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ABSTRACT 27 

Background: To address the major methodological issues of reverse causation and selection bias 28 

in epidemiologic studies of antibiotic use in early life and the development of asthma, we 29 

undertook a cohort study of this association in a complete population of children.  30 

 31 

Methods: Using Manitoba, Canada’s health care and prescription databases, this longitudinal 32 

study assessed the association between antibiotic prescription use during the first year of life and 33 

asthma at age 7 in a 1995 birth cohort of 13,116 children.   34 

 35 

Results: Independent of well-known asthma risk factors, children receiving antibiotics in the first 36 

year of life were significantly more likely to develop asthma at age 7. The association with 37 

asthma was observed for antibiotic use in non-respiratory tract infections (adjusted OR=1.86, 38 

95% CI: 1.02-3.37). The risk of asthma was highest in children receiving > 4 courses of 39 

antibiotics (adjusted OR=1.46, 95%CI: 1.14-1.88), especially among rural children, and in the 40 

absence of maternal asthma or a dog in the birth-year. Broad-spectrum cephalosporin use was 41 

more common in these subpopulations of children.  42 

 43 

Conclusions: Antibiotic use in early life was associated with the development of childhood 44 

asthma, a risk which may be reduced by avoiding use of broad spectrum cephalosporins. 45 

 46 

 47 

 48 

 49 
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ABBREVIATIONS 73 

MHSIP: Manitoba Health Services Insurance Program 74 
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INTRODUCTION 96 

Asthma is one of the most common chronic diseases worldwide, significantly impacts quality of 97 

life and represents a significant cost to the health care system.(1-3) The increasing prevalence of 98 

asthma in the industrialized world over the last quarter century have produced several theories on 99 

its origins.(4) In particular, the “hygiene hypothesis’ postulates that growing up in a more 100 

hygienic environment with less microbial exposure may promote the fetal immune response 101 

which is skewed in the atopic Th2 direction, whereas microbial pressure would drive the immune 102 

system towards a balanced Th1 and Th2 immunity. (5;6) Studies of farmer children suggest that 103 

early life exposure to endotoxin from gram negative bacteria may be the key element of less 104 

hygienic environments which results in a lower prevalence of allergy and asthma.(7) However, 105 

many argue that the regulation of the immune response is not likely dependent upon external 106 

microbial exposure and have proposed the “microflora hypothesis” of allergic disease.(8) This 107 

theory posits that maturation of the mucosal immune system during infancy, namely the 108 

development of immunologic tolerance via regulatory T cells, requires the presence of 109 

commensal microbial flora in the gastrointestinal tract. (9) Evidence for this thesis comes from 110 

epidemiologic studies which link variations in gastrointestinal microflora and probiotic 111 

administration with less allergy and asthma, (10-12) and from murine models which document 112 

that antibiotic administration causes altered intestinal flora, impaired barrier function, diminished 113 

Th1 immunes responses and allergic airway disease.(13-15) 114 

 115 

To date findings from epidemiologic studies have supported(16-22)} and refuted (23-25) an 116 

association between antibiotic use in early life and the development of asthma. Since oral 117 

antibiotics are frequently prescribed for upper and lower respiratory tract infections in children 118 
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(26;27), an understanding of the relation between antibiotic use and asthma is critical to 119 

clinicians and health care policymakers worldwide. Previous attempts to assess whether the 120 

relationship between antibiotic use in early life and asthma is causal have been hampered by 121 

cross-sectional or retrospective study design, in which it is difficult to discern whether the 122 

association is subsequent to antibiotic use for wheeze-related respiratory illnesses which precede 123 

asthma. A recent meta-analysis of antibiotic use in the first year of life has reported a two-fold 124 

increased risk of childhood asthma following antibiotic use, but no association among studies 125 

conducted prospectively. (28) Further, some studies have been limited to high risk cohorts 126 

(23;24) or to urban populations. (25) We examined the association between oral antibiotic use in 127 

the first year of life and asthma at age 7 years in a large cohort of children followed from birth, 128 

living in urban and rural environments with universal access to health care insurance. As a 129 

secondary objective, we tested this association in subgroups of antibiotics and subgroups of 130 

children. Preliminary findings from this research have been published in an abstract. (29) 131 

 132 

METHODS  133 

This was a longitudinal study (known as the Study of Asthma, Genes and the Environment) of a 134 

cohort of 13,980 children born in Manitoba in 1995 and continuously registered with the 135 

Manitoba Health Services Insurance Plan (MHSIP) until 2003. The likelihood of asthma at age 7 136 

according to antibiotic prescription use during the first year of life was determined. Data sources 137 

were the complete health care administrative records for the cohort, including all physician 138 

visits, hospitalizations and prescription drugs collected by MHSIP in the provision of universal 139 

health insurance to Manitoba residents. MHSIP databases are reliable and valid data 140 

sources.(30;31) Database record linkages were achieved through anonymized personal 141 
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identifiers. A family registration number permitted linkage of maternal and child records. This 142 

study was approved by the Health Research Ethics Board at the University of Manitoba and the 143 

Health Information Privacy Committee. 144 

 145 

Current asthma at age 7 was defined as at least two physician visits for asthma, one asthma 146 

hospitalization or two prescriptions for any asthma drug (beta-agonists, inhaled corticosteroids, 147 

cromones or leukotriene receptor antagonists) in the year following the 7
th
 birthday.  This 148 

definition was chosen from a validation study in a subset of 539 cohort children recruited for 149 

clinical assessment by an allergist, (34) on the basis of a high positive predictive value (94%, 150 

95%CI: 82-99%) and high specificity (92%, 95%CI: 78-98%).  151 

 152 

Antibiotic use during the first year of life was categorized by the number of oral antibiotic 153 

prescriptions (0, 1-2, 3-4 and 5 or more courses, as classified in other publications testing the 154 

association between antibiotic use and asthma development).(25) Pencillin, cloxacillin, 155 

cephalexin, cefadroxil and erythromycin were defined as narrow-spectrum (NS) antibiotics. The 156 

remaining antibiotics fell into the broad-spectrum (BS) category. Physician visits for childhood 157 

infections were classified by the number of lower respiratory tract [bronchitis, bronchiolitis, 158 

pneumonia], upper respiratory tract [otitis media, pharyngitis, sinusitis] and non-respiratory tract 159 

infections [genito-urinary infections, cellulitis and impetigo]. Risk and protective factors for 160 

asthma, derived from health care administrative records, included gender, urban (municipality 161 

population > 40,000) or rural location, neighbourhood income, total number of siblings at age 7, 162 

number of health care visits during the first year of life and maternal history of asthma (at least 163 

one physician visit or hospitalization for asthma or one prescription for an asthma drug).  164 
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In order to control for reverse causation, 864 children with asthma diagnoses during the first year 165 

of life were excluded. In a subset of 2,859 children, health care database records were linked to 166 

parent report of pets in the home during the birth-year of their child. This information was 167 

obtained from a mailout survey of the 1995 cohort on health and home environment exposures.  168 

 169 

Multivariate logistic regression analysis was conducted with SAS software (SAS Institute, USA).  170 

Variables were retained in models at the 95% level of confidence. Separate multivariate models 171 

were tested by antibiotic type (NS and BS antibiotics) and for children living in urban and rural 172 

areas, for children with and without maternal history of asthma, and for children exposed and not 173 

exposed to dogs at birth. Although the stratified analyses were based on a priori questions, the 174 

interaction term for antibiotic use and the stratum was tested for statistical significance. Type of 175 

antibiotic and timing of administration were compared among these subpopulations of children. 176 

 177 

RESULTS 178 

In the study cohort of 13,116 children at age 7 years, 50% were males, 57% lived in urban areas, 179 

24% were low income, 90% had siblings, 6% had current asthma at age 7 and 5% had a maternal 180 

history of asthma. 65% of children had received at least one antibiotic prescription during the 181 

first year of life. 3% of children received NS antibiotics and no BS antibiotics, 52% received BS 182 

antibiotics and no NS antibiotics and 10% received both types of antibiotics. The majority of 183 

children (55%) received at least one prescription for a BS penicillin, 9% received a BS 184 

cephalosporin and 1% received a BS macrolide (Figure 1). Linkage of a physician diagnosis with 185 

an antibiotic prescription dispensed within 7 days following the physician visit showed that 40% 186 
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of children received antibiotics for otitis media, 28% for other upper respiratory tract infections, 187 

19% for lower respiratory tract infections and 7% for non-respiratory tract infections.  188 

 189 

Following adjustment for gender, maternal history of asthma, number of siblings, urban/rural 190 

location and number of health care visits (Model 1 in Table 1), antibiotic use in the first year of 191 

life (versus no use) was significantly associated with a greater odds of asthma at age 7. This 192 

likelihood increased with the number of antibiotic courses, as confirmed by analyses which 193 

treated antibiotic use as a continuous variable (OR=1.09, 95%CI:1.06-1.12). Children receiving 194 

more than 4 courses of antibiotics were almost twice as likely to have asthma. Separate 195 

adjustments for the number of infections of the lower respiratory and non-respiratory tract 196 

reduced, but did not eliminate the association with asthma.  197 

 198 

In a model which adjusted for all risk factors for asthma (Table 2), children receiving antibiotics 199 

were significantly more likely to develop asthma in a dose-dependent manner. The multivariate 200 

model included all of the factors tested with the exception of neighbourhood income and number 201 

of upper respiratory tract infections, which were not significantly associated with asthma at age 202 

7. The highest risk of asthma was among children receiving more than 4 courses of antibiotics 203 

(OR=1.46, 95%CI: 1.14-1.88). The association between asthma and use of BS antibiotics was 204 

statistically significant (OR=1.50, 95%CI: 1.16-1.93), but this was not the case for NS antibiotics 205 

(OR=1.35, 95%CI: 0.29-6.23), although the odds ratios were not appreciably different from each 206 

other. 207 

 208 

Copyright © 2007 by American College of Chest Physicians 
 on April 11, 2007 chestjournals.orgDownloaded from 

http://www.chestjournal.org


 9 

Asthma at age 7 was almost twice as likely (OR=1.86, 95% CI: 1.02-3.37) in children receiving 209 

one or more antibiotic prescriptions for non respiratory tract infections in comparison to children 210 

who had not received antibiotics. These analyses were adjusted for maternal history of asthma, 211 

number of health care visits, number of siblings, household income, urban/rural location and 212 

gender. A total of 148 children had received antibiotics for non respiratory tract infections only 213 

(33 children had urinary tract infections and the remainder had skin infections), as determined 214 

from linkage of the antibiotic prescription to the preceding physician visit. This risk for asthma 215 

following antibiotic use in non-respiratory tract infections was greater than that for non-216 

respiratory tract infections alone (OR=1.15, see Table 2). 217 

 218 

The interaction term for antibiotic use and presence/absence of maternal asthma was statistically 219 

significant (p=0.03), as was the interaction term for antibiotic use and urban/rural location 220 

(p=0.04).  Limiting the analysis to 7517 children living in urban areas reduced the association 221 

with antibiotic use to non-significance (Table 3). However in 5599 rural children the association 222 

remained among children receiving more than 4 courses of antibiotics (OR=1.88). Antibiotic use 223 

was associated with asthma in children with no history of maternal asthma, especially in children 224 

receiving multiple courses of antibiotics (OR=1.57). The interaction term for antibiotic use and 225 

presence/absence of a dog during the birth-year was also statistically significant (p=0.03). The 226 

absence of a dog in the home at birth increased the strength of the association between more than 227 

4 courses of antibiotics and asthma (OR=2.02).  228 

 229 

Time to receipt of first antibiotic was shorter in rural than urban children (Table 4, p=0.06). 230 

While 100% of children in each subpopulation received BS antibiotics, there were differences in 231 
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the use of BS cephalosporins (eg. cefixme, cefprozil, cefuroxime). In comparison to urban 232 

children, a significantly higher proportion of rural children received BS cephalosporins. 233 

Percentage use of BS cephalosporins was higher, but not statistically significant, in children with 234 

no maternal asthma or no dog exposure versus their counterparts. No other group differences in 235 

antibiotic type were observed. 236 

 237 

DISCUSSION 238 

In a cohort of 13,116 children born in Manitoba in 1995, we found an association between 239 

antibiotic use in the first year of life and asthma at age 7. Children receiving more than 4 courses 240 

of antibiotics were at one and half times the risk of developing asthma than children not 241 

receiving antibiotics. Our analysis adjusted for reverse causation, health care utilization bias and 242 

many well-known risk factors for asthma, and used a health care database definition of asthma 243 

with a high positive predictive value for allergist diagnosed asthma.(33;34) Moreover, the 244 

association was observed for antibiotic use in non-respiratory tract infections, for which the risk 245 

of asthma was doubled.  246 

 247 

While our findings are consistent with many retrospective surveys and some prospective health 248 

care database studies, they do not agree with a similar database study conducted by Celedon.(25) 249 

These authors reported no association for asthma until age 5 in children receiving multiple 250 

course of antibiotics. We speculate that the discrepant findings are related to differences in 251 

populations studied. Almost half of our cohort children lived in rural areas, while the Celedon 252 

study drew its data from an urban population. We also did not find an association with antibiotic 253 
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use in urban Manitoba children, but the risk was two-fold in rural children receiving multiple 254 

courses of antibiotics. 255 

  256 

Similar to its distribution worldwide, asthma prevalence was lowest in our rural children, (35) 257 

which may be attributed to the protective effect of endotoxin exposure in Manitoba’s farming 258 

communities. (7;36;37) Urban-rural differences in allergy and asthma are also supported by the 259 

“microflora hypothesis.” The gut microbiota of infants in more rural countries has higher levels 260 

of anaerobic bacteria, such as lactobacilli or bifidobacteria, and lower levels of Clostridium 261 

difficile.(11;38) These same patterns of gut colonization are more common in non-allergic than 262 

allergic infants.(39;40)  Antibiotics may alter the protective effect of gut flora in rural children, 263 

but have little effect on the gut flora of urban children, which is already predisposed to atopic 264 

disease. Of interest, Voor et al also reported an association between antibiotic use and atopy in 265 

Estonian children and not in the more urbanized Swedish infants.(41) 266 

 267 

An alternate explanation for the increased risk of asthma from antibiotic use in rural children 268 

may be related to type of antibiotic, which has not been investigated in intestinal microflora 269 

studies of infants. (38-40) All antibiotics decrease anaerobic microflora in infants, but the BS 270 

cephalosporins lead to significant suppression of lactobacilli and bifidobacteria, and overgrowth 271 

of Clostridium difficile. (42-44) The microflora of rural Manitoba children may be subject to the 272 

more potent effect of BS cephalosporins. Voor and colleagues have offered a similar account for 273 

their findings of increased atopy following antibiotic use in Estonian, but not Swedish children; 274 

the former children were more likely to receive broad-spectrum antibiotics.(41) Still another 275 
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explanation for the increased risk of asthma among our rural children may be related to the 276 

earlier administration of antibiotics following birth. (45) 277 

 278 

Children with multiple antibiotics born to women without a history of asthma were at greater risk 279 

of developing asthma than those not receiving antibiotics. No antibiotic effect was observed in 280 

the presence of maternal asthma, consistent with findings from high risk cohort studies. (24) An 281 

increased sensitivity to antibiotics in the absence of maternal asthma may be analogous to the 282 

protective effects of dog ownership in children with no parental history of asthma.(46) Postnatal 283 

maturation of Th1 immunity is faster in genetically low risk versus high risk children, so low risk 284 

children are potentially more susceptible to the effects of early life antibiotic administration on 285 

intestinal microflora than high risk children, (47) in whom changes in microflora have already 286 

occurred. (48) Alternatively, as with our rural children, increased use of BS cephalosporins may 287 

explain the increased asthma among children with no maternal history of asthma.   288 

 289 

Lack of dog exposure during the birth-year also increased the antibiotic association with asthma 290 

among children taking multiple courses of antibiotics. This concentration of risk for atopy with 291 

antibiotic use in children exposed to fewer pets in the first year of year has been reported by 292 

others.(45) We hypothesize that lesser contact with dogs during infancy results in a lower 293 

microbial load and makes infants more vulnerable to the effects of antibiotics, especially if they 294 

are BS cephalosporins. 295 

  296 

The strongest evidence against reverse causation in our study is the finding of an association 297 

between asthma and antibiotic use for non-respiratory tract infections. The majority of non-298 
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respiratory infections were skin infections, which may represent misdiagnosed atopic dermatitis. 299 

Atopic dermatitis in early life is a major risk factor for asthma, as between 50 to 80% of children 300 

with atopic dermatitis will develop asthma in childhood.(49) It is the earliest disease 301 

manifestation of future allergic asthma. However, recent findings on the immunogenetics of 302 

asthma and atopic dermatitis have identified the epithelium as a common pathway for the 303 

development of both of these diseases.(50)  It is plausible that early life skin infections are 304 

manifestations of impaired barrier function of the epithelium, including the gastrointestinal 305 

epithelium, which leads to allergen penetration and subsequent inflammation. Antibiotic 306 

disruption of intestinal microflora may further increase this inflammation by preventing 307 

immunologic tolerance via regulatory T cells.(8) This is suggested in our findings of a greater 308 

risk of asthma following antibiotic use in non-respiratory tract infections than for non-respiratory 309 

tract infections alone. 310 

 311 

Our population-based study of a 1995 cohort of children identified antibiotic use as a risk factor 312 

for developing asthma at age 7. While we have constructed our study to diminish the likelihood 313 

of reverse causation and confounding bias, and have implemented a validated definition of 314 

childhood asthma, we cannot confirm nor refute the causative role of antibiotics in the 315 

development of asthma. However, our study has yielded some interesting findings in 316 

subpopulations of children, which we postulate are due to use of broad-spectrum cephalosporins 317 

or to increased sensitivity to the antibiotic effect among children with genetic predisposition to 318 

impaired barrier function of the epithelium. Further large-scale studies are required to determine 319 

the longitudinal association between the composition of intestinal microflora, antibiotic use, and 320 

atopic dermatitis during infancy, and the development of asthma in low and high risk children. In 321 
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the interim, it would be prudent to avoid unnecessary use broad-spectrum antibiotics in the first 322 

year of life when other antibiotics are available.  323 

 324 
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non-respiratory infection episodes

Variable (reference group) Model 1 Model 2 Model 3 Model 4 

Courses of antibiotics (none)

    1-2 1.27  (1.06 -  1.53) 1.25  (1.04 - 1.51) 1.27  (1.05 - 1.53) 1.23 (1.02 - 1.48)

    3-4 1.41  (1.12 -  1.76) 1.36  (1.08 - 1.70) 1.40  (1.10 - 1.78) 1.35 (1.07 - 1.69)

    >4 1.74  (1.37 -  2.22) 1.64  (1.29 - 2.10) 1.72  (1.27 - 2.34) 1.56 (1.22 - 2.00)

Each infection of the lower respiratory tract 1.05  (1.02 - 1.09)

  (e.g. 0 vs. 1, 1 vs. 2, 2 vs. 3 etc)

Each infection of the upper respiratory tract 1.00  (0.98 - 1.03)

  (e.g. 0 vs. 1, 1 vs. 2, 2 vs. 3 etc)

Each infection of the non-respiratory tract 1.15 (1.11 - 1.19)

  (e.g. skin, urinary tract)

Odds Ratio (95% CI) *

* All models were adjusted for gender, urban/rural location, maternal history of asthma, number of health care visits and number of siblings

Table 1.  Risk of asthma at age 7 following antibiotic use in the first year of life, adjusted for respiratory and 
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Table 2. Risk of asthma at age 7 following antibiotic use in the  

first year of life, final model

Odds Ratio (95% CI) *

Variable (reference group) All Children (n=13116)

Courses of antibiotics (none)

    1-2 1.21  (1.01  -  1.46)

    3-4 1.30  (1.04  -  1.63)

    >4 1.46  (1.14  -  1.88)

Each infection of the lower respiratory tract 1.06  (1.02  -  1.09)

  (e.g. 0 vs. 1, 1 vs. 2, 2 vs. 3 etc)

Each infection of the non-respiratory tract 1.15  (1.12  -  1.19)

  (e.g. skin, urinary tract)

Maternal history of asthma 2.21  (1.73  -  2.81)

Number of health care visits during first year 1.01  (1.00  -  1.02)

Number of siblings 0.82  (0.76  -  0.87)

Urban location 1.65  (1.40  -  1.94)

Male gender 1.75  (1.50  -  2.04)

*adjusted for all variables in model  527 
 528 
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Table 3. Risk of asthma at age 7 following antibiotic use in the first year of life
in specific childhood environments
Variable (reference group) Odds Ratio (95% CI) 

Urban (n=7517)
a

Rural (n=5599)

Courses of antibiotics (none)

    1-2 1.17  (0.94  -  1.45) 1.30  (0.91  -  1.85)

    3-4 1.29  (0.99  -  1.68) 1.21  (0.78  -  1.89)

    >4 1.22  (0.89  -  1.69) 1.88  (1.23  -  2.88)

Maternal Asthma 
b

No Maternal Asthma 

(n=672) (n=12440)

Courses of antibiotics (none)

    1-2 1.11  (0.60  -  2.07) 1.21  (1.00  -  1.48)

    3-4 1.34  (0.67  -  2.67) 1.28  (1.00  -  1.63)

    >4 0.95  (0.42  -  2.13) 1.57  (1.20  -  2.04)

Dog Exposure 
c

No Dog Exposure 

(n=787) (n=2072)

Courses of antibiotics (none)

    1-2 1.67  (0.82  -  3.37) 1.04  (0.69  -  1.55)

    3-4 1.68  (0.69  -  4.07) 1.01  (0.60  -  1.72)

    >4 0.72  (0.20  -  2.53) 2.02  (1.20  -  3.38)

a
 adjusted for respiratory/nonrespiratory infections, maternal asthma, number of health care visits, number of siblings

and gender
b
 adjusted for respiratory/nonrespiratory infections, urban/rural location, number of health care visits, number of siblings

and gender
c
 adjusted for respiratory/nonrespiratory infections, maternal asthma, urban/rural location, number of siblings

and gender  559 
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Table 4. Antibiotic characteristics in children with >4 prescriptions in the first year 
of life by urban/rural status, maternal asthma status and presence of dog

Number of Time to 1st antibiotic BS cephalosporins

children Days p value % p value

Rural residence 728 119 0.06 47.0 0.0001

Urban residence 773 126 32.1

No maternal asthma 1381 123 NS 39.8 NS

Maternal asthma 120 122 33.3

No dog in birthyear 208 134 NS 37.5 NS

Dog in birthyear 72 124 33.3
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