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Preface

Every scientist has key experiences, encounters and quotes that are forever re-
membered. Writing the editorial to a volume, such as this one on the history of
virology, brings them back and puts one’s own life in perspective. The visit of
Sven Gard, the grand old man of Swedish virology and former Archives edi-
tor, 1s remembered at the Federal Research Institute of Animal Virus Diseases
in Tiibingen/Germany, where one of us was working at the time as a Ph.D. stu-
dent. Gard’s advice “. .. you should go into immunology; everything interesting
has already been discovered in virology ...” was wrong, at least in its last part.
That memorable visit took place in 1965, before reverse transcriptase, polymerase
chain reaction, cellular onc genes, gene splicing, etc. had been discovered; and
before the molecular evolution of viruses was recognized as the source provid-
ing virologists with an inexhaustible plethora of subject matter (and relative job
security).

History provides not only information for the sake of information but provides
perspective on where we are headed. The old adage about redoubling one’s efforts
when one has lost sight of one’s goals never has been more pertinent than today.
In this age of molecular wonders it is easy to forget why we are doing this work.

It seems fitting that we have published here selected papers presented at two
geographically distant but historically close locations. Amsterdam and Greifswald
— or rather Delft and Riems Island — provided the intellectual climate, the sem-
inal insight that led to the birth of a new discipline in microbiology. Its growth
in the following years was not steady but occurred in leaps, usually following
technological breakthroughs. Many of the early achievements were published in
virology’s first and most venerable journal, the Archiv fiir die gesamte Virus-
forschung. This was founded by Doerr in 1939 and, after the name was changed
to Archives of Virology, continued by inspired Editors-in-Chief, the last one being
Fred Murphy.

Also with respect to the history of virology, the Archives (a.k.a. “the yellow
journal”) has a tradition: the Virology Division’s News column has run a series
of retrospectives, a list of which the reader can find below.

George Santayana said, “Those who cannot remember the past are con-
demned to repeat it.” When one looks at the rediscovery of known viruses (lactic
dehydrogenase-elevating virus, for one), this historic imperative provides quite a
special flavor. Science is about discovery, so to find something new, one must be
aware of what is old. We trust the present volume will convey this message.
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We are grateful to Thomas Mettenleiter, who organized the Greifswald meet-
ing in the splendid rococo aula of the University, and to Ab van Kammen and
Peter Rottier who did the same at the Royal Academy in Amsterdam; both parties
agreed on having selected papers from the meetings published in a joint volume.
Special thanks go to the many people who did the real work in producing this
issue, the authors of the papers included herein. Their work has been based on the
work of others and has served and will serve as a basis for future work by future
generations. If this issue provides historical perspective to one young person, we
will have succeeded in our task.
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Beijerinck’s contribution to the virus concept — an introduction

A. van Kammen

Laboratory of Molecular Biology, Wageningen Agricultural University,
Wageningen, The Netherlands

Summary. The existence of viruses was first recognized when certain pathogens
were found to pass through filters that otherwise stop bacteria. Pasteur made such
observations in 1887 with the pathogen of rabies, but he thought that the pathogen
was a very subtle microbe. In 1886 Adolf Mayer studied the mosaic disease of
tobacco plants. He was unable to observe the least trace of a microbe, but still
assumed that the pathogen was a bacterium. In 1892 Iwanovsky demonstrated that
tobacco mosaic was caused by an agent that passed through bacteria-proof filters
but he insisted till the end of his life that the tobacco mosaic virus was a small
bacterium. Similar observations were made by Loeffler and Frosch in 1898 on
foot-and-mouth disease of cattle. Beijcrinck confirmed the filterability of tobacco
mosaic virus but confirmed its properties in more detail and then, in 1898, firmly
concluded that tobacco mosaic virus is not a microbe but a contagium vivum
fluidum. His idea that a pathogen can be a soluble molecule that proliferates
when it is part of the protoplasm of a living cell was revolutionary and new. This
new concept has laid the foundation of virus research and directed further studies
on the nature of viruses.

*

In 1876, Martinus Willem Beijerinck, then twenty-five years old, was appointed
teacher of botany at the Agricultural School in Wageningen, that much later
became Wageningen Agricultural University (Fig. 1).

One of his colleagues was Adolf Mayer, a chemist from Heidelberg, Germany,
who had come to Wageningen in the same year to teach agricultural chemistry.
Mayer’s attention was drawn to a serious disease in tobacco, which was, at that
time, grown in the region west of Wageningen. The disease caused great losses
in yield, and the leaves could not be used for the production of cigars. Beijerinck
was first absorbed in continuing his research on plant-galls, which had been the
subject of his doctoral dissertation.

Mayer named the disease ‘tobacco mosaic’; he demonstrated that it is an
infectious disease, and that it can be transmitted to healthy plants by inoculation
of sap. He also observed that the infectious agent was inactivated by heating the
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Fig. 1. Martinus W. Beijerinck, shortly
after he was appointed teacher of botany,
in 1876, at the Agricultural High School in
Wageningen

leaf juice of infected plants at 80 °C [23]. He concluded that the disease was caused
by abacterium, the infectious form of which he was not able to identify. Beijerinck
was very interested in Mayer’s experiments on tobacco mosaic and, upon Mayer’s
request he attempted to identify the responsible microorganism, but failed. He
did not attach much value to this lack of success, as he considered himself not a
sufficiently trained bacteriologist to solve the problem unambiguously.

In 1885, Beijerinck moved to Delft as he had accepted a position at the Nether-
lands Yeast and Spirit Works, now grown into Gist-Brocades NV. He became Head
of the first industrial research laboratory in the Netherlands. There he developed
into a microbiologist in heart and soul, although he continued to do research on
plants. Beijerinck became a real microbe hunter, as is illustrated by the many
papers on the identification and characterisation of various microorganisms. He
had, however, no strong affinity to the technological problems of the Yeast Factory,
rather a preference for fundamental academic problems.

In 1895, he acquired a position at the Polytechnical School in Delft, now the
Technical University Delft, as a professor of bacteriology, and he was granted a
new laboratory and greenhouse facilities (Fig. 2). This should become the cradle
of the renowned Dutch School of Microbiologists.

Here Beijerinck took up his studies on tobacco mosaic disease, which he had
started in Wageningen. He now demonstrated that the sap of diseased plants was
infectious even after filtration through a bacterium-proof porcelain filter candle
that retained all visible aerobic bacteria. No microorganisms, neither aerobic nor
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Fig. 2. Martinus W. Beijerinck at the age of
45 years, when he had become professor of
bacteriology at the Polytechnical School in
Delft and resumed his study on the causative
agent of tobacco mosaic

anaerobic microbes, could be detected in the infectious filtrate, and the infectious
agent could not be cultured in vitro. Moreover, if a drop of juice of diseased plants
was put on the surface of a thick agar layer, the contagious principle diffused into
the gel, leaving behind all bacteria as well as possible spores. This convinced him
that the agent was soluble in water and rather not a microorganism. Furthermore,
he showed that the infectious principle is inactivated by heating the juice to 90 °C,
thereby excluding the possibility of dealing with spores.

The agent actually multiplied in living tissues of infected plants. The rapidly
growing young leaves of tobacco plants were particularly affected and showed
severe disturbances in development. In addition, the material could be stored
for months without losing its infectious properties, even in soil, and it could
be precipitated with alcohol without loss of infectivity. After many painstaking
experiments, unable to detect bacteria by any accepted bacteriological technique,
Beijerinck was brought to conclude that tobacco mosaic disease is caused not
by a bacterium, but by a contagium vivum fluidum. That resulted in the paper
he presented to the Royal Netherlands Academy of Sciences on November 27,
1898, which is commemorated this year [3, 4]. A more detailed description of
the experiments is given in his publication of 1900 in the Archives Neérlandaises
des Sciences Exactes et Naturelles. A biography of Beijerinck was published by
Iterson et al. [17].
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In 1892, Iwanovsky, in Russia, had already demonstrated that the agent caus-
ing tobacco mosaic passed through bacteria-proof filters. Loeffler and Frosch [20]
made similar observations on the infectious principle of foot- and mouth disease;
however, these researchers concluded and maintained that a small microbe was
involved. In doing so, they conformed themselves to the authority of Pasteur [24],
who had stated that ‘virulent affections are caused by small microscopic beings,
which are called microbes... The microbe of rabies has not been isolated as yet,
but judging by analogy we must believe in its existence. . . to resume: every virus
1s a microbe.’

The discovery and definition by Beijerinck of a category of infectious agents
differing from all microorganisms was therefore new and revolutionary — a new
concept. The idea that tobacco mosaic virus (TMV) is a contagium vivum fluidum,
is molecular and soluble, cut across the idea of a microorganism. The contagium
vivum fluidum defined a self-reproducing, subcellular entity.

Beijerinck’s ideas met with strong opposition and were not readily accepted.
In the next decade, however, more self-reproducing pathogenic agents were found
that shared the properties of being filterable, invisible by microscopy and impos-
sible to culture in vitro. Amongst them were the causative agents of several other
plant diseases and of animal diseases such as measles, poliomyelitis, rabies,
yellow fever and smallpox.

Beijerinck’s concept obtained support from the discovery of bacteriophages
by Twort in 1915 [29]; subsequently D’Hérelle [15] showed that bacteriophages
can destroy bacteria but also require bacteria for their multiplication. D’Hérelle
gave full credit to Beijerinck as being the first scientist to declare that there
can be infectious agents replicating at the expense of the living cell, and which
are themselves non-cellular and much smaller than cells. Such agents might be
proteins like albumin, or enzymes.

Indeed the failure of microscopic and cultural methods to reveal any cause
of virus diseases as established by Beijerinck and others had produced various
speculations on the nature of the contagium vivum fluidum, and often proteins
and enzymes were indicated. Beijerinck referred to these hypotheses in his paper
on The Enzyme Theory of Heredity [6] where he suggested the application of
methods that were being developed in protein chemistry. Thus, Mulvania [22]
found that TMV could be precipitated with protein precipitants without loss of
infectivity.

In 1926, Summer obtained the first enzyme, urease, in pure form and produced
crystals from pure urease — a milestone in protein chemistry. Another major
development was the demonstration that the local lesions produced by TMV on
the leaves of some host plants could be used for a quantitative assay, similar to
the plaque test for bacteriophages.

Inspired by the success of purification of an enzyme, Wendell M. Stanley
attempted to purify and isolate TMV using precipitation with ammonium sulphate.
In 1935, he obtained crystals of TMV from the juice of infected tobacco plants and
concluded that TMV was to be regarded as an autocatalytic protein that required
the presence of living cells for multiplication [27, 28].
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Fig. 3. Electron micrograph of negatively stained tobacco mosaic virus particles from a

preparation purified by Bawden and Pirie, in 1935, at Rothamsted Experimental Station,

England. The electron micrograph was made fifty years later, in the eighties (courtesy by
Dr. T. M. A. Wilson, Dundee, Scotland)

One year later, Bawden and others [1, 2] in England showed that TMV is not
really a pure protein, but contains about 5% ribonucleic acid (RNA) (Fig. 3). Two
years earlier, in 1934, Schlesinger had shown that bacteriophages contain protein
and deoxyribonucleic acid (DNA). Nucleic acid had made its entrance in virus
research.

These findings represented major discoveries that strongly appealed to the
imagination. How could an agent like TMV reproduce if its chemical composition
was so simple? It became a major goal to elucidate the structure of viruses in
order to learn how they work. Viruses received full attention by biophysicists,
biochemists and crystallographers. Part of the studies of viruses were molecular
studies, actually leading to molecular biology.

The first indications of the shape of TMV particles came from the observation
that dilute solutions of TMV showed the phenomenon of anisotropy of flow.
Bawden et al. [2] used a goldfish swimming in a TMV solution to demonstrate
this phenomenon and concluded that the virus particles were probably rod-shaped.

The real disclosure of the shape and form of virus particles was brought about
by the development of the electron microscope in the late thirties, which made di-
rect visualisation of the hitherto invisible particles possible. It revealed that TMV
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particles are indeed rod-shaped [19] and as we know now, are 300 nm in length
and 18 nm in width. Many other viruses are spherical. The more complex structure
of bacteriophages, with their heads and tails, was first visualised in 1940 [25].

Then in 1952, Hershey and Chase discovered that, upon infection, the phage
DNA is the only, or at least the principal phage component that enters the host cell
while the bulk of the phage protein remains outside. This experiment showed that
DNA is the carrier of the genetic programme for phage replication and provides
for the genetic continuity of the phage. Later, Gierer and Schramm [13, 14] and
Fraenkel-Conrat [9] proved that the RNA from TMV is the infectious component
and that viral RNA, devoid of protein, can initiate virus replication upon infection
of tobacco plants.

In the meanwhile, X-ray diffraction studies of TMV crystals had shown that
virus particles are assembled from a large number of identical protein subunits
[8]. Fraenkel-Conrat and Williams [10] then found that in a solution containing
a mixture of TMV RNA and disassembled protein subunits, virus particles re-
constitute to their original structure and regain full infectivity. Using RNA from
different TMV-strains, Fraenkel-Conrat and Singer [11] prepared hybrid viruses
by reconstitution and showed that, after infection, the probing virus was always
composed of RNA and protein corresponding to the RNA in the infecting hybrid.
This clearly demonstrated RNA as the genome of the virus.

X-ray diffraction studies by Franklin and others [12] finally revealed the en-
tire structure of TMYV, in which a single RNA molecule wound into a helix, 1s
surrounded by radially arranged protein subunits. By then, the particle of the
contagium vivum fluidum responsible for tobacco mosaic disease had been char-
acterised in all detail.

Through the years, a large and ever increasing number of animal, plant and
bacterial viruses has been identified. In the middle of this century, almost fifty
years after Beijerinck’s discovery, virus research had gradually developed into
virology, a branch of biological science constituting a distinct body of knowledge
and methodology, with its own genetics and generalisations that formed a firm
basis for further research. There was a general agreement that viruses are entities
whose genomes are elements of nucleic acid, either DNA or RNA. They replicate
inside living cells, they use the cells’ metabolic and protein synthetic machinery
and direct the synthesis of specialised elements that can transfer the viral genome
to other cells. Viruses neither grow nor divide, so they are no organisms. They de-
pend upon host organisms for their reproduction. During replication, they become
part of the infected cell, but they have their own genetic programme.

To obtain an overview of the large variety of viruses and their biological
properties, and to reveal their possible evolutionary relations it became essential
to classify viruses in meaningful categories [21]. By then, Beijerinck had been
dead for more than 25 years. He died January 1, 1931 and did not live to see the
purification and crystallisation of TMV. At his retirement from the University of
Delft in 1921, he ended his farewell address by proclaiming ‘.. .how happy are
those who are now beginning. . .” Might he have had some notion of how exciting
virus research would become and how important for biology?
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The Prussian State and microbiological research — Friedrich
Loeffler and his approach to the “invisible” virus

H.-P. Schmiedebach

Institut fiir Geschichte der Medizin, Greifswald, Federal Republic of Germany

Summary. When Loeffler took his first steps in the newly-emerging field of vi-
rology, the aim and the methods of his research activities were influenced by two
different issues: 1) Loeffler was rooted in the scientific paradigm of bacteriology,
but during the progress of his research on foot-and-mouth-disease (FMD) he rec-
ognized that the classical techniques derived from bacteriology were useless in
identifying the agent of this disease. Thus he focussed on the properties of the
pathogen and — though he could not find a method in order to visualize the ‘virus’ —
he tried to develop a vaccine against the disease. 2) The Prussian Government was
highly interested in effectively combatting FMD. In 1897 Loeffler was appointed
by the Ministry of Cultural Affairs to the newly-established commission for ex-
ploring that disease. The agricultural lobbies and the public pursued the activities
of the commission with a mixture of hope and serious scepticism and demanded
convincing results. These circumstances caused a considerable degree of political
pressure on Loeffler, pressure which determined that his research activities would
take a pragmatic approach, that he would avoid sophisticated reflections and trials
on the nature of the ‘virus’, and that his research strategies would have as a goal
the development of an effective immunization.

Introduction

In 1897, when Loeffler was appointed to the commission that was to explore
FMD he already was a highly respected bacteriologist. As one of the first collab-
orators with Robert Koch, Loeffler had worked with him for about eight years
(Fig. 1). During this time, he became familiar with the methods of bacteriological
research of that era, but in 1888, he accepted the newly established Chair for
Hygiene at the medical faculty in Greifswald. In the years before his appointment
to Greifswald he had been able to make some outstanding discoveries in the field
of bacteriology; for example, in 1884 he identified organism causing diphtheria
and about five years later he isolated the toxin produced by this organism [29-31].

In this paper I discuss his merits concerning the establishment of virology.
Loeffler is often named the “father of virology”, mostly in German or German-
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Fig. 1. Friedrich Loeffler and Robert Koch (about 1886) [source: Upger H (1936) Robert
Koch. Roman eines groflen Lebens, 6. Aufl. Verlag der deuschen Arzteschaft, Berlin]

speaking periodicals, while the Anglo-American journals primarily apply this
title to Dimitri Ivanovski [17] or to Martinus Willem Beijerinck [13]. Ivanovski
is generally given credit for first recognizing an entity that was filterable, sub-
microscopic in size, and that might be the cause of a disease [28, 37]. In 1892
he presented a paper before the Academy of Sciences of St. Petersburg in which
he stated that the sap of leaves infected with tobacco mosaic disease retained
its infectious properties after filtration through filter candles [16]. However, this
discovery produced several questions concerned with the nature of the filterable
infectious agent [14]. What did Beijerinck mean when he spoke of a contagium
vivum fluidum (contagious living fluid) [4]? Was the agent hypothesized as liquid
and soluble or was it as particulate? Was the ability to multiply a kind of self-
reproduction of a living organism or was it more a product of metabolic activity
of the host-organism? The evaluation of these questions was strictly connected to
the emergence of virology.

In this paper I deal with two aspects of Loeffler’s contribution to virology
and his exploration of FMD: the first issue emphasizes the research goals and
the experimental settings. The second focuses on the contextual background in
which the experimental strategies of Loeffler, and his collaborators Frosch and
Uhlenhuth, were implemented. Both aspects are interwoven to some extent and
constitute a reciprocal relationship. The contextual conditions embrace politi-
cal demands, practical purposes of the research project as well as the pressure
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and the power of public opinion with regard to the expected success of the re-
search activities. The experimental work should be evaluated with respect to the
trials they performed, the devices they used and the problems they tried to over-
come.

The published records and articles written either by the research commission,
which Loeffler headed, or by himself show some epistemological uncertainties.
Most of the authors who have described Loeffler’s merits ignored such passages
in his articles and did not discuss these interesting items [1, 3, 6, 7, 8, 10, 15, 33—
36]; but even Claude Bernard, one of the founders of the experimental method
in physiology, stated in 1865 that when the scientific object is absolutely dark
and unexplored, the physiologist is allowed to act haphazardly and to undertake
something that Bernard likened to “fish in troubled waters” [5]. To emphasise
such dark aspects of a research process leads us to the most interesting issues; if
we discuss these questions we can discover the different factors that determine
the proceedings and the results of those activities. The thesis that emerges from
this and that I discuss is as follows:

The research programme concerning FMD, which was initiated by political
authorities, was primarily aimed at the development of an effective vaccine but led,
as a side-effect, to the virus itself. Nonetheless, it was not possible to find a way to
visualize the supposed virus and thus Koch’s postulates could not be completely
employed. Loeffler emphasized the practical side of his research activities, which
to some extent de-emphasised the theoretical and scientific requirements. The
political, practical and public context determined the experimental strategy and
the focal points of his research.

The experimental settings

I refer to the experimental setting, or to the history of the discovery, as far as
it is concerned with the establishment of virology. The first fact we take into
consideration is that the term “virus” was used in discussions in papers by bac-
teriologists long before the end of the 19" century. Even in Antiquity and in the
Middle Ages the term “virus’” denoted a venomous agent. In 1844 a well-known
German medical encyclopedia gave several definitions, ranging from “poison”, to
“miasma” and to “contagium” [34]. In the first records of Loeffler and Frosch in
the year 1897, this notion is mentioned several times. Of course this term did not
then embrace the connotations of the modern word “virus”. They used this word
in the sense of an agent that causes a disease (“Krankheitsstoff”) [25]. About one
year later Loeffler added the denotation of an agent with the ability to multiply
[18].

Loeffler and Frosch adhered to the paradigm of bacteriology and all their
research activities moved within this field. They were looking for a bacterium or
a bacterium-like germ and they used the approved methods of bacteriology, for
example the culture media [25, 27]. The result of these trials was a definite one: a
bacterium could not be found and certain cultures contained organism that were
contaminants and which were easy to identify.
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Fig. 2. Loeffler in his laboratory [source: Unger H (1941) Unvergiingliches Erbe. Das
Lebenswerk Emil von Behrings. Gerhard Stalling Verlagsbuchhandlung, Oldenburg Berlin]

In a second step Loeffler and Frosch focussed on some of the very important
properties of the germ they were looking for, properties relevant to the devel-
opement of a strategy to be used against the infectious agent. Therefore, they
formulated seven research issues: 1) transmitting the disease to various species
of animals; 2) mode of infection; 3) the infectious material itself; 4) the dura-
tion of activity of the “virus”, 5) methods for destruction of the pathogen; 6) the
development of immunity; and 7) the possibility of vaccination [25]. In all, they
established standard methods that could be used to study many viruses.

During half a year of experimentation on these problems they emphasized the
question as to whether animals that recovered from the disease were then protected
by an immunity against a second infection. They spoke about the dangers to the
agricultural production due to this disease. Not only the large number of dead
animals, but also losses of milk, meat, capacity for work and the negative influence
on cattle-breeding were mentioned in this regard.

In addition to this problem, there were contradictory opinions about the ques-
tion of immunity. Some veterinary authorities denied the possibility of immuniz-
ing against FMD. However, certain observations made by the commission showed
that some of the animals did indeed mount immunity. Nonetheless, this was not
a consistent occurrence and there was no knowledge about the duration of such
protection.

Later they tried to determine a useful immunization procedure. They per-
formed some trials with different kinds of lymph, with the blood of animals that
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were shown to be immune and with a mixture of lymph and blood of these pro-
tected animals. Through these trials they discovered that blood from animals that
had recovered from FMD could protect other animals [25].

With regard to the question of immunization the commission conducted other
experiments. They injected blood from newly affected animals with and without
blood of immunized individuals. In another experiment, they removed lymph,
which was cleaned of any corpuscular elements by a filtration process, diluted it
with 39 parts of water, mixed in bacteria as a marker, and filtered this twice through
a Berkefeld filter. The filtration was considered as successful when there were
no bacteria in the filtered substance, proving that all bacterial and corpuscular
elements were held back in the filter.

This kind of filtration had been used since the early 1870s in order to remove
microorganisms from fluids. Loeffler and Frosch wanted to determine whether
there were soluble agents within this lymph that could provide immunity to FMD.
The aim of these injections was strictly connected to the immunization. The
investigators were surprised when they saw that all cows treated with the filtered
lymph became as ill as the control cows that had received injections of unfiltered
material.

Reflecting on this phenomenon they considered two possibilities: First, that
the filtered lymph, which did not contain any bacteriological elements, contained
a soluble, extremely efficient toxin and second, that the invisible germs causing
FMD were of such a small size that they could pass the pores of a filter able to hold
back all known bacteria. Loeffler and Frosch reported this in their third record,
from January 1898 [25]. As mentioned, Loeffler was experienced with both alter-
natives. In the past he had discovered some germs and in 1889 he had been able
to isolate the toxin of the organism causing diphtheria. So Loeffler now had to
construct an experimental strategy to exclude or to prove one of the alternatives.

In a first step he compared the toxic efficacy of lymph from cattle with FMD
with that of tetanus-toxin. In an arithmetical example he came to the conclusion
that the toxic efficacy of such lymph would be much larger than that of the very
highly effective toxin of tentanus. He then referred to an observation he had made
with a pig that became infected with FMD after injection with a diluted sample
of lymph taken from a blister of a cow that had become ill after being injected
with diluted filtered lymph. Because in this example the toxin had been diluted
twice, the supposed toxin efficacy would be extremely high. Loeffler commented
on the result of his calculations with the words: “Such a toxic efficacy would be
simply incredible!” [25, p.100] with this rhetoric he arrived at the second step.

Once again he presented a mathematical example combined with a simple
experimental observation. The starting-point was an assumption. He assumed that
the toxin of FMD that would be totally, or to a very large extent, excreted at those
places of the body-surface where the blisters emerged. He felt this assumption
was legitimate because it was not possible to prove the existence of a toxin in
organs of a deceased animal. Moreover, he estimated that the whole content of
all blisters would be 5 ml. With only 1/30 ml of filtered lymph it was possible
to infect an animal. Accordingly the original amount of toxin was now diluted
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to 1:150. Only 1/50 ml of this diluted lymph was enough to infect a 30 kg pig,
dilution of 1/7500 of the original fluid. Again he compared his results with the
toxic efficacy of tetanus toxin and related it to a gram of blood: it would result in
a toxic value of the FMD-toxin per gram of pig blood of 1:7,500,000,000. Also
this second example seemed to prove a high efficacy of the toxin. Loeffler then
presented his conclusion — based on his assumptions and on these calculations-
which he formulated very cautiously: “Thus we cannot reject the assumption that
the effect of the filtered lymph is not caused by a soluble substance, but rather
by a germ with the ability to multiply” [25, p. 100]. (,,Es 148t sich deshalb die
Annahme nicht von der Hand weisen, daB es sich bei den Wirkungen der Filtrate
nicht um die Wirkungen eines gelosten Stoffes handelt, sondern um die Wirkung
vermehrungsfihiger Erreger).

These calculations, based on a mechanical view without consideration of
possible metabolic activities, brought him to the conviction that there existed a
germ of very small size that could pass through common filters. Nonetheless, he
could not present scientifically derived evidence for the existence of that small
germ. Loeffler was fully aware of this epistemological dilemma. In his record
he added an explanation for the impossibility of seeing this very tiny germ. He
referred to correspondence with Professor Abbé in Jena who was an authority
of the highest reputation regarding microscopic techniques. Loeffler discussed
with him the limitations of microscope performance. If the supposed germ of
FMD had a size of only about 0.1 pwm, even the best immersion techniques of
that day could not made this virus visible. According to Loeffler, this would be
best explanation for the fruitless attempts to discover the germ by microscopic
investigation. Although this was a very pessimistic view, he tried to turn the tables
and offered a perspective concerning the possible discovery of a large number
of other germs that could not be identified at that time. In connection with the
necessity of future studies on that problem, the commission also requested for the
grant of new financial support from the government [25].

The commission could not identify the supposed microbe by microscope nor
was it possible to make it visible by any other methods. However, there were
some scientific requirements to be fulfilled in order to accept a supposed germ as
the causative agent for a disease. In 1903 Loeffler himself wrote on the occasion
of Koch’s 60" birthday about the scientific foundations of the newly emerged
discipline of bacteriology and declared the development of “Koch’s Postulates”
as a decisive attainment. While Koch had mentioned four postulates in 1890 [12],
Loeffler referred only to three:

1. “Constant evidence of the concerned organism in all cases of the disease;

2. isolation of the pathogen in a pure culture that had to be cleaned of all corpu-
scular elements of the sick individual;

3. generation (Wiedererzeugung) of the disease anew by reliable pure cultures.”

[20]

I will not discuss the differences from Koch’s original formulation but we
must evaluate whether Loeffler himself undertook any steps to employ these
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Fig. 3. Shibasaturo Kitasato in the Institute of Hygiene in Berlin (1899) [source: Collected
Papers of Shibasaturo Kitasato (1977). Kitasato Institute and University, Tokyo]

three postulates in the case of FMD and which, if any, he employed. As we have
already seen, two very successful methods, microscopy and culture, failed with
regard to the identification of the microbe. So Loeffler and his collaborators had
to figure out some other methods. As already reported in their first record, the
commission focussed on the biological or biochemical properties of the causative
agent, properties such as duration of activity, resistance to high temperatures,
destruction of the supposed “virus”, etc. The published records contain some
information on these properties, sometimes with slight modifications from one
record to another.

Moving on in this field, the terms “invisible” and “filterable” emerged [24].
Quality of filtration was determined by the quality of the devices and the con-
ditions of techniques such as pore size of the filter, adsorption properties, and
filtration pressure. So the category “filterable” became primarily an experimental
definition. Moreover, this experimentally defined category did not always apply,
even for the supposed pathogenic virus of FMD. In their record from 12 August
1898 Loeffler reported that diluted lymph, which had been squeezed several times
through the very small pores of a Kitasato-filter (see Fig. 5) lost its pathogenic
ability. Loeffler concluded that the pathogenic agent of FMD could not permeate
these very narrow pores; thus it must be of corpuscular character [18].

The agent was sometimes filterable, sometimes not. This experimental defini-
tion was dependent on the choice of the filters and of the filtration technique, but
there is no hint that Loeffler or one of his collaborators understood the significance
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Fig. 4. Berkefeld-Filter [source: Catalogue of Fig. 5. Kitasato-Filter [source: Catalogue of
the firm “Pohl”, Den Haag (without year)] the firm “Pohl”, Den Haag (without year)]

of this observation and performed additional experiments to find out other ways
to characterise the supposed virus.

In 1907 Loeffler published an article dealing with new methods of quick
colouring microorganisms. He wrote that the during previous years he had tried
to identify the pathogen of FMD by a special mode of colouring but that all these
trials had failed. In addition, his newly developed procedure based on two highly
effective methods, the malachite colouring and the Giemsa staining method, could
not make the virus visible [27]. So some essential aspects of “Koch’s Postulates”
could not be employed in Loeffler’s research activities.

Nonetheless, in one respect Loeffler was successful. In 1903, he told the
scientific community that he had found a culture medium for FMD virus, the
bodies of piglets. In his attempts to develop an effective serum against FMD, he
needed lymph with as constant and as high a virulence as possible. The little pigs
of the Yorkshire race proved to be the most suitable animals for this purpose.
In order to continue the cultivation of the virus he injected a certain quantity of
lymph every 5 to 6 days. Normally after 2 to 3 days, the pigs became sick and,
after having lymph removed from the blisters that developed, a protective serum
was injected so that the losses were limited [19]. This success was more a result
of the immunization experiments than a product of a well-calculated hunt for an
adequate culture medium for FMD virus. Despite this success, one hardly can say
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that all Koch’s postulates were fulfilled. Loeffler was aware of these difficulties
and though he did not often give notice about his unsuccessful trials, he obviously
could not claim a breakthrough concerning the identification of FMD virus. Owing
to this deficiency, in the first decade of the 20th century a discussion about the
nature of the newly described “virus” arose. This controversial dispute took place
to a large extent in the pages of the “Centralblatt fiir Bakteriologie, Parasitenkunde
und Infektionskrankheiten” and revolved at that time primarily around tobacco
mosaic virus [11, 32, 38]. The two protagonists were Beijerinck and Ivanovski.
The central item they dealt with was a question of the nature of the virus: was it a
living agent or an inert chemical product [14, 37]? It is striking that Loeffler did
not contribute to this discussion with articles referring to his own research results.
Only in an article from 1906 did he mention in one phrase the “smallest plants”,
the so-called bacteria [22]; however, he gave only notice of this opinion, without
any argumentation or reflection. Even if we concede that these questions were
only academic and that convincing evidence based on experimental research was
lacking for either approach, it is surprising that Loeffler, as one of the fathers of
virology, did not take part in this discussion and did not question the contradictory
results with regard to the filtration results.

Political context and public pressure

In discussing the politics of this drama, I refer to what I have introduced as
the contextual conditions of the research project on FMD. Two Prussian Min-
istries played a crucial role concerning financial support. The Prussian Ministry of
Cultural Affairs from 1897 to 1907 and, from 1909 onward, the Prussian Ministry
of Agricultural Affairs. The establishment of a research commission in 1897 was
intended to provide the solution to this practical problem in the field of livestock-
breeding and production with the help of the newly established discipline of
bacteriology [7].

Losses in the agricultural production caused by FMD were extremely large;
at the end of the 19th century they amounted to 100 million marks a year. The
appointment of Loeffler to the Chair of Hygiene at Greifswald University in the
year 1888 was largely a political decision by the Ministry of Cultural Affairs and
not the result of an academic desire of the faculty. The list of names of the proposed
scholars for this appointment embraced four persons. The first position was given
to Gustav Wolfhiigel, who had studied chemistry and medicine and was qualified
in hygiene by Max von Pettenkofer in Munich. The second person was Ernst
Salkowski, who had worked in Tiibingen and later for Rudolf Virchow in Berlin,
becoming head of the chemistry department at Virchow’s Institute for Pathology.
The third candidate was Friedrich Renk from the Berliner Reichsgesundheitsamt.
The fourth person was Loeffler, who was only able to gain a place on that list
because the Dean’s vote for Loeffler was double-counted; thus a majority of one
voice ensured position number four for Loeffler. This was a very uncommon
procedure. The faculty wrote to the Minister that in the opinion of the professors,
Loeffler was indeed qualified in bacteriology but not sufficiently in chemistry,
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Fig. 6. Page of the “Berliner Abendpost” from 24 April 1911 with the article that re-
proached Loeffler about not having discovered the pathogen causing FMD (“Die Tierseuchen-
Kalamitit™)

which was seen as a main pillar of hygiene. Therefore, the faculty preferred an
appointment of one of the other candidates [31]. Nonetheless, the Minister was
convinced of the high reputation of bacteriology and its relevance to hygiene, and
Loeffler was allowed to take up his new position at Greifswald University.

The beginning of Loeffler’s research work on FMD was promoted by an
activity of the Prussian Government. In 1897, the Prussian Ministry of Cultural
Affairs established a “commission for the investigation of the FMD at the Institute
for Infectious Diseases in Berlin.” The collaborators of Loeffler were, first, the
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veterinarian Paul Frosch and, later, Paul Uhlenhuth. This commission was obliged
to submit regular reports to the Ministry of Cultural Affairs.

The initiative for this research programme, as well as the financial support,
were results of political interests of the state. Million mark losses caused by FMD
each year in the agricultural sector, especially in the field of milk production and
cattle breeding, stimulated the activity of the parliament and paved the way for
state support. Unfortunately, this support made Loeffler dependent upon political
trend.

However, the Ministry did not restrict itself to these basic activities; it built a
network that was intended to provide information necessary to collect the needed
material. The Ministry required several local authorities of rural communities
around Berlin to send information about new out-breaks of the disease immedi-
ately by telegraph to the Berlin Institute for infectious diseases; district veteri-
narians (Kreistierdrzte) particularly supported the commission. Thus, the receipt
of fresh lymph samples from newly erupted blisters of cows was guaranteed. In
their first collection, Loeffler and Frosch referred to the contents of blisters of 12
animals from four places.

Later, when they had performed successful laboratory trials and found effec-
tive sera, they wanted to scrutinize their results under practical conditions in the
countryside. They had to wait for such an opportunity and, when informed about
a new epidemic, they travelled to the affected farms. In their records they tell us
about a large scale of “considerable difficulties” (erhebliche Schwierigkeiten):
because of very wild animals, for example, but serious injuries did not happen
[25]. Loeffler and Frosch had to receive the permission of the proprietor of the
concerned cattle herds before they could vaccinate the animals. Thus the lab-
oratory work was integrated not only into an information network, it was also
dependent on farmers in the countryside. All these conditions of their research
work underline the practical purpose of the research programmes.

In 1907, Loeffler was confronted with numerous difficulties. Since 1902, he
had been using a farm in Greifswald for his trials. In 1907, the Prussian Minister of
Agricultural Affairs accused Loeffler of being responsible for the dissemination
of FMD in the region of Greifswald. Loeffler’s experiments at this farm were seen
as the main cause for the spread of the disease.

Supported by agricultural associations of farmers of Pomerania, the Minister
demanded the suspension of all experiments at the farm as well as the university
institute. Loeffler had to stop his activities and the farm was rented to a farmer
and a master carpenter [7]. After an intermission of two years, he resumed his
research activities in another place: the newly purchased and equipped island
of Riems, which provided an almost ideal location for his work. The danger of
disseminating the disease was minimized because it was an island.

Two years later Loeffler had again to endure great public pressure. The success
of his vaccination experiments was denied by two important professors: Profes-
sor Schmalz, head of the Berlin Veterinary Medical School and Professor Casper
from Breslau University. They both strongly criticized Loeffler’s research activi-
ties. Their opinions were published in an article in a newspaper in April 1911 (see
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Fig. 6). The article attacked both Loeffler and the Ministry of Agricultural Af-
faris. The unknown author blamed the Minister for having given too much credit to
Loeffler’s immunization methods. Because the Minister had eased restrictive mea-
sures, the epidemic spread, infesting about 11,000 farms. Loeffler is said to have
announced newly developed sera each year but none showed any effect. He was
even reproached because he had not discovered the etiologic agent of FMD [2].

This was motivated by differences between two concepts of combating the
disease: Schmalz and Caspar preferred veterinary administrative restriction, such
measures seen as being able to be lifted if a vaccine would be developed. With re-
spect to the uncertain results of veterinary research, the protagonists of veterinary
policy measures did not agree with any easing of such restrictions. Not only fund-
ing quandaries but also the politically-motivated purpose of the research project
as well as the public pressure were contextual factors influencing the specifies of
the research.

Closing remarks

1. As mentioned, Loeffler was appointed by the Ministry of Cultural Affairs to
a commission for studying FMD. The entire project was dedicated to a very
practical end: combating the heavy agricultural losses caused by FMD.

2. The experimental setting, a laboratory as a center of a widespread network
of farms and stables in Pomerania where trials could be performed in cattle
under rural conditions, underlined this practical reference to cattle-breeding
and agricultural production.

3. In 1899 Loeffler was appointed as an extraordinary member to the “Kaiser-
liches Gesundheitsamt”. He was obliged to observe the development of all
aspects of public health in his district. With this appointment, he became
someone like a public health officer as controller and advisor in public health
affairs.

4. From the beginning of his research activities on FMD, he and his collaborators
prioritized the development of a vaccine against the disease. The majority of
his statements, and publications dealt with problems of immunization [19,
21, 23, 26]. His first trials in that field had already given some reason for an
optimistic assessment and for further study. Attempts to identify the etiologic
agent were subsumed to the loftier goal of finding a method for adequate
immuniztion. Loeffler hoped that the identification of the virus could facilitate
and lower costs of production of an effective vaccine.

5. The agricultural lobbies and the public, especially the rural population, pur-
sued the activities of the commission with a mixture of hope and scepticism.
From 1907 on, Loeffler was forced to interrupt his research activities because
of the resistance of agricultural associations, but in 1909, the Ministry of Agri-
cultual Affairs again granted financial support. However, now the pressure on
Loeffler increased. The Ministry of Agricultural Affairs had to decide which
protective measures should be performed in case of an epidemic. These mea-
sures embraced a grand scale, ranging from temporary segregation of affected
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farms to the slaughter of sick animals. Loeffler was an important advisor to the
Ministry and so he had to take on a considerable degree of responsibility. If he
was successful with his research on vaccination, the toughness and duration of
protective measures ordered by the political authorities could be minimized.

Dependent on the success of medical innovations was a dynamic relationship
between governmental regulations and veterinary medicine. The more effective a
vaccine was, the less rigorous veterinary policy measures would become. Without
an effective vaccine, the extensive veterinary administration concept would re-
main dominant. There were certain contradictions between these two approaches,
although in 1909 Loeffler tried to construct a more complementary relationship.
He was fully aware that an effective protection, i.e. active immunity, was attained
only five weeks after immunization. Passive immunity induced by a serum be-
came effective at once but it lasted only for two weeks. These facts demonstrate
distinct limitations for a dominance of veterinary prophylaxis over administra-
tion. Therefore, he stated that a serum vaccination would not be the only measure
against the epidemic and that a real effect would be caused when passive immu-
nity was applied in combination with rigorous veterinary administration measures
[23]. According to the veterinary authorities at that time, preventive measures had
failed, so strict veterinary regulations seemed to be the only way to combat FMD
successfully. )

One can imagine which political pressure determined Loeffler’s research
activities. He always accepted the very practical purpose of the FMD-research
project and he submitted his research strategies to the goal of developing an
effective method of immunization. Therefore he used the methods he had be-
come familiar with during his time as Koch’s collaborator, but his overall activity
was concerned with the exploration of FMD, giving special attention to the prac-
tical end. In particular the Ministry of Agricultural Affairs demanded effective
results for its continued financial support and Loeffler did perform the first suc-
cessful trials of immunization. This led to optimism about further experiments in
that field without having identified the virus.

Following this, and considering the heavy pressure, it is not surprising that
Loeffler was not in the contemplative mood required to publish sophisticated
articles about the nature of the virus and to perform experiments to prove one or
the other theory in this field. In addition, he was adherent to the bacteriological
paradigm that had presented many successful discoveries up to that time and
he did not see any convincing reason to reject this concept. Considering all the
ramifications of his work, his research strategy, despite all the remaining questions
and the epistemological uncertainty, becomes more comprehensible.
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The legacy of Friedrich Loeffler — the Institute on the Isle of Riems

W. Wittmann

Riems-Pharmaceuticals Ltd., Riems, Federal Republic of Germany

Summary. When starting the experiments on foot and mouth disease on the Isle
of Riems in October 1910, Friedrich Loeffler could continue investigations that
had been interrupted in 1907 by ministerial order. Loeffler’s appointment to Berlin
in 1913 and his sudden death in 1915 lead to the temporary cessation of work on
the Riems. With high personal creativity and many years of seminal influence,
Otto Waldmann carried Loeffler’s ideas further, in the selection of themes and
research strategy, making the Riems a world famous place of research. Some
essential elements have determined life and research on the island for decades: the
development of measures against epidemics, the conception of their application,
the extension of research to new diseases of economic significance, the close
contacts with the veterinary practice at all times, the presentation of results to
experts and the stimulating discussions in the laboratory. I will try to briefly draw
a bow covering the decades of different social conditions to the present and to
suggest that Loeffler’s ideas, which have been improved with the years, can affect
many a current decision, even though differentiated individually.

*

The last hundred years of animal virus research often gave reason to remember
its initiators and their achievements [7, 32, 60, 61]. Celebrations for different
occasions mostly took place at Greifswald or on the Isle of Riems [6, 19, 42,
44]. In addition, Frankfurt an der Oder, Loeffler’s native town, repeatedly hon-
oured its great son, who was born in June, 24th, 146 years ago [3]. This contri-
bution deals with a part of what we define as the legacy of Friedrich Loeffler,
namely that part which has been linked for years with the name “Riems” for
dealing with novel pathogens — the viruses — described for the first time in 1898
[28].

First one should start with Friedrich Loeffler: Some words Loeffler said about
himself [24]: ... The remembrance of that time, when we were still working ... in
the middle Robert Koch and we at his side, when we were faced almost daily with
new miracles of bacteriology and when we — following our principal’s shining
example — were working from dawn to dusk hardly finding time to meet the
physical requirements, the remembrance of that time I shall never forget. Surely



26 W. Wittmann

Fig. 1. Friedrich Loeffler (24.6.1852-10.4.
1915) (Archives of Riems)

we learned in those days what it means to observe and to work exactly and to
follow a fixed target with energy.” (Fig. 1)

Uhlenhuth, Loeffler’s most recent co-worker said in memoriam [60]: ... when
he succeeded in finding a new staining method ... he could be glad like a child to
demonstrate us his specimen preparations under the microscope putting back his
glasses and exclaiming enthusiastically in his vivacious nature: ‘Candy, candy,
Gentlemen!””

A little book about the University of Greifswald mentions him as “... a lively
personality with keen very friendly glittering eyes hidden behind glasses, the
lower lip pushed forward somewhat gruffly out of the blond trimmed beard, the
manner of speaking short, in Berlin dialect. Wherever he was he created around
himself a ring of security, clarity and gladness ...” [30]

Loeffler’s person was also the subject of some doctoral theses. One of the
latest dissertations [33] reports: “... so he surely succeeded in his most important
discoveries mainly due to his attitude towards science, his creativity his obsession
with science and his courage to take a risk. In spite of brilliant achievements being
the results of strenuous work, he had to overcome first of all the considerable op-
position of the competent colleagues and the small-mindedness of the authorities
particularly in his research dealing with foot and mouth disease...” We can imag-
ine a little how Friedrich Loeffler arranged his working day, how he formed new
ideas and organised the experimental basis for them mentally. We can feel him
being glad about good results, how he made every efforts to share this gladness
with his collaborators and how he had a longing for discussing with them, before
writing down the results for the next publication. Without wanting to place Loeffler
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into the present I think that many of his activities not only impressed friends and
colleagues but also many a researcher of following generations who could only
read what the Privy Councillor was doing. — This statement may be a little ide-
alised, as young scientists often are no longer interested in things being older than
a week, as Sidney Brenner once said [8]. When working for the preparation of
the Riems 50th anniversary in 1960, I became very much aware of working in
the world’s first virological institute. Sometimes, however, you remember ances-
tors of your subject more vividly and this has not changed until now, as Walter
Plowright underlined last year [37].

In the following, one should emphasise one part of the legacy, referring to
selected aspects of the Riems research, the more so as some of these results
substantially influenced the development of the institute. Again a statement by
Loeffler is placed at the beginning [27]: “..Robert Koch’s example showed us
how to take effective measures for the control of agents based on the knowledge
of them and their biology.” After October 10, 1910, the day when the experiments
of foot-and mouth-disease (FMD) was restarted with the lymph which arrived at
the Riems from Vickovo, he realised this principle vehemently. The classifica-
tion of FMD as a disease in which protective antibodies are produced led to the
development of an immune serum, its first administration — alone and together
with FMD virus, named “seraphtin” — showed that the complex of prophylactic,
therapy and control of epidemics is inseparable [25].

Astonishingly these developments were fiercely attacked from veterinary cir-
cles and Loeffler’s results were frankly regarded as irrelevant [50]. Loeffler got
used to such objections and was trained in polemics [23].

He felt angry repeatedly that not sufficient immune serum was available, and
that it was so expensive. Loeffler himself said [26]: “... At present the fairly
high price still interferes with the common administration...but I hope that it will
become cheaper in the course of time”. Loeffler’s hope came true but he did not
live to see it. “When I was appointed director of the Robert Koch Institute for
Infectious Diseases, I ceased working on the Isle of Riems...” [27]. Loeffler died
in 1915 and was buried in Greifswald.

The experiments on the Riems also ceased. The demise of the whole institute
was nearby, had it not been for Dr. Nevermann from the Berlin ministry who made
—as in Loeffler’s lifetime — a strong effort to promote and protect Loeffler’s idea
of FMD research on the Isle. In May 1919, Dr. Otto Waldmann, a veterinarian
employed at the Berlin Veterinary Faculty, was appointed assistant to the district
veterinarian on the Isle of Riems. Waldmann filled himself and his rapidly growing
staff of co-workers with enthusiasm. As early as 1926, Kurt Wagener, one of the
coworkers on the Isle of Riems, appraised this activity as follows [64]: “...The
scientific progress culminated economically in an extraordinary drop in the costs
for serum production and thus in a strong reduction of the serum price from more
than 150 to about 50 Marks per litre...The few hundered litres of serum which
had formerly been produced per year can now be produced within days...Today
the research institute has two laboratory buildings with modern equipment, where
the scientific work for the further research of foot and mouth disease is carried
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out. The stables were enlarged so that at present 300 adult cattle can be kept...”
Scientific progress during these years was characterised by the transmission of
the virus to the guinea pig [68], evidence of FMD virus’ diversity [67, 59], the
first attempts to grow the virus in tissue culture [15], and the serotype diagnosis
using the complement-fixation reaction [58]. Further work during those years
was dedicated to basic investigations about the FMD virus in order to obtain an
inactivated vaccine as soon as possible and to improve measures of epidemic
control for inhibiting the spread of the disease [12, 40, 72, 69].

In the 1930s, the Riems efforts showed first successes when in different at-
tempts a combination was found. This included own experience, French results
about the possibility to inactivate FMD virus with formaldehyde [62], and the find-
ing of a Danish veterinarian [51] about adsorbing the virus to aluminium hydrox-
ide. Due to these efforts, the first efficient inactivated FMD-vaccine was produced
[70]. Very soon after having tested it under experimental conditions, an excellently
organised and evaluated field trial [66] was carried out in 15,200 cattle, 1,600
sheep and 320 goats. The following results [29, 13] were reported: “...the vaccina-
tion did not show any disadvantages, neither for the single animal nor for the whole
population, that the protection was fully developed 6 to 12 days after vaccination
and that vaccinated animals were protected longer than 3 months, even in cases of
massive contact infection... In the control of foot and mouth disease the Riems vac-
cine will take away the fright from this devastating disease, as soon as it can be used
comprehensively.”

Also the press reported repeatedly and informed that: “.. 2.5 million
Marks will be made available in order to extend the Riems institute” [53]. These
means were used to finish the second extensive building phase of Waldmann’s
Riems and in 1940, the main building was completed. In those days, it was the
domicile of the microbiological division (Prof. Traub), the divisions of pathol-
ogy (Prof. Rohrer), chemistry (Prof. Pyl) and production (Prof. Mohlmann)
(Fig. 2).

After several discussions, the Office International des Epizooties in Paris
recommended the prophylactic use of the Riems FMD vaccine and the teams on
the Riems were busy with the continuous improvement of their vaccine [35, 71].
As early as 1942 the annual production was 80,000 litres of mono- or 50,000
litres of bivalent vaccine, being sufficient for 1.5 million or 900,000 cattle, re-
spectively [65]. However the maintenance of this progress become complicated
during World War II, especially in 1943 to 1945 [11, 74]. The whole installation
was disassembled after the war and on one of the laboratory walls an unknown
wrote “Research is finished”. Thus, many of those having lived and worked on
the Riems for years with high creativity and propensity for research left the island
[44, 31]. Together with some co-workers Waldmann went to Argentina but re-
turned in 1953. Friends and colleagues spoke at his grave in 1955. W. NuBhag, the
long-time neighbour of the Waldmann family in Greifswald, one of my teachers
at the Berlin University, said at the grave [34]: “... this man was able to build the
first, the greatest and the finest institute for virus research, the example for all
others ...” (Fig. 3)

13
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Fig. 2. The main building of the institute (erected 1940) on the Isle of Riems; in front of the
institute the sculpture “The cow” (created in 1960) by F. Cremer, Berlin (Archives of Riems)

Fig. 3. The Otto Waldmann memorial near the institute (created by W. Grzimek, Berlin, 1960)
(Archives of Riems)
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Fig. 4. The rector of the Greifswald Univer-
sity (Prof. Werli) presenting to Prof. R6hrer the
letter of appointment to the post of Professor
for Virology at the medical faculty on October
10, 1960 (Archives of Riems)

The poorly equipped laboratories became the “Institute for the Control of Foot
and Mouth Disease”. An increase in production and the start of reconstruction
began because of an order of the soviet military administration, beginning in
November 1948. During these years the efforts and devoted work of each one
wishing to preserve the laboratory and to maintain the FMD control according
to the ideas of Friedrich Loeffler, and to improve them with new results, went
to the limits of endurance. The motive could have been read for many years on
the window in the middle of the foyer — “Our will was stronger than the German
misery” — was a daily hint for each co-worker as to his own expected contribution
to the rebuilding of the laboratory after 1945. It called each guest’s attention to the
fact that everything now in existence was achieved only by hard work. This was
led by Heinz Rohrer who returned to the Riems in 1948 and acted as President of
the institute until 1970 [48, 21] (Fig. 4).

The development of the Riems FMD concentrated vaccine during the first
years after World War II enabled a reduction of the immunising dose from 30
to 5 ml per cattle and the increase in vaccine production on the Isle of Riems,
respectively, represented the basis of the annual prophylactic vaccination in the
German Democratic Republic (GDR) [43]. “From 1961 to 1965 a pilot plant
for the production of FMD-tissue culture vaccines was established” [49]. Great
efforts were put into developing a FMD live attenuated vaccine for application in
pigs, because it proved impossibe to efficiently immunise swine. The results of
these experiments were unsatisfactory [16, 52].

In the early 1950s, due to the political partition of Germany, it became increas-
ingly obvious that also in the Federal Republic an FMD vaccine production had to
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be secured since some epizootics had already caused heavy damage. Well-known
manufacturers carried out this vaccine production. Nevertheless there was also
a need to conduct research on FMD and other virus infections of animals, and
an appropriate institute was founded in Tiibingen, with Erich Traub as the first
president. Because he was a former Riems co-worker, it stood to reason that he
would bring considerable experience and Waldmann'’s ideas to the construction
and profile of the Tiibingen Research Institute.

Cattle were vaccinated in many European countries. This was an essential
contribution to the containment of FMD in Europe and fundamental to the fact
that since July in 1988, East and West Germany are officially free from FMD [20],
an aim achieved 50 years after the first field trial with Riems’ FMD-adsorbate-
vaccine in 1938. It might also well be to Loeffler’s liking if we recall his words of
1914 [27]: “...since I have been engaged in this research since 1896, I am keenly
interested in it and I wish with all my heart that it will be always promoted, for
the benefit and the welfare of German agriculture...”

In early 1992, vaccination against FMD was stopped within the European
Community. Apart from the changes that had already taken place at the Riems
Institute, it had consequences [73], which gave reason to speak about a possible
end of the Loeffler tradition [5].

The aim of research at the Riems, however, was not just vaccination in general
but the elimination of the threats caused by FMD using a vaccine, always assisted
by veterinary sanitary measures until the disease was eradicated and the agent
eliminated. This fundamental principle was also in the Loeffler tradition; with
regard to hog cholera it was defined by Rohrer, who said [45]: “...if once the disease
has been eradicated completely and there is no or little danger of introducing it
into a sanitised area then vaccination could be consequently dispensed with ...and
the measures of control could be again solely veterinary sanitary ones.”

However, Loeffler’s legacy is more than FMD research alone. As early as
1912, he postulated [26]: “For an extremely great number of diseases of man and
animals, such as yellow fever, rabies, hog cholera, fowl plague, equine plague,
pox diseases, to count only a few no causative agent had been found. As research
showed they all are caused by a virus..”” And so in the late twenties investiga-
tions on hog cholera started on the isle. Later, almost exclusively for economical
reasons, the range of research was extended to virus diseases which required an
etiological and diagnostical cleaning up and a control strategy. By the words of
W. NuBhag [34] Otto Waldmann was able to continue the legacy of Loeffler over
all the years. In 1955 he said: “...always he underlined the practicable applica-
tion of the new findings both a sophisticated method of virus research and the
construction of straw-huts to prevent influenza of pigs...”

Thus in the 1930s the Riems institute very quickly became not only a consul-
tancy office for cattle holders but also for the pig breeders, for the horse breeders
and owners, as well as a source for poultry farmers in the case of new diseases
(Table 1).

The extension of the Riems’ research tasks continued after the work was
resumed in 1948. In Riemserort a production plant was built, particularly for
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Table 1. Scientific items of the Institute on the Isle of Riems until 1948

Viral infections
(Beginning of elaboration)

Items

Co-worker

Hog cholera (1930)

Influenza of pigs (1932)

Cough of horses (1934)
Bronchitis of cattle (1935)
Pneumonia of calves (1937)
Infect. anemia of horses (1938)
Fowl plague (1943)

Mouse poliomyelitis (1944)

diagnosis, latent infection
pathology, histology
cytology of blood
etiology

diagnosis

epidemiology, eradication
etiology

etiology

etiology

experimental transmission
pathogenesis, diagnosis
vaccine

histopathology

David, Schwarz
Rohrer, Waldmann
Nagel

Kobe, Waldmann
Schmidt

Vogt, Radtke, Hein
Waldmann, Kobe
Waldmann, Kébe
Nagel

Kobe

Dinter, Rohrer
Traub

Rohrer

Fig. 5. Building of the CVV production (1956) in the village Riemserort, where some
laboratories of the production division of the “Friedrich-Loeffler-Institut” had been situated,
since 1991 this building is a part of the “Riems Pharmaceuticals Ltd” (Archives of Riems)
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crystal violet vaccine (CVV) against hog cholera; it started production in 1956
([10, 44, 56]; Fig. 5). Equine infectious anaemia and fowl plague remained major
topics in the Riems research programme [39, 17]. New research, traditionally
initiated from practice, in order to assist the veterinary practitioner and the di-
agnostician as well as to improve basic knowledge, was initiated (Table 2). At
the age of 85 years, Rohrer summed this philosophy up as follows [47]: “...The
foot and mouth disease vaccine as well as the crystal-violet-vaccine against hog
cholera are striking examples for a successfully completed systematic research
carried out with a strict strategy. They result from a lively relation to the veterinary
practice, which has always been exercised by the institute. That is also true for
...other scientific achievements of the Riems institute. They have almost all been
elaborated in close interweaving of basic and applied research and technology as
well as in their reciprocal fertilisation. In this sense the Riems institute has been
working since its foundation flexible in its inner structure and its interdisciplinary
co-operation...”

Rohrer’s successors struggled to maintain the Riems tradition. More than ever,
agriculture and the authorities demanded not only research results about the cur-
rent epidemics within the highly industrialised animal production in the GDR but

Table 2. Scientific topics and vaccine production in the “Friedrich-Loeffler-
Institute” on the Isle of Riems, 1948-1970°

Main scientific items Vaccine production

Aujeszky’s disease of pigs FMD-vaccine

Borna disease based on

Pustular dermatitis *aphthes from infected cattle
Enzootic bovine leukosis *tissue culture

Foot-and mouth-disease

Fowl plague Hog cholera

Hog cholera *crystal-violet-vaccine

Inf. bovine rhinotracheitis
Influenza of pigs

Inf. laryngotracheitis of poultry
Inf. bronchitis of poultry

Infections of laboratory animals experimental vaccines

Mucosal disease FMD (live vaccines)

Ornithosis *egg-adapted virus
Parainfluenza Il inf. of calves *mouse adapted virus (neurotropic)
Teschen disease *tissue culture adapted virus
Rabies

Stomatitis papulosa
Talfan disease
Transmissible gastroenteritis of pigs

Unlike in Table 1, it is not possible to name the coworkers in Tables 2 and
3; most of the coworkers are listed in the chapter references or in the papers of
some of the cited authors of the Institute on the Isle of Riems
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Table 3. Scientific topics and vaccine production in the “Friedrich-Loeffler-Institute”
on the Isle of Riems, 1971-1990?

Main scientific items Vaccine/diagnostic production
Application of vaccines vaccine production

*by aerosol (CSF, Aujezsky ...Erysipelas of swine) *FMD (BHK21-tissue culture vaccine)
*oral delivery systems (TGE, SVC) *Hog cholera strain C in rabbits
Enzootic bovine leukosis

Foot-and-mouth-disease strain C in tissue cultures

Hog cholera (CSF) *Marek’s disease

Inf. bovine rhinotracheitis *Transmissible gastroenteritis
Marek’s disease *Infect. bovine rhinotracheitis
Modern diagnostical systems (ELISA) *Parainfluenza I11

Mucosal disease *Rabbit haemorrhagic disease
Parainfluenza III inf. of calves diagnostics

Transmissible gastroenteritis of pigs *several immunofluorescence sera
*Corona and corona-like infections *BLV test kit (AGPT)

Viral diseases of fish (e.g. spring viraemia of carp, SVC)

Swine vesicular disease (SVD) vaccines in experimentally forms

*inactivated SVD vaccine
*BEl-inactivated FMD-vaccine
*Qil-adjuvanted FMD-vaccine for pigs *SVC oral vaccine

4Some items were studied in close co-operation with the “Institute of Vaccines” Dessau, Central
Institute of Cancer Research and Central Institute of Molecular Biology of the Academy of Sciences
in Berlin-Buch; Faculty of Pharmacology of the Martin-Luther University in Halle etc. and several
Veterinary Research Institutes in Bulgaria, Czechoslovakia, Hungary, Poland, the (former) Soviet-Union
and Romania

also the production of vaccines and diagnostics on the island and new technology
in application of vaccines [63]. It was possible to present to the Academy of agri-
cultural sciences of the GDR good results in most of the cases despite material
and technical problems (Table 3). Results from the Riems Institute were highly
regarded. However, for safeguarding of the secrets of production and the most of
the epidemiological details about viral diseases in animal production, many of the
results remained unpublished or were only allowed to be published in German
and only rarely in foreign specialist periodicals [2, 4]. Because production was
beneficial for the “economy” of the institute warning words like “today the Isle of
Riems is practically a people-owned vaccine plant” did obviously not influence
the existing plans [46]. Soon, however, we realised that due to this trend and
other restrictions we were no longer recognised world-wide and even failed to
answer comprehensively questions about the products of the Isle, even practical
questions from veterinarians in the country. Emphasis on the exclusively applied
research resulted in neglect of urgently needed basic work [57]. Even when a
molecular biology team was established application had priority [18]. The legacy
of Friedrich Loeffler and the worldwide reputation based in the era of Waldmann
and Rohrer faded away. In 1985, Zvonimir Dinter, who had been working on the
Riems from 1943 to 1945, wrote [9]: “In 1960, the Riems research institute cele-
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Fig. 6. Dr. Zvonimir Dinter participating in the scientific symposium “50 years of Riems”

(midst, with pipe). On the left: Dr. Hansen (Stockholm) and the Russian interpreter. On the

right: Dr. Moosbrugger (Basel). In the foreground fr