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DESCRIPTION

Bacteria are diverse microscopic organisms, countless of which
play beneficial roles in the environment and within the human
body. However, certain species have evolved the ability to cause
disease in humans and other hosts. This ability is known as
pathogenicity, which is defined by a bacterium's capacity to
invade a host, evade the immune system and produce damage
either directly or indirectly. The interactions between pathogenic
bacteria and their hosts are complex and involve multiple steps
that enable bacteria to establish infection and cause disease.

The first step in bacterial pathogenesis is gaining access to the
host. This can occur through various portals such as the
respiratory tract, gastrointestinal tract, urogenital tract, skin
abrasions, or even through medical devices. Once a bacterium
enters the host, it must adhere to host tissues in order to colonize
and persist. This adhesion is facilitated by specific molecules on
the bacterial surface known as adhesions, which bind to
complementary receptors on the host cell surface. Structures such
as pile, fimbriae and surface proteins play critical roles in
ensuring that bacteria remain attached despite the host’s
mechanical defenses like mucus flow, peristalsis, or ciliary
movement.

Following adhesion, bacteria often begin to multiply and
establish colonies. At this stage, many pathogens must overcome
the host's innate and adaptive immune defenses to survive and
proliferate. One key strategy used by bacteria is the production of
capsules, which are polysaccharide layers that surround the
bacterial cell wall and help it resist phagocytosis by immune cells
such as macrophages and neutrophils. Other bacteria secrete
proteins that interfere with complement activation or prevent
antibody binding. Some pathogens, like Mycobacterium
tuberculosis, can even survive within phagocytic cells by
inhibiting  phagosome-lysosome thereby
destruction.
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Many bacterial pathogens also produce enzymes and toxins that
contribute to tissue damage and disease. Enzymes such as
hyaluronidase, collagenase and proteases degrade host tissues and
facilitate the spread of bacteria through the body. In addition,
bacterial toxins play a major role in pathogenesis. These toxins
are generally classified into two categories: exotoxins and
endotoxins. Exotoxins are proteins secreted by bacteria that have
specific targets in the host, such as the nervous system, intestinal
cells, or immune cells. For example, Clostridium botulinum
produces a neurotoxin that blocks nerve transmission, causing
paralysis. On the other hand, endotoxins are components of the
outer membrane of Gram-negative bacteria, particularly
Lipopolysaccharides (LPS). When released during bacterial lysis,
endotoxins can trigger strong immune responses that lead to

fever, inflammation and even septic shock.

Another important aspect of bacterial-host interaction is quorum
sensing, a process by which bacteria communicate with one
another using chemical signals to coordinate group behaviors.
This communication allows bacteria to regulate gene expression
collectively, enabling them to form biofilms or produce virulence
factors only when a critical population density has been reached.
Biofilms are structured communities of bacteria embedded in a
self-produced matrix that adheres to surfaces such as tissues,
catheters, or implants. These biofilms protect bacteria from
antibiotics and immune responses, making infections more
persistent and difficult to treat.

Bacteria can also manipulate host cell functions to their
advantage. Some pathogens inject effector proteins into host cells
using specialized secretion systems, such as the Type III secretion
system found in Salmonella and Shigella. These proteins can hijack
host cell signaling pathways, suppress immune responses, or
induce cell death. By modulating the host environment, bacteria
enhance their chances of survival and dissemination.
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