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Abstract

Microbial metaphors are the figurative ways of characterizing the roles of microbes or germs which
help people in understanding human life and in carrying out research. The microbial metaphors use
everyday terms like ‘war’, ‘ecosystem’, ‘factory’, and ‘social network’ to explain complex microbiological
processes in which human are involved. These metaphors shape the perception of life and distort how
scientists and society think about microbes.

This research paper examines how metaphorical language influences scientific reasoning, medical
practice, and public perception of microbes. It makes an attempt to extend the argument that metaphors are
not just decorative devices but rather cognitive tools that shape how scientists and society conceptualize the
microbial world. It even tries to trace this linguistic evolution — from the neutral ‘animalcules’ of early
microscopy to the ‘war on microbes’ of the antibiotic era, and to recent ecological and technological
metaphors such as ‘microbes as ecosystems,” ‘social networks,” and ‘factories.” Drawing on conceptual
metaphor theory and the philosophy of science, it demonstrates how metaphors guide research, influence
ethics, and frame public understanding. The study concludes that awareness of metaphorical diversity is
essential in order to practice responsible and inclusive scientific communication.
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Introduction:

Language in science is usually believed to be a simple and neutral. It merely serves as a conduit for
the objective facts. But this idea is not accepted by many as they felt that language plays a profoundly
active and constructive role in constituting the formation and articulation of scientific ideas. They opined
that the scientific theories are not just descriptions but they are systems of related meanings created by
linguistic choices. They even specified that the specialized words and metaphors assist scientists to perceive,
categorize, and theorize those phenomena which cannot be directly observed. Mary Hesse (1966), a
philosopher of science, establishes an important function of metaphor in his seminal work Models and
Analogies in Science, that “the metaphor is the key to the cognitive power of science.” This apt remark
clearly confirms that the metaphors actually guide and help in the development of new scientific thought.

Metaphor, among linguistic tools, holds a central place. It is a fundamental part of human thought that
helps in understanding one domain of experience in terms of another — as time is understood in terms of
money, or the cell in terms of a factory. This transference or mapping of familiar experiences onto complex
or abstract concepts permits scientific creativity. Because we can never directly perceive scales which are
microscopic or cosmic, scientists use metaphors from everyday experience to make sense of invisible
realities. The ‘cell’ of Hooke, the ‘clockwork universe’ of Kepler, and the ‘genetic code’ are all examples.

Conceptual Metaphor Theory, developed by George Lakoff and Mark Johnson (1980), posits metaphors
as the cognitive frameworks structuring human understanding. They shape reasoning, behaviour, and even
social attitudes. They argue that “metaphors structure how we perceive, how we think, and what we do.”
Thus, in science, metaphors do not illustrate knowledge but generate it. The history of microbiology
illustrates this power beautifully. Over the years, the field has changed many a time through different
metaphors. In the initial stages, microbes were seen as ‘enemies’, but, today, they are often considered as
‘ecological partners’. As such, one can say that each metaphor helps scientists to think in multiple or new
ways. At the same time, each metaphor can create its limits. Understanding this change shows how
language has influenced microbiological thought. It also shows how language shaped public health, ethics,

and scientific polities.
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1. The Genesis of Microbial Ideas from Animalcules to Invisible Enemies

The history of microbiology can be traced and understood through its metaphors. These metaphors

moved the field from simple observation to ideas of conflict, and now to concepts of community and

engineering.

11

1.2

1.3

14

The Early Observations: In the 17" century, Antonie van Leeuwenhoek used simple
microscopes that he built himself. He looked at water and other materials and saw tiny living
things. They were the first microorganisms ever seen by humans. He called them ‘animalcules’,
which means ‘little animals.” It was only a descriptive term which connotes moral or medical
meaning. He treated these tiny creatures as objects of wonder, but not as harmful. This early
period in microbiology used neutral language.

Early Concepts of Pathogenicity: Thinkers like Varro and Fracastoro had been speculating that
invisible entities caused disease even before the advent of microscopy. These ideas went against
dominant humoral and miasma theories, which viewed any illness as an imbalance or corruption of
air, rather than invasion by living agents. Yet, their ideas formed the basis for understanding that
tiny living things could cause diseases.

The Germ Theory Revolution: In the 19" century, Louis Pasteur and Robert Koch proved that
certain microorganisms cause specific diseases. This discovery, known as ‘Germ Theory’, clearly
explained how infections occur. However, it did not explain how people should think about their
relationship with microbes. As a result, a few scientists and society began using the language of
war to describe disease and to fill the existing gap.

The Rise of the War Metaphor: Pasteur and his contemporary scientists started to describe
microbes as invaders and medicine as a battlefield. The human body was seen as a fortress, the
immune system as its defense, and the doctor as a commander leading the fight. This way of
thinking became very popular because it was simple, emotional, and easy for people to understand.
The shift from seeing microbes as harmless ‘animalcules’ to viewing them as dangerous
‘pathogens’ changed human imagination. Since then, people saw the relationship between humans

and microbes as a constant war against invisible enemies.
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2. The Twentieth Century War on Microbes

2.1

2.2

2.3

The Antibiotic Era: It was Paul Ehrlich’s “magic bullet,” a concept finally realized in penicillin
and the rest of the antibiotics, that had given medicine-as-war its most lasting metaphorical boost
(Zipfel, 2022). Doctors gradually equipped themselves with more and more medicines adding to
what they called their ‘armamentarium’. They began to believe that they could completely defeat
every disease as the collection of drugs increased. In this outlook, strong and aggressive treatment
became more important than keeping ecological balance. Medical progress was seen as success in
defeating or conquering illness.

Public Health as a Military Campaign: This war-like language soon moved beyond hospitals
and laboratories and entered the public health world. Public health campaigns such as Nixon’s
“War on Cancer” adopted military mobilization with a view to urging society to treat illness as an
enemy to be defeated. Public were encouraged to fight germs by cleaning themselves constantly
and by using antibiotic frequently. Such an organised campaigning confirmed the idea, in the
public mind, that microbes were opponents. But the same idea is still influencing people about
how they think of microbes even today.

Antimicrobial Resistance and the Limits of the War Metaphor: This war-like metaphor begins
to begins to lose its usefulness when confronted with the reality of antimicrobial resistance (AMR).
The language used to describe bacteria as clever enemies hides a basic biological fact that its
resistance arises through natural evolutionary process but not through a strategic counterattack.
This framing can unintentionally promote harmful practices, such as the unnecessary or excessive
use of antibiotics, which only accelerates resistance. It can also restrict scientific inquiry by

3

encouraging researchers to search for stronger ‘“weapons,” meaning new drugs, rather than
prompting them to consider the broader ecological dimensions of microbial management and
stewardship. Moreover, expressions like “invaders” or “colonies” often carry cultural and colonial

undertones, reminding us that metaphors can reflect social biases and subtly shape scientific

discourse.
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3. The Ecological Turn and the Human as a Holobiont

In the last few decades, new conceptual metaphors are identified. It is believed that these new

metaphors have the ability to capture accurately the complexity and diversity of the microbial world.

3.1

3.2

3.3

The Microbiome as an Ecosystem: This new metaphor represents a paradigm shift, in
microbiology and medicine, from warfare to ecological thinking. It sees human body not as a
sterile, self-contained fortress but as an ecosystem, that is, home to trillions of microbes living
together in diverse communities of microorganisms. In this view, each individual is seen as a kind
of patch of habitant or ‘holobiont’, that is, a combination of the human host and their microbiome
integrated biological unit. This is one of several competing ecological frameworks that lays stress
on coexistence, diversity, and balance rather than conflict. Nicolae Morar (2010), in his research,
states that “this perspective possibly makes things easy and clear to understand the body as a
dynamic and interdependent system.”

From Pathogenesis to Dysbiosis: This ecological new metaphor primarily modifies the concept
of health and disease. In it, a disease is understood as ‘dysbiosis,’ that refers to an imbalance or a
disturbance in the microbial community. In this model, illness is caused not by the presence of a
single bad microbe but by a loss of diversity or the loss of beneficial ones. Therefore, good health
depends upon the proper maintenance of adequate microbial diversity, but not on eliminating
microorganisms completely. This perspective echoes ancient medical traditions that emphasised
balance while integrating it in contemporary ecological insights. Consequently, the therapy
focusses on restoring microbial harmony within the microbial environment instead of attempting to
defeat pathogens.

Therapeutic and Public Health Implications: This ecosystem metaphor has amazingly opened
up entirely new therapeutic and public health strategies. Further, this ecological thinking has also
given alternatives to traditional antimicrobial treatments. One such most direct application or new
treatment is ‘fecal microbiota transplantation (FMT)’, a procedure that treats clostridioides difficile
infection and probiotics which aims at managing the internal habitant or rebuilding health by
providing the right nutrients to encourage their growth. In public health too, this war metaphor
focussed on hygiene, sanitation, and the elimination of microbes from environment. The ‘hygiene

hypotheses’ suggests that a lack of exposure to a diverse range of microbes in early life may harm
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3.4

the immune development and allergic diseases. As a result, nurturing healthy microbial
ecosystems consuming high-fibre diet that feed beneficial microbes, judicious use of antibiotics,
and contact with the environment has become a new frontier in medicine.

Limitations of the Ecosystem Metaphor: Yet the ecosystem metaphor, for all its promise, is
limited. Unlike forests or oceans, human ecosystems contain hosts who take an active role in
shaping microbial communities through immune responses and behaviour. Moreover, high
individual variation makes it hard to define a single ‘healthy’ microbiome. Commercial
exploitation of this metaphor, most obviously by the probiotic industry, runs a significant risk of

oversimplifying complex science and spreading misinformation.

4. New Metaphors — The Social and Industrial Microbe

4.1

4.2

Microbes as a Social Networks: The discoveries of, for example, quorum sensing — where
bacteria collectively act based on the chemical signals that they excrete — have fostered a
sociological metaphoricalness where microbes are said to ‘communicate’ and ‘cooperate’;
sometimes they even ‘cheat.’” Anthropomorphic framing of this sort recasts bacteria as social
agents capable of collective intelligence. The approach is meant to extend understanding in other
systems of cooperation, but it risks projecting human values, such as competition and capitalism,
upon microbial life.

Microbes as Factories or Machines: Microbes are often considered as programmable machines
or efficient factories to perform specific tasks in biotechnology and synthetic biology. Scientists
and Researchers work with the idea that a microbe can serve as ‘cell factories’ or ‘biological
machines’ to produce renewable energies. Genetic engineers, more specifically, using the same
approach, design microbial ‘chassis’ with standardised ‘circuits’ that can produce fuels, medicines,
drugs, and chemicals. This way of thinking has driven remarkable progress in science and
industry. It even encouraged a view of living systems as forms of biological engineering that can
be shaped and optimised for human benefit. This metaphor is more effective especially in

encouraging scientific and industrial progress.
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4.3 Ethical Dimensions: However, such a mechanistic framing of microbes only in mechanical terms
raises serious ethical questions and philosophical concerns. It even treats living organisms as mere
tools and completely denies their natural potential for complexity and evolutionary autonomy. It
becomes easier to believe that humans can control biological systems when life is reduced to
machinery. This idea may lead to an overconfidence which is not always acceptable and
justifiable. Further, metaphors are often conveyed by media stories about scientists ‘creating life’
or ‘playing God’. Such grow out of mechanistic metaphors add to public anxiety and
misunderstanding. As a result, even useful metaphors come with responsibilities because the

language chosen influences human value life and judge scientific work.

5. The Double-Edged Nature of Metaphor
Metaphors are immensely powerful in science though they act like double-edged sword in some cases.
They can open new paths of discovery. They can also mislead when they were taken too literally. They
help scientists to conceptualise the invisible.
5.1 Metaphors as Engines of Discovery: Bohr’s ‘solar system atom’ or the ‘genetic code’ are often
considered as major breakthroughs driven by metaphors. Their power lies not just in the literal

truth but also in heuristic usefulness and the ability to generate new questions and insights.
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5.2 Metaphors as Cognitive Blinders: Metaphors start thinking in rigid ways when they become

fixed and unquestioned. For example, the ‘genome as blueprint’ assisted research in molecular
biology especially in promoting a deterministic view of development. It even implies a one-to-one
correspondence between genes and traits. Some biologists have replaced it with some other
alternative metaphors such as genes as ‘recipes’ to shape the final product. But this alternative has
its own limitations if they are taken too far.

5.3 Metaphors as Cultural and Political Baggage: Scientific metaphors also come with cultural and
political influences that are often hidden beneath the surface. The use of militaristic and colonial
language fortifies nationalistic or xenophobic attitudes. Terms such as ‘colonies’ or ‘invasive
species’ naturalize political hierarchies, while metaphors of ‘conquering nature’ further entrench
patriarchal and colonial ideologies. Scientists have to perform ‘metaphorical archaeology’ to root
out buried assumptions within technical language since they grow from cultural contexts.

Conclusion:

The history of microbiology dramatically shows that language is never a passive medium but an
active agent in the shaping of knowledge, ethics, and policy. From Leeuwenhoek’s ‘animalcules’ to the war,
ecosystem, and machine metaphors of succeeding centuries, each linguistic frame has guided the ways in
which scientists and society have imagined the microbial world. Metaphors define what sorts of questions
are asked, what sorts of solutions are pursued, and how humans conceptualize their relationship with life’s
smallest forms.

No metaphor is sufficient for microbial complexity: the war metaphor oversimplifies; the ecosystem
metaphor cannot fully account for host-microbe coevolution; and the machine metaphor reduces life into
mechanism. The most responsible path forward is metaphorical pluralism — using multiple metaphors
consciously, knowing the scope and limits of each. Different contexts require different frames: physicians
may well emphasize ecology and balance, and biotechnologists may assume engineering analogies.

To conclude, developing new metaphors that accurately reflect scientific facts and ethical realities
are highly essential. For instance, the ‘Hydra’ metaphor for antimicrobial resistance offers a different way
to see the issue. It shows resistance not as a fight to win, but as a natural evolutionary process. It even
reminds the fact that forceful methods often fail. New metaphors that lay stress on cooperation such as

‘dancing with bacteria’ encourage and urge the researchers to think about living with microbes rather than
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having any confrontational relationship. Scientists must use appropriate language that best suits the

research so that the idea which they wish to convey may reach without any pluralities. They should bear in
mind that words not just describe discoveries but they also actively shape them (Maccaro, 2021). They
ought to believe that a thoughtful and diverse vocabular while describes microbes — identified through
dialogue among scientists, linguists, and philosophers — may help in building a scientific understanding of
life that is more accurate, ethical, and imaginative.
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