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Pain and infection: pathogen detection by

nociceptors

Isaac M. Chiug, Felipe A. Pinho-Ribeiro?, Clifford J. Woolfe*

Background

Although pain commonly accompanies infections caused by bac-
terial, fungal, and viral pathogens, the mechanisms responsible
are not well understood. Until recently, it was thought that pain
was secondary to the inflammation produced by pathogen inva-
sion but the discovery that nociceptor neurons are directly activat-
ed by pathogens and their molecular ligands has led to the appre-
ciation that this interaction contributes to pain during infection. In
this study, we highlight the distinct mechanisms discovered so far
for mediating pathogen recognition by sensory neurons.

Bacterial pathogens
Staphylococcus aureus, a gram-positive bacterial pathogen, is a
leading cause of painful skin infections. S. aureus produces pain
through o-hemolysin, a pore-forming toxin, which directly ac-
tivates nociceptor neurons through membrane pore formation,
leading to ion influx and the generation of action potentials, con-
tributing to mechanical and thermal allodynia during infection.’

Gram-negative bacteria such as Salmonella enterica and Esche-
richia coli are responsible for painful gastrointestinal and urinary tract
infections. Lipopolysaccharide, a major component of gram-nega-
tive cell walls, directly activates the TRPA1 ion channel on nocicep-
tors to produce pain.® This nociceptor activation requires lipid A, the
membrane anchored moiety of lipopolysaccharide.® Lipopolysac-
charide may also signal through a Toll-like receptor (TLR4)-mediat-
ed sensitization of the capsaicin receptor TRPV1 4811

N-formyl peptides are metabolic byproducts of all bacteria,
and nociceptors detect these peptides through the G-pro-
tein-coupled receptor FPR1." Flagellin, the major protein in bac-
terial flagella, activates A-fiber sensory neurons through TLR5.°

In contrast, Mycobacterium ulcerans produces large, painless
skin ulcers during infection, and secretes a mycolactone that
signals through the type 2 angiotensin receptor and potassium
channels to produce its characteristic analgesia.”

Viral and fungal pathogens

Viral pathogens also produce pain during infection, such as the
common viral sore throat, but the mechanisms of nociceptor acti-
vation/sensitization produced by these pathogens are less well un-
derstood. TLR3 and TLR7, which recognize double-stranded and
single-stranded RNA, respectively, are expressed by pruriceptor
neurons and contribute to chronic itch,2® but whether they generate
sensory disturbances in response to viral infection is not yet known.
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HSV-1, HSV -2, and VZV infect nociceptor neurons to pro-
duce a variety of painful syndromes including cold sores and
shingles.'® However, it is unknown whether specific intracellular
or extracellular viral recognition mechanisms by the sensory neu-
rons mediate this pain.

The fungal pathogen Candida albicans and its cell wall compo-
nent zymosan directly induce calcium influx into nociceptors,®and
this may contribute to the pain of thrush. Interestingly, nociceptors
mediate a protective skin immune response against C. albicans.®

Pain and infection: beneficial for the host or pathogen?
Pain in response to pathogen invasion may serve its usual es-
sential defense against danger role by warning the host of the
presence of pathogenic invasion. Conversely, pathogens may
have evolved mechanisms to manipulate nociceptor activity, and
the pain it causes, to facilitate spread from host-to-host or within
infected tissues. Nociceptors release molecular mediators from
their peripheral terminals, such as the neuropeptides CGRP and
substance P, that have powerful effects on immune cell recruit-
ment and activation during infection."® Further work is required to
determine the beneficial or harmful nature of pain in host defense
against specific types of pathogens, nevertheless as every physi-
cian knows, pain is a prominent early feature of most infections.
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