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Anders Hviid, Henrik Svanström, Morten Frisch. (Department of Epidemiology Research, Artillerivej 5, 2300 Copenhagen S, Denmark) Antibiotic use and inflammatory bowel diseases in childhood. Gut 2011;60:49-54.

A number of lines of evidence suggest that changes in the composition of the gut microbiota is linked to the development of inflammatory bowel disease (IBD). As antibiotics can perturb the gut microbiota the authors hypothesized that antibiotic use might be associated with the onset of IBD. The authors focused on IBD in childhood as the development of the gut immune system occurs in early childhood and is influenced by the gut microbiota. Thus an association between antibiotic use and the onset of IBD is likely to be most apparent in childhood.

The authors undertook a cohort study of the association between antibiotic use and IBD in 577627 Danish children identified in the Danish Civil Registration System  born between 1995 and 2003. Information on the prescribed antibiotics was obtained from the Danish Drug Prescription Registry that was established in 1994, to record all prescriptions at an individual level from pharmacies and hospitals. From this database all antibiotic prescriptions for the cohort children between 1995 – 2004 were obtained. Antibiotics were classified as extended spectrum penicillins, penicillin V, macrolides and other systemic antibiotics. 

During the 3173117 person years of follow-up 50 cases of Crohn’s disease (CD) and 67 cases of Ulcerative colitis (UC) were identified. The mean age at presentation to hospital was 3.3 years for CD and 3.5 years for UC. 85% of the children had received at least one course of antibiotics with the median number of courses received being 3. The relative risk of developing IBD was 1.8 (95% CI 1.08 – 3.15) in antibiotics users and was greatest in the 3-month period following antibiotic usage (relative risk=2.4, 95% CI=1.36 – 2.53).  When CD and UC were considered separately, the risk of antibiotic use was confined to CD. Importantly, antibiotic use was not associated with an increased risk of UC (RR=1.2, 95% CI=0.61 - 2.38). Antibiotic use was associated with a relative risk of 3.4 (95% CI=1.45 – 8.02) for the subsequent development of CD. The authors calculated there was an 18% increase in the risk of developing Crohn’s for each course of antibiotics. In the first 3-months after each course the relative risk of developing CD was 4.4 (95% CI=1.88 – 10.44). In children who had more than 7 courses of antibiotics the relative risk of CD rose to a spectacular 7.3 (95% CI=2.14 – 24.99).  The risk of CD was highest following Penicillin V (RR=2.9, 95%CI=1.22 – 6.97) and extended spectrum penicillins (RR=3.1, 95% CI=1.33 – 7.40). The ages at which children were most at risk was 3 – 11 months (RR=3.3, 95% CI=1.15 – 9.56) and 2 – 3 years (RR=3.7, 95% CI=1.02 – 13.60). 

The authors considered a wide range of potential confounding factors including: place of birth according to the degree of urbanization, mother’s age, birth weight, gestational age, socioeconomic class and educational level of the mother. None of these factors were found to be significant in the univariate analysis. 

Comment
This paper provides further compelling evidence that gut microbes participate in an important way in the pathogenesis of CD. Although this is not the first prospective study it is by far the largest and most statistically powerful one published to date. Four earlier studies have reported an association between antibiotic usage and CD (Scand J Gastroenterol 1987;22:1009-24, Dig Dis Sci 1994; 39: 55-60, Gut 2004;53:246-50, Scand J Gastroenterol 2008;43:961-6). The finding that antibiotic usage is not associated with the onset of ulcerative colitis is an important negative finding and supports the idea that CD and UC are two separate diseases with distinct pathogenic mechanisms (Gut 2008;57:429-33) and supports recent observations that the composition is gut flora is not changed in UC (Gastroenterology 2010;139:1844-54). The dataset did not permit the authors to differentiate small bowel CD from Crohn’s colitis. That would have been interesting as the genetic polymorphisms recently identified for CD in general correlate more strongly with small bowel disease than colitis (Nature Genetics 2008;40:995-62), raising the possibility of differences in pathogenic mechanisms. 

Antibiotics have widespread effects on the gut microbiota which are unpredictable and vary markedly between individuals (PLOS Biology 2008;6:e208). It is highly plausible that in certain individuals antibiotics could alter the community structure of the microbiota to one that promotes inflammation (Gastroenterology 2010;139:1844-54). The gut flora is a complex ecosystem of 1014 organisms (J Physiol. 2009;587:4153-8). In first year of life the gut microbial communities co-evolve with the host gut immune system establishing a state of mutualism that distinguishes commensal organisms from pathogens (Nat Rev Immunol 2009;9:313-23). The importance of gut microbiota in programming the repertoire of CD4+, CD8+ and T helper responses to gut antigens gives biological plausibility to the hypothesis that antibiotic-induced changes to gut microbiota is pathogenic for CD (Clin Immunol 2005;117:221-30, J Immunol 2007;178:5209-16, Cell 2009;139:677-89, Science 2011;331:337-41). However, the mechanisms by which changes in gut microbiota trigger CD remains open. For example, the immune responses in CD could be directed towards specific microbial antigens. Alternatively, anti-inflammatory bacteria such as Faecalibacterium prausnitzii, might be reduced in number (PNAS 2008;105;16731-36). Furthermore, infection with specific single organisms such as Adherent and Invasive E coli or Norovirus might be important for triggering disease onset or flares (J Clin Invest. 2007;117:1566-74, Cell 2010;141:1135-45).
Gut microbes are not the only environmental factors know to influence inflammatory bowel disease. Smoking and appendicectomy are important and there is emerging data on diet. A meta-analysis of cigarette smoking and inflammatory bowel disease reported that smoking reduced the incidence of ulcerative colitis by approximately a half, but doubled that of Crohn’s disease (Dig Dis Sci 1989;34:1841-1854). The biological mechanisms for these contrasting associations are unknown, but immunological and microbial mechanisms are plausible as smoking has immunosuppressive effects on T-cell lymphocyte function (Mutagenesis 2011;26:43-9), which may lead to alterations in the gut microbiota. 
Following appendicectomy, the risk of developing ulcerative colitis is reduced by between 13%-26%, with most of the effect size occurring in patients younger than 20 years (NEJM 2001;344:808-14, Surgery 2001;130:36-43). The inverse association with ulcerative colitis may be a causal one as it is not related to surgery for non-specific abdominal pain (Gut 2008;57:429-33). The reason that Crohn’s disease is not related to appendicectomy is unknown, particularly as this operation may have an immune modulating effect and the illness has an inflammatory basis. 
Dietary epidemiological studies have documented positive associations for the development of incident ulcerative colitis, with higher intakes of n-6 polyunsaturated fatty acids (n-6 PUFAs) and inverse associations with n-3 PUFAs (EJGH 2010;22:602-606, Gut 2009;58:1606-1611, Gastroenterology 2010;139:1912-1917). N-6 PUFAs, including linoleic and arachidonic acids, found in red meat and certain cooking oils and spreads, are incorporated into colonocyte cell membranes where they are a potential source of pro-inflammatory eicosonoids. These, including prostaglandin E2 and leukotriene B4, are found in increased concentrations in the mucosa of patients with inflammatory bowel disease. Their levels correlate with the histological severity and their formation are inhibited by the 5-amino salicyclate drugs (Gastroenterology 1978;75;638-40). The published data regarding n-6 PUFAs comes from work where both biomarker (Gastroenterology 2010;139:1912-1917) and questionnaire data (EJGH 2010;22:602-606, Gut 2009;58:1606-1611), reflecting the intake of this macronutrient prior to the development of symptoms, were assessed. 
N-3 PUFAs, including eicosapentaenoic (EPA) and docosahexaenoic acids (DHA) which are present in fish, have many anti-inflammatory properties, which may explain the documented inverse associations. A cohort study from France reported that a high protein intake, particularly animal protein, trebled the risk of developing inflammatory bowel disease, an analysis in which cases of ulcerative colitis and Crohn’s disease were combined (Am J Gastroenterol 2010;105:2195-201). 
This nutritional work needs to be expanded to ensure that dietary protein or PUFAs are not markers of other aetiological agents. In Crohn’s disease, multiple case-control studies have documented that people eating high amounts of dietary sugar have a doubling of the risk of later developing incident Crohn’s disease (Scand J Gastroenterol 1987;22:385-389). However, a methodological problem with such work is recall bias for pre-symptomatic sugar intake. As the time since diagnosis increases, it becomes more likely that patients will not remember their pre-symptomatic intake and instead report their current symptomatic dietary intake. For example, patients with severe Crohn’s disease may have a high sugar intake as sugar in liquid form is more easily digested and absorbed than complex nutrients. Pre-symptomatic and post-symptomatic diet may therefore be different. The epidemiological data on diet is at an early stage, although future research into IBD aetiology may profit from considering interactions between the gut microbiology and any confirmed dietary factors.
In summary, this is an important paper providing powerful evidence that antibiotic usage, particularly penicillins, in early childhood is associated with the onset of Crohn’s disease but not ulcerative colitis. It is not possible to demonstrate causality or biological mechanisms from observational studies such as this one; nonetheless it supports the hypothesis that alteration of gut flora by antibiotics in early childhood when the immune responses are becoming established may trigger Crohn’s disease. It also neatly explains the remarkable increase in the incidence of childhood Crohn’s disease in recent years. For example, in Denmark the incidence of paediatric IBD has increased 15 fold in the last 30 years (Eur J Gastroenterol Hepatol 2009;21:1291-01). Unlike many other environmental factors, antibiotic usage can very rapidly change the spectrum of bacterial species in the GI tract and so explain sudden changes in incidence of disease.

