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What is already known about this topic?

o Atopic dermatitis is thought to be associated with changes to a child’s microbiota. Previous
studies have indicated that the use of antimicrobials by the mother during pregnancy and by the
child increase the risk of the child developing atopic dermatitis.

What does this study add?

e Using a large population-based cohort study we demonstrate that both in‘utero .and first 90 days
of life exposure to antibiotics increase the risk of atopic dermatitis in“the child. This risk is
highest for penicillin exposure and the relative risk is higher for child whose mothers did not

have atopic dermatitis.
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Abstract

Background: Atopic dermatitis (AD) is a common inflammatory disease of the skin that begins early in
life and can be lifelong. The purpose of our study was to evaluate whether fetal exposure and/or early
life exposure of a child to antibiotics increases the risk of early onset AD.

Objective: We hypothesize that antibiotic exposure in utero or early in life (e.g., first 90 days)
increases the likelihood that children develop AD.

Methods: Utilizing a large prospectively collected electronic medical records database, we studied the
association of antibiotic exposure received in utero or very early in life and the relative risk of onset of
AD in a population-based cohort study. Associations were estimated using proportional hazards models
as hazard ratios (HR) with 95% confidence intervals (Cl).

Results: The risk of AD in childhood was increased after in.utero or early life antibiotic exposure. For
any in utero AB exposure the HR was 1.38 (1.36,1.39).-However, penicillin demonstrated the strongest
association with AD for both in utero exposure, 1.43(1.41,1.44), and for childhood exposure,
1.81(1.79,1.82). HRs were higher in children born to mothers without AD than those with AD pointing to
effect modification by maternal AD status.

Conclusion: Children bornto mothers exposed to antibiotics while in utero had, depending on the
mother’s history of AD, approximately a 20 to 40% increased risk of developing AD. Depending on the
antibiotic, children who received antibiotics early-in-life had a 40 to 80% increased risk of developing
AD. Our study, supports and refines the association between incident AD and antibiotic administration.
It also adds population-based support to therapeutic attempts to treat AD by modifying skin

microbiome.
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Introduction

Atopic dermatitis (AD) or atopic eczema is one of the most common inflammatory diseases of
the skin and one of the most common chronic allergic/atopic diseases.! For many, it occurs early in life
and it can be a lifelong disease.? AD may co-occur with other allergic illnesses (OAl) like asthma,
seasonal allergies, and food allergies and often occurs prior to their onset. 2# While full elucidation of
the pathogenesis of AD remains incomplete, it is thought to involve a complex interplay between
genetics, skin barrier dysfunction, immune dysregulation, alterations in the skin microbiome, and
exposure to environmental factors.>” Many investigators have shown.that AD is strongly associated
with T-cell dysregulation and has therefore been classified as an autoimmune illness.®*! Patients with
AD have altered skin microbiota as compared to those without AD and changes in the skin microbiota
are associated with changes in AD disease severity.121’

Exposure to antimicrobials can induce changes to the gut and skin microbiota. 8 Antibiotics in
particular are among the most commonly used drugs.in infants and children and exposure to antibiotics
has been associated with an increased.risk of developing AD in this population.'®* However, very few
studies have evaluated antimicrobial exposures during pregnancy (i.e., in utero) and few within the first
year of a child’s life and the potential association with AD.20-2¢ While these studies have shown an
association between antibiotic exposure and subsequent development of AD, the internal and external
validity of many of these studies has often been hampered by recall bias, as most have relied on the
mother’s recollection. of the timing of the child’s antibiotic exposure, antibiotic exposure during
pregnancy, as well as the onset of her child’'s AD. 20:24.26-31

New therapeutics for AD have primarily focused on immune mechanisms, however, social and
environmental factors have been associated with AD.3?3% Exposure to “environmental factors” could
begin in utero and/or early in the child’s life. The neonatal in utero environment may be directly affected
by the administration of antibiotics, it could have metabolic effects to the mother that are transmitted
across the placenta to the neonate, and/or change in the mother’s microbiome.3+¢ With respect to

direct changes of the skin microbiome that might induce AD, recent early phase human studies have
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been based on changing the microbiome of an individual with active AD in order to treat AD in the short
term and manage in the long term AD.%’

The purpose of our study was to evaluate whether fetal exposure and early life exposure of
antibiotics increases a child’s risk of early onset AD. We hypothesize that a child who is born to a
pregnant female who received antibiotics during pregnancy is at greater risk of developing AD
compared to children born to mothers who did not receive antibiotics and that children exposed to
antibiotics are more likely to develop AD compared to children without antibiotic exposure. For this
study, we utilized a United Kingdom (UK) patient records database merging primary care health records
of mothers and their babies focusing on in utero and early in life antibiotic exposures and a child’s

subsequent diagnosis of AD.

Methods

Population: In the United Kingdom (UK).there are several databases that hold anonymized patient
electronic health records. For this'study, we used the IQVIA Medical Research Data (IMRD) dataset,
which incorporates data from The Health Information Network (THIN), a Cegedim Database. Any
reference to THIN is intended to be descriptive of the licensed IMRD dataset. This database includes
anonymized longitudinal general practice (GP) data from a patients' clinical and prescribing records.
Medications prescribed utilizing the electronic health record are generally provided via a program from
the NHS at minimal cost to the patient and during pregnancies these medications are provided for free.
IMRD includes data from 832 practices, across the UK, which cover approximately10% of the UK

population, and is believed to be representative of the full UK population.383°

Definition of study population: Diagnoses and symptoms are recorded by practice staff using Read
codes, a numerical classification system developed to record health-care related diagnosis and

symptoms.3-4° Data collection for our study was from 2004 to 2021. Our study focused on children that
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were registered to their GP within 60 days of their reported delivery date and with at least two visits to
the GP. To match mother and child, all mother-child pairs had to use the same GP and had to reside in
the same household. This method is consistent with prior published work.%4! Approximately, one
million babies were matched to their mothers using this method. This was a cohort study, the child was
the primary unit of analysis, and the mother’s history of antibiotic exposure during pregnancy or the

child’s first history of exposure to antibiotics as the primary exposure.

Exposure and outcome definition: Antibiotic exposure was based on prescriptions entered into the
electronic health record. Antibiotics were placed in common categaries with the four most common
groups being penicillin, macrolide, sulfa (e.g., sulfonamide and combinations), and cephalosporins. The
primary outcome of interest was incident AD in the child. The method for ascertaining the diagnosis of

AD has been previously validated in this database.*?

Analysis: Descriptive statistics were used to summarize categorical and continuous variables using
proportions (percentages, %) and'means (standard deviation, SD), or medians (interquartile range.
Statistical models were used to evaluate the association of maternal in utero antibiotic use or the
association of childhood antibiotic use on the development of AD in the child. As appropriate, additional
variables included’in the analyses were the mother’s history of illnesses such as AD (well known to be
associated with risk of-childhood AD), and other allergic illnesses OAI (i.e. seasonal allergies, asthma
and food allergy); children’s history of OAI (current or later document), Townsend’s score (index of
socioeconomic deprivation reported as quintiles and dichotomized by the two quintiles of greatest social
deprivation); ethnicity; and the child’s assigned sex at birth. All babies were followed from the date of
delivery until they transferred out of the GP’s practice, died, developed the outcome of interest (AD) or
until the end of database reporting period (administrative censoring). All evaluations were based on the
presence or absence of the evaluated exposure/covariate. Cox proportional hazards models were used

to evaluate the association between mother’s risk factors with the time of onset of AD in the child. Effect
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estimates are reported as hazard ratios (HR) with 95% confidence intervals (Cl). Because a priori the
mother’s history of AD was assumed to be strongly associated with a child’s risk of AD, this exposure
was also viewed as an effect modifier, therefore HR are reported for children based on their maternal
history of AD. With respect to antibiotic exposure in the child, the first exposure time varied: In addition,
antibiotic exposure had to occur prior to the child’s diagnosis of AD. Our analyses allowed for clustering
within mother, since a mother may have had more than one child. In secondary analyses, we created
exposure matched sibling cohorts in which one sibling was antibiotic exposed and one was not
exposed. If more than one sibling was available for matching, then one sibling was randomly chosen.
The sibling pairs had the same mother, the same GP, and grew up in the same location. Separate
cohorts were created for each type of exposure such as in utero penicillin, penicillin in childhood, etc.
These secondary studies allowed us to control for environmental and genetic factors that could be
associated with AD. These results are reported in a supplement.

Analyses were conducted using Stata. MP version 18. This study was reported in accordance
with STROBE guidelines for reporting of .observational studies using routinely collected data. The study
was approved by IMRD, the Scientific.Review Committee (SRC) for UK Ethics as protocol number

22SRCO042, and the University of Pennsylvania Institutional Review Board (IRB).

Results

Between:2004 and 2021, 1,023,140 mother-child pairs were identified. Children were followed
on.average-for 10.2 (sd:7.9) years resulting in more than 10 million person-years of follow-up. The
average age of diagnosis of AD was 3.2 (sd:4.6) years. Characteristics of the children are displayed in
Table 1 and Supplement Table 1. Supplement Table 1 describes characteristics based on antibiotic
exposure status. As expected, a history of AD in the mother was highly associated with AD in childhood
(HR: 1.71 (95%CI:1.96,1.72)) as was a diagnosis of asthma, seasonal allergies, and food allergies

(Table 2). However, risks associated with ethnicity, gender assigned at birth, and Townsend index were
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much less. In general, during follow up, children with AD were more likely to receive an antibiotic
(88.21% (88.46, 88.33) than those without AD 67.34% (67.45,67. 56), respectively).

The risks of AD in children exposed to antibiotic in utero are summarized in Table 2. The HR
(95% CI) of AD in childhood was increased after in utero antibiotic exposure (HR:1.38 95%
Cl:(1.36,1.39)). The effect of in utero antibiotic exposure did not depend on the trimester administered
(Table 2). Overall, the association between any antibiotic exposure and a child’s-risk of AD was greater
in children born to mothers who did not have a history of AD (Tables 1 and-2): In utero exposure to
penicillin was associated with the largest hazard ratio,1.43 (1.41,1.44). This effect was not significantly
altered after adjusting for maternal AD and OAI, maternal exposure to antibiotics, sex of the child
assigned at birth, Townsend’s index, and ethnicity. Maternal history of AD is an effect modifier with
respect to the risk of all antibiotics (p-value < 0.00001 in all.cases) (Table 2).

Table 3 summarizes the risk of AD after exposure to antibiotics in childhood. As noted above,
children exposed to penicillin were more likely to'develop AD than children not exposed to antibiotics
(1.81(1.79,1.82)). This association changed minimally in the adjusted models (Table 3). As noted above
these effects were also modified by the mother’s AD status. For example, for penicillin, the effect was
greater in children from mothers who.did not have AD (1.81(1.79,1.82)) versus mother with AD
(1.52(1.50,1.55)). Table 4 summarizes the association between early (within the first 90 days of life)
antibiotic and development of AD. For example, children with early penicillin exposure had a 70%
increased risk of developing AD compared to children not exposed early to penicillin (1.70(1.67,1.73)).
This effect was.greater in children born to mothers with no history of AD (1.71(1.68,1.75)) than children
born to mothers with AD (1.45(1.40,1.50)). Sensitivity analysis matching siblings exposed to antibiotics
and not exposed to antibiotics born to the same mothers and living in the same household resulted in

similar findings. These results are available in the supplement (Supplement Table 2).
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Discussion

In our study, children born to mothers exposed to antibiotics while in utero had approximately a
20 to 40% increased risk of developing AD. Interestingly, we observed that the hazard ratio of a child
developing AD following first exposure to antibiotics was greater in children born to mothers who did not
have a personal history of AD and that the risk was higher among those exposed to penicillin. Using
models that allowed the first exposure to antibiotics to vary with time, children who'received antibiotics
had a 40 to 80% increased risk of developing AD by age 3. This risk was net'statistically different after
adjustment and not confounded by the mother’s history of AD and OAIls nor mother’s history of having
received antibiotics during her pregnancy. Furthermore, the risk was not significantly altered by the
child having a future tendency towards having allergic illnesses as represented by OAI. We also
observed that the effect of antibiotic exposure was larger during the first 90 days of life. In addition,
similar results to our primary analyses were found when'we controlled for unmeasured common family
exposures like environmental exposures by-matching children who did or did not have antibiotic
exposure but were born to the same mother and lived in the same house.

Previous studies have investigated in utero and childhood exposure to antibiotics and the onset
of AD. These studies include” a retrospective cohort survey study that relied on subject recall using data
from the Growing Up Today Study, a cohort of the Nurses’ Health study 11.2¢ This study relied on
guestionnaires answered retrospectively by mothers and evaluated antibiotic exposure during
pregnancy as well as during the first 18 months of life.?® Physician diagnosed AD in the child as
reported by the-mother was increased after antibiotic exposure (Odds Ratio (OR)=1.44 (1.21,1.72)) and
early in life (OR:1.37 (1.19,1.57)).28 The authors noted that their study could have been limited by recall
bias and AD self-reporting.?® A separate study of 492 mother-baby pairs, intrapartum antibiotics for
more than 24 hours increased the risk of AD by age 2 (Relative Risk (RR)=1.99 (1.13,3.49)) but if
administered for less than 24 hours during a vaginal delivery it did not.?* A prospective birth cohort of
976 mother baby pairs in China also found an increased risk of eczema (OR=3.59 (1.19,10.85)) in

babies exposed to in utero antibiotics.?” A study of 1,080 children from a European birth cohort that

10
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used questionnaires to collect information on antibiotic use reported an increased risk of AD after
prenatal antibiotic exposure (OR=1.55(1.08,2.24)) and an increased risk of AD after exposure of
antibiotics in the first year of life (OR=2.57(1.91,3.44)).2* It is important to note that for most of these
studies, recall and ascertainment bias could be problematic as they relied primary of questionnaires
administered to the mother later in life. Our findings help support and expand our current
understanding of this association and suggest that antibiotic exposure is a potential risk factor for
childhood onset AD.

We also observed that use of certain antibiotic classes confers'an increased risk of early onset
AD. Similar findings have been observed in other studies although the risk«varies by type of antibiotics.
A prospective study of 370 children initially without AD demonstrated.an increased risk of AD in those
exposed to macrolide (RR=2.15(1.18,3.91)) and cephalosporin (RR=1.93(1.07,3.49)) antibiotics given
in the first year of life.?® Another study utilizing questionnaires also established an increased risk of
eczema in a birth cohort of over 62,000 mother baby. pairs after early prenatal antibiotics
(OR=1.45(1.19,1.76)), however, exposure in the.last trimester was not associated with eczema.* The
largest previous study, with similar design to ours, also used health records and merged the Swedish
Prescribed Drug Register, National Patient Register, and the Swedish Medical Birth Register.?? About
21.2% of children were'exposed. to antibiotics in utero and 23.8% were exposed in the first year of life.?2
There was an increased risk of AD in children exposed in utero (HR=1.10 (1.09,1.12)) and in the first
year of life (HR=1.52 (1.50,1.55)). Using a sibling matched analysis, the in utero effect became null but
the early exposure effect was maintained.?? In contrast, a prospective UK based study attempted to
better control potential confounders and noted that prenatal antibiotic administration was not associated
with childhood AD but antibiotic exposure during a child’s first year of life was associated with childhood
AD.?° However, the methods utilized for this study including the selection of confounders appears to be
problematic.*® In addition, a study of 2,909 mother baby pairs in Eastern China that used
questionnaires and hospital records noted that intra-partum use of antibiotics to treat GBS was

associated with an increased risk (OR=2.54 (1.80,3.61)) of AD by age 2.2¢ Other investigations have

11
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demonstrated that intrapartum antibiotic prophylaxis for GBS does have an effect on the infant’s
microbiota.?®

Our study has several strengths including its large sample size and its rich data source collected
prospectively by healthcare providers, from birth to up to on average 10 years of follow up.-This allowed
us to uniquely analyze the effect of history of maternal atopic illnesses on the association of antibiotic
exposure. We also used time varying models to capture variation in antibiotic exposure over time. The
limitations of our study include potential errors in linking mother and child. However, the method that we
used to link pregnant women to their newborn has been validated in a'Similar database. 3444 |t is
possible that protopathic bias (i.e., the antibiotic was prescribed for.an early manifestation of AD) was
associated with our findings. We were careful to assure that antibiotic'exposures occurred prior to the
child’s diagnosis of AD (e.g., in utero and first 90 days of life). In-addition, the effect of antibiotic
administration early in life was mitigated in children with‘the highest anticipated risk of early onset AD
(i.e., those born to mothers with AD, seasonal allergies, food allergies, and/or asthma). Information bias
could influence the recording of medical.information or the willingness of a parent to bring their child to
the GP for examination and treatment. Furthermore, mothers with AD could be more likely to seek
healthcare. While this is might be possible, in our cohort, the mothers and children used the same GP
(i.e., the medical practice already being used by the mother), all pregnant women and children received
free healthcare and prescriptions in the UK. The effect of antibiotics on childhood AD was greater in
children whose mothers did not have AD, thereby, decreasing the likelihood that maternal antibiotic use
was confounded-by other variables. In our secondary analysis, which focused on babies born to the
same mother, the effects of antibiotic were like our primary analyses. Medical information evaluated in
this study were from the GP record so it is possible for that antibiotics administered only in hospital may
not have been recorded in the GP record and therefore not available for evaluation.

In conclusion, this longitudinal cohort study that utilized medical records, supports, and more
importantly refines the association between incident AD and antibiotic administration during pregnancy

as well as in the early life period. It is not known why exposure to antibiotics in utero and early in life

12
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might be associated with AD, but it has been hypothesized that antibiotics may play a role in immune

dysregulation due to an impaired development of a robust gut microbiome.*>145 While this is not a

new practice guideline, healthcare providers should carefully consider the need for antibiotics before

using them.*4” While our findings are consistent with this message, causation has not been

established and other alternative methods for altering the human microbiome while treating AD are still

being developed. 374849
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Table 1: Characteristics and demographics of the children in the study. Characteristics are also displayed based
on the final AD2 outcome. Characteristics based on antibiotic exposure status are available in supplement Table
1. Frequencies are area based on the presence or absence of the covariate and presented as percentage and
95% CI except forage, which is presented as mean and sd. *Birth to end of study period (e.g., age of child at the

end of the study period)

Full cohort Child without AD Child with/AD
Average follow up* (mean, sd) [ 10.2(sd:7.9) 9.7(7.9) 11.6(7.6)
Ethnicity white (%) 71.22(71.13,71.31) 71.87(71.77,71.97) 69.30(69.12,69.48)
Townsend index (= 4) 29.02(28.93,29.11) 29.67(29.57,29.77) 27.10(26.93,27.27)
Child with AD(%) 25.32(25.24,25.40) 0.00(0.00,0.00) 100.00(1.00.00,100.00)
Child with food allergy (%) 0.90(0.89,0.92) 0.45(0.44,0.47) 2.23(2.18,2.29)
Child with asthma(%) 12.98(12.92,13.05) 10.31(10.24,10.37) 20.88(20.73,21.04)
Child with seasonal 7.96(7.91,8.01) 5.81(5.76,5.87) 14.29(14.16,14.43)

allergies(%)

Mother with AD(%)

14.96 (14.90,15.03)

12.54(12.47,12.62)

22.10(21.94,22.26)

Mothers receiving any
antibiotic during pregnancy(%o)

18.11(18.04,18.19)

17.08(17.00,17.17)

21.15(20.99,21.30)

Children receiving any 72.74(72.65,72.82) 67.45(67.34,67.56) 88.33(88.21,88.46)
antibiotic during
observation(%)
Penicillin(%) 68.61(68.52,68.70) 63.17(63.07,63.28) 84.64(84.50,84.78)
First 90 days(%) 3.03(3.00,3.07) 2.56(2.53,2.60) 4.42(4.34,4.50)
Cephalosporin(%) 9.73(9.67,9.79) 8.20(8.14,8.26) 14.24(14.10,14.37)
First 90 days(%) 0.14(0.13,0.14) 0.11(0.10,0.12) 0.21(0.20,0.23)
Sulfa (%) 13.22(13.16,13.29) 11.61(11.54,11.68) 17.99(17.84,18.13)
First 90 days(%) 0.29(0:28,0.30) 0.26(0.25,0.27) 0.37(0.34,0.39)
Macrolide(%) 25.33(25.25,25.41) 21.51(21.41,21.60) 36.61(36.42,36.79)
First 90 days(%) 0.42(0.41,0.44) 0.35(0.34,0.36) 0.65(0.61,0.68)
Penicillin mother(%)
First trimester (%) 2.08(2.05,2.11) 2.03(2.00,2.07) 2.22(2.17,2.28)
Second trimester (%) 3.03(2.99,3.06) 2.89(2.86,2.93) 3.42(3.35,3.49)
Second or third trimester (%) | 10.76(10.70,10.82) 10.01(9.94,10.08) 12.96(12.83,13.09)
Last trimester(%) 7.73(7.68,7.78) 7.12(7.06,7.17) 9.54(9.43,9.65)
Sulfa mother(%)
First trimester (%) 0.22(0.21,0.23) 0.23(0.22,0.24) 0.20(0.19,0.22)
Second trimester (%) 0.20(0.19,0.21) 0.20(0.19,0.21) 0.21(0.19,0.23)
Second or third trimester (%) | 0.74(0.73,0.76) 0.71(0.70,0.73) 0.82(0.79,0.86)
Third trimester (%) 0.54(0.53,0.55) 0.52(0.50,0.53) 0.61(0.58,0.64)
Cephaloesporin mother(%)
First.trimester (%) 1.31(1.29,1.33) 1.29(1.26,1.31) 1.38(1.34,1.43)
Second trimester (%) 1.24(1.22,1.26) 1.18(1.16,1.20) 1.42(1.38,1.47)
Second or third trimester (%) | 3.61(3.57,3.64) 3.37(3.33,3.41) 4.30(4.22,4.38)
Third trimester (%) 2.36(2.33,2.39) 2.19(2.16,2.22) 2.88(2.82,2.94)
Macrolide mother(%)
First trimester (%) 0.33(0.32,0.34) 0.33(0.32,0.34) 0.35(0.33,0.37)
Second trimester (%) 0.41(0.39,0.42) 0.39(0.38,0.40) 0.46(0.43,0.48)
Second or third trimester (%) | 1.40(1.38,1.42) 1.29(1.27,1.32) 1.73(1.68,1.78)
Third trimester (%) 0.98(1.01,0.99) 0.88(0.92,0.90) 1.23(1.32,1.27)

aAD=atopic dermatitis; *’sd=standard deviation; ¢(%)=percentage; ‘top 40% most socially deprived

16

€202 J9qWaAON |0 UO Jasn auiolpaj [eo1dol ] g auaiBAH Jo [00yoS uopuoT Aq Z/11LEEL/8ZFPEN/PIA/E60 L 0 L/10p/a[oNe-80UBAPE/PIQ/LLO0S"dNO DIWaPEDE//:SA]Y WO, PEPEOjUMOQ



PO N B

Table 2: The association of the presence or absence of exposures and factors in Mothers on
their children with respect to the onset of childhood atopic dermatitis. Effect estimates are

expressed as hazard ratios with 95% confidence intervals. AD- atopic dermatitis

9]

Full cohort Moms without AD | Moms with AD . 6
Mother with AD 1.71(1.69,1.72) 100(100,100) 7
White ethnicity 0.93(0.92,0.94) 0.93(0.93,0.94) 0.98(0.97,1.00)
Townsend index 0.94(0.93,0.95) 0.93(0.92,0.94) 0.94(0.93,0.96)

Seasonal allergies

1.45(1.44,1.47)

1.40(1.38,1.42)

1.25(1.23,1.27)

Asthma 1.18(1.17,1.19) |1.11(1.10,1.13) | 1.09(1.07,1.11)
Food allergy 1.59(1.50,1.69) | 1.38(1.27,1.49) | 1.47(1.35,1.60)
Penicillin 1.43(1.41,1.44) | 1.42(1.40,1.44)  [.1.20(1.18,1.22)

First trimester

1.31(1.28,1.35)

1.35(1.30,1.39)

1.05(1.00,1.11)

Second trimester

1.43(1.40,1.46)

1.45(1.41,1.48)

1.18(1.13,1.23)

Second or third trimester

1.43(1.41,1.45)

1.42(1.40,1.44)

1.22(1.19,1.24)

Third trimester

1.40(1.38,1.41)

1.38(1.36,1.40)

1.21(1.18,1.24)

Cephalosporin

1.35(1.32,1.37)

1.35(1.33,1.38)

1.13(1.09,1.16)

First trimester

1.34(1.30,1.38)

1.35(1.29,1.40)

1.11(1.05,1.18)

Second trimester

1.43(1.39,1.48)

1.44(1.39,1.50)

1.22(1.15,1.30)

Second or third trimester

1.34(1.31,1.36)

1.35(1.32,1.38)

1.13(1.09,1.17)

Third trimester

1.29(1.26,1.32)

1.29(1.26,1.33)

1.08(1.04,1.13)

Sulfa

1.24(1.20,1.29)

1.23(1.17,1.28)

1.10(1.02,1.18)

First trimester

1.12(1.03,1.22)

1.10(0.99,1.22)

1.04(0.89,1.22)

Second trimester

1.32(1.21,1.44)

1.35(1.22,1.49)

1.08(0.92,1.27)

Second or third trimester

1.27(1.22,1.33)

1.26(1.20,1.33)

1.11(1.03,1.20)

Third trimester

1.26(1:20,1.32)

1.23(1.16,1.31)

1.12(1.02,1.22)

Macrolides

1.36(1.32,1.40)

1.32(1.28,1.37)

1.21(1.15,1.27)

First trimester

1.29(1.21,1.37)

1.22(1.13,1.32)

1.19(1.07,1.33)

Second trimester

1.36(1.29,1.44)

1.39(1.30,1.49)

1.09(0.98,1.21)

Second or third trimester

1.37(1.33,1.41)

1.34(1.29,1.39)

1.21(1.15,1.27)

Third trimester

1.37(1.33,1.42)

1.32(1.27,1.38)

1.25(1.18,1.33)
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Table 3: Association (hazard ratio [95% confidence interval]) between child’s first exposure to
antibiotics and development of atopic dermatitis. Fully adjusted model covariates include
maternal atopic dermatitis, maternal exposure to antibiotics, gender assigned at birth of the
child, child OAl, Townsend’s index, and ethnicity.

Penicillin
N=701,966(68.6%)

Macrolides
N=259,159(25.3%)

Cephalosporin
N=99,539(9.7%)

Sulfa
N=135,291(13.2%)

Unadjusted

1.81(1.79,1.82)

1.54(1.52,1.56)

1.44(1.41,1.46)

1.43(1.40,1.46)

Maternal atopic
dermatitis

1.74(1.72,1.76)

1.48(1.46,1.50)

1.38(1.36,1.41)

1.38(1.36,1.41)

Maternal
antibiotic
exposure during
pregnancy

1.74(1.73,1.76)

1.47(1.45,1.49)

1.36(1.34,1.39)

1.37(1.365,1.40)

Fully adjusted

model

1.76(1.75,1.78)

1.52(1.50,1.54)

1.42(1.39,1.44)

1.43(1.40,1.46)

Table 4: Associations (hazard ratio [95% confidence interval]) between antibiotic use within
the first 90 days of life and the development of atopic dermatitis. Fully adjusted models* used
the following covariates maternal atopic dermatitis (full cohort only), maternal exposure to
antibiotics, gender assigned at birth-of the child, child’s OAIl, Townsend’s index, and ethnicity.

Fully cohort Full'cohort* Mother no AD* | Mother with AD*
Penicillin 1.70(1.67,1.73) | 1.76(1.72,1.80) | 1.71(1.68,1.75) | 1.45(1.40,1.50)
Sulfa 1.46(1.37,1.56)11.42(1.31,1.53) | 1.49(1.39,1.61) | 1.24(1.09,1.41)
Cephalosporin | 1.70(1.56,1.85) | 1.96(1.76,2.18) | 1.68(1.52,1.86) | 1.53(1.31,1.78)
Macrolide 1.77(1.69,1.86) [ 1.86(1.75,1.98) | 1.81(1.71,1.92) | 1.42(1.30,1.56)
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been reported. If inflammatory bowel disease signs/symptoms
develop or patient experiences exacerbation of pre-existing
inflammatory bowel disease, discontinue bimekizumab and initiate
medical management. Hypersensitivity: Serious hypersensitivity
reactions including anaphylactic reactions have been observed with
IL-17 inhibitors. If a serious hypersensitivity reaction occurs,
discontinue immediately and treat. Vaccinations: Complete all age
appropriate immunisations prior to bimekizumab initiation. Do not
give live vaccines to bimekizumab patients. Patients may receive
inactivated or non-live vaccinations. Interactions: A clinically
relevant effect on CYP450 substrates with a narrow therapeutic
index in which the dose is individually adjusted e.g. warfarin, cannot
be excluded. Therapeutic monitoring should be considered. Fertility,
pregnancy and lactation: Women of child-bearing potential should
use an effective method of contraception during treatment and for at

References: 1. BIMZELX (bimekizumab) SmPC. Available at: https://www.medicines.org.uk/emc/product/12834/smpc.
Accessed September 2023 2. Strober et al. [BE BRIGHT open label extension] Br J Dermatol. 2023. 188(6): 749-759.
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least 17 weeks after treatment. Avoid use of bimekizumab during
pregnancy. It is unknown whether bimekizumab is excreted in
human milk, hence a risk to the newborn/infant cannot be excluded.
A decision must be made whether to discontinue breast-feeding or
to discontinue/abstain from Bimzelx therapy. No data available on
human fertility. Driving and use of machines: No or negligible
influence on ability to drive and use machines. Adverse Effects:
Refer to SmPC for full information. Very Common (> 7/70): upper
respiratory tract infection; Common (> 7/700 to < 1/70): oral
candidiasis, tinea infections, ear infections, herpes simplex
infections, oropharyngeal candidiasis, gastroenteritis, folliculitis;
headache, rash, dermatitis and eczema, acne, injection site
reactions, fatigue; Uncommon (> 1/1,000 to < 7/100): mucosal and
cutaneous candidiasis  (including oesophageal candidiasis),
conjunctivitis, neutropenia, inflammatory bowel disease. Storage
precautions: Store in a refrigerator (2°C - 8°C), do not freeze. Keep
in outer carton to protect from light. Bimzelx can be kept at up to
25°C for a single period of maximum 25 days with protection from
light. Product should be discarded after this period or by the expiry
date, whichever occurs first.

Legal Category: POM

Marketing Authorisation Numbers: PLGB 00039/0802 (Pre-filled
Syringe), PLGB 00039/0803 (Pre-filled Pen).

UK NHS Costs: £2,443 per pack of 2 pre-filled syringes or pens of
160 mg each.

Marketing Authorisation Holder: UCB Pharma Ltd, 208 Bath Road,
Slough, Berkshire, SLT 3WE, United Kingdom.

Further information is available from: UCB Pharma Ltd, 208 Bath
Road, Slough, Berkshire, SLT 3WE. Tel: 0800 2793177
Email: ucbcares.uk@ucb.com
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Adverse events should be reported.
Reporting forms and information can be found at
http:/www.mhra.gov.uk/yellowcard. Adverse events
should also be reported to UCB Pharma Ltd at
uchcares.uk@uch.com or 0800 2793177.
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