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Abstract This study estimates the effect of maternal
infections during pregnancy on childhood asthma. One-
thousand four-hundred and twenty-eight pregnant women
were prospectively followed using structured interviews
and chart review until their child’s 6th year of life. Infec-
tions were identified from outpatient and hospital visits.
Childhood asthma was defined as physician diagnosis with
symptoms at age six. Adjusted odds ratios were calculated
from multivariable logistic regression models. Six-hundred
and thirty-five women experienced an infection during
pregnancy. Among antepartum infections, maternal urinary
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tract infections were significantly associated with child-
hood asthma (aOR 1.60, 95 % CI 1.12-2.29). Chorioam-
nionitis and maternal group beta streptococcus colonization
were not significantly associated with an increased risk in
childhood asthma. This study found an increased risk of
asthma in children of women diagnosed with urinary tract
infections during pregnancy, while other maternal infec-
tions did not increase the risk.

Keywords Childhood asthma - Prenatal exposures -
Maternal infection

Introduction

Asthma is one of the most common chronic illnesses
worldwide with an increasing prevalence and medical bur-
den among children. Growing evidence suggests that an
asthmatic phenotype may be programmed during fetal
development [1-5]. In-utero exposures to infection are
thought to contribute to childhood asthma through early and
repetitive antigen exposure, pulmonary remodeling and
altered immunologic development that leads to airway
hyper-responsiveness later in life [6]. Atopic asthma is an
inflammatory disease driven by the Th-2 lymphocyte
immune response [7]. While pregnancy and early fetal life
requires a Th-2 predominant response this typically transi-
tions in early life to a Th-1 mediated response that is pro-
tective against atopic disease. Prenatal and early childhood
exposures that deter this Th-2-Th-1 shift are thought to
contribute to the development of childhood asthma [8] Pre-
vious studies of in utero exposures and atopic disease have
found associations with maternal smoking [9, 10], dietary
exposures [11], antibiotic use [12, 13] and environmental
antigen exposure [14, 15]. The effect of antenatal maternal
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infection on the development of childhood asthma has been
debated in the literature often due to difficulties disentan-
gling the role of infection from antibiotic treatment.
According to the hygiene hypothesis, changes in micro-flora
caused by antibiotic use, cleanliness and vaccination during
early life contribute to aberrant immune system development
and an increased risk of asthma and atopic diseases [16, 17].
However, some theorize that while maintaining exposure to
commensal flora may be protective against atopic disease,
maternal exposure to certain infections and pathogens during
pregnancy increases the risk of these diseases. Antenatal
infections, particularly bacterial infections, have been
associated with an increased risk of childhood asthma [2, 5,
18, 19]. Among the types of maternal infection, vaginitis,
febrile illness [5] urinary tract infection [18], intrauterine
infection [2, 8] and flu [20] have demonstrated associations
with childhood asthma. The direct mechanism by which
prenatal infection may translate to childhood asthma has yet
to be clearly described. Human and animal models suggest
that fetal inflammatory responses to infection are associated
with pulmonary remodeling and the development of bron-
cho-pulmonary dysplasia and potentially asthma [21, 22].

Group B streptococcus (GBS) colonizes the recto-vaginal
mucosa in 10-30 % of pregnant women [23]. In the absence
of antibiotic prophylaxis, vertical transmission of this
organism contributes 1,200 cases per year of early onset
neonatal sepsis, likely due to fetal aspiration of GBS while in
utero or during passage though the birth canal [24]. Colo-
nization with GBS is a unique exposure, in that women are
routinely screened and receive antibiotic prophylaxis in the
absence of clinical symptoms of infection and the associated
inflammatory state. It is not known whether maternal GBS
colonization and intrapartum antibiotic prophylaxis are
associated with the development of childhood asthma. GBS
provides a unique opportunity to distinguish the roles of
active intrapartum infection from colonization and antibiotic
exposure in the development of childhood asthma.

To examine the effect of maternal infection and GBS
recto-vaginal colonization during pregnancy on the risk of
childhood asthma, we analyzed data from a prospective
cohort study of pregnant women and their offspring fol-
lowed until 6 years of age. With detailed classification of
maternal infections throughout the antepartum and intra-
partum periods, we aimed to estimate the effect of maternal
infection during pregnancy on childhood asthma.

Materials and Methods

Between April 1997 and June 2000, pregnant women were
prospectively enrolled in a study examining the effects of
asthma, asthma symptoms and asthma therapy on preg-
nancy and childhood outcomes. Details of the enrollment

procedure have been previously published [25]. Given the
outcome of interest, the cohort was enriched to include
women with asthma or previous offspring with asthma.
Pregnant women with a history of physician-diagnosed
asthma (n = 1,343) and a simple random sample of preg-
nant women without asthma (n = 2,070) were recruited
from 56 private obstetric practices and 15 clinics at six
hospitals in Southern New England. The Yale University
Human Investigations Committee approved the study, and
all participants gave informed consent to participate in
interviews and allowed access to their own and their chil-
dren’s medical records. Details of the recruitment and
enrollment procedures have been previously published [26].
A flowchart of patients showing inclusion and exclusion
criteria applied to the cohort is described in Fig. 1.

At enrollment, trained research assistants interviewed
women in their homes before 24 weeks gestation using a
structured interview. The initial interview collected mater-
nal demographic information, medical and obstetric history,
cigarette use, household allergen exposures and information
about asthma symptoms, and medication use during preg-
nancy and in the year before pregnancy. An adaptation of
the Global Initiative for Asthma categories published by
Belanger et al. [27] was used to measure the severity of
asthma symptoms during pregnancy. All mothers including
those without a diagnosis of asthma received an asthma
symptom severity score to capture potential undiagnosed
cases and differentiate between those with benign and
severe disease. A postpartum interview was conducted in
the hospital (n = 1,344) or by telephone (n = 544) within
1 month of delivery. Data on pregnancy complications and
outcomes, illnesses diagnosed during the pregnancy and
intrapartum medication exposure were obtained from hos-
pital delivery records. The final standardized maternal
interview (n = 1,505) related to the infancy and early
childhood was conducted at home (87.4 %) or by telephone
when the child was 6 years (+3 months) of age. Mothers
with complete records for all time periods were included in
the final analysis (n = 1,428).

Information about infections during pregnancy was
obtained from maternal interview data and review of the
maternal medical record at the completion of the pregnancy.
Trained research assistants completed the Pregnancy Out-
come Data Form and recorded all problems followed in the
pregnancy, including infectious diseases, the reasons for all
hospitalizations and emergency room visits, and intrapartum
complications including chorioamnionitis. Antepartum
infections included those reported during pregnancy before
labor and those identified through medical record review. The
data did not include the exact gestational age or dates for
infections diagnosed as an outpatient or the number of times
any one type of infection occurred. Chorioamnionitis was the
only intrapartum infection of interest. The medical record was
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Invited to participate

n=3413 Excluded: n =1,034
Refusals: 531
Ineligible: 389
> Miscarriages: 73
Nonparticipation for other
W reasons: 41
Enrolled
n=2,379 Excluded: n=174
Stillbirth, molar pregnancy, or
planned or spontaneous
> abortion : 69
Multiple births: 43
4 Withdrawal: 60
Singleton live births Inadequate information on
n=2,205 asthma status: 2
Not Selected: n=334
> Random sample of mothers
without asthma, asthma
A J symptoms or taking asthma
Selected for follow-up: n=1,871 medications.
All asthmatic mothers: 872
All mothers with asthma
symptoms or taking asthma
medication: 449
Random sample of mothers not
meeting above criteria: 550
Excluded: n=64
= Mot English-speaking: 61

Infant deaths: 3

Eligible for interview
n=1,807

Excluded: n=302
Refused: 180
=» Mothers not located: 78
Not interviewed on schedule: 33

Interviewed Ineligible: 11
n=1,505
Excluded: n=77
L
7| Medical record data
v unavailable: 77

Final analysis
n=1428

Fig. 1 Flowchart of patients showing inclusion and exclusions
applied to the total cohort population for the infection and asthma
analysis. *Sample enriched to include asthmatic mothers to achieve
adequate sample size of children with asthma at age 6

also reviewed for positive screening for GBS colonization
prior to delivery, which we analyzed in a separate category.

Information regarding childhood asthma was obtained
when the child was 6 years old (£3 months) at the final
structured maternal interview. Mothers were asked: “Has
the child ever been diagnosed by a doctor or health pro-
fessional as having asthma?” and “Has your child had
wheezing or whistling in the chest in the last 12 months?”
The primary outcome in this analysis was physician-diag-
nosed asthma ever with history of wheezing at the 6th year
of age.

Information on antibiotic use was obtained from the
maternal questionnaire administered for the first and third
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trimester asking participants if they had taken any medi-
cations, including name, strength and frequency of use.
Antibiotic exposure during labor was extracted by hospital
record review conducted by study research assistants. We
categorized exposure based upon any antenatal exposure
during the first or third trimester alone, intrapartum expo-
sure alone or both. We performed sensitivity analyses to
account for the lack of information on second trimester
antibiotic exposure.

We analyzed the effect of prenatal infectious exposure
on childhood asthma using multivariable logistic regres-
sion models using SAS 9.2 (SAS Institute, Inc., Cary, NC,
USA). Odds ratios (ORs) and 95 % confidence intervals
were estimated for asthma based upon diagnoses of
maternal antepartum infection or chorioamnionitis com-
pared with no diagnoses of infection. Adjusted ORs were
calculated adjusting for potential confounders from
maternal demographics and pregnancy and pregnancy and
childhood household exposures. The variables that were
found by univariate analysis to be associated with infection
or childhood asthma were incorporated into a stepwise
logistic-regression model in which the dependent outcome
was asthma at age 6. The model was refined by a stepwise
selection of variables resulting in a change of 10 % or
greater in the parameter estimate of infection exposure
remaining in the model. The final variables included in the
adjusted model along with the exposure variables of
interest included maternal income, pregestational diabetes,
maternal asthma severity score, smoking exposure during
pregnancy, infant low birth weight status, and the presence
of cockroaches in the home during the first year of life. The
c statistic for the final model was acceptable at 0.72. The
study was able to detect at least a 52 % increased risk of
asthma with 90 % power.

Results

Characteristics of the study population at baseline and in
relation to having antepartum infection, chorioamnionitis
or GBS colonization are described in Table 1. The majority
of women were between the ages of 25 and 35 (58 %) and
72 % of the population was white. Eleven percent smoked
only during the first trimester of pregnancy and 6 %
through the third trimester. Forty-four percent were diag-
nosed with asthma (which is higher than usual rates, by
design). Five percent of births were preterm and 4.2 % low
birth weight. Forty-five percent of the study population had
an infection diagnosed during pregnancy; 43.2 %
(n = 617) of women had an antepartum infection and
4.8 % (n = 68) had chorioamnionitis. Among antepartum
infections, respiratory infections were the most common
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Table 1 Maternal and household characteristics and risk of antenatal infection and GBS colonization

Characteristics Total® Antepartum infection Chorioamnionitis GBS colonization
N = 617 (43.20) N = 68 (4.76) N = 296 (20.73)
1,428 n (%) OR (95 % CI) n (%) OR (95 % CI) n (%) OR (95 % CI)

Maternal age

<25 324 (22.69) 210 (64.81) Ref 28 (8.64) Ref 71 (21.91) Ref

25-35 840 (58.82) 317 (37.74) 0.33 (0.25-0.43) 29 (3.45) 0.38 (0.22-0.65) 171 (20.36) 0.91 (0.66-1.25)

>35 264 (18.49) 90 (34.09) 0.28 (0.20-0.40) 11 (4.17) 0.46 (0.22-0.94) 54 (20.45) 0.92 (0.62-1.37)
Maternal marital status

Married 1,048 (73.39) 368 (35.11) Ref 39 (3.72) Ref 208 (19.85) Ref

Single/divorced 380 (26.61) 249 (65.53) 3.51 (2.74-4.50) 29 (7.63) 2.13 (1.30-3.51) 88 (23.16) 1.22 (0.91-1.62)
Maternal ethnicity

White 1,033 (72.34) 381 (36.88) Ref 44 (4.26) Ref 207 (20.04) Ref

African American 139 (9.73) 80 (57.55) 2.32 (1.62-3.32) 9 (6.47) 1.55 (.074-3.26) 26 (18.71) 0.91 (0.58-1.44)

Hispanic 197 (13.80) 124 (62.94) 2.90 (2.12-3.98) 13 (6.60) 1.59 (0.84-3.01) 49 (24.87) 1.32 (0.92-1.88)

Asian/other 59 (4.13) 32 (54.23) 2.03 (1.19-3.34) 2 (3.39) 0.79 (0.19-3.34) 14 (23.73) 1.24 (0.67-2.31)

Pre-pregnancy BMI
<30
>30
Maternal education
<12 years
At least some college
At least some graduate school
Household income
>$40,000
<$40,000
Smoking
Never
Before pregnancy
1st trimester only
1st-3rd trimester
Parity
Nulliparous
1 prior delivery
>2 prior deliveries
Maternal asthma
No
Yes
Maternal asthma severity”
Max GINA 0
Max GINA 1-2
Max GINA 34
Pregestational diabetes
No
Yes
Gestational diabetes
No
Yes
Vaginal bleeding antepartum
No
Yes
Induction of labor
No
Yes

1,185 (82.98)
224 (15.69)

395 (27.66)
696 (48.74)
337 (23.60)

1,062 (74.37)
366 (25.63)

873 (61.13)

304 (21.29)

161 (11.27)
90 (6.30)

643 (45.03)
494 (34.59)
291 (20.38)

790 (55.32)
638 (44.68)

509 (35.64)
433 (30.32)
486 (34.03)

1,403 (98.25)
25 (1.75)

1,173 (82.14)
255 (17.86)

1,176 (82.35)
252 (17.65)

670 (47.42)
743 (52.58)

506 (42.70)  Ref
101 (45.09)  1.10 (0.87 -1.47)

218 (55.19)  Ref
290 (41.67)  0.58 (0.45-0.74)
109 (32.34) 038 (0.28-0.56)

391 (36.82)  Ref
226 (61.75) 277 (2.17-3.54)

274 (4124)  Ref

91 (37.17)  0.84 (0.644—1.10)
85 (57.14)  1.90 (1.35-2.67)
50 (57.78)  1.95 (1.25-3.03)

216 (44.01)  Ref
168 (39.07)  0.82 (0.64—1.04)
116 (48.45)  1.12 (0.91-1.58)

300 (37.97)  Ref
317 (49.69)  1.61 (1.31-1.99)

168 (33.01)  Ref
198 (45.73)  1.71 (1.31-2.23)
203 (51.65)  2.16 (1.68-2.08)

607 (43.26)  Ref
10 (40.0) 1.14 (0.51-2.56)

524 (44.67)  Ref
93 (36.47)  1.41 (1.06-1.86)

464 (39.46)  Ref
153 (60.71)  2.37 (1.80-3.13)

293 (43.73) Ref
318 (42.80) 0.96 (0.78-1.19)

52 (4.39) Ref
16 (7.14) 1.68 (0.94-2.99)

27 (6.84) Ref
35 (5.03) 0.72 (0.43-1.21)
6 (1.78) 0.24 (0.10-0.61)

40 (3.77) Ref
28 (7.65) 1.28 (1.29-3.48)

36 (4.12) Ref

15 (4.93) 1.21 (0.65-2.34)
9 (5.59) 1.37 (0.65-2.92)
8 (8.89) 2.27 (1.02-5.04)

39 (6.07) Ref
17 (3.44) 0.55 (0.38-0.99)
12 (4.12) 0.66 (0.34—1.29)

37 (4.68) Ref
31 (4.86) 1.04 (0.64-1.70)

24 (4.72) Ref
25 (5.77) 1.23 (0.70-2.20)
19 (3.91) 0.82 (0.45-1.52)

68 (4.85) Ref
0 0 (0)

52 (4.43) Ref
16 (6.27) 1.44 (0.81-2.57)

50 (4.25) Ref
18 (7.14) 1.73 (0.99-3.02)

27 (4.03) Ref
41 (5.52) 1.39 (0.85-2.29)

242 (2042)  Ref
53 (23.66)  1.20 (0.86-1.70)

88 (22.28)  Ref
149 (21.41)  0.95 (0.71-1.28)
59 (17.51)  0.74 (0.51-1.07)

220 (20.72)  Ref
76 (20.77) 1.0 (0.74—1.34)

168 (19.24)  Ref

66 (21.71)  1.16 (0.84—1.60)
42 (26.09)  1.48 (1.00-2.19)
20 (2222)  1.20 (0.71-2.03)

132 (20.53)  Ref
115 (2328)  1.17 (0.89-1.56)
49 (16.84)  0.78 (0.55-1.13)

165 (20.89)  Ref
131 (20.53)  0.98 (0.75-1.27)

95 (18.66)  Ref
60 (13.86)  0.71 (0.49-1.00)
141 (29.01)  1.78 (1.32-2.40)

287 (20.60)  Ref
9 (36.00)  2.19 (0.96-5.00)

241 (20.55)  Ref
55 (21.57)  1.06 (0.76-1.48)

241 (20.49)  Ref
55 (21.83)  1.08 (0.78-1.51)

144 (21.49) Ref
147 (19.78) 1.10 (0.86-1.44)
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Table 1 continued

Characteristics Total® Antepartum infection Chorioamnionitis GBS colonization
N = 617 (43.20) N = 68 (4.76) N = 296 (20.73)
1,428 n (%) OR (95 % CI) n (%) OR (95 % CI) n (%) OR (95 % CI)

Mode of delivery

Vaginal 1,145 (80.18) 493 (43.06) Ref
Cesarean section 283 (19.82) 124 (43.82)
Gestational age at delivery (weeks)
>37 1,345 (94.19) 577 (42.90) Ref
<37 83 (5.81) 40 (48.19)
Birth weight of infant (g)
>2,500 1,368 (95.79) 582 (42.54) Ref
<2,500 60 (4.20) 35 (58.33)
Mold/mildew in the home
No 1,187 (83.18) 506 (42.63) Ref
Yes 240 (16.82) 111 (46.25)
Home water leaks or damage
No 1,162 (81.37) 503 (43.29) Ref
Yes 259 (18.13) 112 (43.24)
Pets in the home
No 652 (45.66) 265 (40.64) Ref
Yes 776 (54.34) 352 (45.36)
Cockroaches in the home
No 1,332 (93.28) 572 (42.94) Ref
Yes 96 (6.72) 45 (46.88)

1.03 (0.79-1.34)

1.24 (0.79-1.93)

0.53 (0.31-0.89)

1.16 (0.88-1.53)

0.99 (0.76-1.31)

1.21 (0.98-1.50)

1.17 (0.77-1.78)

47 (4.10) Ref
21 (7.42) 1.87 (1.10-3.19)

239 (20.87) Ref
57 (20.14) 0.96 (0.69-1.32)

58 (4.31) Ref
10 (12.05) 3.04 (1.49-6.19)

281 (20.89) Ref
15 (18.07) 0.84 (0.47-1.48)

60 (4.39) Ref
8 (13.33) 3.34 (1.52-7.38)

284 (20.76)  Ref
12 (20.00)  0.95 (0.5-1.82)

56 (4.72) Ref
12 (5.00) 1.06 (0.5-2.02)

236 (19.88)  Ref
60 (4.20) 1.34 (0.97-1.86)

59 (5.08) Ref
9 (3.47) 0.67 (0.33-1.38)

236 (20.31) Ref
60 (23.17) 1.18 (0.86-1.63)

33 (5.06) Ref
35 (4.51) 8.89 (0.54—1.44)

130 (19.94)  Ref
166 (21.39)  1.09 (0.85-1.41)

63 (4.73) Ref
5(5.21) 1.10 (0.43-2.82)

274 (20.57)  Ref
22(2292)  1.15 (0.70-1.88)

Household characteristics reported for time period during the child’s first year of life

Infections included those self- reported during pregnancy or recorded as problems in the medical record and group beta streptococcus screening status recorded in

the medical record
OR odds ratio, CI confidence interval, Ref reference

% Numbers may not sum to total due to missing data

° Global initiative for asthma categories: step 1—intermittent, step 2—mild persistent, step 3—moderate persistent, step 4—severe persistent. Modification for this
analysis created a three level system of the maximum symptom category reported, including a 0 level for women without asthma symptoms a combination of steps 1

and 2 and steps 3 and 4

(21 %) followed by urinary tract infections (19 %). Two
hundred and ninety-six (20.7 %) women had known recto-
vaginal colonization with GBS.

The characteristics associated with antepartum infec-
tions listed in Table 1 included many correlates of socio-
economic status including: age <25, being unmarried,
ethnicity other than white, less than or up to a high school
education, income under $40,000 and smoking during
pregnancy. Clinical correlates to antepartum infection
included maternal asthma, high maximum asthma severity
score, gestational diabetes, antepartum vaginal bleeding
and low birth weight. Chorioamnionitis was associated
with maternal age, marital status, household income,
smoking throughout pregnancy, cesarean delivery, preterm
birth and low birth weight. The characteristics associated
with GBS colonization included first trimester smoking and
high asthma severity.

In the study population, 15.0 % of children had asthma.
In the unadjusted analyses (Table 2), the risk of childhood
asthma decreased with higher maternal age and higher
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maternal education. The risk of asthma was increased for
children whose mothers were single, African-American or
Hispanic, with lower incomes or were smokers during
pregnancy. Maternal clinical characteristics associated with
childhood asthma included: diagnosed maternal asthma,
particularly more severe asthma symptoms during preg-
nancy, pre-gestational diabetes and obesity and antepartum
vaginal bleeding. Preterm and low birth weight infants also
demonstrated a higher risk of childhood asthma.

Table 3 demonstrates the unadjusted and adjusted
associations between maternal infections and childhood
asthma. When antepartum infections and chorioamnionitis
are taken together, there was not strong evidence that
having any infection in pregnancy was associated with an
increased risk of asthma (aOR 1.36, 95 % CI, 0.99-1.85).
Antepartum infection alone was marginally associated with
an increased risk of childhood asthma (OR 1.34 95 % CI,
1.01-1.88). However, this affect was entirely attributable
to the increased risk associated with urinary tract infections
which demonstrated a 60 % increase in the odds of
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:(?l?sl:htz)l dlvf:e}lltsrr:;lefizgcs and Characteristics Total Asthma at age 6 year
risk of asthma in children at N = 1428 N =214 (14.99)
age 6 n (%) n (%) OR 95 % CI
Maternal age
<25 324 (22.69) 77 (23.77) Ref
25-35 840 (58.82) 112 (13.33) 0.49 0.36-0.68
>35 264 (18.49) 25 (9.47) 0.34 0.21-0.55
Maternal marital status
Married 1,048 (73.39) 120 (11.45) Ref
Single/divorced 380 (26.61) 94 (24.74) 2.54 1.88-3.43
Maternal ethnicity
White 1,033 (72.34) 120 (11.62) Ref
African American 139 (9.73) 32 (23.02) 2.27 1.47-3.53
Hispanic 197 (13.80) 54 (27.41) 2.87 1.99-4.14
Asian/other 59 (4.13) 8 (13.56) 1.19 0.55-2.57
Pre-pregnancy BMI
<30 1,185 (82.98) 166 (14.01) Ref
>30 224 (15.69) 43 (19.20) 1.46 1.01-2.11
Maternal education
<12 years 395 (27.66) 84 (21.27) Ref
At least some college 696 (48.74) 97 (13.94) 0.59 0.43-0.82
At least some graduate school 337 (23.60) 33 (9.79) 0.4 0.26-0.62
Household income (USD)
>40,000 1,062 (71.15) 125 (11.77) Ref
<40,000 366 (25.63) 89 (24.32) 2.4 1.78-3.26
Smoking
Never 873 (61.13) 118 (13.52) Ref
Quit before pregnant 304 (21.29) 39 (12.89) 0.94 0.64-1.39
Ist trimester 161 (11.27) 33 (20.50) 1.65 1.07-2.53
Ist and 3rd trimester 90 (6.30) 24 (26.67) 2.33 1.40-3.86
Parity
Nulliparous 634 (44.39) 97 (15.09) Ref
1 prior delivery 494 (34.59) 63 (12.75) 0.83 0.58-1.15
>?2 prior deliveries 291 (20.37) 54 (18.56) 1.28 0.89-1.85
Maternal asthma
No 790 (55.32) 73 (9.24) Ref
Yes 638 (44.68) 141 (22.10) 2.79 2.05-3.78
Maternal asthma severity®
Maximum GINA score 0 509 (35.64) 51 (10.02) Ref
Maximum GINA score 1-2 433 (30.32) 54 (12.47) 1.23 0.85-1.92
Maximum GINA score 3—4 486 (34.03) 109 (22.43) 2.6 1.81-3.72
Pregestational diabetes
No 1,403 (98.25) 205 (14.61) Ref
Yes 25 (1.75) 9 (35.0) 3.29 1.43-7.54
Gestational diabetes
No 1,173 (82.14) 179 (15.26) Ref
Yes 255 (17.86) 35 (13.73) 0.88 0.60-1.31
Vaginal bleeding antepartum
No 1,176 (82.35) 160 (13.61) Ref
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Table 2 continued

Characteristics Total Asthma at age 6 year
N = 1,428 N = 214 (14.99)
n (%)
n (%) OR 95 % CI
Induction of labor
No 670 (47.42) 97 (14.48) Ref
Yes 743 (52.58) 116 (15.61) 1.09 0.82-1.46
Mode of delivery
Vaginal 1,145 (80.18) 171 (14.93) Ref
Cesarean section 283 (19.82) 43 (15.19) 1.02 0.71-1.47
Gestational age (weeks)
>37 1,345 (94.19) 193 (14.35) Ref
<37 83 (5.81) 21 (25.30) 2.02 1.20-3.39
Birth weight (g)
>2,500 1,368 (95.79) 195 (14.25) Ref
<2,500 60 (4.20) 19 (31.67) 2.79 1.58-4.90
Mold/mildew in the home
No 1,187 (83.18) 170 (14.32) Ref
Yes 240 (16.82) 44 (18.33) 1.34 0.93-1.94
Home water leaks or damage
No 1,162 (81.77) 174 (14.97) Ref
Yes 259 (18.23) 38 (14.67) 0.98 0.67-1.42
See footnote in Table 1 Pets in the home
Definition of asthma: diagnosis No 652 (45.66) 105 (16.01) Ref
of asthma and wheezing during Yes 776 (54.34) 109 (14.05) 0.85 0.64-1.14
6th year (3 months) of life .
o Cockroaches in the home
ﬁiﬁfﬁf ;‘;}“r’éfgr]eflzzﬁdeme No 1,332 (93.28) 194 (14.56) Ref
Yes 96 (6.72) 20 (20.83) 1.54 0.92-2.56

% See footnote in Table 1

childhood asthma (OR 1.60, 95 % CI 1.12-2.29). Other
types of antepartum infection, including gynecologic
infections, respiratory infections and other infections, were
not associated with an increased risk in childhood asthma.

Chorioamnionitis was not associated with childhood
asthma at the age of 6 years (aOR 1.06, 95 % CI
0.54-2.07). Group B Strep colonization also did not dem-
onstrate a significant impact on the risk of childhood
asthma (aOR 0.87, 95 % CI 0.60-1.27).

Our evaluation of any reported antibiotic exposure
during pregnancy revealed a marginal association with the
development of childhood asthma (OR 1.34, 95 % CI
1.01-1.81); however, after adjusting for associated con-
founders, this association did not persist (aOR 1.28, 95 %
CI 0.87-1.67). Given the large numbers of women with
documented antepartum urinary tract infections (n = 271
(19 %), and the lack of 2nd trimester antibiotic exposure
data, the time frame in which we expect most cases of UTI,
we performed a sensitivity analysis excluding these sub-
jects who were presumptively all treated. Among the
remaining infections with differential exposure to antibi-
otics, having any antenatal exposure to antibiotics

@ Springer

compared to no documented exposure demonstrated a
significant association with childhood asthma (aOR 1.40,
95 % CI 1.03-1.91). For each of the individual infections
from Table 3, adjustments for antibiotic exposure in the 1st
or 3rd trimester did not significantly alter estimates.

Discussion

This analysis demonstrates that childhood asthma is more
common among offspring of mothers who experienced a
urinary tract infection. Other antepartum infections, intra-
partum infection with chorioamnionitis and colonization
with GBS were not associated with an increased risk of
childhood asthma. Our study also suggests that prenatal
antibiotic exposure may account for some component of this
increased risk.

Prior studies have associated urinary tract infections
with the development of childhood asthma. A retrospective
cohort study of 15,609 children in Italy by Rusconi et al.
[28] associated maternal urinary tract infections treated
with antibiotics with persistent and transient early-onset
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Table 3 Multivariate adjusted model: maternal infection and GBS exposure in pregnancy and asthma in children at 6 years

n (%) Crude OR 95 % CI Adjusted OR* 95 % CI
Any infection in pregnancy® 651 (45.6) 1.76 1.31-2.36 1.36 0.99-1.85
Antepartum infection 617 (43.2) 1.80 1.34-2.41 1.34 1.01-1.88
Urinary infection 272 (19.0) 2.12 1.53-2.94 1.60 1.13-2.29
Respiratory infection 300 (21.0) 1.18 0.84-1.67 1.01 0.70-1.45
Gynecologic infection 198 (13.9) 1.48 1.01-2.17 1.03 0.68-1.58
Other infection 27 (1.9) 1.14 0.33-3.96 0.94 0.26-3.52
Chorioamnionitis 68 (4.8) 1.23 0.65-2.33 1.06 0.54-2.07
GBS colonization 296 (20.7) 1.06 0.74-1.50 0.87 0.60-1.27

Infections included those self-reported during pregnancy or recorded as problems in the medical record and group beta streptococcus screening
status recorded in the medical record. Asthma defined as diagnosis of asthma and wheezing during 6th year (3 months) of life

Urinary tract infection included all cases of asymptomatic bacteriuria, active UTIs and pyelonephritis

Respiratory infections included both upper and lower tract disease of both viral and bacterial origin

Gynecologic infections included gonorrhea, chlamydia, symptomatic bacterial vaginosis, herpes, candida, trichomonas and nonspecified

gynecologic infections

Other infections included skin, gastrointestinal, systemic viral and unspecified febrile illnesses

OR odds ratio, CI confidence interval, Ref reference, GBS group beta streptococcus

# Adjusted for income, asthma severity, pregestational diabetes, low birth weight status, cockroaches in the home and maternal smoking during
pregnancy. Maternal asthma not included due to co-linearity with asthma severity

® Any infection not including group beta streptococcus screening status

wheeze in 2 year olds. Algert et al. [18] evaluated in utero
infectious exposures and childhood asthma admission in a
cohort of over 240,000 children and found a significant
association with maternal hospital admission for pyelone-
phritis or cystitis and childhood asthma (aOR = 1.49,
95 % confidence interval (1.23-1.79)]. They did not find a
difference in childhood asthma risk between maternal UTI
admissions before or after 28 weeks, however there was
evidence of a dose-response relationship, as women with
two or more UTI admissions had nearly twice the odds of
having a child requiring an asthma admission than those
with only one maternal antepartum UTI related hospital-
ization. This suggests that recurrent or more severe urinary
infections may have a greater impact on fetal immunologic
or pulmonary development.

Urinary tract infections are the most common bacterial
infections diagnosed during pregnancy. The positive find-
ings from this study as well as others that have broadly
assessed antepartum exposures suggest that further inves-
tigation into the role of urinary tract infections and child-
hood asthma may be warranted. Asymptomatic bacteriuria
affects 2-7 % of pregnant women and 25 % of those
women will experience a symptomatic urinary tract
infection, which may progress to pyelonephritis [29]. The
majority of women who have asymptomatic bacteriuria
will screen positive during the first trimester, and most
symptomatic renal infections occur in the second trimester.
Bacteriuria and urinary infections have been associated
with preterm birth and low birth weight [30] however there

are no known associated chronic illnesses. There is no clear
explanation for how prenatal urinary infections, rather than
other infections, might translate to persistent asthma in
children. When compared to more remote infections in the
respiratory or gastrointestinal tract, it is plausible that a
fetus has increased exposure to both pathogens and
maternal immune factors when a clinically significant
infection occurs within the genitourinary tract. A recent
study in a murine model seeking to identify molecular
mechanisms by which UTI may induce adverse perinatal
outcomes found infiltration of cellular innate immune
factors in the uteroplacental tissue of pregnant mice with
Escherichia coli cystitis and prolonged elevation of
inflammatory cytokines in maternal serum [31]. While this
study identified a link to fetal growth restriction, it is
possible that these factors could lead to fetal pulmonary
remodeling or alterations in immune system development
towards a pro-inflammatory, atopic phenotype.

Xu et al. [5] studied the effects of maternal vaginitis and
febrile infections on 8,088 children in Finland and found a
higher risk of asthma for both prenatal exposures (OR 1.41
and 1.65, respectively). Our results did not find a statisti-
cally significant association between childhood asthma and
gynecologic infections that included vaginitis (OR 1.05, CI
0.70-1.60). However, there were only 198 women with
gynecologic infections in our study, compared to their
group of 1,772, which could explain the different findings.
Xu additionally reported the association between febrile
infections occurring earlier in pregnancy and childhood
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asthma was stronger. Our data suggests that infections
experienced in the antepartum period are more influential
than intrapartum infections, supporting the hypothesis that
exposures during gestation have a greater potential to
impact pulmonary and immunologic development than
acute episodes during the perinatal period.

Few women in this cohort were diagnosed with chori-
oamnionitis (n = 68, 4.6 %), and this was not associated
with childhood asthma. Other studies have found a positive
association between chorioamnionitis on the development
of childhood asthma [2, 3, 14, 19]. Keski-Nisula et al. [2]
identified higher rates of asthma at ages 15-17 for the
children of mothers with positive streptococcus species or
anaerobic bacteria identified by amniotic or intrauterine
cultures at the time of cesarean delivery. These findings
were consistent with those of Kumar [3] and Getahun et al.
[19] who both found an increased risk of asthma in preg-
nancies complicated by both chorioamnionitis and preterm
birth. According to Getahun’s study, the risk of asthma
diminished with increasing gestational age, such that full
term pregnancies complicated by chorioamnionitis were
not associated with childhood asthma. In our study, 58 of
the 68 cases of chorioamnionitis occurred in full term
pregnancies. Among the 10 preterm pregnancies with
chorioamnionitis, there were five cases of childhood
asthma. Fetal exposure to inflammatory cytokines includ-
ing IL-6, -8 and tumor necrosis factor is increased with
chorioamnionitis and has been linked to chronic lung dis-
ease [32]. However, it is possible that the timing of cho-
rioamnionitis may influence its impact of fetal lung and
immunologic development.

We are not aware of other studies that have investigated
the association between GBS colonization on childhood
asthma. Women that screen positive for GBS during the
third trimester, typically receive narrow-spectrum antibi-
otic therapy during labor to prevent transmission to the
infant and diminish the risk of neonatal sepsis. Perinatal
antibiotics targeted toward GBS rapidly cross the placenta
and are known to enter the fetal bloodstream at significant
levels, lasting hours into neonatal life [33]. In this cohort,
GBS colonization was not associated with childhood
asthma. This suggests that bacterial exposure in the
absence of infection and antibiotic exposure during labor
alone may not predispose a fetus to asthma later in life.

Rather than maternal infection, antibiotic exposure
during pregnancy may primarily influence the development
of asthma in children. Prior studies have found associations
between antibiotic uses in pregnancy with asthma [13]. In a
recent prospective cohort study of 411 children born of
mothers with asthma Stensballe demonstrated that expo-
sure to antibiotics for both respiratory and non-respiratory
infections increased the risk of asthma after controlling for
multiple confounders [34]. Post-natal antibiotic exposure to
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the children in our study with no history of their own
respiratory infection has been reported to increase asthma
risk by 66 % [35]. Antibiotics may lead to asthma through
alterations in the maternal and neonatal microflora that may
adversely modify immune system development towards an
atopic phenotype. Treatment of urinary tract infections
during pregnancy involves acute antibiotic therapy for at
least 7 days followed by suppressive antibiotics for the
entirety of the pregnancy in the case of recurrent or severe
infection and may in part explain the association found in
this study. Studies have demonstrated alterations in
microflora and proliferation of resistant bacteria after
antibiotic use for as little as 5 days, lasting for months after
the exposure [36]. Further studies support that regulating
gut microflora through oral lactobacillus supplementation
during pregnancy and early infancy may decrease the risk
of atopic disease through early childhood [37].

There were several limitations to this study. First,
exposure data were collected by patient questionnaire and a
review of hospital records at the time of delivery, which
may exclude minor infections that were treated as an out-
patient. An additional limitation to this study was that
antibiotic exposure data were not collected during the
second trimester, limiting our ability to fully analyze the
effect of antibiotic exposure on childhood asthma. Nor
could we quantify the exact number of each type of
infection during pregnancy or ascertain a dose—response
relationship for disease exposure. Similarly, the outcome of
interest, childhood asthma was ascertained by parental
report of a physician diagnosis along with current wheeze
rather than medical record abstraction, subjecting this
measure to some level of potential error. The effect of
antepartum infection as well as UTI on childhood asthma
diminished after controlling for multiple confounders,
several of which (income, marital status, smoking) are
strongly associated with socioeconomic status. Infection in
pregnancy could be a marker of exposures related to social
class that we have not controlled for.

This study found a persistent association between uri-
nary tract infection and childhood asthma after controlling
for multiple confounders; however, why this association
exists, remains unclear. As urinary tract infections are the
most common infection in pregnancy and often require
both acute and suppressive antibiotic therapy, it is impor-
tant to understand if the infection itself or its treatment may
contribute to childhood asthma. Future studies regarding
the role of antenatal infection on the development of
childhood asthma should further explore the illnesses
timing, severity and associated pathogens as well as the
duration and type of antibiotic therapy used.
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