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INTRODUCTION 

Case Report 
Our patient was a Liberian woman of unknown age who presented 

unresponsive and appeared much older than her husband's estimate of her age. 
The only history her husband could offer was that at 8 a.m. , she prepared breakfast 
for him and the children and appeared to be healthy. He said further that by 11 a .m. 
she was unresponsive. He also denied awareness of any symptoms that his wife was 
having of any sort. Specifically she had not had any recent fever , chills, sweats , 
malaise, cough, diarrhea, dyspnea on exertion, or urinary tract symptoms. On 
physical exam, the patient appeared to be old, profoundly volume depleted, and 
cachectic. She was unresponsive to deep pain including intense compression of nail 
beds on all four limbs. The blood pressure was 60 by palpation; the pulse was 130 and 
thready, and the respiratory rate was about 10 and shallow. 

Pace Of Ill ness There are few illnesses that 
express the explosive pace seen in this 
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Figure 1 Pace of Illness 
Many illnesses have such classical time courses 
(paces) that the pace in an individual is diagnostic. 
This patient had a diarrheal illness that brought her 
to the brink of death within 3-4 hours without blood 
loss. Realistically, cholera is the only disease that 
does this. 
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unfortunate woman. She was the 
first patient we identified in a cholera 
epidemic that erupted near Monrovia 
in May of 1980. C::holera has been one 
of the most educationally influential 
diseases in the history of medicine. 
This monograph attempts to describe 
in highly condensed form the history, 
evolution of virulence, ecology, 
epidemiology, pathophysiology, and 
therapy of this fascinating disease. 



1. IDSTORY 

The histories of cholera and epidemiological science are totally intertwined. 
The global scourges of the seven cholera pandemics forced the development of 
epidemiology as a true science. Thus, this brief review of the history of cholera will 
unavoidably include considerable information on cholera epidemiology. 

Etymology 
The etymology of the term cholera has been in dispute for many years. 

Etymology of scourges such as cholera provides clues to previous understanding of 
disease. One suggestion has been that cholera is derived from chole (bile) and rein 
(flow), meaning the flow of bile in the Greek. Others have suggested that it comes 
from the Greek word cholera, meaning gutter of a roof(l). The Greeks may have felt 
that cholera was reminiscent of the enormous flow rates possible on roof gutters 
during thunderstorms. To distinguish the general structural term cholera (gutter) 
from the disease cholera, the word "nousos" or sickness was added. Excellent 
descriptions of a disease remarkably resembling cholera are extant in the Sushruta 
Samshita from India written in Sanskrit around 500 to 400 B.C.(2). There are 
historical records both in Greek and Sanskrit that describe diseases exactly like 
cholera dating back least 2,000 years. Remarkably, there are no descriptions of 
widespread epidemics in the ancient writings. Possible reasons for this include the 
lack of concentration of populations and the subsequent evolution of virulence 
attached to such concentrations. The evolution of virulence will be discussed in 
considerable detail in Chapter 2. 

Pre 1817 
Some writers have suggested that there was no cholera in the world before 

1878(3). However, ancient Greek physicians described summer related diarrheal 
illnesses that were either cholera or a disease that is extraordinarily similar to 
cholera and has since disappeared. Hippocrates described a case that he called 
cholera thus : 

At Athens a man was seized with cholera. He vomited and was purged and was 
in pain, and neither the vomiting or the purging could be stopped; and his voice failed 
him, and he could not be moved from his bed, and his eyes were dark and hollow, and 
spasms of the stomach held him, and hiccup from the bowels. But the purging was more 
than the vomiting. The man drank hellebore with juice of lentils; and he again drank 
juice of lentils, as much as he could, and after that he vomited. He was forced again to 
drink, and the two (vomiting and purging) were stopped but he became cold. 

This is a superb description of typical severe human cholera. Few other 
diseases produce death rapidly from diarrhea without evidence of bleeding or 
purulent discharge. A more detailed description of a disease sounding remarkably 
like cholera was offered by another Greek medical writer, Aretaeus of Capdadocia: 

Cholera is an inverted movement of everything in the whole body to the 
stomach, to the belly, and to the intestines--a very sharp malady. For the matters 
collected in the stomach escape by vomiting, and the fluid matters in the belly and 
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intestines run through by the lower passage. What is first vomited is like water, but 
what passes by stool is stercoraceous fluid and of ill odour. For continued bad 
digestion has been the cause of this. But what is washed away is first like phlegm , 
afterwards like bile. At the beginning the disease is free from pain, but after that, there 
are tension in the stomach and tormina of the belly; but if the disease increases, the 
tormina are augmented, there is synchope, the limbs are unknit, there is helplessness, 
loathing of food; and if they swallow anything, yellow bile rushed out unceasingly by 
vomiting with sickness, and the dijections are like. There are spasms, and drawing 
together of the muscles of the calves and legs and of the arms. The fingers are twisted; 
there is vertigo and hiccup, the nails are livid, there is cold refrigeration of the 
extremities , and the whole body becomes rigid; but if the malady runs on to its end , 
then the man is covered with perspiration; black bile bursts out upwards and 
downwards. There is retention of urine from spasm of the bladder; but indeed, much 
water is not collected in it, owing to the pouring out of the fluids into the intestine. 
There is loss of voice; the pulse becomes very small and frequent, as in syncope; there 
are constant fruitless attempts at vomiting, desire to evacuate with tenesmus, but dry 
and without fluid; death, full of pains and miserable, with spasms and suffocation, 
and fruitless vomiting .... But if he rejects everything by vomiting, and a perpetual 
perspiration flows , and the patient becomes cold and ash colored, and the pulse 
approaches extinction, and the patient becomes speechless, it is well, under such 
circumstances, (for physician) to make a graceful (becoming) retreat. 

This physician also noted that this disease was far more common in summer 
than any other season with the second most common being autumn, third spring, 
and finally, least in winter. This is consistent with the known epidemiology and 
ecology of the organism that causes cholera, Vibrio cholerae. In Arabic the word for 
cholera was heyda. Rhazes, the Arab author from Baghdad, gave an excellent 
description of heyda around A.D. 900(1) . Rhazes is credited with describing the stool 
with cholera as "rice water like" for the first time(4). As often happens, the French 
descriptions are most colorful. Van der Heyden, the Belgian physician, chose the 
French expression trousse-galant over cholera morbus to describe the disease in 
1643: 

The furious onset of trousse-galant in a short time takes away from the body so 
much of its substance and of its force, and occasions in it so much mischief and 
change, that in seven hours their domestics would not recognize such a sufferer a 
master or a relative, unless they knew it could be none else, for they encounter the true 
Hippocratic expression, which indicates the extreme of debility and the image of death. 
Once when I was called to see a patient, only five hours after his attack, I found him in 
a condition giving the most unfavourable prognosis, to wit, without pulse or speech, 
passing in his evacuations only a fluid resembling clear milk. Along with this, his 
eyes were so sunk that one could scarcely see them, and his legs and arms so drawn 
back by convulsions, that one saw no movement in them, and so cold from the moisture 
of a cold and clammy perspiration adhering to them, that the patient seemed more dead 
than alive . 

These descriptions confirm the existence of cholera before 1817. However, 
there were few descriptions of epidemics of cholera until the 17th century. Faber 
described Sydenham's work and claimed that there was an 1667 epidemic in London 
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that killed 2,000 of the 500,000 inhabitants(5). Another contemporary of Sydenham, 
Dr. Willis, thought that this epidemic was aggravated dysentery, but his own 
description of the cases sounded much more like cholera(4): 

The disease invading suddenly and frequently without any manifest 
occasion, did reduce those labouring with it by great vomiting, frequent and watery 
stools (excretory convulsions, with tormenting perturbation of the whole body), quickly 
to a very great debility, to horrid failure of the spirits, and loss of all strength. I knew 
some, the day before well enough, and very strong, in twelve hours' space so miserably 
cast down by the tyranny of this disease, that with a weak and small pulse, cold sweat, 
short and quick breath, they seemed just ready to die; and truly not a few to whom fit 
remedies or opportunity of cure were wanting, were suddenly killed by it. This 
sickness, raging for a whole month, began to decrease about the middle of October, and 
before the beginning of November was almost wholly vanished. Very few in that time 
had bloody stools, and not many bilious, but very many had vomits, and watery, 
almost clear, and plentiful stools. Whilst that popular dysentery raged in the city so 
cruelly, in the country or at least three miles beyond the city, almost none was sick of 
it. 

The descriptions of this epidemic by both Drs. Willis and Sydenham were the 
first clear description of a cholera epidemic. Van Swieten, a great authority of 
medicine ofthe 18th century, spoke briefly of cholera in the period from 1742-1747(4): 

In cholera morbus, of a sudden and in a few hours' time, there is so great a 
discharge of the humors both by vomiting and by stool, that the whole body is exhausted, 
the face is pale and collapsed. All the strength is destroyed, and even convulsions are 
observed from so profuse and sudden an inanition, even though not so much as a drop 
of blood is discharged either upwards or downwards. This I have often observed with 
great astonishment, and especially in the case of a strong girl, who in the space of three 
hours had her face so altered and collapsed, that her most intimate acquaintances 
could not know her, all the humors being dissolved at it were by a poisonous force, and 
violently expelled by vomiting and purging. 

While it does not appear that cholera was an epidemic disease until the 17th 
century, cholera was clearly an endemic illness in India for many centuries. This 
idea was verified by Portuguese sailors at least as far back as 1502(1). French 
travelers in 1769 noted that a local epidemic of cholera in southern India killed 60,000 
near Pondicherry. The first well-documented, large epidemic in India occurred 
near Ganjam in southern India in 1781. Bengal troops spread cholera to Madras 
and to Calcutta(4, 6). Cholera gripped Calcutta in a deadly epidemic that spread to 
Sylhet and Hardwar in 1783. The British sailors contracted the disease and spread it 
to Ceylon (Sri Lanka). History clearly documents cholera raging in India 
throughout the 1780s. The next big change in the historical pattern of cholera was 
attached to increasing virulence of the disease in India around 1817 that many have 
connected with the onset of the first pandemic. 

Cholera is the disease that more than any other has inspired development of 
epidemiology as a science. The next several sections discuss the amplification of an 
epidemic illness to a pandemic illness (involving two or more continents). The 
concept of pandemic was forced upon us by cholera specifically. There have been 

7 



seven pandemics of cholera, and the seventh pandemic is 32 years old and involves 
every continent save Antarctica. These pandemics have taught us much about 
epidemiology, pandemiology, and, recently, about the ecology of disease. 

First Pandemic (1817-1823) 
The first pandemic was more limited in its scope than the other six. It began 

in 1817 and was declared over in 1823. Two wars were pivotal in the spread of 
cholera during the first pandemic: the Oman war and the war between Persia and 
Turkey. In each case, the soldiers acquired the disease, and brought it home. 
Increased mobility associated with improved shipping caused parts of the Near East, 
southern Asia, and Japan to become involved in this first pandemic. 

Second Pandemic (1829-1851) 
Russia and in particular Moscow was extremely hard hit by the second 

pandemic. The second pandemic probably began in Moscow due to recrudescence of 

Second Pandemic 
Second Intravenous 

Pandemic Saline Mecca Returned First International Conference 
Began invented epidemic to US on Sanitation 

Mecca New York Mecca Snow's hypothesis 
epidemic stricken epidemic on water transmission 

1829 1834 1839 1844 1849 
Date (year) 

Figure 2 Major events in the second pandemic 
This time line highlights several of the major events during the pandemic. The Mecca 
epidemics that kept the pandemic going are noted as are the invention of intravenous 
therapy, Snow's discovery, and the first international conference on sanitation . 

organisms that had persisted in the environment since the first pandemic. Several 
other cities played extremely important roles in the spread of cholera in the second 
pandemic. There were epidemics on the Arabian peninsula in both 1828 and 1831. 
The epidemic was especially violent in Mecca causing people to write "the living 
cease to bury the dead singly"(4). Cholera killed so many in Mecca that they were 
buried in mass open graves. Mecca was the focus of spread of the second pandemic 
and was critical in several other pandemics because pilgrims brought the disease 
back to their continents of origin. In the second pandemic, Mecca was clearly the 
focus from which the disease spread to Syria, Palestine, Egypt, Cairo, the Suez, 
Tunisia, Istanbul, Romania, Bulgaria and Warsaw. It was noted during the second 
pandemic on March 24, 1832, that 96 of the first 98 people afflicted with cholera in 
Paris died. Shortly the pandemic spread across the Atlantic Ocean by ship. to the 
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Americas in 1832. It marched up the St. Lawrence Seaway and ultimately reached 
New York on June 23. New York was especially ripe for a cholera epidemic because 
of its proximity to the ocean, the increased salinity of the rivers flanking Manhattan 
Island, and a wretched water and sanitation system. The disease spread from New 
York to Philadelphia in two weeks and, subsequently, maritime trade activities 
spread the disease completely along the United States coast to New Orleans. The 
disease raged in the United States for about three years and completely disappeared 
for 15 years beginning in 1835. In this year, an epidemic broke out in Mecca leading 
to reintroduction of the disease in areas contaminated by returning pilgrims. This 
was also the year in which the epidemic spread to Australia. Another violent 
epidemic in Mecca in 1846 prolonged the second pandemic. The epidemic returned 
to the United States between 1848 and 1855. Antarctica was the only continent not 
involved in the second pandemic. 

Several very important historical events occurred during the second pandemic 
(Figure 2) . The most famous event was the Broad Street incident and John Snow's 
observations on the waterborne transmission of cholera. John Snow was a 
prominent London physician who wisely noticed that the disease was connected to 
mixing of drinking water and sewage. Based on an outbreak that he associated with 
contaminated cow heels on the Isle of Wight in 1849, he wrote: 

" 

If cholera has no other means of communication than those which we have been 
considering, it would be constrained to confine itself chiefly to the crowded dwellings 
of the poor, and would be continually liable to die out accidentally in a place, for want 
of the opportunity to reach fresh victims; but there is often a way open for it to extend 
itself more widely, and to reach the well-to-do classes of the community; I allude to the 
mixture of the cholera evacuations with the water used for drinking and culinary 
purposes, either by permeating the ground and getting into the wells, or by running 
along channels and sewers into the rivers from which entire towns are sometimes 
supplied with water. 

The second pandemic reaffiicted a particular region of London close to John 
Snow in August and September of 1854 (Figure 2). This is the famous episode where 
John Snow was credited with stopping the Broad Street epidemic by stealing the 
pump handle. Figure 2 shows the number of fatal attacks of cholera per day and the 
day the pump handle was removed. Many gave John Snow credit for both stopping 
the epidemic and proving the connection to drinking water, but based on the data, 
this is clearly not true(7-9). In reality, Snow never claimed that the removal of the 
pump handle had anything to do with the ending of the epidemic in the Broad Street 
pump zone. Snow understood that the disease was spread more readily by 
contaminated water than by person-to-person contact. He noted that the number of 
cholera deaths per 10,000 houses from the 8th of July to the 26th of August, 1854, was 
315 for houses supplied by the Southwark and Vauxhall Company and only 37 for 
houses supplied by the Lambeth Company. 
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His tracking of the death rate as a function of water supply was a seminal 
observation in understanding cholera epidemiology(lO): 

As the epidemic advanced, a disproportion between the number of cases in 
houses supplied by the Southwark and Vauxhall Company and those supplied by the 
Lambeth Company, became not quite so great, although it continued very striking. In 
the beginning of the epidemic the cases appear to have been almost altogether produced 
through the agency of the Thames water obtained amongst the sewers; the small 
number of cases occurring in houses not so supplied, might be accounted for by the fact 
of persons not keeping always at home and taking all their meals in the houses in 
which they live; but as the epidemic advanced it would necessarily spread amongst the 
customers of the Lambeth Company, as in parts of London where the water was not at 
fault , by all the usual means of its communication. 

On the north side of the Thames the mortality during the recent epidemic seems 
to have been influenced more by the relative crowding and want of cleanly habits of the 
people, and by the accidental contamination of the pump wells , than by the supply of the 
water companies. 

The West Middlesex Company, obtaining their supply from the Thames at 
Hammersmith, have also very large reservoirs, and the districts they supply have 
suffered but little from cholera, except the Kensington brick fields, Starch Green, and 
certain other spots, crowded with poor people, chiefly Irish. 

Broadstreet Pump Epidemic 
160.-----------------------------------, 

>-
The second pandemic also led to 

the invention of intravenous fluid 
therapy. A German chemist named 
Herman suggested that a physician 
J achnichen try intravenous saline. 
His first patient received only six 
ounces of IV fluids and died anyway. 
During the next two years in Great 
Britain, an Irish physician named 
O'Shannessy studied the chemical 
pathology of cholera and concluded 
that treatment should be focused on 
restoring the specific gravity of blood 
in replacing deficient saline. In 
response to this idea, a Scottish 
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August -l>!<l--- September who were obviously dying of cholera in 
Date 1832 with intravenous saline, and 5 

Figure 3 Broad Street Pump Epidemic survived. The Lancet praised Latta, 
. . . . . but many others criticized him. 

This 1s a reproduction of the ong1nal data from the R tt bl th h · · f th' d . . egre a y, e p ys1c1ans o 1s ay 
Broadstreet pump 1nc1dent. These data clearly show b 1. d th t b tt th · · t d . . . e 1eve a e er erap1es eXIs e . 
that the ep1dem1c was wan1ng when Dr. Snow removed Th · l d d t ' 1 h' . . ese Inc u e venesec Ion eec 1ng 
the handle from the offending pump. He never cla1med d th f d' d th t' . . . an e use o me 1cs an ca ar 1cs. 
that he halted the ep1dem1c by remov1ng the ·handle U fi t t 1 th 'd f · t . . . . nor una e y, e 1 ea o 1n ravenous. 
though he was w1dely credited w1th do1ng so. fl 'd 1 t 1 t 1 1 t 
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until Rogers proved the effectiveness of this therapy in Calcutta( 11, 12). 
Subsequently, the treatment with intravenous saline was changed to use hypertonic 
saline supplemented with alkali and potassium. In 1905 to 1910, case fatality rates 
in parts of the world using this therapy dropped from 65% to 30%. The treatment 
evolved further between 1958 and 1964 as the fluid changed to normal saline 
supplemented with antibiotics and mortality was decreased to 1%. Oral rehydration 
solutions replaced IV therapy as the mainstay in the mid-1960s. 

Third Pandemic (1852-1859) 
The pandemics probably all started in areas where cholera remained endemic 

after pandemics waned(13). The second pandemic inspired the first internati,anal 
meeting on cooperative health. Cholera alone motivated the development of these 
conferences. Ultimately, these cooperative efforts led to 14 international conferences 
on sanitation between 1851 and 1938. The zenith of the third pandemic occurred 

Country I Deaths 

Austria I 80,000 

Belgium I 30,000 

Germany I 115,000 

Great Britain I 15,000 

Hungary I 30,000 

Italy I 113,000 

Netherlands I 20,000 

Russia I 90,000 

Sweden I 4,500 

· Table 1 Deaths from the 
European cholera epidemic of 1866. 
between 1853 and 1854 when it was rampant in Persia, Mesopotamia, Northern 
Europe, England, the United States, Mexico, West Indies, Columbia and Canada. 
The French troops in the Crimean War were seriously afflicted by cholera in the 
latter half of that war. The soldiers then took it to Turkey, Greece, Arabia, Syria , 
Sudan, Egypt, Italy, Brazil, Argentina, Switzerland, Austria and later to Spain and 
Portugal. During this time, Filippo Pacini made a very important discovery when 
the pandemic spread to the Tuscany region of Italy. He examined the 1 umenal 
contents of patients afflicted with cholera and observed the now well known curved 
bacilli that he named Vibrio cholerae. He published his discovery in a little known 
journal forcing someone else (Koch) to rediscover the organism. As a result, his 
discovery was lost to the rest of the world(12). While he was the first to discover the 
organism, his ability to make a definite etiological connection was much weaker 
than the connection that Robert Koch established later in the 19th century. This 
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pandemic ultimately spread throughout Asia, Africa and even as far north as 
Scandinavia. 

Fourth Pandemic (1863-1879) 
This pandemic again was connected to a massive epidemic during a Mecca 

pilgrimage in 1865. Of the 90,000 pilgrims that visited Mecca in this year, 30,000 died 
of cholera. Many surviving pilgrims took the disease back to Europe and Africa. 
The epidemic was spread further throughout Europe by war between Austria and 
Italy and Austria and Germany. This pandemic is the first for which we have 
extensive mortality statistics. Please note in Table 1 the extraordinary number of 
Koch•s Observations re: Cholera deaths due to the single epidemic 

• Komma bazillen fullfilled Koch's postulates 
• Contended that scientific understanding would 

precede successful control of cholera 
• Suggested that the disease was toxin induced 
• Connected human behavior to epidemiology 
• Suggested that increased mobility spread the 

epidemic 
• Postulated existence of asymptomatic carriers 
• Suggested that the environment may play a key 

role in the disease. His "Ecology" idea was not 
pursued until the 1980's. 

Figure 4 Koch's contributions to cholera 
Koch is well-known for identifying the organism that 
causes cholera. He was actually the second person to 
connect the comma-shaped bacillus with human 
cholera. Furthermore, he made several other key 
observations regarding cholera that are less known. 

disease in 1866. In 1867, another 
113,000 people died of cholera in Italy 
and the epidemic pretty well stopped 
in Europe and Africa in 1868. 
Sanitary conditions in the United 
States remained abominable and 
New York was especially ripe for 
reinfestation with cholera. Cholera 
was documented to arrive in New 
York in the fall and winter of 1865, 
but there was no epidemic. 
Environmental factors delayed the 
New York epidemic until spring(14). 
The epidemic broke out in New York 
in May of 1866 and was spread west 
by train all the way to Kansas and by 
ship to the coastal cities on the 

Atlantic and all the way to New Orleans. The pandemic reached Hungary in 1872, 
and during that year and the following year, 190,000 people died in Hungary alone. 
A massive epidemic erupted in Mecca in 1872, extending the fourth pandemic to 
Turkey, Mesopotamia, Arabia, Egypt, Turkisthan (Russia), Sudan, Syria, Southeast 
Asia, and the surrounding islands. 

Fifth Pandemic (1881-1896) 
The fifth pandemic began in Mecca during an epidemic that lasted through 

1881 and 1882. Cholera spread from here to Egypt and it was in Alexandria during 
the fifth pandemic that Robert Koch was the last to prove that Vibrio cholerae caused 
the disease cholera morbus. He called the organism Komma bazillen(13, 14). We 
refer to Koch's discovery as the "last" because he documented his work so thoroughly 
that no one had to "discover" it again. Dr. Koch gained considerable notoriety during 
the fifth cholera pandemic for several reasons. The first and most important was 
the final discovery of the comma-shaped bacillus that causes cholera. He also made 
multiple observations about the biology of this disease that were surprisingly 
accurate in spite of thin evidence(10) (Figure 4). First, Dr. Koch suggested that the 
enormous number of organisms in the lumen of the intestine and the lack of injury 
to the intestinal lining suggested that there must be an extracellular poison 
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produced by the organism. Dr. Koch also was one of the first to recognize that 
control of disease would ultimately depend on scientific understanding of its basis. 
He wrote: 

We should therefore suppose that, in the struggle against pestilences, people 
would start from thoroughly established and scientifically elaborated bases: but 
unhappily this is not everywhere the case and especially with regard to cholera such a 
firm base is wanting. 

He also recognized that changes in human behavior were likely to have an 
enormous impact on the spread of this disease. Koch suggested that the striking 
increase in mobility that citizens of the world were enjoying in the late 19th century 
could contribute to the spread and perhaps permanent state of cholera epidemics 
around the world. 

One can now travel from Bombay, which is seldom free from cholera, to Egypt 
in 11 days, to Italy in 16 days; and in 18, or, at most, 20 days, one can be in the south of 
France. Those are spaces of time which are so extremely short compared to those 
required formerly, that the danger of direct importation of cholera from India to 
Europe will become greater and greater. 

Koch also recognized that this disease would likely produce asymptomatic 
carriers. Unlike most of his contemporaries , he assumed that the patients with 
truly serious illness were in the minority and that many patients were infected who 
had mild disease or no disease but continued to shed organisms into the 
environment. 

We must consider that it is not only the individual who dies of cholera, or who 
has an unquestionable attack of cholera, that is liable to transfer infection, but that all 
possible transitions up to this most violent form of the disease, even slight attacks of 
dirrhoea, take place, which are probably just as capable of giving infection as the worst 
case of cholera. 

Koch ·also made some extremely important observations on how the organism 
might interact with the environment. Observations of this type ultimately led to the 
entire branch of studying disease called the ecology of disease. He initial 
observations were not adequately pursued until the 1880s. He suggested that the 
organism can grow in the environment as he stated: 

There remains still the important question to be answered, whether the 
infectious material can reproduce or multiply itself outside the human body. I believe 
that it can. As the comma-bacilli grow on a gelatine-plate, as they can grow on a piece 
of linen, or in meat-broth, or on potatoes, they must also be in a position to grow in the 
open air, especially as we have seen that a comparatively low temperature enables 
them to develop. I would not certainly assume that the multiplication of the 
comma-bacilli outside the human body takes place in well water or river water without 
any assistance, for these fluids do not possess that concentration of nutritious 
substances which is necessary for the growth of the bacilli. But! can easily imagine 
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that, although the whole mass of the water in a tank or reservoir is too poor in nutritious 
substances for bacilli to flourish in it, yet some spots may contain sufficient 
concentration of nutritive substances for bacilli to flourish in it, for example, those 
spots where a gutter, or the outlet of a cesspool, opens into the stagnant water, where 
vegetable matter, animal refuse, etc., lie, and are exposed to putrefaction by bacteria. 
At such points, a very active form of life can develop. I have often formerly made such 
experiments, and it has often happened that a water contained almost no bacteria at all, 
whilst remains of plants, especially roots or fruits swimming in it, teemed with 
bacteria, especially kinds of bacilli and spirilla. Even in the immediate 
neighbourhood of these objects, the water was rendered turbid by swarms of bacteria , 
which clearly received their nourishment from the nutritive matter scattered by 
diffusion at a very small distance. 

Europe experienced a 50% case fatality during the fifth pandemic. This led to 
the empowerment of government officials to force sanitary changes. This was 
spearheaded in Great Britain by Benjamin Disraeli. The sanitary changes caused 
the last case of indigenously acquired cholera in London to occur in 1893. Cholera 
came to the United States in both 1887 and 1892, but there were very few secondary 
cases because city authorities had cleaned up the water supplies . The cholera 
pandemic, however, raged throughout South America and was especially bad in 
Moscow and Leningrad. In 1893 and 1894, Moscow and Leningrad suffered 800,000 
deaths due to cholera alone. This number of deaths due to this single disease 
exceeds the number of Americans who died fighting the Vietnam War by a factor of 
12. The fifth pandemic hit Africa, the balance of coastal Asia, the Philippines and 
Japan viciously. There were at least 340,000 documented cases in Japan during this 
period. 

Sixth Pandemic (1899-1923) 
Mecca was again a focal point in the initiation and maintenance of the sixth 

pandemic. Cholera gripped Mecca in a severe epidemic during 1902. Infected 
pilgrims spread cholera to Egypt. In spite of extensive efforts to quarantine victims , 
epidemic cholera broke out in Egypt. It was spread from Egypt to Italy, Hungary, the 
Balkans, and Greece. Another epidemic in Mecca in 1907 spread the disease to the 
rest of Arabia. After 1912, Mecca was supposedly clear of cholera epidemics. World 
War I prolonged the epidemic in Europe. In 1910, ships brought cholera from 
Russia to South America. The last indigenous case of cholera in the United States 
occurred during the sixth pandemic in 1911. The epidemic continued in Southeast 
and Far East Asia, in Malaysia in particular, throughout the balance of the sixth 
pandemic. 

Cholera During 1926-1960 
During this period, many different parts of the world became cholera free. 

The last indigenously acquired case in Europe was in 1925; Hong Kong, 1957; 
Malaysia and the Philippines, 1937; Indochina, 1959; Egypt, 1947; and Mecca was not 
involved for the balance of the century. An extremely important scientific discovery 
occurred in this period. Dr. S.N. De discovered the cholera toxin and reported it in 
1953(15). During this period, the ability to treat cholera improved dramatically. 
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Seventh Pandemic (1961-Present) 
The seventh pandemic was caused by a different organism from those that 

previously caused pandemic cholera. Investigators compared old and new 
organisms leading to development of new insights into both the ecology and evolution 
of disease virulence. The seventh pandemic began in 1961 and continues today on six 
continents. Many questions are raised by the fact that so many areas of the world 
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Figure 5 Map of the seventh pandemic 
This map shows the progression of El Tor cholera throughout the world during the seventh 
pandemic. 

/1990 

became cholera free between the mid 1920s and 1960. Improvement in water 
supplies is credited with eliminating cholera pandemics in this period. Many 
therefore expected cholera would not return in pandemic form. This emergence of 
the seventh pandemic has much to do with our current understanding of how 
disease transmission, virulence and evolutionary forces interact. 

The bacteriology of cholera epidemiology changed dramatically with the 
seventh pandemic. The exact typing of disease organisms in the first four 
pandemics was not possible. Pandemics five and six, however, were unequivocally 
caused by V. cholerae 01 classical biotype. Most microbiologists believe that similar 
strains of the classical biotype caused the first four pandemics. This organism, 
however, was unable to cause widespread cholera between 1926 and 1960. During 
this period, another biotype of V. cholerae 01 emerged in Indonesia in 1937. Van 
Loghem called the disease enteritis cholera formus El Tor(16) leading to naming the 
biotype El Tor. De Moor called a similar illness in Indonesia para cholera(17). This 
organism caused four major outbreaks in Indonesia between 1937 and 1958, and it 
remained endemic between these episodes(18). 
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The disease caused by this organism is not usually as severe as the classical 
biotype in most infected patients. Therefore, many believed that this organism could 
not cause large epidemics. We will discuss why this turned out to be incorrect under 
Evolution of Virulence (Chapter 2). In 1961, Java and Semarang in Indonesia were 
the sites of major outbreaks of El Tor cholera. These foci in the Celebes were the 
origin of the seventh pandemic. The El Tor biotype organism is hardier than the 
classical biotype. It survives under harsher conditions for longer times and causes 
many inapparent infections. The experience of Afghanistan and Iran in 1965 
supports this view. During 1965, Afghanistan was plagued by both classical and El 
Tor biotypes of epidemic cholera. When the disease spread from Afghanistan to 
Iran, however, only the El Tor organism made the transition. 

The current pandemic has exploded in three distinct phases. Phase I lasted 
from 1961 to 1966, the second from 1970 to 1971, and the third from 1990 to the present. 

1961 11962 11963 11964 1965 1966 

Sarawak Sabah Republic of Korea India Brunei Iraq 
Hong Kong Taiwan Cambodia Vietnam Nepal 
Macao West Irian Thailand Bahrain Pakistan 
Philippines North Borneo Singapore USSR 

Burma Iran 
West Malaysia 
East Pakistan 

I I (Bangladesh) 

Table 2 Extension of the Seventh Pandemic during 1961-1966 (EI 
Tor) 

The initial spread of the organism throughout Asia is documented in the 
accompanying table. Epidemic cholera continued in the countries originally infested 
but did not spread quickly from 1966 to 1970. In 1970 and 1971, however, the cholera 
epidemic spread rapidly throughout Africa and the southern coast of Europe. 
Unexpectedly, cholera became an enormous problem in West Africa during this 
period. This was surprising because in 1868 and 1893 cholera epidemics were 
unable to gain a foothold in West Africa (6, 13). As a result, many believed that the 
West African environment was protective in some way against major cholera 
epidemics. This was proven to be distinctly incorrect, however, when Ogawa 
serotype hit 11 countries in the latter part of 1970 (Guinea, Sierra Leone, Liberia, 
Ghana, Ivory Coast, Mali, Togo, Dahomey, Upper Volta, Nigeria, and Niger). The 
epidemic spread across these 11 countries in a four-month period. The epidemic 
then continued to follow the coastline of Africa eastward until, surprisingly, in 
November of 1970 it moved 1,000 kilometers inland to the city ofMopti in Mali with 
disastrous effect. Surprisingly, the epidemic also spread across dry areas of Africa 
during this period(19, 20). In the early days of the African epidemics, the case 
fatality rates were approximately 50% but decreased to 7% to 10% with treatment(19) . 
Both Ogawa and Inaba serotypes of El Tor biotype have been involved in the current 

16 



pandemic. The Inaba serotype invaded Arabia, Ethiopia, Djibouti and Somali before 
the end of 1970. In 1971, many other Mrican and Middle East countries were 
involved as well as Spain and Portugal. 

In 1973, there was a serious outbreak of cholera in the region around Naples 
related to uncooked seafood. Bangladesh became involved with El Tor biotype in 1973, 
but the classical form dominated Bangladesh until El Tor epidemics broke out in 
1979 and 1982. Both forms coexist now in Bangladesh(21). An epidemic struck 
Mecca in 1974 but the epidemic was quite small compared to prior epidemics(22). 
This was a frightening event because 27 Mecca epidemics between 1850 and 1931 had 
played critical roles in the spread and maintenance of the previous pandemics . Only 
90 cases of cholera among the 1 million pilgrims occurred in this limited outbreak. 
Later this year, Portugal experienced a huge outbreak involving virtually the entire 
country. This outbreak was clearly traced to the consumption of inadequately cooked 

contaminated shellfish. In Peru Cholera Epidemic 1978, other African countries 
became involved such as 
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Zaire and Zambia. Zaire 
continues to have difficulties 
with annual epidemics even 
now. Unfortunately, reporting 
to the World Health 
Organization has become more 
spotty from certain countries 
because of embarrassment and 
trade embargoes that often 
follow cholera announcements . 
Between 1982 and 1987, the 
number of countries reporting 
cholera cases ranged between 
30 and 37. The El Tor biotype 
has become endemic almost 
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Figure 6 Cases reported in the 1991 Peru January of 1991 when a 
cholera epidemic massive outbreak of El Tor 
The data from the Peruvian cholera epidemic of 1991 are ch?lera. began in Peru. This 
shown here. Total and hospitalized cases are plotted for each epidemic began as the wars~ 
day of the epidemic. Note the explosive onset of the disease on year of the seventh pandemic 
February s. since its beginning in 1961. 

Remarkably, there had been no 
cholera in South America at all since 1895. In spite of that, the El Tor biotype had 
been cultured from the environment but only non-toxigenic strains. This raised 
several questions about how the organism reached Peru. Some speculated that the 
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organism was a mutant of an environmental strain, while others suggested that the 
organism might have been dumped from ships in Peruvian harbors. The concept of 
V.cholerae as an environmental organism was strengthened by the cholera 
epidemic in Peru beginning in multiple locations on the same day. After the 
epidemic began, it did spread in a traditional fashion into the interior of Peru, 
Ecuador, Columbia, Brazil, Chile, and central Mexico, following trade routes. By 
February of 1992, one year later, 18 countries had reported cholera. There were lulls 
during the winter, as often happens with cholera, but the environmental conditions 
are such that epidemiologists expect cholera to persist in South America for years. 
Also in 1991, an explosion of the seventh pandemic in Africa involved many counties. 

The Peruvian epidemic produced far lower mortality than seen in most 
epidemics of cholera. Peru was well prepared for this epidemic because of 
expectations of its arrival 20 years earlier. During the time between its expected 
arrival in 1970 and its actual arrival in the summer of 1990-91, much was learned 
about the successful treatment outside hospitals of widespread cholera epidemics. 

Peru Cholera Epidemic (See Figure 6 for comparing the r------------.;;.._ ______ ,.uumber of cases vs. number of 
70 deaths in Figure 7.) Note that this 
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explosive epidemic produced a:s 
any as 4,500 new cases per day, 

and yet it exhibited a mortality rate 
hat was slightly less than 1% 

overall(23). 
The history of cholera raises 
any questions. For example, why 

· s cholera historically such an 
extraordinarily virulent disease? 
Since high virulence has made 
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Date (1991) virulence in cholera teach us how to 
Figure 7 Deaths in the Peru cholera manipulate the evolutionary process 

of other diseases? Cholera has been epidemic of 1991 a critical disease in teaching us 
This figure should be compared with the previous one about many aspects of disease 
demonstrati.ng a remarkably low death rate from biology. Three of the areas in which 
cholera dunng the Peruvian epidemic. cholera has been singularly 

important are the three Es: evolution, ecology and epidemiology. We will first 
consider the modern changes in our understanding of virulence evolution as taught 
to us by cholera. 
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2. EVOLUTION OF VIRULENCE 
Cholera has contributed greatly to emerging concepts of the evolution of 

virulence. Classical cholera was the most virulent disease in history and has 
undergone radical evolutionary pressures. We will consider the evolution of 
virulence under four subheadings. 

Living Arthropod Vector 
Diseases that are spread by arthropod vectors often produce serious illness. 

The presumed evolutionary reasons for this include the fact that immobilization is 
likely to impair the ability of the host to prevent louse or mosquito bites. Thus 
patients that are severely affected by the illness are less able to avoid contact with the 
vector(24). Furthermore, disease pathogens that have high replication rates and 
make the patient extremely sick also have a higher concentration of organisms in 
the blood. This makes any individual arthropod bite far more likely to successfully 
transfer the pathogenic genetic material from the host to the vector. The function of 
living arthropod vectors is therefore enhanced by increasing virulence of the 
organism in the host. Thus, the disease may be severe for the host, but it must not 
materially sicken the vector. If arthropod vectors were adversely impacted by 
infestation with malarial parasites, yellow fever virus, typhus rickettsia, or 
trypanosomiasis, then the transmission of the disease would be adversely affected. 
The recognition of the interaction between high virulence in the host and low 
virulence in the vector has demonstrated that this mode of transmission SELECTS 
for increasing virulence in the host. 

Redefining ''Vector'' 
For many years, physicians and scientists believed that disease organisms 

that treat the host kindly were favored on an evolutionary basis. While this notion 
has a compelling logic, it is impossible to explain the existence of extraordinarily 
virulent illnesses such as smallpox, typhus, malaria, and cholera. Investigators 
have focused on the study of waterborne diarrheas, especially cholera, to formulate 
new hypotheses regarding the evolution ofvirulence(25). The latest concepts revolve 
around considering every pathogen to have a vector for transmission. There are 
many illnesses with arthropod vectors, the classically understood concept of a vector. 
Just as with arthropod vectors, the evolution of disease organisms is more closely 
related to how they affect their "vector" than how they affect the disease host. The 
use of this definition requires an expansive use of the word vector. The original host 
is the vector for the disease when disease organisms are transferred primarily from 
one host to another. Sometimes non-ill humans are vectors because they carry the 
disease from an ill patient to another person who acquires the disease. We would 
like to introduce the concept of referring to the ecological environment as a "disease 
vector". 

Modern ideas of virulence are therefore predicated on the idea that 
evolutionary vigor comes from two sources: 1) capacity of the disease organism to 
aggressively contaminate a vector (in the broad redefined sense) and 2) gentle 
treatment of the vector. When the host is the vector for transmission, then the gentle 
treatment of the host favors the disease organism. However, some diseases exhibit 
very high replication rates and are therefore usually associated with severe illness . 
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Since these diseases inflict serious harm to the host, transmission must be 
significantly enhanced to compensate for host death. In other words, any disease 
with a high replication rate that tends to kill the host can only survive if the process 
of making the host seriously ill enhances transfer of pathogenic genetic material 
either to the vector or from the vector to the next host(24). If diseases that require 
extensive human-to-human contact were extremely virulent, they would die out by 
vector elimination. This is due to the straightforward expectation that prostration 
would prevent or at least diminish human-to-human contact required for disease 
transmission. Ergo, diseases that require host/vector mobility to spread, such as 
rhinoviruses, must necessarily be less virulent. Retroviruses also depend on host 
mobility to move the organism from one host to another, and hence they have low 
virulence (prolonged course). 

When VECTOR Equals the Environment 
This concept counts on imagining the environment as a disease vector because 

of an organism's stability outside the host. Disease organisms that are capable of 
living for long periods outside the host are much less dependent on the host for 
transmissibility. When infected hosts deliver more organisms to the environment, 
organisms adapted to the environment persist for years. Thus, when the 
environment is the vector, severe prostration and death of a high percentage of the 
hosts does not necessarily interfere with organism shedding and ultimate transfer to 
new hosts. This helps explain why smallpox was such a virulent disease. This virus 

was capable of survival in the 
Outbreak Duration vs Virulence environment outside a host for up 

5 10 15 20 25 
Virulence 

(Percent Deaths per Infection) 

Figure 8 Outbreaks of E. coli. in 
units. 

neonatal 

This collection of studies plots duration of epidemics vs 
virulence. There is a trend toward increasing virulence 
with longer duration consistent with Ewald's concept of 
virulence evolution. 

to 10 years and produces a 10 per 
cent mortality in infected 
individuals(24). Disease 
organisms, such as diphtheria, 
are able to survive for weeks or 
months in the environment, 
again selecting for their more 
virulent expression in sick 
patients. Finally, the best 
example of all is human cholera. 
Understanding the "vector" for 
cholera has actually spawned an 
entirely new field of disease 
investigation called the ecology of 
disease. (See Chapter 3). All the 
diseases in this group have high 
mortalities just as one would 
expect for diseases that do not 
depend on the host. Disease 

organisms that die in the environment are generally associated with mortalities less 
than 1 in 10,000. This stands in stark contrast to environmentally adapted 
organisms (cholera) that may exhibit mortalities in excess of 50%. 
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Cultural Vectors 
The classical example of a cultural vector is the hospital nurse and doctor. 

Nosocomial diseases have become enormously common in the past 20 years. Many 
estimates suggest that at least 1 patient in 20 will sustain a serious nosocomial 
infection while in the hospital. The best studied examples revolve around neonatal 
intensive care units. Neonates are sufficiently different from nurses that some 
organisms can attack the newborns without attacking the nurse vectors. This 
situation then selects for the most virulent organisms just as other vector based 
diseases do. (See Figure 8.) 

The role of cholera in unraveling new concepts in the evolution of virulence 
cannot be overestimated(25). Water-born transmission of disease organisms has 
proven to be the most effective selection system for increasing virulence. Increasing 
virulence causes more disease organisms to contaminate the vector, and host 
immobility is irrelevant. For example, patients who suffer from severe cholera are 
completely prostrate, shed enormous numbers of disease organisms into their bed 
sheets (107 /ml) and local environment, and these organisms are transported 
downstream to water supplies maintaining the contamination of the water supply. 
Surface water is an ideal vector because it cannot be killed by organisms in it, unlike 
arthropods. Therefore, the major criteria required to make a truly virulent disease 
are present. The serious illness of the host does not impair transfer of organisms 
from the host to the vector, and the vector cannot be eliminated by the presence of the 
disease organism. If this hypothesis on the evolution of virulence developed in 
studying cholera is true, then improving the sanitation of water supplies should 
select for decreasing virulence(24, 25). There are two separate lines of evidence that 
support this concept. Studies have now been completed examining the changing 
patterns of cholera infection in India and Bangladesh during the 1950s and 1960s. 
These two countries are located close together and provided an ideal experiment of 
nature because water supplies in India, although frightening to Americans, 
dramatically improved during the 1950s and 1960s. In contrast, the water supply in 
Bangladesh has remained desperately bad during this period. This was due to 
ongoing civil war and grinding poverty in this beleaguered country. As a result, 
institution of water purification just did not occur effectively during the 1950s and 
1960s in Bangladesh. Investigators have followed carefully the emergence of the 
sero- and biological types of cholera in India and Bangladesh. They observed that 
the El Tor biotype of V. cholera 01 emerged in India and replaced the classical V . 
cholera 01 coincident with improvement in water purification. (26, 27). Before the 
turn of the 20th century, the mortality from classical cholera in severe cases 
exceeded 50% and in some reports was as high as 75%(28). The best estimates are 
that on average, 58% of severe cases of cholera died pre 20th century(25). This 
represents over 15% of all cases infected, making cholera even more deadly than 
smallpox. The diminution of transmission of cholera by the waterborne route almost 
certainly provided the selection pressure necessary for the milder disease organism 
El Tor to emerge in India. In contrast, throughout this period, Bangladesh 
continued to suffer almost totally from classical Vibrio cholera, and the El Tor 
biotype did not dominate. If this concept is true, it should be demonstrable in disease 
organisms other than cholera, though cholera is the best studied. 

The second group of waterborne diarrheas are the bacillary dysenteries . The 
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most serious of these are dominated by the Shigella genus. Three Shigella species 
have been important historically. In order of decreasing virulence, these species are 
Sh. ll d t . Sh . ll fl . d Sh. ll . It th tin the Lge a ~ysen enae, Lge a exnen, an Lge a sonneL. appears a 

I I Mortality I Waterborne Outbreaks I 
Pathogen 1% rank % I rank 

I 

V. cholerae classical 15 .7 1 83.3 1 
biotype 

Shigella dysenteriae 7.5 2 80.0 2 
type 1 

Salmonella typhi ls.8 13 174.0 13 

V. cholarae, el tor 1 .44 4 50.0 4 
biotype 

Shigella flexneri 11 .32 Is 148.3 I s 

Shigella sonnnei 0.65 Is 127 .8 I s 

Enterotoxigenic E. <0.1 8 20.0 
17 coli 

Campylobacter <0.1 8 10 .7 8 
jejuni 

Non-typhoid <0.1 8 1 .56 
19 salmonella 

Table 3 Relationship of Waterborn Outbreaks to the Virulence of the 
Disease Organism 

19th century S. dysenteriae dominated shigellosis. This extremely virulent form of 
Shigella was probably one of the major organisms to cause fatal diarrhea in the 
American Civil War. During this period, new hosts got the disease by consuming 
contaminated drinking water. As water purification became available during the 
20th century, the frequency of S. dysentariae steadily decreased so that this organism 
has now virtually disappeared. S. dysentariae was first replaced by S. flexneri that 
exhibits intermediate virulence. S. sonnei replaced S. flexneri during the past 20 
years as water purification became progressively better. S. sonnei is almost never 
fatal. This progressive evolution of less virulent Shigella organisms is strongly 
correlated with improvement in water supplies. 

The understanding of the evolution of virulence that is emerging has 
enormous implications for predicting how evolutionary mechanisms can be utilized 
to diminish the virulence of sexually transmitted disease (STD). Consider a STD 
pathogen in a nearly monogamous society. Pathogens of this type would depend 
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strictly on host viability at least until sufficient sexual mixing has occurred to allow 
the genetic material of the pathogen to pass to a new host. Therefore, if 
non-monogamous sex were distinctly uncommon in a society, transmissibility of a 
disease organism would depend on persistence of the organism in the host/vector for 
many years. Extension of the infectious period for the host selects for the ability of 
the parasite to avoid being killed by the immune system. Two obvious strategies for 
avoiding the immune system(24). The first is that some pathogens hide inside cells 
that have a long life span. The benefit of this latency must be weighed against the 
decreased transmissibility of latent organisms. Should a society that has a low rate 
of endemnicity of such a pathogen experience a significant change in the frequency 
of transmission due to increased sexual partners, the model would predict that more 
virulent forms of the organism would be selected. Thus, the model would predict 
that HIV virulence should correlate with rates of sexual contact. Of course, sexual 
contact in an entire society is difficult to measure. There are strong suggestions of 
evolution of virulence that corroborate this concept. The first is that the HIV 
epidemic in Central Africa is associated with a society that clearly has substantially 
more sexual commerce than West Africa. The disease organism in Central Africa 
is primarily the more lethal HIV-1. In contrast, most of the HIV infection in West 
Africa is the less virulent HIV-2(24). Specific evaluations of HIV-2 strains in 
different West African countries have also been done. The best comparison has been 
performed by examining infection and virulence in Senegal and the Ivory Coast, both 
West African coastal countries. HIV-2 is the dominant virus in both countries, but 
the HIV infections in Senegalese results in a much lower frequency of full-blown 
AIDS. The organism reproduces in vivo at the much slower rate, and this is 
strongly associated with stricter sexual mores in Senegal(29-34). In contrast, the 
social mores in the Ivory Coast have recently changed in the aftermath of dramatic 
influx of young single men into the cities such as Abidjan. The strains that have 
been isolated in the Ivory Coast are now far more virulent than those isolated in 
Senegal. Increased efficiency of disease transmission has thus selected for more 
virulent strains of the virus. This concept suggests that we can exploit systematic 
changes in human behavior to force the organisms to evolve less virulent forms or 
face extinction. 

An experiment of nature is currently being carried out in western countries 
that have a relatively high incidence of HIV infection. HIV infections can be divided 
into two distinct groups: those who are not experiencing any change in cultural 
behavior (IV drug users) and those who are undergoing behavior modification. One 
would expect that if the model is correct the intravenous drug users who are not 
diminishing transmission will probably not enjoy a diminution in the virulence of 
the HIV virus. In contrast, if reduced transmission becomes a reality of the 
remainder of the population, not only will fewer people be infected because of the 
decreased contact, but the fact that fewer people are infected will force the virus to 
evolve into a milder illness. The conclusions therefore that we can draw from these 
observations are that diseases will become less virulent as the ease of 
transmissibility decreases. In the case of HIV infection, changes in sexual mores 
are very likely to force the virus to evolve into a milder form. In neonatal intensive 
care units, shifting the baby handling from nurses to mothers should put 
evolutionary pressures on the organisms to decrease their virulence. Hand 
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washing, improved water purification and mosquito proofing of homes have all been 
critical in diminishing the virulence of disease pathogens over time. 

While clearly it is worthwhile for a society to decrease disease by improving its 
water supply, several political bodies have suggested recently that there is not 
enough gain from water purification to justify its expense(35-37). This shortsighted 
view is worse than it even appears because it not only fails to account for prevention 
of epidemics, but it also fails to consider the evolution of virulence. Any modification 
of the vector (water transfer) that diminishes the ability of the organism to spread, 
tends to select for progressively less virulent organisms. Therefore, water 
purification has the obvious short term benefit of stopping epidemics and decreasing 
endemnicity but also forces the organisms to evolve favorably long term. Cholera 
has driven development of these new concepts in virulence evolution enabled by the 
recognition that the environment serves as the vector for this ecological organism. 
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3. ECOLOGY 

Vibrio cholerae is a prototypic organism for understanding epidemiology, 
intestinal secretion, and transmembrane signaling. This fascinating organism has 
now become the focal point for understanding human disease in an ecological 
context. For many decades the transmission of cholera was felt to be strictly 
connected t o the shedding of organisms by colonized human beings into the 
environment. While there is no question that human transmission of the disease 
plays a key r ole in human cholera, multiple ecological aspects of Vibrio biology are 
assuming increasing importance in this disease. 

Vibrio cholerae is found free living in aquatic environments in both cholera 
free and cholera endemic areas. The observation was shocking given that the 
disease was felt t o be tropical, and its presence in the environment was felt t o be 
related to endemic illness. Multiple recent studies(38-44) have shown that all three 
of the major human vibrio pathogens (V. cholerae, V. vulnificus , and V . 
parahemolyticus) are well adapted to warm stagnant environments with increased 
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Figure 9 Pathogenic Vibrios by organs affected epidemic, the organism 
Humans generally acquire Vibrio infections incidentally from the is found in considerable 
organisms point of view. They do not depend on human hosts for abundance in natural 
their existence but are able to afflict several organ systems out lined waters( 46, 38, 4 7). 
in this figure. Examination of some of 
the taxonomic details has been essential to fully characterizing the environmental 
and ecological aspects of Vibrio biology. 

Taxonomy 
The genus Vibrio contains multiple organisms that are abundant in various 

environments. Eleven of the species in the genus have been reported to be pathogenic 
for man, and they are listed along with the types and location of illness that they 
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produce in Figure 9. Of these eleven organisms, three deserve special attention for 
the medical problems that they cause. They are V.cholerae, V.parahemolyticus and 
V. vulnificus. The other eight pathogens that have been reported are listed in the 
same table. 

We will focus on the taxonomy of V.cholerae. This species contains more than 
70 serotypes based on variations in a somatic antigen named "0" (not zero)(48). Only 
one of the 70 serotypes of V. cholerae (01) is responsible for the illness we know as 
cholera. There are two biological variants (biovars or biotypes) termed classical and 
El Tor. Both classical and El Tor biovars are subsets of the 01 serotype. These two 
biovars are distinguished by polymyxin sensitivity, vibriophage sensitivity and by 
their ability to agglutinate chicken red blood cells(49). Classical biovar serotype 01 
caused the first six pandemics of cholera and the El Tor biovar caused the seventh 
and current pandemic(50). 

The 69 other serotypes are collectively called non-01 V. cholerae. In the past 
these were called "NAG," meaning non-agglutinatable, or "NCV," non-cholera 
vibrios. These historic classifications have been definitively placed in the other 69 
serotypes of V. cholerae (38). The ability to identify these organisms in strict 
taxonomic detail has made researchers able to systematically track the major 
pathogens (V. cholerae, V. parahemolyticus and V. vulnificus ) in natural 
environments. This has led to a tremendous increase in our understanding of the 
environmental conditions that are critical for the reservoir maintenance of 
pathogenic and non-pathogenic strains of V. cholerae. 

Environmental Variables that Affect Vibrios 
Water temperature: The most important factor controlling the ability of 

pathogenic vibrios to survive in natural environments is water temperature. These 
organisms need periods of.several consecutive weeks where the environmental 
water temperature exceeds 1o·c but is less than so·c. Below 1o·c organisms are 
typically not cultured, and above so·c the ability to culture the organism drops 
Ionic Composition of Sea Water markedly as well(51-55, 38). The exception to this 

cations mmol/1 Anions mmol/l observation is that pathogenic vibrios that 
Sodium 480.80 Chloride 560.70 

Magnesium 54.78 Sulfate 28.84 

Calcium 10.46 Bicarbonate 2.38 

Potassium 10.18 Carbonate 0.27 

Strontium 0.10 Bromide 0.85 

Figure 10 Composition of 
Ocean Water 
The salinity of ocean water shown here 
is too high to support vigorous growth 
of most Vibrio species. Mixing with 
fresh water in estuaries provides ideal 
growth conditions. 

disappear from the water column below 1o·c may 
continue to exist in a living state in sediments at 
these temperatures. This requires a recently 
discovered biological state for these organisms 
that will be discussed later. 

Salt Concentration: All of the vibrio species 
that are pathogenic are adapted to salinities 
between 5%o and 30%o (86mM-500mM)(38, 47, 53, 
54, 56). Ideal salinities are achieved primarily in 
inland coastal areas and estuaries( 46, 57, 58). 
(See Figure 10 for composition of ocean water.) 
Salinity is too high in the ocean and too low in 
fresh water to provide ideal support of Vibrio 
growth. Waters less than 5%o are poorly able to 

support the growth of pathogenic vibrios. Pathogenic forms can growin low salt 
waters if supported by high water temperature and unusually elevated 
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concentrations of organic nutrients(59-61). Experimental micro environments 
demonstrate that high concentrations of organic nutrients can overcome the normal 
requirement of these organisms for elevated salt concentrations(38). 

Association with Eukaryotic Organisms 
Many of the pathogenic Vibrios exploit larger organisms such as plankton, 

shellfish and fish to prolong survival. The chitin found in plankton is extremely 
important in the prolonged survival of Vibrio organisms under otherwise 
unfavorable conditions. The association between chitin and zooplankton has been 
established for V. cholerae(62) , V. parahaemoly ticus(38 , 63, 64), and V. 
vulnificus(65). Apparently all of the pathogenic vibrios use chitin from plankton to 
increase their numbers in the ecosystem. Since the pathogenic vibrios also associate 
with the fleshy part of bivalve mollusks(66), storing shellfish contaminated with 
vibrios at room temperature increases the risk of disease. Seasonal variation in 
cholera incidence caused by consumption of bivalve shellfish is due primarily to 
variation in the numbers of bacteria in the ecological water column rather than 
fecal-oral spreads(38, 46). 

Non-human reservoirs: There is currently no clear evidence that animals are 
involved in maintaining endemic cholera by providing a reservoir for V. 
cholerae-01(38, 59). V. cholerae has been isolated from a variety of birds and 
domestic animals in habitats in non-endemic regions(67). In spite of this type of 
association, the droppings of mammals that graze next to ditches known to harbor 
pathogenic vibrios do not necessarily contain V. cholerae(68). There are intriguing 
data suggesting that birds may serve as vectors for dissemination of V. cholerae over 
wide non-endemic areas. In the central United States, aquatic birds carry toxigenic 
strains of V. cholerae-01 and non 01 sero-type 7 though these regions are not 
involved in either endemic cholera or epidemic cholera(68). 

Viable but Non-Culturable State for V. Cholerae 
One of the most important advances in our efforts to understand the ecology of 

V. cholerae and its effect on human disease was the recognition that the organism 
exists in the environment in a form that cannot be cultured. This form of the 
organism maintains survivability of the organism under conditions that do not 
support growth. This state is called viable non culturable (VNC)(46). VNC 
organisms are dormant under environmental conditions that stress the organism 
either due to changes in either temperature, salinity or organic material 
available(69, 70). The organisms that are viable but non-culturable can be 
distinguished from infectious V. cholerae 01 because they are smaller and they are 
usually spherical rather than comma-shaped(71, 72). The ability of the organism to 
adapt to environmental stress by forming a dormant stage is analogous to 
sporulation seen in other bacterial organisms and allows it to maintain viability 
under harsh conditions. It also has helped explain why the organism seasonally 
resurfaces in a culturable state and produces epidemics . This has led to the 
understanding that this unusual organism can maintain an environmental 
reservoir without the aid of any eukaryotic species(44). 

The realization that the V. cholerae 01 survive long term without assistance 
suggests that the organism is a critical part of the brackish and estuary ecosystems. 
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This idea is supported by the intense association of V. cholerae 01 with 
phytoplankton, algae and zooplankton(73-76). With regard to cholera, the existence 

Environmental 
Reservoir 

Hypertoxigenic Strains 

Starved 
Forms 
(VNC) 

of the VNC form appears now to 
be critically important in 
generating the toxigenic forms of 
the organism that lead to 
epidemic illness . When these 
organisms are faced with 
starvation and undergo the 
transition to the VNC state, it 
appears that they undergo a 
significant increase in 
spontaneous mutations compared 
to when they are fully fed(46). The 
reason for this is not known, but it 
is suspected that the shift to the 
non-replication state is associated 
with a down regulation of DNA 

. repair mechanisms. 
Ecology of Cholera Organisms The role of the extracellular 
!here is a vast reservoir of organisms in the environment products that v. cholerae 01 can 
1n both cultur~ble ~nd non-culturable .(VNC) forms. The produce in influencing the local 
entry ~f organ1sms 1nto the VNC state Increases the ecology in which the organism is 
format1on of spontaneous mutants. Most of these are non- found is unknown. It is known 
toxigenic. whi!e some are hypertoxigenic. T.he that the organism is quite 
hypertox1gen1c forms may reenter the environmental sensitive to the ionic environment 
pool, expand, and cause endemic or epidemic disease. such as the soil concentration, ' 
and it is intriguing that the cholera toxin itself is capable of altering Na+ output by 
other orgamsms. 

Interaction Between the Ecology and Epidemiology of Cholera 
Based on the observations described in the previous section, new hypotheses 

have emerged that explain the generation of highly toxigenic strains of V. cholerae. 
The two major biotypes of V. cholerae 01, classical and El Tor, clearly differ in their 
ability to survive long-term in aquatic ecosystems(46). TheEl Tor biotype has shown 
the capacity to colonize multiple local ecosystems producing chronic endemic 
cholera in Mrica. This phenomenon was less common with the classical biotype 
organisms .that led to the fifth and sixth pandemics. Because of the timing of Koch's 
discoveries, the organisms that caused pandemics one through four were not 
isolated. It has also been shown recently that various forms of both classical and El 
Tor biotypes exist with respect to their capacity to reproduce cholera toxin(77). The 
importance of this variation is not known. Temperature signals regulate production 
of the critical virulence factors by V. cholerae 01(78, 79). Temperature clearly plays 
a key role in this process such that the temperature of 25·c increases toxin 
production( SO) while elevation of temperature to 3TC is a potent down regulator of 
toxin production and produces the heat shock or stress response in the organism. 

V. cholerae 01 mutate under environmental stress conditions and this may 
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explain the existence of both non-toxigenic, toxigenic and hypertoxigenic strains of 
both classical and El Tor biotypes. Strains that are non-toxigenic lack either function 
of their toxigenes or they have completely lost the gene tox. These organisms have 
intact regulatory pathways and are stable in the environment. Most of the 
hypertoxigenic strains have mutations in some part of the regulatory cascade such 
as multiple toxigenes . Furthermore hypertoxigenic strains are usually isolated 
from clinical specimens and are unable to shut off toxin production(46) (Figure 11.) 
It has therefore become unclear whether the organisms in the environment that are 
not toxigenic are regulatory mutants of the toxigenic strains or if the 
disease-causing forms are mutants of the environmentally-derived organisms . This 
author strongly suspects that both scenarios occur such that the emergence of the 
hypertoxigenic strains that have led to pandemics probably arose as environmental 
mutants. The maintenance of disease organisms is dependent on the Vibrio's ability 
to adapt to estuary-like environments. We suspect most of the hypertoxigenic 
organisms that are in the environment were in some sense derived from infe~ted 
humans. The enormous capacity of these organisms to adapt to free living state in 
aquatic environments is critical for the generation and maintenance of endemic foci , 
epidemics, and pandemics. The outbreak of human cholera in Peru in 1991(23) has 
demonstrated the prodigious capacity of V. cholerae to colonize aquatic ecosystems 
in a way that becomes independent of the human host. This precise observation has 
been made in African ecosystems where the pandemic has led to local endemnicity 
on a long term basis(57). The necessary microecology exists for long term endemic 
cholera in South America as seen with non toxigenic strains of V. cholerae biotype 
El Tor in the environment in Brazil(81). 
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4. EPIDEl\flOLOGY 

The histories of epidemiology and worldwide cholera are almost synonymous. 
Therefore, we outlined many important epidemiologic lessons from cholera in the 
sections on history, evolution ofvirulence and ecology (Chapters 1, 2 and 3). In this 
section, we will include a discussion of common sources of infection, risk factors, 
and the Peruvian epidemic of 1991. 

Sources of Infection 
Cholera spreads in both endemic and epidemic patterns by ingestion of 

toxigenic organisms. The ingested organisms can have several different sources. 
The most important and best known source is drinking water. The epidemiologic 
work of John Snow and Robert Koch was critical in establishing the importance of 
Common Sources of Infection drinking water in I?aint~inin~ endemic 

cholera and spreadmg epidemic cholera(10, 
• Drinking-water d 

·:· Fecally contaminated surface water 13, 82-84). For many years, rinking water 
·:· Incompletely sealed wells was believed to be the only source of cholera in 
·:·Food contacted by soiled hands man: It is now clear, however, that drinking 
·:· Ice made from contaminated water water is extremely important, but it is not the 

• Food contaminated during or after only medium used to spread cholera. Fecally 
preparation 

·:- Milk, rice, lentils, potatoes, beans, eggs, contaminated surface water that is used for 
chicken drinking has caused most outbreaks. Treated 

• Seafood water or water obtained from wells is a poor 
·:· Especially incompletely cooked shellfish d' c d' h 1 Th 

• Fruits and vegetables me mm 10r sprea mg c o era. ere are, 
-:- "Freshened" with contaminated water however, cases of cholera spread by 
,, Human waste fertilizer incompletely sealed wells (Figure 12). In 

Sources of Infection addition to standard drinking water, cholera 
is spread by ice made from contaminated 

water. Travelers frequently attempt to maintain drinking water safety by 
consuming bottled soft drinks . This approach is far more effective if the soft drinks 
are not poured over ice, but rather consumed directly from the bottle. 

Many outbreaks of cholera have been traced to contaminated food(23, 85). 
Foods can be contaminated by several different mechanisms. Subjects that are 
shedding cholera organisms in their stool may readily contaminate food during or 
after preparation such as milk, rice, lentils, potatoes, beans, eggs and chicken. 
Similarly, fruits and vegetables sprayed with water to maintain "freshness" may 
acquire cholera organisms during this process. The use of human waste as a 
fertilizer contaminates fruits and vegetables. For these reasons, fresh uncooked 
fruits and vegetables should generally be considered unsafe in cholera endemic 
areas unless the fruit is washed and peeled by the person who eats it. Seafood has 
been common source of food borne outbreaks of cholera. This is not surprising given 
the adaptation of the organism to saltwater as described under the ecology section 
{Chapter 3). This has been the primary form of cholera outbreaks in the United 
States over the past 30 years. 

The final epidemiologic pattern is person-to-person spread. For many years, it 
was believed that V. cholera was not spread person-to-person. Family contacts are 
however, very important in the epidemiology of this disease. (See Table 4.) In the 
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current pandemic, over 50% of families with index cases of severe cholera have 
asymptomatic carriers in the family . The attack rate for cholera among family 

Parameter Classical 

I 
El Tor 

Mean % Mean % 

Family contacts of index cases with cholera 

I 
9 

I 
11 

diarrhea (hospitaized plus non-hospitalized) 

Family contacts of index cases with 

I 
9 

I 
15 

asymptomatic V. cholerae infection 

Families of index cases having additional 

I 
14 

I 
7 

hospitalized cases 

Families of index cases having asymptomatic 

I 
31 

I 
57 

V. cholerae infection(s) 

Table 4 Importance of family contacts in the person to person spread of 

members is higher than the general population in most epidemics that have been 
carefully studied(lO). The enormous shedding of organisms at 107 and 108 bacterial 
per ml of stool causes massive contamination of the bed linens and clothes of infected 
patients. When family members care for ill patients, it is easy for the organism to 
populate the hands of the caregivers heavily. Contamination of hands and clothing 
leads to fecal-oral spread of the organism in a person-to-person manner. This 
phenomenon has implications for the evolution of virulence as discussed pr eviously 
(Chapter 2)(24, 25). Caregivers become unwitting vectors that may lead to increased 
virulence of the disease. 

Another extremely important aspect of cholera epidemiology is that many 
subjects become infected with the cholera organism and shed many organisms in 
the environment without becoming overtly ill . This phenomenon is apparently 
much more common with El Tor biotype than with the classical biotype. Thus, the 
seventh pandemic has reigned for over 30 years without abatement(10). The inability 
to identify carriers and eliminate the carrier state guarantees continued shedding of 
dangerous organisms into the environment. The studies on the evolution of 
virulence would suggest that emergence of milder disease and carrier states is likely 
related to improvement in the water supply. As stated under the evolution section, 
diseases that are dependent on some modicum of health of the infected individuals 
evolve milder disease states. The improvement of water supply is exactly the type of 
environmental change that fosters evolution toward milder disease. We benefit from 
the milder disease of the El Tor biotype, but this phenomenon makes elimination and 
control of this organism considerably more difficult. 

Risk Factors 
Gastric pH: It has been long known that the inoculum size of Vibrio cholera is 

directly related to the risk of developing severe illness(13) (Figure 13). The 
requirement for large inocula has been unequivocally connected to gastric pH. 
During an outbreak in Italy, Pollitzer demonstrated the relationship between gastric 
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acid and risk of cholera(13). He showed that cholera index cases were 5.8 times as 
likely to have had surgery to lower gastric acid than controls. There are soft data to 

s 
Inoculum No Mild 

Diarrhea Diarrhea 
Severe 

Diarrhea Total i 
uggest that histamine 2 antagonists 
ncrease the risk of severe cholera as well. 

10"4 4 9 0 

10"6 0 28 14 

10"8 0 1 1 

Figure 13 Relationship between 
inoculum size and severity of 
disease 
The risk of developing cholera symptoms is 
related to the size of the inoculum. This 

13 

52 

2 

c 
0 

s 
:;, 

The second major risk factor is family 
ontact, which was discussed under sources 
f infection. Nutritional status has been 
uggested as an important independent risk 
actor, but its independence as a risk factor 

h as been difficult to demonstrate. 
Finally, the most fascinating risk factor 

is blood group antigen 0 . Clearly subjects 
with blood type 0 in the ABO system are 
substantially more likely to experience 
se,rious illness during cholera epidemics(86-
89). This phenomenon is apparently 
important enough that blood group 0 has 

experiment was performed on normal become much less prevalent in the Ganges 
volunteer~. There was a pos.itive c~rrelation Delta. Investigators have suggested that the 
between Inoculum and seventy of diarrhea. subjects with blood group 0 have been 
selected out by a high mortality rate due to severe diarrhea in childhood(90). The 
molecular basis for this phenomenon has not been described. It is known that the 
phenomenon is not related to increased colonization of the small bowel but is related 
to disease severity(88, 89). It may be instructive to consider the role of the glycosyl 
transferases A and B in the ABO system. All three transferases--A1, A2, and B--use 
a UDP activated sugar to add a single sugar moiety to a terminal galactose in 
glycoproteins or glycolipids(91). The A glycosyl transferases add an 
N-acetyl-galactosamine (GalNAc). The B glycosyl transferases add an a galactose to 

the terminal ~ galactose of nascent glycoproteins or glycolipids. This observation is 
intriguing because the receptor for cholera toxin, GMb is a glycosyl-ceramide whose 
terminal sugar moiety is galactose. Multiple modifications of this basic ganglioside 
structure have been tested for cholera toxin binding activity. Essentially, all of the 
modifications tested to date have revealed that only this structure is capable of 
binding cholera toxin and stimulating adenyl cyclase(92) . The precise modifications 
that would be predicted by A and B galactosyl transferase activities have not been 
specifically tested. However, the relationship between disease severity and blood 
group 0 suggest that the unmodified GMl glycolipid may be present in greater 
abundance in patients with blood group 0. We think this is a likely explanation for 
the molecular basis of the dramatic difference in risk of death from cholera related to 
blood group 0 . (See Chapter 5 for details of toxin-receptor interactions.) 

Peru.vian Epidemic 
Next, we'd like to turn to the most recent well-characterized, large scale 

epidemic of cholera. In 1!191, Peru experienced a sudden, unexpected and explosive 
cholera outbreak. This outbreak was surprising in many respects. South America 
had not experienced cholera epidemics for nearly 100 years in spite of multiple dire 

32 



predictions for earlier epidemics(23, 93). In the summer of 1991 (January, February, 
March), a massive outbreak began on the Peruvian coast. The outbreak began in 
multiple locations on the same day. The dramatic increase in cases that occurred 
early in the epidemic was due to simultaneous increases in multiple areas of the 
country rather than a sequential spread throughout the nation. At the end of the 
second week of the epidemic, the number of cases per day increased suddenly from 
around 200 to over 2,000 (Figure 6). The same figure shows the number of cholera 
cases reported as new cases and hospitalized during this six-week rampage. 
Remarkably few people died in the Peruvian cholera epidemic as shown in Figure 7. 
Overall death rate during the entire epidemic was slightly less than 1 %(23) . Peru 
and other South America countries had prepared for cholera epidemics in the early 
1970s. The widespread national preparation in planning 20 years earlier paid 
enormous dividends with the unexpected outbreak in 1991. As discussed in the 
ecology section, it is likely that the simultaneous onset of this disease in multiple 
areas of the country was related to toxigenic strains of the organism emerging in the 
environment and multiplying there during the warm summer months. What likely 
occurred is that the organism finally reached a high enough density in the 
environment that the standard drinking water inoculum was sufficient to cause 
cholera in many patients simultaneously. We will return to the Peruvian epidemic 
in later sections on treatment to learn from the masterful handling of this grave 
situation by the Peruvian health care system. 
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5. PATHOPHYSIOLOGY 

Cholera is the prototypic disease that causes secretory diarrhea. Secretory 
diarrheas are characterized by an imbalance in either Na+/Cl- absorption, Cl
secretion, or both(94). Therefore, secretory diarrheas cause persistent symptoms 
during fasting. Furthermore, stool osmolality is entirely due to Na+, K+, and their 
associated monovalent anions. Cholera has provided an extraordinary opportunity 
for characterizing these normal functions in intact intestinal epithelia. To better 
co2 Apical Na+ understand how cholera 

+ - H co +---_ Amino / • d 1· c th t · H
2
o 2 3 . c1· Na+---.. Na+ Cl' Na+ Acids Na+ Glucose ln UCeS lle- rea en1ng 

diarrhea, we will discuss 
normal absorption of N a+ and 
secretion of Cl- before 
discussing their derangements 

cti in the cholera syndrome. 
~ Basolateral Na+fK+ ATPase -Sodium 

Absorption 
~pumps provide the major 

_..,......,,....-+Na+ ~ source of energy for extracting 
~ N a+ /Cl- from the intestinal 

lumen. Together with the K+ 

Basolateral 
Figure 14. Sodium Absorption 
This cartoon show the major transport processes that move 
Na+ into or out of the cell. These include the sodium/proton 
antiporter, the c-AMP inhibitable sodium/chloride 
cotransporter, facilitated diffusion of amino acids and 
monosaccharides, and the sodium/potassium A TPase pump. 

channel that allows back-leak 
ofK+ (Figure 14), the Na+fK+ 
pump generates and maintains 
a steep electrochemical 
gradient for Na+ . In Figure 14, 
we show the major 
mechanisms by which Na+ 
enters the enterocyte on the 
a pi cal surface( 94). The first 
mechanism depicted shows the 

coupling of Cl-IHCOs- exchange with the Na+fH+ antiporter. The driving force for 

these paired reactions is the Na+ gradient. The Na+ gradient is so steep that Cl
accumulates against an electrochemical gradient via this mechanism. The high 
intracellular (Cl-) is critical in the pathogenesis of cholera. The second scheme 
depicted in this figure is a Na+/Cl- diffusion facilitator that again uses the Na+ 
gradient as the energy source. Both Na+ and Cl- enter on this exchanger at a 1:1 
stoichiometry, and this process is inhibited by cyclic-AMP (important in cholera 
pathogenesis). The next two exchangers depict facilitated diffusion of digested 
amino acids and glucose with Na+. Again, the Na+ gradient provides much of the 
energy for these specific transport process. In particular, the Na+-coupled 
absorption of amino acids and sugars is not regulated by cyclic-AMP at all. In 
addition, there is aNa+ channel that allows direct leak ofNa+ ions into the cell which 
of course is favored electrochemically. Combinations of these processes appear to 
account for virtually all of the Na+/Cl- absorption accomplished by enterocytes. 
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It is essential to understand Cl- secretion by enterocytes separate from Na+ 
absorption. Figure 15 displays the actions of the major proteins known to be involved 

Apical in apical Cl- secretion by 

Chloride 
Secretion 

enterocytes(94) . Again, the 
N~+fK+ ATPase pump and 
basolateral K+ . channel provide 
the gradient that drives the 

'i entry ofNa+ and Cl- into the 
a> cell. The major transporter 
1il that is responsible for Cl

-.,..J...,._. Na+ ~ accumulation in the cell is the 
~ exchanger shown on the left of 

Figure 15 that allows entry of 
Na+, Cl- and K+ on a 1:2:1 
stoichiometric pattern. Thus , 
these ions enter in an 

Basolateral electroneutral fashion with the 
Chloride Secretion energy provided by the Na+ 
These are the major additional transports known to play a gradient again. There is a CI-
rcle in chloride secretion. Sodium, chloride, and potassium channel on the apical surface 
enter the cell in a 1 :2:1 ratio from the base lateral surface that allows egress of Cl- from 
via a single transport process . The sodium gradient is the enterocyte to the lumen. 
maintained by the sodium/potassium ~ TPase ~ausing chlori.de This process is slow only 
to accumulate against its electrochemical gradient. The ap1cal because this channel is 
chloride transporter is sensitive phosphorylation and allows normally down-regulated. The 
rapid chloride egress. other processes described 

under Na+ absorption (Figure 14) lead to 
accumulation of Cl- within the cell against 
an electrochemical gradient. Alterations of 
the apical Cl- channel that enhances leak of 
Cl- will promptly lead to substantial Cl
secretion because secretion is energetically 
favored . Under the influence of rising 
cyclic-AMP levels, protein kinase A 
phosphorylates the Cl- channel leading to 
massive increases in Cl- secretion. The 
diarrheas characterized by Cl- secretion 

Ganglioside G M1 occur because of phosphorylation of this all 
. . important Cl- channel. 

F1gure 16 Cholera Tox1.n Recept~r . The pathophysiology of cholera per se is 
The receptor for cholera tox1n the glycolipid, a fascinating story characterized by 
ganglioside GM1 · The order and number of interaction between a cell surface receptor 
monosaccharide constituents is critical for and a bacterial enterotoxin. The receptor for 
cholera toxin binding. cholera toxin is the ganglioside 
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(glycosylceramide) known as G~u(95). The basic structure and attachment of the 
GM1 ganglioside to the cell membrane are shown in Figure 16. Gangliosides 

Choleragen 
(Mr=84,000) 

A 
(Mr=27,000) 

~ 

-~ A1 A2 
Mr=22,000 Mr=5,000 

B 
(Mr=58,000) 

t 
0 

(Mr=11,600) 

Figure 17. Choleragen Subunit Structure 

consists of a ceramide that anchors 
the compound to the membrane 
attached to a series of sugar 
residues. The number, position, 
and linkage of these sugar residues 
are critical for its function as 
receptor for cholera toxin. The 
structure shown in Figure 16 has 
undergone multiple minor 
modifications, and all of them tested 
to date eliminate toxin binding 
activity(92). The receptor for cholera 
toxin interacts with the complex 
toxin molecule shown in Figure 17. 
Cholera toxin is also called 
choleragen. 

The cholera toxin subunits are the product of a single 
gene. The larger portion of the A subunit contains all 
the toxin activity. The A subunit must associate with 
five B subunits to bind to the cholera toxin receptor. Choleragen 

has a molecular 
weight of 84,000 and 

~~~HH~~~contains six 

m.._ Cholera 
\...{'fJ Toxin 

.~////// ////// /~v 
/ // Plasma Membrane / //; 
///////z:::s//( /// 

Adenyl Cyclase 
(Inactive) · 

~~~~~~~~~~i~~· :r~ve of 
called B, and their 
monomenc 
molecular weight is 
11,600. These five B 
moieties surround 
the A moiety whose 
molecular weight is 
27,000. The A 
subunit of choleragen 

c-AMP has two polypeptide 
ATP chains joined by a 

Choleragen Mechanism of Action single disulfide bond. 
The first panel shows choleragen, its receptor molecules and adenyl R.eduction of this 
cyclase prior to any interactions. The toxin binds to receptor molecules disulfide b_ond leads 
in the second panel. The A subunit detaches from the toxin complex and to generation of two 
penetrates the membrane in the third panel. In the fourth panel, the fragments kno"':n as 
disulfide bond in the A subunit is reduced releasing A 1 and A2. Finally, Al.and A2. A1 IS the 
the A 1 subunit leads to ADP-ribosylation of a G-protein permanently ult~mate cellular 
activating adenyl cyclase and producing large amounts of cyclic-AMP. toXInh. ~he b h' h 

mec anism y w IC 

this toxin interacts with receptors and leads to increased cyclic-AMP production is 
shown in Figure 18. Cholera toxin in the first section of the figure is shown floating 
freely in the lumen with two molecules of the ganglioside ~1 randomly located in 

36 



the plasma membrane. Adenyl cyclase is shown on the inner leaflet of the 
membrane in its inactive state. The cholera toxin binds ~1 gangliosides with high 

Llgand· Receptor affinity shown in the second panel. After the 
Interaction: 

P-adrenerglc receptor COmplete choleragen molecule has interacted 
GTP l GOP 
)' _ '\_ with its receptors , the A subunit separates from 

GT}P~a.apy ~ aot-o•u(ly the five B subunits and crosses the plasma 
------ o~y .... 

1 
membrane. The mechanism by which this 
extraordinary" event occurs is not well 

GTP-G .,;e ~ GOP-G • 
{Activ;, t ~ <'n•c•"-•l•a understood. Upon entry mto the membrane, the 

atockedbyAoP· p 1 cholera toxin A subunit undergoes redu~ction of 
RlboayJauonota,"' its disulfide bond to form two thiol proteins, Al 

Figure 19 G-protein cycle and A2 (fourth panel). The Al subunit 
This cartoon depicts the standard G- ultimately leads to the ADP-ribosylation of an 
protein cycle highlighting the point of adenyl cyclase. ADP-ribosylation blocks the 
ADP-ribosylation that leads to long term ability of the G-protein adenyl cyclase complex to 
activation of adenyl cyclase in cholera. hydrolyze GTP. The arrest of the G-protein cycle 
ADP-Ribosytat!o~ of Proteins at this point causes the adenyl cyclase to be irreversibly 

at Argmmes activated. Thus, at the inner leaflet of the membrane, 

~ 
Pr£ein NAU ~ . 

{A · . ) ADP-Ribosyl Protem 

rg\•ne ADP· ~ine) 

~ 
Figure 20 ADP-
Ribosylation Cycle 
This schematically represents 
the cyclic ADP-ribosylation of 
proteins at critical arginine 
residues. 

this enzyme produces prodigious amounts of 
cyclic-AMP. To better understand how this occurs, we 
will review some basics of G-protein biology worked out 
largely at our institution. G-proteins undergo a cycle 
summarized in Figure 19. In this figure we show the 
interaction of a ligand with a receptor initiating the 
G-protein activation process. One of the best 
characterized examples is the ~-adrenergic receptor. 
The interaction of the ligand with the receptor leads to 
replacement of the GDP with GTP on the G stimulatory 
protein shown here as Gsa.Py· The GTP bound form of 
the G stimulatory protein is active. The active form 
GTP•Gsa in our case activates adenyl cyclase until GTP 

hydrolysis converts the active GTP•Gsa to the inactive GDP•Gsa· The conversion of 
the active GTP bound Gsa to the inactive form is blocked by ADP ribosylation of Gsa· 
Choleragen ultimately leads to ADP-ribosylation of Gsa.· Since this modification is 
covalent and there is no efficient system for removal of ADP-ribose from Gsa, the 
effect of cholera toxin lasts as long as the affected cells are alive. This is important 
in the duration of this illness. The cycle of ADP-ribosylation is shown in Figure 20. 
Proteins are generally ADP-ribosylated at arginine residues using NAD as the 
ADP-ribose donor. For many years it was believed that cholera toxin led directly to 
ADP-ribosylation of Gsa· Investigators at our university(96) showed, however, that 
an ADP-ribosylation factor CARF) was also required for cholera toxin-induced Gsa. 
activation of adenyl cyclase. The details of this process have now been largely 
characterized and are summarized in Figure 21. At the left side of the figure, ARF 
is shown to bind GTP. In parallel, cholera toxin binds its receptor leading to the 
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passage of the A subunit into the membrane and formation of the A1 thiol portion of 
the toxin. This protein interacts with the ARF•GTP and is an essential factor in the 

ARF Cholera Toxin ADP-ribosylation of Gsa· The 

ARJGTP'... / AfsH ADP-ribose Gsa then binds GTP 
~ ~ irreversibly because of the presence of 

ARf=.GTP•A1-SH" 
-... . the ADP ribose. This covalently 

G 
~[o v 

sa AOP-Aibose-Gsa modified G-protein complex then 
[...-GTP 
~ interacts with inactive adenyl cyclase to 

ADP-Ribose-Gsa·GTP· permanently activate the enzyme. This 
I ~~~~c~~~'tse produces large amounts of cyclic-AMP 
f from ATP stores in the cell. 

AOP-Ribose-G
5

a •GTP*•Cyclase (active) 

r----v 
ATP cyclic-AMP 

Figure 21 Summary Choleragen 
Activation of Adenyl Cyclase 
This is an up-to-date model of the mechanism of 
action of cholera toxin. The toxin interacts with a 
GTP binding protein to assist in the ADP
ribosylation of Gsa. This leads to GTP binding and 
activation of adenyl cyclase to produce cyclic-AMP. 

Rising cyclic-AMP levels are 
essential for the generation of diarrhea 
in cholera but the effect of cyclic-AMP 
is indirect. Cyclic-AMP strongly 
influences the conversion of inactive, A 
dependent, protein kinase to the active 
protein kinase A which phosphorylates 
multiple proteins on the cell 
membrane. One of these proteins is the 
Cl- channel located on the surface 

Cl (Figure 22). The activation of the 
Cl- channel leads to profound Cl
secretion because other channels 
continually generate an 
environment favorable for 
downhill secretion of Cl- to the 
intestinal lumen (Figures 14 and 
15). Since the covalent 
modification of Gsa leads to ATP 

Figure 22 Regulation of Chloride Secretion 

permanent activation of adenyl 
cyclase, the ultimate 
phosphorylation of the Cl
channel is maintained for the life 
of the cell. 

The production of cyclic-AMP activates protein kinase A 
that phosphorylates the chloride channel. The chloride 
channel then drammatically increases its transport of 
chloride to the lumen of the intestine. 

These events lead 
ultimately to profound losses in 
Na+, Cl-, and HC03-. A 

compendium of mean changes in serum electrolytes and anion gaps before and after 
volume repletion is shown in Table 5(97). The fluids and electrolytes lost in the stool 
approximates an ultrafiltrate of plasma. The acidosis caused by cholera would be a 
low anion gap acidosis if it were due totally to HC03- loss. However, the severity of 
anion depletion is often high enough that lactic acidosis supervenes, creating a 
mixed picture of a non anion gap and lactic acidosis. 
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Parameter I Before Volume I After Volume I Convalescence I P-va luea 
Repletion Repletion 

Sodium (mmol/1) 134.8±3.5 139.5±2.2 138.6±2 .6 <0 .001 
Potassium (mmol/1) 4.6±.0 .6 4.7±.1.2 4.0±.0.6 <0 .01 
Chloride (mmol/1) 1 03.2±.4.4 107.1±.1.9 104.6±.3.1 NS 

Bicarbonate (mmol/1) 17.8±.2.8b b <0.001 
11.4±.4.0 22 .6±.4.0 

Anion Gape (mmol/1) 14.6±.2.8d 11.4±.3.0d 
<0.001 

20 .2±.3.4 .8 <0 .001 
Protein (g/dl) 10.8±.1.3 6.6±.0.8 6.5±.0 .6 <0.001 
Lactate (mmol/1) 4.05±.1 .96 --- 1.61±.0.90 <0.001 
Phosphate (mmol/1) 4.4±.1 .3 2.0±.0.8 1.9±.0 .5 <0.001 
Creatinine (mg/dl) 2.48±.1.01 1J±.0.81 1.02±.0.92 <0.001 
Calcium (mg/dl) 11 .6±.1 .0 8.5±.0.6 9.1±.0.5 <0.001 
Magnesium (mg/dl) 3.1±.0 .5 2.0±.0.4 2.1±.0 .3 <0.001 

I 

a P-values by paired student's t-test comparing mean values on admission and during 
convalescence. 

bMean HC03- values are significantly higher after volume repletion than on admission (before 

volume repletion) and are higher during convalescence than after rehydration (P<0 .001 ). 

c Anion gap+ Na+- (CI - + HC03-); normal range 8 to 12 mmol/liter. 

dMean anion gaps are significantly lower after volume repletion than on admission (P<0.01) and 
are lower during convalescence than after volume repletion. 

Table 5 
Serum Electrolytes, Anion Gaps, and other Biochemical Parameters 
before Rehydration , after Rehydration, and during Early Convalescence 
in Adult Patients with Severe Cholera 

Connection to Cystic Fibrosis 

Cystic fibrosis (CF) is the most common lethal genetic disease in humans(98). 
Descendants of Europeans are the primary carriers of this defective gene(99) that 
kills when homozygous but produces no symptoms when heterozygous . Its high 
frequency (1:25) suggests that heterozygotes have been strongly selected. The CF 
gene appears to code for either the apical Cl- channel itself or one of its regulatory 
domains . This raised the intriguing hypothesis that the CF gene became common 
because it decreases the risk of death due to cholera(lOO). 

This hypothesis has not been proved but there is strong circumstantial 
evidence to support the concept. First, Klinger(101) has suggested that the most 
common causes of infant mortality between A.D. 500 and A.D. 1500 were epidemic 
cholera, plague, smallpox, typhus, and tuberculosis. Therefore mutations that 
protect from any one of these diseases when heterozygous could easily increase in 
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frequency just as the "0" blood group has decreased on the Indian subcontinent. 
Second, the chloride channel in CF cells cannot be activated by cyclic-AMP 
dependent protein kinase A(102-104). While, it is not entirely clear whether the CF 
gene product is the CF channel itself or one of its regulatory domains, this type of 
defect is exactly what one would expect to offer protection from cholera. The CF -Cl· 
channel is not completely defective since it opens in response to increased 
intracellular Ca++ and membrane depolarization. The CF-Cl· channel is 
unresponsive to cholera toxin so heterozygotes probably have only half as many 
cholera toxin sensitive Cl· channels(100). We would expect the diarrhea induced by 
cholera in CF heterozygotes to be only half as severe as normal. If true and if 
classical cholera were sufficiently common, then unresponsiveness of half of one's 
Cl· channels to cholera toxin could well have provided the intense selection pressure 
required to increase the CF gene frequency to current levels. 

Enteric Nervous System 

Most of the studies characterizing the pathophysiology of cholera toxin use 
either epithelia mounted in Ussing chambers or intact ileal loops. Lundgren's 
group has done multiple studies sugges.ting that the cholera disease model is 
oversimplified(105, 106). In recent studies, they showed that ablation of the afferent 
limb of the myenteric plexus with benzalkonium chloride(107, 108) eliminated the 
ability of cholera toxin to induce intestinal secretion(106). These denervated loops 
still responded maximally to VIP. These interesting findings suggest that the 
cholera toxin model should be expanded to include the enteric nervous system. 

El Tor vs. Classical 

The severe form of cholera was much more common with the classical biotype 
of V. cholerae. The best estimates suggest there was a 1:1 ratio of mild to severe 
cases with the classical biotype while the ratio is 7:1 mild to severe for El Tor(109) . 
Average loss of fluids in 40 kg adult Bengali males has been measured to be between 
25 and 30 liters(110). The disease can be complicated by acute tubular necrosis and 
hypoglycemia, but most of the deaths are caused by simple hypovolemic shock(1). It 
should be noted that cholera in children currently is a more severe illness than in 
adults. The extensive studies performed in Bangladesh(111) have shown that the 
case fatality rate in children is 10 times that of adults. This distinction has not been 
as easy to demonstrate in naive populations if affiicted with sudden epidemics. 
Bangladesh is a special case because there is a high rate of endemnicity. Most living 
adult patients have had cholera before and have some degree of immunity to the 
organism and toxin. The difference in case fatality rates may be due to the protection 
in adults of having had the illness before and elimination of the most susceptible 
subjects during childhood . in endemic areas( 1). 
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6. THERAPY 

The most critical step in the management of cholera is recognizing whether a 
patient may have it based on the pace of the illness. Severe cholera presents very 

Management of Suspected much like the patient described at the 
Cholera beginning of this Grand Rounds. The history, 

if obtainable, is one of explosive onset of watery 
• Assess volume status 
• Replace estimated volume loss and reassess 

diarrhea that persists in spite of home 
remedies. Patients may progress to severe 
volume depletion within 2 to 4 hours. The 
capacity of the illness to produce death from 
volume depletion within a morning or 
afternoon requires efficient evaluation and 
therapy. This is especially true since the 

• Match replacement with measured losses 
• Administer an oral antibiotic if volume loss severe 
• Feed the patient as soon as possible 

Figure 23 Management of 
Suspected Cholera 

Volume Volume 
Normal Depleted 

General- Well, alert Restless, 
Condition irritable 

Eyes Normal Sunken 

Tears Present Absent 

Mouth Tongue Moist Dry 

Normal Thirst Thirst 
Thirsty 

Goes back Goes 
Skin Tenting back quickly s lowly 

Figure 24 Volume Status 
Assessment 

disease often presents in an epidemic form, and 
physicians may be faced with hundreds of 

atients per day. The steps in the 
anagement of suspected cholera are 

utlined in Figure 23. They are to: 1) 

Severe rP; 
Depletion 1m 
Lethargic, 0 unconscious 

Very sunken, 
drv 

Absent 

Very dry 

Unable to 
drink 

Tents 

as sess volume status, 2) replace estimated 
olume loss and reassess the patient, 3) 
atch replacement with measured losses , 
administer an oral antibiotic in severe 

ases, and 5) feed the patient when possible. 

tv I 
tm 
A) 

c 
The first step is the assessment of the 

tp: atient, and an outline of assessment of 
volume depletion is presented in Figure 24. 
In spite of the short duration of illness, 
patients may become severely volume 
depleted after 3 to 4 hours of illness and 

Assess Volume Volume Severe p resent lethargic or unconscious as our patient 
id. Our patient's illness was less than 4 hours 
ld. As seen in our patient, the eyes may appear 
ery sunken and the sockets dry with no tearing 
n the eyes. Cholera can acutely cause the 

·Normal Depleted Depletion 

Ringer's Lactate Give ORS as Send home with 
in Table ORS packets 

30 mVkg FAST Monitor Often 2000 mVday 

70 mVkg 2 hrs Assess 4 h 

Monitor Otten 

Give ORS 5 ml/kg 
per hour 

Reassess Volume 

Start Over Start Over 

Figure 25 Volume Repletion 

d 
0 

rv 
1 

mouth to appear chronically parched. Severe 
ases display marked tenting of the skin. c 
Based on the initial assessment, volume 

d epletion efforts will begin staged as described in 
Figure 25. Patients who have normal volume 
can be sent home with packets for making oral 
rehydration solution (ORS) and cautioned about 
the progression of symptoms to severe diarrhea 

warranting reassessment. ORS should be used to treat patients who are mildly 
volume depleted (Figure 26). These patients can be managed simply by frequent 
monitoring and reassessment of how much ORS to give. Patients who are severely 
volume depleted must be treated with intravenous fluids to replace intravascular 
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volume. Severe volume depletion produces an inability of the patient to cooperate and 
assist with therapy, making oral rehydration solution useless. The goal of 

Treatment with CAS-First Four Hours 
intravenous therapy is to rapidly convert 
the patient from severely to mildly depleted 

Age 
< 

4 4
_
11 12

_
23 

so that ORS can be given. The use of ORS 
mos mos mos 2·4 yr 5"14 yr > 15 yr has completely revolutionized the treatment 

of cholera. Cholera could easily be 
<5 5-6.9 8-10.9 11- 16-

Weight kg kg kg 15.9 kg 29.9 kg > 30 kg managed with intravenous therapy if the 
number of patients encountered were 

200- 400- 600- 800- 1200- 2200-
0RS (ml) 4oo 6oo 8oo 1200 2200 4ooo small. In the small rural African hospital 

Figure 26 Use of Oral Rehydration 
Solution 

where our patient was seen, the number of 
cholera cases we saw per day was never 
more than two or three so that all of them 
were managed with intravenous fluids. In 
large epidemics as was seen in Peru in 

Preparing 10 liters of ORS 1991, this approach is completely impractical. 
There were single days during that epidemic 

• Dissolve sugars and salts in boiled 
or chlorinated water 

• Use within 24 hours 
·>Salt 35 g 
·> Potassium chloride 15 g 
·:· Trisodium citrate 29 g 
·:· Sodium bicarbonate 25 g 
·:· Glucose anhydrous 200 g 
-=· Sucrose 400 g 
·> Glucose monohydrate 220 g 

PLUS 
PLUS 
OR 
PLUS 
OR 
OR 

Figure 27 Preparation of Oral 
Rehydration Solution 

when more than 4,000 new cases of severe 
disease emerged (Figure 6). The development 
of ORS has been extremely important in the 
management of epidemic cholera. It takes 
advantage ofthe observation that Na+ uptake 
mechanism in the enterocyte connected to 
nutrient solute uptake (glucose and amino 
acids) is unaffected by cholera toxin (Figure 
14). The Na+/Cl· co-transporter and Cl· 
channel are the major proteins affected by 
cholera toxin. Thus other pathways that 
contribute to Na+ absorption can be exploited to 

replete volume in these critically ill patients. The most effective systems to date have 
utilized the facilitated diffusion system for Na+ and glucose. The ORS is essentially a 

Antibiotic Therapy near isotonic solution containing NaCl, KCl, 

Antibiotic 

Doxycycline 
(once) 

Tetracycline (qid 
3d) 

TMP-SMX (bid 3d) 

Furazolidone (qid 
3d) 

Children 

12.5 mg/kg 

TMP 5 mg/kg 
SMX 25 mg/kg 

1.25 mg/kg 

citrate and HCOs· to replace base loss and a 
Adults carbohydrate source, either sucrose or glucose. 
300 mg 

500 mg 

A recipe for preparing 10 liters of ORS 
recommended by the World Health Organization 
is presented in Figure 27. Patients are often 

~~~ ~~g ~~ frightened by drinking large amounts of fluid 
100mg 

Figure 28 Antibiotic Usage in 
Cholera 

during diarrheal illnesses and must be taught 
that this is a life saving therapy. The gastro colic 
reflex contributes to convincing many patients 
that the ingestion of food or water is causing the 
diarrhea, causing them to avoid oral 
replacement. Widespread use of oral volume 

replacement has contributed significantly to the fall in cholera-induced mortality 
from the 50-to-70% range of the previous century to the <1% observed in Peru in 
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1991(23). Antibiotics are also useful in shortening the course of the diarrhea and 
should be used in severe cases. Mild cases of cholera should not be treated with 
antibiotics. The best antibiotics to date are doxycycline, tetracycline, 
trimethoprim-sulfamethoxazole, and furazolidone. The recommended doses of 
them for children and adults are shown in Figure 28. 
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7. PREVENTION 

Prevention is the mainstay of cholera management. The key steps here are to 
improve water supplies and sanitation. If both of these are accomplished, cholera 
Making Water Safe to Drink endemnicity is very difficult to maintain. 

For patients who live in areas where cholera 
is either endemic or epidemic, it is critical 
that specific instructions are available on 
how to prevent obtaining cholera by the 
waterborne route. Figure 29 shows an 
outline of different strategies for preventing 
cholera transmission when the water supply 
is known to be contaminated. These systems 
of chlorination or water boiling are 
universally effective in preventing strict 
waterborne transmission of the disease. It 
does not, however, prevent transfer by food or 
by contamination of water supply within the 
home of an infected patient. 

• Make a stock solution of chlorine (1% 
by weight) 

·:· Add one of the following to 1 liter water 
• Calcium hypochlorite (70%) 15 g 
• Chlorinated lime (30%) 33 g 
• Sodium hypochlorite (5%) 250 ml 
• Sodium hypochlorite (1 0%) 110 ml 

·:· Store stock in cool, dark place < 1 mo 
• Using stock solution to make safe 

water 
·:· Use 0.6 ml or 3 drops of stock/liter 
·:· Let stand for at least 30 min 

• If the water is turbid 
·:· Filter before chlorination 
·:· Boil vigorously for 1 min 

Figure 29 Preparation of Safe 
Drinking Water 

Public health officials must provide 
easily understood instructions on how to 

Public Education re: Cholera prevent cholera. Specific items shown to be 

• To prevent cholera 
·:. Drink water only from safe sources-NO 

exceptions 
·:· Cook food or reheat it thoroughly, eat 

it hot 
·:· Eat uncooked food only if pealed or 

shelled 
·:· Hand washing before preparing food 
·:· Hand washing after contact with feces 
·:> Sanitation!!! 

Figure 30 Cholera Education 
The WHO has found these items particularly 
useful in educating populations at risk for 
cholera epidemics. 

useful in educating the public in epidemic 
areas are outlined in Figures 30 and 31 from 
the World Health Organization. It is 
especially important for people to not become 
discouraged with the onset of cholera in 
their area because cholera should not be 
fatal any longer with ORS availability. 
Openness about the reporting of cholera and 
the awareness of cases and spread is 
essential in its control. Stigmatizing 
countries that have experienced cholera 
epidemics has proven to be a major mistake 
because it tends to cause underreporting 
leading to inadequate control measures. 

Public Education re: Cholera Control measures proven to be inadequate and 
not worth using in controlling cholera are 

• Remember 
·:· Properly treated, cholera is not fatal 
·:· Obtain proper treatment promptly 
·:· Replace fluid losses immediately 
·:· Cholera vaccination is not 

recommended 

Figure 31 Cholera Education 

listed in Figure 32. 
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Ineffective Control Measures 
• Chemoprophylaxis 

·:·Too cumbersome, too slow, effects of 
antibiotics too short, requires mass Ax and 
isolation 

• Vaccination 
·:· Not potent enough 
·:· Often not effective, vaccination may not 

protect 
·:· Any protection is brief (3-6 months) 
·:· NO effect on asymptomatic infections 

• Travel and trade restrictions 
·=- Widespread isolation impossible 

Figure 32 Ineffective Measure Tried 
in the Past 
These measures have all been tried many 
times in efforts to control cholera epidemics 
and have been found wanting. 

Human cholera is a fascinating disease that has caused enormous suffering 
but has also been the instrument of education for entire fields of medicine. These 
include the germ theory, epidemiology, membrane biology, sanitation, international 
cooperation, transmembrane signalling, G-proteins, preventive medicine, ecology of 
disease, evolution of virulence and development of outpatient-based therapies for 
life-threatening illnesses. The depths of learning opportunities have been fully 
explored as we expect new discoveries especially in the genetic regulation of 
virulence factors to continue to enrich our understanding of health and disease. 
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