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Abstract
Background Sudden infant death syndrome (SIDS) causes
early infant death with an incidence between 0.5 and 2.5 cases
among 1000 live births. Besides central sleep apnea and ther-
mal dysregulation, infections have been repeatedly suggested
to be implicated in SIDS etiology.
Methods To test the risk contribution of common genetic var-
iants related to infection, we genotyped 40 single-nucleotide
polymorphisms (SNPs) from 15 candidate genes for associa-
tion with SIDS in a total of 579 cases and 1124 controls from
Germany and the UK in a two-stage case control design.
Results The discovery-stage series (267 SIDS cases and 303
controls) revealed nominally significant associations for vari-
ants in interleukin 6 (IL6) (rs1880243), interleukin 10 (IL10)

(rs1800871, rs1800872), and mannose-binding lectin 2
(MBL2) (rs930506), and for several other variants in sub-
groups. Meta-analyses were then performed in adding geno-
type information from a genome-wide association study of
another 312 European SIDS cases and 821 controls. Overall
associations were observed for two independent variants in
MBL2: rs930506 in a co-dominant model (odds ratio
(OR)=0.82, p=0.04) and rs1838065 in a dominant model
(OR=1.27, p=0.03).
Conclusion Our study did not replicate published associations
of IL10 variants with SIDS. However, the evidence for two
independent MBL2 variants in the combined analysis of two
large series seems consistent with the hypothesis that infection
may play a role in SIDS pathogenesis.
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Introduction

Sudden infant death syndrome (SIDS) is the leading cause of
death in infants aged between 1 month and 1 year in industri-
alized countries [1] with an incidence between 0.5 and 2.5
cases among 1000 live births [2]. SIDS is both unforeseeable
and unexpected by history, and thereinafter, undertaken inves-
tigations usually fail to demonstrate an adequate cause of
death [3, 4]. In 1969, Bergman pointed out that SIDS does
not depend on a single cause that leads to the death of an
infant, but rather on the interaction of several convening risk
factors [3]. Therefore, it seems unlikely that SIDS represents
one single disease; it rather stands for a collective term de-
scribing a heterogeneous clinical condition [5].

Most of the risk factors are established and include envi-
ronmental triggers on the one hand, such as sleeping in prone
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position, sleeping environment, overheating, season of the
year, and nicotine exposure [6–10]. On the other hand, there
are biological factors, which are less well understood and may
include genes involved in cardiac function, transmitter func-
tion in the brainstem, regulation of respiratory function, and
the immune system [11–15].

One research field of interest with regard to SIDS is the
medullary serotonergic (5-HT) network in the brainstem,
where serotonin is an important mediator of interactions be-
tween the nervous and immune system [16–18]. In this con-
text, Vege et al. pointed out that the brain might be the target
organ for a lethal mechanism initiated by an immune reaction
characterized by increased IL6 levels in cerebrospinal fluid
(CSF) of SIDS infants and infants that died from infectious
diseases [17, 18]. Rognum et al. hypothesized that IL6 binds
to IL6 receptors on 5-HT neurons and that this might result in
a downstream effect [16]. From postmortem examination re-
ports, over 40 % of infants affected by SIDS seem to show
signs of slight infection during the 2 weeks preceding death
[19, 20]. Especially upper respiratory tract infections are a
common finding of SIDS autopsies [21]. Other inflammatory
processes often seem to be located in the digestive tract, ner-
vous system and blood [1], and there is evidence that a rapid,
uncontrolled release of inflammatory mediators in response to
an infection or their toxins could be a causative factor of SIDS
[22]. The above-mentioned findings suggest that at least a
subset of the infants that later die of SIDS are more vulnerable
to simple infections and that an activated immune systemmay
be involved in SIDS pathogenesis [5]. Based on the indication
of immune response involvement in at least some SIDS cases
[23, 24], we hypothesized that polymorphisms located in
genes encoding some of the key modulators of the immune
system might lead to an increased tendency to infections and
thus to a more vulnerable infant with an increased liability to
die of SIDS. Although in previous studies some selected genes
related to inflammation were already tested for association
with SIDS, e.g., IL-10 [25–27] or IL-6 [16], a comprehensive
study on a broad scope of loci is missing. Therefore, we in-
vestigated 579 SIDS cases and 1124 controls for 40 polymor-
phisms in 15 candidate genes involved in immunomodulatory
mechanisms in two-stage case/control design.

Patients and methods

Patients

The SIDS group investigated at Hannover Medical School
includes 267 Caucasian infants from Germany (163 males
and 104 females; median age at death, 99 days; age range,
1–365 days). Information on sleeping position, date of birth,
and death were obtained from the postmortem examination
reports. The control group includes samples from 303 healthy

Caucasian children and adults from Hannover and Göttingen
(167 males and 136 females) obtained from consenting vol-
unteers or routine paternity testing. The cohort comprised 145
infants, aged between 8 and 12months (and thus past the peak
prevalence of SIDS), 63 girls and 82 boys. Due to
anonymization of the samples, an exact mean age could not
be given.

The replication sample consisted of 365 SIDS cases (age
range 8–365 days) with both autopsy information and
biosamples available. Of those, 317 originated from the
multi-center German study on sudden infant death (GeSID)
[28]; the other 48 cases were recruited and autopsied in the
UK at the Sheffield Children’s Hospital (SCHC) [29]. Both
GeSID and SCHC used a standardized autopsy protocol, and
only infants suffering from sudden unexplained death where
no causes of death could be determined postmortem were
classified as SIDS. For the replication sample, no information
concerning sex and ethnicity was available due to
anonymization. A total of 823 healthy controls (425 males
and 398 females) from the Kooperative Gesundheitsforschung
in der Region Augsburg (KORA) F4 study [30] were used. All
centers providing case data obtained the approval of their local
medical ethics committees. All participants in KORA have giv-
en writ ten informed consent and the Bayerische
Landesärztekammer approved the studies.

The cases included in the Hannover and replication sam-
ples can be counted among the subclassification “Category II
SIDS” [31].

Genetic analyses

Our selection procedure and two-stage case/control design is
illustrated in Online Resource 1. Discovery (first-stage
genotyping) was performed in the Hannover cohort.
Genomic DNA from blood, saliva, or thymus tissue samples
had been extracted using the QIAampDNAMini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instruc-
tions. Forty-six SNPs in 16 genes associated previously with
variable immunological responses in different diseases such as
sepsis, septic shocks, or toxic shock-like reactions were finally
genotyped after a selection based on literature search using
PubMed keywords “sepis, infection, cytokine polymor-
phisms, interleukin, singe nucleotide polymorphism, SNP,
gene polymorphism” (Online Resource 2). For genotyping,
allele-specific SNPtype assays were run on 192.24
Genotyping Dynamic Arrays using the Biomark EP1 platform
(Fluidigm Corp., South San Francisco, CA, USA). FAM and
HEX-labeled primers, detecting either one allele of the respec-
tive SNP, were designed by Fluidigm. Genotyping experi-
ments were performed as described [32]. For internal quality
control, 61 samples (10.7 %) were run in duplicates. FAM and
HEX signals were detected after each PCR cycle, and the
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resulting data were analyzed using the Fluidigm SNP
Genotyping Analysis software version 4.

Replication (second-stage genotyping) was performed
using GeSID [28] and SCHC [29] as cases and KORA F4
[30] as controls. All cases of GeSID and SCHC were geno-
typed on Illumina HumanHap660W-Quad BeadChips (657,
366 markers) following standard protocols. For the GWAS,
genotypes were called using Illumina’s Bead Studio software.
Controls from KORA F4 were genotyped on the Illumina
HumanHap550-Quad+ BeadChip (539,741 markers), and ge-
notypes were called also using Bead Studio. Due to the dif-
ferent genotyping platforms used for cases and controls, we
performed step-wise merging of the genotype data. GeSID
and SCHC data, both obtained with the 660 W-Quad, could
be directly merged; exclusion of monomorph markers and
discordant missing markers resulted in 561,490 remaining
markers. Merging with KORA genotypes and the same filter-
ing steps yielded a set of 505,759 markers available in all three
cohorts. A total of 312 cases (278 from GeSID, 34 from
SCHC) and 821 controls met quality control criteria (individ-
ual call rate ≥95 %, genotype call rate ≥98 %, MAF≥5 %,
PHWE ≥1e-5). Prephasing with ShapeIt2 followed by imputa-
tion using IMPUTE2 (http://mathgen.stats.ox.ac.uk/impute/
impute_v2.html) against reference data from 1000genomes
(http://www.1000genomes.org/) phase 1 version 3 genotypes
resulted in the final marker set of 4,634,138 polymorphisms
with info-score ≥0.8. Of the 40 SNPs from discovery stage, 11
were genotyped and 29 imputed in the replication sample.

Data analyses

In the Hannover cohort, genotypes were drawn from the clus-
ter plots after manual review, and Hardy–Weinberg equilibri-
um was tested using a χ2 test. SNPs with poor clustering
(n=6) were omitted from further data analysis. Statistical
analysis for the remaining 40 SNPswas performed under three
different models with Sequence Variation Suite 7.0 (Golden
Helix Inc.). A basic allelic test was employed to compare
allele frequency distribution between groups; furthermore, a
Cochrane–Armitage trend test for genotype distribution under
an additive risk model was applied. In addition, homozygous
major and minor allele genotype distributions were separately
compared between SIDS cases and controls under dominant
and recessive models, respectively.

For stratified analyses, samples were grouped into four
different subcategories according to parameters that are
known to increase the risk of SIDS as previously demonstrat-
ed [33, 34]. These include (i) gender (two strata: males only
(SIDS, n=159; controls, n=167) and females only (SIDS,
n = 94; controls, n = 74)), (ii) age at death (2–4 months
(n = 84) vs all controls), (iii) sleeping in prone position
(n=56, vs all controls), and (iv) a season category as a proxy
for outside temperature at the time of death (four strata: spring

(n = 61), summer (n = 56), autumn (n = 66), and winter
(n=65); each vs all controls).

Logistic regression analyses were performed to fit models
including the covariates gender, age group (six categories),
season (four categories), and sleep position, and odds ratios
and z-values were obtained by STATA12. Selected covariates
were also included in a case-only analysis using logistic
regression.

Haplotype analysis was performed using Haploview 4.0 to
detect and investigate SNP haplotypes that stood out in this
study. This analysis was limited to genes that harbored more
than one candidate variant, specifically IL6, IL10, IL10RA,
and MBL2. Linkage disequilibrium plots and pairwise LD
were a lso obta ined from the Single Nucleot ide
Polymorphism Annotator (SNiPA, http://snipa.helmholtz-
muenchen.de/snipa/) [35].

Meta-analyses were performed in adding genotype infor-
mation from a replication sample that included all candidate
loci studied here for 312 SIDS cases and 821 healthy controls.
Eleven variants had been genotyped directly, and 29 variants
had been imputed. Further meta-analyses for IL6 and IL10
included published results from a literature search using the
keywords “interleukin 6 and SIDS,” “IL6 and SIDS,” “inter-
leukin 10 and SIDS,” and “IL10 and SIDS” in PubMed (http://
www.ncbi.nlm.nih.gov/pubmed, approached on Aug 9,
2014).

Results

In the discovery sample, the Hannover SIDS study, a total of
570 individuals (267 SIDS and 303 controls) were successful-
ly genotyped for 40 candidate variants and were subjected to
data analysis. Call rates were above 95 % for all 40 SNPs.
Concordance rates were 100 % for 32 SNPs, 97.9 % for four
SNPs, and 95.8 % for four SNPs. All 40 variants were tested
for their association with SIDS under recessive, dominant, and
co-dominant models (Online Resource 3). Table 1 summa-
rizes the results for those variants at p<0.05 under at least
one model (Table 1). Online Resource 4 includes the unfavor-
able genotypes for the significant SNPs in this study. Main
analyses suggested that, prior to correction for multiple test-
ing, the two SNPs rs1800871 (IL10*c.-854C/T, also known as
-819C/T) and rs1800872 (IL10*-c.627A/C, also known as -
592A/C) were associated with SIDS, with the strongest evi-
dence obtained under an additive model (p = 0.002).
Furthermore, rs1880243 in IL6 and rs930506 in MBL2 were
associated with SIDS under a recessive model (p=0.014 for
rs1880243 and 0.006 for rs930506, respectively).

In stratified analyses, 16 SNPs were nominally associated
at a significance level of α=0.05 in any of the subgroups
(Table 1). Eight SNPs, including rs1800871 and rs1800872
in IL10, showed associations in more than one subcategory,
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Table 1 Selected results from the Hannover SIDS case–control study

Gene Marker Additive Dominant Recessive

Per-allele OR 95 % CI ptrend
a Carrier OR 95 % CI pb Hom OR 95 % CI pb

Overall

IL10 (-819) rs1800871 0.663 (0.505; 0.871) 0.002 0.596 (0.426; 0.832) 0.002 0.580 (0.265; 1.270) 0.186

IL10 (-592) rs1800872 0.668 (0.510; 0.877) 0.002 0.601 (0.431; 0.839) 0.003 0.581 (0.266; 1.274) 0.186

IL10 (-1082) rs1800896 1.345 (1.011; 1.790) 0.040 1.445 (0.920; 2.269) 0.137 1.551 (0.946; 2.544) 0.105

IL6 rs1880243 1.201 (0.892; 1.618) 0.218 1.095 (0.775; 1.547) 0.659 3.841 (1.237; 11.927) 0.014

MBL2 rs930506 0.718 (0.485; 1.063) 0.099 0.838 (0.521; 1.348) 0.468 0.213 (0.066; 0.687) 0.006

Males only

MBL2 rs930506 0.569 (0.337; 0.960) 0.046 0.646 (0.339; 1.231) 0.189 0.248 (0.071; 0.860) 0.028

BPI rs4358188 1.346 (0.863; 2.101) 0.160 1.014 (0.491; 2.098) 1.000 2.946 (1.142; 7.601) 0.025

Females only

IL10 (-819) rs1800871 0.573 (0.366; 0.896) 0.012 0.502 (0.292; 0.863) 0.015 0.462 (0.122; 1.752) 0.368

IL10 (-592) rs1800872 0.568 (0.363; 0.889) 0.010 0.495 (0.288; 0.851) 0.011 0.465 (0.123; 1.766) 0.368

ACE rs4968779 0.758 (0.520; 1.105) 0.129 0.948 (0.532; 1.688) 0.883 0.374 (0.168; 0.831) 0.013

Spring

IL10 (-1082) rs1800896 1.263 (0.807; 1.979) 0.316 0.923 (0.471; 1.810) 0.863 2.086 (1.021; 4.260) 0.047

Summer

IL10 (-819) rs1800871 0.505 (0.299; 0.853) 0.007 0.449 (0.245; 0.822) 0.009 0.271 (0.036; 2.065) 0.336

IL10 (-592) rs1800872 0.503 (0.298; 0.850) 0.006 0.446 (0.244; 0.817) 0.009 0.272 (0.036; 2.072) 0.336

ACE rs4267385 1.525 (1.011; 2.299) 0.041 1.785 (0.900; 3.539) 0.113 1.764 (0.894; 3.482) 0.122

TLR4 rs4986791 2.179 (0.987; 4.811) 0.041 2.353 (1.017; 5.442) 0.050 n.a. n.a. n.a.

Autumn

IL10 (-1082) rs1800896 1.427 (0.917; 2.219) 0.094 2.423 (1.072; 5.478) 0.034 1.147 (0.523; 2.517) 0.687

IL6 rs1880243 1.448 (0.920; 2.279) 0.101 1.281 (0.740; 2.216) 0.394 6.127 (1.599; 23.478) 0.011

Winter

IL10RA rs11216666 1.684 (1.064; 2.665) 0.027 1.764 (1.015; 3.065) 0.054 2.418 (0.706; 8.285) 0.237

IL10 (-819) rs1800871 0.588 (0.368; 0.942) 0.020 0.519 (0.298; 0.906) 0.021 0.473 (0.107; 2.082) 0.554

IL10 (-592) rs1800872 0.586 (0.366; 0.938) 0.019 0.516 (0.296; 0.900) 0.020 0.475 (0.108; 2.090) 0.553

BPI rs4358188 0.853 (0.514; 1.416) 0.542 0.449 (0.212; 0.954) 0.045 1.673 (0.742; 3.772) 0.275

BPI rs5743507 0.952 (0.527; 1.720) 0.876 0.691 (0.342; 1.394) 0.326 4.902 (1.193; 20.138) 0.036

Age 2–4 months

IL6 (-174) rs1800795 1.546 (1.093; 2.187) 0.013 1.523 (0.913; 2.541) 0.130 2.238 (1.203; 4.164) 0.013

IL10 (-819) rs1800871 0.604 (0.397; 0.919) 0.014 0.527 (0.320; 0.869) 0.013 0.552 (0.159; 1.911) 0.434

IL10 (-592) rs1800872 0.625 (0.413; 0.947) 0.024 0.551 (0.335; 0.906) 0.019 0.554 (0.160; 1.918) 0.434

IL10RA rs2229113 1.531 (0.958; 2.445) 0.074 2.043 (1.074; 3.888) 0.038 1.183 (0.370; 3.786) 0.770

IL6 rs1554606 1.517 (0.972; 2.366) 0.059 1.460 (0.750; 2.841) 0.322 2.360 (1.029; 5.413) 0.048

IL10RA rs2256111 1.420 (1.006; 2.005) 0.059 1.392 (0.779; 2.486) 0.325 1.750 (1.036; 2.956) 0.047

Prone sleep position

IL6 (-174) rs1800795 1.806 (1.203; 2.712) 0.004 1.804 (0.967; 3.364) 0.074 2.801 (1.407; 5.576) 0.005

IL10RA rs2256111 1.518 (1.006; 2.291) 0.044 2.603 (1.132; 5.986) 0.019 1.362 (0.717; 2.585) 0.391

IL6 rs1554606 1.729 (0.996; 3.002) 0.049 1.406 (0.612; 3.229) 0.539 3.445 (1.345; 8.820) 0.013

IL10RA rs2229113 1.702 (0.960; 3.019) 0.056 2.467 (1.078; 5.649) 0.047 1.325 (0.331; 5.306) 0.711

CD14 (-260) rs2569190 0.814 (0.466; 1.422) 0.464 1.299 (0.550; 3.066) 0.672 0.235 (0.053; 1.049) 0.043

Association results from overall and stratified logistic regression analyses in the Hannover SIDS case–control series under additive, dominant, or
recessive models, respectively. Only associations at p< 0.05 are listed. Results were based on ncases = 267; ncontrols = 303. Bold print indicates a p-value
of below 0.05

OR odds ratio, 95%CI 95 % confidence interval, Hom OR homozygote odds ratio, n.a. not applicable
a p

trend
= Armitage p value

b p= Fisher’s exact p value
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while eight other SNPs were significant for single subgroups.
In the prominent subcategory “winter,” two independent
SNPs rs4358188 and rs5743507 in BPI (bactericidal/perme-
ability-increasing protein) showed nominally significant asso-
ciations with SIDS (Table 1).

To corroborate the findings, we also performed case–con-
trol and case-only studies using logistic regression analyses
with gender as covariate, and age, season, or sleeping position
as stratifying variables in cases (Online Resource 5). The
case–control studies with gender as a covariate confirmed
nominally significant associations for all three IL10 variants.
Stratified case-only analyses revealed nominally significant
associations in subgroups for variants in IL1B, IL6, IL10RA,
and ACE (Online Resource 5). However, none of these find-
ings remained statistically significant after FDR correction for
multiple testing.

We sought to validate the genotyping results further
in a meta-analysis with other data from a second case–
control series. From the replication dataset, we
excerpted genotype data for all 40 candidate variants
(11 genotyped, 29 imputed) and included both studies
into Mantel–Haenszel meta-analyses under three differ-
ent models (dominant, recessive, additive). While the
previous associations with IL6 and IL10 variants did
not replicate in the second case–control set, borderline
evidence of association (p = 0.05) was obtained for
rs11216666 in IL10RA under a co-dominant model
(odds ratio (OR) 1.20, 95 % confidence interval
(95%CI) 1.00; 1.45), and for rs1891320 (phospholipase

A2, group IIA) and rs1554973 (Toll-like receptor 4)
under the recessive model (Online Resource 6).
Interestingly, the strongest associations in the meta-
analysis were obtained for two independent variants in
the mannose-binding lectin 2 gene, MBL2 , with
rs930506 in a co-dominant model (OR 0.82, 95%CI
0.67; 0.99, p= 0.04) (Fig. 1) and rs1838065 in a dom-
inant model (OR 1.27, 95%CI 1.03; 1.57, p = 0.03)
(Fig. 2). The first result corroborated the association of
rs930506 with SIDS in our initial series, and the second
result supported an association of rs1838065 with SIDS
in the replication sample. There was some evidence for
heterogeneity between the studies for rs1838065
( I2 = 80.8 %, phe t = 0.02) but not for rs930506
(I2 = 0.0 %, phet = 0.47). In regard that two out of four
genotyped MBL2 variants showed evidence for associa-
tion, we performed a haplotype analysis including all
four variants (Table 2). The most significant MBL2 hap-
lotype in the replication sample, GGCT, remained asso-
ciated with SIDS in a fixed-effects meta-analysis of
both case–control studies (OR 1.19, 95%CI 1.02; 1.38,
p= 0.03) (Fig. 3).

Discussion

Because SIDS etiology is known to be linked to infections in at
least some cases and immune response has been shown to be
genetically influenced, it was tempting to speculate that some of

Fig. 1 Meta-analysis rs930506
(co-dominant). Mantel–Haenszel
meta-analyses with data from
Hannover and replication sample
under a co-dominant model (OR
0.815, 95%CI 0.670; 0.991,
p= 0.041). ncases = 579,
ncontrols = 1124. OR, odds ratio;
95%CI, 95 % confidence interval;
MHH, Hannover series at
Hannover Medical School
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the variants are also associated with SIDS. Therefore, we have
investigated 40 candidate gene variants in key regulators of the
immune system for association to SIDS in the two largest SIDS
case–control series available from Germany. All selected gene
variants had been associated previously with variable immuno-
logical responses in different diseases such as sepsis, septic
shocks,or toxicshock-like reactions.Weuseda two-stagedesign,
followed by a combined analysis of 579 cases and 1124 controls.
At a power of 80 %, this study should have been able to detect
main effects larger than OR 1.38 for a minor allele frequency
(MAF) of 0.1, OR 1.28 for MAF 0.2, or OR 1.25 for MAF 0.3,
respectively.

Although the initial study from Hannover showed
evidence for an overall association of IL6 and IL10
variants with SIDS, these findings did not replicate in
the second series of similar size, suggesting that they
may have been spurious findings. A meta-analysis of
all published studies with the two large series reported
here did not confirm any association of single IL6 var-
iant rs1800795 or IL10 variants rs1800871, rs1800872,
and rs1800896, or the respective haplotypes, with SIDS
(data not shown). It is still possible that these variants
play a role in subgroups, which have not been address-
able in all studies.

In the mannose-binding lectin 2, MBL2, rs930506
was associated with SIDS in the Hannover series, and
rs1838065 was associated with SIDS in the replication
study. Both variants are not highly correlated with each

Fig. 2 Meta-analysis rs1838065
(dominant). Mantel–Haenszel
meta-analyses with data from
Hannover and replication sample
under a dominant model (OR
1.269, 95%CI 1.028; 1.567,
p= 0.027). There was some
evidence for heterogeneity
between the studies for rs1838065
(phet = 0.022). ncases = 579,
ncontrols = 1124. OR, odds ratio;
95%CI, 95 % confidence interval;
MHH, Hannover series at
Hannover Medical School

Table 2 Haplotype analysis from Hannover and replication sample
comprising the four MBL2 markers rs1838065, rs5030737, rs7096206,
and rs930506

Study Haplotype Freq.a pa Case/control ratios

Hannover GGCT 0.306 0.500 168.5:365.5,
180.0:426.0

AGCC 0.222 0.310 111.7:422.3
141.9:464.1

AGGT 0.208 0.695 108.3:425.7
128.7:477.3

AGCT 0.188 0.238 108.0:426.0
106.0:500.0

GACT 0.071 0.571 35.4:498.6
45.4:560.6

Replication sample GGCT 0.321 0.031 224.5:407.5
507.2:1138.8

AGGT 0.222 0.835 138.7:493.3
367.8:1278.2

AGCC 0.219 0.248 128.3:503.7
371.0:1275.0

AGCT 0.192 0.257 112.0:520.0
326.2:1319.8

GACT 0.035 0.594 23.9:608.1
54.7:1581.3

Comparative four-marker haplotype study for MBL2 in the Hannover
series and the replication sample. Haplotype frequencies were based on
ncases = 579, ncontrols = 1124. p < 0.05 is marked in bold

Freq. frequency
a p value for significance of association as provided from Haploview
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other (r2 = 0.14). In the combined analyses of both stud-
ies, rs930506 remained significant in a co-dominant
model (p= 0.04) and rs1838065 in a dominant model
(p = 0.03). Although these results do not persist after
correction for multiple testing, nonetheless the respec-
tive SNPs may indicate a biological relevance for the
etiology of SIDS and are therefore worthy of discussion.

As a part of the acute phase protein family, MBL2 is re-
sponsible for the activation of the complement system via the
lectin pathway. It is synthesized in the liver and circulates to
bind to carbohydrates on microbial surfaces such as mannose,
mannosamine, and hexosamine, to necrotic and apoptotic
cells. MBL2 has a crucial role in preventing and terminating
an infection. Certain polymorphisms in MBL2 can impair
MBL function and have been proposed to increase suscepti-
bility to infectious diseases [36]. We are not aware of previous
genetic studies ofMBL2 polymorphism with SIDS. Kilpatrick
et al. [37] have reported that mean MBL2 values were higher
in their SIDS group than in controls, supporting a role for
infection and/or polymorphism in SIDS. However, their study
was small (46 cases and 26 controls), and since it investigated
serum samples, not genetic variants, it cannot be directly com-
pared with ours. It may also be notable that, according to our
study, the risk conferred by MBL2 variant rs930506 was sig-
nificant inmales. Asmentioned before and according toMoon
et al. [1], gender seems to be an important risk factor. Boys
seem to be more vulnerable and more likely to die of SIDS

than girls. According to postmortem examination reports,
60 % of the infants that died because of SIDS are males [1].

Stratified analyses in the Hannover series revealed
suggestive associations for additional variants in sub-
groups. In the prominent subcategory “winter,” the
SNPs rs4358188 (bactericidal/permeability-increasing
protein, BPI) and rs5743507 (BPI) showed significant
associations with SIDS. Both variants are only weakly
correlated (r2 = 0.16). It has been observed that 75 % of
SIDS deaths occur during the cold season. In addition,
the winter season seems to be associated with an in-
creased number of respiratory infections and over
40 % of infants that later die of SIDS seem to show
signs of slight infections during the 2 weeks preceding
death [19, 20]. BPI plays a central role in host defense
against Gram-negative bacteria and their endotoxins due
to its function in antimicrobial and endotoxin-
neutralizing reactions [38, 39].

In summary, this large two-stage case–control study
did not indicate a single variant in the chosen immuno-
logical candidate genes that exerts a strong main effect
on the predisposition toward SIDS or withstands the
correction for multiple testing. Suggestive evidence
was obtained for an association of independent genetic
variants in MBL2. If our findings can be confirmed in
validation studies, such results may provide new direc-
tions for targeted research in SIDS etiology and

Fig. 3 Meta-analysis for MBL2
risk haplotype. Fixed-effects
meta-analysis of both case–
control studies for the most
significantMBL2 haplotype in the
replication sample, GGCT, which
remained significant (OR 1.19,
95%CI 1.02; 1.38, p= 0.03).
ncases = 579, ncontrols = 1124. Risk
haplotype, GGCT.OR, odds ratio;
95%CI, 95 % confidence interval;
MHH, Hannover series at
Hannover Medical School
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contribute to a better understanding of molecular risk
factors for SIDS and ultimately lead to an improved
prediction and prevention of fatal outcomes in the
future.
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