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ABSTRACT 

Emanuel Edward Klein (Osijek, 1844 - Hove, 1925) was a British 
microbiologist of Croatian origin. He completed his medical studi-
es in Vienna in 1869. In 1869 he was sent to England to determine 
terms for the translation of Samuel Stricker’s manual Handbuch 
von den Geweben des Menchen und der Tiere. During his visit he 
made a good impression on John Burdon Sanderson and John Si-
mon, which was the main reason why he was invited to London in 
1871 to conduct investigations under their guidance. In 1873 Klein 
began his collaboration with the Saint Bartholomew‘s Hospital, 
where he was appointed as a Joint Professor of General Anatomy 
and Physiology. His researches were in the fields of anatomy, hi-
stology, pathology, embryology, physiology, and especially micro-
biology. He did a great deal to its development in Britain. He has 
written about 260 scientific papers on a broad range of different 
topics. Despite all the aforementioned facts, his work was never 
properly studied, and he is almost unknown outside academic circ-
les. For that reason, attitudes towards him still range between the 
extremes of calling him the father of British microbiology on one 
side, and attributing him as a diligent and industrious plodder on 
the other. In this paper we will try to prove the first attitude. We 
will put his researches in a general context. Finally we will highli-
ght his original achievements in the isolation of new microbes. 
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INTRODUCTION

The germ theory gave public health functions 
a plausible new rationale mainly in setting up 
bacteriological laboratories for infective disea-
ses starting from the half of the 19th century on. 
Important research centres for investigations into 
typhoid fever, typhus, scarlet fever, small pox, 
cholera, and tuberculosis, laboratories sprang up 
and their researches were not just fuelled by the 
professional curiosity, but also by the political 
competition. This was particularly true for France 
and Germany, which, according to Latour, after 
the defeat of the French Empire and the procla-
mation of the German Empire in 1871, switched 
from military campaigns to scientific pursuits (1). 
The major proponents of medical microbiology 
in Britain were the Scottish surgeon Joseph Li-
ster (1827-1912), who introduced antisepsis with 
the carbolic acid spray in Glasgow in 1871, and 
Emanuel Edward Klein, who was the first general 
bacteriologist (2). Lister has made a major con-
tribution to medical practice with his invention of 
antisepsis, because of which he is widely known, 
but Klein has made only minor contributions to 
medical science, which is the reason why he is 
generally unknown. His work was never studied 
in depth, although he was occasionally mentio-
ned as an example of medical contacts between 
the two nations (3).
In this paper we shall concentrate only on Klein’s 
microbiological researches as the main field of 
his professional career focusing primarily on 
his isolation of  ‘’Streptococcus pneumoniae’’, 
‘’Streptococcus scarlatinae’’, ‘’Bacillus enteriti-
dis sporogenes’’, ‘’Bacillus cadaveris’’, and ‘’Ba-
cillus carnis’’ today known as Streptococcus pne-
umoniae, Streptococcus pyogenes, Salmonella 
enteritidis, Clostridium cadaveris, and Clostri-
dium carnis, as his original contributions in the 
isolation of new microbes. Our research is based 
on primary and secondary sources mostly kept in 
the Oxford Bodleian Library - Radcliffe Science 
Library, the Cambridge University Library - Rare 
Books Department, and Saint Bartholomew’s 
Hospital Archive in London, United Kingdom. 

LIFE AND LEGACY 

Emanuel Edward Klein was born on 31 October 
1844 in Osijek, in the Virovitica County, in the 
Kingdom of Slavonia, which was then part of the 

Austrian-Hungarian Empire, to a German spea-
king, non-observant Jewish family. He finished 
the grammar school in his hometown and gradua-
ted in 1863. With the help of a scholarship he stu-
died medicine in Vienna, and obtained the M.D. 
in 1869, but actually never practiced medicine. 
At first he worked with physiologist Ernst von 
Brücke, and later with pathologist Salomon Stric-
ker (1834-1898). Klein soon achieved the title of 
Privat Dozent (4). 
In 1869 Klein was sent to England to determine 
terms for the translation of Samuel Stricker’s ma-
nual Handbuch von den Geweben des Menchen 
und der Tiere (Leipzig 1869-1872, London 1870-
1873) (5). During his visit he was introduced to 
John Burdon Sanderson, superintendent at the 
Brown Sanitary Institution, John Simon, medical 
officer to the Local Government Board, and Tho-
mas Henry Huxley, founder of the Natural History 
Museum in London, on whom he made an exce-
llent impression. This was the main reason why in 
1871 he was invited by Sanderson to work at his 
private laboratory in Howland Street. In 1873 he 
was appointed as an Assistant Professor of Com-
parative Pathology at the Brown Sanitary Institu-
tion in order to conduct pathological, clinical and 
epidemiological researches, under the supervision 
of Simon. Klein was in charge of the bacteriolo-
gical research laboratory (5). His research was at 
first conducted in a histological manner, by loo-
king for the infecting agent with a microscope, 
and then after a couple of years he adopted the 
cultivation approach. He zealously implemented 
the Continental improvements into his work. In 
this respect he did a great deal to develop English 
bacteriology. In recognition of his investigations 
he was elected a Fellow of the Royal Society of 
London on 3 June 1875 after his nomination from 
the general knowledge by John Tyndall, and from 
the personal one by Charles Darwin (6) (Figure 
1). Later on he was recommended by the President 
and Council of the Royal Society of London for 
election into the Council for the year 1889 (7). 
In 1873 Klein began his collaboration with the 
Saint Bartholomew‘s Hospital, the oldest hos-
pital in London, founded in 1123 by the monk 
Rahere, which was to last until his retirement in 
1911. During his 38 working years at the Saint 
Bartholomew‘s Hospital, Klein was Joint Lectu-
rer in General Anatomy and Physiology (1873-
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1902), Lecturer in Histology (1873-82), Lecturer 
in Microscopic Anatomy (1874-92), Lecturer in 
General Anatomy and Physiology (1882-1903), 
Lecturer in Bacteriology (1903-12), Lecturer in 
Advanced Bacteriology (1910-11), and he retired 
with the title of Emeritus Professor (8). His tea-
ching was always in the forefront of the newest 
scientific discoveries. In 1889 he was elected as 
a Professor of Bacteriology in the College of Sta-
te Medicine (Jenner Institution), founded by the 
retired surgeons-general of the Navy, Army and 
Indian Services, where he held lectures and tuto-
rials until 1891 (9). In 1890 he opened a private 
school in Great Russell Street and gave practical 
and technical bacteriological classes to pupils 
like Sir Ronald Ross (1857-1932) (10). In 1891 
he was invited by the Medical School authorities 
of the Saint Bartholomew‘s Hospital to conduct 
full-time researches for them and was allotted a 
laboratory composed of three rooms at the top of 
the school building. His laboratory was always 
open to students, who were encouraged in bacte-
riological researches (11).

RESEARCH IN MICROBIOLOGY

Emanuel Edward Klein was employed as an 
Assistant Professor of Comparative Pathology 
at the Brown Sanitary Institution between 1873 
and 1897. He conducted scientific researches on 
the commission from the Local Government Bo-
ard, and they can be analyzed primarily from his 
numerous annual papers sent for publication in 
the Reports of the Local Government Board. In 
1884 Klein identified a new micrococcus from 
the lymph of ill sheep, and claimed it to be the ca-
use of foot-and-mouth disease. Due to its shape, 
Klein first named it Diplococcus, then Microco-
ccus, and finally Streptococcus (12), but in 1901 
it was renamed Streptococcus pneumoniae by the 
American pathologist William Chester, who pro-
ved that it was not the cause of foot-and-mouth 
disease, but of pneumonia (13). 
At the end of 1885 and the beginning of 1886 an 
extensive outbreak of an unknown disease occu-
rred among the cows at a farm in Hendon (14). It 
was described as scarlet fever and called the Hen-
don Disease by Klein and as cowpox by Crook-
shank. Although in the end Crookshank was vic-
torious and became an unofficial leader of the so 
called British bacteriological school, Klein also 
made a significant discovery (15). He managed to 
isolate four different species of micrococci: ‘Mi-
crococcus citreus’, ‘Micrococcus aurantiacus’, 
‘Staphylococcus pyogenes’, and ‘Micrococcus 
scarlatinae’, from the tissues obtained from the 
Hendon cows and from scarlet fever patients. To-
gether with the local MOH, William Power, Klein 
proved that ‘Micrococcus scarlatinae’ came into 
milk not indirectly from the milkers’ hands, but 
directly from the cows’ udders, which in the end 
developed into one of the most important preven-
tive measures against scarlet fever epidemics (16, 
17). Although it was later renamed Streptococcus 
pyogenes, due to the suggestion of the German 
physician Anton Rosenbach, who described its 
properties already in 1884, the explanation of the 
streptococcal origin of scarlet fever was Klein’s 
contribution (13).
Emanuel Edward Klein had been engaged as a 
lecturer at the Medical School of the SBH since 
1873. In 1891 he completely transferred his labo-
ratory work to the newly built laboratory allotted 
to him, and stayed there until his retirement in 
1911. In this period he was free to pursue micro-

Figure 1. “Certificate of a Candidate for Election into the 
Royal Society of London” (Public Domain of the Wellcome 
Institute Library in London; http://images.wellcome.ac.uk)
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biological investigations according to his own 
interests. Their results were published overwhel-
mingly in The Lancet, but also in Public Health 
and Saint Bartholomew’s Hospital Reports. On 
2 March 1889 Klein announced the isolation of 
a microorganism responsible for the summer di-
arrhoea epidemic at the SBH, which he named 
‘Bacillus enteritidis sporogenes’, and which was 
later renamed Salmonella enteritidis. It was iso-
lated from the stool specimens, and described as 
an aerobic bacillus, which formed large oval spo-
res. When inoculated into guinea pigs, it caused 
haemorrhagic oedema, necrosis, and death (18).
In 1889 Klein isolated a microorganism from the 
peritoneum of a rabbit, and named it ‘Bacillus ca-
daveris’. He proved that it was not pathogenic for 
guinea-pigs and rabbits. Due to its occurrence in 
human cadavers, today it is know as Clostridium 
cadaveris. Again in 1904 Klein isolated another 
one from soil, and named it ‘Bacillus carnis’. 
When inoculated into a rabbit it produced oe-
dema, necrosis, and death. Nowadays it is know 
as Clostridium carnis. The mentioned bacilli are 
still named after Klein, who was the first one to 
isolate them (13).

DISCUSSION 

Due to the fact that attitudes of various histori-
ographers towards Klein’s investigations were 
exceedingly diverse, his legacy needs a profound 
revaluation. According to Bulloch, for example, 
Klein was ‘a tremendously diligent plodder with 
an untiring industry’ who failed to make any dis-
covery of permanent value, due to his individual, 
dogmatic and polemical character (9). Waddin-
gton is also on this track, by stating that Klein 
was more interested in his own research, than in 
the shaping of medical education, and characte-
rizing him as undiplomatic, blunt, and unpopular 
(10). His obituaries compromised by admitting 
that he himself did not make any significant dis-
covery, 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 by 
giving him credit for the comprehensive educati-
on of future microbiologists (6, 9, 19). 
On the other side, Lambert in his influential book 
on the development of public health in England 

called Klein ‘the father of English bacteriology‘, 
gave him the credit for the significant discove-
ries, and portrayed him as the most prominent 
member of the Brown Sanitary Institution (20). 
Foster was also on this track by placing the emp-
hasis on his discovery of the streptococcal origin 
of scarlet fever (17). Moreover, Waller described 
him as the first person in microbiological history 
to undertake an auto-experiment, by drinking 
water infected with the Vibrio cholerae in July 
1884 (21). Morrant put Klein in the same context 
as Edgar Crookshank, Henry Gradle, and Ge-
orge Sternberg, by emphasizing the importance 
of his handbook Micro-organisms and Diseases 
(22) published in 1884 as the first British micro-
biological handbook, which made Pasteur’s and 
Koch’s bacteriological discoveries published in 
French and German journals available to En-
glish and American scientists (23). Rupke tried 
to put his vivisections into the European context, 
by showing that the physiologists conducted the 
same experiments in Britain and on the Continent, 
despite different public attitudes (24). Finally, 
Worboys balanced the afore mentioned extremes 
by showing the influence of Klein’s experimental 
work on popularization of bacteriology in the pu-
blic health, surgery and medicine (25). 
Our analysis has proved that Klein’s microbio-
logical achievements can be recognized on the 
three levels: microbiology in general, British mi-
crobiology, and that of his original contributions 
to the identification of new microorganisms. Re-
garding the microbiology in general, Klein certa-
inly can be compared neither with Pasteur, who 
formulated the germ theory, nor with Koch, who 
developed microbiological techniques, or Lister, 
who invented antisepsis with carbolic acid. We 
should bear in mind that Klein’s importance was 
not in the original contributions, but in the work 
of critical evaluation by his experiments and the 
scientific propagation through his writings of the 
original contributions of other microbiologists, 
which is represented by his 264 scientific pa-
pers, published in the most prestigious journals. 
Moreover, with his insistence on the necessary 
connection between microscopical identification, 
cultural isolation, and animal inoculation as the 
three phases in the connection between speci-
fic germ and specific disease, he established the 
standards of microbiological research. While his 
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contemporaries were followers of either Pasteur 
or Koch, Klein was self-confident or stubborn 
enough to pursue his own way, thus making 
British microbiology at least autonomous, if not 
original, in its development. Furthermore, due to 
the breadth of his researches, rigorous implemen-
tation of the Continental improvements, and the 
continuous education of future microbiologists, 
he laid the foundations of the mentioned disci-
pline in this country. It is true that Klein claimed 
the discoveries of new microbes, or opposed 
the other microbiologists in claiming the same, 
which were both later refuted, but the work of 
every serious scientist in a developing discipline 
is composed of a series of attempts and mistakes, 
which in the end leads to the right conclusion. In 
this respect, the identifications of ‘Streptococcus 
pneumoniae’, ‘Streptococcus scarlatinae’, ‘Baci-
llus enteritidis sporogenes’, ‘Bacillus cadaveris’, 
and ‘Bacillus carnis’, although later mainly rena-
med according to the contemporary approaches, 
are still regarded as his original contributions to 
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