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ABSTRACT

Mannose-binding lectin (MBL) is a critical component of the innate immune system, serving a
vital role in the body’s initial defense against pathogens. Sepsis, a severe condition triggered by an
excessive immune response to infection, has been linked to variations in the MBL2 gene that affect
MBL levels and functionality. Numerous studies across various populations have examined the role
of MBL.-2 promoter polymorphisms (H>L and Y>X), but their results have been conflicting. This
study aims to investigate the genetic connection between AMBL promoter polymorphisms and
susceptibility to sepsis through a meta-analysis of previously published articles.

A thorough literature search was conducted using PubMed, Scopus, and ScienceDirect to locate
relevant articles for the meta-analysis. Rigorous inclusion and exclusion criteria were implemented to
ensure data accuracy. All analyses were performed using Comprehensive Meta-Analysis Software v4.

Seven studies were included, examining the role of MBIL.-2 promoter genetic variants in sepsis
(H>L: n=3, sepsis cases: 449, control: 687; Y>X: n=0, sepsis cases: 1211, control: 1694). Egger’s
regression analysis and funnel plots suggested no publication bias. Heterogeneity analysis indicated
homogeneity among the data. The meta-analysis showed no association between MBL-2 promoter
variants and susceptibility to sepsis. The trial sequential analysis highlighted the need for further
studies on MBL-2 promoter variants in sepsis to draw a definitive conclusion.

The promoter variants of the MBL-2 gene (H>L and Y>X) do not appear to increase the risk
of sepsis. Further investigation is needed to confirm this conclusion, including more participants
from diverse populations and larger sample sizes.

Keywords: Genetic predisposition to disease; Innate immunity; Mannose-binding lectin; Meta-
analysis; Polymorphism; Sepsis

INTRODUCTION

Sepsis is a severe condition caused by the body’s
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extreme response to an infection, which leads to
widespread inflammation and potential organ failure.! In
the year 2020, approximately 48 900 000 cases of sepsis
were reported globally, resulting in the death of
11000000 individuals.> Notably, half of these cases
occurred in individuals under five. Approximately 1.5%
of sepsis cases that arise in hospitals have been reported
in patients who were initially admitted for the treatment
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of other medical conditions.? These cases are associated
with high mortality rates and longer hospital stays. The
incidence and mortality rates for sepsis remain higher in
lower-middle-income countries.? Treating a sepsis
patient in higher-income countries typically incurs an
average cost of $32 000.* It is important to note that not
all instances of infection lead to sepsis. However, a
specific subset of individuals who are infected are at risk
for developing sepsis. Environmental factors, host
immunity, and genetics significantly influence an
individual’s susceptibility to sepsis.>®

Innate immunity is integral to the immediate defense
mechanism against invading pathogens by recognizing
specific  conserved molecular patterns.  Upon
encountering foreign pathogens, innate immune cells
initiate complex pathways of immune responses,
ultimately eliminating the pathogens and restoring
homeostasis.” However, in sepsis, the host immune
response becomes excessively vigorous, resulting in the
release of uncontrolled proinflammatory cytokines,
which leads to tissue injury and organ failure.®
Concurrently, functional impairment of the innate
immune system results in cell depletion, leading to
improper pathogen clearance, predisposing patients to
immunosuppression and secondary infections.” The
balance between hyperinflammation and immune
paralysis of the innate immune system is a major factor
contributing to the complexity of sepsis and presents
significant challenges for its therapeutic management.'°

Mannose-binding lectin (MBL) is a vital protein that
functions in the innate immune system, playing a crucial
role in safeguarding the body against infections.!! This
protein recognizes and binds to specific carbohydrate
patterns, including mannose and N-acetylglucosamine,
which are found on the surface of many pathogens,
including bacteria, viruses, fungi, and parasites.'? This
binding occurs through the carbohydrate-recognition
domains of MBL. Following the binding of pathogens,
MBL activates the lectin pathway of the complement
system, resulting in a chain reaction of immune
responses. This activation leads to the opsonization of
pathogens, making them more visible and easier for
phagocytic cells, such as macrophages and neutrophils,
to ingest and destroy.!* Furthermore, the complement
activation can result in the formation of the membrane
attack complex (MAC), which directly kills pathogens
by creating pores in their cell membranes.'* MBL also
functions as an opsonin, a molecule that enhances
phagocytosis by marking pathogens for destruction.
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Phagocytes have receptors for MBL, enabling the uptake
and clearance of the bound pathogens.'* MBL has been
associated with the modulation of immune responses in
various innate immune-mediated conditions. These
include autoimmune diseases such as systemic lupus
erythematosus'>'®  and  rheumatoid
susceptibility to viral and bacterial infections,'® and the
regulation of inflammatory processes through the
clearance of apoptotic and altered self-cells. Based on
the significance of MBL, it has been hypothesized that
individuals with lower levels of MBL may be more
susceptible to developing sepsis (Details are
summarized in Figure 1). Several investigations have
been conducted worldwide to explore this relationship.
The results of these studies have reported a strong
correlation between lower levels of MBL and an
increased risk of sepsis in adults and children.!*-2!

MBL is a protein encoded by the MBL-2 gene, which
is located on chromosome 10 at position 10g21.1.
Several single-nucleotide polymorphisms (SNPs) have
been identified in the promoter region of the MBL-2
gene, and some of them have been shown to affect
plasma levels of MBL. Two genetic variations at
positions -550 (H > L, rs11003125) and -221 (Y > X,
rs7096206) have been extensively studied as they are
associated with alterations in plasma MBL levels.??*
The relationship between low MBL-producing
genotypes of promoter polymorphisms and the

development and clinical severity of sepsis has been
2527

arthritis, !’

studied, with some research indicating a connection.
However, other studies have not shown a similar link
between MBL  promoter polymorphisms and
susceptibility to sepsis.?s3!
regarding the role of MBL-2 promoter polymorphisms in
sepsis may be due to smaller sample sizes in the studies,
differences in the categorization of sepsis cases, and

The inconsistent findings

variations in the patients’ ethnicity. Meta-analysis is a
powerful technique that combines data from studies with
similar designs, enhances the statistical power of the
study, and draws a definitive conclusion.* In order to
establish a definitive conclusion on the role of MBL-2
promoter polymorphisms (H>L and Y>X) in sepsis
susceptibility, we conducted a meta-analysis of all
relevant published articles.
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Figure 1. Schematic representation of the role of mannose-binding lectin in sepsis.

MATERIALS AND METHODS

The Search for Eligible Studies

The present meta-analysis incorporated articles from
three databases, namely PubMed, Scopus, and
ScienceDirect. To locate relevant articles, various
keywords were employed, such as “Mannose-binding
lectin,” “MBL,” “MBL-2,” “promoter polymorphism,”
“H>L,” “Y>X,” “MBL-550,” “MBL-221,” “sepsis,”
“septicemia,” and “septic shock.” Following a review of
the titles and abstracts, eligible articles were selected,
and their full texts were downloaded. Moreover, all
eligible articles and their references were manually
screened to identify additional relevant studies. Two
authors independently conducted the database searches
and assessed the titles and abstracts. The final database
search was executed on 14th August 2025.

Inclusion and Exclusion Criteria
The following inclusion and exclusion criteria
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were established to maintain stringency in the meta-
analysis before conducting the literature search: i) case-
control study, ii) well-defined clinical characteristics of
sepsis cases and controls, iii) investigation of genetic
associations, including the MBL-2  promoter
polymorphisms (-550 H>L and -221 Y>X), iv) genotype
or allele prevalence data for both cases and controls. The
exclusion criteria for this analysis include: i) studies that
focus on evaluation, case studies, animal investigations,
or mechanistic aspects of the MBL-2 polymorphisms, ii)
reports that do not provide genotype or allele data, iii)
data that were published in a conference or seminar as
an abstract, and iv) studies that examine infection or
bacteremia data rather than sepsis.

Data Extraction

Data extraction was conducted independently by two
authors for all eligible papers. The following data were
extracted: first author’s name, year of publication,
genotype prevalence, allele frequency, genotyping
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method, population details, and number of patients and
controls. In the event of disagreements regarding paper
selection or data extraction, both authors discussed and
reached a consensus.

Quality Assessment of the Included Reports

To assess the quality of studies, the Newcastle-
Ottawa Scale (NOS) was employed.> All authors
individually assessed the articles featured in this study
and utilized the NOS score, which comprised three
primary categories: i) subject selection rated at 4 stars,
i) comparison of subjects rated at 2 stars, and iii) clinical
outcomes rated at 3 stars. A study with an overall score
of 5 stars or higher typically exhibits good or fair quality.

Statistical Analysis

In this study, the distribution of the MBL-2 -550 H>L
and -221 Y>X genotypes in healthy controls was
analyzed for Hardy-Weinberg equilibrium (HWE) using
a Microsoft Excel spreadsheet and the chi-square test.
The power of each included report was assessed using
the Gpower v3.1 software.>* The Comprehensive Meta-
Analysis v4 (CMA) software was employed for all meta-
analysis-related statistics. Five genetic models were
considered to compare the genotype and allele
frequencies between sepsis and controls: 1) allele
contrast, ii) homozygous comparison, iii) heterozygous
contrast, iv) dominant, and v) recessive model. The
allele contrast model evaluates the overall impact of the
variant allele, while the homozygous and heterozygous
comparison models assess the effects of having two or
one copy of the variant allele, respectively. The
dominant model investigates whether carrying one or
two copies of the variant allele similarly increases risk,
whereas the recessive model focuses on the effect of
having two copies compared to one or none. The
potential for heterogeneity among the included studies
was explored using Cochrane Q and I? analysis.>> An I?
value of less than 25% suggests an absence of
heterogeneity, while a range of 25% to 50% indicates
moderate heterogeneity. Values exceeding 50%
demonstrate the presence of heterogeneity among the
reports included.’® For the meta-analysis, a random
(heterogeneous) or fixed (homogeneous) model was
employed based on the evaluation of heterogeneity.*’
The calculation of the combined odds ratio, 95%
confidence interval, and probability values was
undertaken, with a p value of less than 0.05 being
deemed to demonstrate statistical significance.
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Furthermore, a sensitivity analysis was conducted for all
the tested genetic comparison models to evaluate the
robustness of the meta-analysis. In this analysis, each
study was sequentially excluded from the meta-analysis,
and the results were compared to those of the parent
analysis to determine the degree of deviation.’® In
addition, a trial sequential analysis was carried out to
determine if there have been enough studies conducted
thus far to establish a definitive conclusion about the
association between the MBL-2 promoter polymorphism
and sepsis or if further investigations are necessary.>’

RESULTS

Databases Search and Identification of Appropriate
Reports

The widely recognized Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, which were updated in 2020, were followed
in the present meta-analysis.3®3? The details of the search
strategies employed to search for articles in three
databases are provided in the Supplementary Table 1. A
total of 821 articles were obtained using predefined
keywords and a search strategy, with 53 articles from
PubMed, 62 from Scopus, and 706 from Science Direct.
Of these, 664 articles were excluded due to duplication
in different databases and other reasons. Furthermore,
articles with insufficient data or those that examined
infections unrelated to sepsis were also excluded.
Ultimately, seven studies®>3! were deemed eligible for
inclusion in the present study, and all of them contained
data for the MBL-2 Y>X polymorphism except for Huh
et al,>> which only had genotypic data for the MBL-2
H>L polymorphism. In addition, Davis et al and Eisen
et al provided both genotype and allele data for the MBL-
2 Y>X polymorphism. The findings of the eligible
studies are depicted in the PRISMA flow chart (Figure
2). Additionally, a post-hoc power analysis was
conducted for each study, with a lower effect size
(w=0.15) and an alpha error of 0.05, revealing that three
studies, namely Huh et al,>> Mills et al,>* and Hellemann
et al,?’ had significant power (over 80%) to detect any
possible genetic association if it existed (Table 1). The
quality assessment of individual eligible studies was
performed by the NOS scale and is documented in
Supplementary Table 2.
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Table 1. Details of reports considered for the meta-analysis of the association of MBL-2 promoter polymorphisms (H>L and Y>X) with sepsis.

MBL-2 rs11003125 (H>L)

Author and Country Sepsis type/ diagnosis criteria Adults/Neonates Severity Genotyping Sepsis Power of
year of (Ethnicity) Scores Methods G iy CorGrdl LEhD Patients  the study
publication Assessment (n) HH HL LL () (m) HH HL (%) LL
Davisetal,  USA (North NR Adults NR TagMan SNP 53 19 25 9 087 24 12 9 3 14
20103 America) typing
Huh et al, Korea (East American College of Chest Adults SOFA PCR- 398 124 182 92 0.11 255 77 122 56 85.8
2009 Asian) Physicians/Society of Critical sequencing
Care Medicine Consensus
Conference in 1992

Eisen et al, Australia NR Adults SOFA PCR-SSP 236 25 111 100 047 170 24 171 75 63.1
200627 (Caucasian)
MBL-2 rs7096206 (Y>X)
First Author Country Sepsis type/ diagnosis criteria Adults/Neonates Severity Genotyping
and year scores methods

Assessment m YY YX XX (m) YY YX XX
Mills et al, Europe NR Adults NR, all ICU HRMA 477 140 246 91 0.35 590 173 299 118 98
2015% continent admitted

(Mixed)

Davisetal,  USA (North NR Adults NR TagMan SNP 53 4 16 33 031 28 3 7 18 14.6
201078 America) typing
Van Der Zwet Netherlands NR Neonates All from TagMan SNP 145 55 60 30 0.07 41 18 15 8 30.4
etal, 20083  (Caucasian) NICU typing
Hellemann et Denmark NR Adults SOFA PCR-SSP 533 150 265 118 096 185 48 99 38 89.3
al, 2007%° (Caucasian)
Eisen et al, Australia NR Adults SOFA PCR-SSP 236 144 81 11 092 170 97 63 10 63.1
200627 (Caucasian)
Garred et al, Denmark American College of Chest Adults SOFA PCR-SSP 250 125 73 52 <0.0001 197 117 41 39 68
200326 (Caucasian) Physicians/Society of Critical

Care Medicine Consensus
Conference in 1992

HRMA: High resolution melting analysis; HWE: Hardy-Weinberg equilibrium; ICU: intensive care unit; MBL-2: Mannose-binding lectin-2; NICU: neonatal intensive care unit;
NR: not reported; PCR-RFLP: polymerase chain reaction followed by restriction fragment length polymorphism; PCR-SSP: polymerase chain reaction-sequence-specific primer;
SNP: single nucleotide polymorphism; SOFA: sequential organ failure assessment.
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Records identified from*:
Databases (n = 821)
PubMed: 53
Scopus: 62
Science Direct: 706
Registers (n = 0)

Records removed before screening:
Duplicate records removed (n =179)

\4

Records marked as ineligible by automation
tools (not applicable)
Records removed for other reasons (n =485)

!

(n=157)

Reports sought for retrieval
(n=25)

Reports assessed for eligibility
(n=25)

Reports of included studies
(=7

Figure 2. The inclusion process for the studies is depicted in the flowchart for the meta-analysis

Publication Bias

The potential for publication bias in the included
studies was assessed using Begg’s funnel plot and
Egger’s regression analysis for all MBL-2 H>L and
Y>X polymorphisms genetic comparison models. As
illustrated in Supplementary Figure 1, the funnel plots
for MBL-2 H>L showed no evidence of publication bias
as they were symmetrical. Furthermore, Egger’s
regression also documented the absence of publication
bias (Table 2). Similarly, for the other genetic variant,
MBL-2 Y>X, both the funnel plot and Egger’s
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Records screened IS

Records excluded: not MBL-2
polymorphisms in sepsis
(n=132)

Reports not retrieved
(n=0)

Reports excluded:
Insufficient data (n = 2)
Other polymorphism (n = 8)
Infection not sepsis (n=8)

regression analysis indicated the absence of publication
bias (Supplementary Figure 2 and Table 2).
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Table 2. Statistical analysis for publication bias and heterogeneity for the association of MBL2 promoter polymorphisms

(H>L and Y>X) with sepsis.

Comparison  Egger's Regression Analysis Heterogeneity Analysis Model Used for Power

Meta-Analysis (%)

95% Confidence
Intercept in te:'val Q Value  pheterogeneity 1% (%)
MBL-2 rs11003125 (H>L)
LvsH -1.55 -3.70 to 0.58 0.06 1.08 0.58 0.00 Fixed 99.9
LL vs. HH -1.23 -6.33 t0 3.85 0.19 0.81 0.66 0.00 Fixed 83.4
HL vs. HH -2.20 -13.07 to 8.67 0.23 2.52 0.28 20.86 Fixed 92.7
HLA+LL vs. -2.14 -8.03 to 3.75 0.13 2.18 0.33 8.24 Fixed 98.6
HH
LL vs. -0.64 -9.85 to 8.55 0.53 0.48 0.78 0.00 Fixed 98.6
HL+HH
MBL-2 rs7096206 (Y>X)
Xvs. Y -0.43 -3.05t0 2.19 0.67 3.74 0.58 0.00 Fixed 100.0
XXvsYY -0.24 -1.90 to 1.41 0.70 1.58 0.93 0.00 Fixed 99.9
YXvs. YY -0.97 -4.15 t0 2.20 0.44 6.38 0.27 21.73 Fixed 99.9
YX+XX vs. -0.68 -3.79 t0 2.43 0.57 5.34 0.37 6.40 Fixed 99.9
YY
XX vs. 0.13 -1.07 to 1.35 0.76 0.77 0.97 0.00 Fixed 99.9
YX+YY
MBL-2 rs7096206 (Y>X) Caucasian

Xvs.Y -0.43 -11.73 to 10.87 0.88 3.43 0.33 12.52 Fixed 100.0
XXvsYY 0.69 -4.58 to 5.97 0.62 1.20 0.75 0.00 Fixed 98.0
YXvs. YY -2.33 -17.47 to 12.80 0.57 6.02 0.11 50.21 Fixed 99.7
YX+XX vs. -0.90 -16.41 to 14.59 0.82 5.02 0.17 40.26 Fixed 99.9
YY
XX vs. 0.75 -1.61 to 3.12 0.30 0.48 0.92 0.00 Fixed 99.9
YX+YY

Heterogeneity Test

The analysis of heterogeneity among the studies was
carried out using Cochrane Q statistics and I values. As
shown in Table 2, there was significant homogeneity for
all genetic comparison models for both the MBL-2 H>L
and Y>X polymorphisms. Consequently, a fixed effect
model was chosen for the meta-analysis.

MBL-2 H>L Polymorphism Is Not Associated with
Sepsis

Three studies that met the eligibility criteria were
included in the analysis to examine the role of the MBL-
2 H>L polymorphism in sepsis. These studies consisted
of a total of 449 sepsis cases and 687 healthy controls.
As illustrated in Figure 3, none of the genetic
comparison models demonstrated a significant
association between the MBL-2 H>L promoter
polymorphism and an increased risk of sepsis.
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MBL-2 Y>X Polymorphism Is Not Linked with
Susceptibility to Sepsis

After assessing six case-control studies that were
deemed ecligible, we aimed to investigate the potential
connection between MBL-2 Y>X polymorphism and
sepsis. A total of 1211 cases and 1694 controls were
analyzed. As depicted in Figure 4, the distribution of
alleles and genotypes was comparable between patients
and healthy controls, which suggests that the MBL-2
Y>X genetic variant does not play a role in the
predisposition to sepsis.
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Study name Statistics for each study
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Davis et al. 20100.666 0.323 1.372 -1.102 0.270
Huh etal 2009 0.996 0.797 1.245 -0.035 00972
Eisen et al. 20060.961 0.717 1.289 -0.263 0.792
Pooled 0.962 0809 1.143 -0444 0657
Study name Statistics for each study
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Davis et al. 20100.528 0.119 2.349 -0.839 0.402
Huhetal. 2009 0980 0633 1.518 -0.089 0.929
Eisen et al. 20060.781 0.414 1.474 -0.762 0.446
Pooled 0.884 0.623 1.255 -0.688 0.491
Study name Statistics for each study
Odds Lower Upper
ratio limit limit Z-Value p-Value
Davis et al. 20100.570 0.199 1.629 -1.049 0294
Huhetal. 2009 1.079 0.749 1556 0410 0.682
Eisen et al. 20060.666 0.353 1.257 -1.254 0.210
Pooled 0917 0677 1241 -0562 0574
Study name Statistics for each study
Odds Lower Upper
ratio limit  limit Z-Value p-Value
Davis et al. 20100.559 0210 1.485 -1.167 0.243
Huhetal. 2009 1.046 0744 1472 0259 0.795
Eisen et al. 20060.721 0396 1.311 -1.072 0.284
Pooled 0913 0687 1212 -0.631 0.528
Study name Statistics for each study
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Davis et al. 20100.698 0.171 2.850 -0.500 0.617
Huh et al. 2009 0.936 0.642 1.365 -0.344 0.731
Eisen et al. 20061.074 0.721 1.598 0.350 0.726
Pooled 0986 0.754 1.290 -0.104 0917
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Figure 3. Forest plots for the association of mannose-binding lectin (MBL)-2 H>L polymorphism with susceptibility to sepsis.
The genetic association of MBL-2 promoter polymorphism (-550 H>L) with susceptibility to sepsis was performed by meta-
analysis with the inclusion of three eligible reports. The genetic association was explored in five different genetic models
comparison A. Allele, B. homozygous, C. heterozygous, D. dominant and E. recessive. All analysis was performed in CMA
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Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Mills et al. 2015 1019 0859 1210 0219 0826 B I 42.95
Davis et al 2010 0968 0449 2089 -0.083 0.934 214
Van Der Zwet et al. 2008.861 0.520 1.425 -0.582 0.561 4.98
Hellemann et al. 2007 1.012 0.799 1.283 0.099 0.921 22.51
Eisen et al. 2006 1.157 0.832 1.609 0.866 0.386 11.60
Garred et al. 2003 0790 0595 1.048 -1638 0.101 15.82
Pooled 0983 0878 1.099 -0.308 0.758
01 02 0.5 1 2 5 10
Study name Statistics for each stud Odds ratio and 95% CI
Odds Lower Upper Relative
ratio  limit limit Z-Value p-Value weight
Mills et al. 2015 1.049 0737 1493 0268 0789 I —.— 41.83
Davis et al 2010 0.727 0.146 3614 -0389 08697 2.02
Van Der Zwet et al. 2008.815 0.317 2085 -0425 0.671 5.84
Hellemann et al. 2007 1.006 0.617 1.641 0.025 0.980 21.75
Eisen et al. 2006 1.350 0.552 3300 0657 0.5M1 e 6.51
Garred et al. 2003 0.801 0493 1.302 -0.8%4 0371 22.06
Pooled 0974 0775 1224 -0225 0.822
0.1 0.2 0.5 1 2 5 10
c Study name Statistics for each study Odds ratio and 85% CI
Odds Lower Upper Relative
ratio  limit limit Z-Value p-Value weight
Mills et al. 2015 0984 0744 1301 -0116 0908 | | - I 4055
Davis et al 2010 0.583 0.102 3.325 -0.607 0.544 1.05
Van Der Zwet et al. 2008.764 0.351 1.661 -0.680 0497 5.25
Hellemann et al. 2007 1.167 0.784 1.739 0.761 0.447 19.93
Eisen et al. 2006 1.155 0760 1.754 0674 0.500 18.13
Garred et al. 2003 0600 0380 0.949 -2.185 0.029 —t— 15.09
Pooled 0954 0799 1.140 -0.514 0.608
0.1 0.2 0.5 1 2 5 10
D Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio  limit limit Z-Value p-Value weight
Mills et al. 2015 1001 0768 1.305 0010 0992 | ;e I 38.60
Davis et al 2010 0.680 0.141 3.278 -0480 0.631 1.10
Van Der Zwet et al. 2008.781 0.387 1.576 -0.690 0.490 5.50
Hellemann et al. 2007 1.118 0.765 1.633 0.576 0.565 18.87
Eisen et al. 2006 1.178 0789 1.759 0.801 0423 16.88
Garred et al. 2003 0.684 0469 0.997 -1.975 0.048 L 19.05
Pooled 0960 0.814 1.132 -0489 0.625
E 0.1 0.2 0.5 1 2 5 10
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio  limit limit Z-Value p-Value weight
Mills et al. 2015 1.060 0782 1.438 0377 0.708 -.— 43.03
Davis et al 2010 1.091 0421 2.826 0.179 0.858 4.41
Van Der Zwet et al. 200®.929 0.389 2220 -0.165 0.868 527
Hellemann et al. 2007 0.909 0.603 1.371 -0.454 0.650 —q— 23.64
Eisen et al. 2006 1278 0530 3.082 0547 0.584 516
Garred et al. 2003 0.940 0.590 1.496 -0.261 0.794 18.49
Pooled 1.004 0.822 1.226 0038 0.962
0.1 0.2 0.5 1 2 5 10

Figure 4. Forest plots for the association of mannose-binding lectin-2 Y>X polymorphism with susceptibility to sepsis. The
genetic association of MBL-2 promoter polymorphism (-221 Y>X) with susceptibility to sepsis was performed by meta-analysis
with the inclusion of six eligible reports. The genetic association was explored in five different genetic models' comparison A)
Xvs.Y,B) XX vs. YY,C) YX vs YY, D) YX+XX vs. YY and E) XX vs. YX+YY. All analysis was performed in CMA software.
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Sensitivity Analysis

The sensitivity analysis in meta-analysis serves to
illustrate the robustness of the analysis. By systematically
eliminating one study at a time, conducting the meta-
analysis, and comparing the deviation of the new analysis
with the original analysis, the sensitivity analysis
demonstrates the reliability of the meta-analysis. When
there is no variation between the original and newer
analyses, it provides evidence of the robustness of the
meta-analysis.>® We carried out a sensitivity analysis for
the MBL-2 promoter polymorphisms and found that
the results showed minimal variations for both
polymorphisms (H>L, as depicted in Supplementary
Figure 3, and Y>X, as depicted in Supplementary
Figure 4), which suggests that the meta-analysis findings
for both polymorphisms are dependable.

Subgroup Analysis

The three reports concerning the MBL2 H>L
polymorphisms were derived from three distinct ethnic
groups: North American, Caucasian, and East Asian.
Consequently, due to the limited number of studies, a
subgroup analysis could not be conducted. In contrast,
among the six studies we considered for the MBL Y>X
polymorphism, four were Caucasian, one was North
American, and one was of mixed ethnicity. We
conducted a subgroup analysis of the Caucasian
population to investigate the association between the
MBL Y>X polymorphism and sepsis. As shown in

Supplementary Figure 5, no publication bias was
observed for all genetic comparison models. No
significant association was observed between the MBL
Y>X polymorphism and susceptibility to sepsis in the
Caucasian population (Supplementary Figure 6).
Furthermore, the sensitivity analysis of the observations
demonstrated robustness across all genetic comparison
models (Supplementary Figure 7).

Trial Sequential Analysis

The trial sequential analysis (TSA) methodologically
arranges each study sequentially based on the year of
publication, calculates the z statistics, and presents the
results as a cumulative z-curve. The TSA plot features
three important boundaries: alpha spending, futility, and
required information size. When the cumulative z-curve
intersects any of these boundaries, it signifies that
enough studies have already been conducted, and further
research is optional.’’ In the current investigation, we
utilized genetic data from the dominant genetic model to
prepare the TSA plot. Details of the parameter
considered for the TSA are shown in Supplementary
Table 3. As illustrated in Figure 5, the cumulative z
curve did not surpass the alpha spending boundary,
futility, or attain the necessary information size for both
promoter polymorphisms of the MBL-2 gene (H>L and
Y>X). This suggests that additional genetic research is
required to determine the role of MBL-2 polymorphisms
in sepsis susceptibility.

A R s S T s

Cumulative
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Figure 5. Trial sequence analysis for the association of MBL promoter polymorphism (H>L and Y>X) with sepsis. TSA was
performed to investigate the relationship between MBL-2 promoter variants and sepsis, with a focus on the H>L (A) and Y>X
(B) polymorphisms. The crossing of the cumulative Z curve with the alpha spending boundary, the required information size
line, or the futility boundary indicates that a sufficient number of investigations have been included in the meta-analysis, and
no further studies are necessary. Conversely, if the cumulative Z curve does not intersect the alpha spending boundary, the
futility boundary, or reach the required information size, it suggests that additional investigations are warranted. The results
of the analysis revealed the need for further investigation to determine the association between these polymorphisms and sepsis.

DISCUSSION

In this extensive analysis, seven studies were
considered and analyzed to determine the relationship
between MBL-2 promoter polymorphisms (H>L and
Y>X) and the predisposition to develop sepsis. The
results of the present study indicate that there is no
significant association between MBL-2 promoter
polymorphisms and susceptibility to sepsis. In addition,
the sensitivity analysis supports the reliability of the
meta-analysis, demonstrating minimal variation from
the original meta-analysis when excluding one study
each time and reperforming the analysis. Furthermore,
the trial sequential analysis emphasizes the need for
additional research to reach definitive conclusions about
the role of MBL-2 promoter polymorphisms in sepsis.

485/ Iran J Allergy Asthma Immunol

MBL is a vital component of the innate immune
system, responsible for recognizing pathogen-associated
molecular patterns and initiating the lectin pathway of
complement activation.!" The MBL2 gene, which
encodes for MBL, contains promoter polymorphisms at
positions -550 (H>L) and -221 (Y>X) that influence the
levels and functionality of MBL in serum.?*?* The H>L
polymorphism involves a C to G substitution, while the
Y>X polymorphism involves a G to C substitution.*’
These genetic variations can lead to differential
expression of MBL, which in turn can affect an
individual’s susceptibility to infections.?* Studies have
shown that individuals with low MBL levels, often
associated with the L and X alleles, are at a higher risk
of recurrent infections,*' including respiratory tract
infections*? and systemic infections.*® The role of MBL-
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2 promoter polymorphisms has been extensively
investigated, but the findings remain
controversial. 223262831 Sepsis pathogenesis involves a
complex interplay between pathogen load and the host’s
immune response,* where MBL plays a vital role in
pathogen recognition and clearance. However, our meta-
analysis and several other studies?®3! have found no
significant association between the -550 (H>L) and -221
(Y>X) polymorphisms and sepsis susceptibility. This
suggests that while MBL levels influenced by these
polymorphisms can affect the body’s response to
infections, they may not be a determining factor in sepsis
development. Polymorphisms in the promoter region of
MBL?2 not only regulate serum levels of MBL but may
also influence the functional activity of other
components within the lectin pathway. Given that
MASP2 necessitates adequate MBL binding for
complement activation* and FCN2 shares overlapping
recognition functions,*® a reduction in MBL availability
due to promoter variants could impair both complement
activation and cooperative pathogen clearance. This
suggests that the impact of MBL2 promoter
polymorphisms on sepsis susceptibility may extend
beyond MBL alone, affecting the overall efficiency of
the lectin pathway.

Three meta-analyses*** have been performed thus far
to evaluate the link between MBL-2 promoter
polymorphisms and susceptibility to sepsis. Two of these
investigations were conducted within the context of
neonatal sepsis, encompassing 7 and 17 studies,
respectively.*”*® Both reports examined the association
between the MBL structural variant and susceptibility to
sepsis development. Luo et al*’ incorporating 338 cases
and 1066 controls, demonstrated that the structural variant
is associated with sepsis susceptibility. In contrast,
Jakovljevic et al*® did not document an association of the
structural variant in culture-proven sepsis (n=6) or clinical
plus culture-proven sepsis (n=11), considering 972 cases
and 4622 controls, or 3337 cases and 5334 controls,
respectively. In addition, a third meta-analysis was carried
out with pediatric and adult sepsis patients, and it also
failed to demonstrate an association,*® similar to our
current study. Notably, the number of studies considered
in the meta-analysis exceeded those in the present report:
specifically, 16 reports were included for Y>X, and seven
studies were considered for H>L.* The report employed
three genetic comparison models (allele contrast,
dominant, and recessive) for their analysis, and the
majority of the studies included in their meta-analysis had

Vol. 25, No. 4, August 2026

a quality score of less than six.** The maintenance of
rigorous inclusion and exclusion criteria is crucial in
conducting a meta-analysis. Our analysis was limited to
reports that employed appropriate definitions of sepsis
patients. Moreover, earlier studies were examined for
infection data, but it is important to note that infections
and sepsis are clinically distinct. Furthermore, subgroup
analysis within the Caucasian population indicated the
absence of MBL promoter variants associated with
susceptibility to sepsis. However, we were unable to
explore other populations due to the limited number of
studies available.
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