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Abstract

Objectives: During pregnancy, small quantities of maternal cells are naturally transmitted to the
fetus. This transmission, termed maternal microchimerism (MMc), has been implicated in
autoimmune diseases but its potential role is unclear. We aimed to investigate if MMc at birth
predicted childhood celiac disease (CD) risk, a common immune-mediated enteropathy often
presenting in childhood.

Methods: We designed a case-control study, nested in the Norwegian Mother, Father and Child
Cohort. Participants were HLA class Il typed to determine non-inherited, non-shared maternal
alleles (NIMA). Droplet digital (dd) PCR assays specific for common HLA class Il NIMAs
(HLA-DQB1*03:01, *04:02 and *06:02/03) were used to estimate the quantity of maternal
DNA, as a marker of maternal cells, in cord blood DNA from 124 children who later developed
clinically diagnosed CD (median age at end of study 7.4 years, range 3.6-12.9) and 124 random
controls. We tested whether presence of MMc was associated with CD using logistic regression,

and compared ranks between cases and controls.
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Results: MMc, e.g. maternal HLA antigens not inherited by the child, was found in 42% of cases
and 43% of controls, and not associated with CD (odds ratio (OR) 0.97, 95% confidence interval
[C1] 0.58-1.60). The ranks of MMc quantities in cases and controls were also similar (Mann-
Whitney U test p=0.71). The subgroup with HLA-DQB1:03*01 as their NIMA had a potential
association with MMc, where levels >median was associated with CD (OR 3.78, 95%CI 1.28-
11.18).

Conclusions: MMc measured in cord blood was not associated with later risk of CD.

Keywords: Microchimerism, HLA, Celiac Disease, Pregnancy, Childhood, mother and child

cohort study

What is known
e Maternal microchimerism is the naturally occurring transmission of a small number of
maternal cells to the fetus during pregnancy.
e Maternal microchimerism has been linked to some autoimmune diseases, but it is unclear
how it is involved in disease development or tissue regeneration.
e Celiac disease is an increasingly prevalent disease but there are no studies on a possible

association with maternal microchimerism.

What is new

e The presence, or levels of, maternal microchimerism at birth were not associated with

later celiac disease in the offspring.
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Introduction

Maternal microchimerism (MMc) results from the transfer of maternal cells to the fetus during
pregnancy. Maternal cells from lymphoid and myeloid cell lineages, as well as hematopoietic
progenitors, are present in offspring tissues and can persist to adulthood, (1, 2) suggesting a state
of immunological tolerance to non-inherited maternal antigens (NIMA). Protection of maternal
cells from the developing fetal immune response is through induction of regulatory T cells (Teg).
(3) Mice studies have confirmed that MMc induces stable tolerance to NIMA in offspring.
Female offspring with mates sharing these antigens experience reduced fetal wasting,
establishing a role for MMc in reproductive fitness. (4) Maternal antigens during pregnancy
represents the first fetal immunological challenge and could influence tolerance to antigens
encountered in utero, and possibly after birth. In mice, T cell MMc from alloreactive mothers
resulted in inflammation and diminished frequency of Tegs in offspring, which indirectly links
MMc and autoimmunity. (5) Several immune-mediated diseases, including type 1 diabetes
(T1D), have been associated with increased levels of MMc measured after disease onset, (6-11)
but it is unclear whether MMc levels at birth predict future disease development. While maternal
cells may expand postnatally, possibly as a result of disease, identification of differential levels
already at birth could provide improved insight into potential mechanisms and potentially aid in
disease prediction. To the best of our knowledge, the only previous study of cord blood MMc
and later immune-mediated disease is our own study of T1D, a disease that shares etiological
traits with CD. We hypothesized that a higher degree of MMc would be associated with lower
risk of both CD and T1D in The Norwegian Mother, Father and Child Cohort Study (MoBa). We

have recently published our results on T1D, where we did not find any clear relationship. (12)
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Although MMc in cord blood was not associated with later development of T1D, MMc could
play a role in CD.

Celiac disease (CD) is a chronic immune-mediated disorder where dietary gluten causes an
inflammatory response leading to villous atrophy and intestinal malabsorption. CD and T1D
share genetic factors, such as high-risk Human Leucocyte Antigen (HLA) genotypes, and could
share pathogenic mechanisms. (13, 14) The diseases also likely have non-shared factors and
biological mechanism. HLA alleles confer genetic risk, with almost all CD patients expressing
HLA-DQ2.5, HLA-DQ8 or HLA-DQ2.2. (15) ) While the exact mechanism linking MMc to
autoimmunity has not been delineated in detail, it is conceivable that MMc can influence
tolerance to tissue transglutaminase, gluten peptides, or both, by a general influence on
immunological tolerance. Other possibilities includes a potential role in tissue healing capacity,
or antiviral response, by proliferation and differentiation of maternal cells as a response to
injury.(16) CD specific autoantibodies usuaHy often develop the first years of life early in life.
(17, 18) The unknown processes leading to CD development could start in fetal life, (19) and
could possibly be associated to MMc (e.g development of a tolerogenic or proinflammatory
phenotype in the fetus, or MMc could be a marker for a healthy pregnancy).

In this study, we aimed to investigate whether quantity of maternal cells, estimated by genomic

equivalents of maternal DNA in cord blood at birth, were associated with later risk of CD.

Methods
We designed a nested case-control study in the Norwegian Mother, Father and Child Cohort
Study (MoBa) (20), which recruited approximately 114,000 children and their mothers (41% of

eligible mothers participated) from all over Norway during 1999-2008. The current study uses
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data from repeated questionnaires (using the version VIII of the MoBa data), maternal
postpartum and offspring cord blood samples (21). All study participants gave written informed
consent. The study also uses data (maternal parity, sex, age and cesarean section) from the
Medical Birth Registry of Norway (MBRN), which is a national health registry containing
information about all births in Norway. The establishment of MoBa and initial data collection
was based on a license from the Norwegian Data protection agency and approval from The
Regional Committee for Medical Research Ethics. The MoBa cohort is currently regulated by the
Norwegian Health Registry Act. The current study was approved by The Regional Committees
for Medical and Health Research Ethics.

Ascertainment of case status

For a detailed description of the case status ascertainment, please see our previous publication.
(22) Briefly, we used the Norwegian Patient Register (NPR) and parental questionnaires to
identify children in MoBa diagnosed with CD, which was validated by contacting a subset of
families with children registered with CD in the NPR and asking these to provide details of the
diagnostic process. We defined CD as minimum two registrations of the International
Classification of Diseases-10 code K90.0 in the NPR by December 31, 2013 or CD reported by
parental questionnaires administered when the child is 7 to 8 years. Children with a single entry
in the NPR and no confirmation of CD diagnosis in the questionnaires were excluded to reduce
the possibility of misclassification. Pediatric celiac disease diagnostic work-up is mainly
hospital-based in Norway. Reporting to the NPR is mandatory and linked to governmental
reimbursement for funding health services. Parents validated 92 % of the CD diagnoses, with
most based on biopsy (83%) or positive serology. (23) We selected children in the MoBa study

that were alive at 1 year of age (n=113,053). From these, we retrieved biobanked blood samples
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from CD cases diagnosed by 1st of January 2013 (blood samples available for 416 of 635 cases).
Controls were randomly selected from MoBa participants with available blood samples. Controls
were selected randomly from MoBa participants (1009 random dyads, with 550 having available
cord blood and 530 having a maternal pregnancy blood sample). As controls planned to be used
as shared controls for several studies they were randomly picked. No postnatal blood samples
were available to screen for transglutaminase 2 antibodies, nor were controls matched for any
characteristic. Random controls identified with diagnosed CD at the end of follow-up were
excluded as controls, according to the traditional case-control design for valid estimation of odds
ratios for association. (24) Baseline characteristics for those with available blood samples were
largely similar to the whole MoBa cohort, except a lower proportion of caesarean section and
premature birth (see reference (25)).

After genotyping, we had 916 dyads that were evaluated for MMc. Not all participants had
informative NIMA, and ddPCR assays were not available for all HLA alleles, resulting in 124
mother/child-pairs where the child developed CD and 124 control pairs in the analysis. Figure
1B shows a Sankey diagram, where the width of the branches correspond to the number of
participants, which show the number of participants at each stage of this study. Data from the
same random controls were used in a previous publication. (12) Characteristics of the
participants are shown in Table 1.

Sampling

Maternal venous blood samples were collected in EDTA tubes during pregnancy. At birth, cord
blood was obtained from the umbilical cord vein using a syringe (20, 21, 26). DNA was

extracted and stored at the biobank at -20°C until analysis. For details, see (21, 26, 27).
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Genotyping of human leukocyte antigen

Mothers and children were genotyped using a custom Illumina Golden Gate assay (Illumina, San
Diego, CA). Briefly, tag SNPs (n = 144) on chromosome 6 were used to impute human
leukocyte antigen (HLA) class 11 genotype. (28) For each dyad, we inferred the non-inherited,
non-shared HLA-DQBL allele (Figure 1), which was subsequently confirmed by classical HLA
genotyping using allele specific PCR on all samples. (29) DNA extraction, genotyping methods
and quality control procedures are described in detail in a previous publication (30).
Quantification of maternal microchimerism

In this study, MMc was defined by the presence of non-inherited, non-shared maternal HLA
alleles. Dyads with a non-inherited, non-shared maternal HLA alleles were termed informative
and included in the study. For example, if the mother is HLA DQB1 03:01/04:02 and the child is
HLA DQB1 04:02 homozygous, the non-inherited non-shared HLA DQB1 is 03:01, which can
be measured with our approach (Figure 1). Shared, non-inherited HLA alleles, present if mother
is HLA-DQB21 homozygous or if mother and child shares both HLA-DQBL1 alleles, would mask
the non-inherited maternal allele. For example, if the mother was homozygous HLA-DQB1
03:01 the child would carry at least one HLA-DQB1 03:01 genotype which would make it
impossible to quantify the non-inherited maternal DQBL1 allele. We termed these non-
informative, as we could not separate signals from the MMc from the child’s own HLA-DQB1
genotype, and they were not included in the study (Figure 1). MMc levels were measured by
quantifying the amount of NIMA specific DNA in cord blood in informative dyads. We used
available, allele-specific droplet digital [dd] ddPCR assays for three common NIMAs
(DQB1*03:01, DQB1*04:02, DQB1*06:02/*06:03), as described previously (12) using the

ddPCR QX200 system (Bio-Rad, California, USA). The allele-specific ddPCR assays used were
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developed at the time of the study, based on previous quantitative PCR assays, (7, 10) with focus
on some of the most commonly non-inherited and non-shared alleles. Final primer and probe
concentrations optimized for DQB1*04:02 and DQB1*06:02/03 at 100nM and 300nM, and
DQB1*03:01 at 300nM and 100nM respectively. DNA was quantified using the QuantiFluor
dsDNA system (Promega, Madison, USA). Ten wells were run for each sample, loaded at 10,000
genomic equivalent (gEq) equal to 33ng; 100,000 gEqg was screened per sample. MMc level was
determined by total copy number of NIMA HLA allele specific positive cells per 1 000 000 host
cells (as determined by beta-globin). A priori, we decided to consider a sample positive only if at
least two of ten wells were positive, to minimize any potential false positives. Samples with only

one positive well (n = 62) were set to an MMc value of zero.

As the measured MMc levels between probes are not directly comparable, we calculated MMc z-
scores by subtracting the NIMA specific mean and dividing by the standard deviation (both
calculated from control children), all done on log,.transformed raw values.

Other covariates

A priori, we chose maternal smoking (at end of pregnancy), and child’s sex, as our primary
adjusting variables, as those variables have been associated with CD and could conceivably
influence MMc. (31, 32) Maternal CD was only present in case children, and was therefore not
included as an adjusting variable, but a sensitivity analysis was done where we excluded the
dyads with maternal CD. As a sensitivity analysis, we also adjusted for other potential relevant
variables as maternal age, pre-pregnancy BMI and caesarean section as these have in some
studies been associated to offspring CD risk. Characteristics of the participants are presented in

Table 1.
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Statistical analysis

We used logistic regression to estimate odds ratios (ORs) for childhood CD according to the
presence of any MMc in cord blood (positive vs negative), and divided into three categories of
quantities (negative, <median and >median of the quantifiable MMc values). We also tested
whether the ranks of MMc differed between cases and controls using a Mann-Whitney U test. In
a secondary analysis, we stratified the analyses by specific NIMAs. Due to missing data on
covariates, not all participants were included in the adjusted analyses (number of participants
included per analysis given in Table 2). To assess the sensitivity of our results towards the cut-
off for MMc positivity, we reran the analysis when also calling samples positive if only one of
10 replicates were positive. We also investigated the potential association between HLA
genotypes (either offspring or maternal HLA-DQ2.5, DQ8 or DQ6) and MMc positivity in the

random control sample. All analyses were done in Stata Release 15 (College Station, Tx, USA).

Results

We measured MMc in 124 cases and 124 controls, and MMc was detected with similar
frequencies in both groups (42 vs 43%, respectively), resulting in an adjusted odds ratio (aOR) of
1.00 (95% CI 0.59 - 1.70, p = 0.99) for the presence (detectable levels) of MMc in cord blood
(Table 2). When analyzing the data as categories (divided into negative, <median and >median),
no category reached statistical significance (aOR 1.08, 95%CI 0.79 - 1.47, p= 0.63 per increase
in category; Table 2). The ranks of MMc values in cases and controls were also similar (Mann-
Whitney U test p = 0.71). The calculated MMc values are shown in Supplemental Figure 1

(Supplemental Digital Content, http://links.lww.com/MPG/B870).
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In a subgroup analysis, there was a possibly association between >median levels of HLA-
DQB1:03*01 MMc and later CD (aOR 3.12, 95% CI 1.02 — 9.51, p = 0.05; Table 2). The ranks
of this NIMA was significantly different between cases and controls (Wilcoxon rank-sum test p
=0.01). Presence of HLA-DQB1:03*01 MMc in cord blood was not statistically associated with
later development of CD, although estimates were increased (aOR 2.38, 95% C1 0.91 - 6.27, p =
0.08; Table 2).

Running the analysis with samples positive only in one replicate set as positive, or additional
statistical adjustment for maternal smoking, pre-pregnancy BMI, caesarean section, child’s HLA
genotype and sex (categorized as in Table 1) gave similar results as the main analysis (Table 3).
Excluding dyads with maternal CD (n = 7) gave essentially unchanged results (data not shown).
Neither offspring HLA genotype (DQ2.5 [aOR 1.0, 95% C1 0.5-2.0, p=0.9], DQ8 [aOR 1.0, 95%
Cl1 0.7-1.6, p=0.9] or DQ6 [aOR 1.1, 95% CI 0.4-3.0, p = 0.8]), or maternal HLA genotype
(DQ2.5 [aOR 0.9, 95% CI 0.4-2.4,p=0.9], DQ8 [aOR 1.2, 95% CI 0.8-1.9, p=0.4] or DQ6 [aOR

1.2, 95% CI 0.6-2.4, p = 0.7]),was associated with MMc positivity.

Discussion

In this first study investigating MMc and CD, we found no overall association between MMc in
cord blood and CD.

Early ‘life factors, which could play a significant role in the pathogenesis of autoimmune
conditions have remained the least understood despite rigorous investigation. While MMc has
been linked to autoimmunity, most studies are in patients after diagnosis, (6-11) and it is unclear
whether MMc would be a risk factor for disease or involved in tissue repair. (16, 33, 34) There

are few studies of cord blood MMc and later disease. This is the first study on MMc and CD, and
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like our previous study on MMc and T1D in cord blood we do not find a clear association with
later disease. (12) Taken together, this could indicate that MMc levels at birth are not predictive
of later immune-mediated disease. Yet, we cannot rule out that MMc in specific tissues (e.g high
amounts of MMc in the pancreas could be associated with T1D), specific MMc cell types, or at a
later time could be associated with disease. It might also be that increased levels of MMc
observed in diseases might be a result of maternal cells proliferating as a response to tissue
damage, and thus therefore be a consequence of disease rather than a predisposing factor. Studies
investigating MMc levels in patients with CD are necessary to investigate a potential later
association between MMc and CD.

Strengths of this study include the prospective nature and large number of cord blood samples
from the Norwegian population, Illumina genotyping on mothers and offspring for HLA
imputation and identification of samples where the NIMA could be identified and tested for
quantitatively. Prior to NIMA specific ddPCR analysis, all imputed HLA results were confirmed
by conventional HLA analysis to prevent false negative results. The number of samples with
detectable MMc levels are slightly higher or similar to what has been reported in other studies
using cord blood, (35-38) which shows the suitability of sensitive PCR approaches such as the
ddPCR method. Using samples taken at birth eliminates the risk that development of CD, or
possible postnatal environmental factors risk factors influences our results.

A limitation is that although cord blood samples were available for 416 individuals who later
developed CD, NIMA analysis was only possible on 124 (~30%) cases. This was due to lack of
an informative NIMA in mother-child pairs, and individual ddPCR assays not being available for
all HLA alleles. Although covering all possible NIMA alleles would be optimal, the benefit of

establishing/optimizing new assays for every possible allele leads to limited returns on invested
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time and funds. As in any study reporting null findings, the possibility of a type 2 error should be
considered. Our study could lack power due to the limited number of participants with a positive
MMc measurement, but our study is also amongst the largest studies on MMc and disease (8, 34,
39, 40). As this is an observational study, we cannot rule out unmeasured confounding. In
general, participants in studies such as MoBa tend to be healthier, more educated and have
higher socioeconomic status than the general population, which could make our results not
generalizable. It seems implausible that MoBa participation or socioeconomic factors would be
associated with MMc status. We cannot rule out that some controls would have unknown celiac
disease, that some controls could develop CD after the study, or that some case children are
misdiagnosed. Most case children in this cohort were diagnosed based on biopsy (83%) and
serology,(23) and we expect misdiagnosed cases to be rare. A plausible prevalence of
misdiagnosed cases, or undiagnosed CD in control children (e.g in the range 0.5 - 2%), would
only lead to a couple of misclassified participants, and is unlikely to affect the interpretation of
results substantially. It could also be that specific maternal cell types, genotypes, phenotypes or
combinations of these, could be important in determining the influence from MMc in offspring.
(5) Our main analysis was on general MMc levels at birth, and we only report subgroup analysis
on the specific NIMAs used in the study. This is both due to lack of data (e.g on MMc cell types
present), and to avoid multiple testing. The large number of potential subgroups and interactions
that could be tested would probably lead to an unacceptable high number of false positive results
due to multiple testing. We have available samples from birth, but transfer of maternal cells is
believed to start from the second trimester, (41) and could fluctuate during gestation or due to

labor. (42)
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In conclusion, our findings do not support an association between MMc levels at birth and later
CD.
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Figure 1 legend

Figure 1 shows the study design, and distribution of NIMAs measured. Panel A is an illustration
of informative vs. non-informative NIMA. A non-informative genotype results if the mother is
homozygous, or if mother and child share both HLA-DQBL1 alleles, which masks the NIMA.
Panel B is a Sankey diagram with participant numbers at each category in this study, and how
many cases and controls were included in the final analysis (generated using R (version 3.6.1),

riverplot package (version 0.6, Weiner, J. 2017)).

A HLA DQB1 genotype

Maternal genotype 03:01 04:02 03:01
(shared allele in bold) 03:01 06:03 03:01
Child genotype 03:01 04:02 03:01
(maternal inheritance in bold) \04:02 06:03 03:01

Non-Inherited Maternal Allele
(NIMA) 0301 0603 0301 0201 0301 0603
Non-informative Informative
Type of NIMA Cannot separate MMc Other NIMA ddPCR assay
from child’s genotype (No assay) available
B ddPCR assay available
248

MMc genotype Cases/
(HLA-DQB1) Controls

*03:01
36 Cases,
n=76 40 controls
Informative NIMA *04:02 11 Cases,
744 n=25 14 controls
*06:02/03 —
Dyads n =147 70 controls
tested
52 Excluded
916

444 Othgr NIMA
(lacking assays)

172 Non-informative NIMA

Copyright © ESPGHAN and NASPGHAN. All rights reserved.



Table 1: Characteristics of cases with celiac disease diagnosis and randomly selected

controls in the present study.

Controls (n = 124)

Cases (n = 124)

Median age (range) at end of follow-up* (years)

Female sex

Preterm birth

Missing data

Maternal parity

No earlier births

One

Two or more

Maternal CD

Maternal age (years (median, range))
19-24

25-34

35-42

Maternal smoking during pregnancy
Non-smoker at end of pregnancy’
Smoked at end of pregnancy

Missing data

Pre-pregnancy BMI (kg/m?%(median, range))
<25

25-30

>30

Missing data

Child’s HLA genotype*

Neutral (No DQ2.5)

Increased risk (DQ2.5 heterozygote)
High risk (DQ2.5 homozygote)
Caesarean delivery®

7.0 (3.6 — 12.5)

64 (51.6%)
4 (3.1%)

59 (47.6%)
39 (31.5%)
26 (21.0%)
0

30 (19 - 40)
17 (13.7%)
84 (67.7%)
23 (18.5%)

102 (82.3%)

17 (13.7%)

5 (4.0%)

24.0 (18.7 — 37.8)
67 (53.2%)

34 (27.0%)

12 (9.5%)

13 (10.3%)

91 (73.4%)
30 (24.2%)

3 (2.4%)
15 (12.1%)

7.7 (3.7-12.9)

70 (56.5%)
6 (4.7%)
1 (0.8%)

53 (42.7%)
49 (39.5%)
22 (17.7%)

;

30.5 (19 — 40)
13 (10.5%)
96 (77.4%)
15 (12.1%)

106 (85.5%)

12 (9.7%)

6 (4.8%)

24.1 (16.7 — 39.5)
28 (39.4%)

27 (38.0%)

10 (14.1%)

6 (8.5%)

24 (19.4%)
78 (62.9%)
22 (17.7%)
16 (12.9%)

* January 1%, 2013; CD cases diagnosed prior to this date were included in this study.
1 Including those that quit smoking shortly before or during pregnancy.

 Number of DQ2.5 [DQA1*05:01-DQB1*02:01] alleles.

8 Includes emergency (six controls, eight cases; n = 14) and elective (nine controls, eight cases, n

= 17) caesarean section.
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Table 2: Odds ratios for the association between MMc, measured by non-inherited

maternal HLA alleles, in cord blood and offspring celiac disease.

Presence of detectable MMc Cases* Controls* OR (95% CI) aOR (95% P-
chf value’
Any* NIMA 49/118 50/119 0.97(0.58—- 1.00(0.59- 0.99
1.60) 1.70)
DQB1*03:01 NIMA 24/35 18/40 2.78(1.08- 2.38(091- 0.08
7.14) 6.27)
DQB1*06:02/03 NIMA 2272 28/65 0.57(0.29- 065(0.32— 0.25
1.12) 1.34)
Categorical analysis®
Any3t NIMA, Undetected 69/118 69/119 Ref. Ref.
Any* NIMA < median 19/118 26/119 0.72(0.37- 0.76 (0.38— 0.44
1.42) 1.52)
Any* NIMA > median 30/118 24/119 1.21(0.66-  1.25(0.66- 0.50
2.21) 2.36)
Per category increase 49/118 50/119 1.06 (0.79—- 1.08(0.79- 0.63
1.42) 1.47)
DQB1*03:01 NIMA, undetected 11/35 22/40 Ref. Ref.
DQB1*03:01 NIMA < median 8/35 9/40 1.78 (0.54—-  1.64(0.48—- 0.43
5.88) 5.53)
DQB1*03:01 NIMA > median 16/35 9/40 3.78(1.28—  3.12(1.02- 0.05
11.18) 9.51)
Per category increase 24/35 18/40 194 (1.13- 1.76 (1.01- 0.05
3.33) 3.07)
DQB1*06:02/03 NIMA, 50/72 37/65 Ref. Ref.
undetected
DQB1*06:02/03 NIMA < median 11/72 15/65 0.54(0.22— 0.70(0.28— 0.45
1.30) 1.76)
DQB1*06:02/03 NIMA > median 11/72 13/65 0.60(0.26 - 0.61(0.24— 0.30
1.39) 1.54)
Per category increase 22[72 28/65 0.75(0.50- 0.78(0.51- 0.27
1.12) 1.21)

OR: Odds Ratio; aOR: adjusted OR; CI: Confidence Interval

* positive / total number of participants included in the adjusted analysis. There were 124 cases and 124

controls in total in the unadjusted analyses. Numbers vary due to missing values for some covariates (see

Table 1). The results are shown for the whole group (the first line, Any NIMA), followed by subgroups

analyses.T adjusted for maternal smoking and child’s sex
1 combining DQB1*03:01, *04:02 and *06:02/03. The DQB1*04:02 NIMA subgroup was not analyzed

separately due to low number of children (n=25) with measurable quantities (n=7) in this group.

§ the median value was calculated from controls with detectable levels
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Table 3: Sensitivity analyses

aOR (95% CI)*, aOR (95% CI)T, aOR (95% CI)*,
Main analysis additionally adjusted including unreplicated
positives
Presence of detectable MMc
AnyI NIMA 1.00 (0.59 - 1.70) 0.72 (0.37 - 1.40) 1.27 (0.74 — 2.18)
DQB1*03:01 NIMA 2.38 (0.91-6.27) 2.71(0.63 - 11.62) 2.43 (0.79 — 7.46)
DQB1*06:02/03 NIMA 0.65 (0.32 - 1.34) 0.46 (0.19-1.12) 0.89 (0.43-1.82)
Categorical analysis§
Any* NIMA, Undetected Ref. Ref. Ref.
Any NIMA < median 0.76 (0.38 — 1.52) 0.51 (0.21 — 1.24) 0.91 (0.47 — 1.77)
Any* NIMA > median 1.25 (0.66 — 2.36) 0.94 (0.43 — 2.09) 1.61 (0.88 — 2.97)
Per category increase 1.08 (0.79 — 1.47) 0.92 (0.62 —1.35) 1.27 (0.94 - 1.73)
DQB1*03:01 NIMA, undetected Ref. Ref. Ref.
DQB1*03:01 NIMA < median 1.64 (0.48 — 5.53) 0.93 (0.13 - 6.87) 0.86 (0.20 - 3.62)
DQB1*03:01 NIMA > median 3.12 (1.02 - 9.51) 4.82 (0.88 — 26.39) 3.94 (1.19 - 13.04)
Per category increase 1.76 (1.01 - 3.07) 2.15 (0.94 — 4.96) 2.12 (1.16 — 3.86)
DQB1*06:02/03 NIMA, Ref. Ref. Ref.
undetected
DQB1*06:02/03 NIMA < median ~ 0.70 (0.28 — 1.76) 0.47 (0.15— 1.51) 0.99 (0.43 - 2.29)
DQB1*06:02/03 NIMA > median —0.61 (0.24 — 1.54) 0.46 (0.15 — 1.38) 0.79 (0.34 — 1.84)
Per category increase 0.78 (0.51 -1.21) 0.63 (0.38 —1.07) 0.89 (0.58 — 1.36)

aOR: adjusted OR; ClI: Confidence Interval.

Main analysis is shown leftmost for comparison, followed by an analysis including more covariates, and an analysis
including the measured values of samples which were positive in only one of ten replicates (originally set to zero in
the main analysis).

* adjusted for maternal smoking and child’s sex

1 adjusted for maternal age, pre-pregnancy BMI, maternal smoking, caesarean section, child’s sex and HLA risk for
CD (0,1 or 2 DQ2.5 alleles).

1 combining DQB1*03:01, *04:02 and *06:02/03. The DQB1*04:02 NIMA subgroup was not analysed separately
due to low number of children with measurable quantities in this group.

§ the median value was calculated from controls with detectable levels.
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