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Summary

Background: Most anti-tumour necrosis factor (anti-TNF) agents are transferred
across the placenta and may increase paediatric susceptibility to infections.

Aims: To assess the risk of paediatric infections after maternal anti-TNF treatment.
Methods: Population-based cohort study in Denmark, Finland and Sweden 2006-
2013 in which 1027 children born to women with rheumatoid arthritis, psoriasis,
psoriatic arthritis, ankylosing spondylitis or inflammatory bowel disease, treated with
anti-TNF, and 9346 children to women with non-biologic systemic treatment, were
compared to 1 617 886 children of the general population. Children were followed
for 3 years.

Results: Adjusted by maternal age, parity, smoking, body mass index, country and
calendar year, the incidence rate ratios with 95% confidence interval (Cl) for hospi-
tal admissions for infection in the first year were 1.43 (1.23-1.67) for anti-TNF and
1.14 (1.07-1.21) for non-biologic systemic treatment, and 1.29 (1.11-1.50) and 1.09
(1.02-1.15), respectively, when additionally adjusting for adverse birth outcomes.
There was a slight increase in antibiotic prescriptions in the second year for anti-TNF,
1.19 (1.11-1.29), and for non-biologic systemic treatment, 1.10 (1.07-1.13). There was
no difference among anti-TNF agents, treatment in the third trimester, or between
mono/combination therapy with non-biologic systemic treatment.

Conclusions: Both anti-TNF and non-biologic systemic treatment were associated
with an increased risk of paediatric infections. However, reassuringly, the increased
risks were present regardless of treatment in the third trimester, or with combination
treatment, and were not persistent during the first 3 years of life. Our findings may
indicate a true risk, but could also be due to unadjusted confounding by disease se-
verity and healthcare-seeking behaviour. This may in turn shift the risk-benefit equa-
tion towards continuation of treatment even in the third trimester.
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This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2020 The Authors. Alimentary Pharmacology & Therapeutics published by John Wiley & Sons Ltd

Aliment Pharmacol Ther. 2020;52:843-854.

wileyonlinelibrary.com/journal/apt 843


www.wileyonlinelibrary.com/journal/apt
mailto:﻿
https://orcid.org/0000-0002-2423-1968
https://orcid.org/0000-0001-9338-7133
https://orcid.org/0000-0001-6674-5003
https://orcid.org/0000-0001-8254-7525
https://orcid.org/0000-0001-7149-0973
https://orcid.org/0000-0002-7631-4749
https://orcid.org/0000-0002-9341-3888
https://orcid.org/0000-0002-3858-8474
https://orcid.org/0000-0003-4299-7040
http://creativecommons.org/licenses/by-nc/4.0/
mailto:gabriella.broms@ki.se
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fapt.15971&domain=pdf&date_stamp=2020-07-24

844
—I—W[ L.E Y— APST Alimentary Pharmacology & Therapeutics

1 | INTRODUCTION

The safety of treatment during pregnancy is a concern for women
with rheumatoid arthritis, psoriasis, psoriatic arthritis, ankylosing
spondylitis and inflammatory bowel disease (IBD), as their onset
often coincides with the reproductive age.l’s Furthermore, active
disease during pregnancy is associated with adverse birth out-
comes.®® Treatment directed at tumour necrosis factor (TNF), a
key cytokine in the inflammatory processes of these diseases, sup-
presses inflammation but also increases the risk of infection.”*?
There is limited knowledge on the child's risk of infections after
maternal treatment with infliximab, adalimumab, etanercept, golim-
umab and certolizumab-pegol.

Infliximab, adalimumab and golimumab are full monoclonal
antibodies that cross the placenta by active transport starting in
the first trimester, but to a significant degree from the late sec-
ond trimester and increasingly beyond.'® Etanercept consists of
an antibody Fc fragment and has some transplacental transport.14
Certolizumab-pegol is a PEGylated antibody Fab’ fragment which
lacks the Fc fragment, and therefore has very limited transpla-
cental transport.® Accordingly, infliximab and adalimumab have
been detected in infant circulation and may remain detectable up
to 6-12 months,*'” while certolizumab-pegol is not transferred
to any large extent.!® Follow-up studies of anti-TNF transfer to
the foetus have been conflicting, some presenting an increased
infection frequency after exposure to combination therapy with

anti-TNF and thiopurines,l""18

9,19-21

and others reporting no increased
frequency.

In this three-country population-based cohort, we studied the
risks of hospital admissions for infection and antibiotic prescrip-
tions in children born to women with anti-TNF treatment during
pregnancy compared to i) women with the same diseases, but no
anti-TNF treatment, and ii) women without disease in the general

population.

2 | MATERIALS AND METHODS

We conducted a population-based study in Denmark (2006-2013),
Finland (2006-2012) and Sweden (July 2006-2013) obtaining data
from the national medical birth registers, patient registers and
prescribed drug registers.n’26 In these countries, healthcare is ac-
cessible to all free of charge and reporting to the national registers
is mandatory, resulting in virtually complete coverage and we in-
cluded all pregnancies. In Finland and Sweden, we also included
treatment data from the disease-specific registers. A unique per-
sonal identification number assigned at birth or upon immigration
enables the linkage of individual data between registers in each
country.

The medical birth registers prospectively record information on
pregnancy, delivery and the neonatal period.?? Start of pregnancy
and gestational age were based primarily on the routine early preg-

nancy ultrasound, offered to all pregnant women.
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2.1 | Anti-TNF and nonbiologic systemic treatment

Exposure to anti-TNF was defined by filled prescriptions for

etanercept, infliximab, adalimumab, certolizumab-pegol or
golimumab in the national registers of prescribed drugs, by
Anatomical Therapeutic Chemical Classification System (ATC)
codes.?® People can get reimbursed an amount of medication
equivalent to 3 months of treatment at a time. Therefore, the pe-
riod of exposure, from 90 days before first day of last menstrual
period until delivery, was defined by days’ supply of the medica-
tion based on patient's previous prescription fill interval, defined
daily doses or the median treatment interval for each anti-TNF
agents. In Denmark, anti-TNF treatment was also identified from
visits recorded in the patient register covering all Danish hospitals
using a specific treatment code.?® In Finland, information was also
obtained from the register for biologic treatment (ROB-FIN) and
in Sweden, additional information on anti-TNF treatment was ob-
tained from the ARTIS and PsoReg registers.27’28

Nonbiologic systemic treatment in women with disease was de-
fined by the date of filled prescriptions within 90 days before first
day of last menstrual period and until delivery according to a list of

medications with immunomodulatory effects (Table S1).

2.2 | Inflammatory diseases

We obtained information on chronic inflammatory diseases as
codes according to the International Classification of Diseases ver-
sion 10 (ICD-10) recorded before or during pregnancy in the patient
registers, disease-specific registers and the medical birth registers
(Table S2). The patient registers record inpatient and outpatient vis-
its to medical specialists, eg gastroenterologists, dermatologists and
rheumatologists. For patients diagnosed with more than one chronic
inflammatory disease, the most recent diagnosis was used. We refer
to the disease types as IBD (ulcerative colitis and Crohn's disease)
and ARTPSO (rheumatoid arthritis, ankylosing spondylitis, psoriatic
arthritis and psoriasis).

2.3 | Paediatric infections

For the children, we identified primary and secondary diagnoses of
infections in hospital admissions (list in Table S3) and filled prescrip-
tions of antibiotics, in the first 3 years of life in the patient registers
and the prescribed drug registers. In Finland, children were followed

to 1 year of age.

2.4 | Covariates

Covariates included country, maternal diagnosis, maternal age, par-
ity, smoking and body mass index. We identified the children born

preterm (<37 weeks), born by caesarean section, of low birth weight
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(<2500 g) and small for gestational age (weight below 2 standard
deviations for the gestational age).

2.5 | Statistical analysis

We assessed hospital admissions for infection and antibiotic pre-
scriptions in children born to (a) women with anti-TNF, (b) women
with nonbiologic systemic treatment and (c) women of the general
population. In the main analyses, the general population was the
reference. To take confounding by indication into account, anti-
TNF treatment was in additional analyses also compared to non-
biologic systemic treatment. Children were censored after their
first event in each quarter, ie 3-month period, but could then go
on to contribute with another event in the next quarter unless
censored by loss to follow-up. We analysed recurrent event data
with Poisson regression applying the generalised estimating equa-
tions model to account for correlation between the four repeated
events for each year of follow-up. We computed incidence rate
ratios (IRRs) and corresponding 95% confidence intervals (Cls)
for hospital admissions for infection and antibiotic prescriptions,
comparing rates for children born to women with chronic inflam-
matory disease with anti-TNF treatment and women with nonbio-
logic systemic treatment to women of the general population. In
order to estimate the total effect of exposures (ie including effects
mediated through adverse birth outcomes) we adjusted for ma-
ternal age (<19 years, 20-24 years, 25-29 years, 30-34 years and
235 years), parity (primiparous/multiparous), smoking (yes/no),
body mass index in kg/m2 (219.9, 20.0-24.9, 25.0-29.9 and =30),
country of birth (Denmark/Finland/Sweden), separate calendar
year effects for each country and, for comparisons with nonbio-
logic systemic treatment as the reference, type of chronic inflam-
matory diagnosis (Crohn's disease, ulcerative colitis, rheumatoid
arthritis, ankylosing spondylitis, psoriatic arthritis and psoriasis)
(IRR1). The reason for allowing different calendar year effects for
each country was that the number of patients treated with anti-
TNF increased with calendar time at the same time as we observed
country-specific decreasing trends of prescribed antibiotics.
When estimating the direct effect of the exposure we additionally
adjusted analyses by preterm birth, caesarean section, low birth
weight and small for gestational age (IRR 2). Hospital admissions
for infection and prescribed antibiotics according to the age of
the child were presented in figures and calculated by estimating
the adjusted IRRs per quarter of age and then multiplying these
estimates with the average incidences over the study period in
the general population comparator in Sweden and Denmark, for
which data were available for all 3 years. To estimate the impact
of disease and treatment interaction, we analysed the rates of in-
fections by disease type; IBD or ARTPSO. We also analysed adali-
mumab, etanercept and infliximab separately.

We assessed IRRs of anti-TNF in combination with nonbiologic
systemic treatment and anti-TNF monotherapy compared with the

general population. We also estimated the risks in patients treated
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with anti-TNF in the third trimester (after 26 gestational weeks), with
or without earlier treatment, and in patients treated before the third
trimester only.

Analyses assessing IRR’s for nonbiologic systemic treatment
and anti-TNF treatment were also performed by country. Finally,

we described the type of infection,?%%0

occurring in children ex-
posed to anti-TNF, nonbiologic systemic treatment and in the
general population. Several infections could occur in the same
individual.

Analyses were performed using SAS version 9.4, SAS Institute

Inc Cary, NC, USA.

3 | RESULTS

We included 1 617 886 children, of whom 1027 were born to women
with anti-TNF treatment and 9,346 to women with nonbiologic sys-
temic treatment (Table 1). Rheumatoid arthritis was the most com-
mon indication for anti-TNF treatment (52.3%), followed by Crohn's
disease (23.1%). Characteristics according to disease group, IBD or
ARTPSO, are presented in Tables S4 and S5.

There was a trend towards decreasing infection rates defined
by hospital admissions through the first 12 quarters of life across
all studied populations (Figure 1A). The rate of antibiotic prescrip-
tions peaked in the second year of life (Figure 1B). Adjusted by
maternal age, parity, smoking, body mass index, country and cal-
endar year, the IRR1 for first year hospital admissions for infection
was 1.43 (95% Cl 1.23-1.67) for anti-TNF and 1.14 (95% Cl 1.07-
1.21) for nonbiologic systemic treatment compared to the general
population (Table 2). Adjusting for adverse birth outcomes in IRR2
attenuated the results; 1.29 (95% Cl 1.11-1.50) for anti-TNF and
1.09 (95% CI 1.02-1.15) for nonbiologic systemic treatment. The
outcomes were similar for the second year of life, but with lower
risk estimates, whereas no risk increase was observed for the third
year. For first year antibiotic prescriptions, IRR1 was 1.07 (95% ClI
0.98-1.18) and IRR2 1.06 (95% Cl 0.96-1.16) for anti-TNF and 1.11
(95% Cl 1.07-1.14) and 1.09 (95% CI 1.06-1.12) for nonbiologic
systemic treatment. Adjusting for adverse birth outcomes had lit-
tle effect overall on the IRRs for antibiotics. There was a slight
increase for anti-TNF in the second year, IRR2 1.17 (95% Cl 1.08-
1.26), and for nonbiologic systemic treatment 1.09 (95% CI 1.06-
1.12). IRR1 and IRR2 were down to 1 for the third year, both for
anti-TNF and for nonbiologic systemic treatment (Table 2). There
was no indication of an effect modification by disease type (IBD
or ARTPSO) (Tables S6 and S7). Indeed, the relative risk for third
year antibiotic prescriptions was significant for IBD, and not for
ARTPSO, but the difference in the relative risk in the two disease
groups was not statistically significant (P > 0.05).

Comparing anti-TNF with nonbiologic systemic treatment as the
reference, there was a significantly increased IRR1 and IRR2 for first
year hospital admissions, 1.25 (95% ClI 1.06-1.48) and 1.18 (95% ClI
1.00-1.40), with no other comparisons being significantly different
(Table 3).
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TABLE 1 Maternal characteristics among women with anti-TNF or non-biologic systemic treatment at any time during pregnancy, and

women of the general population

Total
Maternal age
13-19
20-24
25-29
30-34
35 or more
Missing
Maternal age
Median
Mean (SD)
Parity
0
1 or more
Missing
Maternal smoking®
Nonsmoker
Smoker
Missing
Maternal body mass index®
11.0-19.9
20.0-24.9
25.0-29.9
30.0 or more
Missing
Maternal disease
Rheumatoid arthritis
Ankylosing spondylitis
Psoriatic arthritis
Psoriasis
Ulcerative colitis
Crohn's disease
Missing
Country
Denmark
Finland
Sweden
Treatment period anti-TNF
Before third trimester
During third trimester
Anti-TNF agent
Adalimumab

Certolizumab

Anti-TNF?
N
1027

12
88
272
355
300

31.0
31.4(5.1)

537
484

906
98
23

133
489
219
127
59

537
65
71
34
83
237

286
136
605

727
300

256

(%)
(100)

(1.2)
(8.6)
(26.5)
(34.6)
(29.2)
(0.0)

(52.3)
(47.1)
(0.6)

(88.2)
(9.5)
(2.2)

(13.0)
(47.6)
(21.3)
(12.4)
(5.7)

(52.3)
(6.3)
(6.9)
(3.3)
8.1)
23.1)
0.0)

(27.8)
(13.2)
(58.9)

(70.8)
(29.2)

(24.9)
(0.9)

Non-biologic systemic treatment®

General population®

N
9346

62
720
2736
3559
2269

31.0
31.1(4.8)

4183
5132
il

8364
725
257

1147
4685
1905
1027
582

2000
256
420
249
4533
1888

2372
2566
4408

(%)
(100)

(0.7)
(7.7)
(29.3)
(38.1)
(24.3)
(0.0)

(44.8)
(54.9)
(0.3)

(89.5)
(7.8)
(2.7)

(12.3)
(50.1)
(20.4)
(11.0)
(6.2)

(25.4)
(27.5)
(47.2)

N
1617 886

28 149
213 597
490 642
555108
330 374
16

30.0
(30.1(5.2)

709 030
900 310
8546

1398714
169 493
49 679

183 510
786 688
351317
185 137
111 234

460 998
396 024
760 864

(%)
(100)

(1.7)
(13.2)
(30.3)
(34.3)
(20.4)
(0.0)

(43.8)
(55.6)
(0.5)

(86.5)
(10.5)
(3.1)

(11.3)
(48.6)
(21.7)
(11.4)
(6.9)

(28.5)
(24.5)
(47.0)

(Continues)
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TABLE 1 (Continued)

Anti-TNF?

N (%)
Etanercept 509 (49.6)
Golimumab 11 (1.1)
Infliximab 208 (20.3)
Multiple 34 (3.3)

Nonbiologic systemic treatment®
Anti-malarials 45 4.4
Azathioprine 117 11.4
Ciclosporine 14 1.4
Corticosteroids 522 50.8
Mercaptopurine 7 0.7
Methotrexate 31 3.0
Mycophenolic acid 0 0.0
Leflunomide 1 0.1
Sulfasalazine 222 21.6
Tacrolimus 0 0.0
Tioguanine 0 0.0
Birth outcomes

Preterm birth 128 (12.5)
Small for gestational age 49 (4.8)
Caesarean section 387 (37.7)

847
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Non-biologic systemic treatment®  General population®

N (%) N (%)
403 4.3

1678 18.0

75 0.8

3627 38.8

130 1.4

101 11

4 0.0

2 0.0

6768 724

6 0.1

1 0.0

786 (8.4) 74 981 (4.6)
270 (2.7) 35260 (2.2)
2560 (27.4) 281 654 (17.4)

@ Treatment within 90 days before first day of last menstrual period until delivery.

PWomen without the diseases of interest and without treatment.
‘Measured at first prenatal visit in first trimester.

dBefore third trimester = Treatment in the period from 90 days before first day of last menstrual period to end of second trimester. During third
trimester = Treatment in the third trimester with or without earlier treatment. Twelve women were treated in the third trimester without having been

previously treated in pregnancy.

“There were no exposures to cyclophosphamide, hydroxycarbamide, acitretin or alitretinoin. There was only leflunomide exposure in the 90 days
before first day of last menstrual period. Eight women with anti-TNF and 24 women with nonbiologic systemic treatment had filled a prescription of
methotrexate after first day of last menstrual period, and one woman had filled a prescription of mycophenolic acid.

For individual anti-TNF agents compared to the general popula-
tion, the IRR1 was 1.35 (95% Cl 1.00-1.83) for adalimumab, 1.37 (95%
Cl 1.05-1.78) for etanercept and 1.50 (95% CI 1.13-1.98) for infliximab,
for first year hospitalisations, with attenuated results when adjusting
for adverse birth outcomes in IRR2. The IRR1s was 1.16 (95% CI 1.00-
1.35),1.24 (95% Cl 1.10-1.40) and 1.12 (95% Cl 0.98-1.28) for second
year antibiotics (Table S8). There were too few exposed to golimumab
and certolizumab-pegol to perform any formal analyses.

Anti-TNF monotherapy and anti-TNF combined with nonbiologic
systemic treatment were equally associated with first year admissions
for infection, IRR1 1.44 (95% Cl 1.13-1.82), and 1.43 (95% Cl 1.17-
1.74), respectively (Table 4), and IRR 2 1.38 (95% ClI 1.09-1.75) and
1.24 (95% Cl 1.02-1.51) when adjusting for adverse birth outcomes.
Although the IRR was slightly higher for second year admissions for
infection and antibiotics, the overall pattern did not represent a con-
sistently increased risk associated with combination therapy. The risks
were not increased for combination therapy for third year admissions

and there was a higher risk for first year antibiotics for monotherapy.

The IRR1 for hospital admission for infection in the first year of life
was 1.51 (95% ClI 1.25-1.82) for anti-TNF before the third trimester
only, and 1.30 (95% Cl 1.00-1.69) for third trimester anti-TNF, while
it was 1.23 (95% Cl 0.89-1.71) and 1.36 (95% Cl 0.91-2.04), for sec-
ond year admissions and 1.21 (95% Cl 1.10-1.33) and 1.16 (95% Cl
1.03-1.32) for second year antibiotics (Table 5). Again, adjusting for
adverse birth outcomes attenuated the associations, only leaving
treatment before the third trimester significantly associated with first
year admissions for infection and second year antibiotics. Tables S9 &
S10 present these analyses stratified by maternal disease type IBD/
ARTPSO with a similar pattern for both. Third trimester treatment was
associated with an increased risk for second year admissions in chil-
dren to mothers with ARTPSO, but with a wide confidence interval,
and based on 11 events. The risk estimates for first year admissions for
infection were higher for anti-TNF treatment before the third trimes-
ter only, as compared to non-biologic systemic treatment (Table 3).

Stratifying the analyses comparing anti-TNF treatment with
the general population and with full adjustment in IRR2, the
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country-specific results for first year admissions for infection were
1.52 (95% Cl 1.26-1.84) for Denmark, 1.52 (95% Cl 1.00-2.31) for
Finland and 0.93 (95% CI 0.70-1.25) for Sweden (Table S11). For all
other comparisons between anti-TNF treatment and the general
population, and nonbiologic systemic treatment and the general
population, the results were similar for the three countries. Finally,

there was no distinct pattern of type of infection (Table 512).

4 | DISCUSSION
In this three-country population-based study on paediatric infections
after maternal anti-TNF treatment in pregnancy, we found slightly in-

creased rates of paediatric infections as defined by hospital admissions

BROMS T AL.

FIGURE 1 Adjusted incidence rate

for (A) hospital admissions for infection
and (B) antibiotic prescriptions per 100
person-quarters for anti-TNF (red),
nonbiologic systemic treatment (blue) and
general population (green). [Correction
added on August 12, 2020, after first
online publication: The labels for the X
axes in Figures 1A and 1B have been
revised.]

11 12

1 12

for infection in the first year of life, as well as increased rates for anti-
biotic prescriptions in the second year of life. However, the IRRs for in-
fections were similarly increased when considering treatment before
the third trimester only or treatment in the third trimester, and was not
consistently higher with combination therapy. Also, nonbiologic sys-
temic treatment exhibited a similar association, only subtly differing
from anti-TNF treatment for first year admissions for infection. There
was no marked difference among adalimumab, etanercept and inflixi-
mab, and there was no distinct pattern for type of infection.

Anti-TNF treatment affects the risk of infections,'®!

and by pla-
cental transfer, this effect may be transferred to the child. The results
from observational studies are conflicting. One study reported that
anti-TNF treatment in combination with other immunomodulators,

but not as monotherapy, was associated with an increase in paediatric
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TABLE 5

BROMS T AL.

Incidence rate ratios for hospital admission for infection and antibiotic prescriptions for infants with maternal exposure to

anti-TNF before the third trimester only (90 days before first day of last menstrual period until start of third trimester), or during the third
trimester of pregnancy, with or without earlier treatment, compared to the general population

Outcome Year of life Exposure N
Infections First year General population 1617 886
Before third trimester 727
During third trimester 300
Second year General population 1063 487
Before third trimester 505
During third trimester 203
Third year General population 906 164
Before third trimester 391
During third trimester 148
Antibiotics  First year General population 1617 886
Before third trimester 727
During third trimester 300
Second year General population 1063487
Before third trimester 505
During third trimester 203
Third year General population 906 164
Before third trimester 391
During third trimester 148

Events Rate IRR1*  (95% Cl) IRR2®  (95% Cl)
179 939 11.2 1.00 Ref. 1.00 Ref.

115 15.9 1.51 (1.25-1.82) 1.36 (1.13-1.64)
54 18.0 1.30 (1.00-1.69) 1.17 (0.91-1.52)
81033 7.6 1.00 Ref. 1.00 Ref.

43 8.5 1.23 (0.89-1.71) 1.10 (0.80-1.52)
27 13.3 1.36 (0.91-2.04) 1.20 (0.80-1.79)
32706 3.6 1.00 Ref. 1.00 Ref.

14 3.6 0.90 (0.47-1.74)  0.80 (0.42-1.53)
5 3.4 1.04 (0.45-2.39) 091 (0.40-2.07)
710 487 44.0 1.00 Ref. 1.00 Ref.

270 374 1.07 (0.96-1.20) 1.06 (0.95-1.19)
IS8 44.4 1.07 (0.92-1.26) 1.05 (0.90-1.24)
753765 711 1.00 Ref. 1.00 Ref.

376 74.7 1.21 (1.10-1.33)  1.19 (1.08-1.30)
171 84.5 1.16 (1.03-1.32) 1.13 (0.99-1.28)
311 297 34.6 1.00 Ref. 1.00 Ref.

128 329 1.07 (0.89-1.27) 1.05 (0.88-1.26)
65 44.2 1.18 (0.92-1.50) 1.13 (0.88-1.44)

2IRR1 Adjusted for age, parity, smoking, body mass index, year of birth, country, the interaction between year of birth and country and chronic

inflammatory diagnosis.

PIRR2 Additionally adjusted for preterm birth, small for gestational age, low birth weight and caesarean section.

for infection in exposed children that are more distinct in the first
year of life.

There was also an increased rate of infections after nonbiologic
systemic treatment compared to the general population. Most of
these agents are transferred across the placenta,®>%® but it is un-
certain if this affects the child's susceptibility to infections. For
nonbiologic systemic treatment, health-seeking behaviour may
confound the result as for anti-TNF, but there may also be a true
effect which needs to be further explored. Combination therapy
was, however, not consistently associated with higher infection
rates than monotherapy in the current study, thus not supporting
an added effect of nonbiologic systemic treatment to anti-TNF.

We found no convincing and consistent differences between
anti-TNF treatment before the third trimester only or with treat-
ment during the third trimester. We did observe increased risks for
late treatment and second year hospital admissions in the ARTPSO
subgroup, but instead the results for earlier treatment reached
statistical significance for first year admissions and second year
antibiotics in both adjustment models for the whole anti-TNF
group. Since the anti-TNF agents are not transferred across the
placenta in significant amounts until later in pregnancy, another
mechanism than the active transport of anti-TNF antibodies may
come into play associating treatment before the third trimester
with paediatric infections, but can as far as we know only be spec-

ulated about.

4.1 | Strengths and limitations

Using national health register data from three countries, we were
able to collect a large study population including over 1000 exposed
children and presented results for all anti-TNF as well as for the most
common agents separately. The data were prospectively collected,
eliminating recall bias. We were unable to shape the data being col-
lected to include disease-specific variables on activity and severity.
Moreover, register data do not ascertain that exposure actually took
place. However, these are costly drugs that require refrigeration,
and are likely taken as prescriptions are filled. Some administration
of anti-TNF is not recorded as filled prescriptions in registers, par-
ticularly intravenous administration. Although we had some addi-
tional data from the disease-specific registers, some women treated
with anti-TNF may have been classified as untreated. We did not
have data to assess treatment in more detail than by trimester. On
the other hand, we followed the children up to 3 years of age and
assessed the infection rates over time. We lacked information on
breastfeeding, which may affect (a) the child's exposure to maternal
treatment, although anti-TNF agents are not transferred to breast
milk to any large extent and are not well absorbed from the gas-
trointestinal tract,®” and (b) the child's immunocompetence by the
transfer of maternal IgA antibodies.>® We also lacked information
on maternal infections, which may be transferred to the child during

pregnancy, delivery or during the child's first years.
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5 | CONCLUSIONS

Maternal treatment with anti-TNF during pregnancy was associated
with an increase in paediatric infections, particularly in the first year
of life, compared to nonbiologic systemic treatment and to the general
population. However, the increased risks observed for anti-TNF were
small and decreased with increasing age. They were present even with-
out treatment in the third trimester and were not further increased with
nonbiologic systemic treatment combination therapy, even though non-
biologic systemic treatment in itself was associated with an increased
risk of paediatric infections. In conclusion, these are reassuring results,
supporting continued treatment in the third trimester, particularly if the
alternative is a risk of disease relapse in the pregnant woman.
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