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●
If millennium celebrations are to have any
significance beyond the immediate and the
trivial, then they should indeed celebrate

events and achievements of the past 1,000 years, but do 
so in the spirit of looking forward to the opportunities
and challenges of the future, built upon and made
possible by these same earlier achievements.

How does microbiology respond to this clarion call?
It has to be said that the millennium is a peculiarly

inappropriate time frame within which to examine the
progress and development of microbiology. While a
good case can clearly be made for marking the origins of
microbiology with Leeuwenhoek and his ‘animalcules’
in the late 17th century, its true scientific study, largely
in relation to medicine, only arose with Pasteur and Koch
some 150 years ago, and within a larger environmental
framework with Winogradsky and Beijerinck only in the
early years of this century. The microbes themselves,
blissfully unaware of man’s concern or interest, have been
busy originating life, and first creating then maintaining
the biosphere for some thousands of millions of years!

The paradox inherent in these two very different time
frames is paralleled by a striking dichotomy within
microbiology itself in this year of 1999.

There is manifold evidence that microbiology lies at
the heart of human affairs (MHHA); it has always done 
so and it always will. Yet as a subject discipline,
microbiology remains largely misunderstood and even,
to a significant extent, feared by the general public.

● Biotechnology
Taking some examples of MHHA, one can reasonably
start with ‘biotechnology as the second oldest profession’. There
is evidence for the use of yeast in the brewing of beer in
Mesopotamia as long as 6,000 years ago. In more general
terms, the ability to harness microbial fermentation 
to produce a range of preserved and/or enhanced food-
stuffs – beer, wine, bread, cheese, yoghurt – has always
been one of the hallmarks of a settled society progressing
along the road to what we would recognize as civilization.
It is worth emphasizing here that advancement in these
technologies was only made possible from the earliest
times by the overt genetic modification of the starting
materials through programmes of plant, animal and even
microbial breeding.

● Bread and blood
In all the talk of domes and parties, and indeed of 
the non-microbiological millennium bug, it seems 
often overlooked that the millennial time frame reflects
one thing, and one thing alone; the origins of the
Christian religion. Here again micro-organisms have 
a role to play; albeit a minor role and one involving a
specific bacterium. The phenomenon of a red, or bloody,
coloration of bread had been noted earlier by both
Pythagoras and by Alexander the Great, but it was only

with the Christian tradition of communion that the
‘bleeding host’ took on miraculous status and was seen
regularly throughout the Middle Ages as tangible
evidence of transubstantiation. It was in the early 19th
century that an Italian pharmacist identified the 
pigment produced by a bacterium (which he named
Serratia marcescens) as being the true nature of the ‘blood’. 
S. marcescens will happily grow on a substrate such as bread
which has been stored in a damp mediaeval church.

● The Black Death
If one is looking for an organism whose impact on human
affairs has been massive, and one which clearly demon-
strates the complexity of the interdependence of microbes
and man, then one need look no further than Yersinia
pestis. Subsequent to the period of earlier Viking and
Moorish invasions, Europe in the first centuries of the
present millennium enjoyed a period of comparative
social stability and growth, particularly in respect of
commodity trading between different regions. These
conditions gave rise to the development of trade routes
and of fairs at their points of intersection, with a conse-
quent increase in the free and safe movement of traders
and their goods across the continent. By the beginning of
the 14th century however, a combination of rising
population and a period of cold wet weather with poor
harvests, was imposing strains on the individual and
collective welfare of the peoples of Europe. It was at this
point that Y. pestis and the Black Death arrived, most
likely from Asia along the Silk Route and into the Black
Sea and Mediterranean sea ports of Southern Europe. The
scale of human misery occasioned by this pandemic is
difficult to grasp. From its appearance in 1347 in Messina
and Marseilles, to its spread to Scandinavia, Poland and
finally Russia in 1350/2, the plague killed approximately
30% of Europe’s population of 75 million. Furthermore,
sporadic outbreaks ensured that by the middle of the
15th century the continent’s population was only half
what it had been before the arrival of the pestilence.

Interestingly, the after-effects of the ravishes of the
plague were very largely beneficial for the survivors. The
remaining wealth and resources were spread across a
smaller number of individuals; the shortage of manpower
resulted in higher wages with a greater appreciation of
specialist skills; and there was a conspicuous increase in
spending, notably on luxury goods. These conditions
enabled the seeds of the Renaissance to be planted.

Outbreaks of plague had, however, been known since as
early as the 6th century, and even today it is not unknown
in Africa and South America. The horrific scale of the
14th century Black Death was due to a combination of
factors; the socio-economic conditions of the time, the
lack of public health regulations and any appreciation of
the aetiology of the disease, the absence of antibiotics or
any other suitable treatment and, possibly, a mutation
leading to a particularly virulent form of Y. pestis.
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● The White Plague
Over the centuries Mycobacterium tuberculosis has probably
been an even more effective enemy of mankind than the
dramatic Y. pestis. Perhaps the most remarkable, and
certainly the most sinister aspect of this saga is that
around 1950, at least in the USA and Western Europe,
tuberculosis had taken on the role of yesterday’s disease
through a combination of better living conditions,
widespread application of population screening by chest
X-ray and the development of effective drug treatment,
most notably with streptomycin. Currently, however, we
are faced with a dramatic re-emergence of tuberculosis 
as a major killer disease. There appear to be two major
causes for this turnaround. AIDS, itself a leading
candidate for the modern equivalent of the mediaeval
Black Death, greatly increases the susceptibility of
sufferers to secondary infection with M. tuberculosis and
TB is very often the actual cause of death. Second, the
great majority of new cases of TB are found to be already
resistant to streptomycin and the few other known
therapeutic agents. This latter situation arises from
inadequate administration and supervision of drug
treatment over the prolonged period necessary to combat
the infection, with the consequent development and
spread of drug-resistant M. tuberculosis. This is not a new
problem (on a personal note, I helped the WHO compile
statistics on the scale of the problem in Rio de Janeiro in
1962), but it is one that remains unresolved and largely
intractable due to the numbers of patients affected, and
the widespread need for treatment to be carried out
either at home or in inadequate hospitalized facilities.

● Future challenges and modern marvels
The emergence of new, and the re-emergence of ‘old’
pathogens, combined with the possible end of the
antibiotic era, pose formidable microbiological problems
for mankind in the years that lie ahead. But it would be
quite wrong to focus exclusively on such negative aspects
of MHHA. The positive gains to be won from the
application of microbial organisms and technologies to
industry and to the environment are potentially massive,
as indeed will be the undoubted future successes in
tackling human, animal and plant disease.

What is more, we have at the moment an unrivalled
armoury of knowledge, techniques and understanding
that make microbiology a subject of great intellectual
excitement and one of huge practical utility. Molecular
biology has matured into the study of genomics and
proteomics which are already leading to greatly increased
understanding of microbial physiology and pathogen-
icity. Similarly, genetic technologies have opened a
Pandora’s box with regard to microbial speciation and
the origins and evolutionary development of life itself.
Our appreciation of the true role of micro-organisms in
environmental systems has taken on new significance
with the identification of consortia, biofilms and surface

growth, and our horizons
have widened with the
study of the nature of 
the interactions between
microbial and physical/
engineering systems.
Although not ‘Orange’, 
the future is bright!

● Public perceptions
But the paradox of the
disparate views of science
between scientists and the
general public remains, 
and the removal of that
disparity in respect of microbiology must be the single
major objective for all right-minded microbiologists as
we enter the next millennium. The difficulties take two
forms; one of knowledge, the other of perception. While
it is undoubtedly true that the advancement of science in
general, and of microbiology in particular, depend on a
great deal of specialized technical knowledge, the
essential information can be made available to the lay-
man with skilful reportage and responsible journalism.
The clue to the success of this communication, however,
lies in the readiness of the public to accept the truth and
validity of the message being presented. It is this which
has been at least partially eroded in recent years by a
combination of irresponsible and sensation-seeking
journalism, and the growth of a climate of opinion that
demands an easily identifiable individual or organization
against whom can be laid the blame for any and every
circumstance that carries with it an element of risk. Such
an approach to the challenges and opportunities of the
next millennium represent short-termism and Nimby
attitudes at their worst, totally at odds with man’s
progress in previous centuries and quite inimical to all
possible future advancement. It is a legacy we must not
carry forward with us into the next millennium. As
microbiologists, therefore, perhaps our greatest
challenge for the future lies not so much with advancing
our chosen subject as with making it more truly
accessible to the general public in all its intellectual
vigour and beneficial practicality.
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