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ABSTRACT 

 

The gut microbiota plays a vital role in immune regulation. The composition of the 

maternal microbiota contributes to shaping the neonatal gut microbiota. Any factor causing 

dysbiosis can dysregulate healthy immune system development and can precipitate inflammatory 

disorders. The objective of this study was to determine the association between prenatal 

antibiotic utilization and the risk of inflammatory disorders in a Manitoban birth cohort from 

1996 to 2012. We used Cox regression analyses and expressed the results as adjusted hazards 

ratios (aHR) with 95% confidence intervals (CI). Prenatal antibiotic exposure was found to be 

significantly associated with inflammatory bowel disease (IBD) (aHR: 1.83, 95% CI: 1.30–2.55) 

in children. We also observed a significant association between maternal post-pregnancy 

exposure and risk of IBD in children (aHR1.74; 95% CI 1.25-2.42). None of the classes of the 

antibiotics used during prenatal period showed a specific association with IBD in the infants. 

Reduced odds of development of IBD was found to be associated with the winter season of birth 

(aHR 0.57; 95% CI 0.34–0.94), parity (aHR 0.84; 95% CI 0.72-0.97), formula feeding (aHR 

0.43; 95% CI 0.25-0.76), low income status (aHR 0.37; 95% CI 0.20-0.68), and number of 

children in the household (aHR 0.82; 95% CI 0.70–0.96). No association was found between 

prenatal exposure of antibiotics and connective tissue disorders (CTD) in children. However, a 

significant association was observed between antibiotic exposure (aHR 1.33; 95% CI: 1.03–1.71) 

and CTD, when the exposure was within one year of birth. Reduced risk of CTD was associated 

with the male gender (aHR 0.51; 95% CI: 0.40–0.66), and with an increased mother’s hospital 

utilization (aHR 0.76; 95% CI: 0.60–0.97). However, increased risk of CTD was observed with 

increased child’s hospital utilization (aHR 8.94; 95% CI 7.35-10.86), and maternal exposure to 

sulfonamide and trimethoprim class of antibiotics (aHR 1.81; 95% CI 1.20-2.73). 
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CHAPTER 1: INTRODUCTION 

 

A chronic disease is any condition that persists for at least three months and affects the 

patient’s quality of life. Chronic disease is an umbrella term that covers various diseases 

including arthritis, asthma, cancer, chronic obstructive pulmonary disease (COPD), diabetes, 

connective tissue disorders (CTD), inflammatory bowel disease (IBD), etc. According to the 

Public Health Agency of Canada, 20% of youth aged12–19 years have a long-term disability that 

limits their daily activities 1. In the past 30 years, the number of children and adolescents with 

chronic disease conditions has increased. A recent study published in the Journal of the 

Canadian Association of Gastroenterology in 2018 showed that over 7000 children are living 

with IBD in Canada, and 600-650 children under 16 years of age are diagnosed annually2. 

IBD is characterized by chronic inflammation at various sites in the gastrointestinal tract5. 

The symptoms of IBD include gastrointestinal bleeding, weight loss, abdominal pain, chronic 

diarrhea, and bloody stools. Canada has the highest rate of IBD in the world2. IBD mainly 

consists of two disorders: ulcerative colitis (UC) and Crohn’s Disease (CD). In the UC the 

inflammation mainly affects the colon, while in CD there is inflammation in the whole digestive 

tract. IBD imposes a huge economic burden on the healthcare system. The healthcare 

expenditure for IBD was calculated at $1.2 billion in Canada in 20124. Symptoms of IBD are 

present in approximately 25% of patients before 20 years of age5. Although children can present 

with the classic symptoms of weight loss, abdominal pain, and bloody diarrhea6, many also 

present with non-classic symptoms of anemia or other extra-intestinal manifestations. 

CTDs are autoimmune disorders characterized by overlapping features of juvenile 

idiopathic arthritis, systemic lupus erythematosus, systemic sclerosis, and 

dermatomyositis/polymyositis. The median age of onset of CTD is 11 years (range 2–16 years). 
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The female-to-male ratio for CTD is 6:17. The most common symptoms of pediatric CTD are 

polyarthritis/polyarthralgia, myositis, sclerodactyly, edema of the hands and fingers, and 

esophageal dysmotility. Approximately 23% of the cases of CTD present in childhood8. 

1.1. Inflammatory bowel disease (IBD) 

 

IBD is thought to derive from unwarranted or exaggerated inflammatory immune 

response directed against the enteric bacteria in a genetically susceptible individual. There has 

been a doubling in the incidence of childhood IBD over the last decade9, especially in western 

countries, and Canada has the highest prevalence of pediatric IBD10. One of the most prominent 

factors thought to trigger childhood gastrointestinal inflammation is an alteration in the gut 

microbiota, involving either the suppression of protective microbiota or an overgrowth of 

pathogenic microbiota. It has long been known that there is an association between intestinal 

microbiota and IBD, as antibiotic treatment was effective in the treatment of intestinal 

inflammation in both animals and humans11. While the exact role of gut microbiota perturbation 

in the pathogenesis of IBD is uncertain, studies have found that IBD patients have reduced 

diversity in their gut microbiota, especially in the anaerobic bacteria in comparison to healthy 

controls12. 

A prominent hypothesis for the development of IBD is the leaky gut hypothesis. A 

healthy microbiota is essential in the development and maintenance of the gut-associated 

lymphoid tissue (GALT) as well as the tight junctions of the intestinal mucosa. Murine model 

studies have found that GALT is poorly developed in germ-free mice. Certain species of 

microbes can irritate the gut and alter the epithelial barrier, causing the leakage of toxins and 

large molecules into the bloodstream. The altered interaction between gut and microbiota can be 

due to genetic factors, such as defective nucleotide-binding oligomerization domain-containing 
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protein 2 (NOD2) receptors, or environmental influences that alter the gut microbiota, such as 

antibiotics. The interplay between host genetics and gut microbiota leads to a progressive 

increase in the inflammatory process with environmental factors influencing the overall process. 

Among them, antibiotics, and especially broad-spectrum antibiotics have a significant impact on 

the gut microbiota irrespective of the age. 

However, the antibiotic-induced dysbiosis would have a greater impact during the first 

year of life, when the naïve neonatal immune system development is dependent upon the 

composition of the gut microbiota. While it is possible that the relation between early-life 

antibiotic exposure and IBD might be due to reverse causation, a population-based study by 

Kronman et al.13 found that exposure to anti-anaerobic antibiotics even after excluding the 

antibiotic exposure during the median diagnosis latency period (time between symptom onset 

and diagnosis) was associated with risk of IBD. They also identified that the association was 

strongest when the exposure happened within the first year of life and when the child had more 

than two antibiotic courses. However, a retrospective matched case-control study in the province 

of Manitoba by Bernstein et al14did not find any association between maternal antepartum or 

peripartum antibiotic use and the development of IBD in their children. However, the age at 

which IBD was diagnosed was significantly lower in children who were born to mothers who 

had a peripartum infection requiring antibiotics. The study inferred that peripartum antibiotic use 

in mothers accelerated the progression to IBD in already predisposed infants14. They postulated 

that while there might be perturbation of the neonatal microbiota associated with prenatal 

antibiotic use, the environmental impact in the postnatal life, which has a modulating influence, 

might be more important. 
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1.2. Connective tissue disorders (CTD) 

 

CTD is an umbrella term for a wide range of immune-mediated diseases characterized by 

the inflammation of connective tissues as a result of sustained self-reactivity of the immune 

system. Some animal model studies published a few decades ago have indicated that gut 

microbiota might be implicated in the development of different types of inflammatory 

arthritis15,16. It is hypothesized that gut microbiota dysbiosis in genetically susceptible 

individuals predisposes them to develop CTDs. Juvenile idiopathic arthritis (JIA), which is the 

most common condition rheumatologic condition affecting children, and it is known that only 10 

to 25% of disease incidence can be explained based on genetics. A nested case-control study 

from the United Kingdom found that any antibiotic exposure during childhood increased the risk 

of JIA development in a dose and time-dependent manner. Gut microbiota observed in 

conditions like psoriatic arthritis has a similarity in composition to that of IBD patients. 

Furthermore, several patients with IBD demonstrate the tendency of progression to 

spondyloarthritis (SpA). There have been debates regarding the etiologic role of Klebsiella in 

ankylosing spondylitis. There has been evidence of increasing Enterobacteriaceae and 

fusobacterium, which are pathogenic and decrease in Bifidobacterium in the large intestine of 

systemic sclerosis patients in comparison to healthy infants. Genome-wide association studies 

(GWAS) have identified shared susceptibility loci for several immune-mediated extra-intestinal 

manifestations and IBD. It is estimated that around 30% individuals with IBD will go on to 

develop at least one immune-mediated disease, most commonly arthritis, ankylosing spondylitis, 

psoriasis and primary sclerosing cholangitis, whose clinical presentation reciprocates the IBD 

activity and response to pharmacotherapy. “Enteropathic arthropathies” is the term used to 

collectively define rheumatological conditions in patients with gastrointestinal pathology, 
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especially IBD. Depending on the joint involvement, arthritis in IBD is classified as peripheral or 

axial, with the former being more frequent in IBD patients than the latter. The association was 

first identified in 1922 by Dr. Rea Smith, who noted that rheumatoid arthritis patients who 

underwent colectomy had remission of rheumatological symptoms17. While there is no clear 

consensus on how they are associated, most proposed mechanisms postulate an increase in gut 

permeability as an initial step in the pathogenesis. Gut microbiota is important in the homeostasis 

of the gut mucosal lining, as described in the section on IBD, and an increase in gut permeability 

as a result of perturbed microbiota facilitates the migration of inflammatory cells and antigens 

from the intestinal mucosa to the connective tissues in genetically predisposed individuals. 

Numerous studies have found links between microscopic and macroscopic gut lesions and the 

development of conditions such as spondyloarthritis and psoriatic arthritis. 

1.3. Cleanliness and disease: The “hygiene hypothesis” 

 

The development of different vaccines and antibiotics has reduced the chances of allergy 

in recent decades, but there is still a marked increase in allergic disease, especially in the people 

living modern lifestyles in developed countries. The hygiene hypothesis theory by Strachan in 

1978 states that children living in hygienic conditions in the early years of life are more prone to 

chronic infectious disease later in the life18. 

Greenwood et al. in 1968 first proposed that chronic disease is modified due to the 

presence of parasitic infections19. A few years later, a study by Gerrard in 1976 showed a lower 

incidence of atopic disease in Metis Canadians compared to the white population living in a 

hygienic environment. Later, in 1989, Dr. David Strachan hypothesized that a smaller family size 

with better hygienic conditions during early childhood leads to less microbial exposure and 

hence increased manifestation of allergic disease later in life. The hygiene hypothesis became 
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impactful when the theory of balance between Th1 (T-helper cells1) and Th2 (T-helper cells 2) 

was further explained. It states that microbial exposure during childhood will increase the 

amount of interleukin-12(IL-12) secretion. IL-12 is the main causative factor to shift the balance 

from Th-2 to Th-1, hence increasing immunity mediated by immunoglobulin E (IgE)20. The 

decrease in exposure to different kind of infections in early childhood is responsible for the 

increase in the number of allergic patients21. A study in Britain of 17,000 children demonstrated 

that family size, unhygienic conditions and having an older sibling will all reduce the chances of 

infection in a younger child. 

1.3.1. Epidemiological studies related to the hygiene hypothesis 

 

There are ample studies which report the relationship between hygiene, exposure to 

animals, or socioeconomic factors with different allergic diseases. A 1966 study by Leibowitz et 

al. stated that children living in better hygienic conditions were more prone to the infection of 

multiple sclerosis22. Moreover, environmental exposure to infections during childhood builds up 

immunity and prevents allergic rhinitis23. It has been reported that 13.5% of the population in the 

United States is suffering from hay fever, but low prevalence of the disease is recorded among 

people living in rural areas24. It was found that chances of systemic lupus erythematosus were 

less among western Africans rather than African Americans, suggesting an environmental impact 

in spite of their similar genetic backgrounds25. A study by Ownby et al. showed that children 

with two or more years of exposure to pets like dogs and cat are less susceptible to skin allergic 

disease26. Even children with older siblings and who also attended daycare during the first six 

months of life had a lesser rate of asthma27 and type I diabetes28. The effect of socioeconomic 

factors was noted in Northern Ireland and some parts of Yorkshire29, as unemployed people 

living in crowded areas and rental houses showed a low incidence of type 1 diabetes. Another 

interesting study depicts that European immigrants in Israel are more prone to multiple sclerosis 
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compared immigrants from Asia and Africa30. All these studies suggest that hygienic conditions 

lead to more allergic diseases in later life. 

1.4. Transition to the “old friends” theory 

 

The development and increase in chronic diseases can be partly explained by the 

“hygiene hypothesis” or by the variant of this hypothesis known as the “old friends” mechanism. 

This theory states that mammals co-evolved with an array of organisms that took on the role of 

inducers of immunoregulatory circuits31, and many of these “old friends” are gut microbiota or 

gut parasites32,33. Others are environmental saprophytes from mud and untreated water that pass 

through the gut in large numbers every day34. According to a few studies, other microbiota such 

as those of the skin or oral mucosa can also be relevant to immunoregulation35,36. The human 

body is also evolved to tolerate specific infections from our evolutionary past, also known as 

“old infections”37,38. These infections persist in small isolated human hunter-gatherer groups 

because they caused persistent non-fatal carrier states or subclinical disease. These infections 

include paleolithic strains of Mycobacterium tuberculosis that were less pathogenic38, helminths 

(including gut parasites), blood nematodes that never enter the gut39, and Helicobacter pylori31. 

In patients with blood nematode infections, the inflammatory response is down-regulated 

to avoid excessive tissue damage. Once this down-regulation fails, elephantiasis occurs39. It is 

not very well known how these microbes regulate the immune system. Some of the molecules 

that are secreted by these microbes are known to expand T-regulatory (Treg) populations32 or to 

switch the dendritic cells to a regulatory state that drivesimmunoregulation40,41. The latter 

mechanism implies a “Treg adjuvant effect”. For example, infection of helminths in patients 

suffering from early relapsing multiple sclerosis leads to inhibition of progression of the disease. 
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In these patients, Treg appears in the peripheral blood42,43. Another study suggested that a certain 

level of the pro-inflammatory cytokine TNF-α is required to drive apoptosis of autoreactive T 

cells. The absence of TNF-α leads to infections in which autoreactive T cells persist to cause 

inflammatory diseases44. 

There is another kind of infections that are known as ‘crowd infections’ that are very 

different from old infections. These infections started infecting man after the Neolithic 

revolution when urbanizations started. These infections take place due to viruses such as measles 

that could not persist in sparsely distributed hunter-gatherer bands because they either killed the 

host or induced solid immunity37. Crowd infections cause epidemics because they affect a large 

population and network of social contacts. The humans are not co-evolved with crowd infections 

and the crowd diseases did not need to be tolerated. Hence, they play little or no role in 

immunoregulation. Previous studies have shown that crowd infections do not protect children 

from allergic diseases but trigger them45–48. It was previously thought that this defect in 

immunoregulation leads to the development of only allergic diseases, but it was discovered more 

recently that the failure of immunoregulatory mechanisms can lead to diverse types of pathology 

49. 

Upon industrialization, contact with these “old friends” was reduced. Individuals started 

inhabiting a cleaner environment in which contact with mud, animals, and feces was minimized. 

This decreased contact with “old friends” resulted in defective immunoregulation, manifesting a 

variety of chronic inflammatory diseases. This mechanism implies that inflammation is better 

regulated in low-income countries as compared to high-income and urbanized countries. This 
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seemed paradoxical until the longitudinal study published by McDade et al. revealed that in low- 

income countries where immunoregulation-inducing old friends are abundant, immunoregulation 

is efficient during infection and is terminated when it is no longer needed, with the result of 

lower C-reactive protein (CRP) levels to almost zero50. In contrast, in high-income countries, 

there is often persistent low-grade inflammation in individuals. This inflammation is manifested 

as chronically increased CRP or interleukin-6 (IL-6) in the absence of any clinically apparent 

inflammatory stimulus51. 

1.5. Human gut microbiota 

 

The human intestinal microbiota is made up of trillions of microorganisms. The gut 

microbiota is mainly of bacterial and viral origin. The term “gut microbiota” refers to the 

collection of bacteria, archaea, and eukaryotes colonizing the gastrointestinal tract. The 

gastrointestinal tract has a large surface area for interaction between host and microbiota. The 

human microbiota is believed to be co-evolved with birth. The microbiota composition and 

diversity may be estimated by metagenomics. To date, 2,172 species of bacteria have been 

isolated from the human gut, and these are classified in 12 different phyla. Most belong to 

Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes52,53. Despite the constant profile 

of these microbiotas in general in the gut of a healthy individual, there is a difference in 

temporal and spatial distribution at the genus level and beyond. From the esophagus and distally 

to the rectum, the diversity and number of bacteria are markedly changed. While the esophagus 

contains 101 per gram of content in the esophagus, we find 1012 per gram of contents in the colon 

and distal gut52,53. Our large intestine contains over 70% of all the microbes found in the body. 

The colon harbours mainly Firmicutes and Bacteroidetes. Besides these two phyla, the large 

intestine also contains primary pathogens in less than 0.1% of entire gut microbiota, including 
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species such as Campylobacter jejuni, Salmonella enterica, Vibrio cholera, Escherichia coli (E. 

coli), and Bacteroidesfragilis etc. 

Exposure to different stimuli changes the composition of these microbiota, and 

they play diverse roles for the host, including digestion, defense against pathogens, 

immunomodulation, drug metabolism, etc. 

The microbial colonization of the human gut begins at birth. According to the sterile 

womb theory, the infant gut is sterile at the time of birth. In 1885, Theodor Escherich showed 

that meconium (the first feces of the neonate) is free of viable bacteria59, suggesting that the fetus 

develops in a sterile environment. Another two studies, conducted in 1927 and 1934, used sterile 

diapers to collect meconium and found that 62% of the meconium samples are free from bacteria 

28, 29. However, most of the studies conducted in that time utilized traditional culture-based 

methods and microscopy. With the advancement of molecular biology techniques, this theory 

changed over time. The new theory, called the “in utero colonization hypothesis”, was brought to 

light by mouse studies in which pregnant mothers were fed labeled E.faecium. The meconium of 

the pups born from those mothers also showed the presence of E.faecium, suggesting that 

newborns are not sterile. However, this hypothesis was later discarded, and it is now believed 

that as the neonate passes through the birth canal, it is exposed to the microbial flora present in 

the mother’s vagina. Infants delivered by caesarean section show reduced microbial species in 

their gut as compared to vaginally delivered newborns at 1 month of age54,55, suggesting that the 

mode of delivery affects the colonization of microbiota. With the help of next-generation 

sequencing and other new molecular biology techniques, studies have shown that the placenta 

and the environment in which the fetus develops are not sterile. Various studies have shown that 

microorganisms such as Mycoplasma hominis and Ureaplasma urealyticum, which are 
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associated with preterm deliveries, have also been detected in healthy pregnancies and 

deliveries32,33. Collado et al. performed a study in 15 full-term, healthy mother-infant dyads that 

chose elective caesarean section56. The authors suggested that the microbial populations in the 

amniotic fluid and placenta shared similarities. The most prevalent genera in the amniotic fluid 

and placenta were Enterobacter, Escherichia/Shigella, and Propionibacterium. Microbial 

populations in the colostrum and meconium were also noted. It was found that meconium, 

colostrum, amniotic fluid, and placenta all had similar microbial profiles. The authors 

subsequently hypothesized that maternal intestinal microbes might be selectively transported to 

the mammary gland, the placenta, and the amniotic fluid, thereby contributing to initial 

colonization of the fetal intestine in utero. 

The human gut microbiota is a complex system which is mainly composed of bacteria 

which are 100 times more in the gut as compared to the whole body 57,58. Among the diverse 

macrobiotic community, Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria are the 

four most influential bacterial phyla59. The human microbiota co-evolved with human birth and 

changes according to the exposures and age60. An alteration in the gut microbiota may be 

beneficial or may hurt health. Some important beneficial roles of microbiota include digestion, 

drug metabolism, protection against pathogens, and immunomodulation61. On the other hand, 

unwanted changes in the human microbial system may cause diseases such as IBD, irritable 

bowel syndrome62, obesity, and diabetes63. There are different factors which change the human 

microbiota, including diet, mode of delivery, the use of drugs such as antibiotics, lifestyle, and 

environmental/hygienic conditions11. 
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1.5.1. Dysbiosis 

 

The intestinal microbiota, which is composed of non-pathogenic bacteria and viruses, 

helps provide nutrients, as well as immunity to fight against different pathogens64. This is true 

not only in the gastrointestinal tract but also in the skin, and vagina65. The term dysbiosis itself 

explains its meaning: a disturbance in the biological system. Dysbiosis refers to the microbial 

disruption of human body66. It may be either a reduction or an increase in the relative 

composition of microbial species in the body. A change in the relative composition of short-

chain fatty acids (SCFA) is related to dysbiosis. An increased level of SCFA has been observed 

in lupus erythematosus67. Gut dysbiosis results in the increased activity of pro-inflammatory 

cytokines, which will further lead to diseases like IBD, CD, UC, type1 diabetes, and CTD. The 

cause of dysbiosis is still not clear, as it might be due to several factors, including antibiotic 

exposure, malnutrition, alcohol intake, or other environmental factors68. 

1.5.2. Functions of gut microbiota 

 

As already discussed, the microbiota is present in different parts of the human body and 

involves not only bacteria but also fungi, viruses, and protozoans11. There have been several 

studies done regarding different diseases related to the gut microbiota, such as IBD62, irritable 

bowel syndrome (IBS)69, diabetes63 and allergic disease70, all due to dysbiosis at different stages 

of life. 

The multiple functions performed by the gut microbiota makes it especially important for 

human health. The gut microbiota plays an important role in nutrition metabolism, drug 

metabolism, and protection from harmful microbes, immunomodulation, and maintaining the 

structure of the gastrointestinal tract. 



13  

The gut microflora is helpful in the digestion of carbohydrates. There are a number of 

carbohydrates, such as starch, fibre, sugars, and oligosaccharides, which cannot be digested in 

the absence of bacterial help present in the gut flora71,72. Bacteria like Bacteroides, Roseburia, 

Bifidobacterium, and Enterobacteria present in the gut are helpful in the digestion of 

carbohydrates. They digest carbohydrates by converting them into SCFA, for example acetate, 

propionate, and butyrate etc., which act as a source of energy for the host73,74. Moreover, 

Bacteroides thetaiotaomicron present in gut microflora decreases the inhibitory action of 

lipoprotein lipase and hence is helpful in lipid hydrolysis and digestion75. The gut microbiota 

also plays an essential role in the processing of vitamins K and B 76-78.  

 
The microbiota plays a vital role in the metabolism of drugs and natural compounds in 

the body, participating in different reactions like reduction, hydrolysis, dihydroxylation, 

acetylation, deacetylation, proteolysis, deconjugation, and deglycosylation79. Anti-

inflammatory drugs like sulfasalazine are changed into their active metabolites with the help of 

the microsomal enzyme. The cardiac glycoside drug digoxin is deactivated by Eggerthellalenta. 

One study has shown that microbial metabolite p-cresol can competitively inhibit hepatic 

sulfotransferase and inhibit the capacity of the liver to metabolize acetaminophen80. The gut 

microbiota reduces nabumetone, a non-steroidal anti-inflammatory prodrug to activate it. The 

gut microbiota also metabolizes drugs that are not metabolized in the liver. For example, 

deleobuvir is a potent inhibitor of hepatitis C virus and is metabolized to CD6168 under 

anaerobic conditions by the gut microbiota. 

The microbiota is an important component of the immune system. Maternal milk contains 

maternally derived bacterial antigens that help to mature an infant’s innate immune system. A 

major site of postnatal B cell development is the bone marrow, where the immunoglobulin 
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repertoire diversifies. B cell development also takes place in the lamina propria, where the 

immunoglobulin repertoire is edited. One study found that commensal bacteria regulate B cell 

lineage development by influencing the immunoglobulin repertoire in the lamina propria in mice, 

suggesting the microbiota as one of the mechanisms of intestinal immune system maturation81. 

Bacterial diversity is inversely proportional to the development of allergic and chronic diseases. 

One murine study explored this mechanism. In this study, germ-free mice developed invariant 

natural killer T (iNKT) cells in the colon and lungs that persisted for life. These germ-free mice 

had increased susceptibility to colitis and IBD. On the other hand, when pregnant germ-free mice 

were colonized with conventional microbiota and their offspring were exposed to pathogen-free 

conditions, the levels of iNKT cells in the colon and lungs were normalized, and the sensitivity to 

colitis and asthma was reduced82. In another study, mice were transfaunated with the microbiota 

from low weight preterm infants, which affected the innate immune genes in the ileum mucosa83. 

The genes that showed altered expression were related to leukocyte adhesion, chemotaxis, and 

adhesion and were found to be associated with NF-ĸB activation. This study suggests that early 

microbiota influence the expression of genes related to immune system development. 

It has been found that dysbiosis caused by giving antibiotics to pregnant mothers in the 

late stage of pregnancy can change IFN-γ production both in vitro and in vivo84. This was linked 

to defective CD8+ T cells that altered protein phosphorylation, thus suggesting that microbiota 

affect the signaling of CD8+T cells. 

The immune-modulatory process takes place with the help of gut-associated lymphoid 

tissue (GALT), IgA producing B (plasma) cells, regulatory T cells, and resident macrophages. 

The gut microbiota plays important role in shaping GALT, something which came to light 
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through studies in the germ-free animal model85. Peyer’s patches and isolated lymphoid follicles 

were marked by IgE+ B cells instead of IgA+ B in germ-free rats but not inconventionally raised 

rats. The intestinal microbiota is also known for the normal development and function of Treg 

cells. However, the mechanism is not very clear. In the case of Bacillus fragilis, Treg cells 

appear to be induced byTLR2 signalling mediated by polysaccharide A 32. 

The antimicrobial activity of microbiota helps to protect the host from different 

pathogens. Ribosomal and non-ribosomal peptides having 10–50 amino acids were identified  

that have the ability to kill bacteria. These peptides affect the cell wall and membrane of 

bacteria86. Protection from microbes can also be done by double-layered structures, such as in the 

case of the large intestine. The mucus layer helps to keep the microbes separate from the 

epithelial layer. The local immunoglobulins in gut microbiota have a protective effect against 

pathogenic overgrowth. The antimicrobial action of the gut is supported by its capacity to restrict 

the growth of bacteria present in the surroundings. Moreover, H202 is helpful in maintaining a 

pathogen-free, healthy environment in microbiota87. 

The gut microbiota is helpful in maintaining the function and structure of the 

gastrointestinal tract, and this protective barrier supported by some evidence-based studies. 

Small proline-rich protein A (sprr2A) induces by Bacteroides thetaiotaomicron was shown to be 

helpful in maintaining the desmosomes at small epithelial villi88. Additionally, intestinal 

microvasculature development in the gut mucosa is induced by angiogenin-3, a transcription 

factor induced by the gut microbiota88. 

1.5.4 Prenatal factors affecting microbiota 

 
It was previously believed that babies are born sterile and that the colonization of the 

newborn gut occurs during birth. However, various studies have suggested that colonization in 
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fetus starts before birth. In a study by Jiminez et al. in 2008, pregnant mice were orally 

inoculated with genetically labeled Enterococcus faecium strain94. This strain was then isolated 

from the meconium of the offspring delivered by caesarean section, in contrast to controls. in 

which this bacteria was not isolated from the meconium of the offspring of uninoculated 

mothers89. This finding suggested that maternal bacteria can enter the gastrointestinal tract of the 

fetus. However, the mechanism by which this transfer takes place is not very clear. Nevertheless, 

during vaginal delivery, the amniotic fluid is exposed to a complex microbial world in the birth 

canal, and ingestion of this fluid by the infant serves as the primary mode of maternal microbial 

transmission90. 

It is not well known when bacteria colonize the intestine. The preterm rupture of the 

amniotic membrane in pregnant women leads to microbial invasion of the amniotic cavity91. 

Intrauterine infection is known to be the most common cause of spontaneous preterm birth. The 

possible transmission of bacteria from the maternal bloodstream to the amniotic cavity can be 

demonstrated by culturing the bacteria from chorioamniotic tissue using a sterile procedure during 

caesarean sections in preterm labour with intact membranes92.It has been shown that amniotic 

cavity contains a greater diversity of microbes, including previously uncharacterized taxa93. 

Previous studies have shown that Ureaplasma species of the phylum Firmicutes have been 

isolated from the chorioamnion early as 16–20 weeks of gestation, alone or in combination with 

other microbes, and these are strongly associated with preterm birth94,95, perinatal infection and 

severe neonatal morbidity and mortality96. The microbial transmission from mother to the 

neonate is not only through the genitourinary tract but also through hematogenous transmission 

via placental infection and delivery through an infected birth canal 97. 
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Multiple studies employing meconium as a proxy suggest that microbial transfer from 

mother to fetus is a regular phenomenon during pregnancy. In a study of the meconium of 21 

healthy full-term infants, obtained within 2 h of birth and before breastfeeding, a diverse group 

of Gram-positive and Gram-negative bacteria was observed89. Microbial species from genera 

Enterococcus and Staphylococcus were found in 52% of the samples. In another study, 

meconium was collected from 52 infants ranging from 23–41 weeks of gestation98. It was found 

that Staphylococcus predominated in meconium, while Enterococcus, together with gram-

negative bacteria such as Escherichia coli, Escherichia fergusonii, Klebsiella pneumoniae, and 

Serratiamarcescens, was more abundant in fecal samples. 

The maternal genotype affects neonatal microbiome profile. This was demonstrated in a 

preclinical study in which mice pups were transplanted to dams with different genetic origins. 

The transplanted offspring had a similar profile of microbiota to their host mothers99, suggesting 

the microbiota introduced by the surrogate and not the genetic mother. 

The mode of birth also determines the population of microbes that infants are exposed to 

during the birthing process. During vaginal birth, the infant is exposed to the microbiota 

populating the mother’s birth canal. In a caesarean section, the infant is exposed to a different 

population of microbiota that may vary due to factors including equipment, healthcare workers, 

air quality, etc.54,100 According to the LISA study, involving 2,500 healthy full-term newborns, 

infants born by caesarean section have a higher risk of developing atopic diseases in the first two 

years of life101. Lactobacillus is highly abundant in the vagina, and infants delivered vaginally 

contain Lactobacillus, but infants born by caesarean section do not102. In a study conducted in 

Sweden, a low level of Bacteriodetes was observed in infants born by caesarean section 

compared to vaginally born infants54. 
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Other factors that affect the microflora of neonates include maternal diet and 

medications. Maternal diet seems to be a significant contributor to healthy pregnancy outcomes 

and prevention of premature birth103. Probiotic consumption during pregnancy may reduce the 

risk of preterm delivery and childhood allergic diseases104,105. In murine models of IBD, 

probiotics suppress cytokine-induced epithelial apoptosis in the colon. The soluble proteins 

produced by probiotic bacteria have potent anti-inflammatory activity at the level of the 

intestinal mucosa106. Supplementation with Lactobacillus rhamnosus or Bifidobacterium lactis 

probiotics during pregnancy is reported to enhance the immunoprotective components in breast 

milk and modulate the fetal immune response107. Another study reported that a gluten-free 

maternal diet during pregnancy changed the gut microbiota of both mother and infant, resulting 

in a shift to a less pro-inflammatory immunological environment in the gut and pancreas of 

infants108. 

It is also possible that the bacterial invasion of the amniotic cavity takes place due to 

maternal immune system dysregulation that leads to an inflammatory cascade109. Prostaglandin 

E2 is a negative regulator of innate immunity in the human placenta and has been shown to 

foster bacterial culture110. In a preclinical study, it is reported that immune stimulation in the 

mother during pregnancy, such as during a viral infection, affected fetal brain development, and 

had a long-lasting effect on neurological functions111. When pregnant mice were injected with 

polyinosinic: polycytidylic acid (poly(I:C)) to mimic viral infection, their offspring exhibited 

autism-like behaviour and neuropathology, altered microbial composition and metabolites. Oral 

treatment of these mice with Bacteroides fragilis improved the autism-like behaviour and 

corrected the microbial profile of the offspring born to mothers with a history of immune 

activation during pregnancy. 
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1.6 Antibiotics causing dysbiosis and inflammatory diseases 

 

Antibiotics are a group of drugs used to prevent and treat the various types of bacterial 

infections112. Antibiotics are classified as broad-spectrum and narrow-spectrum antibiotics. 

Broad-spectrum antibiotics are those that act on wide range of bacterial groups, often both 

including gram-positive and gram-negative bacteria. Broad-spectrum antibiotics include 

aminoglycosides, quinolones, tetracyclines, and trimethoprim/sulfonamides. In contrast, narrow-

spectrum antibiotics are those that act against a small group of orgasms. Humans are exposed to 

antibiotics not only through direct ingestion of the drugs but also via different types of food 

products. A large number of antibiotics have been used in the production of products like 

chicken, beef, and pork. Antibiotics cause changes in the microbiota and can cause multiple 

types of chronic disease including but not limited to type-1 diabetes, celiac disease, asthma, and 

allergy, etc. It has been reported that broad-spectrum antibiotics affect 30% of the bacterial 

population in the gastrointestinal tract113. This reduces microbial diversity. When the antibiotic 

treatment is stopped, the microbiota attempts to restore its original composition, but this is not 

always possible. Antibiotic-induced alterations in the microbiota can remain even after months 

or years113,114. A published study has reported that infants treated with antibiotics in the first few 

days of life showed reduced diversity of microbiota and altered composition when measured 

between 1 week and 2 months of age117. These neonates showed a marked decrease in 

Bifidobacterium and an increase in Proteobacteria. However, untreated infants whose mothers 

received antibiotics prior to delivery also showed the same alteration in their microbiota profile 

as the infants treated directly115. These studies show that antibiotic exposure in either the 

prenatal or postnatal phase affects infant microbiota. 

Finally, antibiotics may predispose the development of  Clostridium difficile infection, 

which may result in diarrhea and severe, life-threatening infection. The activity of certain herbal 
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products may also be affected by the dysbiosis caused by antibiotics. Altered enzymatic activity 

affects the metabolism of these products in the colon. 

Although previous studies have shown that early-life exposure to antibiotics could alter the 

intestinal microbiota profile and increase the risk of IBD and CTD13,116,117, no single study 

evaluated and compared the risk of IBD and CTD simultaneously. We have conducted this 

population-based study to examine the association between prenatal exposure to antibiotics and 

risk of IBD and CTD using administrative health data capturing all children born in Manitoba, 

Canada from 1996-2012. We have also classified antibiotics by number of courses, type of 

antibiotics, timings of exposure. 
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CHAPTER 2: METHODS 

 

We performed a retrospective cohort study of mother-infant dyads in Manitoba using health 

administrative data housed at the Manitoba Centre for Health Policy (MCHP). This cohort study 

included all children who were born in Manitoba between 1996 and 2012. We used physician 

billing claims, the Drug Program Information Network (DPIN), hospitalization discharge 

abstracts, Canada census data, and the Manitoba Health Services Insurance Plan (MHSIP) as data 

sources. The methodology used for our study was an extension of the methods used by Loewen et 

al. in a study evaluating the association of maternal antibiotic use during pregnancy and childhood 

asthma118. 

a) Physician billing claims: Also known as medical/physician claim. This is the claim 

submitted by physicians to the provincial government for the services provided by them. 

The information is contained in the medical services database. The information provided 

in this database is regarding the patient, the physician, and the specifics of the service 

provided, including the fee. However, there is also a system of “shadow billing” used by 

physicians who are on alternate payment plans (e.g., session rate, contracts, etc.). 

b) Drug Program Information Network (DPIN): This database contains information 

regarding prescriptions and dispensed medications at the point of sale. It covers all 

medications, including over-the-counter (OTC), that possess a drug identification number 

(DIN), their date of prescription for prescription drugs. This way, it connects all 

pharmacies in Manitoba with Manitoba Health on a continuous basis. However, this 

database is restricted to services provided by retail pharmacies. 
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c) Hospitalization discharge abstracts: The hospital abstract contains demographic, 

administrative, and clinical information submitted by the hospitals to Manitoba Health 

upon discharge of hospitalized patients. Any disease information is recorded as per the 

International Statistical Classification of Diseases and Related Health Problems (ICD 

9CM until March 31, 2004, and ICD 10CA since April 1, 2004). 

d) Canada census data: Census data are captured as statistical “screenshots” by Statistics 

Canada once every five years. The data comprise demographic and social characteristics 

of Canadian citizens as well as permanent and non-permanent residents of Canada. The 

income-quintile data was derived from 1996-2012 from census data through Data 

Liberation Initiative. Several custom-request tables are available from Statistics Canada 

to MCHP and can be used by students and faculty of the University of Manitoba for non-

commercial purposes. 

e) Manitoba Health Services Insurance Plan (MHSIP): MHSIP collects and stores data 

from individuals regarding demographics, family, residence, date of birth (or immigration 

to Manitoba), and death (or emigration from Manitoba). It has been maintained by 

Manitoba Health since the 1970s. Every individual residing in Manitoba is assigned a 6- 

digit personal health identification number. These data are transferred to MCHP from 

Manitoba Health on a semi-annual basis.  

Manitoba Health has provided encrypted personal health identification numbers (PHIN) to MCHP 

that helps to find temporal individual-level associations. When a PHIN was not available, REGNOs, 

sex, date of birth, and initials were used by MCHP to create alternate PHINs distinct from those 

assigned by Manitoba Health. The scrambled PHINs and REGNOs were used to link the healthcare 

data of mothers and infants. Mothers registered with the MHSIP one year before and one year after 

pregnancy were included in the study to ensure the capture of maternal antibiotic exposure pre-
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pregnancy, prenatally, and postnatally. This study was approved by the Health Research Ethics 

Board at the University of Manitoba and the Health Information Privacy Committee. 

2.1 Primary exposure: Prenatal exposure to antibiotics 

 

Maternal prescription records were used as indicators for prenatal exposure to systemic 

antibiotics. The antibiotic usage was classified based on the following: 

 Type of antibiotic – based on the WHO Collaborating Centre for Drug Statistics 

Methodology, stratified into five groups: beta-lactam penicillins (J01C); other beta- 

lactams (J01D); macrolides, streptogramins, lincosamides (J01F); tetracyclines, 

quinolones, others (J01A, J01M, J01X); sulphonamides and trimethoprim (J01E). 

 Dose –the number of antibiotic courses prescribed. 

 

 Timing –the trimester of exposure, estimated using the birthdate of the child while 

considering the documented gestational age in infant records. In addition to this specific 

timing of exposure during pregnancy, maternal antibiotic exposure throughout the period 

beginning nine months before pregnancy and ending nine months after parturition was 

also taken into consideration for capturing the data. 
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2.2. Outcomes: Childhood IBD and CTD 

 

IBD and CTD outcomes in children were evaluated using the MCHP’s healthcare 

administrative data. Specific ICD codes (ICD-9 and ICD-10) and Anatomical Therapeutic 

Chemical (ATC) classification system codes were used as indicators of outcome (Table 1). 

1) IBD: At least one hospitalization or a minimum of 2 physician diagnosis identified 

using the ICD codes of IBD specified in table 1. 

2) CTD: At least one hospitalization or a minimum of 2 physician diagnosis identified 

using the ICD codes of CTD specified in table 1.  

Table 1: ICD codes used identify the disease outcome in children (ICD-9-CMprior to 2004 

and ICD-10-CA from2004onward) 

Condition Data Source Coding System Code Matching 
Pattern 

Inflammatory 

Bowel Disease 

PHYS ICD9 555, 556 

HOSP ICD9 555.*, 556.* 

HOSP ICD10 K50.*, K51.* 

Connective 

Tissue Disorders 

PHYS ICD9 710, 714 

HOSP ICD9 710.*, 714.* 

HOSP ICD10 M05.*, M06.*, 

 

M07.*, M08.*, 

M32.*, M33.*, 

M34.* 

2.3. Potential confounders 

 

Several a priori covariates were considered as potential confounders the data was 

extracted from the MCHP database. 
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Demographic covariates 

 

1) Infant gestational age 

 

2) Infant sex 

 

3) Birth weight 

 

4) Year of birth 

 

5) Season of birth (winter, summers, fall) 

 

6) Birth order based maternal on parity 

 

7) Multiple births (yes or no), mode of birth (caesarean or vaginal delivery) 

 

8) Infant feeding status (exclusive breastfeeding, partial or formula feeding) 

 

9) Rural/urban residence: estimated using postal codes 

 

10) Number of children in the home (siblings or non-siblings): computed by summing the 

number of children and the number of grandchildren listed in the family unit (head of 

household) in the Manitoba Health registry. 

 

11) Number of siblings: maternal parity was used to calculate the number of siblings at birth 

 

12) Child age at diagnosis 

 

13) Maternal age 
 

14) Socioeconomic status: Calculation was based on the postal code. Q1 is the lowest income 

quintile and Q5 is the highest119 
 

 
Health-related covariates 

 

1) Maternal history of the disease in question (IBD or CTD) 

 

2) Maternal hospital utilization 

 

3) Maternal frequency of physician visits 

 

4) Antibiotic prescription in the first year of life 
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5) Child healthcare utilization: number of healthcare visits (physician + hospital) during the 

first year of life. 
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2.4. Statistical analysis 

 

The maternal and child demographic characteristics are represented using tables for 

categorical variables. Duration of follow-up was represented as the median value. Maternal age 

was represented as mean ± standard deviation. 

The following events were measured from the child’s birth date to the initial occurrence 

of events by using survival analysis. 

1) The earliest date on which the data of the child matched the disease definition 

 

2) Death of the child 

 

3) The child was lost to follow-up 

 

4) Loss of coverage (due to emigration from the province) 

 

5) The date of study conclusion 

 

We used survival functions (hazard ratio, survivor fraction) to measure the survival 

distribution of our sample and for univariate, bivariate and multivariate analyses. By considering 

the timing of change as a continuous variable, non-parametric (life table, Kaplan-Meier) and 

semi-parametric survival (cox regression) analyses were done. To examine associations between 

antibiotic exposure and development of childhood IBD and CTD, we converted person data to 

person-time data. Demographic characteristics of prenatal antibiotic exposed group and non- 

exposed groups were compared by using univariate logistic regression analyses. The adjusted 

risk of IBD and CTD following antibiotic exposure was measured by multiple logistic regression 

analysis. Cox regression model was used as a distribution-free model to report crude (HR) and 

adjusted hazards ratios (aHR) with their 95% confidence intervals (CI). The crude hazards ratio 

was adjusted for the a priori covariates, which were enumerated earlier to obtain the adjusted 

hazards ratio. A sensitivity analysis was performed by comparing the aHR of prenatal exposure 
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to the aHR of maternal antibiotic exposure in the pre-pregnancy and post-pregnancy setting. The 

dose-effect relationship was tested by modelling antibiotic exposure as a continuous or ordinal 

variable and examining the exposure of antibiotics pre-pregnancy, during pregnancy and post- 

pregnancy. The antibiotic exposure window pre-pregnancy and post-pregnancy was estimated 

with reference to offspring’s date of birth and gestational age. Any modification in the final 

effect by any of the covariates was performed by modelling of interactions. Maximum likelihood 

ratio test was used to test for the significance of interaction terms. Demographic covariates were 

categorized as unknown when individuals did not have valid values and separate hazard ratios 

were calculated for the unknown groups. 

The assessment of an acceptable degree of Cox regression model fit for the data was done 

through a model run and Chi-square test by performing a likelihood ratio test to compare -2 log 

likelihood between a model with all covariates and a null model (with no covariates). This test is 

subject to a Chi-square distribution with a given degree of freedom, including covariates. A p- 

value <0.05 indicated a good model fit. To run the Cox regression analysis, first, we checked the 

two following assumptions: 

1) Noninformative censoring: To satisfy this assumption, the study design ensured that the 

mechanisms giving rise to the censoring of participants are not related to the probability 

of IBD and CTD development. 

2) Proportional hazard assumption: To check this assumption, we ran a log-log survivor 

plot. 

We performed all data management, programming, and analyses using SAS® statistical 

analysis software, version 9.4 (SAS Institute Inc., 2011). For between-group comparisons, we 

considered a p-value≤0.05 as statistically significant. 
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2.5. Sensitivity analysis 

 

We performed subgroup and sensitivity analyses on the primary outcome classified by 

the following variables: 

1) Types and classes of antibiotics: ATC codes J01A to J01X 

 

2) Timing of exposure: Prenatal exposure during the first, second or third trimester 

 

3) Type of exposure: Indirect exposure through maternal antibiotic use and/or direct 

exposure through postnatal childhood antibiotic use 

4) Frequency of exposure: No exposure or number of courses of antibiotics: 1 course, 2 

courses or ≥3 courses 

5) The maternal predisposition for infection by categorizing maternal antibiotic use over a 

period beginning nine months before pregnancy up to nine months postpartum: 

a) Prenatal exposure: antibiotics dispensed to mother during pregnancy 

 

b) Pre-pregnancy: antibiotics dispensed to mother nine months before pregnancy 

 

c) Post-pregnancy: antibiotics dispensed to mother nine months after pregnancy 
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CHAPTER 3: RESULTS 

 
3.1. Demographics of maternal antibiotic exposure during pregnancy 

 

We obtained data linkage for 213,661 mother-infant dyads. There were 78,522 mother- 

infant dyads out of 213,661 total (36.8%) that were exposed to antibiotics during pregnancy. A 

slightly higher proportion of women representing the residential location in rural areas (39%) 

had antibiotic exposure during pregnancy than women from urban areas (34.8%). Women in the 

lowest family income quintile (Q1) showed a higher proportion of antibiotic exposure (41.8%) 

compared to the women in the highest family income quintile, Q5 (31.6%). Women who gave 

birth to preterm infants received more antibiotics (39.1%) compared to the women who delivered 

full-term babies (>39 weeks of gestation, 36.3%). Among 41,248 women who underwent 

caesarean section, 37.7% were exposed to antibiotics during pregnancy compared to women who 

delivered vaginally (36.5%). Women of less than 20 years of age who gave birth had more 

antibiotic exposure (44.7%) compared to the women who became mothers at 30–34 years of age 

(30.9%). A lower proportion of primigravida had antibiotic exposure during pregnancy (34.6%) 

as compared to multiparous (parity >4) women (41.6%). Women with a higher number of 

children in the household (n≥4) were more exposed to antibiotics during pregnancy (39.9%) 

compared to women with a single child (34.7%). Women who had ≥29 physician visits (45.5%) 

showed higher antibiotic exposure. 

3.2. Inflammatory bowel disease (IBD) 

 

We found 141 cases of IBD out of 213,661mother-infant dyad (0.065%) investigated. It 

was found that low household income showed a protective effect for IBD in children (aHR 0.37; 

95%CI 0.20–0.68). Similarly, IBD in children showed a negative association with winter births 

(aHR 0.57; 95% CI 0.34–0.94), parity (aHR 0.84; 95% CI 0.72–0.97), formula feeding 
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(aHR0.43; 95% CI 0.25–0.76),number of children in the household (aHR 0.82; 95% CI 0.70– 

0.96), and antibiotic utilization by the child after 1 year of birth (aHR 0.48-0.29-0.79). Mode of 

delivery, birth weight, residence location, maternal physician utilization, and postnatal infant 

antibiotic use showed no association with IBD in children. 

Maternal antibiotic use: 

 

IBD in children was significantly associated with maternal post-pregnancy exposure to 

antibiotics (aHR 1.74; 95% CI 1.25-2.42). IBD in children also showed positive association with 

maternal use of antibiotics in 35–<37 weeks (aHR 2.76; 95% CI 1.57–4.89). Antibiotic 

utilization in mothers aged 30–34 years also showed positive association with IBD in children 

(aHR 1.71; 95% CI 1.02–2.84). 

None of the classes of the antibiotics exposure during the prenatal period showed 

association with the IBD in childhood. Maternal antibiotic exposure based on different courses 

also did not show a significant association. Remarkably, there was a positive association between 

maternal post-pregnancy antibiotic use and development of IBD in childhood (aHR 1.74; 95% 

CI: 1.25-2.42). 
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Table 2: Probable confounding influences in maternal antibiotic exposure and childhood IBD 

No Yes  
Crude Hazards 

Ratio (95% CI) 
  (N=213,520) (N=141)  

Mother has Condition  

 No 212,834 >135(>95.7%) 1 (ref) 
 Yes 686 (0.3%) <6(<4.3%) 2.26 (0.32–16.12) 

Gender  

 Male 109,359 (51.2%) 78 (55.3%) 1.17 (0.84–1.63) 
 Female 104,161 (48.8%) 63 (44.7%) 1 (ref) 

Residence Locality  

 Urban 115,519 (54.1%) 85 (60.3%) 1.26 (0.90–1.77) 
 Rural 97,493 (45.7%) 56 (39.7%) 1 (ref) 
 Unknown 508 (0.2%) 0 (0.0%) 0.00 (0.00–1.23) 

Income Quintile  

 Q1 (lowest) 56,002 (26.2%) 17 (12.1%) 0.37 (0.20–0.68) 
 Q2 44,169 (20.7%) 45 (31.9%) 1.23 (0.77–1.97) 
 Q3 39,770 (18.6%) 27 (19.1%) 0.82 (0.48–1.39) 
 Q4 38,993 (18.3%) 24 (17.0%) 0.75 (0.44–1.29) 
 Q5 (highest) 34,078 (16.0%) 28 (19.9%) 1 (ref) 
 Unknown 508 (0.2%) 0 (0.0%) 0.0 (0.00–5.14) 

Gestation Period (Weeks)  

 <35 5,013 (2.3%) <6 (<4.3%) 1.04 (0.33–3.29) 
 35 to <37 9,178 (4.3%) <15 (<10.6%) 2.76 (1.57–4.89) 
 37 to <39 43,767 (20.5%) 32 (22.7%) 1.32 (0.88–1.97) 
 ≥39 155,562 (72.9%) 92 (65.2%) 1 (ref) 

Birth Weight (Grams)  

 <3000 36,799 (17.2%) <35 (<24.8%) 1.50 (0.53–4.24) 
 3000 to <3500 70,475 (33.0%) 44 (31.2%) 1.01 (0.36–2.81) 
 3500 to <4500 99,090 (46.4%) 59 (41.8%) 0.96 (0.35–2.63) 
 4500+ 6,567 (3.1%) <6 (<4.3%)  

 Unknown 589 (0.3%) 0 (0.0%) – 
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Delivery Method 
 C-Section 41,219 (19.3%) 29 (20.6%) 1.17 (0.78–1.76) 
 Vaginal 172,301 (80.7%) 112 (79.4%) 1 (ref) 

 

Maternal Age 
 

 <20 20,301 (9.5%) 7 (5.0%) 0.71 (0.30–1.66) 
 20–24 46,567 (21.8%) 22 (15.6%) 1 (ref) 
 25–29 63,639 (29.8%) 46 (32.6%) 1.54 (0.93–2.56) 
 30–34 55,430 (26.0%) 44 (31.2%) 1.71 (1.02 –2.84) 
 35+ 27,583 (12.9%) 22 (15.6%) 1.77 (0.98–3.20) 

Feeding Method (at birth)  

 Exclusive 108,055 (50.6%) 92 (65.2%) 1 (ref) 
 Partially 60,859 (28.5%) 32 (22.7%) 0.87 (0.58–1.31) 
 Formula Fed 41,012 (19.2%) < 15 (< 10.6%) 0.43 (0.25–0.76) 
 Unknown 3,594 (1.7%) < 6 (< 4.3%) 0.99 (0.31–3.13) 

Multiple Birth  

 No 210,570 (98.6%) 141 (100.0%) 1 (ref) 
 Yes 2,950 (1.4%) 0 (0.0%) 0.00 (0.00–1.40) 

Parity  

 0 80,758 (37.8%) 53 (37.6%) 0.84 (0.72–0.97) 
 1 69,233 (32.4%) 60 (42.6%)  

 2 33,678 (15.8%) 21 (14.9%)  

 3 14,593 (6.8%) < 6 (< 4.3%)  

 ≥4 14,478 (6.8%) < 6 (< 4.3%)  

 Unknown 780 (0.4%) 0 (0.0%)  

Number of Children in Household  

 1 80,881 (37.9%) 58 (41.1%) 0.82 (0.70–0.96) 
 2 71,347 (33.4%) 56 (39.7%)  

 3 34,214 (16.0%) 20 (14.2%)  

 ≥4 26,835 (12.6%) 7 (5.0%)  

 Unknown 243 (0.1%) 0 (0.0%)  

Maternal Pre-pregnancy Exposure  

 No 138,407 (64.8%) 88 (62.4%) 1 (ref) 
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Yes 75,113 (35.2%) 53 (37.6%) 1.10 (0.78-1.55) 

Maternal Post-pregnancy Exposure    

No 137,829 (64.6%) 71 (50.4%) 1 (ref) 

Yes 75,691 (35.4%) 70 (49.6%) 1.74 (1.25–2.42) 

Prenatal Exposure    

No 135,054 (63.3%) 85 (60.3%) 1 (ref) 

Yes 78,466 (36.7%) 56 (39.7%) 1.12 (0.80–1.57) 

Total Number of Courses    

None 135,054 (63.3%) 85 (60.3%) 1 (ref) 

1 47,249 (22.1%) 37 (26.2%) 1.24 (0.84–1.83) 

2 17,944 (8.4%) 10 (7.1%) 0.88 (0.46–1.69) 

≥3 13,273 (6.2%) 9 (6.4%) 1.03 (0.52–2.05) 

Group 1    

Unexposed 160,958 (75.4%) 105 (74.5%) 1 (ref) 

Exposed 52,562 (24.6%) 36 (25.5%) 0.98 (0.67–1.43) 

Group 2    

Unexposed 200,529 (93.9%) 134 (95.0%) 1 (ref) 

Exposed 12,991 (6.1%) 7 (5.0%) 0.97 (0.45–2.11) 

Group 3    

Unexposed 198,410 (92.9%) 131 (92.9%) 1 (ref) 

Exposed 15,110 (7.1%) 10 (7.1%) 0.96 (0.50–1.83) 

Group 4    

Unexposed 197,459 (92.5%) 128 (90.8%) 1 (ref) 

Exposed 16,061 (7.5%) 13 (9.2%) 1.38 (0.77–2.46) 

Group 5    

Unexposed 207,909 (97.4%) > 135 (> 95.7%) 1 (ref) 
Exposed 5,611 (2.6%) < 6 (< 4.3%) 0.87 (0.32–2.38) 

Trimester 1    

Unexposed 178,982 (83.8%) 117 (83.0%) 1 (ref) 

Exposed 34,538 (16.2%) 24 (17.0%) 1.05 (0.67–1.65) 

Trimester 2    

Unexposed 174,204 (81.6%) 117 (83.0%) 1 (ref) 

Exposed 39,316 (18.4%) 24 (17.0%) 0.86 (0.55–1.35) 
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Trimester 3  

 Unexposed 182,217 (85.3%) 114 (80.9%) 1 (ref) 
 Exposed 31,303 (14.7%) 27 (19.1%) 1.34 (0.87–2.06) 

0–3 Months  

 Unexposed 203,172 (95.2%) 131 (92.9%) 1 (ref) 
 Exposed 10,348 (4.8%) 10 (7.1%) 1.23 (0.64–2.38) 

3–6 Months  

 Unexposed 182,170 (85.3%) 116 (82.3%) 1 (ref) 
 Exposed 31,350 (14.7%) 25 (17.7%) 1.01 (0.64–1.59) 

6–12 Months  

 Unexposed 128,534 (60.2%) 75 (53.2%) 1 (ref) 
 Exposed 84,986 (39.8%) 66 (46.8%) 1.12 (0.79–1.59) 

Birth to 1 Year  

 Unexposed 115,619 (54.1%) 66 (46.8%) 1 (ref) 
 Exposed 97,901 (45.9%) 75 (53.2%) 1.14 (0.81–1.61) 

1+ Years  

 Unexposed 34,046 (15.9%) 20 (14.2%) 1 (ref) 
 Exposed 179,474 (84.1%) 121 (85.8%) 0.48 (0.29–0.79) 

Year of Birth  

 1996–1999 50,828 (23.8%) 81 (57.4%) 1 (ref) 
 2000–2003 47,783 (22.4%) 33 (23.4%) 0.69 (0.45–1.06) 
 2004–2007 48,994 (22.9%) 16 (11.3%) 0.75 (0.41–1.36) 
 2008–2012 65,915 (30.9%) 11 (7.8%) 1.06 (0.49–2.27) 

Season of Birth  

 Winter 49,672 (23.3%) 23 (16.3%) 0.57 (0.34–0.94) 
 Spring 54,439 (25.5%) 32 (22.7%) 0.72 (0.46–1.14) 
 Summer 56,156 (26.3%) 44 (31.2%) 1 (ref) 
 Fall 53,253 (24.9%) 42 (29.8%) 1.05 (0.68–1.60) 

Child's Hospital Utilization  

 No 171,766 (80.4%) 95 (67.4%) 1 (ref) 
 Yes 41,754 (19.6%) 46 (32.6%) 5.52 (3.84–7.94) 

Child's Physician Utilization  

 <6 57,308 (26.8%) 8 (5.7%) 1 (ref) 
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 6 to 10 53,940 (25.3%) 13 (9.2%) 1.95 (0.81-4.71) 
 11 to 18 55,596 (26.0%) 29 (20.6%) 4.92 (2.25–10.77) 
 19+ 46,676 (21.9%) 91 (64.5%) 18.00(8.7–37.11) 

Mother's Hospital Utilization  

 No 109,930 (51.5%) 93 (66.0%) 1 (ref) 
 Yes 103,590 (48.5%) 48 (34.0%) 0.74 (0.52–1.05) 

Mother's Physician Utilization  

 <6 61,616 (28.9%) 52 (36.9%) 1 (ref) 
 6 to 12 46,102 (21.6%) 33 (23.4%) 0.91 (0.59–1.41) 
 13 to 28 54,326 (25.4%) 33 (23.4%) 0.92 (0.60–1.43) 
 29+ 51,476 (24.1%) 23 (16.3%) 0.94 (0.57–1.54) 

 

wk: week; gm: gram; Group 1: B-lactam, penicillins; Group 2: B-lactam, others; Group 3: Macrolides, streptogramins, lincosamides; 

Group 4: Tetracyclines, quinolones, others; Group 5: Sulphonamides and trimethoprim 
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Table 3: Sensitivity Analysis (Outcome: IBD) 
 

 Crude HR 

HR (95% CI) 

Adjusted for 

Covariates* 

HR (95% CI) 

Adjusted for 

Covariates* + 

Infant Antibiotics 

HR (95% CI) 
 Timing of antibiotic use 

Pre-Pregnancy 1.11 (0.79–1.55) 1.13 (0.81–1.59) 1.13 (0.80–1.59) 
 Prenatal 1.12 (0.80–1.57) 1.18 (0.84–1.66) 1.18 (0.84–1.65) 
 Postnatal 1.74 (1.25–2.42) 1.81 (1.30–2.53) 1.83 (1.30–2.55) 
 Number of antibiotic courses during pregnancy 
 1 1.24 (0.84–1.83) 1.27 (0.87–1.87) 1.27 (0.86–1.87) 
 2 0.88 (0.46–1.69) 0.93 (0.48–1.79) 0.92 (0.48–1.79) 
 ≥3 1.03 (0.52–2.05) 1.17 (0.59–2.34) 1.16 (0.58–2.33) 
 Timing of exposure in pregnancy 
 Trimester 1 1.05 (0.67–1.65) 1.08 (0.69–1.69) 1.08 (0.69–1.69) 
 Trimester 2 0.86 (0.55–1.35) 0.88 (0.56–1.38) 0.88 (0.56–1.38) 
 Trimester 3 1.34 (0.87–2.06) 1.45(0.94–2.23) 1.45(0.94–2.23) 
 Type of antibiotics exposed 
 Group1 0.98 (0.67–1.43) 1.01 (0.69–1.48) 1.01 (0.68–1.48) 
 Group2 0.97 (0.45–2.11) 1.05 (0.48–2.28) 1.05 (0.48–2.27) 
 Group3 0.96 (0.50–1.83) 1.01 (0.53–1.94) 1.01 (0.53–1.93) 
 Group4 1.38 (0.77–2.46) 1.40 (0.78–2.51) 1.39 (0.78–2.50) 
 Group5 0.87 (0.32–2.38) 0.95 (0.35–2.59) 0.94 (0.34–2.58) 

 

Group 1: Β-lactam, penicillins; Group 2: Β-lactam, others; Group 3: Macrolides, streptogramins, 

lincosamides; Group 4: Tetracyclines, quinolones, others; Group 5: Sulphonamides and 

trimethoprim 

 
3.3. Connective tissue disorder (CTD) 

 

We found 274 cases of CTD out of 213,661 mother-infant dyad (0.128%) investigated. 

 

We have shown the positive association between the antibiotic exposure from birth to 1st year 

of life and risk of CTD (aHR 1.33; 95% CI 1.03-1.71), and child’s physician utilization (aHR 

8.94; 95% CI 7.35-10.86).A positive association was also found between risk of IBD and 

child’s physician services utilization at age 6-10 months (aHR3.94; 95% CI 1.88-8.28), 11-18 

months (aHR 10.11; 95% CI 5.06-20.20), and 19+ months (aHR 26.39; 95% CI 13.48- 

 

51.67). However, maternal exposure to sulfonamide and trimethoprim class of antibiotics 

showed a positive association with the CTD in the childhood (aHR 1.81; 95% CI 1.20- 
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2.73).Males showed reduced risk (aHR 0.51; 95% CI: 0.40–0.66) for the development of 

CTD as compared to females. Similarly, increased number of children in the household also 

showed reduced risk (aHR 0.86; 95% CI: 0.77–0.95) for the development of CTD (Table 4). 

Maternal antibiotic use: 

 

Development of CTD during childhood was not associated with maternal antibiotic 

exposure during pregnancy (aHR 0.87; 95% CI: 0.68–1.11). The trimester-specific analysis also 

showed no association before and after adjustment of covariates and covariates+ maternal and 

infant antibiotic exposure. Maternal antibiotic exposure based on different courses also did not 

show a significant association. Similar results were obtained when maternal antibiotic use 

postpartum was taken in account. No association was found for this group and development of 

CTD in childhood. However, maternal hospital utilization showed negative association with the 

risk of CTD in childhood (aHR 0.76; 95% CI 0.60-0.97).Our study showed an association 

between antibiotic use in 1st year of life and risk of CTD (aHR 1.33; 95% CI: 1.03-1.71). 
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Table 4: Probable confounding influences in maternal antibiotic exposure and childhood CTD 
 

No Yes  
Crude Hazards 

Ratio (95% CI) 
  (N=213,387) (N=274)  

Mother has Condition  

No 212,698 (99.7%) > 268 (> 97.8%) 1 (ref) 

Yes 689 (0.3%) < 6 (< 2.2%) 3.70 (1.19–11.54) 

Gender  

Male 109,341 (51.2%) 96 (35.0%) 0.51 (0.40–0.66) 

Female 104,046 (48.8%) 178 (65.0%) 1 (ref) 

Residence Locality  

Urban 115,447 (54.1%) 157 (57.3%) 1.13 (0.89–1.43) 

Rural 97,432 (45.7%) 117 (42.7%) 1 (ref) 

Unknown 508 (0.2%) 0 (0.0%) 0.00 (0.00–1.67) 

Income Quintile  

Q1 (lowest) 55,953 (26.2%) 66 (24.1%) 0.79 (0.55–1.14) 

Q2 44,166 (20.7%) 48 (17.5%) 0.72 (0.49–1.07) 

Q3 39,739 (18.6%) 58 (21.2%) 0.97 (0.67–1.42) 

Q4 38,966 (18.3%) 51 (18.6%) 0.88 (0.60–1.30) 

Q5 (highest) 34,055 (16.0%) 51 (18.6%) 1 (ref) 

Unknown 508 (0.2%) 0 (0.0%) 0.00 (00–3.87) 

Gestation Period (Weeks)  

<35 5,011 (2.3%) < 6 (< 2.2%) 0.80 (0.33–1.95) 

35 to <37 9,177 (4.3%) < 16 (< 5.8%) 1.34 (0.79–2.27) 

37 to <39 43,740 (20.5%) 59 (21.5%) 1.11 (0.83–1.48) 

≥39 155,459 (72.9%) 195 (71.2%) 1 (ref) 

Birth Weight (Grams)  

<3000 36,782 (17.2%) 51 (18.6%) 1.15 (0.55–2.42) 

3000 to <3500 70,417 (33.0%) 102 (37.2%) 1.20 (0.58–2.46) 

3500 to <4500 99,037 (46.4%) 112 (40.9%) 0.93 (0.45–1.90) 

4500+ 6,563 (3.1%) < 9 (< 3.3%) 1 (ref) 

Unknown 588 (0.3%) < 6 (< 2.2%) – 
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Delivery Method  

 C-Section 41,194 (19.3%) 54 (19.7%) 1.06 (0.79–1.43) 

Vaginal 172,193 (80.7%) 220 (80.3%) 1 (ref) 

Maternal Age  

<20 20,282 (9.5%) 26 (9.5%) 0.80 (0.51–1.24) 

20–24 46,515 (21.8%) 74 (27.0%) 1 (ref) 

25–29 63,609 (29.8%) 76 (27.7%) 0.76 (0.55–1.40) 
30–34 55,404 (26.0%) 70 (25.5%) 0.80 (0.58–1.11) 

35+ 27,577 (12.9%) 28 (10.2%) 0.65 (0.42–1.01) 

Feeding Method (at birth)  

Exclusive 108,000 (50.6%) 147 (53.6%) 1 (ref) 

Partially 60,825 (28.5%) 66 (24.1%) 0.90 (0.67–1.20) 

Formula Fed 40,969 (19.2%) < 58 (< 21.2%) 1.05 (0.77–1.42) 

Unknown 3,593 (1.7%) < 6 (< 2.2%) 0.84 (0.31–2.25) 

Multiple Birth  

No 210,440 (98.6%) > 268 (> 97.8%) 1 (ref) 

Yes 2,947 (1.4%) < 6 (< 2.2%) 0.81 (0.26–2.54) 

Parity  

0 80,700 (37.8%) 111 (40.5%) 0.93 (0.84–1.02) 

1 69,204 (32.4%) 89 (32.5%)  

2 33,653 (15.8%) 46 (16.8%)  

3 14,580 (6.8%) 17 (6.2%)  

≥4 14,470 (6.8%) 11 (4.0%)  

Unknown 780 (0.4%) 0 (0.0%)  

Number of Children in Household  

1 80,816 (37.9%) 123 (44.9%) 0.86 (0.77–0.95) 

2 71,310 (33.4%) 93 (33.9%)  

3 34,199 (16.0%) 35 (12.8%)  

≥4 26,819 (12.6%) 23 (8.4%)  

Unknown 243 (0.1%) 0 (0.0%)  

Maternal Pre-pregnancy Exposure  

No 138,323 (64.8%) 172 (62.8%) 1 (ref) 

Yes 75,064 (35.2%) 102 (37.2%) 1.09 (0.85–1.39) 
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Maternal Post-pregnancy Exposure  

No 137,728 (64.5%) 172 (62.8%) 1 (ref) 

Yes 75,659 (35.5%) 102 (37.2%) 1.07 (0.84–1.36) 

Prenatal Exposure  

No 134,957 (63.2%) 182 (66.4%) 1 (ref) 

Yes 78,430 (36.8%) 92 (33.6%) 0.87 (0.68–1.11) 

Total Number of Courses  

None 134,957 (63.2%) 182 (66.4%) 1 (ref) 

1 47,238 (22.1%) 48 (17.5%) 0.75 (0.55–1.04) 

2 17,925 (8.4%) 29 (10.6%) 1.20 (0.81–1.77) 

≥3 13,267 (6.2%) 15 (5.5%) 0.83 (0.49–1.40) 

Group 1  

Unexposed 160,848 (75.4%) 215 (78.5%) 1 (ref) 

Exposed 52,539 (24.6%) 59 (21.5%) 0.82 (0.61–1.09) 

Group 2  

Unexposed 200,401 (93.9%) 262 (95.6%) 1 (ref) 

Exposed 12,986 (6.1%) 12 (4.4%) 0.78 (0.44–1.39) 

Group 3  

Unexposed 198,292 (92.9%) 249 (90.9%) 1 (ref) 

Exposed 15,095 (7.1%) 25 (9.1%) 1.31 (0.87–1.97) 

Group 4  

Unexposed 197,331 (92.5%) 256 (93.4%) 1 (ref) 

Exposed 16,056 (7.5%) 18 (6.6%) 0.77 (0.34–1.73) 

Group 5  

Unexposed 207,778 (97.4%) 268 (97.8%) 1 (ref) 

Exposed 5,609 (2.6%) 6 (2.2%) 1.81 (1.20–2.73) 

Trimester 1  

Unexposed 178,861 (83.8%) 238 (86.9%) 1 (ref) 

Exposed 34,526 (16.2%) 36 (13.1%) 0.80 (0.56–1.1) 

Trimester 2  

Unexposed 174,094 (81.6%) 227 (82.8%) 1 (ref) 

Exposed 39,293 (18.4%) 47 (17.2%) 0.94 (0.69-1.31) 
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Trimester 3  

 Unexposed 182,098 (85.3%) 233 (85.0%) 1 (ref) 

Exposed 31,289 (14.7%) 41 (15.0%) 1.04 (0.74–1.45) 

0-3 Months  

Unexposed 203,043 (95.2%) 260 (94.9%) 1 (ref) 

Exposed 10,344 (4.8%) 14 (5.1%) 0.96 (0.55–1.66) 

3–6 Months  

Unexposed 182,060 (85.3%) 224 (81.8%) 1 (ref) 

Exposed 31,327 (14.7%) 50 (18.2%) 1.28 (0.92–1.77) 

6–12 Months  

Unexposed 128,452 (60.2%) 155 (56.6%) 1 (ref) 

Exposed 84,935 (39.8%) 119 (43.4%) 1.23 (0.94–1.59) 

Birth to 1 Year  

Unexposed 115,547 (54.1%) 136 (49.6%) 1 (ref) 

Exposed 97,840 (45.9%) 138 (50.4%) 1.33 (1.03-1.71) 

1+ Years  

Unexposed 34,034 (15.9%) 71 (25.9%) 1 (ref) 

Exposed 179,353 (84.1%) 203 (74.1%) 0.32 (0.24–0.43) 

Year of Birth  

1996–1999 50,788 (23.8%) 121 (44.2%) 1 (ref) 

2000–2003 47,747 (22.4%) 69 (25.2%) 0.67 (0.49–0.90) 

2004–2007 48,960 (22.9%) 50 (18.2%) 0.61 (0.43–0.86) 

2008–2012 65,892 (30.9%) 34 (12.4%) 0.48 (0.32–0.72) 

Season of Birth  

Winter 49,622 (23.3%) 73 (26.6%) 1.10 (0.79-1.52) 

Spring 54,403 (25.5%) 68 (24.8%) 0.94 (0.67–1.31) 

Summer 56,127 (26.3%) 73 (26.6%) 1 (ref) 

Fall 53,235 (24.9%) 60 (21.9%) 0.88 (0.63-1.25) 

Child's Hospital Utilization  

No 171,631 (80.4%) 98 (35.8%) 1 (ref) 

Yes 41,756 (19.6%) 176 (64.2%) 8.94 (7.35–10.86) 
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Child's Physician Utilization  

 <6 57,291 (26.8%) 9 (3.3%) 1 (ref) 

6 to 10 53,917 (25.3%) 31 (11.3%) 3.94 (1.88–8.28) 

11 to 18 55,562 (26.0%) 74 (27.0%) 10.11 (5.06–20.20) 

19+ 46,617 (21.8%) 160 (58.4%) 26.39 (13.48–51.67) 

Mother's Hospital Utilization  

No 109,857 (51.5%) 166 (60.6%) 1 (ref) 

Yes 103,530 (48.5%) 108 (39.4%) 0.76 (0.60–0.97) 

Mother's Physician Utilization  

<6 61,572 (28.9%) 96 (35.0%) 1 (ref) 

6 to 12 46,076 (21.6%) 59 (21.5%) 0.84 (0.61–1.16) 

13 to 28 54,294 (25.4%) 65 (23.7%) 0.83 (0.61–1.14) 

29+ 51,445 (24.1%) 54 (19.7%) 0.81 (0.58–1.14) 
 

wk: week; gm: gram; Group 1: B-lactam, penicillins; Group 2: B-lactam, others; Group 3: Macrolides, streptogramins, lincosamides; 

Group 4: Tetracyclines, quinolones, others; Group 5: Sulphonamides and trimethoprim 



43  

Table 5: Sensitivity Analysis (Outcome: CTD) 
 

 Crude HR 

HR (95% CI) 

Adjusted for 

Covariates* 

HR (95% CI) 

Adjusted for 

Covariates* + 

Infant Antibiotics 

HR (95% CI) 
 Timing of antibiotic use 
 Pre-Pregnancy 1.09 (0.85–1.40) 1.09 (0.85–1.39) 1.16 (0.91–1.49) 
 Prenatal 0.87 (0.68–1.11) 0.88 (0.68–1.13) 0.93 (0.72–1.19) 
 Postnatal 1.07 (0.84–1.36) 1.08 (0.85–1.38) 1.14(0.89–1.47) 
 Number of antibiotic courses during pregnancy 
 1 0.75 (0.55–1.04) 0.76 (0.55–1.04) 0.79 (0.57–1.09) 
 2 1.20 (0.81–1.77) 1.22 (0.82–1.80) 1.30 (0.88–1.93) 
 ≥3 0.83 (0.49–1.40) 0.85 (0.50–1.44) 0.92 (0.54–1.57) 
 Timing of exposure in pregnancy 
 Trimester 1 0.79 (0.55–1.13) 0.79 (0.55–1.13) 0.81 (0.57–1.17) 
 Trimester 2 0.95 (0.69–1.31) 0.95 (0.69–1.32) 0.99 (0.72–1.37) 
 Trimester 3 1.05 (0.75–1.47) 1.07(0.76–1.50) 1.11 (0.79–1.56) 
 Type of antibiotics exposed 
 Group1 0.83 (0.62–1.11) 0.84 (0.63–1.12) 0.89 (0.66–1.19) 
 Group2 0.80 (0.45–1.44) 0.82 (0.46–1.47) 0.82 (0.46–1.48) 
 Group3 1.36 (1.90–2.05) 1.37 (0.91–2.07) 1.41 (0.93–2.14) 
 Group4 0.94 (0.58–1.52) 0.93 (0.57–1.51) 0.94 (0.58–1.53) 
 Group5 0.80 (0.35–1.81) 0.81 (0.36–1.83) 0.84 (0.37–1.90) 

 

Group 1: Β-lactam, penicillins; Group 2: Β-lactam, others; Group 3: Macrolides, streptogramins, 

lincosamides; Group 4: Tetracyclines, quinolones, others; Group 5: Sulphonamides and 

trimethoprim 
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CHAPTER 4: DISCUSSION 

 
4.1. Inflammatory bowel disease (IBD) 

 

IBD is an umbrella term used to describe inflammatory disorders of the digestive tract. 

These disorders include inflammation in the colon, known as ulcerative colitis, and in the lining 

of other parts of the digestive tract. In our study, we collected the data from Manitoba’s 

provincial registry. Our results also indicate that higher numbers of children at home and 

children born in low-income quintile families have lower event rates for IBD. This can be 

explained by the hygiene hypothesis, which suggests that reduced exposure to microbial 

diversity further leads to suppression of the natural development of the immune system. Children 

born in affluent families also have less exposure to infections and microbial diversity120. This 

exposure might further affect the microbial diversity of the children and, subsequently, shape the 

immune system. 

Higher event rates for IBD in children were observed for mothers in the age group 30–34 

years. One possible explanation for this higher risk of IBD might be due to complicated 

pregnancies with advancing age, which may increase the chances of premature birth, caesarean 

section, low birth weight and pre-existing conditions that can change the microbial profile in the 

infants. 

This is not surprising given that the microbiota profile of the infant depends upon that of 

the mother. The microbiota profile of the infants also depends upon the mode of the delivery: 

previous studies have shown that the microbiota of vaginally delivered children is different from 

that of children born via caesarian section. However, our study did not show any association 

between mode of delivery and IBD in children. Our results are consistent with the study 

published by Roberts et al., which also did not show any association between mode of delivery 
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and IBD in children121. Another questionnaire-based study showed no statistically significant 

association between caesarean section and IBD in children122. Three studies did show 

statistically significant results between mode of delivery and IBD in children, but the direction of 

association was not found to be significant123–125. Due to the discordant results of these studies, it 

is difficult to establish whether caesarean section increases the risk of IBD or not. No increased 

risk of infant IBD was found with postpartum maternal exposure to antibiotics. The risk of bias 

was eliminated by adjusting the model for a priori covariates. 

Our results showed that breastfeeding correlated with an increased risk of IBD in 

children. However, previous studies have shown that breastfeeding showed a protective effect 

against, rather than being a risk factor for, IBD in children126,127. The discrepancy between our 

results and other studies might be due to the fact that the data captured for exclusive 

breastfeeding was taken from medical records up until the mother was hospitalized. It is also 

possible that a significant portion of mothers either changed to partial breastfeeding or quit 

breastfeeding altogether after discharge from the hospital. This may lead to an underestimation 

of the protective effect of exclusive breastfeeding and IBD in children. Microbiota colonization 

occurs during and after birth. It is fully established and resembles that of adult microbiota 

composition by the age of 3–5 years. Hence, the first three years of life is a critical period for 

microbiota development128. Our results showed a positive association between postpartum 

maternal antibiotic use and IBD in children. Since the infant microbiota are also affected by the 

mode of feeding, it might be possible that children of the mothers exposed to antibiotics in 

postpartum stage get different microbiota as compared to the mothers who are not exposed to 

antibiotics. 
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4.2. Connective tissue disorder (CTD) 

 

CTD is an autoimmune disorder characterized by destruction of connective tissues by 

 

self-produced antibodies. Our study collected the data from provincial insurance claim databases, 

and an association between prenatal antibiotic exposure and CTD in children could not be found. 

There was no increase in the risk of CTD irrespective of maternal exposure to antibiotics before, 

during, or after pregnancy. The risk of bias was reduced by adjusting the model for a priori 

covariates, but intrinsic biases in database studies like this are present. Our results also suggest 

that females have a higher event rate for CTD than males. Our results are consistent with the 

previous study by Ungaprest et al., which showed that 84% of the CTD cases were females 129. 

Two further studies also showed that the female-to-male ratio in the study cohorts were 

5:1130,131.The reason for this gender difference in CTD risk is unknown. Our study also showed 

that higher maternal physician utilization is related to less risk of CTD in infants. This might be 

due to early control on any course of disease during pregnancy by frequent physician visit that 

can lead to fewer chances of chronic disease progression in infants. Our study hypothesized that 

maternal microbiota are transferred to the children, and antibiotics induced alteration of 

microbiota during pregnancy lead to increased risk of CTD. We do not have literature on the 

effect of prenatal antibiotics on the risk of CTD. 

We have found a strong association between antibiotic use in the first year of life and risk 

of CTD (aHR 1.33; 95% CI: 1.03–1.71). Our results were similar to the observation by Daniel et 

al. (OR 2.1; 95% CI 1.2–3.5)116. Daniel et al. also found a dose-response relation for CTD with 

>5 antibiotic courses (aOR 3.0; 95% CI 1.6–5.6). Arvonen et al. 132also found an association 

between exposure of antibiotics before 2 years of age and increased risk of CTD (OR 1.4; 95% 
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CI 1.2–1.6)132. The strongest association was observed for lincosamides (OR 6.6; 95% CI 3.7– 

11.7), and cephalosporins (OR 1.6; 95% CI 1.4–1.8) and risk of CTD when used before the age 

of 2 years. Our study also did not find any association between a number of courses of antibiotics 

during prenatal exposure and risk of CTD in progeny. Our study showed a positive association 

between maternal utilization of sulfonamide and trimethoprim antibiotics and the risk of CTD in 

childhood. This could be explained by the fact that this class of antibiotics crosses the placenta as 

well as milk133, suggesting that infant might get exposed to these antibiotics, subsequently 

increasing the risk of CTD. Further trimester-specific analysis of antibiotic exposure during 

pregnancy also did not show any risk of CTD in children. This observation contradicts with the 

hypothesis that antibiotic exposure is most crucial during the third trimester, taking in 

consideration the possibility of transfer to the offspring during delivery. 

4.3. Limitations 

 

There are several limitations in this longitudinal study. We could not control for many 

confounding factors, (e.g., breastfeeding status after discharge from the hospital, maternal dietary 

habits, smoking, vaccinations, and hygiene, etc.), which could modify the disease development121. 

Any of these factors may lead to variation in our results. A covariate misclassification is also 

possible. The administrative data specifies “breastfeeding” status even if the mother attempts 

breastfeeding during her hospital stay, but the baby failed to latch. 

Therefore, the data for breastfeeding (i.e., exclusive breastfeeding, formula feeding, or mixed) is 

recorded only during the hospital stay. The duration of breastfeeding is also not recorded after 

discharge from the hospital. Because of this limitation, we do not have any experimental 

evidence for the impact of transmission of antibiotics through breastmilk and any resulting 
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changes in the infant’s gut microbiota. Fecal microbiota profiling soon after birth and after 

following up for one year could provide more information. 

A second limitation is that there is no information on OTC medication use. For example, 

previous studies have shown that low vitamin D status is positively associated with IBD134. Our 

database only captured the use of prescription medications. The prescription database started on 

April 1, 1995. This means that we might have missed information on exposure before April 1, 

1995. Furthermore, any information from people who were insured federally or who moved out 

of province is also not captured in our database. 

A third limitation is a lack of information about the indication for an antibiotic 

prescription. It is also possible that the repository did not capture the data from salaried 

physicians – most Canadian physicians are paid by the service provided, but some are salaried. 

One study showed that one-third of visits to the salaried physicians are not captured in the 

repository135. Additionally, data for prescriptions from nursing station visits are not captured 

by DPIN data. Therefore, it is impossible to generalize the findings of our study for all 

Manitoba children. 

Finally, data files from hospitals and clinics may be inaccurate and inadequate due to 

variation in the training of staff handling the hospital data136,137. Since the ICD coding system 

does not consist of an operational definition of disease, there might be some variation in the 

quality of data. A wrong diagnosis by a physician could also lead to variation in our study 

results. 

Despite these limitations, our study design provides much information. First, our study 

summarizes the association between prenatal antibiotic use and risk of IBD and CTD in children 

in Manitoba from 1996 to 2012. Secondly, it provides insight on risk factors for childhood IBD 
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and CTD. Finally, this large database study is free from the “recall bias” that is present in 

questionnaire-based or cross-sectional studies. 
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CHAPTER 5: CONCLUSION 

 

Our study is the first to evaluate the association of prenatal antibiotic exposure and long- 

term risk of IBD and CTD in children in a population cohort. We found that prenatal exposure of 

antibiotics was associated with increased risk of IBD. Our results also showed that exposure of 

antibiotics in 1st year of life increased the risk of CTD. Maternal antibiotic utilization nine 

months before and after delivery indicate that susceptibility to maternal infection may be a 

confounder. Our findings, therefore, suggest that either propensity to maternal infection or 

antibiotic use might be associated with IBD in Manitoban children. Maternal use of antibiotics 

can lead to perturbation in the maternal microbiota that can be transmitted to the infant either in 

utero, during parturition or during breastfeeding. Maternal antibiotic use during pregnancy might 

have an impact on the microbiota of the fetus, which might interfere with the development of 

immune system. Alternatively, antibiotics can bind to maternal tissues and can be transmitted 

vertically during delivery to the neonate or through breastfeeding. Antibiotic exposure during 

third trimester represents the most crucial period for the transfer of the microbiota. If the 

antibiotic exposure and not the susceptibility of maternal infection were the cause of the 

association between prenatal antibiotic exposure and risk of IBD in children, the third trimester 

would have had a stronger association. Since we did not find an association between maternal 

use of antibiotics in third trimester and event rate for both IBD and CTD, it indicates that 

maternal antibiotic exposure and event in the child is an outcome of maternal susceptibility to 

infections. However, our study design had a limitation to test if susceptibility to maternal 

infection in the absence of resultant antibiotic exposure can increase the event rate in children. 

Although our results indicate the role of maternal infection propensity in the development 

of IBD and CTD, we cannot completely exclude the risk associated with antibiotic use. 
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Moreover, the risk of IBD was found to be higher among children of mothers exposed to 

antibiotics. Our findings emphasize that the administration of antibiotics to pregnant women 

should be done cautiously and judiciously. 
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