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As we learn more about the importance of our microbiome in inflammatory, metabolic
and functional disorders, we are coming to appreciate the risks of disturbing this with
broad-spectrum antibiotics. We have known for many years that as antibiotics have
dramatically reduced the risk of infectious diseases, the incidence of other diseases like
inflammatory bowel disease, obesity and type 2 diabetes mellitus have increased. While
the causes are undoubtedly multifactorial, meta-analysis shows that for Crohn’s disease
(CD) antibiotic exposure nearly doubles the risk 1. The current paper provides one
possible mechanism where by this might occur. The authors studied 32 patients who
provided stool samples before and after taking a range of antibiotics. They found that 8
patients showed a marked increase in faecal protease activity, mostly due to increased
pancreatic proteases. Supernatants from the stools with increased protease activity
increased permeability when applied to a polarised monolayer of cultured colonic
epithelial cells. This was particularly evident in those given antibiotics such as
levofloxacin and metronidazole which are known to markedly reduce the faecal
microbiota, while much less obvious after antibiotics like rifaximin, which has less impact
on the microbiota. The pancreas secretes around 500mg of tryptase daily into the gut
yet only a about 1mg is excreted and early animal experiments showed that this
degradation was largely prevented by broad spectrum antibiotics:.

This paper takes these ideas forward by examining the impact of antibiotic induced
increased fecal proteases on gut barrier function using cell line and animal models. They
showed that in mice, broad-spectrum antibiotics (vancomycin and metronidazole)
increased fecal proteolytic activity, mostly due to rises in pancreatic serine proteases like
trypsin and chymotrypsion. This lead to a rise in permeability, which in normal wild type
mice lasted around after 14 days but did not lead to an inflammatory response. However
in genetically susceptible IL10 knock out mice, repeated antibiotic courses lead to the
development of a chronic colitis which could be blocked by a specific protease inhibitor.
While Crohn’s disease is important, it is also thankfully rare and the majority of antibiotic
courses do not lead to the development of Crohn’s disease. However, Irritable Bowel



Syndrome (IBS) is around 100 times more common, affecting around 1 in 10 of the
population. IBS is also associated with antibiotic use, with a 3 fold increase in risk of
developing functional GI symptoms in the 4 months after antibiotic consumptions. IBS
with diarrhoea (IBS-D), which is characterised by rapid colonic transit and
hypersensitivity of the gut to distension, is associated with increased fecal proteases.
Furthermore in animal studies IBS-D fecal supernatants have been shown to act via
protease activated receptors type 2 (PAR2) to sensitise murine colons to distension,
suggesting fecal proteases may account for the visceral hypersensivity in IBS-Das,
whether the same is true for CD remains unexplored. Rapid transit, which is a feature of
both IBS-D and Crohn’s disease and reduces the time available for protease degradation
is another mechanism whereby fecal proteases could be increased. Observational studies
show fast transit in IBS-D is correlated with elevated fecal protease activity, which has
been shown to be of pancreatic origins. Furthermore purging the bowel using an osmotic
laxative depletes the faecal bacteria and increases faecal protease substantially. These
studies in IBS-D patients may be relevant for understanding CD whose features overlap
with IBD including increased gut permeability, low grade immune activation and
increased mast cell activation in some, though not all, IBS patients.
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The effect demonstrated in this paper is short-lived so how could it cause chronic
diseases? The authors argue that while the increased permeability does not induce
inflammatory response in normal animals in genetically susceptible individuals it could
initiate a self-perpetuating circle of increased permeability allowing access of microbial
antigens leading to immune activation which in turn increases permeability. Several
studies have found significant alterations in gut microbiota in both CD and IBS-D which
have been linked to mucosal expression of inflammatory genes 6. The effect of antibiotic
shown in the current study supports the idea that an altered gut microbiota might be an
important part of the pathogenesis of both conditions. However not all bacteria degrade
proteases so specifically examining whether the altered microbiota in these diseases
have impaired protease degradation would be a logical next step. Gastroenterologists are
perhaps more aware than most doctors through their experience in treating Clostridium
difficile of the risks of depleting the microbiota with broad spectrum antibiotics and new
better targeted agents are being developed to treat this conditionz;s. However most
antibiotics are given for non-GI infections and until recently, their impact on gut
microbiota has been largely accepted as inevitable. The current study provides an
important reason by we should be developing more specifically targeted antibiotics and
thus achieve the benefits of antibiotics without doing harm to long-term health.
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