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Abstract

Background: The diagnosis of neonatal sepsis remains a challenge as the condition lacks early clinical signs and reliable biomark-
ers.
Objectives: The aim of our study was to determine whether serum mannose binding lectin (MBL) levels and genotypes of MBL2 gene
could be used as markers for predicting neonatal sepsis in the Chinese Han population.
Methods: This prospective study was hospital-based in design. 48 neonates with clinical signs and symptoms of septicemia (study
group), and 96 infants with no infection (control) were included. All the neonates are Chinese Han descent. MBL2 promoter polymor-
phisms at positions -550, -221 and +4 were analyzed by direct sequencing, and serum MBL levels were estimated by enzyme-linked
immunesorbent assay.
Results: Frequencies of genotype -221 YX were significantly higher in the study group (45.8%) compared with the control group
(15.60%; P = 0.00009). The median serum MBL level was found to be significantly lower in infants who had the -221YX genotype
(214.54 ng/mL) compared with those who had the -221YY genotype (597.85 ng/mL; P < 0.0001). Additionally, the median of serum
MBL was significantly lower in infants with septicemia (289.65 ng/mL) than in controls (597.75 ng/mL; P = 0.041). According to ROC
analysis, the cutoff value of MBL concentration ≤ 384.60 (ng/mL) had a sensitivity of 0.806 and a specificity of 0.777 for predicting
sepsis.
Conclusions: This study suggested that serum MBL and the -221 YX genotype of the MBL2 gene might be predisposed factors for
sepsis in the Chinese Han population.
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1. Background

Neonatal sepsis, a clinical syndrome of systemic infec-
tion, remains a common cause of morbidity and mortality
in newborn infants, especially in developing countries (1).
Timely diagnosis and treatment for septicemia is essential
in neonates, since a delay in treatment may lead to a trou-
blesome outcome (2). However, the diagnosis of neonatal
sepsis is challenging because the clinical signs including
changes in body temperature and tachycardia are nonspe-
cific, and there is no single ideal reliable marker available
for the diagnosis (3).

Common laboratory tests used for the diagnosis of sep-
sis are white blood count, absolute neutrophil count, C-
reactive protein (CRP) and procalcitonin estimation (2, 4,
5). But these parameters have low sensitivity and are non-

specific (3). Although bacteriologic results are the gold
standard for the diagnosis of systemic infection, they have
certain flaws such as low sensitivity, high incidence of false-
negative results and long test times (3). Besides, it is im-
practical to collect large volumes of blood sample for serial
blood culture from infants. So, new laboratory methods in-
cluding reliable markers are needed so that the diagnosis
and treatment can be started without delay.

Mannose binding lectin (MBL) is one of the most piv-
otal factors in innate immunity which acts as the first line
of defense against infection in newborns (6). Studies have
found that low serum MBL, usually caused by gene varia-
tion, has been related to more frequent and severe infec-
tions (6-9). The associations between MBL2 gene polymor-
phisms, circulating MBL levels, and susceptibility and out-
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comes in sepsis have been reported in several studies but
have shown conflicting results (10-13). Moreover, the con-
centrations of MBL may be diverse in patients with differ-
ent ethnicities and ages (14). And little is known about the
relationship between MBL and neonatal sepsis in the Chi-
nese Han population.

2. Objectives

The aim of our study was to determine whether serum
MBL levels and genotypes of MBL2 gene could serve as
markers for predicting neonatal sepsis in the Han popula-
tion, MBL levels and MBL2 promoter polymorphisms at po-
sitions -550, -221 and +4, known as variants H/L (rs11003125),
X/Y (rs7096206) and P/Q (rs7095891) were investigated.

3. Methods

This study subjects consisted of 144 newborns treated
at Fujian Provincial Maternity and Children Hospital, be-
tween January 2013 and December 2015. The study protocol
and informed consent were approved by the Fujian Medi-
cal University ethics committee.

The inclusion criteria were as follows: 1) infants
younger than 28 days post-partum; 2) hospitalized in the
neonatal ward; and 3) diagnosed with sepsis. Diagnostic
criteria for sepsis (15) are signs and symptoms of inflam-
mation plus infection with hyper- or hypothermia (rectal
temperature > 38.5 or < 35°C), tachycardia (may be absent
in hypothermic patients), and at least one of the following
indications of altered organ function: altered mental sta-
tus, hypoxemia, increased serum lactate level, or bounding
pulses.

The exclusion criteria were newborns with congenital
anomalies, chromosomal abnormalities, or inborn errors
of metabolism, and those who were already receiving par-
enteral antibiotic at the time of sepsis evaluation, or had
just undergone surgery, or had no parental consent.

Neonates who were free from any clinical evidence of
sepsis (i.e., no sepsis evaluation undertaken, no antibiotics
administered) and were matched with the study group re-
garding gestational age and sex were selected as controls.
The controls were collected at the same period as the study
group.

The clinical characteristics and laboratory data of new-
borns were recorded, including gestational age, sex, birth
weight, and laboratory parameters such as complete blood
cell, differential white blood cell, platelet counts, and
CRP. Blood samples were obtained and kept at -20°C until
DNA was extracted. Sera were separated immediately and
stored at -80°C until MBL enzyme-linked immunosorbent
assay (ELISA) was done.

Genomic DNA was extracted from blood specimens,
as described (16). The fragment of MBL2 gene promoter
was amplified by polymerase chain reaction using the
upstream primer 5’-AGGAGGATTCAAGGCAAGT-3’ and the
downstream primer 5’-CCAGAGAATGAGAGCTGAA-3’. Based
on previous literature, the polymorphisms (rs11003125,
rs7096206 and rs7095891) in the promoter region of MBL
gene were verified by direct sequencing. The experimental
conditions were reported previously (17) and the detail am-
plification parameters were as follows: 95°C for 5 minutes,
30 cycles of 95°C for 30 seconds, 55°C for 30 seconds, and
72°C for 1 minute, with a final extension step at 72°C for 10
minutes. The PCR products were purified and sequenced
as described (16).

The serum concentration of MBL was detected by ELISA
(Human MBL ELISA Kit; Ameko, Shanghai, China) according
to the manufacturer’s protocol in the kit.

3.1. Statistical Analysis

All data were analyzed with SPSS version 18.0 (SPSS Inc.,
Chicago, IL, USA). Continuous variables are expressed as
median (QL-QU). The Kruskal-Wallis H test was used for
comparing serum MBL levels among different genotypes.
The Mann-Whitney U test was used for comparison within
neonates with sepsis and controls. Categorical variables
between groups were analyzed using Chi-square test. The
associations between serum MBL concentration and sepsis
were estimated by unconditional logistic regression and
adjusted for birth weight. Receiver operating characteris-
tic (ROC) curves were used to find out the optimal cut-off
value of MBL for predicting sepsis. Corresponding diagnos-
tic characteristics (sensitivity, specificity, positive predic-
tive value, negative predictive value and area under curve)
were given. For all tests, a two-sided P value < 0.05 was con-
sidered significant.

4. Results

4.1. Baseline Characteristics of the Study Neonates

The baseline characteristics of the infants are summa-
rized in Table 1. A statistically significant difference was ob-
served between the median of birth weight in the study
group (2570 g) in comparison with the control group (3100
g, P = 0.006). There were no significant deviations in the
distribution of other clinical characteristics between the
neonates with sepsis and controls (P>0.05). Some regular
laboratory parameters are shown in Table 2. Our results
showed that total leukocytes count, absolute neutrophil
count, and CRP were significantly higher in infants with
sepsis than in control group (P = 0.009, 0.025 and 0.005,
respectively). However, platelet counts were slightly lower
in neonates with sepsis than in control group.
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Table 1. Clinical Characteristics of Neonates with Sepsis and Controls

Characteristics Neonates with
Sepsis (n = 48)

Controls (n = 96) P Value

Birthweight, g 2570 (1727 - 3346) 3100 (2249 - 3575) 0.006

Gestational age, w 38.2 (33.7 - 40.3) 37.3 (36.1 - 39.3) 0.811

Male, % 28 (58.3) 46 (47.9) 0.238

Mode of delivery

Vaginal, % 28 (58.3) 57 (59.4) 0.905

Maternal risk
factors

Prolonged
rupture of
membranes
(≥ 18 h), %

8 (16.7) 12 (12.5) 0.496

Multiple
births, %

7 (14.6) 10 (10.4) 0.465

Antenatal
steroid use,
%

6 (12.5) 9 (9.4) 0.563

Apgar score 10 (9 - 10) 10 (9 - 10) 0.107

Table 2. Laboratory Parameters of Neonates

Laboratory
Parameters

Neonates with
Sepsis (n = 48)

Controls (n = 96) P Value

TLC, 10 /L 12.71 (8.83 - 17.45) 10.27 (8.88 - 12.32) 0.009

ANC, 10 /L 6.89 (3.30 - 11.08) 5.01 (3.25 - 7.09) 0.025

Platelet count, 10
/L

206 (146 - 255) 233 (203 - 284) 0.049

CRP,mg/L 0.85 (0.50 - 6.59) 0.50 (0.50 - 0.53) 0.005

Abbreviations: ANC, absolute neutrophil count; CRP, C-reactive protein; TLC, to-
tal leukocytes count.

4.2. -221 YX Genotype of MBL2 Gene was Predisposed to Neona-
tal Sepsis

MBL2 promoter polymorphisms known as H/L
(rs11003125), X/Y (rs7096206) and P/Q (rs7095891) were
confirmed by direct sequencing (Figure 1). The genotype
distribution of rs11003125 in the infants was not calculated,
because its genotype frequency was not in agreement with
the Hardy-Weinberg equilibrium in neonates with sep-
sis. The genotype frequencies of both rs7096206 and
rs7095891 polymorphisms were in agreement with the
Hardy-Weinberg equilibrium in all groups analyzed. The
alleles and genotypes distributions of rs7096206 and
rs7095891 in both neonates with sepsis and controls are
summarized in Table 3. Frequencies of genotype -221
YX were significantly higher in the study group (45.8%)
compared with the control group (15.60%; P = 0.00009).
And the sensitivity, specificity, positive predictive value

and negative predictive value for predicting the sepsis
were 0.458, 0.840, 0.595 and 0.757, respectively. These data
indicate that the -221 YX genotype of MBL2 is susceptible to
neonatal sepsis. And frequencies of genotype -221 YY were
significantly lower in the study group (52.1%) compared
with the control group (72.9%; P = 0.013), which reveals that
the -221 YY genotype of MBL2 might be a protective factor
for neonatal sepsis. However, no significant differences
were observed in allelic and other genotype frequency
distributions for rs7096206 and rs7095891 between the
neonates with sepsis and controls.

4.3. Low Serum MBL was Positively Related to Neonatal Sepsis

In order to know whether genotypes of rs7096206 and
rs7095891 can affect serum MBL levels in neonates among
the Chinese Han population, the serum MBL concentra-
tions were measured. Our results showed that the median
serum MBL concentrations of the -221YX genotype (214.54
ng/mL) and the -221XX genotype (363.87 ng/mL) were sig-
nificantly lower when comparing to the -221YY genotype
(597.85 ng/mL) (Figure 2A). But there was no obvious as-
sociation between the median serum MBL concentrations
of -221YX genotype and -221XX genotype. Moreover, we did
not observe any significant differences for median MBL lev-
els of +4PP genotype when comparing with +4PQ geno-
type. We did not compare the MBL levels of +4QQ geno-
type with other genotypes, because there was only one
infant with +4QQ genotype (Figure 2B). Because the me-
dian birth weight of the study group was lower than con-
trol, which may affect several protein expressions, includ-
ing MBL. So, in order to remove the effect of birth weight
on MBL levels, the unconditional logistic regression was
used to analyze he association between serum MBL concen-
tration and sepsis with adjustment for birth weight. The
median serum MBL concentration was significantly lower
in neonates with sepsis (289.65 ng/mL) than in controls
(597.75 ng/mL; P = 0.041) with adjustment for birth weight
(Figure 2C). And the cutoff value of serum MBL concentra-
tion ≤ 384.60 (ng/mL) for predicting sepsis had a sensitiv-
ity of 0.806 and a specificity of 0.777. The area under the
curve was 0.844 (95% confidence interval 0.775 - 0.913). Cor-
responding positive predictive value and negative predic-
tive value were 0.604 and 0.904, respectively (Figure 3).

5. Discussion

In this study, we investigated the association among
genotypes of mannose binding lectin-2 (MBL2) gene, serum
MBL levels and neonatal sepsis in the Chinese Han popula-
tion. Our results showed that frequencies of genotype -221
YX were significantly higher in neonates with sepsis com-
pared to controls. The median serum MBL concentrations
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Figure 1. Representative DNA Sequencing Analysis for MBL2 Promoter Polymorphisms

A - C, genotypes of rs11003125; D - F, genotypes of rs7096206; G - I, genotypes of rs7095891.

Table 3. The Alleles and Genotypes Distributions of rs7096206 and rs7095891 in Both Neonates with Sepsis and Controlsa

Polymorphisms Neonates with Sepsis Controls OR 95%CI P Value

rs7096206 1.40 0.78 - 2.51

Y 72 (75.0) 155 (80.7) 0.262

X 24 (25.0) 37 (19.3)

Y/Y 25 (52.1) 70 (72.9) 0.0002

Y/X 22 (45.8) 15 (15.6)

X/X 1 (2.1) 11 (11.5)

rs7095891 0.47 0.20 - 1.08

P 84 (87.5) 180 (93.8) 0.07

Q 12 (12.5) 12 (6.2)

P/ P 37 (77.1) 84 (87.5) 0.145

P/Q 10 (20.8) 12 (12.5)

Q/Q 1 (2.1) 0 (0.0)

aValues are expressed as No. (%).

of -221YX genotype was lower than -221YY genotype. More-
over, the median serum MBL concentration was also signif-
icantly lower in neonates with sepsis than in controls. Our
results indicate that low serum MBL levels and -221 YX geno-
type of MBL2 gene might be novel markers for predicting

neonatal sepsis in the Chinese Han population.

MBL is a critical factor in the innate immune system
and provides the first line of protection against infection
in neonates (6). Although many polymorphisms of MBL2
gene were investigated, only limited polymorphisms have
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Figure 2. The Relationship Between Serum MBL and Sepsis
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Figure 3. Receiver Operating Characteristic Curve for MBL Concentration Between
Neonates with Sepsis and Controls
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A cutoff value for serum MBL concentration 384.60 (ng/mL) had a sensitivity of 0.806
and a specificity of 0.777. The area under the curve was 0.844 (95confidence interval
0.775 - 0.913).

functional relevance. And variations in the promoter re-
gion may affect binding of transcription factors leading to
a decrease in the expression of MBL, which then impairs
the function of the innate immune system and increases
susceptibility to several infections (18). In the present
study, we found that frequencies of genotype -221 YX were
significantly higher in neonates with sepsis compared to
controls and the median serum MBL concentration of the
-221YX genotype was much lower than the -221YY genotype
in the Chinese Han population. Our results indicate that
the -221YX genotype of MBL2 may be used as a biomarker for

predicting sepsis. Supporting our observation are the find-
ings of Das and Panda (19), who reported that the -221YX
genotype had low plasma MBL levels and was associated
with increased susceptibility to infection. A similar conclu-
sion was made by Prencipe et al. (20) who found that the -
221YY genotype was associated with high MBL serum levels.

MBL can bind and opsonize various pathogens such as
bacteria, viruses and parasites, which play a pivotal role in
protecting against infection. In agreement with this the-
ory, our study found that low serum MBL level was posi-
tively correlated with neonatal sepsis. Our data were in
line with the study of Auriti et al. (21) and Liu and Ning
(22), who reported that low MBL levels increased the risk
of nosocomial sepsis. Our results were also concordant
with the study of Gao et al. (14), who described that sepsis
in the infant subgroup had considerably lower MBL level
than those in the controls in Asians and Caucasians. But
our results were in apparent contrast to the high MBL ex-
pression reported in the neonates with necrotizing entero-
colitis (20). The discrepancies between these data and our
results may be related to the pattern of MBL production.
MBL is usually expressed by hepatocytes, but researchers
also found that it has a strong expression in enterocytes,
endothelial cells and histiocytes of the small intestine and
colon (20). Therefore, when there are severe lesions in in-
testine such as necrotizing enterocolitis, MBL may be ex-
pressed at higher levels and result in higher rate of detec-
tion in serum.

In conclusion, this is the first study to our knowledge
that investigated the association among MBL2 genotype,
serum MBL concentration, and neonatal sepsis in the Chi-
nese Han population. We found that low serum MBL level
and -221 YX genotype of MBL2 gene was positively related to
neonatal sepsis. Low serum MBL level and -221 YX genotype
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of MBL2 gene might be predisposing factors for neonatal
sepsis in the Chinese Han population. Although the num-
ber of cases in this article is still limited, our findings add
to the knowledge that the -221 YX genotype of MBL2 can de-
crease the expression of MBL, which may be involved in the
pathway causing neonatal sepsis in the Chinese Han popu-
lation.
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