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Abstract

Could doctors one day prescribe electrical stimulation to fight a bacterial infection? Work by an
interdisciplinary team of researchers at AIMES suggests that might be possible. In line with the Goals of
the United Nations’ 2030 Agenda, researchers at AIMES are dedicated to promoting “Good Health and
Well-Being” by achieving a better understanding of bacterial infections and the body’s defenses against
them. Some of their latest findings reveal a new aspect of host—pathogen interactions. In addition to the
cascade of chemical signals that are activated when bacteria invade, the body might also conduct
electrical signals across nerves—enabling the infected organ to call distant parts of the body to action.
The team uncovered this form of “biological telecommunication” by studying rats with kidney infections
caused by strains of E. coli. Within as little as 4 hours of infection, they could detect an immune response
all the way in the spleen. Follow-up experiments confirmed that the detected response was not triggered
by inflammation originating in the spleen. The short window of time during which these organs
communicate raised the question: how does the spleen “know” so quickly that the kidney is infected?
That inspired the team to look beyond chemical signaling and explore the possible role of nerve cells.
Messaging through nerve cells is considerably faster than through chemical delivery. And growing
evidence suggests that the nervous system plays an important role in the immune response. So-called
“neuro-immune communication” explains how the immune system and the nervous system interact, and
how bacteria and bacterial products can activate sensory neurons and modulate pain and local
inflammation. But never before had researchers examined the functional outcomes of the neuro-immune
communication pathway between the kidney and the spleen. The team from AIMES showed that a
specific toxin expressed by E. coli called alpha-hemolysin could trigger nerve signals that traveled through
the splenic nerve and into the spleen. The spleen responded by producing interferon gamma, a signaling
molecule critical to the immune response. In models designed to mimic the tubular structure of the
kidneys, interferon gamma could help modulate inflammation in infected kidney cells. As new knowledge
often leads to new questions, more work is needed to understand how this form of neuro-immune
communication occurs in humans during kidney infection. Working out those details could open up
entirely new forms of medical treatment based on nerve stimulation instead of conventional drugs. With
antibiotic resistance becoming a growing public health problem around the world, non-pharmaceutical
treatment options would be a welcome addition in the fight against infection.
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