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1885 Cholera Controversy: Klein versus Koch

Bruno Atalic

ABSTRACT
This paper will try to give new insight into the Cholera
Controversy, which occurred 125 years ago. The majority
of papers already written on the topic have emphasised
the role of Robert Koch who described the comma
bacillus as the cause of cholera epidemics. At the same
time they have marginalised the role of Emanuel Edward
Klein by stating that he was wrong when he objected to
Robert Koch’s statement, because as an employee of the
British government he was politically motivated.
Moreover, they have paid barely any attention to Klein’s
writings on the subject. In this paper I will try to
approach his attitudes from the scientific, not political,
perspective and try to explain the reasons why he
challenged Koch.

INTRODUCTION
During the 19th century cholera was a major
epidemic disease and it was seen as an exemplary
miasmatic disease, which meant that it was
assumed that it was caused by miasmas and not
germs, and so it should be treated with sanitation
and not with quarantines. It was endemic in India,
but occasionally it caused pandemics reaching as far
as Britain. The first was in 1817, then further
pandemics in 1826e1837 and 1841e1859. The true
cause of cholera was first identified by the Italian
physician Filippo Pacini in 1854, but his findings
remained localised to Florence.1 Also at this time, in
the case of the Broad Street Pump epidemic in
London in 1849, the first controversy arose when
the British anaesthetist John Snow first linked
cholera to polluted drinking water but which was
rejected by general opinion. There was another
outbreak in 1863e1874, and finally, one in 1881e96
which was the most controversial.2 According to
estimates, it killed 100 000 Egyptians.3 Moreover, it
coincided with two British involvements in Egypt:
the appropriation of the majority of the Suez Canal
shares in 1875 and the dispatching of troops in
order to protect Europeans after the uprising in
1882.4 According to Ogawa, all three contemporary
European super-powers had their interests in this
epidemic. Germany wanted to accuse Britain with
the notion that cholera was brought from India to
Egypt by its ships passing through the Suez Canal;
Britain wanted to refute these accusations in order
to protect its stronghold in Egypt; and France
wanted to show its scientific superiority after the
military defeat by Germany in 1871. Consequently,
all three states sent their commissions to investi-
gate the cause of the epidemic.4 The British
commission of 10 physicians, under the leadership
of Surgeon-General William Hunter, arrived in
Cairo on 26 July 1883 with a budget of £6837. Their
research consisted of chemical and microscopic

examinations of water from Cairo and Damietta,
using unsophisticated techniques, and from a sani-
tarian viewpoint. Hunter presented his results in
a lecture to the Epidemiological Society in London
in January 1884, with the conclusion that the cause
of this cholera epidemic was the result of unusual
weather conditions, meaning that it was endemic
to Egypt and not introduced from India, for which
he was made Knight Commander of the Order of St
Michael and St George.4

The French commission was advised by Louis
Pasteur and composed of Isidore Strauss, Emile
Roux, Edmond Nocard and Louis Thuillier. Pasteur
(1822e1895) was a chemist who investigated
a range of topics like crystallography, micrography,
veterinary medicine, microbial fermentation and
pasteurisation in 1863, disease of silkworms in
1865, fermentation of beer in 1871, and vaccination
against rabies in 1885.5 They arrived in Alexandria
in August 1883 with a budget of 50 000 francs.
They organised the laboratory for microscopic
observations and animal inoculations in the Euro-
pean Hospital, but had a problem in finding enough
cholera victims because the epidemic was past its
peak. They managed only to describe the tiny
particles in the blood of the 24 cholera victims.
After Thuillier contracted cholera himself and
eventually died, they decided to return home.3

The German commission was formed under the
guidance of Robert Koch, and composed of Georg
Gaffky, Bernhard Fisher, and Hermann Julius Paul
Treskow. Koch (1843e1910) was a German physi-
cian credited for the discoveries of Bacillus anthracis
in 1877, Staphylococcus aureus in 1878, new methods
of fixation and staining, and Mycobacterium tuber-
culosis in 1882.5 They arrived last, with a budget of
6000 marks. They were stationed at the Greek
Hospital in Alexandria. They conducted micro-
scopical studies of pathological samples, but were
unsuccessful in inoculations in rabbits, guinea pigs,
dogs, cats, monkeys, pigs, rats, because they also
lacked fresh cholera corpses. This was the reason
why they decided to go to India to continue their
research. They arrived in Calcutta on 11 December
1883, and established a laboratory in the Medical
College Hospital. After examining 22 victims and
17 patients, Koch was successful in identifying
a small, rod-shaped, active bacillus, in the lower
ileum of the cholera victims, which he named
comma bacillus, but was unable to transmit it to
animals, thus not fulfilling his own postulates. In
the end, he drew parallels with typhoid fever and
the leprosy germ, which also could not be trans-
ferred to animals and claimed a discovery of the
cause of cholera. He sent seven reports to the
German Secretary of State for the Interior, and in
the last one, dated 4 March 1884, he described the
transmission of cholera to the villagers, who had
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used water from communal tanks contaminated with comma
bacilli, as a compensation for the lack of animal experiments.
The German commission returned victorious to Berlin in May
1884, received medals from the Kaiser, praise by Bismarck, and
confirmation by Virchow, and was given a grant by the Reich-
stag of 100 000 marks in gold.3

When cholera occurred in Marseilles and Toulon, Koch went
there with his former commission, but Pasteur encouraged
Strauss and Roux to refute his theory. Koch again identified the
comma bacillus and connected India, Egypt and France in an
epidemic circle, thus accusing British ships of bringing cholera to
Europe through the Suez Canal, due to their inappropriate
quarantine regulations. This outcome was doubly frustrating for
the French government, because the German microbiologists
won the race and the cholera came to its mainland through the
British ships. On the other side, the British government was
anxious about Koch’s findings, because if the cause of cholera
was microbiological, instead of miasmatic, it could strengthen
the quarantine restrictions agreed on at the Constantinople and
Vienna Sanitary Conferences, and ruin its trade through the
Suez Canal.4

This was the main reason why in May 1884 Emanuel Edward
Klein (1844e1925), Assistant Professor of Comparative
Pathology at the Brown Sanitary Institution and Professor of
General Anatomy and Physiology at the Saint Bartholomew’s
Hospital, and Heneage Gibbes, Lecturer of Physiology and
Histology at the Westminster Hospital, were sent to India to
conduct an independent investigation of the causes of cholera.
Klein was born in Osijek in Croatia in 1844, completed his
medical studies in Vienna in 1869, and came to England in 1873
to conduct microbiological investigations on behalf of the Local
Government Board. Although he was a self-taught pioneer, he
zealously implemented the continental improvements into his
work, and in this respect he did a great deal to develop British
microbiology. During his lifetime he wrote about 260 scientific
papers on the broad range of different topics.6 Klein and Gibbes
visited Bombay and Calcutta from September to December
1884. For his work Klein has received an honorarium of £800
(£51 200 today), £400 monthly subsistence allowance, £100 for
scientific equipment, first-class passage by Peninsular and
Oriental steamer to and from Bombay, and first-class fares by
railway, steamer, or dâk, which were obviously excellent provi-
sions. Klein’s criticism of their working conditions in a single
room, gave rise to the Calcutta laboratory run by David Douglas
Cunningham.4

Finally, Klein and Gibbes had also investigated village water
tanks, but contrary to Koch they highlighted the number of
villagers who consumed water contaminated with the faeces of
cholera victims and did not contract the disease. According to
Waller, on this occasion Klein made the first microbiological
auto-experiment by drinking water infected with comma
bacillus to prove its uncontagiousness, which was soon repeated
by Max von Pettenkofer (1818e1901).7 The British medical
opinion was divided, with Joseph Lister (1822e1895), Edgar
Crookshank (1858e1928) and William Watson Cheyne
(1852e1932) in favour of Koch, and John Burdon Sanderson
(1828e1905), John Simon (1816e1904), DD Cunningham and
other Anglo-Indian doctors, the Local government Board and
Medical Officers of Health in favour of Klein. In his report in
June 1885, the British secretary of state for India organised
a committee of 13 British medical experts, namely Fayrer, John
Sutherland, TR Lewis, William Aitken, JB Sanderson, Norman
Chevers, F de Chaumont, William Gull, WG Hunter, John
Macpherson, JA Marston, William RE Smart, and under the

guidance of Sir William Jenner, Physician-in-Ordinary to the
Queen and the Prince of Wales, to evaluate Klein and Gibbes’
report. This resulted in The Official Refutation of Dr Robert Koch’s
Theory of Cholera and Commas, published in the Quarterly Journal
of Microscopical Science, edited by Klein and Edwin Ray Lankester
(1847e1929). It consisted of 17 points describing bacteriological
and pathological findings in cholera victims, with the aim of
refuting Koch’s results and the need for quarantine regulation.4

According to Ogawa, because Germany embraced conta-
gionism, Britain had to stick to anticontagionism. It resulted in
the practice of boiling water instead of quarantine, as a means of
cholera prevention, but the outcome was equally good.4 This
paper will try to prove that it is false to perceive Koch as
contagionist, and Klein as anticontagionist in this manner.
Closer to the truth would be a claim that in their results, Koch
was more empirical, and Klein more experimental. Based on the
consultation of primary and secondary sources kept in the
Oxford Bodleian Library, Radcliffe Science Library, the
Cambridge University Library, Rare Books Department, and
Saint Bartholomew’s Hospital Archive in London, I will evaluate
Klein’s opposition towards Koch’s explanation from a scientific,
and not a political, point of view.

KLEIN’S WRITINGS ON ASIATIC CHOLERA
After their return to England in March 1885, Klein and Gibbes
handed their report An Inquiry into the Etiology of Asiatic Cholera
to the Secretary of State for India.8 At the beginning they
described the miasmatic, direct and indirect contagionist and
Max von Pettenkofer ’s seed and soil localist views on the causes
of cholera. This was followed by the description and explanation
of Koch’s discovery of comma bacillus. According to Klein,
because he was unable to find anything in the blood and other
tissues of diseased patients, he turned to the alimentary canal,
and described only comma bacilli among other germs, because
they were the most numerous ones. This was concluded with
Koch’s statement that the intensity of the disease is in direct
ratio with the number of comma bacilli present in the mucous
membrane of the ileum and which are producing poison.8 Klein
rejected Koch’s findings on account of the absence of direct
contagion; a considerable lapse of time from the introduction of
the cholera virus into a new locality and the outbreak of the
epidemic disease; the possibility that the comma bacilli in the
lower ileum were merely an epiphenomenon; the puzzling
immunity of Versailles, Lyon and Birmingham; the disappear-
ance of cholera among the military troops in India when they
moved from cantonment to camp; and the failure of all animal
inoculations. The major objection was that cholera bacilli
cannot pass the acidity of stomach, which was observed by
Koch as well, and that due to this it is unreasonable to expect
that all infectious cases had started by drinking water on an
empty stomach in the morning. Klein gave four requirements
which should be fulfilled before comma bacilli could be declared
as the true cause. First, they must occur only and exclusively in
cholera. Second, they must be present in the tissues of the small
intestine in the acute typical cases in enormous numbers to
cause the production of a correspondingly large amount of the
direct poison. Third, they must be different from other similar
putrefactive bacilli by shape, growth and behaviour towards
reagents. Finally, they must be capable of producing the disease
when introduced into the animal system.8 He even objected to
the name itself, because bacillus means a cylindrical bacterium,
and the English comma is different from the German comma.
Klein’s experiments showed that cholera stools contained
micrococci, Bacillus subtilis, ‘Bacterium termo’, ‘Bacterium
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linolea’, Cohn’s ‘Vibrio rugula’, Cohn’s ‘Spirillum tenue’, Koch’s
comma bacilli, and long and short semicircular comma bacilli;
that there were various kinds of comma bacilli in cholera stools;
that the same comma bacilli as Koch’s comma bacilli, could be
found in epidemic diarrhoea, dysentery, enteric chatar, chronic
phthisis, and chronic peritonitis; and that the comma bacilli
were capable of multiplication when introduced directly into the
small intestine of monkeys, cats, and mice, but without
producing cholera. He disputed the notion of Friedlander that
the chief bile duct should be ligatured in the experimental
animal, because bile is absent in cholera, and proposed that in
this sense the ureters should be ligatured as well, because urine is
absent in cholera as well.8 Klein’s further experiments with
monkeys, cats, and mice infected with rice water stool, vomit,
and clear culture comma bacilli proved no transmission in
monkeys, a possibility in cats, and septicaemia in mice. His
injection of cultivations of comma bacilli and small straight
bacilli in tight subcutaneous tissue, peritoneal cavity, jugular
vein, small intestine and subcutaneous tissue of rabbits, cats,
and monkeys showed no results. Finally, Klein also objected to
Koch’s notion that the injection has to be made into the
duodenum, because the disease seat is in the lower ileum.8

In 1889 Klein published a book The Bacteria in Asiatic Cholera,
which was composed of a series of his own articles published in
The Practitioner fromOctober 1886 toMay 1887, andwas enriched
with 40 illustrations.9 His main claim was that the comma
bacillus was not the disease cause, but the diagnostic guide. It was
supported by Professor Baumgartner, Professor Pettenkofer, DD
Cunningham in Calcutta, Dr Shakespeare in Philadelphia, Dr von
Emerich in Munich, and the English Cholera Commission
composed of Professor Roy, Dr Sherrington, and Dr Brown. Klein
explains Koch’s accusations levelled at him at the Second Cholera
Conference held in Berlin in May 1895. At this conference Koch
said that Klein discarded his theory by accusing the former of
identifying Egypt straight bacilli with India curved bacilli, even
before he went to India to conduct his own investigation. To this
Klein responded that he had actually refuted Koch’s theory only
after thorough experiments and consequent results. Here one can
see thatwhile Koch used empiricism as his researchmethod, Klein
preferred experimentalism.9 He agrees that comma bacilli were
present in every case of acute cholera, that they could penetrate
healthy tissue, and that they do not occur in the blood or in the
viscera, but disagrees that their number influences disease
severity, that they are predominant in the lower ileumwhere they
form an almost pure culture, and that they are always present in
mucous tissue, Luberkhunian crypts and Peyer glands. Although
Klein disagrees with the general notion that two kinds of organ-
ismswhich are the samemorphologically and functionally belong
to the same species, he also disagrees with the Koch’s notion that
comma bacilli are different from all the others. He mentions that
Tiersch, Burdon Sanderson and Koch have experimented on mice,
monkeys, cats, poultry and dogs by feeding them with cholera
deject and cholera culture without causing disease and concluded
that comma bacilli were destroyed in stomach and that cholera
can not attack animals.9 He again objects to the notion that
Nicati, Rietsch and Koch have produced disease by opening the
abdomen of dogs, ligaturing the bile-duct, and injecting comma
bacilli, and states that in this case we could ligature ureters as
well, and that the disease is produced by the opening of the
abdomen, because the ileum is a natural environment for comma
bacilli. He mentions his experiments on dogs, monkeys, cats and
rabbits, in which he proved that ptomaine poison, described in
comma bacilli by Van Ermengen, is not present in mucous flakes
of cholera intestine and is not present in sufficient quantities after

the cultivation in broth, gelatine and agar-agar cultures, and
inoculation into small intestine, jugular vein and peritoneal cavity
to produce disease. He also refutes DD Cunningham’s notion of
producing septicaemic infection by injecting subcutaneously
comma bacilli from cholera cases into guinea-pigs, with the
statement that there is a difference between cultures of advanced
and recent origin.9 In the end Klein again criticises Koch’s exper-
iments with guinea-pigs, which proved that comma bacilli can
cause cholera if the stomach is alkaline and the intestine is
motionless, because it is impossible that all cholera cases had
started by drinking water on an empty stomach in the morning
on one side, while on the other side motionless of intestines
during experiments can be caused with the intraperitoneal
injection of watery extract of opium, subcutaneous injection of
opium, and watery extract of opium. Contrary to Koch, Klein
argues that the comma bacilli are not different from saprophytic
bacteria, because they are present only in dead tissues like fluid
and mucus flakes and absent from living ones, they produce
sulphur hydrogen and peptone indol in broth, and they show
a septicaemic character in certain rodents and toxic character of
chemical products of certain cultures. Finally, Klein describes
minute straight bacilli, small bacilli, ‘Bacillus termo’, and
common mould (Chitridsaceae and Cladothrix), besides comma
bacilli in the ileum of the victims of acute cholera. He again
accuses Koch of describing comma bacilli only because they were
themost numerous, and concludes that it does not cause cholera.9

DISCUSSION AND CONCLUSION
According to Ogawa the reason why Klein was chosen as the
leader of the British Cholera Commission instead of Nottidge C
Macnamara, author of A History of Asiatic Cholera, and William
Watson Cheyne (1852e1932), translator of Koch’s Untersu-
chungen über die Aetiologie der Wundinfectionskrankheiten, was
political, and not professional, because on 26 February 1884 he
claimed that after examination of the bacilli sent to him by
Pasteur from a few microscopic specimens of the supposed
cholera germs that had been collected in Egypt by the French
commission, he did not notice anything interesting.4 However, if
we take into account that according to Worboys, Klein was the
only general bacteriologist in the whole of Britain, and that he
had conducted researches under the commissions from the Local
government Board earlier, then we can assume that the British
government wanted to send someone whose competency had
already been proved.10 Moreover, because Klein was an inde-
pendent researcher, meaning that he belonged to neither Koch’s
nor Pasteur ’s microbiological school, he was obviously more
objective than Macnamara and Cheyne, who were Koch’s
former students. Although Koch was vindicated in the end, and
proved that comma bacillus is a true cause of cholera, which is
one of the reasons why today he is together with Pasteur known
as the father of the medical microbiology, we should bear in
mind that back in 1884 his results were not confirmed even by
his own postulates for the connection between the isolated
microbe and the particular disease.10 These were formulated
during Koch’s research on cholera bacillus and according to
Cordell were influenced by Jacob Henle and Edwin Klebs. First,
the microorganism must be present in all cases of the disease.
Second, it must be a living organism clearly distinguishable from
all other microorganisms. Third, the microorganism’s distribu-
tion must correlate with and explain the disease phenomenon.
Fourth, it must be cultivated outside the diseased animal and
isolated from all diseased products, which could be causally
significant. Finally, when inoculated into the test animals in
a pure state, it must cause the same symptoms as in the original
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animal.11 It is obvious from Klein’s writings presented above
that he was able to question all five of them, while at the same
time even Koch himself was not able to fulfil the fifth one.

On the other hand, as already mentioned above, Klein
proposed his own criteria, which should be fulfilled before
comma bacilli could be declared as the true cause of the cholera
epidemics. First, they must occur only and exclusively in cholera.
Second, they must be present in the tissues of the small intestine
in the acute typical cases in enormous numbers to cause the
production of a correspondingly large amount of the direct
poison. Third, they must be different from other similar putre-
factive bacilli by shape, growth and behaviour towards reagents.
Finally, they must be capable of producing the disease when
introduced into the animal system.8 Because Klein was not able
to fulfil any of them, he consequently concluded that comma
bacilli were not the real cause of the cholera epidemics, but only
the diagnostic markers. It is obvious that Koch’s postulates were
shaped by his empirical experience and thus were more general.
By contrast, Klein’s criteria were shaped by his experimental
results and were consequently more specific. This could be
explained by their background. While on one hand Koch was
a practising physician before he became laboratory bacteriolo-
gist3, on the other hand Klein studied under experimental
physiologist Ernst von Brücke and experimental pathologist
Salomon Stricker, and had never practiced medicine.12 According
to Watkin, although Klein appreciated Koch’s work he placed
emphasis on the conditions under which bacteria developed,
seeing that cholera only proliferated when certain conditions
combined. He asserted that the reproductive capacity of bacteria
depended on the breeding ground and antigenic predispositions.
In this sense he mapped out bacteriology in the terms of modern
chemical pathology.13 According to Worboys, Klein was clearly
in favour of Max von Pettenkofer ’s ‘seed and soil’ theory, stating
that the infective agent of cholera was extraneous to the body,
that it had its breeding ground in a suitable soil, and that it
produced a chemical virus which was the real cause of cholera.10

It should be mentioned that Koch’s claims were refuted not
only by Klein, but also by Pasteur, Strauss and Roux. According
to Latour, Pasteur connected the empiricism of physicians and
the experimentalism of physiologists, represented by Koch and
Klein in this case. This is not surprising if we bear on mind that
both research approaches originated in France. Empiricism
developed during the French Revolution, influenced by the
investigations of the Pairs pathologist Francois Xavier Bichat
(1771e1802), who connected the clinical signs observed during
the treatment of hospital patients with the pathological changes
found during the sections of diseased patients. On this base
during the middle of the 19th century the French physiologists
Francois Magendie (1783e1855) and Claude Bernard
(1813e1878) formed experimentalism, with the impact on the
analysis of life processes, which were examined through labo-
ratory experiments on live animals.5 Pasteur was able to connect
the mentioned research methods through three stages. First, he
insisted on moving of the laboratory to the place of the
phenomenon. Second, he required moving of the phenomenon
to a safe place after its transformation. Finally, the initial
conditions had to be transformed as well. Based on this, he
refuted the comma bacilli as the cholera cause. On one hand,
according to Latour the antagonism between Pasteur and Koch
was not just fuelled by professional curiosity, but also by the
political competition between France and Germany, which after
the defeat of the French Empire and the proclamation of the
German Empire in 1871, switched from military campaigns to
scientific pursuits.14 On the other hand, according to Brock they

had completely different approaches to microbiological discov-
eries, with Pasteur being interested in broad philosophical
foundations, immunisation and individuals, while Koch’s inter-
ests lay in strictly medical questions, hygiene and population.15

We can conclude that despite Ogawa’s claim that Britain
embraced anticontagionism and sanitarianism to protect its
colonial trade, while Germany accepted contagionism and
quarantine to attack this same trade; this rivalry was not
reflected in Klein and Koch, because they were both contagion-
ists. While on one hand Koch had a good intuition based on his
empiricism, he was not able to provide scientific proof for his
theory, on the other hand it was Klein’s experimentalism and
not the general politics that made him to insist on the need for
a firmer proof. Ironically, when Klein finally accepted the comma
bacilli as the cholera cause, it was not due to an experimental
proof, but due to his empirical experience based on the
numerous diagnostic examinations of tissue and faeces during
the 1893 cholera epidemic in Hamburg.10 They demonstrated
that the majority of the cholera infections were caused by
drinking water on an empty stomach, thus allowing the cholera
bacilli to pass through the stomach without the acidity
produced reflexively by food and without the contraction of the
pylorus valve, and thus proceeding directly to intestine tenue,
and consequently causing the cholera disease. This also explains
why Klein’s auto-experiment was unsuccessful, because it was
conducted on a full stomach. The aforementioned change in
Klein’s attitude can be traced from his remarks in his handbook
Micro-organisms and Disease. In the first edition from 1884, 16 the
year of the cholera epidemic, and the second edition from 1885, 17

the year of the Cholera Controversy, he mentions the so-called
cholera bacilli among pathogenic bacilli forms. In the third revised
edition from 1886, he talks of the Comma bacilli of Asiatic
cholera, described by Koch, but claims that they are actually
micro-cocci, that the water containing them is not contagious
and that the death of laboratory animals after inoculation is due
to the sepsis caused by the operation (figure 1).18 Finally, in the
fourth revised edition from 1896, he describes it as Vibrio or
Spirillum Cholerae Asiaticae, and places it in the group of the
vibrios. He again states that there was no relation between their
number and disease severity, describes cultivation methods, and
claims that virulence depends on the species, variety and culture.
He concludes in this manner that only the combination of the
diagnostic value of the cholerae vibrio for cases of Asiatic

Figure 1 From a preparation of mucus flakes of the ileum of a case of
typical cholera. Comma-bacilli and minute straight bacilli, singly and in
masses. Three lymph-corpuscles containing in their interior numerous
small straight bacilli.
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cholera, its capability to produce powerful toxins, the results of
experiments on ingestion of its cultures in human beings, the
immunising action of cholera serum against the cholera vibrio,
Pfeiffer ’s germicidal action of cholera serum of immunised
guinea-pigs, and Haffkine’s protective inoculations on human
beings are sufficient as a body of evidence to confirm Koch’s
original view.19 The Cholera Controversy is a good historical
example of how experimental preclinical and empirical clinical
approaches could lead to contrary conclusions, which could be
used for political purposes, thus prolonging the advancement of
new explanations. In this sense Klein’s conclusion that it was
only the combination of the two approaches that lead to the
general acceptance of comma bacilli as the cause of cholera
epidemics, could serve as a useful example for further medical
researches.
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