
ORIGINAL ARTICLE

Serum mannose-binding lectin (MBL) gene polymorphism and
low MBL levels are associated with neonatal sepsis and
pneumonia
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Objective: The aim of this study was to determine the serum mannose-

binding lectin (MBL) levels and the frequency of MBL gene polymorphisms

in infants with neonatal sepsis.

Study Design: Between January 2008 and January 2010, a total of 93

infants were included in this study and 53 of them had neonatal sepsis

diagnosis as study group and 40 infants who had no sepsis according to

clinical and laboratory findings as control group.

Result: Serum MBL levels were found to be low in 17 of 93 infants.

Eleven of them were in the sepsis group and six of them were in the

control group. Serum MBL levels were significantly lower in infants with

sepsis compared with the control group. Frequencies of genotype AB and

BB were also significantly higher in the study group compared with the

control group. Most importantly, presence of B allele of MBL exon 1 gene

was found to be associated with an increased risk for neonatal sepsis.

Additionally, in the study group, the mean serum MBL levels were found

to be significantly lower in the premature infants compared with the term

infants. Pneumonia, bronchopulmonary dysplasia (BPD) and

intraventricular hemorrhage (IVH) were significantly higher in infants

with MBL deficiency compared with infants with normal MBL levels.

Conclusion: Low MBL levels and presence of B allele of MBL exon 1

gene were found to be important risk factors for development of both

neonatal sepsis and pneumonia, especially in premature infants. Low

MBL levels and MBL gene polymorphisms might also be associated with

inflammation-related neonatal morbidities such as BPD and IVH.
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Introduction

Innate immune system is the most important defense against
infection in newborns and genetic and/or developmental
immaturity of innate immune system may predispose to neonatal
sepsis.1 Mannose-binding lectin (MBL) is a plasma protein which
is primarily produced by the liver and it has an important role in
the innate immune defense by activating the lectin pathway of the
complement system by binding various microorganisms. This also
leads to opsonization and enhanced phagocytosis.2

Circulating plasma MBL levels are associated with structural
and genetic variations in promoter region of MBL. The MBL
monometer is encoded by the MBL-2 gene on human chromosome
10 and consists of four exons. The structural mutations in exon 1
are called as ‘O’, whereas normal wild-type allele is called ‘A’.
Three single-nucleotide polymorphisms in the promoter region of
exon 1 may lead to reduced plasma MBL levels and X variant
polymorphisms are also associated with low plasma MBL levels.3

These polymorphisms are common as they are found in one third
of the population; however, their frequency show differences
between various ethnic groups. Although heterozygous
polymorphisms reduce MBL levels 5- to 10-fold, the homozygous
mutations may lead to almost undetectable MBL levels.4,5 It was
reported that MBL deficiency might be associated with recurrent
and serious infections in certain patient groups, especially in those
with immune deficiency and compromised immune functions such
as malignancy or neutropenia.6,7

The absence of passively derived maternal antibodies, low or
suboptimal functioning of acquired immune system and decreased
function of neutrophils may be responsible for the host-defense
impairment in both term and preterm infants, so newborns might
have increased susceptibility to infections.8,9 Therefore, it may be
suggested that innate immune system might provide protection
against infections in postnatal period. In recent years, limited
number of studies evaluated the effect of defects in the innate
immune system, especially the role of MBL levels contributing to
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predisposition to neonatal sepsis. However, these studies had
conflicting results.1,10–16

The aim of this study was to determine serum MBL levels and
the frequency of MBL gene polymorphism in both term and
premature infants with neonatal sepsis. We also intended to
investigate the possible association between MBL levels and
inflammation-related morbidities in preterm infants.

Methods

A total of 93 newborn infants (53 infants with neonatal sepsis and
40 controls) who were admitted to NICU (Neonatal Intensive Care
Unit) of Uludag University, Faculty of Medicine between January
2008 and January 2010 were enrolled to this prospective study.
Neonatal sepsis was defined as presence of clinical signs of sepsis
with positive blood culture.17 Temperature instability (fever or
hypothermia), apnea, need for supplemented oxygen, need for
ventilation, tachycardia/bradycardia, hypotension, feeding
intolerance, abdominal distension, bloody stool, convulsion,
hypotonia and irritability were considered among clinical signs of
sepsis. The neonates were classified into the following three groups
according to sepsis type: early-onset sepsis (EOS), late-onset sepsis
(LOS) and very late-onset sepsis. EOS, LOS and very late-onset
sepsis were distinguished by the time at which sepsis first occurred:
in the first 3 days of life, between 4 and 30 days after birth and
>30 days after birth, respectively. Infants who had no signs
of clinical and laboratory infection were referred as the control
group.
The study protocol was approved by the Ethics Committee of

Uludag University, Faculty of Medicine. Informed parental consent
was obtained for all infants. Exclusion criteria included major
congenital abnormalities and refusal of parental consent.
Gestational age, birth weight, gender, mode of delivery, Apgar score
at 1 and 5 min, prenatal demographics (for example, preeclampsia
and diabetes), antenatal steroid administration, premature rupture
of membranes and history of chorioamnionitis were all recorded.
Intraventricular hemorrhage (IVH) was evaluated by cranial

ultrasound examinations which were performed by the same
pediatric radiologist and diagnosed using the Papile classification
system.18 Bronchopulmonary dysplasia (BPD) was defined as
oxygen dependency at 36 weeks postconceptional age for <32
gestational age or at 28 days of age for >32 gestational age.19

Necrotizing enterocolitis was diagnosed using Bell criteria.20

Retinopathy of prematurity was classified according to the
International Classification of Retinopathy of Prematurity.21

The changes in the hematologic parameters were processed
according to the Manroe and Rodwell scoring systems.22,23 Leukopenia
was defined as leukocyte count <5000 per mm3; leukocytosis was
defined as leukocyte count >25 000 per mm3 at birth, >30 000 per
mm3 at 12 to 24 h and >21 000 per mm3 after the second day.
Thrombocytopenia was defined as platelet count <150 000 per mm3.

Normal absolute neutrophil count was accepted as 7800 to 14 500
per mm3 in the first 60 h and 1750 to 5400 per mm3 after 60 h.
Before initiating the antimicrobial therapy, blood samples for whole
blood count, C-reactive protein, procalcitonin, serum amyloid A and
culture were obtained both from neonates with sepsis and from
control patients. Blood samples for MBL levels and MBL genotyping
were obtained at time of sepsis diagnosis at sepsis group, whereas they
were obtained after exclusion of neonatal sepsis in the control group.
Cerebrospinal fluid, urine and tracheal and gastric materials were also
sent out for culture, if obtained. Blood smears of all infants were also
evaluated for the findings of sepsis when blood samples obtained.
Meningitis was diagnosed according to the cell count, glucose and
protein levels of cerebrospinal fluid along with cerebrospinal
fluid culture.
Blood samples were analyzed by enzyme-linked immunosorbent

assay and MBL phenotyping was performed by PCR and restriction
fragment length polymorphism methods. Serum MBL levels were
measured using an immunoassay (Oligomer ELISA kit, Antibody
Shop, Copenhagen, Denmark) according to the instructions of the
manufacturer. MBL deficiency was defined as presence of serum
MBL levels <0.7 mg ml�1. For MBL genotyping, DNA was extracted
from blood samples by using a commercial available kit
(Puregene, Gentra, MN, USA). DNA samples were kept at �20 1C
until use. All genotypes were detected by PCR and restriction
enzyme digestion. Exon 1 of MBL gene was amplified by PCR. The
primer sequences were 50-GTA GGA CAG AGG GCA TGC TC-30 ve
50-CAG GCA GTT TCC TCT GGA AGG-30. In all, 349 bp PCR product
was digested with BanI and MboII for codon 54 and codon 57,
respectively. The normal allele (allele A) was cut into two
fragments with BanI, 260 and 89 bp. The variant allele (allele B)
and allele D remained uncut. MboII cleaved the variant allele
(allele C) into 270 and 79 bp fragments. The fragments were
visualized by electrophoresis on 2% agarose gel.24 At
electrophoresis, the dual band at the restriction site was defined as
a heterozygous mutation, whereas single band was defined as
homozygous mutation. As stated, normal structural MBL allele is
named A, while allele B (mutation in codon 54), allele B
(mutation in codon 57) and allele C (mutation in codon 52) are
named as O. A representative gel electrophoresis of MBL gene exon
1 codon 54 polymorphisms is shown in Figure 1.
Whole blood count, procalcitonin, C-reactive protein, serum

amyloid A levels and cultures were studied immediately. Whole
blood count was performed using an automatic counter, Cell Dyn
3700 (Abbott Diagnostics Division, Santa Clara, CA, USA).
C-reactive protein and serum amyloid A were determined by an
immunonephelometric method using BN II device (Dade Behring
Marburg GMBH, Marburg, Germany). Detection levels were
0.5 ng ml�1 for procalcitonin and C-reactive protein and
6.8 mg dl�1 for serum amyloid A. Blood and cerebrospinal fluid
cultures were analyzed using fully automatic BACTEC method by
BACTEC 9240 device (Becton Dickinson, Heidelberg, Germany).
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Infants were treated with appropriate antibiotic therapies.
Neonates who had positive cultures were treated with antibiotics
according to the culture antibiogram. The antimicrobial therapy
was stopped after clinical and laboratory improvement. All of the
groups were compared according to demographic features, clinical
and laboratory findings.
SPSS software (SPSS, version 16.0, Chicago, IL, USA) was used

for data analyses. Descriptive statistics was given as mean, median,
s.d., minimum, maximum and percentage. The Kruskal–Wallis
test and Mann–Whitney U-test was used to determine the
differences between groups as appropriate. Odds ratios and 95%
confidence intervals were also calculated in case of that w2 or
Fisher’s exact test was significant. The data were analyzed for
appropriateness between the observed and expected genotype values
and their fit to Hardy–Weinberg equilibrium, Arlequin Software
v. 2000, University of Geneva, Switzerland. Values of P<0.05 were
considered to be significant.

Results

A total of 93 term and premature infants (53 with sepsis and 40 as
control) were included in this study. Fifty of them (54%) were born

before 37 week of gestational age. Table 1 shows the demographic
features of the study population.
Codon 57 polymorphism was not detected in any of the subjects

from either group (data not shown). MBL codon 54 genotype and
allele frequencies are given in Table 2. The frequency of MBL exon
1 BB genotype was higher in the sepsis group in comparison with
the control group (15.1 vs 0.0%, P¼ 0.01), whereas AA genotype
was more common in healthy controls when compared with the
infants with sepsis (87.5 vs 67.9%, P¼ 0.03). Also, B allele
frequency was significantly higher in the sepsis group (23.6%)
compared with the control group (6.2%) (P¼ 0.002, odds ratio
(95% confidence interval)¼ 4.63 (1.62 to 16.17)).
Seventeen infants (18.1%) were found to have low serum MBL

levels. The mean serum MBL levels were found to be significantly
lower in infants who had AB (1.6±3.0 mg ml�1) and BB
(0.84±0.93mg ml�1) genotypes compared with those who had AA
genotype (2.7±1.4 mg ml�1) (P¼ 0.03). MBL deficiency was
determined in 9, 42 and 51% of infants with AA, AB and BB
genotypes, respectively, and the differences between AB genotype
and AA genotype and BB genotype and AA genotype were found to
be statistically significant (P¼ 0.03 and P¼ 0.02, respectively).
Fifty-three infants (54%) had at least one sepsis episode.

Of these 53 infants with sepsis, 3 (6%) had EOS, 33 had (62%) LOS
and 17 (32%) had very late-onset sepsis. The mean serum MBL
levels were found to be significantly lower in infants with sepsis
compared with those who did not have sepsis. In the sepsis group,
premature infants had significantly lower MBL levels compared
with term infants. Although serum MBL levels were also lower in

Table 1 Neonatal and maternal characteristics of 93 infants included in this
study

Neonatal characteristics

Birth weight (g), mean±s.d. 2441±1099 (900–4700)

Gestational age (week), mean±s.d. (min–max) 35±4.5 (26–40)

Male gender, n (%) 53 (57)

Prematurity (<37 gestational age), n (%) 50 (53)

Apgar score at minute 1, mean±s.d. 6.7±2.6

Apgar score at minute 5, mean±s.d. 8.5±1.8

Mean MBL levels (mg ml�1),

mean±s.d. (min–max)

2.4±1.8 (0.0017–12.1)

MBL deficiency (MBL level<0.7 mg ml�1), n (%) 17 (18.1)

Maternal characteristics

Maternal age, mean±s.d. 28±5

Cesarian delivery, n (%) 56 (60)

Maternal preeclampsia, n (%) 22 (24)

Maternal diabetes, n (%) 10 (11)

Premature rupture of membranes, n (%) 4 (4)

Maternal infection, n (%) 4 (4)

Antenatal steroid, n (%) 8 (9)

Abbreviation: MBL, mannose-binding lectin.

Figure 1 DNA fragments on agarose gel electrophoresis after restriction enzyme
digestion of exon 1 of the mannose-binding lectin (MBL) gene codon 54. In all,
349 bp PCR product was digested with BanI for codon 54 polymorphism. The
normal allele (allele A) is cut into two fragments with BanI (lanes 2 and 5),
89 and 260 bp. The variant allele (allele B) remains uncut (lanes 1 and 6).
Both uncut and digested fragments are seen in AB heterozygote (lanes 3 and 4).
L: 100 bp DNA ladder.
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the premature infants in the control group, this difference was not
statistically significant (Table 3). Also, there was no significant
association with allele and genotype frequencies of MBL exon 1
gene when preterm and term infants were compared in sepsis and
control groups.

When the infants in the study group were classified into four
categories according to their gestational age, the infants <37 weeks
had also significantly lower MBL levels compared with those born
>37 weeks. When MBL levels were evaluated according to birth
weight, although 80% of infants <1000 g had low MBL levels, only
8% of infants >2500 g had low MBL levels (Table 4).
There were no significant differences between infants with or

without low serum MBL levels in terms of neonatal inflammation-
related morbidities such as retinopathy of prematurity and
necrotizing enterocolitis. However, BPD and IVH were significantly
higher in premature infants with low MBL levels compared with
the premature infants with normal MBL levels.
In both term and preterm infants, neonatal sepsis and

pneumonia were diagnosed significantly more often compared with
infants who had normal MBL levels. Although neonatal meningitis
and mortality rates were found to be higher in infants with low
MBL levels, this difference did not reach to a statistical significant
level (Table 5). Although MBL levels were in normal levels in
infants with EOS, they were found to be lower in 18 and 29% of
infants with LOS and very late-onset sepsis, respectively. Coagulase-
negative staphylococci (CONS) (62%) were found to be the primary
causative agent in sepsis group, which was followed by fungi (20%)
and gram-negative pathogens (7.5%). No significant difference was
determined between low serum MBL levels and pathogens isolated
from blood culture.

Discussion

This study showed that the presence of B allele of MBL exon 1 gene
and low MBL levels might be important risk factors for sepsis
development in both term and preterm infants. This risk was found

Table 2 Comparison of demographic features, MBL levels and MBL genotyping
of infants in sepsis and control groups

Demographic features Infants with

sepsis

(n¼ 53)

Infants as

control

(n¼ 40)

P

Gestational age (week), mean±s.d. 34.5±5.0 37.7±2.4 0.06

Birth weight (g), mean±s.d. 2071±1193 2530±721 0.06

Male gender, n (%) 30 (56.6) 23 (57.5) 0.90

Maternal age, mean±s.d. 28±5 29±4 0.27

Cesarian delivery n (%) 32 (60) 24 (60) 0.95

MBL levels

Mean MBL levels (mg ml�1),

mean±s.d. (min–max)

2.0±2.1

(0.0017–12.1)

2.5±2.1

(0.063–4.4)

0.04

MBL deficiency (<0.7 mg ml�1) 11/53 (21%) 6/40 (15%) 0.48

MBL exon 1 genotypes, n (%)

AA 36 (68) 35 (87) 0.03

AB 9 (17) 5 (13) 0.55

BB 8 (15) 0 (0) 0.01

MBL exon 1 alleles, n (%)

A 81 (76) 75 (94) 0.002

B 25 (24) 5 (6)

Abbreviation: MBL, mannose-binding lectin.
Bold values show P-values <0.05, which are statistically significant.

Table 3 MBL levels and MBL genotypes and alleles in preterm and term infants in both sepsis and control groups

Sepsis group Control group P-values

Preterm (n¼ 34) Term (n¼ 19) Preterm (n¼ 16) Term (n¼ 24)

Mean MBL levels (mg ml�1), mean±s.d. 1.8±1.6 2.5±2.5 2.1±1.2 3.6±1.3 0.03a, 0.06b

MBL deficiency, n (%) 9 (27) 2 (11) 4 (25) 2 (8) 0.17a, 0.16b

MBL genotypes, n (%)

AA 24 (70) 12 (63) 13 (81) 22 (92) 0.43a, 0.3b

AB 6 (18) 3 (16) 3 (19) 2 (8) 0.7a, 0.17b

BB 4 (12) 4 (21) 0 (0) 0 (0) 0.1a

MBL alleles, n (%)

A 54 (80) 27 (71) 29 (91) 46 (96) 0.33a, 0.34b

B 14 (20) 11 (29) 3 ( 9) 2 ( 4)

Abbreviation: MBL, mannose-binding lectin.
aComparison of preterm and term infants in the sepsis group.
bComparison of preterm and term infants in the control group.
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to be more predominant in premature infants, especially in infants
with small gestational age and birth weight. The incidence of
neonatal pneumonia was found to be higher in infants with low
MBL levels. We also determined that the presence of MBL gene
polymorphisms and low MBL levels might contribute to the
development of inflammation-related morbidities such as BPD and
IVH in premature infants.
Innate immune system is the first-line defense mechanism

against infections in newborns and MBL, a plasma protein,
has an important role in the innate immune system. MBL is a
Caþ 2-dependent lectin and it can recognize and bind to repeating
pattern structures of polysaccharides that were found on the surfaces
of several microorganisms. It also opsonizes these microorganisms

before the production of specific IgM.25 Subsequently,
MBL-associated serine protease activates the complement cascade
which leads to killing these microorganisms.4 Newborns, especially
premature infants, are more vulnerable to infections and sepsis. The
innate immune system is the primary defense as the adaptive
immune responses are not entirely developed. It was suggested that
MBL deficiency in neonates might be associated with increased sepsis
incidence as low MBL levels might contribute to sepsis development
in both children and immunocompromised individuals.12,26

Although it was suggested that a substantial decrease in MBL levels
as a result of consumption from sepsis might unlikely cause to the
association between low MBL levels and sepsis, it was also shown that
MBL was consumed in gram-negative sepsis.27,28

Table 4 MBL levels in premature infants in terms of gestational age and birth weight

Gestational age (week) Birth weight (g)

p28

(n¼ 8)

29–32

(n¼ 21)

33–37

(n¼ 21)

>37

(n¼ 43)

P-value <1000

(n¼ 5)

1000–1500

(n¼ 25)

1500–2500

(n¼ 21)

>2500

(n¼ 42)

P-value

MBL levelsa 1.7±1.8 1.9±1.6 1.9±1.1 3.0±2.0 0.03b, 0.04c,d 0.8±1.4 2.1±1.7 2.0±1.3 2.9±1.9 0.02e,f, 0.01g

MBL

deficiencyh
3 (37) 5 (24) 5 (24) 4(9) 0.03b, 0.04c,d 4 (80) 5 (20) 5 (24) 3 (7) 0.03e,f, 0.001g

Abbreviation: MBL, mannose-binding lectin.
aMean±s.d..
bComparison of infants with a gestational age of p28 and >37 weeks.
cComparison of infants with a gestational age of 29–32 and >37 weeks.
dComparison of infants with a gestational age of 33–37 and >37 weeks.
eComparison of infants with a birth weight of <1000 and 1000–1500 g.
fComparison of infants with a birth weight of <1000 and 1500–2500 g.
gComparison of infants with a birth weight of <1000 and >2500 g.
hn (%).

Table 5 Comparison of infants with low and normal serum MBL levels in terms of neonatal comorbidities

Neonatal comorbidities Infants with low MBL levels Infants with normal levels P-value

Preterm, n (%) Term, n (%) Total, n (%) Preterm, n (%) Term, n (%) Total, n (%)

RDS 6 (46) 0 (0) 6 (35) 14 (38) 0 (0) 14 (18) 0.68a

ROP 8 (61) 0 (0) 8 (47) 19 (51) 0 (0) 19 (25) 0.08a

NEC 8 (61) 0 (0) 8 (47) 16 (43) 1 (2) 17 (22) 0.1a

İVH 7 (53) 0 (0) 7 (41) 11 (30) 0 (0) 11 (14) 0.01a

BPD 10 (77) 0 (0) 10 (59) 20 (54) 0 (0) 20 (26) 0.03a

PDA 3 (23) 0 (0) 3 (18) 1 (3) 0 (0) 1 (1) 0.04a

Sepsis 9 (69) 2 (50) 11 (65) 25 (67) 17 (43) 42 (55) >0.05a,b, 0.04c

Meningitis 2 (15) 1 (25) 3 (18) 4 (11) 5 (13) 9 (12) >0.05a,b,c

Pneumonia 8 (61) 2 (50) 10 (59) 17 (46) 5 (13) 22 (29) <0.05a,b,c

Mortality 4 (30) 0 (0) 4 (23) 7 (19) 1 (2) 8 (10) >0.05a,b,c

Abbreviations: BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; MBL, mannose-binding lectin; NEC, necrotizing enterocolitis; PDA, patent ductus arteriosus;
RDS, respiratory distress syndrome; ROP, retinopathy of prematurity.
aComparison of preterm infants with low and normal serum MBL levels.
bComparison of term infants with low and normal serum MBL levels.
cComparison of all infants with low and normal serum MBL levels.
Bold values show P-values <0.05, which are statistically significant.
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In recent years, increasing number of studies were performed
with the aim of exploring the association between MBL levels and
sepsis incidence in both term and preterm infants. Kielgast et al.29

reported that low cord MBL levels were associated with childhood
infections and hospitalizations due to viral infections. In another
study, low MBL levels were found in 41% of premature infants and
it was suggested that it might be responsible for sepsis development
in premature infants.30 The same group also determined that low
MBL levels at birth were associated with increased risk of EOS,
culture-proven sepsis and neonatal pneumonia.13 Low MBL levels
at birth in premature infants were reported to render premature
infants to increased infection risk.10 A strong association was
determined between low MBL levels and confirmed neonatal sepsis
compared with suspected sepsis and the authors also reported that
low MBL levels at birth might be associated with hospital-acquired
sepsis in NICU.1 In a recent study, lower MBL levels were found to
be associated with neonatal sepsis, especially with culture-proven
sepsis in preterm infants.31 In agreement with previous data, our
study showed that low MBL levels lead to susceptibility to neonatal
sepsis in both term and preterm infants and it was more
predominant in premature neonates.
Some studies reported that serum MBL levels were lower in

preterm infants compared with term infants and gestational age
was found to be more likely associated with lower MBL levels than
birth weight.16,28,32 Lau et al.32 studied MBL levels in 885
longitudinally collected serum samples from 168 preterm infants
and 63 were genotyped for codon 54 mutation in MBL gene.
They found that for infants with codon 54 mutation, there
was a significant difference between preterm and term infants.
Therefore, they suggested that there might be a maturation
process for MBL levels in preterm infants with codon
54 mutation, which was presumably completed by full-term
gestation. Dzwonek et al.10 also determined that serum MBL
levels were correlated with MBL genotyping, gestational age and
birth weight. They found that premature infants who were born
<1000 g or born <28 gestational week with low MBL levels more
likely suffered from neonatal sepsis. In concordant with these data,
we determined that infants born <28 gestational age or born
<1000 g had significantly lower MBL levels. All these data might
support the hypothesis of possible developmentally regulation of
MBL gene expression. This regulation may be elucidated with
future studies.
Although Dzwonek et al.10 found CONS as the most common

causative agent, they could not find an association between serum
MBL levels and causative pathogens. CONS were also found to be
the most common blood stream infection pathogen in NICU and
no relationship was established between low-MBL producing
genotypes and nosocomial infection risk.32 Similarly, CONS were
the primary causative pathogen in our sepsis group, which was
followed by fungi and gram-negative pathogens. As MBL binds
poorly to CONS, complement activation through MBL binding is

not effective; and therefore, MBL may not be protective in CONS
infections.15

Three single-point mutations in exon 1 were found to be
associated with absence or low levels of MBL.3 The frequency of
MBL gene polymorphisms may show differences between different
ethnics and geographic areas. In a recent study from Turkey, the
most common genotype was found to be AA (63.5%) genotype
which was followed by AB (35.4%) and BB (1%) genotypes in 99
premature infants.12 Our study also showed similar but slightly
different results as the total frequency of AA, AB and BB genotypes
in both sepsis and control groups were 76, 15 and 9%, respectively.
In previous studies, mutations in MBL gene and associated low
MBL levels were reported to be associated with increased incidence
of skin, respiratory and gastrointestinal infections.7,33,34 Koroglu
et al.12 reported that the frequency of sepsis in infants with AB and
BB genotypes were significantly higher than those with AA
genotypes. Similarly, in this present study, neonatal sepsis was
diagnosed significantly higher in infants with AB and BB genotypes
compared with normal genotype (AA). In our study, analysis of
allele frequencies demonstrated that the presence of B allele was
associated with an increased risk for sepsis in neonates.
It was suggested that the presence of MBL gene polymorphisms

and low MBL levels were associated with increased number of
respiratory infections in both neonates and children.35–37 Frakking
et al.13 found that low MBL levels were associated with pneumonia
in the first month of life in premature infants. Similarly,
Hilgendorff et al.16 also suggested that low MBL levels might
contribute to both pulmonary and systemic infection development
in preterm infants. Our findings were in good agreement with
these studies.
Several studies reported conflicting data about the association

between MBL deficiency and meningococcal meningitis in
adults.38,39 To our knowledge, there is no study that evaluated the
association between neonatal meningitis and serum MBL levels.
Although neonatal meningitis was higher in infants with MBL
deficiency and presence of MBL genotyping, the difference was not
significant. This might be associated with small number of infants
in our study.
There are limited number of studies that investigated the effects

of low MBL levels or presence of MBL gene polymorphisms on
development of inflammation-related morbidities. MBL gene
polymorphisms leading to low MBL levels were found to be
associated with BPD diagnosis in preterm infants.40 In contrast,
presence of two MBL-2 gene variants (�550G>C and R52C) were
reported to have opposite effect on pulmonary outcomes and
BPD.41 This present study showed that low MBL levels and presence
of MBL gene polymorphism might be a risk factor for BPD
development. Similarly, low serum MBL levels were associated with
IVH development in preterm infants in our study. To our
knowledge, there is no study in neonates that evaluated the
association between MBL levels and IVH development. Although
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patent ductus arteriosus was also found to be higher in infants with
low serum MBL levels, the number of infants with patent ductus
arteriosus diagnosis was too small to make a suggestion. As stated
before, pneumonia and sepsis were significantly higher in infants
with low serum MBL levels. No significant differences were
determined between MBL gene polymorphisms and MBL deficiency
and other neonatal morbidities such as respiratory distress
syndrome, retinopathy of prematurity and necrotizing enterocolitis.
We suggest that future prospective studies including more number
of premature infants are warranted for exploring the possible
association with MBL gene polymorphisms and inflammation-
related neonatal morbidities.
In conclusion, presence of low MBL levels and MBL gene

polymorphism may be important risk factors for development of
neonatal sepsis and pneumonia in both term and premature
infants. This risk is especially predominant in preterm infants
compared with term infants. There may also be an association
between presence of low MBL levels and/or MBL gene
polymorphisms and inflammation-related neonatal morbidities.
After confirming these data with large, prospective, multicentre and
controlled studies, substitution therapy with MBL might be a
promising treatment in future in infants, especially in premature
infants who were admitted to NICU with neonatal sepsis.
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