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Objective This study aimed to evaluate the association between
intrapartum antibiotics (IABX) and asthma and allergic rhinitis
among children by ages 6, 8 and 10 years.

Design Retrospective cohort.

Setting and population Data were collected though Kaiser
Permanente Northern California’s (KPNC) integrated healthcare
system. Children were eligible if they were born in a KPNC hospital
between 1997 and 2012 and stayed enrolled through age 6.

Methods Modified Poisson regressions with robust error variances
were used to estimate risk ratios for IABX and each outcome at
each follow-up age during two separate time periods: 1997-2004
(n =91 739) and 2005-2012 (n = 108 314).

Main outcome measures Asthma and allergic rhinitis by ages 6, 8
and 10.

Results The proportion of women receiving IABX increased
drastically over the study period (from 4% in 1997 to 49% in
2011), while the incidence of asthma (8%) and allergic rhinitis

(6%) stayed relatively stable. In adjusted models, risk ratios for
the association between IABX and asthma and allergic rhinitis
were largely compatible with the null, with some slightly elevated
risk ratios observed. For births from 1997 to 2004, risk ratios for
asthma were 1.08 (95% CI 1.00-1.17) at age 6, 1.05 (95% CI
0.97-1.15) at age 8, and 1.08 (95% CI 0.99-1.18) at age 10. For
births from 2005 to 2012, risk ratios were 1.00 (95% CI 0.95—
1.04) at age 6, 1.07 (95% CI 1.01-1.12) at age 8, and 1.11 (95%
CI 1.03-1.20) at age 10.

Conclusions Exposure to intrapartum antibiotics is not a strong
predictor of childhood asthma or allergic rhinitis risk.

Keywords Allergic rhinitis, asthma, intrapartum antibiotics.
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Introduction

The use of intrapartum antibiotics (IABX) has increased
drastically over the previous two decades and currently
more than a third of women receive antibiotics during
labour and delivery. The increased use of IABX is in part
due to the American College of Obstetricians and Gynecol-
ogists (ACOG) 2002 guideline for the prevention of early-
onset group B strep (GBS) disease, which recommends uni-
versal screening and prophylactic antibiotic treatment,' as
well as current ACOG recommendations to administer pro-
phylactic antibiotics to all caesarean section deliveries (C-
section).” Antibiotics given during labour and delivery have
been shown to alter the infant microbiome,>” which may

affect early-life immune system development and make
children more susceptible to asthma and allergic diseases
later in life because the microbiome plays a central role in
the development of allergic diseases.'® ">

Antibiotic exposure early in life has been associated with
an increased risk of asthma and allergic rhinitis (AR),
though no studies have assessed the association between
intrapartum antibiotics and these outcomes. It is important
to look specifically at antibiotics administered during the
intrapartum period because the dose of antibiotics that
infants are exposed to at this time is much greater than
other early life exposure windows."*'?> Two separate meta-
analyses found an increased risk of asthma among children
who were exposed to antibiotics in the first year of life
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[OR 1.27, 95% CI 1.12-1.43),"* and an increased risk of
AR associated with antibiotic exposure in the first 2 years
of life [OR 1.23, 95% CI 1.13-1.34)."> Similarly, studies
have reported an increased risk of asthma associated with
prenatal antibiotic exposure.'®!

The primary aim of this study was to assess the associa-
tion between intrapartum antibiotics and risk of asthma
and allergic rhinitis by ages 6, 8 and 10 in a large, inte-
grated healthcare delivery system. As a secondary exposure
classification, we aimed to determine whether the class of
antibiotics given during labour and delivery or the probable
reason for receiving IABX, influenced conclusions.

Methods
Study population

The study population was a subset of all singleton live
births in Kaiser Permanente Northern California’s (KPNC)
integrated healthcare delivery system between 1 January
1997 and 2 January 2012. Multiple births were excluded
because of differences in delivery characteristics and early
childhood outcomes. Children were included in the retro-
spective cohort if they were born at a KPNC hospital and
had continuous enrollment through at least age 6. Children
were excluded if they were born at a contracting hospital,
due to limited information on in-hospital antibiotic dis-
pensings, or if they ever received a cystic fibrosis diagnosis,
because of the high use of early life antibiotics and chal-
lenges of diagnosing asthma in children with cystic fibrosis.
Outcomes were assessed at ages 6, 8 and 10 years if chil-
dren remained enrolled in the KPNC system through each
follow-up age and reached each age by the end of 2017, the
end of the study period (i.e. not administratively censored).
See Figure S1 for a flow diagram of study exclusion and
sample size at each follow-up age. Because of the imple-
mentation of the EPIC electronic medical record system
and increase in variable collection starting in 2005, as well
as the dramatic change in the indications and frequency of
IABX use, the study population was divided into two study
periods based on birthdate (1 January 1997 to 31 Decem-
ber 2004, and 1 January 2005 to 2 January 2012). Through-
out the paper we will refer to these two time periods as the
1997 cohort and the 2005 cohort, respectively.

Intrapartum antibiotics

Intrapartum antibiotic (IABX) data were collected through
KPNC’s electronic health record (EHR). IABX were defined
as any intravenous antibiotic given during the delivery
admission prior to the time of delivery. To account for
antepartum hospitalisations, only inpatient antibiotics given
within 3 days of delivery were classified as intrapartum; if
antibiotics were given more than 3 days prior to birth they
were considered prenatal antibiotics. Among women who

Intrapartum antibiotics and allergic disease

received TABX, 99.7% had at least one administration
within 24 hours of delivery.

IABX were categorised according to the classes of antibi-
otics women received. Antibiotic classes included penicillin,
cephalosporin, aminoglycoside, lincosamide, macrolide, or
another class of antibiotics. Indicator variables were created
for each class, allowing for women to be classified as exposed
to more than one class of antibiotic. In the 2005 cohort,
IABX were additionally categorised based on the probable
indication for receiving IABX including a positive GBS test
(GBS") during pregnancy, not having a GBS test result by
time of delivery (GBS unknown), caesarean section (C-
section) and chorioamnionitis or intra-amniotic infection
(TAI), see Table S1 for International Classification of Disease
(ICD) codes. From these indications, six exclusive categories
were created: (1) GBS, (2) GBS unknown, (3) C-section, (4)
IAJ, (5) multiple indications, (6) other/unknown.

Outcome definitions

We chose strict disease definitions to minimise false posi-
tive outcomes, which determine bias in the risk ratio
regardless of the false-negative probability.'® Asthma was
defined at each follow-up age (6, 8, 10) using ICD codes
from the EHR and prescription dispensing information. To
be classified as an asthma case, children had to meet two
criteria. First, children had to have either an inpatient dis-
charge diagnosis code for asthma (primary code, or sec-
ondary code if the primary code was a respiratory
infection, see Table S1 for list of codes), or two outpatient
asthma ICD codes (ICD-9: 493; ICD-10: J45) at least
30 days apart. Secondly, children had to have at least two
dispensings of a controller medication at least 30 days
apart in their lifetime. To meet the case definition at each
follow-up age, at least one controller medication must have
been dispensed within the previous 12 months, therefore
allowing children’s asthma status to change between
follow-up ages. AR was defined as having two AR diagnosis
codes (ICD-9: 477; ICD-10: J30) at least 30 days apart; and
either one AR medication or a third AR diagnosis code.
AR medications included nasal corticosteroids and second-
generation antihistamines. To meet the case definition at
each follow-up age, at least one diagnosis code or prescrip-
tion must have been within the previous 2 years.

Covariate information

Covariate information for both mothers and children was
collected from the EHR, pharmacy dispensing database,
birth records, and prospectively collected breastfeeding sur-
veys at well-child visits. Maternal covariates included age,
race, education, pre-pregnancy body mass index (BMI),
smoking, comorbid conditions (Table S1) and antibiotic
use during pregnancy. Infant covariates included mode of
delivery, sex, gestational age, birth order, birthweight,
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neonatal intensive care unit admission of at least 2 days,
breastfeeding duration, and antibiotics in the first year of
life.

Statistical analysis

The distribution of covariates by exposure and outcome
groups was compared across study periods and follow-up
ages. Given the interpretation advantage of risk ratios (RR)
over odds ratios when the outcome is common and advan-
tageous properties for minimising bias from disease mis-
classification,'”” we wused modified Poisson regression
models with robust variance estimation to estimate relative
risks (RRs) and 95% confidence intervals (CI). Con-
founders selected for the fully adjusted primary models dif-
fered based on outcome and study period and were
informed by directed acyclic graphs. Models used to assess
the association between IABX and asthma included all con-
founders listed above. For models estimating the risk of
AR, all confounders listed above, except for hypertension
and diabetes variables, were included. Information on pre-
pregnancy BMI and breastfeeding was unavailable in the
1997 cohort and therefore not included in the models.

We conducted sub-analyses including one
restricted to children who did not have any prenatal or
infant antibiotic exposures (i.e. IABX would have been the
only early-life antibiotic exposure). Effect modification by
gestational age (preterm/full-term), maternal asthma or
allergy (yes/no) and birth order (first born/second+ born)
was examined using stratified models, which allowed for
independent estimation of covariate effects within strata.

several

Maternal asthma or allergy was defined as having any ICD
codes for asthma, AR, atopic dermatitis, food allergy, or
other allergies in the mothers’ EHR (Table S1). The effects
of antibiotic classes were assessed using a single model that
included all classes and the same covariates as the primary
models. In the 2005 cohort, the association between the mutu-
ally exclusive IABX indication categories and the outcomes
was assessed using models similar to the primary models.
Potential sources of bias were assessed to determine
whether they were affecting our results and leading to
inconsistent results across time and follow-up ages. Inverse
probability weights (IPW) were used to determine whether
missing outcome data, due to drop-out from the KPNC
system, had an effect on the estimated associations. We
used a weighted generalised estimating equations'
approach using all measured variables in a logistic regres-
sion to estimate probability of dropout at each follow-up
age, and then weighted subjects by their inverse probability
of dropout in the main analysis to account for imbalanced
loss to follow-up. Indicators for whether the child reached
the specified follow-up age during the study period were
included in the missingness model to account for adminis-
trative censoring. To control for potentially unmeasured

familial factors, we conducted a matched sibling analysis
among mothers who had at least two children born in the
KPNC system with discordant IABX exposures between
1997 and 2012.

Results for each age (6, 8 and 10 years) are represented
using subscripts (RRg, ng, etc.). All analyses were completed
in SAS 9.4 (SAS Institute, Cary, NC, USA). This study was
approved by the Institutional Review Boards at the Univer-
sity of Nevada, Reno, and Kaiser Permanente.

Results

There were 91 739 children included in the 1997 cohort
(ng = 81 714; nyy = 73 905) and 108 314 children included
in the 2005 cohort (ng = 68 353; 1,9 = 36 039). The
majority of attrition in the 2005 cohort was due to admin-
istrative censoring (i.e. not reaching each follow-up age by
the end of the study) and not drop-out from the KPNC
system. The proportion of women that received IABX
increased dramatically over time (Figure 1). In the 1997
cohort, 7% of women received IABX, whereas in the 2005
cohort the overall proportion of women receiving IABX
was 39%, with TABX steadily increasing across birth years.
Women who received penicillin (the recommended treat-
ment for GBS)' were administered, on average, a total of
12.0 million units (SD: 7.4) during labour and delivery.
Women who received cefazolin, a cephalosporin antibiotic
commonly given during C-sections,” had a total dose of
2.5 g (SD: 3.7) on average. Unlike IABX, the proportion of
children who met the case definition for asthma and AR
did not differ across birth years. Across both time periods
and all ages of follow-up, about 8% of children met the
case definition for asthma. As expected, the proportion of
children meeting the case definition for AR increased across
follow-up ages (age 6: 4%; age 8: 6%; age 10: 8%) but did
not vary across time periods.

The distribution of maternal characteristics was similar
in the 1997 cohort compared with the 2005 cohort
(Tables 1 and S2). In the 2005 cohort compared with the
1997 cohort, there was a larger proportion of mothers who
were Asian or Pacific Islanders, had more than 16 years of
education, had any health condition, and delivered via C-
section. In both cohorts, women were more likely to
receive IABX if they had a C-section, were older, had more
years of education, had asthma or allergies, or if their child
was preterm, had a birthweight <2500 g, or was the first
born. In the 2005 cohort, when pre-pregnancy BMI data
were available, women were more likely to receive IABX if
they had higher BMIs.

Asthma
Unadjusted estimates for the association between IABX and
asthma were elevated and, once adjusted for covariates,
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Figure 1. Proportion of births receiving intrapartum antibiotics over time. Intrapartum antibiotic use increased over time throughout the study
period. Lines at the bottom of the figure depict the birth years that are included in each follow-up age analysis; for example, children born in 2008

are included in the 2005 cohort for follow-up age 6 and 8.

showed less evidence that IABX are associated with child-
hood asthma. Risk ratios were consistent across ages in the
1997 cohort: RR4 1.08 (95% CI 1.00-1.17); RRg 1.05 (95%
CI 0.97-1.15); RRy, 1.08 (95% CI 0.99-1.18) (Figure 2,
Table S3). In the 2005 cohort, the risk ratios were highest
for asthma assessed at age 10: RRg 1.00 (95% CI 0.95-
1.04); RRg 1.07 (95% CI 1.01-1.12); RRyo 1.11 (95% CI
1.03-1.20). Restricting the sample to children who were
not exposed to prenatal or infant antibiotics resulted in risk
ratios that were slightly higher, but more uncertain, than
the primary adjusted model for both time periods and all
age cohorts (Table S3). There was no statistical evidence
that the association between IABX and asthma varied by
gestational age, maternal asthma or allergy status, or birth
order.

Allergic rhinitis

Both unadjusted and adjusted estimates for the association
between IABX and AR were higher in the 1997 cohort than
in the 2005 cohort (Figure 2, Table S3). In the 1997 cohort,
adjusted estimates showed a positive association between
IABX and AR [RR¢ 1.12 (95% CI 1.00-1.25); RRg 1.13 (95%
CI 1.03-1.24); RRj 1.05 (95% CI 0.96-1.15). in the 2005
cohort, adjusted estimates were all close to an RR of 1.00. If
the sample was restricted to children who were unexposed to
prenatal or infant antibiotics, estimates for the 1997 cohort
increased, whereas estimates for the 2005 cohort decreased.
In analyses stratified by gestational age, maternal asthma or
allergy status, or birth order there were no statistically signifi-
cant differences in the risk ratios across strata.

IABX classes and indications

When IABX exposure was categorised based on the class of
antibiotics a woman received, results did not show consis-
tent patterns across time periods or follow-up ages (Fig-
ure 3, Table S4). There was suggestive evidence that
exposure to lincosamide antibiotics increased the risk of
childhood asthma; however, estimates were imprecise with
wide confidence intervals. There were no indication

categories for IABX that showed consistent associations
with either asthma or AR (Figure S2, Table S5).

Bias assessments

Using IPW we did not observe evidence of bias due to
drop-out from the KPNC system (Table S7). In a matched-
sibling analysis spanning both time periods (n = 31 401),
there was not a consistently increased risk of asthma (RRg
1.00, 95% CI 0.83-1.13; RRg 1.01 , 95% CI 0.86-1.18; RR;g
1.09 , 95% CI 0.88-1.34) or AR (RR¢ 0.94 , 95% CI 0.79-
1.11); RRg 0.96 , 95% CI 0.81-1.13; RRyg 1.04 , 95% CI
0.84-1.29) among siblings who were exposed to IABX and
those who were not.

Discussion

Motivated by the increased use of IABX, evidence that
IABX impacts the infant gut microbiome, and limited
research into the long-term effects of IABX, we investigated
the effects of IABX on the incidence of asthma and AR in
childhood. In a large, longitudinal cohort of 200 053
mother—child pairs, the risk of asthma and AR was about
the same for children born to women receiving IABX and
those who were not. For asthma at follow-up ages of 8 and
10 in the 2005 cohort, we observed a 5-11% relative
increase in risk with exposure to IABX. Although these
associations were modest and inconsistent, a slight increase
in risk due to IABX cannot be ruled out. Elevated risk
ratios for AR were isolated to the 1997 cohort, a time in
which TABX use was less common, with no evidence of an
association in more recent years. The largely null results
observed do not warrant changes to the current guidelines
for TABX administration, which are important to the pre-
vention of maternal and infant infections.

In 1997, only 4% of births received IABX, whereas in 2005
this increased to 22% and to 49% in 2011. This 12-fold
increase in JABX administration was not accompanied by a
corresponding change in the proportion of children meeting
our asthma or AR case definitions, which was flat over the
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Table 1. Characteristic of the KPNC population, age 6

1997 Cohort 2005 Cohort
Total* IABX** Asthma** AR** Total* IABX** Asthma** AR**
n=91739 n = 6514 n = 7236 n = 3868 n =108 314 n =42 041 n = 8082 n = 4209
(%) (%) (%) (%) (%) (%) (%) (%)
Maternal age (years)
<25 15.5 6.4 7.3 3.3 10.2 36.7 8.7 4.3
25-29 28.0 6.7 8.3 4.4 27.4 37.3 7.2 3.7
30-34 33.0 7.3 7.7 4.1 35.7 38.5 7.2 3.8
35-39 19.0 7.6 8.1 4.4 21.2 41.2 7.7 4.1
40+ 4.5 8.6 7.7 3.8 54 43.6 7.2 4.1
Maternal education
<12 years 6.8 4.2 7.1 3.0 4.8 32.4 7.8 4.0
12-15 years 51.9 6.7 8.0 4.1 43.7 38.8 8.3 4.3
16+ years 37.7 7.7 7.7 4.3 50.5 394 6.7 3.5
Missing 3.6 12.8 9.5 4.8 1.1 39.9 8.4 4.5
Maternal race
White 48.1 7.0 6.8 3.9 42 .4 37.5 6.0 3.2
Black 54 7.5 1.2 5.7 6.1 46.0 12.3 7.4
API 20.0 7.3 8.8 4.4 27.8 40.1 7.9 3.9
Hispanic 22.4 6.7 8.4 3.9 23.0 37.8 8.4 4.2
Other 4.1 9.5 9.1 4.1 0.7 37.6 7.0 3.6
Maternal BMI (kg/m?)***
Underweight - - - - 2.1 36.9 5.6 3.2
Normal - - - - 45.6 37.5 6.6 3.6
Overweight - - - - 24.3 41.0 7.7 4.2
Obese - - - - 19.1 46.9 9.3 4.6
Missing - - - - 8.8 22.2 7.4 3.1
MAA
No 77.2 6.5 7.0 3.7 44.5 37.2 5.2 2.7
Yes 22.9 9.1 10.8 5.5 55.5 40.2 9.3 4.9
C—Section
No 81.8 6.4 7.5 3.9 74.0 29.3 7.0 3.8
Yes 18.2 10.3 9.6 4.8 26.0 65.8 8.7 4.2
Infant gender
Male 51.0 7.3 9.8 5.0 51.2 39.5 9.0 4.6
Female 49.0 6.9 5.9 3.2 48.8 38.1 5.8 3.1
Preterm
Yes (<37 weeks) 6.2 24.4 12.0 4.5 6.7 66.3 12.2 4.7
No (>37 weeks) 93.8 6.0 7.6 4.2 93.3 36.8 7.1 4.3
Birth order
1st born 40.0 10.4 8.2 5.1 421 43.5 7.6 4.6
2nd born 36.2 5.1 8.1 3.9 36.2 35.7 7.5 3.6
3rd+ born 23.8 4.7 7.0 2.7 21.7 34.9 7.1 3

API, Asian or Pacific Islander; AR, allergic rhinitis; BMI, pre-pregnancy body mass index; C-section, caesarean delivery; IABX, intrapartum
antibiotics; KPNC, Kaiser Permanente Northern California; MAA, maternal asthma or allergies.

*Percentages represent the percent of the total population that is within each category (i.e. column percents).

**Percentages represent the row percents (i.e. the percent of participants within each category that had IABX, asthma or AR).

***BM| categories are as follows: underweight (<18.5 kg/m?); normal (18.5-24.9 kg/m?); overweight (25-29.9 kg/m?); obese (>30 kg/m?).

study period. The drastic increase in JABX administration is administration of prophylactic antibiotics to all women
most likely due to the 2002 ACOG committee opinion rec- undergoing C-section delivery. This is perhaps the strongest
ommending IABX for all women who are colonised with evidence in our study against an effect of IABX on asthma or

GBS, as well as the ACOG practice bulletin recommending ~ AR. Instead, it may indicate that the inconsistent results
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Figure 2. Risk ratio and 95% confidence interval estimates for the association between intrapartum antibiotics and asthma and allergic rhinitis (AR).
Covariates for all models include: maternal age, race, education, pre-pregnancy BMI (2005 only), smoking, allergy and asthma status, antibiotic use

during pregnancy, mode of delivery, birthweight, sex, birth order, NICU admission, breastfeeding (2005 only), and antibiotics in the first year of life.
Additional covariates in asthma models include: gestational diabetes, type Il diabetes, pre-pregnancy hypertension, pregnancy-induced hypertension.

across time periods are due to differences in unmeasured
confounders, for example, temporal differences in the rea-
sons a woman was prescribed IABX. Children born before
universal GBS screening and prophylactic antibiotic treat-
ment for C-section were exposed to IABX for different rea-
sons. If a mother received IABX prior to the issuance of these
two guidelines, it was most likely because she had at least one
risk factor for or early sign of maternal or neonatal infec-
tion.” If these factors are also associated with a greater risk
of asthma and AR in childhood, this may explain the higher
risk ratios for the infants born in earlier years.

There is a wealth of evidence demonstrating that the use
of IABX reduces neonatal GBS infection, surgical site infec-
tion after C-section, and improves birth outcomes for

women with IAI, and the results in the KPNC population
suggest this common practice does not increase the risk of
asthma and AR later in life. However, it is possible that the
risk of asthma or AR varies across antibiotic classes because
each class of antibiotics differentially impacts the infant
microbiome.” In our analyses, the class most suggestively
associated with asthma was lincosamide antibiotics,
although confidence intervals were wide. This is a poten-
tially noteworthy finding because lincosamide antibiotics
are most commonly recommended for women who have a
suspected penicillin allergy. Although penicillin allergies
have not been associated with other allergic diseases, there
may be other characteristics of these mothers that are asso-
ciated with their children’s asthma or AR risk.

© 2021 John Wiley & Sons Ltd.
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Figure 3. Risk ratios and 95% confidence intervals for the association between antibiotic class and asthma. All classes of antibiotics were included in
the model. Model adjusted for maternal age, race, education, pre-pregnancy BMI (2005 only), smoking, allergy and asthma status, gestational
diabetes, type Il diabetes, pre-pregnancy hypertension, pregnancy-induced hypertension, antibiotic use during pregnancy, mode of delivery,
birthweight, sex, birth order, NICU admission, breastfeeding (2005 only), and antibiotics in the first year of life.

There has been extensive research into the possible
effects of antibiotics during pregnancy and infancy on ato-
pic disorders such as asthma and AR, but this study is the
first to focus on IABX, which represent relatively high
doses of antibiotics at the time of birth. For the prevention
of neonatal infection with GBS, ACOG recommends a 5-
million unit loading dose of penicillin, followed by 2-3
million units every 4 hours until birth." In comparison, to
treat a bacterial infection in adults the recommended dose
of penicillin is 200 000-500 000 units every 4—6 hours."
Our results reassuringly show that IABX are unlikely to
increase the risk of these common childhood outcomes.
However, among multiple comparisons we did observe

several modest positive associations which, if causal, could
be important on a population level. Future studies should
attempt to replicate these findings in other large cohorts.
We chose strict outcome definitions requiring multiple
diagnosis codes and medication dispensings to define the
outcomes, which increased the specificity of outcome clas-
sification, and reduced bias in the risk ratio due to out-
come misclassification.'® However, because of the strict
definition there is the possibility that children with mild
asthma or AR were misclassified, leading to an outcome
group more weighted toward severe disease. We assessed
many potential sources of bias including selection bias due
to drop out from the KPNC system (IPW analysis) and
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confounding by familial factors (sibling analysis). We did
not find evidence of selection bias and there was a not a
consistently elevated association between IABX and the
outcomes among discordant siblings. This may indicate
that there are unmeasured familial covariates that are driv-
ing the small positive associations reported in the primary
models.

Conclusion

In this study we observed little evidence that IABX
increases the risk of asthma or AR in early childhood.
Some positive associations were observed for asthma which
may motivate future studies, but risk ratios were all close
to 1 and positive results should be interpreted in light of
multiple comparisons. Stratified analyses did not show an
increased risk of asthma or AR associated with IABX in
any subgroup. Although the use of IABX increased over the
15-year study period, there was not a corresponding
increase in the prevalence of asthma and AR. To the best
of our knowledge this is the first study to assess the associ-
ation between IABX and asthma or AR in childhood and
fills an important gap in the literature on early life antibi-
otic exposures. Our study adds to the limited research on
the long-term effects of IABX, use of which has increased
dramatically in recent years to affect half of all deliveries in
the USA.
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