacific Region and a tendency of spread towards th<e \'iest. 

IBengal is the name of that area of land formed loy the Ganges - Brahmaputra Delta. 
Although in the 1947 partition of Inelia, Bengal was divided into j,iest Bengal 
(which remained in India) and East Bengal, (named :':10\,1 as East Pakistan), yet from 
the epidemiological point .::;of View, they must, as rEgards choleras be conslc:'ererl 
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The number of classic cholera ~uring this period is as follows (WHO 

Chron. 19/Q, 1965): 

Year Cases Deaths 

1961 49360 17 292 
1962 28 183 10 039 
1963 57 5501 20 962 
1964 81 400 19571

1 

As regards El Tor cholera, this will be discussed later on. 

III CHOIERA AND THE COUN'ffiIES OF THE EASTERN MEDITERRANEAN REGION 

Study of the six cholera pandemics show clearly the rol.e pilgrimages played 

in the spread of the disease, invading neighbouring areas in sequence, both in 

order of geographical contiguity and chronologically. 

to the above statement as to the role of pilgrimages. 

There is one exception 

The first pandemic 

(1817-1823) was not related to pilgrimages; it originated through the landing 

of British troops sent from India to Oman. A point worth mentioning here is 

what Macnamara has concluded from his study of these pandemics; he found that, 

preceding every pandemic, a flare-up of the disease odcurred'in Bengal (in 

1'olli tzer) • 

To shOW that the states covered by EMRO are so epidemiologically intimate 

that rarely one escapes cholera infection when its neighbour has already been 

invaded, the following chronology of the pandemic spread of cholera has been 

prepared [from Polli'tzer): 

First Pandemic 1817-1823 

Oman, Muscat 
Iran through Muscat 
Iraq (Basr~, then Baghcl.ad) 
Syria 

1820 
1821 
1821 
1822 
1823 Iran for the second time, through the return of 

the Persian Army from Iraq 

There is reference' to cholera occurrence (182()o..1821) in the Eastern coast 

of Af'r-ica'through, merchant boats arriving from Arabia. Whether Ethiopia and 

Somalia became involved in that pandemic or not is an open question. 

lThese figures are from' the Wkly Epid.Rec. (1965) 40, 16. Neither 
the table on page 202 nore the informat:j.on on page 200 indicate clearly 
whether El Tor Cholera 1964 caseS and deaths are included in these figures 
or not. 



Second Pandemic 1829=1850 

1829 Iran (via Afghanistan), Bahrein 
1830 Arabia 
1831 Egypt, Palestine, Syria and ~~nisia 
18)4 Egypt 
1835 Somalian coast, Ethiopia, Sudan 
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1835 Algiers for the second time, but this epidemic originated from 
France, and from Algiers it spread to Tunis 

1837 Egypt 
1846 Arabia, Iraq, Iran 
1848 Egypt 
1850 Egypt 

Third Pandemic 1852-1863 

Some believe that this pandemic was the combined result of local re
crudescences and of repeated importations of the disease. 

1853-1854 
1855 
1859 

Iran 
Arabia, then to Syria, Egypt, Sudan, Tunis, Algiers 
Iran, Algiers (via France) 

Fourth Pandemic 1863=1875 

1865 Arabia, Egypt, Sudan, Ethiopia, TuniS, Algiers 
1871 Egypt, Iran 
1872 Sudan 
1875 Syria 

Fifth Pandemic 1881-1896 

1882 
1883 
1892 
1895-1896 

Arabia, Tunis, Algiers 
Egypt 
Iran, Ethiopia 
Egypt 

Sixth Pandemic 1899:1923 

1902 
1907 
1907-1908 
1911-1912 
1918 

Arabia 
Arabia 
Iran 
Iran 
Palestine 

This chronology leaves no doubt as to the potential danger to which the 

countries lying with EMRO are exposed whenever cholera embarks on an excursion 

north-westwards. That this danger is not imaginary finds proof in the present 
1 

Gholera El Tor spread. This epidemiological observation, or rather fact, 

deserves serious consideration by the public health administrators in this Region, 

especiall.' as the infection has already invaded some states in the Region. 

1 
See later 
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IV VIBRIOS AND CHOIERA 

A. Vibrio Cholerae 

As far back as 1849, Snow and then Budd expressed their opinion that 

cholera is infectious. They even nypothesized that the disease has a causative 

agent. Snow called ita "morbid matter ••• most likely .,. a cell ••• which 

passes from the sick to the l1ealtny and which has the property of increasing 

and multiplying in the systems of the persons it attacks". Budd nypothesized 

the agent as "a distinct species of fungus which, being swallowed, becomes 

infinitely multiplied in the intestinal canal, and the action thus excited 

causes the flux of cholera, which with its consequences constitute the disease". 

There is also mention in the lite~ature that Leyden (1866) and Klob (1867) 

claimed their seeing vibrios in the dejecta of cholera patients, and Bruberger 

(1867) also claimed the same not only in the stools but also in the vomits (in 

Pollitzer). 

Yet, the credit of finding and isolating the etiological vibrio of cholera 

goes to Koch. He did not only report their presence ~·i"fi . tat! ~·stools· of patients 

but also in the intestines of the victims of the disease. 

Consequent upon the universal acceptance of Koch's vibrio as the causative 

agent of cholera, extensive studies have been devoted to its laboratoryidenti

fication, especially as morphologically similar vibrios·were met with in the 

absence of cholera, especially those found in water. 

Outside the morphological appearances of V. Cholerae, it was soon found 

that this organism has the following proP8rties
l 

Grows well in alkaline media; forms a surface pellicle in broth; e;+'91'1s 

better under aerobic conditions than under anaerobic ones; grows well and 

rapidly in peptone water; multiplies rapidly in the presence of 0.5 to 2% 

sodium chloride; forms indole and gives nitroso-indole reaction (i.e. ·cholera 

red positive); does not form acetyl-metnyl-carbinol (i.e. Voges Proskauer 

negative); forms acid but not gas from sucrose, maltose, mannose but no reaction 

with.arbinose; non-haemolytic to sheep or goat blood; possesses a heat-stable 

o antigen; and shows dissociation from smooth to rough and rugose forms, etc. 

Cf course these characteristics took decades to be formulated and. proven 

before they were accepted and adopted. The two tests which received more or 

IFor detailed information on the properties of V. Cholerae, see Pollitzer, Chap.3, 
or Books on Bacteriology or Felsenfeld's WHO/Document PA/20.25, Ueneva, 1~D? 
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less general acknowledgement for differentiating V. Cholerae from other vibrios 

were its negative haemolytic reaction and its positive agglutination reaction 

with anti-O-serum. 

Just as the recognition of V. Choleras qy using the above mentioned tests, 

with stress on the serological reaction, just as this appeared to be a perfectly 

straight forward matter, Gottslich (1905, 1906) suddenly threw a spanner into 

the works in the form of six strains of vibrios he isolated from the dead bodies 

of returned Mecca pilgrims at El Tor quarantine Station. These victims showed 

no signs of choleraic disease neither during life nor on postmortem examination. 

Gottslich also announced that applying the then known laboratory tests to these 

strains, they were found to comply positively with all the tests including agglu-

tination with anti-O-serum. Soon it was found that Gottslich's strains were 

haemolytic in contrast to the non-haemolytic V. Cholerae, and they henceforth 

were deSignated as El Tor vibrios. 

The interest and polemic which these strains excited, spurred further 

investigation of the causal organism of cholera, especially as shortly after 

the isolation of El Tor vibrios, it was found that they sh01" precisely the same 

Inaba and Ogawa subtypes as V. Cholerae itself. With the continuance of con-

troversies among the different workers about the relationship of V. El Tor 

Cholerae, it was noticed ~~at different laboratories used different techniques 

and reagents, which might give different results. It was also noticed that 

vibrios have a tendency to dissociate, and tests with fresh isolated (smooth) 

organisms reacted, sometimes, differently to their rough variants, hence the 

different reports. 

Persuance of study led to rejecting the suggestion that the haemolytic 

V. El Tor constituted any menace to man, and to continue recognizing V. Cholerae 

(of Koch) as the sole etiological agent of cholera. Though this decision has 

met international approval and adoption, yet it found dissenters. However, 

international quarantine and the disease statistics were based on the concept 

of V. Cholerae being the sole pathogen of cholera. 

B. Vibrio El Tor 

In September 1937, V. El Tor threw another spanner which shook, rather 

stronglier than before, the proponents of the soleness of V. Cholerae as the 

etiological agent of cholera disease. During that month, cases of "cholera-

like" disease occurred in South-Vlest Celebes (Sula\;esi) in Indonesia. The 
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out~eak continued for eight months 'lith forty-eight cases. 'lhe features of 

that outbreak, as recorded qy de Moor (1948-1949), were: disease clinically 

identical with classic cholera; high case fatality rate (70%); disease 

occurred as one case per house; cases sporadic with no tendency to spread 

epidemically, a deduction reached at qy de Moor because the forty-eight cases 

occurred in a coastal area extending over a length of about 100 km; the or

ganism isolated from the cases was V. El Tor. Between October 1939 and April 

1940, another outbreak affecting sixty-five persons was observed. 'lhis second 

outbreak showed the same features clinically, epidemiologically and bacterio-

logically as its predecessor. 

a.rea. was free from the disease. 

During the gap between the two outbreaks, the 

'Dbese incidences raised again the question of the pathogenecity of V. El 

TOl'. fut the exclusive localization of the disease in South Celebes, the more 

Oll.i!sS- c;poradic character of the cases, the non-recurrence of the disease within 

short intervals etc., made de Moor hypothesize "occasional pathogenecity" of 

V. El Tor in contrD:iistinction to the "dynamic pathogene city" of V. Cholerae. 

And on such a hypotr.esis, de Moor described V. El Tor infections as "static" in 

character without anv tcndencY to spread epidemicallV. 

de Moor's opinion was accepted and the Celebes disease was called 

"paracholera", and needed no international notification of its occurrence. 

'lhe entanglement of thispart of the world in World War II activities and 

its occupation qy the Japanese prevented further information. 

But, beginning January 1957, a series of outbreaks of "paracholera El Tor" 

broke out in that territory. 'lhus seventy cases occurred in Makassar town 

between January 1957 and February 1958, and eighty-one cases were reported in 

the adjacent areas •. Two cases occurred in Djakarta, in the island of Java, 

There was again a gap which was followed qy outbreaks in which the disease did 

not only attack·several islands and sections of Indonesia, but spread to most 

of the islands of the Western Pacific and also to many countries in South and 

South-East ASia
l

• 'lhis pandemic spread of a disease non-differentiable from 

classic cholera in all the latter's characteristics, did put the health authori

ties of all countries in a non-enviable position. The International Sanitary 

Regulations prohibited taking any anti-measures because "paracholera" had not 

been acknowledged as a quarantinable disease. 

ISee later for details. 
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lliis prompted the World Health Organization to convene a "Study Group" 

to study the problem. lliey decided that El Tor infection should be regarded 

as essentially identical with classical cholera and treated as such (1962). 

That dec::'sion was approved by the Committee on International Quarantine. And 

the Fifteenth World Health Assembly, in 1962, acoepted the proposal of ths 

above-mentioned Committee that cholera should be defined in the International 

Sanitary Regulations as including Cholera El Tor. 

C. Non-Agglutinable Vibrios (NAG) 

It has long been observed and reported that, in not a few outbreaks of 

cholera-like disease, only NAG vibrios could be isolated. Investigators of 

such outbreaks resorted to a diagnosis of "gastroenteritis", in spite of their 

conviction that the outbreaks were cholera from both the symptomatological and 

epidemiological aspects. Some other investigators recorded that, during inter-

epidemic periods, only NAG vibrios could be isolated from cases of clinical 

cholera while during the epidemic stage only agglutinable vibrios (AGs) were 

isolated; others still recorded isolation of NAG vibrios along ,nth V. cholera 

from the stools of cholera patients. 

lliese observations, added to the presence of the I~G vibrios in surface 

water, have led some to doubt their pathogenicity. 

Dutta et al (1963) have examined this question and reported that they 

were able to produce cholera-like disease in the infant r'abbit resembling human 

cholera. llie "infant rabbits infected >Iith NAG suffered from profuse diarrhoea 

(rice water stool), dehydration, anuria, etc. The post-mortem picture, too, 

resembled that of an attack due to Oga"a or Inaba". llie same authors reported 

that "some of the cholera-like vibrios isolated from water sources COUld, under 

favourable circumstances, produce cholera-like disease in the infant rabbit". 

Ramanarayan et al (1963) reported on an outbreak of cholera that occurred 

in Guntur and Kirshna districts of Andhra Pradesh State in India. The re-

sults of stool examination of 172 cases were as follows: 143 were positive for 

V. Cholerae, (133 Ogawa, 8 Inaba, and 2 Hikojhema); from the stools of the 

rest (twenty-nine patients) only NAG vibrios could be isolated. 

McIntyre et al (1965), studying an outbreak of diarrhoea, found that the sole 

pathogen isolated from the stools of cases was wkat they termed "non-cholera 

vibrio", NCV, a term introduced by the authors as a synonym to NAG. These 

authors took advantage of the infant rabbit being a model for the experimental 
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reproduction of enol era-like disease and were successful in completely protect

ing the animals from the consequences of infection with the isolated NCV Qy the 

administration of hvper-immune serum. Resorting to serology, the authors found 

unequivocal antibody titre rises against the infecting NCV in the sera from 

certain (but not all) cases. A survey in the area failed to reveal any people 

w1.th heavy infection of NCV (NAGs). 

Bhattacharji and Bose (not published yet) delivered a report during the 

Seminar on Cholera organized Qy the Indian Council of Medical Research in New 

Delhi in 1963. These two authors report that they have been successful in 

changing lnaba cholera vibrios to the NAG forms within 24 hours of their addi

tion to vibrio free samples of natural Haters; moreover they report that they 

have been able to convert these NAG forms to the original AG vibrios or the 

human pathogenic variety, Qy passaging in the laboratory these inagglutinable 

vibrios of Heiberg types I to III, through suckling rabbits of not above ten 

days of age and infected Qy intraoral feeding. They add that the cholera 

vibrios, after each passa~e in water or rabbits. could then be isolated in pure. 

culture. 

From the results of their experiments, they hypothesize that the NAG 

Cholera vibrios are only a rough phase of the AG vibrio and a part of the life 

cycle of a V. Cholerae. and it is in this NAG form that cholera infection proba-

bly persists in the environment. When such NAG vibrios are ingested Qy man, 

then depending upon their Heiberg type and whether the pH of the gut in the host 

is favourable for infection to take place or not, they become liable to get 

mutated into the agglutinable or the pathogenic stage, or attimcs, if belonging 

to NAG types I to III, they themselves could cause infection. Thus the authors 

contend that this AG-NAG is the cycle of development of V. Cholerae in nature, 

and that cholera infection in the environment probably persists in the form of 

these NAG Vibrios. Such opinions must wait confirmationhy further study. 

Neverthelesf'.there is not much OPPOSition to the fact that occaSionally 

NAG vibrios could produce cholera~like disease. Felsenfeld (1965) states 

"There has been a tendency in some quarters to deny the pathogenicity of NAG 

vibrios. This may be a fallacy. The 0 antigen of cholera vibrios is not 

necessarily identical with the choleragenic toxicity. There is no reason why 

some non-agglutinating vibrios could not harbour or develop a choleragenic 

principle. .It is, therefore, desirable to pay more attention to such or~anisms 

than they, were afforded in the past". 
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When disc ssing the history of cholera, ,was mentioned that our know

ledge of the occurrence of this disease could be discussed in four arbitrary 

periods. The first three ended in 1960 and the fourth began ,.i"t;h 1961 and 

we still live with it. 

This last period could rightly be called the period of the first pandemic 

of cholera El Tor. 

The preceding pages tell the story of V. El Tor, its first isolation from 

humans and how it lost its case as a pathogen of cholera disease. However, 

it did not take long to prove itself equal to V. Cholerae not only as a cholera 

disease pathogen, but equal to it also in trIO other attributes: epidemicity 

and pandemicity. 

A. Course of the Pandemic 

6
1 . 

In January 19 1 , the disease flared up in Sulawesi and from there started 

the pandemic excursion with which the world is confronted at the present time. 

II'. May'Jf the same year, the disease began to appsar in Java and Sumatra. 

de Moor (1963) mentions that, from October 1961 till April 1962, 1819 cases 

with 270 deaths were recorded in Java, in Sumatra 251 caSes with 48 deaths, 

and in the ~outhern part of Celebes 148 caSes with 72 deaths. 

Sarawak became infected in July 1961 and until October there were reported 

582 cases with seventy-nine deaths. 

Infection reached Hong Kong and lvlacao in August 1961, and wi thin tl'lO weeks 

seventy-six cases with fifteen deaths were reported from Hong Kong. 

fifteen cases with five deaths were reported. 

In Macao, 

During June and July 1961, rumours were circulating abou·t a cholera 

epidemic in Kwantu.ng. It Vlas-broadcasted as paracholera l<ith234 cases. 

Around the 2nd of September 1961, the Phillipines was invaded, and Luzon 

became implicated. From September 1961 to the end of the year, 6061 cases 

with 7'71 deaths ·were recorded in the Phillipines and during the first three 

months of 1962, :there were 3860 cases with 561 deaths. The disease oon-

tinuecc to occur ,in that country at the rate of tWJlve cases per W88k (de 11001';. 

1The information about the geographical spread of the pandemic, its dates of 
appearancc;:~ its incidenoes I:.:tc. are abstracted from many sources, mainly 
de Moor (1963), Felsenf81d (1963) and Mukerjee (1964) etc. They must be 
looked at as approximate. 
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North Borneo .;ad .i.cuected in January 1962, and in July of the same year 

Formosa began to have its share of the disease. Within three months there 

were 382 cases Wl:th twenty-t·our deaths in that State. 

Hong Kong and Macao reported new cases during August and October, and in 

November Sarawak appeared with fifty-six cases and nineteen deaths. 

On 10 O~tober 1962, Irian Barat (New West Guinea) became infected and 

1)64 cases with 485 deaths were recorded. 

Taiwan (China) reported 383 cases and twenty-four deaths in 1962. 

In 1963, CholeraEl Tor appeared in Malaya and Thailand, then Burma and 

East Pakistan. According to Barua et al (1964) the first case of El Tor 

Cholera detected in India (Calcutta) was on 1 April 1964, and qy the middle 

of May of the same year cases of El Tor Cholera were already distributed over 

scattered areas in Calcutta and had already crossed to Howrah, which is 

situated on the other bank of River Hoogh~v. ~ October of the same year, 

V. El Tor became the more predominating type in Calcutta (Barna and Mukerjee 

1964) • 

Spread westward was noticed and the disease reached Bombay. The line of 

further spread was towards the north, Afghanistan (July 1965) then Iran (August), 

Bahrein (August) and USSR (August also). 

In Bahrein one case only was reported and the territory was declared free 

of the disease on 21 August 1965. 

The following table gives the recorded incidence and mortality from 

Cholera El Tor during 1965 up to the week ending 28 August. Figure 3 shows 
1 

the distribution of classic cholera and cholera El Tor since 1960. 

NUMBER OF CASES AND DEATHS FROM CHOLERA EL TOR 
REPORTED IN 1965 (1 January - 28 August) 

Country Cases Deaths 
Afghanistan 208 53 
Bahrein 1 0 
Iran 2 539 346 
Malaya 1 0 
Nepal 717 97 
Philippines 474 128 
Thailand 52 ::> 
USSR (Uzbekistan SSR) present 
Vietnam 900 I 18 

lThe figure is ren1"oc'.11ced from WHO Chronicle (1965), 19, 6 
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The following table gives the worle. incidence (in cases and deaths) of 

cholera El Tor since January 1961. 

Year Cases Deaths 

1961 12 096 1 969 
1962 1) 392 1 969 
196)1 7 545 763 
1964 37 )84 2 516 
1965 till 4 892 645 

week ending 
28 August 

These figures give a case fatality rate of 13.18% 

B. Man and Pandemic Spreac. 

One of the attributes of cholera disease, or rather its most outstanding 

one, is "individuality". EW this is meant that cholera has, all these centu-

ries, shown no modification or variation in its symptomatology, its pathology 

or in its epidcmiology2. 

Individuality in the epidemiologic behaviour of cholera needs no other 

evidence than the role man himself plays in its spread, both epidemically and 

pandemically. Study of these two kinds of spread of cholera whether old or 

recent, has earmarked man, or to be more specific man's bodY,as the most im

portant vehicle of transport of infection from an infected area to one free of 

infection, whether these two areas are within the same country or belong to 

different ones. The chronological appearance of the disease in the different 

countries c.uring pandemics, when these countrics.are contiguous is proof enough. 

The time that lapses before infection makes its appearance in.the new locality 

depends on the mode of travel, whether by road, train, ship or by air. History 

has shown that cholera never extends from place to place faster than man can travel. 

The present pandemic of cholera El Tor is no exception, neither were its 

epidemiC spreads within the different cotmtries. 

IThe figures for this year include suspected: cases 16 360 - deaths 705, 
in Vietnam Republic. 

20ne might venture and add its bacteriology too, because in no other specific 
agent of a communicable disease was there a relatively hieb deGTee of uncer
tainty about the significance of the many variants, the agglutinability, the 
haemolytic property of the vibrios and the relationship of all this to 
pathogenicity. 
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When cholera broke up in Sulawesi durir.g 1937-1940, de Moor - observing 

the sporadic occurrence of the disease over relatively wide areas - hypothesized 

the "static" property of V. El Tor. Felsenfeld (1962 - personal communication 

and 196,') who studied the nroblem bv tourino: the South-east Asian territories, 

explains that sporadicity qy the circumstances that prevailed ,in the area during 

that period of time, and which restricted movemeno of the population. When 

conditions however permitted freedom of movement, the disease spread from 

Sulawesi to other areas of Celebes. 

This local increase, not only in the number of cases but also in the number 

of infected foci became the spark that ignited the pandemic. It has to be re-

membered also that 'there is a big activity of sea traffic between the different 

countries in that part of Asia. And as Felsenfeld, puts it "there"ts also' a 

certainamotmt of illegal movement of goods anc displaced persons between those 

countries which makes epidemiological surveillance even more difficult than 'it 

is per se in countries consisting of many islands". 

The different reports issued about the first cases isolated in the different 

countries show that they occurred either among members of fishing communities, or 

among families residing in boats or junks, or in the slum quarters f"und near the 

sites where ships frClm many neighbouring countries call. The disease was imported 

into Hong Kong (MacKenzie 1961) and into Hanila in the Phillipines (Felsenfeld 

1963; Wallace et al 1964) in this way. Sarawak was infected in a similar fashion. 

"During the last days of June 1961 a regatta took place in Kuching, Sarawak, in 

which boats from Celebes participated. The first cholera cases appeared on 

1 July in tnat part of Kuching, called Surabaya" and where the boats were anchored" 

(Felsenfeld 1963). 

Mukerjee (1964) in discussing how cholera El Tor reached Calcutta in April 

1964, mentions that it was assumed at first that the refugees immigrating from East 

Pakistan'to Calcutta ,carried the infection with them as it was known that cholera 

El Tor have been present in East Pakistan towards the end of 1963. This assump-

tion was based on precedents and experience with the exchange of class:!:'c Cnolera 

between East Pakistan anc West Bengal. But the testing of eip:hteen strains of El Tor 

vibrios from the former country proved them to belong to a phage-type (see later) 

different from those of, the Calcutta strains. And on the basis of this, Mukerjee 

is of the opihion'thatEl Tor infection may bave spread to India qy the sea route 

from Burma or 'Thailand. 

The spread of El Tor infection from Calcutta to West India, West Pakistan and 

thence to Afghanistan and Ira;, needs no comment as no doubt the infection followed 

the customary pathway it tracked before, trampling human lives as it proceeds. 
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Cholera must never be dealt with as that pathologio condition conven-

tionally termed disease. Cholera must be dealt with as an EMERGENCY that 

necessitates immediate action. 

History and experience have decreed this action in the following two 

words: SUSPECT and NOTIFY. 

Suspicion makes immediate treatment mandatory to save the life of the 

patient. Cholera patients treated within six hours of the onset of the 

disease rarely die. 

Notification of the case to the medical officer of health saves the 

community from the cata~trophic havoc that ensues when it steps in the shoes 

of an epidemic, which, it is the duty of the MOH to prevent. 

The collaboration of the attending physician with the health authorities 

is essential from the start. 

A. Symptomatology 

.1 Details of this are en-dehors this document , and it is only the first 

symptoms which lead to "suspicion" that are going to be tackled. 

Clinical cholera is a bacterial enteric infection, characterized in its 

typical form by an unrelenting purge leading to dehydration which knows no 

peer in clinical medicine, and which sometimes is so acutely rapid as to out-

distance treatment. The word clinical is purposely affixed to differentiate 

the typical, or as sometimes called the classical, forms of the disease from 

those milder forms which though choleraic in aetiology, yet the illness might 

be relatively less acute as to elude diagnosis by the attending physician, 

especially if the typical rice-water stools have not yet developed. The 

diarrhoea is accompanied by vomiting and soOn dehydration becomes manifest as 

a result of the copious purging and vomiting. 

The most common and ready diagnosis of an acute syndrome of vomiting and 

diarrhoea is "food poisoning", or "gastro-enteritis" if the patient is young. 

If such a diagnosis is admissible in ordinary times, it must be understood 

that it is not justifiable under the present circumstances of the danger of 

entry of cholera infection. 

of cholera. 

This patient might be the clue to tae presence 

ISee Pollitzer and textbooks of Tropical Medicine 
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The following incident, taken from the files of the 1947 cholera epidemic 

in Egypt, is a good illustration. Carrying out an investigation (Kamal -

unpublished data) to find out the source (and mode) of the infection, two 

physician-certified-deaths from "food poisoning" were found registered in 

the official death registers of two of the villages of Sharkia Province 

(the new name for the "province" is governorate). These villages were 

situated south of Korein on the Ismailia sweet water canal, a few kilometres 

apart. The middle age of the deceased, the non-relationship between them 

and the affirmation of their relatives that nobody among the households 

complained of the same symptoms at the time (vomiting and diarrhoea) raised 

suspicion about the inaccuracy of the diagnosis. Discussing the matter 

with the physician who attended the two victims before death, he admitted 

that a retrospective diagnosis of cholera will be more in line with the 

disease.picturehe saw. These two patients were attended to medically 

between seven to nine days before the first batch of suspicious deaths 

occurred in Korein - a period of time the health administration lost, and 

a period of time sufficient enough for the infection to spread. 

Now that all countries of the region are threatened by the invasion of 

this deadly disease, it becomes pertinent that their health administrations 

alert all members of the medical profession on the subject, in the manner 

they find fit, so as to·spot any focus of infection at the appropriate time. 

Al though both cholera and toxigenic staphylococcus food poisoning declare 

their onset by vomiting and diarrhoea, yet critical scrutiny to some details 

regarding these t.l0 symptoms helps. Thus the vomiting in food poisoning 

always precedes the diarrhoea, is accompanied by nausea, retching and painful 

discomrort in the epigastric region. Also after a few vomits, the output 

will be small in amount. In cholera the vomiting in most cases comes after 

the diarrhoea, it is voluminous, continuous and painlesS. 

As regards diarrhoea, in food-poisoning, it is usually preceded by colic, 

but not in cholera. In the latter disease, the purging happens without the 

patient being able to prevent it; in food poisoning, the patient is still 

strong enough to hurry to the latrine. 

Relatio~ in time to the partaking of food could usually be asserted in 

food poisoning, while in cholera there is no such relationship. If the food 
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has been shared by the household or by a group, other casesof food poisoning 

are found. In cholera, multiple cases in a household is a rare, or at least 

a highly infrequent, occurrence (see later). 

Another differentiating point is that, in staphylococcal food poisoning, 

the symptoms usually abate in a few hours, while in cholera the patient's 

condition gets worse. Thus one of the means that could help in reaching a 

provisional diagnosis, pending bacteriological verification, is the isolation 

of the patient in hospital for observation (and necessary treatment). 

B. Treatment 

Historically, the treatment of cholera could be divided into two era, 

before and after the 1947 epidemic in Egypt. The research done on cholera 

patients during that epidemic has revolutionized the treatment of this 

disease, consequent on the biochemical studies of the disease. 

studies have come up with the following facts. 

These 

used. 

1. The diarrhoea of cholera constitutes the entire pathologic aspects 

of the disease, and all the derangements of function seen can be 

accounted for on this basis. 

2. The dehydration is isotonic with excessive losses of K+ and HCO-3. 

3. The cholera stool is no transudate as it contains about 0.1 g% 

protein, while a transudate contains about 2 g~ of protein. 

4. The ideal therapy consists of rehydration, i.e. intravenous replace

ment of the water and electrolytes lost in the stools and vomitus, 

and correction of the acidosis. 

On the basis of these studies
l

, a therapeutic regimen was developed and 

This regimen has proved its efficacy when applied in Bangkok, Hong Kong, 

the Philippines etc. when cholera broke out in those territories. 

The regimen is based on knowing the degree of dehydration. This is 

easily estima.ted by determining the specific gravity of plasma and whole blood, 

by the copper sulphate method (Phillips ~ 1950). 

It is recommended that the degree of dehydration be estimated by the 

specific gravity of the plasma, rather than of whole blood, since cholera 

patients are usually anaemic. But whole blood specific gravity could be used 

when lack of a centrifuge and anticoagulants makes the determination of plasma 

specific gravity impossible. 

IThese studies were carried out by NAMRU-3 Staff in Cairo. The authors are 
Weaver et a1 1948 and Johnson et al1948. 
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For each 0.001 elevation of plasma specific gravity above 1.025, 200ml 

of isotonic saline are infused very rapidly. If whole blood specific gravity 

is the one estimated, 150 ml of isotonic saline is administered in the same 

manner for every 0.001 increase in the specific ~ravity above 1.055. 

This amount of saline should be infused rapidly (up to 100 ml per 

minute) • When this volume of solution has been given the infusion should 

be continued but at a slower rate ·(3 - 10 ml per minute). 

As most cholera patients may continue to lose large volumes of fluids 

for two or more days, therefore maintenance of hydration by replacement of 

the lost fluid has to continue. The easiest method (in case measurement 

of the faeces, urine and vomitus lost is not practical) is by frequent 

determinations of plasma or whole blood specific gravity. 

These determinations, ideally, have to be done every two hours, but in 

an epidemic situation with large numbers of patients, they may be made less 

frequently (every 4 - 6 hours). However, in cases with suppression of urine 

the two hourly determination is imperative. Maintenance hydration can be 

carried out according to whole blood specific gravity estimations giving 
1 

150 - 200 ml of isotonic saline for every 0.001 elevation above the normal 

Insensible fluid loss (in sweat, expired air etc) has to be considered. 

It amounts to about 1 200 ml per 24 hours. This has to be replaced by 

adding an equal volume of the maintenance fluid to the infusion. 

Adequate hydration is usually reached when the volume of urine amounts 

to 60 ml per hour. 

Acidosis is likely to occur in acute cholera since the stools contain on 

the average 15 m EG. of bicarbonate per litre. 

pertinent. 

Its prompt correction is 

In the absence of facilities for estimating alkaline reserve, a useful 

rule of thumll is to give 500 ml of 2% sodium bicarbonate solution for 

every four litres of saline. 

Hypckaliaemla~complicates severe cholera,since the stools may 

contain 16 m Eq K+ per litre. Adequate replacement of this ion is attained 

by adding 10m EG (5ml ofa15% solution of KCl) to each litre of infused' saline 

soluti9P. Oral potassium (1-2 mg daily} should be given during convalescence. 

lThis normal differs from country to country. 
EgyPt a whale-blood specific gravity·ofl.054 

During the 1947 epTdemic in 
was considered normal. 
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Since the blood in untreated cholera patients is inevitably hypertonic, 

there is no justification for the administration of hypertonic saline solution 

or plasma. One should rely exclusively on normal saline, 2% sodium bi-

carbonate and 15% potassium chloride solutions. 

Caution is enjoined in the use of isotonic saline and 2% bicarbonate 

infusions in infants and small children, and in those with renal and cardiac 

disease. In them, additional every two-hour supervision by repeated plasma 

specific gravity estimations and by measurement of total f1uid output is 

required in order to avoid hypervolaemia leading to pulmonary oedema. When 

renal damage is shown by oliguria, sensible and insensible fluid loss only 

should be replaced by (5%) solution of glucose in water. (Morgan et al 1959). 

Phillips et al (1963a) in their study of the gastro-intestinal physiology 

in cholera commented on prescribing fluids orally in the therapy of cholera, 

whether as simple water or as solution of electrolytes; in their opinion 

there is no salutory effect to recommend this procedure. They even warn 

against giving water ad libitum, two glasses of water an hour, but not more 

Antibiotic Therapy 

During the 1947 epidemic, sulphaguanidine with sulphadiazine, were given 

a trial (Kamal et al 1948). The results were not conclusive except that the 

drugs speeded the clearance of the stools from the vibrios. 

Antibiotics have been tried by several workers who reported favourably 

on their use. Chandhuri et al (1950) using chloromycetin per os reported 

rapid disappearance of V. Cholerae from the stools and slightly earlier 

appearance of formed stools. Das et al (ibid) obtained similar results 

with terramycin. Morgan et al (1959) however failed to find any beneficial 

effect from antibiotics. Carpenter et al (1964) carried out a controlled 

study on two groups of patients, each group included ten. One was given 

tetracycline and the other left as a control. The regimen of treatment 

was: 100 mg intravenously on admission to be repeated 6-hourly for the 

first 24 hours; 500 mg orally two hours after admission and 500 mg orally 

6-hourly for the first three hospital days. All patients in the two groups 

received intravenous isotonic saline and alkali therapy in the ratio of 2: 1 

and no other medication. The organisms disappeared in the tetracyline 

group within 24 hours in contrast to an average of six days in the other 

group. The other point these workers raise is that the volume of stools 
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for the antlbloticgroup diminished after the first 24 hours to approximctely 

mlf the volume of the stool of the control. The stool in the antibiotic 

group becornesformedearlier too and thus cholera patients treated with this 

antibiotic could be discharged within three days with a formed vibrio free 
1 stool 

VI! PATHOGENESIS 

The full understanding of the pathogenesis of cholera has been delayed 

for long. There are two important reasons for that delay: 

1. Research workers tried to get an understanding of the pathogenesis 

of the disease by trying to reproduce the disease in animals. The 

inability to reproduce it in experimental animals with assured 

regularity has greatly hampered reaching a definite opinion. 

2. Research workers gave the clinical, bacteriological and epidemio

logical aspects of the disease all their interest and efforts, 

disregarding the role of the physiologist. 

The theories and opinions advanced to elucidate the intricacies of the 

pathogenesis of cholera are many, varied, and some of them controversial 

and/or needing verification. 

The two theories which are based on laboratory, and/or field evidence are: 

1. The endotoxin theory. 

2. The" sodium pump" inhibition theory. 

A. The Endotoxin Theory 

Many workers claimed that they were able to prove the production of an 

exotoxin or an endotoxin from V. Cholerae by applying certain laboratory 

techniques. When these procedures were repeated by other workers the result 

were discordant. 

But, with the infant rabbit technique introduced by Dutta and Habbu (19.55), 

encouraging results were reached. 

Dutta and Habbu, followed by others, have reported their success' in 

producing ,in infant (IO-day old) rabbits a disease which cloSely resembled 

human ,cholera. Their technique was inoculating those animals intra-

intestinally by a small inoculum of V. Cholerae. Diarrhoea developed 

1 The results reached at by this study are a very important contribution to 
the therapy of cholera. What gives it this importance is the authors' 
gauging of the efficacy of the treatment by measurement of the fluid loss. 
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within 20 to 24 hours, and invariably the animals died in another 10 hours as 

a result of dehydration. When sonic disintegrated vibrios were administered 

orally to those animals, the same disease picture was produced, but death 

ensued more quickly. These experiments pointed to an endotoxin, but when 

such a principle was prepared and administered to infant rabbits no diarrhoea 

developed although the animals died. 

Finkelstein et al (1963) tested 46 sterile filtrates of stools from 

patients with clinical cholera for antigen activity and for toxicity for 

II-day chick embryos. They found that only those filtrates with high antigen 

activity were toxic to chick embryos. They conclude that the "results 

indicate that a considerable amount of endotoxin is potentially available 

in the gut of cholera patients to contribute to the pathogenesis but its 

relationship to the disease has not been demonstrated". 

The important findings in both experiments are that the animals suffer 

from profuse diarrhoea, extreme dehydration and haemo-concentration; In 

both also, the epithelial lining of the intestine remained intact. This 

last finding is in line with Gangrosa's work on humans. 

B. The "Sodium-pump" Inhibition Theory 

The impetus to theorizing this to explain the dehydration began with the 

finding that the stools of cholera patients contains about 0.1 g% of protein. 

At that time, the trend of thought was that the big volumes of fluid passed 

by the cholera patient in his stool is a transudate consequent on denundation 

of the intestinal mucosa. But as a transudate contains 2 g% of protein, 

this was considered as a strong evidence against the denundation hypothesis 

(Weaver et al 1948). 

Support for this came in 1959 when Gangrosa et al (1960) failed to 

observe, through histological examination, any loss of mucosal continuity 

in the snippets of intestinal mucosa obtained by Crosby capsules from oholera 

patients. 

Later Gordon "developed an elegant method for quantitating protein loss 

from plasma through the intestine into the bowel lumen. He tagged polyvinyl 

pyrrolidone (pvp) with Iodine - 131, PVP was chosen because the material was 

not attacked by intestinal bacteria. He found that when his iodine-131-tagged 

PVP was infused intravenously into cholera patients, there was no greater PVP 
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content in the stoOl. of cho:i.ebl, patients per unit time than there was in the 

stools of normal individuals (in Phillips 1963). 

Thus the denundation theory dropped into oblivion for ever, giving birth 

to the "sodium-pump" theory (Phillips 1963). This theory is based on the 

fact that normally, in a healthy person, there is cont1nuous movement of large 

volumes of electrolyte solutions from plasma to gut lumen and from there to 

plasma, resulting in a net fluid flux of zero. 

There is evidence to show that, in man, the volume of fluids passing 

from blood to gut lumen and vice versa, runs to about 40-80 litres ina man 

of 50 kilogrammes. Further, it has been proved "that this flux of fluid 

from the gut lumen to plasma is accomplished by an active transport of sodium". 

In cholera this sodium pump is inhibited, thus causing that big volume of 

stools (Phillips 1963). Later, it was possible to prove the presence of a 

sodium-pump inhibitor in the stool water of cholera patients, but not in the 

stool water of normal health individuals. This finding is consistent.and 

there was no difference between the sodium-pump inhibitor obtained from stools 

of patients with classic cholera or from stools of cholera El Tor patients. 

Barua and Sack (1963) found C-reactive protein in the sera of· almost 

all the cholera patients usually within 24-48 hours of onset. The same was 

noticed in non-cholera diarrhoea cases. In the authors' opinion, this 

finding favours the view that the clinical syndrome of cholera is associated 

with acute inflammation of the intestine rather than specific interference in 

fluid transport across the gut wall only. 

Rainsford (1952) suggested that cholera is an allergiC or atopic re.action 

to the presence of the vibrio. Panse and Dutta (1963) gave evidence that 

cholera toxin is capable of releasing histami~, from the tissues. In their 

opinion the shock-like symptoms in clinical cholera could be explained on 

the basis of histamine released in the circulation by the cholera toxin. 

The final word on the pathogenesis of cholera has not been said. yet. 

VIII DIAGNOSIS 

Cholera can be diagnosed on clinical grounds by bacteriological tests 

and it could also be diagnosed on epidemiological evidence. 

The classic form of the disease is so typical in its s~ptomatology that 

little difficulty is met with in its recognition, especially when the 
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attending physician has seen a case or more before. The difficulty arises 

only when the case is the first one met with in the locality, especially when 

the locality is free from the disease. But there are certain circumstances 

that could help, or rather leaa, him to suspect cholera. For example if the 

patient is a new-comer from an infected area, or his illness has been preceded 

by deaths in the family or in the locality ~ftcr an attack of a similar disease. 

This last circumstance was the only lead to the discovery of the disease 

in 1947 in Egypt. The MOR of Korein noticed multiple deaths in his village 

for three consecutive days. The symptoms complained of by the deceased were 

acute diarrhoea and vomiting. As enquiry showed that there was no fair, 

festival, or social gathering with communal feeding, e.g. marriages, and as 

there was no public water supply in the village, shigellesis and food poisoning 

were ruled out and cholera was suspected, a decision which proved to be wise. 

Laboratory Diagnosis 

The aim of resorting to the laboratory is Terification of the presump-

tive diagnosis. The steps in laboratory testing in cholera are; 

a. sampling 

b. culturing 

c. isolation and identification of the vibrios. 

A • Sampling - CuI turing 

Vibrios leave the body of patients in the stool and in the vomit. A 

sample of both should be taken especially when dealing with the first few 

Lately, rectal swabs have been introduced to simplify matters. Specimens 

of the stool itself are imperative for the first few cases in a locality, as 

isolation of the vibrios is more guaranteed. Rectal swabs are practical for 

sampling convalescents, contacts and groups of populations. Dry swabs are 

useless, they must be wetted with one of the preserving media as Venkatraman 

and Ramarkrishnan's alkaline sea-salt water, or alkaline peptone water, to 

which is added potassium tellurite, before taking the specimen. 

The tube into which the s.~ab is put must contain also an amount of the 

preserving medium enough to keep the end of the swab immersed in it. Dried-

out stools. are.also useless. When sampling fluid stool, it must be put in 

a reoeptaolecontaining at least 10 ml of the preserving fluid and then 

shaken thoroughly. 
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Felsenfeld (1965) states that alkaline peptone water is most favourable 

for short-term preservation - not more than one day. He also advises 

incubating it for 6-8 hours upon arrival in the laboratory before plating. 

Alkaline. sea-salt 1s not usually incubated. 

These details have been mentioned intentionally because carelessness 

in abidingwtth them deleteriously affects the results of the tests carried 

out. 

Different countries have different regulations about the way cholera 

specimens are sent to the laboratory. In Egypt they have to be delivered 

by a messenger and sending them by mail is taboo. 

The procedure of culturing differs with different workers. details of 

such procedures are outs.ide the scope of this documen"t. 

At the end of incubation, the bacteriologist has to pick up th~ suspicious 

colonies for study. The necessity to study as many colonies as possible 

cannot be overemphasized because of the possibility of simultaneous infections 

with several vibrio strains, and the appearance of variant and mutual organisms. 

(Felsenfeld ibid). 

B. Identification and Differentiation 

The final step is the identification of the isolated vibrio. 

Agglutinability and haemolysis as differentiating characteristics between 

the different vibrios have lately lost their time-honoured specificity. 

Although research in vibrios continued since Koch's isolation of V. Cholerae, 

yet it was the acknowledgement of V. El Tor as the causative agent in the 

pandemC>-epidemic spread of cholera in the South Pacific, that instigated research 

on a rather bigger scale. And no d()llh+. +.h.qi". t:h; ~ 1 FI_+.+.~"" vi hri f"I ,:nl"':prised the 

scientific world not only by its new attributes, but also by its capability to 

variate some of its known characteristics. An example of the variation is 

the Scum formation the different strains show when grown in mea"t ex"trac"t or 

meat infUsion broth. Anaerobically grown, they form no scum. Another 

example, and a better one, is its haemolytic property. Some of the strains 

are stably haemolytic, others are stably non-haemolytic and a third group was 

noticed consisting.ofstrains dissociating from apparently non-haemolytic to 

haemolytic form; Some of the haemolytic strains may Id$e·thelr haemolytic 

abi11ty while·a non_haemolytic one may acquire the haemolytic property. These 
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alterations in the haemolytic character occur in an irregular fashion to an 

extent that makes it pertinent to conclude that, in EI Tor strains, haemolysis 

is so variable a character that its use for differentiating it from V; Chblerae 

is not always adequate for the purpose. (MukerJee and Roy, 1962; Roy and 

Mukerjee, 1963; Barua and Mukerjee, 1964 and Felsenfeld, 1964). 

Differentiation of the Isolated Vibrio 

The pathogenic vibrios causing cholera, internationally acknowledged are 

V. Cholerae and V. EI Tor. Infections with either of them, are the ones that 

the International Sanitary Regulations stipulate their notification to WHO. 

If an outbreak of chclcrcc-llke disease occurs and the incriminating pathogen 

is a vibrio outside Group 0-1, the health administration of the country where 

that outbreak happens is not under any obligation to notify WHO. 

New tests have been advanced by a good number of workers to replace the 

haemolysis test. The ones most used are: Soda-serum agglutination and soda-

sublimate precipitation of Tanamal (1959); heat and chloroform inactivation 

of agglutinability of V. Cholerae of Gispen (1938) and Meyer (1939); chemical 

flocculation test of Wahba and Takla (1962); chicken red cell agglutination 

of Finkelstein and Mukerjee (1963); polymyxin-B test of Gan and Tijia (1963); 

trypsinised broth test of Gan and Tijia (1963); and the suspectibilityto 

Mukerjee's bacteriophage group IV (1960, 1963). 

The following is a brief description of these tests: 

Soda-serum-agglutination test: A high titre cholera 0 serum without any 

preservative is Progressively diluted in 0.3% sodium carbonate solution. A 

few drops of a thick suspension of v1trio in distilled water arc added to the 

tubes containing serum dilutions. o 
On incubation at 37 C, cholera vibrios do 

not show agglutination in serum dilutions of 1.200 or above, while EI Tor 

vibrios are agglutinated in the highest titre of the serum. 

Soda-sublimate-precipitation test: It is a colloid chemical reaction in which 

no agglutinating serum is used. In 0.5 cc of 0.5% sodium bicarbonate solution, 

a few drops of thick suspension of vibrio are added and mixed thoroughly; then 

0.5 cc of 0.5% mercuric chloride solution is added and the mixture shaken. 

Flocculation immediately forms with cholera vibrios, while El Tor suspensions 

remain cloudy. 

Heat-inactivation of agglutinability of cholera vibrio: SUspensions of the 

vibrios are heated ·to 500 C for three hours while El Tor vibrios retain 
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their agglutinability, the agglutinable properties of cholera vibrios are lost. 

Chloroform-inactivation of agglutinability of cholera vibrios: In. this test, 

agglutinability of V. Cholorea by cholera 0 serum is lo~t when the vibrios 

were suspended in '<$ chloroform. El Tor vibrios, on such treatment, remain 

agglutinable. 

Chemical flocculation test: A l6-hour agar slant culture is washed in distilled 

water and the concentration adjusted turbidimetrically to 5 000 million vibrios 

per ml by means of a photo-electric colorimeter of the L=trcn type. This 

suspension is then boiled for 15 minutes. A 0.25% solution of copper sUlfate 

is prepared and dispensed in 2-ml amounts in Wassermann tubes. Ten drops ,)f 

the vibrio suspension are added, the tube is shaken once and then observed for 

five minutes. Any flocculation or precipitation occurring after 15 minutes 

is not taken into consideration. True V. Cholerae strains givea·positive 

floccjll.ation react:i,on and E;L TJ)r vibrios give a negative reaction. 

Chick red cell haemagglutination test: This test, as reported by Finkelstein 

and Mukerjee (1963), is pert"ormed on microscope slides, across which twenty 

parallel lines are drawn by a ball point. P. drop of physiological saline 

is applied with a bacteriological locp to the channels thus formed. 

Sufficient bacteriai growth from agar cultures is emulsified in the drop 

to make a heavy milky suspension. A loopful of washed 2.5% chicken red 

blood cells in normal saline is then added and the slide tilted back and 

forth to mix the cells and bacterial suspension. If test is positive, 

clumping .of the erythrocytes is detectable immed:l.ately (or at most wi thin 

one minute) with the naked eye. 

negative reactions. 

The erythrocytes remain dispersed in 

A modification of this test haa been developed by Baru~ and Mukherjee, 

A.G. (1964). They employed organisms grown in meat-extract broth. The 

blood was collected in Alsever's Solution. After adding the bacterial 

cultures to the chick cell suspension, the mixture was incubated at 37°c Tor 

two hours and then shaken and rcfri~erated over-night before taking the 

final reading. Better detection of results was noticed by using '<$ chick 

cells when mixed with double volumes of 24 or 48 hours old bacterial cultures. 

Polymyxin-B test: Discs containing 50 units of polymyxin-B placed.onthe 

surface of the medium 20 minutes after inoculation of the medium with the 

test vibrio. Vibrio cholerae was consistently inhibited. Nei ther Y. -El -'ror 

nor water vibrios were irillibited. 
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Phage-susceptibility test: Mukerjee, testing the bacteriophages he was able 

to isolate in his laboratory, found that they could be classified into four 

distinct groups. Testing for lysability of V. Cholerae and V. EI Tor by 

these bacteriophages, this worker was able to prove that cholera vibrios are 

uniformly sensitive to group IV cholera bacteriophage while V. EI Tor strains 

are universally insensitive to it. 

Comparative studies on these tests have been carried out and it seems that 

there is agreement among the different workers that the following tests give 

the most satisfactorily consistent results: phage susceptibility, chicken 

erothrocity agglutination, coppe~ sulphate flocculation test and the polymyxin 

B test. The next table gives the differential diagnosis of the different 

vibrios in table form. 

DIFFERENTIAL DIAGNOSIS OF EL TOR, TRUE CHOLERA, Al.'D NAG VIBRIO STRAINS 

I---------------------------------r---------.----~-------r---------l 
Property or test EI Tor vibrios True Non~ 

Agglutination with 0-1 serum 

LYSis of sheep and. goat cells in tubes 

Biochemical reactions of Heiberg group I 

Voges-Proskauer reaction 

Chicken red cell agglutination 

Tanamal soda-serum agglutination 

\~ahba and Takla copper sulphate flocculatior 

Gan and Tijia trypsin test 

Gan and Tijia polymyxin B test 

Susceptibility to phage II of MUkerjee 

Susceptibility to phage IV of MUkerjee 

Toxin production 

Sayamov test in rabbit gallbladder 

Human pathogenicity 

Resistance to environmental factors 

* Most often 
** Frequently 

. 

Celebes 
type 

+ 

+* 

+ 

+** 

+ 

+* 

-
+*** 

not 
sensitivi 

-
-

strong 

+ 

cholera 

higher* 

Zam Zam 
type 

+ 

+* 

+ 

+** 

+ 

+* 

-
+*** 

not 
sensit1ve4 

-
-

weak 

-

none or 
varT·mild· 

higher* 

cholera agglutinable 
vibrios vibrios 

+ 

-
+ 

-
0* 

-* 
+ 

-
sensitive 

variClble 

+ 

variable 

+ 

cholera 

lower 

-* or 
partial 

variable 

variable 

variable 

? 

? 

? 

not 
sensitive 

variable 

variable 

·non-specific 
inflammatio 

none or 
very mild 

higher* 

*** Recently isolated cultures arc +; old stock strains are often - . 
After Felsenfel~, 0., 1964, Bact.Bev., ~, 72. 
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IX EPIDflIIIOLOGY 

The epidemiology of cholera is an open book in certain of its aspects and 

is clothed with ambiguity in others. 

Cholera is one of the bacterial enteric communicable diseases and as such 

shares with the other enteric infections the causative factors of incidence 

and spread. Yet cholera seems to have come to this world with an innate 

attribute of love to the exceptional. 

Cholera stands alone among the whole group of enteric infection, endowed, 

so to speak, with the attribute of pandemicity. 

Endemicity in most of these enteric diseases is maintained and propor-

tioned by the "reservoir of infection" in the chronic carriers. Cholera has 

another story to tell. Its endemicity is intimately related to certain 

specific physical topographical characteristics-the low lying river deltas 

with shallow and slow brackish water. 

Multiple clini.cal cases among the members of households infected is a 

common occurrence in diseases like shigellwdis and enterica, but in cholera 

this phenomenon is a very rare occurrence and when it happens it is more of 

a manifestation of infection happening at the same time, as the secondary 

cases show up either on the same day or within 24-48 hours at most. In the 

other two diseases these secondary cases appear after a lapse of time denoting 

that the first case acted as the focus of infection. 

Another peculiar epidemiologic phenomenon in cholera is the absolute 

absence of return cases arising from the return of convalescents to their 

homes even if discharged earlier than the agreed upon period of time for 

the disappearance or: the vibrics from their intestinal canal. The 

opposite has been o~erved in shigellosis and enterica. The question often 

arises: is the con¥alescent carrier in cholera non-infectious? Again no 

medical officer of health could dare to answer the question in the affirmative 

in spite ,of the circumstantial epidemiologic evidence in favour of "yes" as an 

answer. 

The great variation in the characteristics of the same pathogen isolated 

in different places, in dU'ferent epidem1-cs, and even at different times during 

the same epidemic - is another property hot met with in the other enteric 

pathogens. Goodner (1963) in discussing this variability mentioned that there 

are at least fifty different variants among the 500 strains of cholera vibrios 
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in his possession. The question then arose whether the medical profession is 

dealing with disease causGdby a single bacterial species, or that under the 

term "cholera" there is jumbled together a group of diseases that might be 

better referred to as "vibriosis". 

The general principle and factors concerning the epidemiology of cholera 

are known and need no special exposition. 

shigellosis, or salmonellosis in general. 

They are similar to those of 

However, the epidemiology of cholera comprises certain features that 

deserve special mention. These are: 

a. movement of population 

b. the carrier state 

c • phage typing 

A. Movement of Pcpulation 

As regards man's movements from infected areas to one free from infection 

and from free locales to infected areas, there is no doubt that such traffic 

of humans influences the picture of the incidence of the disease. All the 

history of cholera and its spread is proof enough of this as discussed before. 

B. Carriers 

There are two types of carriers in Cholera - the contact carrier and the 

convalescent carrier. 

a. The contact carriers 

These are persons who have been infected either from "contact" with 

a case; or through "contact" with the infected environment. We might 

term the former kind as the household carrier, and the latter category 

are no doubt those who have contracted a subclinical infection. 

Van de Linde and Forbes (1965) report that a case of cholera was 

recorded· in one of the employees of a big restaurant in KowlOon, Hong Kong. 

Sampling the 108 employees, thirty-four were found carriers of V. Cholerae. 

Twelve of these were discovered from the first rectal cwab, nine from the 

second, seven from the third, three from the fourth, two from the fifth 

and one from the seventh. 

The only comment to this result is that no mention is .made about the 

intervals between the swabbing and whether these employees were isolated 

or left to go home. Because they were not isolated, then there is the 
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probability that ~h8y contracted the infection from the environment. 

Anyhow, the figures mentioned by these workers denote the degree of 

infeotion in the community. 

The eame authors report seventy carriers among 1781 contacts. 

Kao (1963) reports that the carrier rate of contacts in Taiwan 

epidemic ranged between 0-11%. The duration of excretion of the 

vibrios ranged between 2-12 days. 

Davies (1962) in the El Tor cholera epidemic in Hong Kong spotted 

7.6% carriers among 711 isolated contacts of fity-two cases who were 

mainly boat-dwellers. 

Yen (1964), discussing the 1962 epidemic of cholera in Taiwan, 

mentions very interesting points: 

i. all carriers were hospitalized immediately on being detected. 

ii. among 1177 persons admitted to hospital on suspicion of being 

carriers (on what basis is not mentioned in' text) 380 proved 

to be so. 

iii. rectal swabbing during the first month after the last clinical 

caSe revealed thirty-eight carriers among 72 000 people. 

iv. sampling further 47 000 people during the third and fourth 

month after the epidemic gave completely negative results. 

v. graphing the weekly occurrence of carriers by districts 

showed a similar pattern to that of the disease. 

vi. the ratio ·~f active cases to carriers was roughly 1: 1 

It is worth mentioning that after the cessation of new cases in the 

1947 epidemiC in Egypt, a mass search for carriers by rectal swab was 

carried out. The epidemic ended on the second week of January 1948 and 

the survey began about two and a half to three months later. All the 

94 562 samples were negative. 

chang ~ (1964) carried out a carrier investigation of cholera 

El Tor epidemic in Chiayi in 1962. They report that the carrier rate 

among contacts of the ninety-seven patients'was 4.81%. 

These'rates are compiled from the reports of the most recent outbreaks 

and the rates mentioned are nearly similar to those reported be:fore 1960. 
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The importance of the contact carrier (both kinds) is that they are 

potential spreaders of infection. During the 1947 epidemic in Egypt, 

household contacts were isolated in hospitals or health units under 

observation. Out of 14 473 contacts quarantined on the same day of 

hospitalization of the index case, 497 proved to be carriers (3.4)%). 

The important Doint about these carriers is that 123 of them were 

incubating the disease and showed it during isolation. 

The other kind of contact carriers - i.e. persons infected through 

contact with the environment itself - was tackled during that epidemic 

by catching persons living in the infected area sneaking out of it. 

Out of 2 411 such migrants, forty-seven proved to be carriers and thirteen 

of these developed the disease. 

b. Convalescent carriers 

These are recorded everywhere, and up to date there is no investiga

tion done to prove or disprove their infectiousness. The lack of 

reported return cases is circumstantial evidence only. The problem 

needs further study, and the success of producing cholera in the infant 

rabbit is perhaps a good opportunity to settle this question. 

C. Phage-typing of V. Cholerae 

Mukerjee has succeeded in developing a scheme of phage-typing of 

V. Cholerae. Five phage-types of this organism have been identified on the 

basis of their sensitivity patterns to the four groups of cholera bacterio

phages. 

By applying these four bacteriophages in typing of V. Cholera isolated 

i.n different countries, or different regions of the same country, it is possible 

to obtain information about the sources of origin and lines of spread of the 

disease - data of importance for epidemiological studies. For example it was 

found, by the application of phage-typing, that there are at least three 

different endemic foci in India harbouring different phage-types of V. Cholerae. 

In the eastern states, the phage-type 3 vibrios 'of the Inaba sero-type is 

present, while the endemic strain in South India is a phage type 1 Ogawa vibrio 

and the other areas have phage-types 1 and 3 and sero-type'Inaba. Agaii; when this 

test waS' applied to the strains of the vibrios isolated in Calcutta from 1956 

to 1962" MukerJee found variations in the incidence of phage-types and sero-

types of the vibrios. Up to the third quarter of 1960, phage-type 1 Ogawa 
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formed 80% of the ~.so18tes. These soon were replaced by Inaba type 1 and, 

through 1962, this latter was totally replaced by type 3 Inaba. 

This variation in the· phage-type of the causative vibrios in Calcutta. 

or any other endemic area is possible and admissible because in cholera 

there are no chronic carriers to keep up ;i.nfection with the same phage-type. 

This work has been extended, and the studies show that cholera bacterio

phages could be utilized with impurity for the following purposes: 

i. identification of phage-types of V. Cholerae strains for epidemio

logical use. 

ii. phage-typing of El Tor virbios based on their lysis and lysogenicity 

patterns. 

iii. differentiation of V. Cholerae and V. El Tor strains on the basis of 

their sensitivity patterns to group IV cholera phage. 

iv. differentiation of NAG vibrios from V. Cholerae by their resistance 

to lYSis by the typing phages and total insensitivity to group II 

phages (Mukerjee 1964). 

The success and benefit from such studies prompted the World Health Organiza

tion to sponsor the establishment of a central reference laboratory for phage-

typing of all the vibrios isolated in outbreaks in different areas. This, by 

mapping out the foci of infection of each type, would provide valuable aid in 

identifying the lines of spread of the disease. 

Finally, it has to be mentioned that the work of Felsenfeld on the determina

tion of circulating antitoxin and the anti-haemolysin test on populations, to 

investigate group immunity against cholera, has been the subject of limited studies. 

Thus Felsenfeld et al (1964) report that the titres of these antibodies declined 

after the epidemics. Aragon and Famatiga (1963) have, however, shown that the 

anti-haemolysin in sera of convalescents from El Tor cholera show definite titres, 

in contrast to the absence of the haemolysin neutralizing antibody in sera of 

convalescents from cholera caused by V. cholerae. These workers arp n~ thp 

opinion that this test could be used for retrospective diagnosis. 

The above items are the ones that have been the subject of research and 

study in recent years in the field of epidemiology of cholera. OutSide these 

areas, .the epidemiology of the disease remains governed by the epidemiologyo.f 

enteric infections ip general. Cholera is one of thc enteric diseases and the path

way of infection is nno-oral - a mode that indicates the extreme importance of 

sanitation of the environment and the practice of personal hygiene by the people. 
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The usual title of the last sphere of ciscussing a communicable cisease 

is "prevention and control". This brings up the question: how could we pre-

vent cholera? There are two facts in answering the question - prevention at 

an international level anc prevention at a local level. The former means era-

<lioation in a manner similar to the WHO projects of malaria erac.ioation. This 

is a very long-term policy which is intimately interwoven with the overall 

development of the encemic foci of infection of the disease - a venturous enter

prise which public health workers visualize in their hopes for the future. 

Hence, the modest title of anti-cholera measures. 

The present position 

Speaking from the point of view of the countries of the Region, the posi

tion is that they are being confronted, after a long era of quiescence, with 

one of those pandemics of cholera that wrote history up to the early twenties 

of this century. 

of the Region. 

In fact the disease has already invac.ed one of the countries 

The problem is how to deal with the situation. 

discussion into three phases. 

1. Preparative period 

2. The invasion period 

3. Post-epic.emic period. 

A. The Preparative Period 

This needs dividing the 

All the health administrations of the countries of the Region have already 

been and are being informec. of the news of the l:Bncemic. 

The first responsibility is to expect invaSion, because it is impossible 

to foresee when, how and where the vibrios will smuggle themselves in. Most 

of the countries of the Region are endowed with vast stretches of desert un-

inhabited areas along its boundaries. Not only this, but most of them have 

residents in those areas with nomadic habits. This is a weak point in the 

defence to prevent invasion. In the previous pages, mention was made of spread 

of the disease to the different countries in the South Pacific although they were 

islands sepa.ratec. from each other by the sea. 

Measures at air and seaports are commendable no doubt, but the evasive 

character of the disease, especially when infection is mil~makes action based 
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on expectancy wiser anc safer. Under such circumstances territcries free frcm 

infecticn must act cn expectancy. 

The follcwing measures are reccmmended: 

1. Members Df the medical ;lrcfessicn shculd be Dn the alert. They 

have to' be informed af the suspicious symptcmatclcgy of' the disea'se. 

Their co-cperaticn shculd be invit8d. 

2. Staf'f' cf hcspitals, health centres, etc. have to be inf'ormed abcut 

the correct prccedure in treatment af' the cases. Accurate knowledge 

about the copper sulphate method cf' measuring the specif'ic gravity or 

the dosage of' bicarbcnate or potasSium in the inf'lisions, etc., is 

pertinent. 

3. The stcres must be ready to supply the dif'ferent units with their 

needs not only in saline and other ccmpcunds, but in bed,accessories, 

in disinfectants etc. Bleaching pcwer is indispensable, its chl'orine 

content has to be kncwn. 

4. Anti-chclera vaccine with all the implementation that it needs, 

sterilizers, syringes, needles, etc. 

5. Water supplies - the public cnes must be examined to ensure their 

f'itness. Chlorine f'cr disinfection ef' the water must be available 

in suff'icient quantities to' deal with any emergency. 

6. Fead establiShment have to' be made hygienically safe. 

7. Medical officers cf health in the rural areas have to' survey their 

villages to' knaw whet..l:!er there are wells or Abbyssinian pumps inside 

the hcuses - their sites as regards pclluticn. They must alsO' survey 

the latrines cf mosques and their water supplies, how the Hastes of 

the latrines are dispased cf. 

tians will be started. 

If possible arrangement fcr ccrrec-

8. The laborataries must be ready and the staff ccncerned must be 

trained cn the newer trends in the methcdclogy of vibricisclatian 

and identificaticn. 

Stcol specimens fram cases cf diarrhoea chosen at randam fram 

different parts cf the country shculd be sent to' the labcratcries 

to examine fcr vibriO's. 

9. Organizatianal committees, bcth at the control and local levels, 

should be instituted. Their first jab is regionalization cf the 

treatment centres and the places of isolation of cantacts, the 

labcratcries etc. 



EM/Rc15/8 
page 35 

10. Revision of the laws and reg~lations concerning cholera and have 

thom rc,'1dy f'r application once invasion happens. 

11. The choice of the "post" which is going to be the seat of the 

"marshal" responsible for the whole activity. 

The question always arises: will the public be informed of the danger 

if circumstances help to prevent it? There are some \1ho answer negatively 

on the assumption that alerting the public of the potential danger of a 

disease like cholera reputed for its virulence, will invite panic. 

As any anti-measures in case of invasion needs co-operation of the public, 

they have to be educated, taught and prepared, and this period is the best. 

The motto of this period for the administration and for the people is: 

What is to be done and Qy whom. 

B. The Invasion Period 

This means that infection passed through. 

Anti-cholera measures are the same as the measures applied in other 

enteric diseases \1ith the addition of more specific ones. 

These relate to compulsory hospitalization of suspected or actual cases 

and isolation of their household contacts; freedom of the stool of both 

categories from vibrios is mandatory for release. Public gatherings like 

fairs, moul~ds, etc. are to be prohibited and movement of population, especially 

out of the infected area, to be either prohibited or minimized and controlled. 

And as \1ater is a very important vehicle of infectio~all water supplies, 

public and private, have to be put under continuous supervision with super

chlorination of public supplies and disinfection of private ones. 

c. Post-Invasion Period 

This period begins after overt cases ceased to occur. The aim is to 

search for mild cases of diarrhoea that might be choleraic. So instructions 

have to be given to send to the laboratory stool specimens on rectal swabs 

from all cases of diarrhoea attending hospitals or dispensaries. This is to 

continue till the health authorities become satisfied that cholera infection 

has been eradicated. 

Some countries de s\1ab big numbers of individuals, searching for carriers. 

Hong Kong s\1abbed more than 3 000 and the result was one positive. In Egypt, 

after the 1947 epidemic, samples were collected from four villages which were 

heavily infected with negative results. The number of specimens was about 

20 000. 
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Vaccination 

The opinions about the effectiveness of vaccination as a control measure 

in cholera has been controversial for a long time. The proponents prove their 

case by the presence of vibrocidal and agglutinating antibodies in the blood 

of the vaccinated. The opponents mention that such humoral antibodies have 

been detected in the blood of normal people, and add that as cholera vibrios 

never invade the body and as the walls of the intestines remain intact, then 

there is no chance for the humoral antibodies to come in contact with the 

pathogens - hence their uselessness. 

Field statistics about morbidity and mortality among the vaccinated and 

non-vaccinated are in favour of vaccination. To settle such an important 

question ""IRO has launched a research programme to determine the value and 

improve the quality of cholera vaccine" (ViHO Chr. 1965, 19, 6) 

As serological investigations proved that vaccines prepared from V. Cholerae 

give low vibrocidal and agglutinating antibodies against V. El Tor while vaccines 

made of the latter organism are more vibrocidal against V. Cholerae, it has been 

proposed to incorporate V. El Tor in the vaccines. 

Workers are investigating at present the possibility of developing an oral 

vaccine. Mukerjee (1963) reported finding a water strain of V. E1 Tor charac-

terized by high antigEnicity but with weak pathogenicity. He succeeded in 

immunizing the infant rabbits by the oral route, thus giving hope for developing 

such a vaccine for humans. 
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