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Objectives: To evaluate Emanuel Edward Klein’s role in the establishment of food preser-

vation standards in terms of critiques of his work, taking his experimental investigations

into account.

Study design: Historical revision of Klein’s experimental investigations of food preservation.

Methods: Descriptive, comparative and analytical methods were used to evaluate Klein’s

achievements in public health.

Results: Presentation of Klein’s six papers on food preservation.

Conclusion: Klein’s experimental work was of significant value for the development of food

preservation standards for hams, milk and, most importantly, oysters, mussels and other

shellfish.

ª 2011 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Emanuel Edward Klein was a British microbiologist of Croa-

tian origin. He was born in 1844 in Osijek ewhich was then in

the Tripartite Kingdom of Croatia, Slavonia and Dalmatia

which was a constituent part of the Habsburg Monarchy, and

which is today in the Republic of Croatia e and died in 1925 in

Hove in England.1,2 He studied medicine in Vienna, and

worked under the experimental physiologist Ernst von Brücke

(1819e1892) and the experimental pathologist Salomon

Stricker (1834e1898). In 1869, Klein was sent to England to

determine terms for the translation of Samuel Stricker’s

manual Handbuch von den Geweben des Menchen und der Tiere

(Leipzig 1869e1872; London 1870e1873), to which he contrib-

uted two chapters. During his visit, he was introduced to John

Scott Burdon Sanderson (1828e1905), Medical Officer of Health

(MOH) for Paddington, Inspector for the Medical Department

of the Privy Council, Superintendent at the Brown Sanitary

Institution, Professor of Practical Physiology and the Jodrell

Professor of Physiology at University College London, and the

Waynflete Professor of Physiology and the Regius Professor of

Medicine at the University of Oxford; and John Simon

(1816e1904), the first MOH for the City of London, MO to the

Board of Health, MO to the Privy Council and MO to the Local

Government Board, on whom he made an excellent impres-

sion.3 This was the main reason why, in 1871, Sanderson

invited Klein to cooperatewith him onhiswork on tuberculi at

his private laboratory in Howland Street; and why, in 1873, he

was appointed Assistant Professor of Comparative Pathology

at the Brown Sanitary Institution in order to conduct patho-

logical, clinical and epidemiological research under the

supervision of John Simon.4,5 Klein was in charge of the

laboratory, conducting work on behalf of the Medical

Department of the Local Government Board. During his
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working years at the Brown Sanitary Institution (1973e1897),

Klein wrote almost 100 reports on his experimental work

regarding the causation of infectious diseases, which were

reported in almost every Report of the Local Government Board,

thus helping the foundation of preventive medicine.6e8

In 1873, Klein began his collaboration with Saint Bartho-

lomew’s Hospital which was to continue until his retirement

in 1911. During his 38 working years at the hospital, he was

Joint Lecturer in General Anatomy and Physiology

(1873e1902), Lecturer in Histology (1873e1882), Lecturer in

Microscopic Anatomy (1874e1892), Lecturer in General

Anatomy and Physiology (1882e1903), Lecturer in Bacteriology

(1903e1912) and Lecturer in Advanced Bacteriology

(1910e1911), and he retired with the title of Emeritus

Professor. His teaching was always in the forefront of the

newest scientific discoveries.9 In 1889, he was elected

Professor of Bacteriology at the College of State Medicine

(Jenner Institution), founded by the Retired Surgeons-Generals

of the Navy, Army and Indian Services, where he held lectures

and tutorials until 1891.10 In 1890, he opened a private school

in Great Russell Street and gave practical and technical

bacteriological classes to pupils including Sir Ronald Ross, Sir

Frederick Andrewes, Sir William Hamer, John Mitchell Bruce,

Charles Barret Lockwood and Henry Butlin.11

Between 1868 and 1910, Klein published 264 scientific

papers, 200 of whichwere onmicrobiology. These paperswere

published in Sitzungsberichte of the Imperial Academy of Vienna

(1867e1868, 1870e1871), Aus der k. und k. Hof- und Staats-

druckerei (1868, 1868, 1870), Monthly Microscopical Journal (1872),

Zentralblatt für die medicinische Wissenschaft (1874), Proceedings

of the Royal Society (1874), Philosophical Transactions of the Royal

Society of Physicians of London (1875), Saint Bartholomew’s

Hospital Reports (1880, 1899) Quarterly Journal of Microscopical

Science (1871e1884), Zentralblatt für Bakteriologie (1897), Practi-

tioner (1875, 1885), The Lancet (1879, 1886, 1887, 1887, 1891, 1894,

1895, 1895, 1896, 1887, 1889, 1901, 1901, 1901, 1903, 1904, 1905,

1906, 1907, 1908) and Public Health (1893, 1893, 1895, 1900, 1904,

1906, 1909, 1910).12 His last article, published in 1910, was on

the action of boron preservatives (Fig. 1).13 The above papers

were important not only in terms of publication of Klein’s own

discoveries, but also for bringing continental scientific devel-

opments to the UK.14

As Klein’s work was never analyzed systematically, atti-

tudes towards him were extremely diverse. On one side,

according to Klein’s contemporary Bulloch, he was ‘a

tremendously diligent plodder with an untiring industry’ who

failed to make any discovery of permanent value due to his

individual, dogmatic and polemical character.4,15 Waddington

was also on this track, stating that Klein was more interested

in his own research than in the shaping of medical education,

and characterizing him as undiplomatic, blunt and unpop-

ular.10 His obituaries compromised by admitting that he did

not make any significant discoveries because he was self-

taught, influenced by the Jennerian tradition of connecting

diseases of humans and animals, and conducted experiments

not in accordance with his intuition but on the requests of the

Local Government Board, and gave him credit for the

comprehensive education of future microbiologists. However,

none of the obituaries mentioned his work in public

health.16e18

On the other side, Klein’s pupil Andrewes called him ‘the

father of English bacteriology’.5 Romano and Lambert gave

him credit for significant discoveries, and portrayed him as

the most prominent member of the Brown Sanitary Institu-

tion.6,7 Worboys tried to balance the aforementioned

extremes by showing the influence of Klein’s experimental

work on popularization of bacteriology in medicine, surgery

and public health; according to Worboys, Klein was the most

important British microbiologist of his time.19,20

This article will analyze Klein’s writings on public health

topics. These are books and papers which have their holdings

in the Oxford Bodleian Library e Radcliffe Science Library, the

Cambridge University Library e Rare Books Department, and

the Saint Bartholomew’sHospital Archive. Klein’sworkwill be

evaluated in accordance with the period in which it was con-

ducted and in accordance with contemporary understanding.

Klein’s research on food decomposition and
preservation

Klein turned to the bacteriology of food decomposition and

preservation during the last two decades of his career (the

1890s and 1900s)while hewasworking at Saint Bartholomew’s

Hospital and conducting investigations for the Local Govern-

mentBoard.Hewasnot satisfiedwithdiscovering thecausesof

food poisoning, but also tried to findways for its prevention. In

his paper published in Public Health in 1893, Klein gave his

observations on the consumption of oysters and the spread of

cholera and enteric fever. He gave the examples of a sole

person in a family ingesting oysters or several friends from

different districts partaking of oysters on the same day, all of

who were ill with enteric fever. He also analyzed the cholera

epidemic of 1892e1894, in which inland towns with isolated

cases were affected without the slightest history of importa-

tion of foreign goods.21 In 1905, Klein published the results of

his experiments for the Fishmongers’ Company, and estab-

lished bacteriological standards for the oysters and mussels

industry. According to his experimental observations, oysters,

mussels and other shellfish had the capacity to self-clear

Bacillus typhosus and Bacillus coli, and thiswas greater if they

were kept in sea water rather than dry air. He suggested that

the best way to prevent typhoid fever as a result of eating

shellfish was to keep them in sterile sea water, changed every

day for 8e10 days, and never eat them raw.22

In 1901, Klein conducted experiments with Danysz bacillus

in the rat to find a means for rapid and efficient destruction of

rats living in docks, as conductors of bubonic plague, without

harming other animals. The bacillus, which by its morpho-

logical and cultural characteristics belongs to the group of

virulent coli bacilli, causes acute fatal septicemia in rats.

Experimentswere conducted in the laboratory by Klein and on

a large scale in a warehouse of a dock in the Port of London by

William Collingridge. Tubes of Danysz bacillus in agar were

obtained directly from the Pasteur Institute in Paris, and

guinea pigs, mice and rats used for the feeding experiments

were inoculated subcutaneously in the laboratory with

a virulent culture of Danysz bacillus. Immediately after death,

these animals were fed to rats in the laboratory or laid on the

floors of the warehouse where they were eaten by the
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warehouse rats. Although the laboratory experiments showed

positive results for disease development and occurrence of

death, the warehouse experiments were wholly negative.

Therefore, Danysz bacillus was refuted as a preventive

measure against bubonic plague.23

In 1908, Klein conducted research in the ham factory of

AlfredMarsh of Brierley Hill in Staffordshire, with the purpose

of determining the nature and cause of taint in miscured

hams. He managed to isolate cylindrical rod-shapedmicrobes

present in the tainted parts of hams, which he named Bacillus

foedans. After microscopic examination and successful

cultivation, Klein claimed that the bacillus was the cause of

taint, and observed that it was an obligate anaerobe.24 In 1909,

Klein conducted a comparative bacteriological study on the

constitution of various brands of sweetened condensed milk,

demonstrating that they all contained aerobic and gas-

forming anaerobic microbes. He stated that this was natural

given that milk cannot be collected in the dairy in aseptic

conditions, that microbes are present in the milk sinuses of

the teats of cows’ udders, and that milk is an excellent

medium for the growth andmultiplication of microbes, which

was in accordance with his previous discoveries. According to

his experimental observations, the number and character of

microbes in milk will vary according to the nature of collec-

tion, season, temperature, locality and storage of the milk. He

stated that the mode of producing sweetened condensedmilk

does not permit sterilization, and it is therefore obvious that

no brand of sweetened condensed milk can be free of

microbes. According to him, the line between sound and

unsound milk should be drawn solely on the basis of the

number of pathogenic microbes, namely acid- and gas-form-

ing streptococci, and anaerobic spore bacilli; and not on the

Fig. 1 e Klein’s paper on boron preservatives, courtesy of Saint Bartholomew’s Hospital.
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number of generalmicrobes, as in the criteria of 10,000e30,000

microbes/cm drawn up arbitrarily by the US Medical Milk

Commission.25 In his last article, Klein studied the inhibitory

effect of boric acid on the growth of Bacillus coli and Bacillus

Gartneri in various types of sausages. He proved that boric

acid could be useful as a mean of preserving sausages, espe-

cially during the summer months.26

Discussion and conclusion

This paper presents Emanuel Edward Klein’s experimental

work and its impact on public health, concentrating primarily

on his investigations of food decomposition. In this sense, his

work on hams, milk and oysters, mussels and other shellfish

should be given more attention, particularly as it was not

analyzed properly in the past. His work on the cause of taint in

miscured hams was not only significant because he discov-

ered the causative cylindrical microbe (which he named

Bacillus foedans and which was later renamed Eubacterium

foedans), but because by determining that it was strictly

anaerobic, he gave guidelines for its extermination.27 Taking

this into account, one could conclude that Bulloch was not

objective when he claimed that Klein was just ‘a tremen-

dously diligent plodder with an untiring industry’ who failed

to make any discovery of permanent value.4,15 This is even

more obvious when one considers that Bulloch’s approach in

microbiological research, which emphasized precise termi-

nology of newly discovered germs, was completely different

from Klein’s approach which emphasized improvement of

bacteriological techniques.20 Their attitudes regarding the

education of medical students also differed, with Bulloch

perceiving this to be a waste of time, and Klein teaching at the

Saint Bartholomew’s Hospital Medical School, encouraging

medical students to work in his laboratory, and thus

educating the next generation of British microbiologists.11

The importance ofKlein’swork onmilk preservationwas in

his insistence that the number of pathogenic microbes was

more important than the total number ofmicrobes, whichwas

claimed by the US Medical Milk Commission. By his state-

ments, Klein made the British public health system indepen-

dent of theAmericanpublic health system.Moreover, timehas

proved that he was right, and thementioned statement is still

in accordance with contemporary understanding.28e30 This

supports Andrewe’s statement that Klein was ‘the father of

English bacteriology’, which was based on his own microbio-

logical work under Klein’s supervision, and thus illustrates

Klein’s role in the education of future British microbiologists.

Klein’s most important contribution to public health was

his work on oysters, mussels and other shellfish. He proved

their role as disease vectors in the spread of food poisoning

and typhoid fever caused by Bacillus typhosus, today known

as Salmonella typhi. Hardy showed that Klein’s work for the

Fishmongers’ Company was not only important because of

the prevention of food poisoning and typhoid fever epidemics,

but also because of salvation of the production of British

oysters andmussels. The consumption of oysters andmussels

was a popular Christmas tradition in the UK, and while

important for the British economy, this was associated with

the risk of an epidemic. Their popularity and the subsequent

danger for not just the low and middle classes, but the upper

class as well, which still exercised significant political

influence and represented the greatest body of oyster

consumers during the Edwardian era, forced the Fishmongers’

Company to hire Klein to try to save their industry. As Klein’s

notion that oysters, mussels and other shellfish were able to

self-clear Bacillus typhosus and Bacillus coli if they were kept

in sterile sea water, changed every day for 8e10 days, was

preventive against the spread of disease and protective of the

fishmongers’ business, it is not surprising that these proce-

dures were implemented instantly.31e33 It should be high-

lighted that this finding is also in accordance with

contemporary epidemiological understanding and ecological

awareness.34e38 In this respect, it could be said that Romano

and Lambert were more objective by portraying Klein as the

most prominent member of the Brown Sanitary Institution,6,7

than Waddington who characterized him as a conflicted

short-sighted scientist.10

This article evaluated Klein’s experiments on food

conservation as yet another example of the wide-ranging and

thorough manner of his laboratory research. It emphasized

not only his explanation for the spread of epidemics, but also

his guidelines for their prevention. In this respect, the results

of his research on hams,milk and, especially, oysters,mussels

and other shellfish are of a permanent value, and they give

examples for his role in the incorporation of bacteriology into

public health. One should bear in mind that Klein’s research

occurred during a period of struggle between anticontagion-

ism [which emphasized environmental improvements due to

the perception of distant contamination through aerial diffu-

sion ofmiasmas from the environment in the cases of malaria

and cholera, andwhich reached its peak during the 1830swith

its proponents in sanitary reformers Edwin Chadwick

(1800e1890) and Thomas Southwood Smith (1788e1861)] and

contagionism [which emphasized quarantine and isolation

due to the perception of direct contamination with contagium

vivum from person to person in the cases of smallpox and

cattle plague, which originated in the 1880s and was sup-

ported by the MOHs Simon and Sanderson].6e8,19,30 As

mentioned previously, both Simon and Sanderson were

Klein’s mentors on his arrival to England, and his research in

public health could be perceived as a continuation of their

policies, especially if one considers his work for the Local

Government Board with which both Simon and Sanderson

were involved. In this respect, Klein’s achievements in public

health have helped to enable the switch from sanitary

preventive measures towards contagion-orientated

measures.
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