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SUMMARY

Several studies have evaluated the association between mannose-binding lectin (MBL)
polymorphisms and sepsis. However, the results are inconclusive and conflicting. To better
understand the roles of MBL polymorphisms in sepsis, we conducted a comprehensive
meta-analysis. All relevant studies were searched from PubMed, EMBASE and Web of
Knowledge databases, with the last report up to 7 May 2013. Twenty-nine studies addressing
four MBL polymorphisms (–550G/C, –221G/C, structure variant A/O, Gly54Asp) were analysed
for susceptibility to sepsis and one study for sepsis-related mortality. Overall, significant
associations between structure variant A/O and susceptibility to sepsis were observed for
AO+OO vs. AA [odds ratio (OR) 1·27, 95% confidence interval (CI) 1·05–1·52, P=0·01] and
O vs. A (OR 1·19, 95% CI 1·02–1·40, P=0·03). In subgroup analysis based on age group,
increased risk was found in the paediatric group in the dominant model (OR 1·72, 95%
CI 1·16–2·56, P=0·007). Moreover, there was a slight association between the +54A/B
polymorphism and susceptibility to sepsis in Caucasians (recessive model: OR 10·64, 95%
CI 1·24–91·65, P=0·03). However, no association was observed for –550G/C and –221G/C
polymorphisms both overall and in subgroup analysis. For sepsis-related mortality, only one
study suggested AO/OO was associated with in-hospital mortality in pneumococcal sepsis
patients after controlling for confounding variables. Our meta-analysis indicated that MBL
structure variants might be associated with susceptibility to sepsis but further studies with a
large sample size should be conducted to confirm these findings.
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INTRODUCTION

Despite the development of effective antibiotics and
supportive care, sepsis remains an unconquered

challenge for clinicians with an unacceptably high
morbidity and mortality rate in critically ill patients
[1]. Early intervention to prevent subsequent or
worsening clinical deterioration is a key to the success-
ful treatment of patients with potential sepsis. Two
major factors which influence the effectiveness of sep-
sis treatment strategies are the ability to recognize the
early stages of the disease and to estimate its severity.
It is often difficult to determine which patients with
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signs of infection on initial evaluation have, or will
develop, more severe illness. Specifically, the develop-
ment of organ dysfunction portends a poor outcome
and is a common pathway to death in these patients.
Therefore, predictive markers to identify high-risk
patients are urgently needed for early detection and
preventive care of sepsis. Recently, there has been
increasing evidence supporting the view that genetic
factors, particularly single nucleotide polymorphisms
(SNPs), influence individual susceptibility and severity
of sepsis [2]. Delineating the variation in genes and
associated differences in response to sepsis might con-
tribute to the development of new genetically tailored
diagnostic and therapeutic interventions that will im-
prove outcome in the patients with sepsis.

The mannose-binding lectin (MBL), an important
component of the complement system, is a calcium-
dependent collagenous lectin that is secreted by the
liver as an acute-phase protein. It plays an important
role in innate immunity by recognizing and binding
to sugar moieties on the surface of bacteria, viruses,
fungi, and parasites. MBL binding causes these micro-
organisms to agglutinate and allows phagocytic
clearance of pathogens as well as activation of the
lectin-complement pathway, through MBL-associated
serine proteases (MASP)-1 and -2 [3]. Low concentra-
tions of MBL cause defects in opsonization and
phagocytosis that have been associated with recurrent
and serious infections in both infants and adults [4, 5].
Furthermore, experiments with ‘knockout’ MBL null
mice have indicated that the MBL-complement path-
way has a non-redundant role in defence against
bloodborne Staphylococcus aureus infection [6].

The human MBL gene is located on chromosome
10 (10q11·2–q21). About 30 genetic variants have
been identified so far within the entire MBL gene
from the HapMap database. However, only five
have been well studied in relation to their clinical rel-
evance, they are –550 (rs11003125G/C, termed H/L),
–221 (rs7096206G/C, termed Y/X) in the 5′-flanking
region and codons 52 (rs5030737C/T, termed A/D),
54 (rs1800450G/A, termed A/B), 57 (rs1800451G/A,
termed A/C) of exon 1 (the three variant alleles collec-
tively termed O and the wild-type allele termed A).
MBL production is controlled by the MBL gene and
its polymorphisms. The presence of key structural
and promoter variants is reasonably well correlated
with reduced serum MBL levels, and genotypic analy-
ses are used frequently as surrogates for MBL serum
levels [7, 8]. Individuals heterozygous for these poly-
morphisms (A/O) have reduced circulating MBL

levels, whereas in those who are homozygous or com-
pound heterozygous (O/O), circulating MBL is almost
absent. Further, the presence of MBL variant alleles
and low levels of serum MBL have been closely asso-
ciated with the development of sepsis and fatal out-
come in adult patients admitted to intensive care
[7, 9] and in children [10]. Nevertheless, studies have
shown inconclusive or contradictory results [11] as
most studies had relatively small sample sizes and
thus lacked the statistical power to resolve association
of racial or ethnic factors, or uncorrected multiple
hypothesis testing.

Meta-analysis is a means of augmenting the
effective sample size by pooling data from individual
association studies, thus enhancing the statistical
power of the analysis for the estimation of genetic
effects. Therefore, the purpose of this study was to
investigate whether MBL polymorphisms were asso-
ciated with an increased risk of sepsis or higher sepsis
mortality. To our knowledge, this is the first meta-
analysis of the association between MBL polymorph-
isms and susceptibility or progression of sepsis.

MATERIALS AND METHODS

Identification and eligibility of relevant study

Relevant articles were identified through a literature
search using the keywords ‘MBL or mannose binding
lectin or mannose binding protein’ and ‘sepsis or
severe sepsis or septic shock’ and ‘polymorphism or
genetic variant or mutation’ in Pubmed, EMBASE,
and Web of Knowledge databases (published up to
7 May 2013). All the searched articles were retrieved,
and their references were checked for other relevant
publications. Review articles were also searched to
find additional eligible studies. The following criteria
were used for inclusion of identified articles for our
meta-analysis: (a) evaluation of all MBL gene poly-
morphisms and sepsis, (b) case-control study or cohort
design, (c) studies that contained available genotype
frequencies and (d) studies written in English. The
major reason for exclusion of articles was if they
were reviews, comments, or the absence of usable
data by contacting the studies’ authors. For overlap-
ping studies, only the one with the largest sample
size was included.

Data extraction and methodological approach

To minimize bias and improve reliability, two
researchers (A.-Q.Z. and C.-L.Y.) extracted data
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with the above inclusion and exclusion criteria inde-
pendently and reached a consensus. Information
such as the first author’s name, publication year,
country and ethnicity of study population, genotyping
method, sepsis type, age, genotype number or allele
frequency for cases and controls was collected from
each study using a standardized data collection proto-
col. For studies including subjects of different popu-
lations, data were extracted separately.

Qualitative assessment

Two researchers (W.P. and J.-W.G.) independently
assessed the quality of each study. Any disagreement
was resolved by consensus. Quality assessment scores
of genetic association studies of human sepsis were
used to assess the quality of the selected articles [12].
This quality scoring system was based on both tra-
ditional epidemiological considerations and genetic
issues. Total scores ranged from 0 (worst) to 9 (best)
for cohort studies and 0 (worst) to 10 (best) for case-
control studies.

Meta-analysis

The strength of the association between MBL poly-
morphisms and sepsis was measured by odd ratios
(ORs) with 95% confidence intervals (95% CIs)
for dominant (BB+AB vs. AA), recessive (BB vs.
AB+AA), and allelic (B vs. A) genetic models, respect-
ively (A represented major allele, B represented minor
allele). Because we anticipated heterogeneity between
studies, a random-effects model, using the Mantel–
Haenszel method, was used to calculate the pooled
ORs for all analyses. The statistical significance
of ORs was determined using the Z test. Consistent
with common practice, we also performed a statistical
test for heterogeneity using Cochran’s Q test and
quantified the degree of heterogeneity with the I2 stat-
istic [13].

Departure from Hardy–Weinberg equilibrium
(HWE) in controls was tested by the χ2 test. Subgroup
analyses were conducted according to ethnicity
(Caucasian, Asian), type of sepsis (sepsis, severe sep-
sis, septic shock) and age group (adult, paediatric).
To assess the stability of the results, sensitivity analysis
was performed through sequentially excluded individ-
ual studies. Moreover, sensitivity analysis was also
performed, excluding studies whose allele frequencies
in controls exhibited significant deviation from
HWE, given that the deviation may denote bias [14].
The potential publication bias was examined visually

by Begg’s funnel plot of log OR against its standard
error (S.E.), and the degree of asymmetry was tested
using Egger’s test.

All statistical tests were performed using Review
Manager 5.2 (The Cochrane Collaboration, UK)
and Stata v. 11.0 software (StataCorp LP, USA). A
P value <0·05 was considered statistically significant,
except for the tests of heterogeneity where a level of
0·10 was used.

RESULTS

Characteristics of eligible studies

A total of 230 articles was found up to 7 May 2013 (55
from Pubmed, 58 from EMBASE, 117 from Web of
Knowledge), but only 38 articles were preliminarily
identified for further evaluation. After carefully evalu-
ating the quality of the remaining articles 13 were ex-
cluded, three of which [15–17] did not supply detailed
genotype data after contacting the studies’ authors,
six articles were conference abstracts and four articles
were comments. Moreover, an additional five artic-
les were included through citations in other articles.
Finally, 30 relevant articles addressing four polymorph-
isms in MBL gene were chosen for the study (Fig. 1).

Information of the 30 chosen articles included the
first author, publication year, country and ethnicity,
sepsis type, age, sample size (case/control), genotype
data, and quality score (Table 1). The majority of
the included studies were performed in Caucasian
populations and only two studies were in Asian popu-
lations [9, 18]. Twenty studies were focused on adults
and ten on paediatric populations; 29 studies evalu-
ated susceptibility to sepsis and one addressed sepsis
mortality [19]. The quality scores of most studies ran-
ged from 5 to 8, suggesting high quality.

Various different genotyping methods were used in
the studies, including the classical polymerase chain
reaction–restriction fragment length polymorphism
(PCR–RFLP) in nine, TaqMan probes in seven, direct
sequencing in six, heteroduplex analyses in four,
sequence-specific primer PCR (SSP-PCR) in three
and high-resolution DNA melting assay (HRMA) in
one study.

Quantitative data synthesis

Structure variant A/O polymorphism

Twenty-four studies [7, 8, 20–40] containing 3371 sep-
sis patients and 5989 controls were identified as inves-
tigating MBL A/O polymorphisms located in the
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coding region and their association with susceptibility
to sepsis, which were all performed in Caucasian popu-
lations. There were significant associations in overall
comparison and subgroup analysis by the dominant
and allelic genetic models. The structure variant O
allele increased the overall risk of sepsis (dominant
model: OR 1·27, 95% CI 1·05–1·52, P=0·01; I2=
68%, P<0·01; allelic model: OR 1·19, 95% CI 1·02–
1·40, P=0·03; I2=68%, P<0·01) (Figs 2, 3). Based
on different age groups, association was also found
in paediatric populations (dominant model: OR 1·72,
95% CI 1·16–2·56, P=0·007; I2=55%, P=0·04).
However, no significant association was found in
adults (Table 2). In addition, only one study by
Garnacho-Montero et al. [19] reported that MBL
AO/OO was associated with in-hospital mortality in
117 pneumococcal sepsis patients [adjusted hazard
ratios (aHR) 3·2, 95% CI 1·01–9·8, P=0·048] after
controlling for confounding variables.

–221Y/X, –550H/L and +54A/B polymorphisms

Seventeen studies [8, 18, 20, 21, 23–27, 29–31, 33, 38,
39, 41] evaluated –221Y/X and its association with
susceptibility to sepsis (2670 cases and 4763 controls).

Seven studies [8, 9, 18, 24, 27, 41] and six [9, 10, 18,
41–43] evaluated the association between –550H/L,
+54A/B and susceptibility to sepsis, respectively.
Our analysis did not provide any statistical evidence
of association between –221Y/X, and –550H/L poly-
morphisms and susceptibility to sepsis (Table 2).
However, for +54A/B, which was one of the three
codon variations in exon 1 of the MBL gene, there
was a slight association between BB genotype and sus-
ceptibility to sepsis in the recessive genetic model (OR
10·64, 95% CI 1·24–91·65, P=0·03; I2=0%, P=0·71)
in Caucasian populations. However, no association
was found in Asian populations and for all popu-
lations overall.

Heterogeneity analysis

For the A/O polymorphism, significant between-study
heterogeneity was found in overall comparisons in the
dominant and allelic genetic models (I2=68%, P<
0·01). The heterogeneity was not obviously decreased
by subgroup analysis and sequentially excluding each
study. The results of meta-regression for the A/O poly-
morphism indicated that publication year and age
group of study population independently contributed
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Fig. 1. Flow of study identification, inclusion, and exclusion.
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Table 1. Characteristics of the included studies

First author/publication year/reference Study design Ethnicity Sepsis type Age group Case Control Quality score Polymorphism

Garcia-Laorden, 2013 [20] Case-control Caucasian Mixed* Adult 152 196 7 A/O, –221Y/X
Garnacho-Montero, 2012 [19] Cohort Caucasian Sepsis Adult 117 n.a. 5 A/O
Ozkan, 2012 [10] Case-control Caucasian Sepsis Paediatric 53 40 4 54A/B
Aydemir, 2011 [42] Case-control Caucasian Sepsis Paediatric 31 30 4 54A/B
Auriti, 2010 [25] Case-control Caucasian Sepsis Paediatric 42 85 5 A/O, –221Y/X
Davis, 2010 [41] Case-control Caucasian Sepsis Adult 28 53 4 54A/B, –221Y/X, –550H/L
de Rooij (1), 2010 [24] Cohort Caucasian Sepsis Adult 143 n.a. 7 A/O, –221Y/X, –550H/L
de Rooij (2), 2010 [24] Cohort Caucasian Sepsis Adult 167 n.a. 7 A/O, –221Y/X, –550H/L
Klostergaard, 2010 [23] Cohort Caucasian Sepsis Adult 190 n.a. 4 A/O, –221Y/X
Koroglu, 2010 [43] Case-control Caucasian Sepsis Paediatric 42 60 5 54A/B
Neth, 2010 [22] Cohort Caucasian Sepsis Adult 130 n.a. 6 A/O
Smithson, 2010 [21] Case-control Caucasian Mixed Adult 164 156 5 A/O, –221Y/X
Cervera, 2009 [27] Cohort Caucasian Sepsis Adult 95 n.a. 7 A/O, –221Y/X, –550H/L
Horcajada, 2009 [26] Case-control Caucasian Sepsis Adult 57 114 7 A/O, –221Y/X
Huh, 2009 [9] Case-control Asian Sepsis Adult 255 398 6 54A/B, –550H/L
Dzwonek, 2008 [32] Case-control Caucasian Sepsis Paediatric 38 82 7 A/O
Garcia-Laorden, 2008 [31] Case-control Caucasian Sepsis Adult 848 1966 8 A/O, –221Y/X
Huttunen, 2008 [30] Case-control Caucasian Sepsis Adult 145 400 7 A/O, – 221Y/X
van der Zwet, 2008 [29] Case-control Caucasian Sepsis Paediatric 63 123 5 A/O, – 221Y/X
van Till, 2008 [28] Case-control Caucasian Sepsis Adult 28 60 7 A/O
Frakking, 2007 [34] Case-control Caucasian Sepsis Paediatric 8 62 6 A/O
Hellemann, 2007 [33] Case-control Caucasian Mixed Adult 376 689 6 A/O, – 221Y/X
Eisen, 2006 [8] Case-control Caucasian Sepsis Adult 170 236 6 A/O, – 221Y/X, – 550H/L
Gordon, 2006 [7] Case-control Caucasian Mixed Adult 174 353 6 A/O
Molle, 2006 [35] Case-control Caucasian Septicaemia Adult 11 102 6 A/O
Horiuchi, 2005 [18] Cohort Asian Sepsis Adult 113 n.a. 4 54A/B, – 221Y/X, – 550H/L
Ahrens, 2004 [37] Case-control Caucasian Sepsis Paediatric 50 306 7 A/O
Fidler, 2004 [36] Case-control Caucasian Sepsis Paediatric 35 65 6 A/O
Garred, 2003 [38] Case-control Caucasian Sepsis Adult 197 75 7 A/O, – 221Y/X
Kronborg, 2002 [39] Case-control Caucasian Sepsis Adult 140 250 6 A/O, – 221Y/X
Summerfield, 1997 [40] Case-control Caucasian Sepsis Paediatric 345 272 7 A/O

n.a., Not available.
*Mixed includes the conditions sepsis, severe sepsis or septic shock.
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Sepsis
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI

Control Odds ratio Odds ratio

Ahrens, 2004 [37] 17 50 99 306 4·0%  1·08 (0·57–2·03)
Auriti, 2010 [25] 17 42 27 85 3·3% 1·46 (0·68–3·15)
Cervera, 2009 [27] 12 40 25 55 2·9% 0·51 (0·22–1·21)
de Rooij (1), 2010 [24] 21 59 26 84 3·6% 1·23 (0·61–2·50)
de Rooij (2), 2010 [24] 10 36 63 131 3·1% 0·42 (0·19–0·93)
Dzwonek, 2008 [32] 16 38 27 82 3·2% 1·48 (0·67–3·27)
Eisen, 2006 [8] 67 170 100 236 5·6% 0·88 (0·59–1·32)
Fidler, 2004 [36] 22 35 20 65 2·8% 3·81 (1·60–9·04)
Frakking, 2007 [34] 5 8 18 62 1·2% 4·07 (0·88–18·87)
Garcia-Laorden, 2008 [31] 338 848 786 1966 7·1% 0·99 (0·84–1·17)
Garcia-Laorden, 2013 [20] 67 152 66 196 5·3% 1·55 (1·00–2·40)
Garred, 2003 [38] 101 197 20 75 4·3% 2·89 (1·61–5·18)
Gordon, 2006 [7] 95 174 140 353 5·8% 1·83 (1·27–2·64)
Hellemann, 2007 [33] 160 376 280 689 6·6% 1·08 (0·84–1·40)
Horcajada, 2009 [26] 22 57 49 114 3·9% 0·83 (0·44–1·60)
Huttunen, 2008 [30] 54 145 152 400 5·6% 0·97 (0·65–1·43)
Klostergaard, 2010 [23] 63 143 18 47 3·8% 1·27 (0·65–2·49)
Kronborg, 2002 [39] 49 140 93 250 5·3% 0·91 (0·59–1·40)
Molle, 2006 [35] 7 11 34 102 1·6% 3·50 (0·96–12·79)
Neth, 2010 [22] 13 50 30 80 3·2% 0·59 (0·27–1·27)
Smithson, 2010 [21] 84 164 61 156 5·3% 1·64 (1·05–2·55)
Summerfield, 1997 [40] 146 345 64 272 5·9% 2·38 (1·68–3·39)
van der Zwet, 2008 [29] 20 63 41 123 3·9% 0·93 (0·49–1·78)
van Till, 2008 [28] 15 28 23 60 2·7% 1·86 (0·75–4·60)

Total (95% CI) 3371 5989 100·0% 1·27 (1·05–1·52)

Total events  1421 2262
Heterogeneity: τ2 = 0·12; χ2 = 71·13, D.F., = 23 (P < 0·00001); I2 = 68%
Test for overall effect: Z = 2·49 (P = 0·01) 0·1

Favours experimental Favours control
0·2 0·5 1 2 5 10

Fig. 2. Meta-analysis for the association between susceptibility to sepsis and the MBL A/O polymorphism (dominant
model: OO+AO vs. AA).

Sepsis
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI

Control Odds ratio Odds ratio

18 84 32 170 3·8%  1·18 (0·62–2·25)
25 118 31 168 4·3% 1·19 (0·66–2·14)
12 72 70 262 3·6% 0·55 (0·28–1·08)
73 340 118 472 7·2% 0·82 (0·59–1·14)

385 1696 888 3932 9·9% 1·01 (0·88–1·15)
76 304 73 392 6·8% 1·46 (1·01–2·09)

115 394 20 150 5·0% 2·68 (1·60–4·50)
109 348 158 706 7·9% 1·58 (1·19–2·11)
182 752 320 1378 9·0% 1·06 (0·86–1·30)

26 114 57 228 4·8% 0·89 (0·52–1·51)
60 290 168 800 7·3% 0·98 (0·70–1·37)
67 286 19 94 4·4% 1·21 (0·68–2·14)
58 280 100 500 6·8% 1·05 (0·73–1·50)
92 328 70 312 6·9% 1·35 (0·94–1·93)

159 690 68 544 7·6% 2·10 (1·54–2·86)
26 126 49 246 4·8% 1·05 (0·61–1·78)

Total (95% CI) 6222 10354 100·0% 1·19 (1·02–1·40)
Total events 1483 2241
Heterogeneity: τ2 = 0·06; χ2 = 46·88, D.F., = 15 (P < 0·00001); I2 = 68%
Test for overall effect: Z = 2·19 (P = 0·03) 0·1

Favours experimental Favours control
0·2 0·5 1 2 5 10

Auriti, 2010 [25]
de Rooij (1), 2010 [24]
de Rooij (2), 2010 [24]
Eisen, 2006 [8]
Garcia-Laorden, 2008 [31]
Garcia-Laorden, 2013 [20]
Garred, 2003 [38]
Gordon, 2006 [7]
Hellemann, 2007 [33]
Horcajada, 2009 [26]
Huttunen, 2008 [30]
Klostergaard, 2010 [23]
Kronborg, 2002 [39]
Smithson, 2010 [21]
Summerfield, 1997 [40]
van der Zwet, 2008 [29]

Fig. 3. Meta-analysis for the association between susceptibility to sepsis and the MBL A/O polymorphism (allelic model:
O vs. A).
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Table 2. Summary of meta-analysis results

Comparison Study
No. of
studies Case/control

Test of association Heterogeneity

OR (95% CI) P value P value I 2

Risk of sepsis
A/O
OO+AO vs. AA Overall (Caucasian) 24 3371/5989 1·27 (1·05–1·52) 0·01 <0·01 68%

Adult 17 2790/4994 1·15 (0·95–1·39) 0·16 <0·01 63%
Paediatric 7 581/995 1·72 (1·16–2·56) 0·007 0·04 55%

OO vs. AO+AA Overall (Caucasian) 16 3111/5177 1·15 (0·93–1·42) 0·2 0·51 0%
Adult 13 2661/4697 1·11 (0·89–1·39) 0·34 0·54 0%
Paediatric 3 450/480 1·59 (0·70–3·64) 0·27 0·31 15%

O vs. A Overall (Caucasian) 16 6222/10354 1·19 (1·02–1·40) 0·03 <0·01 68%
Adult 13 5322/9394 1·14 (0·98–1·33) 0·09 <0·01 61%
Paediatric 3 900/960 1·44 (0·88–2·36) 0·15 0·05 68%

– 221Y/X
XX+YX vs. YY Overall 15 1782/2742 0·99 (0·87–1·13) 0·89 1 0%

Caucasian 14 1772/2639 0·99 (0·87–1·13) 0·92 1 0%
Asian 1 10/103 0·49 (0·06–4·11) 0·51
Adult 13 1677/2534 0·99 (0·87–1·13) 0·9 0·99 0%
Paediatric 2 105/208 0·98 (0·60–1·61) 0·95 0·78 0%

XX vs. YX+YY Overall 16 1822/2797 1·05 (0·73–1·49) 0·81 0·23 20%
Caucasian 15 1812/2694 1·05 (0·73–1·49) 0·81 0·23 20%
Adult 14 1717/2589 1·08 (0·73–1·59) 0·7 0·16 28%
Paediatric 2 105/208 0·57 (0·13–2·37) 0·44 0·91 0%

X vs. Y Overall 16 5260/9416 0·96 (0·88–1·04) 0·33 0·96 0%
Caucasian 15 5240/9210 0·96 (0·88–1·05) 0·34 0·95 0%
Asian 1 20/206 0·52 (0·07–4·09) 0·53
Adult 14 5050/9000 0·96 (0·88–1·05) 0·36 0·91 0%
Paediatric 2 210/416 0·93 (0·60–1·42) 0·73 0·75 0%

–550H/L
LL+HL vs. HH Overall (adult) 7 594/1059 0·95 (0·73–1·22) 0·67 0·57 0%

Caucasian 5 329/558 0·79 (0·53–1·18) 0·24 0·67 0%
Asian 2 265/501 1·11 (0·69–1·78) 0·68 0·3 5%

LL vs. HL+HH Overall (adult) 6 554/1005 0·97 (0·77–1·23) 0·8 0·99 0%
Caucasian 4 289/504 1·00 (0·74–1·36) 1 0·93 0%
Asian 2 265/501 0·93 (0·65–1·34) 0·69 0·88 0%

L vs. H Overall (adult) 6 1108/2010 0·97 (0·83–1·13) 0·67 0·89 0%
Caucasian 4 578/1008 0·93 (0·75–1·15) 0·49 0·78 0%
Asian 2 530/1002 1·01 (0·81–1·25) 0·93 0·61 0%

+54A/B
BB+AB vs. AA Overall 6 416/679 1·55 (0·79–3·06) 0·21 <0·01 72%

Caucasian 4 150/180 1·62 (0·81–3·25) 0·17 0·13 46%
Asian 2 266/499 1·78 (0·26–12·19) 0·56 <0·01 86%
Adult 3 290/552 1·26 (0·47–3·39) 0·64 0·03 72%
Paediatric 3 126/127 1·98 (0·90–4·35) 0·09 0·16 45%

BB vs. AB+AA Overall 5 374/622 4·72 (0·52–43·17) 0·17 <0·01 82%
Caucasian 3 108/123 10·64 (1·24–91·65) 0·03 0·71 0%
Asian 2 266/499 2·83 (0·10–80·24) 0·54 <0·01 92%
Adult 3 290/552 3·49 (0·26–47·55) 0·35 <0·01 86%
Paediatric 2 84/70 15·13 (0·85–270·49) 0·06

B vs. A Overall 5 748/1244 1·71 (0·71–4·14) 0·23 <0·01 85%
Caucasian 3 216/246 1·59 (0·56–4·48) 0·38 0·04 70%
Asian 2 532/998 2·01 (0·26–15·32) 0·5 <0·01 94%
Adult 3 580/1104 1·58 (0·48–5·21) 0·45 <0·01 88%
Paediatric 2 168/140 1·98 (0·37–10·62) 0·43 0·02 82%

Risk of mortality
A/O
OO+AO vs. AA Overall 1 22/95 1·30 (0·49–3·44) 0·6

OR, Odds ratio; CI, confidence interval.
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to the observed heterogeneity. Effects of publication
year on heterogeneity were significant by the dominant
and allelic models (dominant: P=0·057<0·1; allelic:
P=0·078<0·1). Genotyping methods and sample size
were not statistically associated with heterogeneity.

For the +54A/B polymorphism, heterogeneity
between studies was statistically significant by any
genetic model (Table 2) in overall comparison. I2

decreased and P value exceeded 0·10 for Caucasian
or paediatric subgroups, respectively. For –221Y/X
and –550H/L polymorphisms, there was no obvious
heterogeneity in any genetic models by both overall
comparison and subgroup analysis.

Cumulative meta-analysis

Cumulative meta-analyses of the two significant asso-
ciations of the A/O polymorphism were performed via
the assortment of studies by publication time. As
shown in Figures 4 and 5, inclinations toward signifi-
cant associations were evident with each addition of
more data over time. The results showed that the
pooled ORs tended to be stable.

Publication bias

Publication bias was examined by Begg’s funnel plots
qualitatively and estimated by Egger’s test quan-

titatively for all genetic models. If the number of
included studies was small, it was unnecessary to
perform publication bias analysis. After combining
all studies, slight asymmetry was observed for the
A/O polymorphism in the dominant and allelic
genetic models (Fig. 6), but Egger’s test did not
show evidence of publication bias (dominant: P=
0·283; allelic: P=0·433). For –221Y/X, funnel plots
were symmetrical and Egger’s test for all models
showed no significance, suggesting little evidence of
publication bias.

DISCUSSION

In this comprehensive meta-analysis, MBL structure
variant alleles were shown to increase the suscepti-
bility to sepsis, whereas –221Y/X, and –550H/L
showed no association with the development of sepsis.
Previous studies have reported that the MBL was
implicated in sepsis susceptibility and severity through
altered circulating levels and activity, which were
influenced by the MBL polymorphisms. The three
structure variants at codons 54, 57, and 52 result in
amino-acid substitutions that interfere with assembly
of functional oligomers, thereby decreasing circulating
levels, compromising ligand binding, and reducing
complement activation. Individuals heterozygous for

Study
ID OR (95% CI)

Summerfield, 1997 [40] 2·38 (1·68–3·39)
1·48 (0·58–3·82)
1·82 (0·91–3·66)
1·62 (0·91–2·87)
1·85 (1·08–3·15)
1·61 (0·99–2·64)
1·64 (1·10–2·44)
1·71 (1·16–2·52)
1·78 (1·22–2·60)
1·65 (1·18–2·30)
1·63 (1·19–2·22)
1·52 (1·15–2·00)
1·45 (1·12–1·86)
1·40 (1·10–1·79)
1·42 (1·12–1·79)
1·36 (1·08–1·72)
1·32 (1·06–1·66)
1·33 (1·07–1·65)
1·32 (1·07–1·63)
1·27 (1·03–1·57)
1·27 (1·03–1·55)
1·23 (1·01–1·51)
1·25 (1·03–1·52)
1·27 (1·05–1·52)

Kronborg, 2002 [39]
Garred, 2003 [38]
Ahrens, 2004 [37]
Fidler, 2004 [36]
Eisen, 2006 [8]
Gordon, 2006 [7]
Molle, 2006 [35]
Frakking, 2007 [34]
Hellemann, 2007 [33]
Dzwonek, 2008 [32]
Garcia-Laorden, 2008 [31]
Huttunen, 2008 [30]
van der Zwet, 2008 [29]
van Till, 2008 [28]
Cervera, 2009 [27]
Horcajada, 2009 [26]
Auriti, 2010 [25]
de Rooij (1), 2010 [24]
de Rooij (2), 2010 [24]
Klostergaard, 2010 [23]
Neth, 2010 [22]
Smithson, 2010 [21]
Garcia-Laorden, 2013 [20]

0·262 1 3·82

Fig. 4. Cumulative meta-analysis of association between the MBL A/O polymorphism and susceptibility to sepsis
(dominant model: OO+AO vs. AA).
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these polymorphisms (A/O) have reduced circulating
MBL levels, whereas for those who are homozygous
or compound heterozygous (O/O), circulating MBL
is almost absent [7]. In our meta-analysis, the A/O
polymorphism was a risk factor for developing sepsis
in the overall study population. Carriers of the O allele
(OO+AO) had a 27% increased susceptibility to sepsis
compared to individuals carrying an AA genotype.
Because all studies of the A/O polymorphism were
in Caucasian populations, more studies in Asian
populations are needed to evaluate the effect of this
polymorphism on susceptibility to sepsis.

In the subgroup analysis, we observed that paedia-
tric patients who carried an O allele had an increased
susceptibility to sepsis (dominant: OR 1·72, 95% CI
1·16–2·56, P=0·007), which should be confirmed in
a larger sample population. However, the result was
not statistically significant in the adult group (OR
1·15, 95% CI 0·95–1·39, P=0·16). Results from differ-
ent age groups were inconsistent, which might be
interpreted as indicative of a genetic predisposition
to sepsis and is further modulated by both genetic
(gender) and non-genetic (age) factors [44]. In ad-
dition, only one study [19] revealed that, after control-
ling for confounding variables, structural variant
alleles O in the MBL gene were independently as-
sociated with mortality. Because a relatively small
sample size may have insufficient statistical power to

Summerfield, 1997 [40] 2·10 (1·54–2·86)

1·49 (0·75–2·95)

1·77 (1·03–3·05)

1·46 (0·86–2·48)

1·48 (0·99–2·19)

1·38 (1·00–1·91)

1·30 (1·01–1·68)

1·26 (1·00–1·58)

1·24 (1·00–1·53)

1·21 (0·98–1·48)

1·20 (0·99–1·46)

1·20 (1·00–1·44)

1·16 (0·96–1·39)

1·16 (0·97–1·39)

1·18 (1·00–1·39)

1·19 (1·02–1·40)

Kronborg, 2002 [39]

Garred, 2003 [38]

Eisen, 2006 [8]

Gordon, 2006 [7]

Hellemann, 2007 [33]

Garcia-Laorden, 2008 [31]

Huttunen, 2008 [30]

van der Zwet, 2008 [29]

Horcajada, 2009 [26]

Auriti, 2010 [25]

de Rooij (1), 2010 [24]

de Rooij (2), 2010 [24]

Klostergaard, 2010 [23]

Smithson, 2010 [21]

Garcia-Laorden, 2013 [20]

0·328 3·051

Study
ID OR (95% CI)

Fig. 5. Cumulative meta-analysis of association between the MBL A/O polymorphism and susceptibility to sepsis (allelic
model: O vs. A).

Begg’s funnel plot with pseudo 95% confidence limits

1·0

0·5

0

–0·5
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Begg’s funnel plot with pseudo 95% confidence limits
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Fig. 6. Begg’s funnel plot with pseudo-95% confidence
limits for susceptibility to sepsis and the MBL A/O poly-
morphism. (a) dominant model (OO+AO vs. AA), (b)
allelic model (O vs. A).
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detect a slight effect, these associations require further
studies to confirm.

The –550G/C and –221G/C polymorphisms of the
MBL gene promoter region are also known to affect
the transcription level of MBL, and the X allele repre-
sents the MBL level similar to those with structural
variants at codons 52, 54, and 57. There was no sig-
nificant difference in the incidence of sepsis with H/
L or X/Y alleles in the overall comparison and sub-
group analysis. However, as there are only seven
studies for –550H/L, such negative results do not
rule out an association with susceptibility to sepsis.

The inconsistency of results for different MBL poly-
morphisms for susceptibility to sepsis can be explained
by several reasons. First, the study population in each
report originates from different geographical areas
and races. Different genetic backgrounds and environ-
mental factors could influence the frequency of poly-
morphisms. Second, the small sample size in some
studies contributes to inconsistency and it is necessary
to study larger sample sizes to decrease the possibility
of false-positive and false-negative associations.
Third, inconsistency in the composition of control
populations in studies may also influence the observed
associations with susceptibility to sepsis. Finally, some
cases are paediatric patients and the development of
sepsis could be modulated both by genetic polymorph-
isms and age difference factors.

Heterogeneity is an important factor in the inter-
pretation of the results of a meta-analysis. In this
study, significant heterogeneity was found in the
structure variations. For the A/O polymorphism,
meta-regression demonstrated that age group and
publication year might be the major source of the het-
erogeneity. Moreover, in a sensitivity analysis to
evaluate the stability of the meta-analysis the removal
of each study did not appear to alter the observed
associations with susceptibility to sepsis and hetero-
geneity, suggesting the reliability of these results.
The cumulative meta-analyses showed a trend of
more marked associations between the MBL A/O
polymorphism and increased susceptibility to sepsis
as data accumulated each year. This procedure also
proved that our results were robust.

Salanti et al. [45] suggested that false-negative
results may be suppressed or false-positive results
magnified and thus the results of meta-analyses
might be influenced by publication bias. Although
Egger’s test did not show significant publication bias
for susceptibility to sepsis, the shape of the funnel
plot was slightly asymmetrical and so the results

should be interpreted cautiously and further studies
are warranted to confirm these findings.

There are some limitations in our analysis. First,
although we collected all eligible studies, the sample
size of the included studies was often insufficient,
which could increase the likelihood of type I and
type II errors. Therefore, there was a lack of statistical
power to better evaluate the association between MBL
polymorphisms and susceptibility to sepsis, especially
in subgroup analysis. Second, we showed the results
by combining all studied populations; however, the
results of subgroup analysis were more meaningful.
We only analysed the data based on different age
groups and ethnicity of the studied populations due
to the limited data. Third, our analysis was primarily
based on unadjusted effect estimated and therefore the
potential covariates including comorbidities, sepsis
severity, duration of hospitalization, surgery, patho-
gens, sex, and source of controls were closely related
to susceptibility or progression of sepsis and could
not be controlled due to limited information in the
original studies. Fourth, although Egger’s test did
not show any obvious publication bias, the influence
of bias in the present analysis could not be completely
excluded as studies with positive results are more
easily published than those with negative results,
and only studies published in English were included.
Finally, as we only focused on the associations of
MBL polymorphisms, the significance was limited
and to ensure the validity and reliability of the con-
clusions, it would be necessary to perform a
meta-analysis on the associations between sepsis-
related mortality vs. sepsis controls in a future study.
There is also a need to examine the effect of other
and multiple polymorphisms on susceptibility to
sepsis.

In conclusion this meta-analysis demonstrates that
the A/O polymorphism of MBL has a significant
association with susceptibility to sepsis, and no such
association exists between –550H/L, and –221Y/X.
Further homogeneous studies with larger sample
sizes are needed to evaluate other associations in
order to identify suitable targets for diagnosis and
intervention of sepsis.
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