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Abstract

 Mannose-binding lectin (MBL) is a component of innate immunity and thus 

particularly important in neonates in whom adaptive immunity is not yet completely 

developed. Promoter polymorphisms and structural exon-1 mutations in the MBL2 gene 

cause reduced or deficient MBL plasma concentrations. The aim of our study was to 

determine the prevalence of MBL deficiency in neonates admitted to the neonatal intensive 

care unit (NICU).  

 Eighty-five NICU patients (69 premature) were included in the study. We measured 

MBL concentrations in umbilical cord and neonatal blood within 24 hours after birth by 

ELISA technique. MBL2 genotypes (n=67) were determined by Taqman analysis. MBL 

concentrations were measured longitudinally during three weeks in 26 premature neonates. 

The association between pre- and intrapartum clinical data and MBL concentrations was 

investigated.  

 At birth, 29 premature (42%) and six term (38%) neonates had MBL plasma 

concentrations � 0.7 �g/ml which was regarded as deficient. Twenty-one (38%) premature 

and four (36%) term neonates had variant MBL2 haplotypes, corresponding to exon-1 

mutations and the LXPA haplotype. MBL concentrations increased over time in neonates 

with wild-type MBL2 haplotypes, but not in neonates with variant haplotypes. Low MBL 

plasma concentrations were related to lower gestational age and variant MBL2 haplotypes. 

Umbilical cord and neonatal MBL plasma concentrations appeared to be similar.  

In conclusion, almost half of our NICU patients, especially the premature ones, were 

MBL-deficient at birth. These infants may be at increased risk of neonatal infections. MBL 

concentration can reliably be measured in umbilical cord blood, and is positively correlated 

with gestational and postnatal age.  

 

Introduction 

 Mannose-binding lectin (MBL) is a collagenous protein that plays a role in innate immunity 

(1). After binding to carbohydrate structures on the surface of various pathogens, the lectin 

pathway of the complement system is activated leading to enhanced phagocytosis (2, 3). 

Circulating MBL concentrations and functional activity are correlated with common genetic 

variants in the MBL2 gene. Three single nucleotide polymorphisms (SNPs) in codon 52, 54, and 

57 (D, B, and C variants, respectively) of exon-1 lead to reduced functional plasma MBL 

concentrations (1, 4). The normal allele is called A and the common designation for the variant 

alleles is O. Three promoter polymorphisms (H/L, X/Y, and P/Q at codons -550, -221, and +4, 

respectively) are in linkage disequilibrium with the three dominantly inherited exon-1 SNPs,  
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resulting in seven possible haplotypes: HYPA, HYPD, LYPA, LYPB, LYQA, LYQC, and LXPA 

(5). Each individual expresses two of these haplotypes. Exon-1 mutations and the LXPA haplotype 

cause reduced or deficient plasma concentrations (6). Therefore, MBL2 haplotypes can be used to 

discriminate three categories as described before (5, 7-9), i.e. high (YA/YA and YA/XA 

haplotypes), medium (XA/XA and YA/O), and low (XA/O and O/O) MBL expression groups. 

Recently, we measured MBL concentrations in 194 healthy adult Dutch Caucasians. Median MBL 

concentrations were 1.65 �g/ml in the high expression group, 0.52 �g/ml in the medium 

expression group and 0.04 �g/ml in the low expression group (8). Variant MBL2 haplotypes and 

deficient MBL concentrations are seen in approximately one third of the European Caucasian 

population (8, 10). 

 MBL deficiency is associated with an opsonisation defect and has been associated with 

recurrent infections, especially in immunocompromised individuals (11, 12). Neonates are 

considered to be immunocompromised because adaptive immunity has not yet been developed and 

their defence depends on maternal antibodies and innate immunity (13). Therefore, neonates are 

prone to develop infections which are sometimes life-threatening, especially in premature patients 

admitted to the neonatal intensive care unit (NICU) (14). 

 So far, only a few studies on MBL in neonates have been published (15-21). Cut-off plasma 

concentrations of 0.4 �g/ml in premature neonates and 0.7 �g/ml in term neonates were chosen to 

define MBL deficiency based on codon 54 mutations only (19). Neonatal MBL concentration 

increases during the first weeks after birth, both in premature and term neonates (16, 19-21). Low 

MBL concentrations have been related to lower gestational age (17, 19, 20). Therefore, low MBL 

concentrations may not only be explained by MBL2 gene mutations, but also by prematurity. 

However, no neonatal studies that have analysed all six known MBL2 SNPs (3 promoter 

polymorphisms and 3 exon-1 mutations) in combination with MBL concentrations and gestational 

age, have been reported. 

 Since blood sampling in neonates is difficult, measurement of MBL plasma concentrations 

in umbilical cord might be a useful alternative. Previously, MBL deficiency has been determined 

by umbilical cord blood measurements (17, 20-22). However, paired MBL plasma concentrations 

in umbilical cord and neonatal blood have not been compared thus far. MBL has been shown to 

have acute phase properties and the possible influence of infection and stress at birth should be 

taken into account when analysing cut-off concentrations (23).  

 Considering the aforementioned clinical and methodological difficulties, the objectives of 

the present study were to: 1) determine the prevalence of MBL deficiency at birth in neonates 

admitted to the NICU, 2) investigate whether the development of MBL concentrations during the 

first month is correlated with MBL2 genotype, 3) identify clinical characteristics that are 

associated with low neonatal MBL concentrations, and 4) determine whether MBL deficiency can 

be diagnosed reliably in umbilical cord blood.  
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Patients and methods 

Subjects and samples 

 Between July 2002 and June 2003, all neonates admitted to the NICU of the Academic 

Medical Center of Amsterdam, the Netherlands, were eligible to be included in this study. In total, 

87 neonates were consecutively included after informed consent was obtained. Two of these 

neonates were subsequently excluded because they had Down syndrome. Blood was obtained from 

57 umbilical cords and 63 neonates (36 paired samples) within 24 hours after birth; these are 

further described as ‘first day’ samples. Neonatal MBL plasma concentrations (n=63) and, when 

missing, umbilical cord MBL concentrations (n=21) were used as ‘first day’ MBL concentrations 

(n=84) in further analysis (Table I). One ‘first day’ sample was missing, but we obtained a blood 

sample from this neonate one week after birth. During admittance to the NICU, longitudinal 

samples were taken from 26 premature neonates on days 7, 14, and 21. The study protocol was 

approved by the local medical ethics committee. 

Clinical characteristics 

 Ante- and intrapartum clinical data were recorded for every neonate and comprised 

pregnancy-related diseases (i.e. hypertension, diabetes, preeclampsia), maternal fever (�38o C), 

prolonged rupture of membranes >24 hours (PROM), antibiotic or steroid exposure, fetal distress 

(i.e. abnormalities in intrapartum fetal heart monitoring) and mode of delivery. Birth weight, 

gestational age, Apgar score, need for intubation and reason for NICU admittance (i.e. for 

suspected infection versus no infection) were recorded prospectively. Prematurity was defined as 

gestational age < 37 weeks. Neonates ‘small for gestational age’ had birth weights < P10 for their 

gestational age. 

Assays

 MBL measurements were performed at Sanquin Research and the Landsteiner Laboratory, 

Academic Medical Center, Amsterdam. MBL plasma concentrations were measured by ELISA 

technique as previously described (9). Briefly, mannan was coated to the solid phase and after 

incubation with plasma, biotinylated mouse-anti-MBL-1 (Sanquin, 10 �g/ml), was used as 

detection antibody. 

 Genotyping of the promoter polymorphisms and exon-1 SNPs was done using a Taqman 

assay with specific primers and minor groove binding probes for each SNP (9). In this technique 

alleles with each of the coding polymorphisms are directly amplified using forward and reverse 

allele-specific primers. Genotyping was performed independently of the clinical data collection. 

Statistical analysis 

 The optimal cut-off MBL plasma concentration for MBL deficiency was determined by a 
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receiver-operator characteristic (ROC) curve. The area under the curve (AUC) represents how well 

MBL plasma concentrations are at discriminating patients with wild-type MBL2 haplotypes from 

those with variant MBL2 haplotypes. A value of 0.50 means that MBL plasma concentrations are 

not better than chance alone, a value of 1.0 means perfect discriminative accuracy. The course in 

MBL concentrations over time was studied by repeated measures analysis of variance. The mixed 

procedure of SPSS statistical software (version 12.0.1) with compound symmetry heterogeneous 

covariance structure and the restricted maximum likelihood estimation method were used. 

 Univariate associations between clinical characteristics and first day MBL concentrations 

were assessed by the Mann-Whitney U, Kruskal-Wallis, or Spearman´s rank test. All clinical 

characteristics univariately associated (set at p<0.25) with MBL concentrations were subsequently 

studied with multiple linear regression (with a stepwise forward selection strategy), using the F-

statistics with P = 0.05 on the criterion level for selection. To assess violations of necessary 

assumptions in multiple regression, normal plots of the residuals of the regression model were 

produced. 

 The possible agreement between neonatal and umbilical cord MBL concentrations was 

studied by the Spearman’s rank correlation test and a Bland-Altman plot in which the difference 

between the two measurements was plotted against their mean (24). Vertical spread represents the 

degree of variation between both values. 

 

Results 

Clinical characteristics 

 Sixty-nine (81%) premature and 16 (29%) term neonates were included. Their clinical 

characteristics are presented in Table I. The median (range) birth weight was 1585 (615-5120) 

grams. Three neonates appeared to have minor deformities, i.e. isolated hypospadia, polycystic 

kidneys and an extra digit, respectively. Of all children, 54 (64%) neonates were evaluated for 

suspected infection after birth, of which 40 on maternal indication, i.e. due to maternal fever or 

PROM. Within four days after birth, a culture-proven infection was seen in only one patient. One 

premature neonate (genotype HYPA/HYPA) died of non-infectious complications during 

hospitalization. 

MBL analysis 

 The median (range) first day MBL plasma concentration was 0.98 (0.01-4.16) �g/ml in the 

premature and 1.20 (0.10-3.69) �g/ml in the term neonates (p=0.54). Due to insufficiently large 

blood samples, MBL2 genotypes could be determined in 66 (79%) neonates with known first day 

values and in the neonate with only longitudinal measurements (Table I). Patients were classified 

into three MBL genotype expression groups, i.e. high, medium, and low, as described before (5, 7-
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9). 

 Table II shows that 35 

(51%) premature neonates had 

high-expressing genotypes, while 

13 (19%) had medium and 8 

(12%) had low-expressing 

genotypes (13 genotypes were 

missing). In the term group, 

seven (44%) neonates had high-

expressing genotypes, compared 

to 2 (12.5%) neonates with 

medium-expressing and 2 

(12.5%) neonates with low-

express ing  genotypes  (5 

genotypes were missing). The 

distribution over the genotype 

expression groups did not differ 

between premature and term 

neonates (p=0.71).  These 

frequencies also correspond with 

those observed in 194 healthy 

adult Caucasians (8). 

 Median first day MBL 

plasma concentrations were 

associated with the MBL 

genotype expression groups in 

the premature and term neonates 

(p<0.001), (Figure 1). The 

median (range) first day MBL 

concentrations in premature 

neonates in the high (n=34 due to 

one lacking first day value), 

medium, and low expression 

groups were: 1.54 (0.12-4.16) �g/

ml, 0.33 (0.01-2.79) �g/ml, and 

0 . 0 9  ( 0 . 0 2 - 1 . 1 0 )  � g / ml , 

respectively (Table II). The median (range) MBL plasma concentration of term neonates with high

-expressing genotypes was 1.20 (0.10-3.69) �g/ml. The two term neonates with medium-

Clinical characteristics n (%) Median (range) 
Neonate characteristics   

   Birth weight (g)  1585 (615-5120) 
   Gestational age (weeks)  32+2 (27+3-42+3) 
   Male gender 45 (53)  
   Prematurity (<37 weeks) 69 (81)  
   Small for gestational age (<P10) 17 (20)  
   First day samples:   

     Neonatal MBL concentration 63 (74)  
       also umbilical cord concentration 36 (42)  

       also longitudinal concentration 25 (29)  
       MBL2 genotype 48 (56)  
     Only umbilical cord concentration 21 (25)  
       MBL2 genotype 18 (21)  
   No first day, only longitudinal 
sample: 

  1 (1)  

       MBL2 genotype   1 (1)  

   

Delivery characteristics   
   Pregnancy-related disease: 22 (26)  
     Diabetes gravidarum   1 (1)  

     Hypertension   1 (1)  
     Preeclampsia 20 (24)  
   Mode of delivery:   

     Vaginal 33 (39)  

     Caesarean section        52 (61)  
   Maternal risk factors of infection: 40 (47)  

     Maternal fever   

     PROM 24 (28)  
 23 (27)  
   Drug treatment before delivery:   

     Antibiotics 24 (28)  
     Steroids 37 (44)  
   Condition neonate:   

     Meconium stained amnion fluid 13 (15)  
     Fetal distress 43 (51)  
     Apgar <7 at 5 min   4 (5)  
     Intubation at birth   4 (5)  
     Suspected infection 54 (64)   

Table I. Clinical characteristics (n=85)  

PROM: prolonged rubpture of membranes >24 h. 
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expressing genotypes had MBL plasma concentrations of 0.56 �g/ml and 0.65 �g/ml, while the 

two term neonates with low-expressing genotypes had MBL plasma concentrations of 0.10 �g/ml 

and 0.17 �g/ml. The MBL concentration range in the neonates (0.05-4.16 �g/ml) was smaller than 

the concentration range in the healthy adults (0-11 �g/ml) (8). Furthermore, the concentrations 

were skewed to the lower values (data not shown). Median MBL concentrations were decreased in 

premature neonates compared to term neonates, especially in the high (p=0.24) and medium 

(p=0.11) expression groups. 

MBL deficiency 

 Of the neonates with known genotypes, 21 (38%) premature and 4 (36%) term neonates had 

variant MBL2 haplotypes (overall: 37%). For the premature and term neonates together (n=66), 

ROC analysis yielded an optimal cut-off plasma concentration for MBL deficiency of 0.7 �g/ml; 

AUC (95% CI): 0.92 (0.82-0.97), sensitivity (95% CI): 0.92 (0.74-0.99), and specificity (95% CI): 

 Premature  Term 

  MBL (�g/ml )   MBL (�g/ml ) 
MBL deficiency groups n (%) Median (range) �� n (%) Median (range) 

All subjects 69 (100) 0.98 (0.01-4.16)*  16 (100) 1.20 (0.10-3.69) 
      
MBL2 genotype      

YA/YA 22 1.64 (0.12-4.16)*  6 1.75 (0.77-3.69) 

YA/XA 13 1.37 (0.39-2.84)  1 1.89 

  XA/XA 1 2.79  0  

  YA/O 12 0.33 (0.01-0.62)  2 0.61 (0.56-0.65) 

  XA/O 4 0.19 (0.05-1.10)  1 0.10 

  O/O 4 0.08 (0.02-0.43)  1 0.17 

  Missing 13 1.15 (0.18-3.63)  5 0.71 (0.20-1.93) 
      
MBL expression group      

   High 35 (51) 1.54 (0.12-4.16)*    7 (44) 1.80 (0.77-3.69) 

   Medium 13 (19) 0.33 (0.01-2.79)    2 (13) 0.61 (0.56-0.65) 

   Low   8 (12) 0.09 (0.02-1.10)    2 (13) 0.14 (0.10-0.17) 

   Missing 13 (19) 1.15 (0.18-3.63)    5 (31) 0.71 (0.20-1.93) 

      
MBL concentrations      

   >0.7 �g/ml 40 (58)†   10 (63)  
   � 0.7 �g/ml 29 (42) �� ��   6 (38) ��

Table II. Overview of first day MBL concentrations and MBL2 genotype. 

n, number of subjects; * First day MBL concentration of one neonate missing. †The 
neonate with the missing first day MBL concentration had a concentration of 2.63 �g/ml 
one week after birth and was therefore considered to have a MBL concentration of >0.7 
�g/ml. 
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0.88 (0.74-0.96). For the premature subgroup (n=55), an optimal cut-off value of 0.6 �g/ml was 

calculated. The corresponding AUC, sensitivity, and specificity (with 95% CI) were 0.91 (0.80-

0.97), 0.91 (0.70-0.99), and 0.85 (0.69-0.95), respectively. Due to the small number of term 

neonates no reliable estimation of a cut-off value was possible. Twenty-nine (42%) premature 

neonates had first day MBL concentrations �0.6 �g/ml. Six (38%) term neonates had MBL 

concentrations � 0.7 �g/ml (Table II). The neonate (genotype HYPA/LYQA) without a first day 

value was considered MBL-sufficient due to a MBL concentration of 2.63 �g/ml one week after 

birth. In the total cohort, 35 out of 85 neonates (41%) had first day concentrations � 0.7 �g/ml. 

 Discrepancies between MBL2 genotype and first day MBL plasma concentrations were 

observed in 7 premature neonates. Five neonates (gestational age range: 27+3-35+4) had low MBL 

plasma concentrations despite wild-type haplotypes. Two neonates with variant MBL2 haplotypes 

had MBL plasma concentrations >0.7 �g/ml: 1.10 �g/ml (LXPA/O) and 2.79 �g/ml (LXPA/

LXPA). 

Figure 1. Scatterplot of first day MBL plasma 
concentrations in premature neonates (n=55) and 
term neonates (n=11), according to the high, 
medium, and low MBL genotype expression 
groups (corresponding MBL2 haplotypes are 
shown). When available, neonatal concentrations 
are shown (�), when these were missing umbilical 
cord values are depicted (�). Median is illustrated 
(p<0.001 between genotype groups).  

Figure 2. Sequential changes in neonatal MBL 
plasma concentration during the first 3 weeks after 
birth, determined for neonates of the high (n=16), 
medium (n=3), and low (n=2) MBL expression 
group. Bold dashed lines connect means of the high 
genotype expression group. p-values apply to the 
high genotype expression group. 
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Longitudinal MBL concentrations 

 Genotypes were determined in 22 of the 26 premature neonates (gestational age range 27+3-

35+5) with longitudinal MBL blood samples. MBL plasma concentrations of neonates with high-

expressing genotypes increased longitudinally over the first three weeks, especially during the first 

week (p<0.001, Figure 2). The estimated mean (95% CI) MBL concentrations were 1.25 (0.95-

1.55) �g/ml, 2.83 (2.21-3.45) �g/ml, 3.59 (2.56-4.62) �g/ml, and 3.44 (3.01-3.87) �g/ml on day 0, 

7, 14, and 21, respectively. On the other hand, neonatal MBL plasma concentrations of four 

neonates in the medium group remained � 0.7 �g/ml while the two neonates in the low group 

maintained MBL plasma concentrations �0.1 �g/ml. Three neonates (HYPA/LYQA, and two 

  univariate analysis   multivariate analysis 
  MBL (�g/ml)        

Clinical characteristics n Median (IQR) R p-value   B 95% CI R2 p-value
Gestational age 84  0.14   0.22    0.09    0.03 to   0.14 0.49   0.004 

Birth weight 84  0.06   0.62      

MBL genotype group*    <0.001     0.39  

   High 41 1.64 (0.98-2.00)    1 -  - 
   Medium 15 0.35 (0.11-0.56)    - 1.22 -  1.82 to -0.63  <0.001 
   Low 10 0.10 (0.05-0.33)    - 1.92 -  2.56 to -1.28  <0.001 

Pregnancy-related disease      0.21      

   Yes 22 0.66 (0.26-1.56)        

   No 62 1.12 (0.38-1.94)        

Mode of delivery      0.43      

   Vaginal 33 0.77 (0.26-1.89)        

   Caesarean 51 1.10 (0.43-1.89)        

Maternal fever      0.10      

   Yes 24 0.68 (0.16-1.67)        
   No 60 1.12 (0.44-1.97)        

PROM      0.43      

   Yes 23 1.15 (0.47-1.97)         
   No 61 0.77 (0.32-1.89)        

Antenatal steroid exposure      0.27      

   Yes 37 0.84 (0.37-1.64)          
   No 47 0.99 (0.33-1.94)        

Fetal distress      0.29      
   Yes 42 0.79 (0.31-1.56)        
   No 42 1.54 (0.42-1.93)               

* MBL2 genotypes of 15 neonates were missing. PROM, prolonged rupture of membranes; IQR, 
interquartile range; R, Spearman´s rank correlation coefficient; 95% CI, 95% confidence interval; B, 
regression coefficient; R2, explained variance.  

Table III. Univariate and multivariate associations between clinical characteristics and first day MBL 
concentrations.  
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missing genotypes) had MBL-deficient concentrations on day 0 (0.68, 0.43, and 0.50 �g/ml, 

respectively), but achieved sufficient levels (3.81, 1.31, and 1.08 �g/ml, respectively) within a 

week. 

MBL concentrations and clinical characteristics  

 First day MBL concentrations were univariately associated with variant MBL2 haplotypes 

(p<0.001). Of the other clinical characteristics studied (Table III) gestational age, pregnancy-

related disease, and maternal fever were introduced in a multivariate regression model, because 

they were univariately associated with p<0.25. On a multivariate level only variant MBL2 
haplotypes (p<0.001) and gestational age (p=0.004) appeared significantly associated with first 

day MBL concentrations (Table III). Multivariate analysis with neonatal values (n=63) yielded 

similar results. 

Neonatal and umbilical cord MBL concentrations 

 The 36 paired neonatal and umbilical cord MBL concentrations appeared highly correlated 

(r=0.95; p<0.001, Figure 3A). However, a Bland-Altman plot revealed that umbilical cord values 

were systematically higher than neonatal values (Figure 3B). The difference increased with higher 

average MBL concentrations, but all neonates with neonatal values � 0.7 �g/ml had umbilical cord 

A B 

Figure 3(A) Correlation (Spearman´s 
correlation coefficient =0.95) of MBL 
plasma concentrations between 36 
paired first day neonatal and umbilical 
cord blood samples. (B) Bland-Altman 
plot of difference between umbilical 
cord and neonatal MBL plasma 
concentration against their average 
value. 
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MBL concentrations � 0.7 �g/ml as well. In these neonates, the mean (standard deviation, SD) 

difference was 0.03 (0.15) �g/ml. This high SD was attributed to one outlier with a neonatal MBL 

concentration of 0.08 �g/ml and an umbilical cord concentration of 0.53 �g/ml. The mean (SD) 

difference was higher in neonates with concentrations >0.7 �g/ml: 0.10 (0.58) �g/ml. 

Discussion 

 The prevalence of both variant MBL2 haplotypes (37%) and MBL-deficient (� 0.7 �g/ml) 

plasma concentrations at birth (41%) was very high in this cohort, especially in the premature 

neonates. When low MBL concentrations are associated with increased infection susceptibility, 

possible adjustments in preventative and therapeutic antibiotic strategies will therefore apply to 

almost half of the NICU patients. 

 Despite more than a decade of research, there is no consensus on the definition of MBL 

deficiency. There is a high rate of haplotype variation between different ethnic groups and within 

these groups MBL concentrations vary considerably (6, 10). Therefore, studies in adults usually 

define MBL deficiency upon MBL2 genotype. However, premature neonates can have low MBL 

concentrations despite wild-type haplotypes. Therefore, MBL deficiency at birth should be defined 

by decreased MBL concentrations and not by MBL2 genotype. 

 We confirmed that MBL plasma concentrations at birth can be decreased due to both variant 

MBL2 haplotypes and low gestational age (5, 17, 19, 21). The skewed concentration distribution in 

premature neonates compared to term neonates and adults confirms this observation. This 

observation indicates that a possible association between MBL deficiency and neonatal sepsis can 

best be studied in premature neonates. Probably, prematurity is associated with insufficient MBL 

production by the liver. Other liver proteins and complement factors have been associated with 

gestational age as well (25-27). We must note that the ethnic background of our cohort was 

heterogeneous, while the adult blood donors were all Caucasian. Yet, since the frequencies of the 

different exon-1 mutations were similar (data not shown) and all measurements were performed in 

the same laboratory, we believe that the cohorts can be compared in this regard. 

 We did not determine cut-off MBL plasma concentrations as a reference value for MBL 

deficiency in neonates. The ethnic background of our cohort was heterogeneous and we used a 

solid phase ELISA instead of a double antibody assay. However, by determining all known exon-1 

mutations (D, B, and C variants) and promoter polymorphisms (H/L, P/Q, and X/Y) and 

correlating these with our ELISA results, we were able to describe the prevalence of MBL 

deficiency in neonates. Little is known about the minimal serum concentrations needed for binding 

to micro-organisms and complement activation. Neth et al. (28) showed that binding of MBL to S. 

aureus was markedly impaired at concentrations <0.6 �g/ml. Therefore, our cut-off concentrations 

might well have clinical importance with regard to the development of neonatal infections. 

 We showed that children initially able to produce MBL (corresponding with the wild-type 
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MBL2 haplotypes) exhibited increasing MBL concentrations in the first weeks after birth, while 

those who had almost no initial production of MBL (corresponding with the variant MBL2 

haplotypes) could not increase MBL concentrations (Figure 2). This may be compatible with the 

observation that the liver is the main production site of circulating MBL and that there may be an 

increase of MBL concentration due to inflammation or growth of the liver, or both (29). Mode of 

delivery does not seem to be the explanation. 

 No clinical characteristics other than MBL2 genotype and gestational age appeared to be 

associated with neonatal MBL plasma concentrations. Therefore, MBL plasma concentrations at 

birth are not likely to be influenced by an acute phase reaction. Since only one culture-proven 

infection was detected in our cohort, we assessed the impact of two maternal indicators of 

infection (i.e. maternal fever and PROM) on neonatal MBL concentrations. Neonates of mothers 

with maternal fever had lower median neonatal MBL concentrations due to variant MBL2 

haplotypes. 

 Umbilical cord blood can be used to detect possible MBL deficiency in neonates because the 

differences between umbilical cord and neonatal plasma concentrations within 24 hours after birth 

were negligible in the MBL-deficient neonates of our cohort. The relevance of this finding lies in 

that umbilical cord sampling is easier and less invasive than venapuncture in neonates. The 

relatively large difference in one MBL-deficient patient (outlier) might be explained by 

misinterpretation of the ELISA results. We assume that the larger differences in neonates with 

MBL concentrations >0.7 �g/ml will not lead to diagnostic difficulties, because they are all 

considered MBL-sufficient. The systematically higher umbilical cord values might be explained 

by the previously reported detection of MBL mRNA in placenta, umbilical cord cells as well as 

amniotic fluid (22, 29, 30). 

 In conclusion, low MBL plasma concentrations are very common in premature neonates. 

MBL deficiency at birth should be determined by MBL plasma concentrations; these can reliably 

be measured in umbilical cord blood. Since almost half of the NICU patients appears to be MBL-

deficient, a possible relation of low MBL levels with neonatal infections might have widespread 

clinical and therapeutic implications. 
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