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Blood group AB increases 
risk for surgical necrotizing 
enterocolitis and focal intestinal 
perforation in preterm infants 
with very low birth weight
I. Martynov1*, W. Göpel2, T. K. Rausch2,3, C. Härtel2, A. Franke4, A. R. Franz5,6, D. Viemann7, 
U. H. Thome8, M. Lacher1 & B. W. Ackermann8

Necrotizing enterocolitis (NEC) and focal intestinal perforation (FIP) are two of the most common 
emergencies of the gastrointestinal tract in preterm infants with very low birth weight (VLBW, birth 
weight < 1500 g). Identification of risk factors among these children is crucial for earlier diagnosis and 
prompt intervention. In this study, we investigated a relationship between ABO blood groups and the 
risk for surgical NEC/FIP. We genotyped the ABO locus (rs8176746 and rs8176719) in VLBW infants 
enrolled in a prospective, population-based cohort study of the German Neonatal Network (GNN). 
Of the 10,257 VLBW infants, 441 (4.3%) had surgical NEC/FIP. In univariate analyses, the blood group 
AB was more prevalent in VLBW infants with surgical NEC/FIP compared to non-AB blood groups (OR 
1.51, 95% CI 1.07–2.13, p = 0.017; absolute risk difference 2.01%, 95% CI 0.06–3.96%). The association 
between blood group AB and surgical NEC/FIP was observed in a multivariable logistic regression 
model (OR of 1.58, 95% CI 1.10–2.26, p = 0.013) as well. In summary, our study suggests that the risk of 
surgical NEC and FIP is higher in patients with blood group AB and lower in those having non-AB blood 
groups.

Necrotizing enterocolitis (NEC) and focal intestinal perforation (FIP) are two of the most common emergen-
cies of the gastrointestinal tract in preterm infants with very low birth weight (VLBW)1, 2. Although FIP and 
NEC have been recognized as distinct  entities3, 4, the clinical features and timing of presentation are frequently 
overlapping, making both diseases clinically indistinguishable in many  cases5. NEC typically occurs in infants 
born between 22 and 28 weeks of gestation within the second or third week of  life6, 7. In contrast, the gestational 
age of children developing FIP ranges between 22 and 27 weeks with intestinal perforation occurring within 
the first or second week of  life8, 9. Moreover, infants with FIP can develop peritonitis mimicking NEC, and NEC 
may occur after an episode of  FIP10–13. Both NEC and FIP culminate in necrosis of the intestinal mucosa, which 
leads to perforation of the  bowel14. Neonatal mortality is lower among infants with FIP (21%) compared to those 
with surgical NEC (35%)15. For both NEC and FIP, early diagnosis and prediction of disease severity are crucial.

The etiology and pathogenesis of NEC and FIP remain poorly understood. Epidemiologic observations 
strongly suggest a multifactorial nature, with prematurity beings the most significant risk  factor16, 17. The physi-
ological immaturity of the gastrointestinal tract results in impairment of intestinal motility, digestive ability, 
splanchnic perfusion, and the intestinal  barrier18–21. Risk factors for NEC include alterations of the intestinal 
microbiome  composition22, formula feeding (exposure to cow milk protein)23, and dysregulation of the immune 
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 system24. In contrast, maternal  chorioamnionitis25 and exposure to postnatal steroids with or without indometha-
cin  treatment26 are associated with FIP.

In 2012, Thomson et al. showed that neonatal blood group AB is associated with an increased mortality in 
preterm infants with  NEC27. Blood group antigens are not only on the surface of red blood cells but also occur 
in other tissues, including the intestinal surface. Moreover, they can be secreted into the lumen of the gut (and 
breast milk)—for ABO, for example, if the person carries another specific genetic variant in the gene FUT2 and 
is a so-called “secretor”—where these sugars serve as nutrients for intestinal microbes. Blood group antigens 
also serve as receptors for toxins, parasites, and bacteria, facilitating their colonization or invasion. They can also 
serve as false receptors, preventing binding to a target tissue. ABO antibodies contribute to the innate immune 
system and attack some bacteria or viruses that carry ABO  antigens28.

In this study, we utilized a large cohort study of the German Neonatal Network (GNN) consisting of 10,257 
VLBW infants to investigate the potential relationships between neonatal blood group AB and risk for develop-
ing surgical FIP and NEC.

Results
Baseline characteristics of study population. Of the 10,257 VLBW infants enrolled in this study, 3538 
(34.5%) neonates had blood group O, 4773 (46.5%) blood group A, 1332 (13.0%) blood group B, and 614 (6.0%) 
blood group AB. Among them, there was no difference in gestational age, birth weight, gender, mode of delivery, 
and antenatal corticosteroid exposure (Table 1). However, differences in blood group distribution were observed 
for multiple birth (blood group B [390 multiples of 1332, 29.3%] vs. blood group A [1603 multiples of 4773, 
33.6%], descriptive p = 0.003). The NEC/FIP group comprised of 441 (4.3%) neonates, including 156 (35.4%) 
patients with blood group O, 196 (44.4%) with blood group A, 51 (11.6%) with blood group B, and 38 (8.6%) 
with blood group AB.

Blood group AB and risk for NEC/FIP. In univariate analyses, preterm infants with blood group AB 
were at higher risk for surgical NEC/FIP compared to the non-AB-groups (OR 1.51, 95% CI 1.07–2.13, p = 0.02; 
absolute risk difference 2.01%, 95% CI 0.06–3.96%). When the risk for surgical NEC/FIP or death was analyzed, 
the difference between the AB- and non-AB-group persisted (Table 2). In a multivariable logistic regression 
model which included covariates such as sex, gestational age, birth weight, multiple birth, medical and surgical 
PDA treatments, we could observe a significantly higher risk of blood group AB for NEC/FIP when compared 
to non-AB-blood groups (OR 1.54, 95% CI 1.10–2.26, p = 0.01) (Fig. 1). We also found that medical treatment 
of PDA using indomethacin or ibuprofen was associated with increased risk for developing NEC/FIP (OR 1.50, 
95% CI 1.21–1.85, p < 0.0001). In contrast, female sex (OR 0.68, 95% CI 0.55–0.83, p < 0.0001), higher gestational 
age (OR 0.73, 95% CI 0.68–0.78, p < 0.0001) and higher birth weight (OR 0.89, 95% CI 0.83–0.94, p < 0.0001) 
emerged as protective factors against NEC/FIP. As shown in Table 3, we did not detect any associations between 
blood group distribution and secondary outcome variables.  

Table 1.  Baseline characteristics of the study population, stratified by ABO blood group. Values are mean with 
corresponding standard deviation or n (%); SGA small for gestational age, NEC necrotizing enterocolitis, FIP 
focal intestinal perforation; *For continuous variables Mann–Whitney-U test and for binary variables χ2 test 
was used.

Variable
O
 (n = 3538)

B
 (n = 1332)

A
 (n = 4773)

non-AB
 (n = 9643)

AB
(n = 614)

Descriptive p value AB vs. 
non-AB

Gestational age, wk 28.5 ± 2.7 28.5 ± 2.7 28.5 ± 2.6 28.5 ± 2.6 28.5 ± 2.7  > 0.99

Birth weight, g 1034 ± 304 1029 ± 309 1041 ± 303 1037 ± 304 1051 ± 308 0.26

Male sex 1864 (52.7) 686 (51.5) 2415 (50.6) 4965 (51.5) 301 (49.0) 0.23

Multiple birth 1238 (35.0) 390 (29.3) 1603 (33.6) 3231 (33.5) 187 (30.5) 0.12

SGA 629 (17.8) 246 (18.5) 881 (18.5) 1756 (18.2) 102 (16.6) 0.32

Table 2.  Risk for surgical NEC/FIP in relation to blood group. Values in blood group are given as n (%). 
NEC necrotizing enterocolitis, FIP focal intestinal perforation, Pearson´s χ2 test, OR odds ratio, CI confidence 
interval. *Patients with NEC/FIP in Bell stage ≥ 2° undergoing surgical intervention (n = 441) or death without 
surgery related to NEC/FIP (n = 11).

Classification

ABO blood group AB vs. non-AB

O
n = 3538

A
n = 4773

B
n = 1332

Non-AB
n = 9643

AB
n = 614

OR (95% CI), p value; 
Absolute risk difference
(95% CI)

Surgical NEC/FIP 156 (4.4) 196 (4.1) 51 (3.8) 403 (4.2) 38 (6.2) 1.51 (1.07–2.13), p = 0.017;
2.01% (0.06–3.96%)

Surgical NEC/FIP or death* 158 (4.5) 203 (4.3) 52 (3.9) 413 (4.3) 39 (6.4) 1.51 (1.08–2.12), p = 0.015;
2.07% (0.10–4.04%)
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Discussion
We found that neonates with blood group AB are at increased risk of developing surgical NEC and FIP com-
pared to individuals with non-AB-blood groups. Consequently, blood group AB may be considered as a novel 
risk factor for developing NEC/FIP in VLBW infants besides the well-known factors including gestational age, 
hemodynamically relevant PDA, and male gender. The awareness of this association should contribute to earlier 
diagnosis and treatment of both potentially devastating diseases. However, we are aware that blood group AB is 
infrequent, and only a small proportion of VLBW neonates can be potentially observed more closely.

The ABO blood group system comprises the carbohydrate molecules (A, B, and H antigens) that are expressed 
on the extracellular surface of red blood cells as well as a variety of human tissues, including platelets, leukocytes, 
plasma proteins, the vascular endothelium, and the mucus  layer29. These ABO antigens locating on tissues are 
histo-blood group antigens (HBGAs). The proposed functions of HBGAs are mostly cell-cell recognition, facili-
tation of intracellular uptake, signal transduction, enzymatic activity, and glycocalyx  formation30. Furthermore, 
blood group antigens serve as receptors and coreceptors for bacteria, parasites, and viruses, contributing to host 

Figure 1.  Risk for NEC/FIP—multivariable logistic regression model. Multivariable logistic regression model 
to adjust the effect of ABO blood group for covariates including multiple births, PDA medical treatment, 
surgical treatment of PDA, female sex, antenatal steroids, birth weight, and gestational age. The symbols and 
lines describe odds ratios and corresponding 95% confidence intervals. NEC necrotizing enterocolitis, FIP focal 
intestinal perforation, PDA patent ductus arteriosus, RDS respiratory distress syndrome.

Table 3.  Secondary outcomes in relation to ABO blood group. Values are n (%); NEC necrotizing 
enterocolitis, FIP focal intestinal perforation, IVH intraventricular hemorrhage, PVL periventricular 
leukomalacia, PDA patent ductus arteriosus, BPD bronchopulmonary dysplasia, ROP retinopathy of 
prematurity.

Variable
O
n = 3538

A
n = 4773

B
n = 1332

Non-AB
n = 9643

AB
n = 614

AB vs. non-AB
OR (95% CI), p value

Overall mortality 129 (3.6) 166 (3.5) 41 (3.1) 336 (3.5) 14 (2.3) 0.65 (0.38–1.11), p = 0.135

Mortality from NEC/FIP 9 (5.7%) 17 (8.4%) 2 (3.8) 28 (6.8) 3 (7.7) 1.68 (0.51–5.56), p = 0.385

IVH 620 (17.6) 857 (18.0) 244 (18.3) 1721 (17.8) 111 (18.1) 1.03 (0.83–1.27), p = 0.798

PVL 89 (2.5) 145 (3.0) 42 (3.2) 276 (2.9) 12 (2.0) 0.67 (0.37–1.21), p = 0.186

PDA surgical treatment 132 (3.7) 190 (4.0) 45 (3.4) 367 (3.8) 21 (3.4) 0.89 (0.57–1.40), p = 0.627

PDA medical treatment 1001 (28.3) 1324 (27.8) 344 (25.9) 2669 (27.7) 160 (26.1) 0.92 (0.76–1.10), p = 0.384

BPD 643 (18.2) 791 (16.6) 234 (17.6) 1668 (17.3) 102 (16.6) 0.95 (0.76–1.18), p = 0.663

ROP 118 (3.4) 180 (3.8) 39 (3.0) 337 (3.5) 22 (3.6) 1.02 (0.66–1.59), p = 0.908

Sepsis 436 (12.3) 573 (12.0) 150 (11.3) 1159 (12.0) 83 (13.5) 1.14 (0.90–1.45), p = 0.269
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susceptibility or resistance to various infectious and non-infectious diseases. Finally, several blood groups can 
additionally modify the innate immune response to  infection28.

To date, only one study investigated the effect of neonatal and maternal blood group distribution on NEC 
mortality. In 2012, Thomson and colleagues analyzed 276 neonates with Bell stage II-III NEC and found that 
neonates with blood group AB (n = 60, 21.7%) had a significantly higher risk of mortality from NEC compared 
to other blood groups (Hazard ratio 2.87, 95% CI 1.40–5.89, p = 0.003)27. In contrast, in our cohort, we could not 
confirm an association between blood group and risk of mortality related to NEC/FIP. These discordant findings 
can be partially explained by the fact that the mortality from NEC/FIP in our patient cohort was very low (n = 31, 
7.0% of all infants with surgery for FIP or NEC) compared to those reported by others (up to 32%31, 32), which 
may have affected the statistical power and validity.

In the intestine, blood group antigens are found on red blood cells, mucosal epithelia, in the mucus layer, 
and in biologic fluids (saliva, intestinal contents, milk)33–35. Individuals who are non-secretors of blood group 
antigens do not have ABH antigens expressed on the mucosal secretions and  surfaces36. HBGAs are recognized 
as receptors by numerous pathogens, including,  noroviruses37–39,  rotavirus40–42,  coronaviruses43, and Helicobacter 
pylori44. H. pylori strains, for example, binds to all three ABH blood group antigens via the Blood group Antigen 
Binding  Adhesin45. The most well-known example of blood-group-associated diseases is cholera, which affects 
predominantly individuals with blood group O leading to more severe symptoms than those with other blood 
 groups46. Although the primary receptor of the cholera toxin is the GM1 ganglioside, it can also bind to HBGAs, 
facilitating adhesion on the surface of the  enterocytes47. More recently, a study conducted by the Severe Covid-
19 GWAS Group has shown that individuals with blood group A are at higher risk for developing symptomatic 
Covid-19 with respiratory failure compared to other blood groups suggesting the potential involvement of the 
ABO blood group system in the pathogenesis of Covid-19  infection48. Furthermore, there is increasing evidence 
for a HBGA-mediated modulation of the intestinal microbiome. For example, certain lactobacilli such as L. 
gasseri OLL2755 or L. gasseri OLL2877 bind to  HBGAs49. Healthy subjects with different HBGA were shown to 
possess distinct profiles of fecal microbiota with a blood group secretor status being associated with less diversity 
at higher-order taxa and an expansion of distinct bacterial families, e.g., Clostridiales, in the presence of blood 
group A  antigens50, 51.

While less is known about an association between FIP and the pattern of gut colonization, multiple evidence 
has been provided that NEC is preceded by dysbiotic microbiota  profiles52, 53. The impact of HBGAs on the shap-
ing of the gut microbiota might represent the pathogenetic clue explaining the increased occurrence of NEC in 
neonates with blood group AB and should be further elucidated in future studies.

Finally, whether packed red blood cell transfusion increases the risk for NEC (so-called transfusion-associated 
necrotizing enterocolitis) is subject of ongoing  discussions54, 55. As blood products with blood group AB are 
scarce and individuals with blood group AB are universal recipients, blood group compatible but not identical 
transfusions might be more frequent in patients with blood group AB compared to individuals with non-AB. 
Furthermore, in some institutions, preterm infants are transfused with blood group O, irrespective of their own 
blood  group27. As individuals with blood group AB express A and B antigens in various tissues, the transfusion 
of blood products containing isoagglutinins (i.e., anti-A or anti-B antibodies) might augment the risk for surgical 
NEC/FIP in preterm infants carrying AB antigens. However, to test this hypothesis, register studies in VLBW 
preterm infants should include information on the type (blood group identical or blood-group compatible) and 
timing (transfusion bevor NEC or after) of red blood cell transfusions.

We are aware of several limitations of our study, including the low prevalence of blood group AB among 
neonates with NEC/FIP (n = 39, 5.9%). Furthermore, unrecognized confounders such as the prenatal course, 
center-specific protocols for feeding advancement, and availability of donor milk in some centers might have 
influenced the results of our study. Overall the association of blood group AB and NEC/FIP needs to be tested in 
other populations, e.g., in cohorts with a higher prevalence of blood group AB. We are also aware that the intra-
operative findings and histopathology of FIP are different from that of NEC. However, histopathological data 
is lacking in the GNN cohort, thus making precise differentiation between both diseases impossible. Moreover, 
as both entities have an overlapping clinical presentation and there is currently no well-defined set of objective 
criteria to intra-operatively distinguish NEC from FIP, it is possible that in the central GNN database, a code for 
“NEC” was chosen instead of “FIP” and vice versa. To overcome both limitations, we used “surgical FIP/NEC” 
as a robust outcome parameter.

On the other hand, this study has several strengths. Our cohort is quite homogeneous in ethnicity, the degree 
of prematurity, and the clinical treatment strategies. To the best of our knowledge, we present the first study 
investigating the association between ABO blood group and risk for NEC/FIP in a large, well-defined cohort of 
VLBW infants with stringent criteria for NEC/FIP (both requiring surgical intervention). Furthermore, we also 
excluded neonates with the diagnosis “medical NEC” (not requiring surgery), as this condition is difficult to 
distinguish from other disease entities. Another strength of our study is that the blood groups were determined 
genetically, which represents the most accurate method.

Conclusion
Here, we demonstrate that among VLBW infants, blood group AB is associated with an increased risk of NEC/
FIP. Therefore, blood group AB may be considered as an additional risk factor for NEC/FIP. The underlying 
mechanism of the blood group AB in NEC/FIP development, including potential interactions between intestinal 
bacteria and HBGAs needs to be further elucidated.
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Methods
Study cohort. Subjects were enrolled in the prospective cohort study of the German Neonatal Network 
(GNN) between 2009 and 2016 by 43 participating tertiary German neonatal intensive care units. Infants with 
a birth weight below 1500 g and gestational age below 37 weeks who were admitted to one of the participating 
centers were eligible for participation. Written informed consent was obtained from parents for research and 
publication of data. The ethics committee at the University of Lübeck and at all participating hospital approved 
the study: Medical University of Hannover; Regional Medical board of Westfalen-Lippe and the University of 
Münster; Heinrich Heine University Düsseldorf; University of Rostock; University of Duisburg-Essen; Ruhr 
University Bochum; University of Greifswald; University of Cologne; University of Regensburg; Otto von Guer-
icke University Magdeburg; Witten/Herdecke University; Dresden University of Technology; University of Kiel; 
Heidelberg University (University Hospital Mannheim); University of Tübingen; RWTH Aachen University; 
Martin Luther University of Halle-Wittenberg; University of Göttingen; University Medical Center Freiburg; 
University of Bonn; University of Jena; University of Erlangen-Nuremberg; University of Ulm; Goethe Univer-
sity Frankfurt; Technical University of Munich; University of Würzburg; and the Regional Medical boards of 
Hessen, Hamburg, Bayern, Berlin, Baden-Württemberg, Saarland, Nordrhein, Schleswig–Holstein, Bremen, and 
Niedersachsen. All experimental protocols were performed in accordance with relevant guidelines and approved 
by the ethics committee of the University of Lübeck. Neonatal data were collected locally by attending physicians 
and sent to the coordinating center in Lübeck. Data quality was ensured by regular onsite monitoring of partici-
pating centers. All data were entered in a database by health record administrators at the main GNN office at the 
University of Lübeck, Germany. Early neonatal death, parental refusal, or parents not asked for permission of 
their infant to participate were reasons for non-enrollment. Data were collected from every infant on important 
maternal, fetal, and neonatal parameters, including maternal ethnic origin, sex, singleton vs. multiple births, 
fetal malformation, pharmacological or surgical treated patent ductus arteriosus (PDA), sepsis, bronchopulmo-
nary dysplasia (BPD), intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL).

Definitions of outcome parameters. Primary outcome was the frequency of NEC/FIP in infants with 
blood group AB (n = 614, 6.0%) compared to 9643 (94.0%) non-AB neonates.

Secondary outcome parameters included NEC/FIP related and overall mortality, occurrence of complica-
tions such as IVH, PVL, BPD, retinopathy of prematurity (ROP) or sepsis, and treatment modalities such as 
surgical or medical treatment of PDA according to blood group distribution in infants with blood group AB 
versus non-AB.

Sepsis was either clinical sepsis or blood culture-proven sepsis. According to our previous 
 publications56, 57, clinical sepsis was defined as sepsis with at least two signs (temperature > 38.0 °C or < 36.5 °C, 
tachycardia > 200/min, new-onset or increased frequency of bradycardia or apnea, hyperglycemia > 7.8 mmol/l, 
base excess <  − 10 mval/l, change in skin color, increased oxygen requirements) and one laboratory sign (C-reac-
tive protein > 10 mg/l, immature/neutrophil ratio > 0.2, white blood cell count < 5/nl, platelet count < 100/nl) 
and antibiotic treatment for ≥ 5 days, but no detection of a causative agent in the blood culture. Blood-culture 
confirmed sepsis was defined as clinical sepsis with proof of a causative agent in the blood  culture58.

Intraventricular hemorrhage (IVH): graded according to the Papile  classification59.
Periventricular leukomalacia (PVL): cystic degeneration of white matter near the lateral ventricles (ultra-

sound or MR).
Retinopathy of prematurity (ROP): ROP requiring any intervention (e.g., cryotherapy, laser therapy, or 

anti-VEGF treatment).
Focal intestinal perforation (FIP): focal intestinal perforation with the need for laparotomy.
Surgical Necrotizing enterocolitis (NEC): clinical NEC with the need for laparotomy with or without resec-

tion of the necrotic gut and the macroscopic diagnosis of NEC. The attending pediatric surgeon differentiated 
in NEC or FIP.

FIP/NEC-related mortality was the subgroup of children with diagnosed NEC in Bell stages II or III without 
surgery but death (n = 11). In monitoring visits, the probable cause of death was determined.

Small for gestational age (SGA): Birth weight below the  10th percentile according to Voigt et al.60.
Patent ductus arteriosus (PDA) surgery: surgical ligation of PDA.
Patent ductus arteriosus (PDA) pharmacological treatment: therapy with indomethacin or ibuprofen and 

PDA.
Bronchopulmonary dysplasia (BPD): need for ventilation support or oxygen supplementation at 36 weeks 

corrected age.
Death was defined as mortality during the primary stay in the hospital.

Genotyping. Patients’ data and samples were coded before genotyping and analysis. Umbilical cord tissue 
of participating infants was collected after birth and stored at − 20 °C until transfer to the University of Lübeck. 
Genotyping was performed using the previously described  methodology56. DNA was extracted using standard 
protocols for commercial DNA purification kits (Gentra Puregene Tissue Kit, Qiagen, Hilden, Germany). Chip 
genotyping was done by the Cologne Center for Genomics using ‘Axiom CEU’ (Affymetrix, Santa Clara, Cali-
fornia, USA) or the Institute of Clinical Molecular Biology Kiel using ‘Global Screening Array (GSA)’ (Illumina, 
San Diego, California, USA). After chip genotyping of approximately 500,000 single nucleotide polymorphisms 
(SNPs) per infant and quality control of samples and SNPs, additional SNPs were imputed. The ABO gene was 
determined according to two SNPs (rs8176746 and rs8176719) as described by Groot et al.61. The SNP rs8176719 
was not available for samples genotyped on the Illumina chip and the proxy SNP rs8176645 was used instead.
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Statistical analysis. Study population was grouped by the blood groups, A, B, O, or AB and addition-
ally non-AB (A, B, and O). Groups were tested with χ2 test and Mann–Whitney-U-test to describe differences 
descriptively. The association of non-AB vs. AB with the predefined outcomes (surgical treatment of NEC/FIP, 
and surgical treatment of NEC/FIP or death) was determined by OR, absolute risk difference, corresponding 
confidence interval, and p value from χ2 test. In addition, the association of the blood groups non-AB vs. AB on 
several secondary outcomes (overall mortality, mortality from NEC/FIP, IVH, PVL, surgical treatment of PDA, 
medical treatment of PDA, BPD, ROP, sepsis) was determined by OR, absolute risk difference and correspond-
ing confidence interval. The association of non-AB vs. AB with surgical treatment of NEC/FIP was calculated in 
multivariable logistic regression analyses with adjustment for known influencing variables (gestational age, birth 
weight as continuous variables), and further covariates (antenatal steroids, sex, drug treatment of PDA, surgical 
treatment of PDA, and multiple births). The type I error level was set to 0.05. Data analysis was performed using 
SPSS 25.0 (IBM, Munich, Germany). Data visualization was done by GraphPad Prism version 6.21 for Windows 
(GraphPad Software, San Diego, CA).

Data availability
The datasets generated and analyzed during the current study are not publicly available but can be reviewed on 
reasonable request by Wolfgang Göpel (Head of Studies, GNN).

Received: 7 September 2020; Accepted: 14 June 2021

References
 1. Neu, J. & Walker, W. A. Necrotizing enterocolitis. N. Engl. J. Med. 364, 255–264. https:// doi. org/ 10. 1056/ NEJMr a1005 408 (2011).
 2. Kubota, A. et al. Focal intestinal perforation in extremely-low-birth-weight neonates: Etiological consideration from histological 

findings. Pediatr. Surg. Int. 23, 997–1000. https:// doi. org/ 10. 1007/ s00383- 007- 1984-9 (2007).
 3. Pumberger, W., Mayr, M., Kohlhauser, C. & Weninger, M. Spontaneous localized intestinal perforation in very-low-birth-weight 

infants: A distinct clinical entity different from necrotizing enterocolitis. J. Am. Coll. Surg. 195, 796–803. https:// doi. org/ 10. 1016/ 
s1072- 7515(02) 01344-3 (2002).

 4. Buchheit, J. Q. & Stewart, D. L. Clinical comparison of localized intestinal perforation and necrotizing enterocolitis in neonates. 
Pediatrics 93, 32–36 (1994).

 5. Böhler, T. et al. Necrotizing enterocolitis and focal intestinal perforation in neonatal intensive care units in the state of baden-
württemberg, Germany. Pediatr. Rep. 6, 5194. https:// doi. org/ 10. 4081/ pr. 2014. 5194 (2014).

 6. Yee, W. H. et al. Incidence and timing of presentation of necrotizing enterocolitis in preterm infants. Pediatrics 129, e298-304. 
https:// doi. org/ 10. 1542/ peds. 2011- 2022 (2012).

 7. González-Rivera, R., Culverhouse, R. C., Hamvas, A., Tarr, P. I. & Warner, B. B. The age of necrotizing enterocolitis onset: An 
application of Sartwell’s incubation period model. J. Perinatol. 31, 519–523. https:// doi. org/ 10. 1038/ jp. 2010. 193 (2011).

 8. Okuyama, H. et al. A comparison of the clinical presentation and outcome of focal intestinal perforation and necrotizing entero-
colitis in very-low-birth-weight neonates. Pediatr. Surg. Int. 18, 704–706. https:// doi. org/ 10. 1007/ s00383- 002- 0839-7 (2002).

 9. Ye, N., Yuan, Y., Xu, L., Pfister, R. E. & Yang, C. Successful conservative treatment of intestinal perforation in VLBW and ELBW 
neonates: A single centre case series and review of the literature. BMC Pediatr. 19, 255. https:// doi. org/ 10. 1186/ s12887- 019- 1641-1 
(2019).

 10. Meinzen-Derr, J. et al. Epidemiology of necrotizing enterocolitis temporal clustering in two neonatology practices. J. Pediatr. 154, 
656–661. https:// doi. org/ 10. 1016/j. jpeds. 2008. 11. 002 (2009).

 11. Torrazza, R. M., Li, N. & Neu, J. Decoding the enigma of necrotizing enterocolitis in premature infants. Pathophysiology 21, 21–27. 
https:// doi. org/ 10. 1016/j. patho phys. 2013. 11. 011 (2014).

 12. Sharma, R. et al. Packed red blood cell transfusion is not associated with increased risk of necrotizing enterocolitis in premature 
infants. J. Perinatol. 34, 858–862. https:// doi. org/ 10. 1038/ jp. 2014. 59 (2014).

 13. Coates, E. W., Karlowicz, M. G., Croitoru, D. P. & Buescher, E. S. Distinctive distribution of pathogens associated with peritonitis 
in neonates with focal intestinal perforation compared with necrotizing enterocolitis. Pediatrics 116, e241-246. https:// doi. org/ 
10. 1542/ peds. 2004- 2537 (2005).

 14. Tatekawa, Y., Muraji, T., Imai, Y., Nishijima, E. & Tsugawa, C. The mechanism of focal intestinal perforations in neonates with low 
birth weight. Pediatr. Surg. Int. 15, 549–552. https:// doi. org/ 10. 1007/ s0038 30050 668 (1999).

 15. Hull, M. A. et al. Mortality and management of surgical necrotizing enterocolitis in very low birth weight neonates: A prospective 
cohort study. J. Am. Coll. Surg. 218, 1148–1155. https:// doi. org/ 10. 1016/j. jamco llsurg. 2013. 11. 015 (2014).

 16. Gordon, P. V. Understanding intestinal vulnerability to perforation in the extremely low birth weight infant. Pediatr. Res. 65, 
138–144. https:// doi. org/ 10. 1203/ PDR. 0b013 e3181 8c7920 (2009).

 17. Lin, P. W., Nasr, T. R. & Stoll, B. J. Necrotizing enterocolitis: Recent scientific advances in pathophysiology and prevention. Semin. 
Perinatol. 32, 70–82. https:// doi. org/ 10. 1053/j. sempe ri. 2008. 01. 004 (2008).

 18. Xu, R. J. Development of the newborn GI tract and its relation to colostrum/milk intake: A review. Reprod. Fertil. Dev. 8, 35–48. 
https:// doi. org/ 10. 1071/ rd996 0035 (1996).

 19. Neal-Kluever, A., Fisher, J., Grylack, L., Kakiuchi-Kiyota, S. & Halpern, W. Physiology of the neonatal gastrointestinal system 
relevant to the disposition of orally administered medications. Drug Metab. Dispos. 47, 296–313. https:// doi. org/ 10. 1124/ dmd. 
118. 084418 (2019).

 20. Ginzel, M. et al. The viral dsRNA analogue poly (I:C) induces necrotizing enterocolitis in neonatal mice. Pediatr. Res. 79, 596–602. 
https:// doi. org/ 10. 1038/ pr. 2015. 261 (2016).

 21. Ginzel, M. et al. Dextran sodium sulfate (DSS) induces necrotizing enterocolitis-like lesions in neonatal mice. PLoS ONE 12, 
e0182732. https:// doi. org/ 10. 1371/ journ al. pone. 01827 32 (2017).

 22. Neu, J. & Pammi, M. Necrotizing enterocolitis: The intestinal microbiome, metabolome and inflammatory mediators. Semin. Fetal 
Neonatal. Med. 23, 400–405. https:// doi. org/ 10. 1016/j. siny. 2018. 08. 001 (2018).

 23. Ramani, M. & Ambalavanan, N. Feeding practices and necrotizing enterocolitis. Clin. Perinatol. 40, 1–10. https:// doi. org/ 10. 1016/j. 
clp. 2012. 12. 001 (2013).

 24. Cho, S. X., Berger, P. J., Nold-Petry, C. A. & Nold, M. F. The immunological landscape in necrotising enterocolitis. Expert Rev. Mol. 
Med. 18, e12. https:// doi. org/ 10. 1017/ erm. 2016. 13 (2016).

 25. Ragouilliaux, C. J., Keeney, S. E., Hawkins, H. K. & Rowen, J. L. Maternal factors in extremely low birth weight infants who develop 
spontaneous intestinal perforation. Pediatrics 120, e1458-1464. https:// doi. org/ 10. 1542/ peds. 2006- 2804 (2007).

https://doi.org/10.1056/NEJMra1005408
https://doi.org/10.1007/s00383-007-1984-9
https://doi.org/10.1016/s1072-7515(02)01344-3
https://doi.org/10.1016/s1072-7515(02)01344-3
https://doi.org/10.4081/pr.2014.5194
https://doi.org/10.1542/peds.2011-2022
https://doi.org/10.1038/jp.2010.193
https://doi.org/10.1007/s00383-002-0839-7
https://doi.org/10.1186/s12887-019-1641-1
https://doi.org/10.1016/j.jpeds.2008.11.002
https://doi.org/10.1016/j.pathophys.2013.11.011
https://doi.org/10.1038/jp.2014.59
https://doi.org/10.1542/peds.2004-2537
https://doi.org/10.1542/peds.2004-2537
https://doi.org/10.1007/s003830050668
https://doi.org/10.1016/j.jamcollsurg.2013.11.015
https://doi.org/10.1203/PDR.0b013e31818c7920
https://doi.org/10.1053/j.semperi.2008.01.004
https://doi.org/10.1071/rd9960035
https://doi.org/10.1124/dmd.118.084418
https://doi.org/10.1124/dmd.118.084418
https://doi.org/10.1038/pr.2015.261
https://doi.org/10.1371/journal.pone.0182732
https://doi.org/10.1016/j.siny.2018.08.001
https://doi.org/10.1016/j.clp.2012.12.001
https://doi.org/10.1016/j.clp.2012.12.001
https://doi.org/10.1017/erm.2016.13
https://doi.org/10.1542/peds.2006-2804


7

Vol.:(0123456789)

Scientific Reports |        (2021) 11:13777  | https://doi.org/10.1038/s41598-021-93195-8

www.nature.com/scientificreports/

 26. Gordon, P. V., Young, M. L. & Marshall, D. D. Focal small bowel perforation: An adverse effect of early postnatal dexamethasone 
therapy in extremely low birth weight infants. J. Perinatol. 21, 156–160. https:// doi. org/ 10. 1038/ sj. jp. 72005 20 (2001).

 27. Thomson, T. et al. Decreased survival in necrotizing enterocolitis is significantly associated with neonatal and maternal blood 
group: The AB isoagglutinin hypothesis. J. Perinatol. 32, 626–630. https:// doi. org/ 10. 1038/ jp. 2011. 150 (2012).

 28. Cooling, L. Blood groups in infection and host susceptibility. Clin. Microbiol. Rev. 28, 801–870. https:// doi. org/ 10. 1128/ cmr. 
00109- 14 (2015).

 29. Rausch, P. et al. Multigenerational influences of the Fut2 gene on the dynamics of the gut microbiota in mice. Front. Microbiol. 8, 
991. https:// doi. org/ 10. 3389/ fmicb. 2017. 00991 (2017).

 30. Denomme, G. A. The structure and function of the molecules that carry human red blood cell and platelet antigens. Transfus. Med. 
Rev. 18, 203–231. https:// doi. org/ 10. 1016/j. tmrv. 2004. 03. 006 (2004).

 31. Thyoka, M. et al. Advanced necrotizing enterocolitis part 1: Mortality. Eur. J. Pediatr. Surg. 22, 8–12. https:// doi. org/ 10. 1055/s- 
0032- 13062 63 (2012).

 32. Samuels, N. et al. Necrotising enterocolitis and mortality in preterm infants after introduction of probiotics: A quasi-experimental 
study. Sci. Rep. 6, 31643. https:// doi. org/ 10. 1038/ srep3 1643 (2016).

 33. Heggelund, J. E., Varrot, A., Imberty, A. & Krengel, U. Histo-blood group antigens as mediators of infections. Curr. Opin. Struct. 
Biol. 44, 190–200. https:// doi. org/ 10. 1016/j. sbi. 2017. 04. 001 (2017).

 34. Clausen, H. & Hakomori, S. ABH and related histo-blood group antigens; immunochemical differences in carrier isotypes and 
their distribution. Vox Sang. 56, 1–20. https:// doi. org/ 10. 1111/j. 1423- 0410. 1989. tb030 40.x (1989).

 35. Marionneau, S. et al. ABH and Lewis histo-blood group antigens, a model for the meaning of oligosaccharide diversity in the face 
of a changing world. Biochimie 83, 565–573. https:// doi. org/ 10. 1016/ s0300- 9084(01) 01321-9 (2001).

 36. Kelly, R. J., Rouquier, S., Giorgi, D., Lennon, G. G. & Lowe, J. B. Sequence and expression of a candidate for the human Secretor 
blood group alpha(1,2)fucosyltransferase gene (FUT2). Homozygosity for an enzyme-inactivating nonsense mutation commonly 
correlates with the non-secretor phenotype. J. Biol. Chem. 270, 4640–4649. https:// doi. org/ 10. 1074/ jbc. 270.9. 4640 (1995).

 37. Huang, P. et al. Noroviruses bind to human ABO, Lewis, and secretor histo-blood group antigens: identification of 4 distinct 
strain-specific patterns. J. Infect. Dis. 188, 19–31. https:// doi. org/ 10. 1086/ 375742 (2003).

 38. Marionneau, S. et al. Norwalk virus binds to histo-blood group antigens present on gastroduodenal epithelial cells of secretor 
individuals. Gastroenterology 122, 1967–1977. https:// doi. org/ 10. 1053/ gast. 2002. 33661 (2002).

 39. Tan, M. & Jiang, X. Association of histo-blood group antigens with susceptibility to norovirus infection may be strain-specific 
rather than genogroup dependent. J. Infect. Dis. 198, 940–941. https:// doi. org/ 10. 1086/ 589810 (2008).

 40. Jiang, X., Liu, Y. & Tan, M. Histo-blood group antigens as receptors for rotavirus, new understanding on rotavirus epidemiology 
and vaccine strategy. Emerg. Microb. Infect. 6, e22. https:// doi. org/ 10. 1038/ emi. 2017. 30 (2017).

 41. Huang, P. et al. Spike protein VP8* of human rotavirus recognizes histo-blood group antigens in a type-specific manner. J. Virol. 
86, 4833–4843. https:// doi. org/ 10. 1128/ jvi. 05507- 11 (2012).

 42. Liu, Y. et al. Rotavirus VP8*: Phylogeny, host range, and interaction with histo-blood group antigens. J. Virol. 86, 9899–9910. 
https:// doi. org/ 10. 1128/ jvi. 00979- 12 (2012).

 43. Guillon, P. et al. Inhibition of the interaction between the SARS-CoV spike protein and its cellular receptor by anti-histo-blood 
group antibodies. Glycobiology 18, 1085–1093. https:// doi. org/ 10. 1093/ glycob/ cwn093 (2008).

 44. Chakrani, Z., Robinson, K. & Taye, B. Association between ABO blood groups and helicobacter pylori infection: A meta-analysis. 
Sci. Rep. 8, 17604. https:// doi. org/ 10. 1038/ s41598- 018- 36006-x (2018).

 45. Ohno, T. et al. Effects of blood group antigen-binding adhesin expression during Helicobacter pylori infection of Mongolian gerbils. 
J. Infect. Dis. 203, 726–735. https:// doi. org/ 10. 1093/ infdis/ jiq090 (2011).

 46. Harris, J. B. & LaRocque, R. C. Cholera and ABO blood group: Understanding an ancient association. Am. J. Trop. Med. Hyg. 95, 
263–264. https:// doi. org/ 10. 4269/ ajtmh. 16- 0440 (2016).

 47. Cervin, J. et al. GM1 ganglioside-independent intoxication by Cholera toxin. PLoS Pathog. 14, e1006862. https:// doi. org/ 10. 1371/ 
journ al. ppat. 10068 62 (2018).

 48. Ellinghaus, D. et al. Genomewide association study of severe Covid-19 with respiratory failure. N. Engl. J. Med. https:// doi. org/ 10. 
1056/ NEJMo a2020 283 (2020).

 49. Uchida, H. et al. Lactic acid bacteria (LAB) bind to human B- or H-antigens expressed on intestinal mucosa. Biosci. Biotechnol. 
Biochem. 70, 3073–3076. https:// doi. org/ 10. 1271/ bbb. 60407 (2006).

 50. Makivuokko, H. et al. Association between the ABO blood group and the human intestinal microbiota composition. BMC Micro-
biol. 12, 94. https:// doi. org/ 10. 1186/ 1471- 2180- 12- 94 (2012).

 51. Gampa, A., Engen, P. A., Shobar, R. & Mutlu, E. A. Relationships between gastrointestinal microbiota and blood group antigens. 
Physiol. Genomics 49, 473–483. https:// doi. org/ 10. 1152/ physi olgen omics. 00043. 2017 (2017).

 52. Fundora JB, Guha, P., Shores, D. R., Pammi, M. & Maheshwari, A. Intestinal dysbiosis and necrotizing enterocolitis: assessment 
for causality using Bradford Hill criteria. Pediatr. Res. 87, 235–248. https:// doi. org/ 10. 1038/ s41390- 019- 0482-9 (2020).

 53. Pammi, M. et al. Intestinal dysbiosis in preterm infants preceding necrotizing enterocolitis: A systematic review and meta-analysis. 
Microbiome 5, 31. https:// doi. org/ 10. 1186/ s40168- 017- 0248-8 (2017).

 54. Garg, P., Pinotti, R., Lal, C. V. & Salas, A. A. Transfusion-associated necrotizing enterocolitis in preterm infants: An updated meta-
analysis of observational data. J. Perinat. Med. 46, 677–685. https:// doi. org/ 10. 1515/ jpm- 2017- 0162 (2018).

 55. Amin, S. C., Remon, J. I., Subbarao, G. C. & Maheshwari, A. Association between red cell transfusions and necrotizing enterocolitis. 
J. Matern.-Fetal Neonatal Med. 25, 85–89. https:// doi. org/ 10. 3109/ 14767 058. 2012. 715465 (2012).

 56. Göpel, W. et al. Genetic background of high blood pressure is associated with reduced mortality in premature neonates. Arch. Dis. 
Childhood Fetal Neonatal Ed. 105, 184. https:// doi. org/ 10. 1136/ archd ischi ld- 2019- 317131 (2020).

 57. Härtel, C. et al. Less invasive surfactant administration and complications of preterm birth. Sci. Rep. 8, 8333. https:// doi. org/ 10. 
1038/ s41598- 018- 26437-x (2018).

 58. Leistner, R., Piening, B., Gastmeier, P., Geffers, C. & Schwab, F. Nosocomial infections in very low birthweight infants in Germany: 
Current data from the National Surveillance System NEO-KISS. Klin. Padiatr. 225, 75–80. https:// doi. org/ 10. 1055/s- 0033- 13348 
86 (2013).

 59. Papile, L. A., Burstein, J., Burstein, R. & Koffler, H. Incidence and evolution of subependymal and intraventricular hemorrhage: 
A study of infants with birth weights less than 1,500 gm. J. Pediatr. 92, 529–534. https:// doi. org/ 10. 1016/ s0022- 3476(78) 80282-0 
(1978).

 60. Voigt, M. et al. Birth weight percentile values for girls and boys under consideration of maternal height. Z. Geburtshilfe Neonatol. 
216, 212–219. https:// doi. org/ 10. 1055/s- 0032- 13163 24 (2012).

 61. Groot, H. E. et al. Genetically determined ABO blood group and its associations with health and disease. Arterioscler. Thromb. 
Vasc. Biol. 40, 830–838. https:// doi. org/ 10. 1161/ atvba ha. 119. 313658 (2020).

Acknowledgements
The writing group for this article acknowledges the contributions of all other members of the German Neonatal 
Network. We are grateful to the infants, parents, and health care providers who continuously supported our study.

https://doi.org/10.1038/sj.jp.7200520
https://doi.org/10.1038/jp.2011.150
https://doi.org/10.1128/cmr.00109-14
https://doi.org/10.1128/cmr.00109-14
https://doi.org/10.3389/fmicb.2017.00991
https://doi.org/10.1016/j.tmrv.2004.03.006
https://doi.org/10.1055/s-0032-1306263
https://doi.org/10.1055/s-0032-1306263
https://doi.org/10.1038/srep31643
https://doi.org/10.1016/j.sbi.2017.04.001
https://doi.org/10.1111/j.1423-0410.1989.tb03040.x
https://doi.org/10.1016/s0300-9084(01)01321-9
https://doi.org/10.1074/jbc.270.9.4640
https://doi.org/10.1086/375742
https://doi.org/10.1053/gast.2002.33661
https://doi.org/10.1086/589810
https://doi.org/10.1038/emi.2017.30
https://doi.org/10.1128/jvi.05507-11
https://doi.org/10.1128/jvi.00979-12
https://doi.org/10.1093/glycob/cwn093
https://doi.org/10.1038/s41598-018-36006-x
https://doi.org/10.1093/infdis/jiq090
https://doi.org/10.4269/ajtmh.16-0440
https://doi.org/10.1371/journal.ppat.1006862
https://doi.org/10.1371/journal.ppat.1006862
https://doi.org/10.1056/NEJMoa2020283
https://doi.org/10.1056/NEJMoa2020283
https://doi.org/10.1271/bbb.60407
https://doi.org/10.1186/1471-2180-12-94
https://doi.org/10.1152/physiolgenomics.00043.2017
https://doi.org/10.1038/s41390-019-0482-9
https://doi.org/10.1186/s40168-017-0248-8
https://doi.org/10.1515/jpm-2017-0162
https://doi.org/10.3109/14767058.2012.715465
https://doi.org/10.1136/archdischild-2019-317131
https://doi.org/10.1038/s41598-018-26437-x
https://doi.org/10.1038/s41598-018-26437-x
https://doi.org/10.1055/s-0033-1334886
https://doi.org/10.1055/s-0033-1334886
https://doi.org/10.1016/s0022-3476(78)80282-0
https://doi.org/10.1055/s-0032-1316324
https://doi.org/10.1161/atvbaha.119.313658


8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:13777  | https://doi.org/10.1038/s41598-021-93195-8

www.nature.com/scientificreports/

Author contributions
M.I. and A.B.W. wrote the first draft of the manuscript; no honorarium, grant, or other forms of payment was 
given to anyone to produce the manuscript. Each author listed on the manuscript has seen and approved the 
submission of this version of the manuscript and takes full responsibility for the manuscript. M.I. and G.W. 
conceptualized and designed the study, carried out the initial data analyses. G.W. supervised and coordinated 
the data collection. R.T.K., H.C., F.A.R., F.A., V.D., T.U.H., and L.M. supported the study design and critically 
reviewed the manuscript, and approved the final manuscript as submitted.

Funding
Open Access funding enabled and organized by Projekt DEAL. The GNN study is supported by the Federal 
Ministry of Research and education in Germany (BMBF 01ER0805 and BMBF 01ER1501). This study did not 
receive any other specific funding.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to I.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Blood group AB increases risk for surgical necrotizing enterocolitis and focal intestinal perforation in preterm infants with very low birth weight
	Results
	Baseline characteristics of study population. 
	Blood group AB and risk for NECFIP. 

	Discussion
	Conclusion
	Methods
	Study cohort. 
	Definitions of outcome parameters. 
	Genotyping. 
	Statistical analysis. 

	References
	Acknowledgements


