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Abstract
Background  Necrotizing enterocolitis (NEC) is a severe intestinal disease primarily affecting premature newborns, 
with high morbidity and mortality. Although typically linked to prematurity and low birth weight, recent reports have 
suggested a potential association between NEC and maternal SARS-CoV-2 infection during pregnancy. This study 
aims to explore this relationship through a systematic literature review and the presentation of a novel clinical case.

Case presentation  A female neonate born at 37 + 2 weeks of gestation to a mother with third-trimester SARS-CoV-2 
infection presented with feeding intolerance, abdominal distension, and bloody stool at 8 days of life. Diagnostic 
evaluation confirmed necrotizing enterocolitis, necessitating multiple surgeries for bowel resection, stoma creation, 
and repair of perforations. Despite intensive multidisciplinary care, the patient developed severe complications, 
including short bowel syndrome and intestinal failure, leading to death at 18 months. SARS-CoV-2 IgG positivity in 
the neonate suggested transplacental antibody transfer after maternal infection, while most of the other possible risk 
factors were excluded.

Conclusions  The presented case highlights the potential role of maternal SARS-CoV-2 infection in necrotizing 
enterocolitis pathogenesis. Literature review identified 10 studies documenting similar associations. Cases ranged 
in severity, with outcomes influenced by gestational age, infection timing, and neonatal risk factors. The proposed 
mechanisms include virus-induced inflammation, placental dysfunction, and altered neonatal gut microbiota. Our 
findings emphasize the importance of considering maternal SARS-CoV-2 infection as a contributing factor in NEC, 
especially in term neonates without known predisposing conditions. Further research is crucial to elucidate the 
possible link between COVID-19 and NEC, and guide management of affected neonates. Preventive strategies, 
including vaccination and optimized prenatal care, are essential to mitigate risks.
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Background
Necrotizing enterocolitis (NEC) is a severe disease fre-
quently occurring in preterm infants, and in those weigh-
ing at birth less than 1500 g. Incidence rates are variable, 
ranging from 2% to 13% [1, 2]. In preterm babies, it is 
associated with high mortality (20–30%), increasing up to 
50% in cases of extremely low birth weight (ELBW) neo-
nates undergoing surgical treatment [1, 3]. Although 90% 
of infants developing NEC are born prematurely, also 
full-term ones may develop the disease, especially in the 
presence of risk factors, such as congenital heart disease 
(CHD), fetal growth restriction (FGR), exchange transfu-
sions, polycythemia, thrombotic conditions, sepsis and 
prenatal exposure to abuse substances [4, 5]. The etiol-
ogy is multifactorial, and the pathogenic mechanisms 
involved include hypoxia, inadequate anti-microbial 
defenses due to immature Paneth cells and peristalsis, 
physiological immaturity of enterocytes tight junctions, 
mucosal inflammation linked to anemia (especially 
after red blood cell [RBC] transfusions) [6, 7]. Anemia, 
indeed, can impair splanchnic perfusion, resulting in tis-
sue hypoxia, anaerobic metabolism, and accumulation 
of its by-products such as lactic acid. It can also impair 
the normal maturation of vascular autoregulation in the 
premature intestine, predisposing to ischemic injury, and 
possibly, NEC [8]. Furthermore, Prgomet et al. identified 
anemia as the major risk factor of gastrointestinal perfo-
ration (GIP), usually occurring in premature babies with 
NEC, as well as in small for gestational age (birth weight 
below 10th percentile) infants [9].

Main clinical manifestations of NEC are drowsiness, 
unstable body temperature, apnea, bradycardia, vomit-
ing and high gastric residuals, abdominal distension, 
bloating and bloody stool. These signs and symptoms are 
often associated with increased inflammation indices and 
thrombocytopenia [10]. However, the hallmark diagnos-
tic finding of NEC is pneumatosis intestinalis (result of 
intramural gas within the bowel wall, produced by bac-
terial fermentation within the gut lumen), revealed by 
imaging investigations (X-ray and ultrasound), which 
may be confirmed on gross examination and histopa-
thology in those cases undergoing surgery. Other patho-
logical pictures of the disease include portal venous gas, 
mucosal edema, epithelial sloughing/villous atrophy, sec-
ondary bacterial infiltration, vascular thrombosis, and 
discontinuous and variably deep coagulative necrotic 
intestinal segments, or “skin lesions” [11, 12]. Medical 
treatment consists of broad-spectrum antibiotics, fasting 
and parenteral nutrition [10, 13]. In cases complicated 
by intestinal perforation, surgery is required. Explor-
atory laparotomy with stoma creation is the most com-
mon approach. Nevertheless, consensus on this topic is 
lacking, as the varying clinical conditions of patients may 
influence the surgical strategy [14, 15]. In recent years, 

with the emergence of the SARS-CoV-2 pandemic, cases 
of NEC associated with maternal COVID-19 have been 
increasingly reported. The purpose of our review is to 
analyze all documented cases of NEC in neonates associ-
ated with SARS-CoV-2 infection occurring either in their 
mothers during pregnancy or after birth. The literature 
revision has been enriched by the personal contribution 
of an additional patient observed at the Mother and Child 
Department of the University of Palermo, Italy, between 
September and December 2022, to widen the scien-
tific database. Our study has also the aim of promoting 
greater awareness among clinicians of the possible patho-
physiological correlation between such diseases, which 
may have significant implications for neonatal health.

Case presentation
A female neonate was born at 37+ 2 weeks of gesta-
tion (WG) by spontaneous vaginal delivery, to healthy, 
non-consanguineous parents. Family history was unre-
markable. Prenatal ultrasound (US) evaluations docu-
mented FGR and abnormal blood flow, with a raised 
umbilical artery pulsatility index (>95th percentile), in 
the early third trimester. A complete serological profile 
for TORCH agents yielded negative results through-
out the entire gestation, which was managed at the 
main public hospital of a small town in a neighbor-
ing province of Western Sicily, near our Department in 
Palermo, Italy. Pregnancy history, however, revealed a 
SARS-CoV-2 infection contracted during the third tri-
mester. The woman had not been immunized during 
gestation due to the unavailability of a specific vaccine at 
that time. Symptoms were mild and flu-like (rhinorrhea, 
sore throat, cough, and fever), lasting approximately one 
week and not requiring hospitalization. The diagnosis 
was confirmed by a positive real-time PCR nasopha-
ryngeal swab and by serological testing, which showed 
positive SARS-CoV-2–specific IgM (index >1). The cut-
off value (index 1) was defined as the signal-to-cutoff (S/
CO) ratio, according to the manufacturer’s instructions 
for the SARS-CoV-2 IgM chemiluminescent micropar-
ticle immunoassay (AdviseDx, Abbott®, Lake Forest, IL, 
USA) [16]. Other obstetric and/or pregestational patho-
logical conditions (e.g., diabetes, hypertension, throm-
bophilia, autoinflammatory diseases, substance use) 
were ruled out through specific clinical and laboratory 
assessments (e.g., glycated hemoglobin [HbA1c], regu-
lar blood pressure monitoring, and urine drug screening 
for common substances of abuse). In particular, acquired 
thrombophilias—including lupus anticoagulant (LAC), 
anti-cardiolipin antibodies (IgG and IgM), and anti-β2 
glycoprotein I antibodies (IgG and IgM)—were also 
investigated in the mother and tested negative. The adap-
tation to extrauterine life was regular, and Apgar scores 
were 8 and 10, respectively at 1 and 5 min. At birth, 



Page 3 of 12Serra et al. Italian Journal of Pediatrics          (2025) 51:318 

anthropometric measures were as follows: weight 1940 g 
(g) (1st centile, -2.31 standard deviations, SD), length 44 
cm (3rd centile, -1.91 SD), occipitofrontal circumference 
(OFC) 32 cm (15th centile, 1.04 SD). Neither dysmorphic 
features nor neurological abnormalities were noticed at 
first clinical examination, or hereafter throughout the 
patient’s clinical evolution. Postnatally, at day 8 of life, 
enteral feeding intolerance and poor sucking along with 
abdominal distension, bilious vomiting and bloody stool, 
were observed. Owing to clinical suspicion of NEC, the 
patient underwent emergency laparotomy at the Pediat-
ric Surgery Unit of the birthing center, within the same 
hospital where the mother had received prenatal care. 
Two main intestinal loops were frankly necrotic: the ter-
minal ileal loop involving the ileocecal valve, and a more 
proximal ileal segment. The surgical procedure therefore 
consisted of resection of the necrotic bowel, with a pri-
mary ileocolic anastomosis and the creation of a proxi-
mal ileostomy. A few days after stoma closure, which was 
performed one month later, the patient’s clinical condi-
tion deteriorated due to fecal peritonitis and pneumo-
peritoneum. She was subsequently transferred to our 
Department of Mother and Child Care at the University 
of Palermo, where an emergency exploratory laparotomy 
was performed. The bowel appeared compromised, with 
enteric secretions in the peritoneal cavity and evidence of 

fecal peritonitis. Extensive adhesiolysis was performed in 
a cranio-caudal direction, allowing full exploration of the 
intestinal tract. Bowel exploration revealed partial dehis-
cence of the ileo-ileal anastomosis at the site of stoma 
closure. In addition, complete dehiscence of the ileoco-
lic anastomosis was observed, with the anastomotic site 
being densely adherent to the duodenum and liver. A 
marked dilatation of the ileal loop proximal to the ileo-
colic anastomosis was noted, while the colon appeared 
empty. Resection of the most severely damaged intesti-
nal segments was therefore performed, followed by new 
primary end-to-end ileocolic and ileo-ileal anastomoses. 
A protective stoma was fashioned in the distal jejunum. 
Histological examination showed mucosal atrophy of the 
small intestine with associated hemorrhagic infarction of 
the lamina propria, necrosis, edema, vascular congestion 
of the submucosa, and a moderate lymphoplasmacytic 
and neutrophilic infiltrate, consistent with necrotizing 
enterocolitis (NEC). One month later, after an unevent-
ful postoperative course, the jejunostomy was closed. 
However, on postoperative day 4, the patient developed 
clinical deterioration due to intestinal obstruction, with 
radiological evidence of peritonitis and pneumoperito-
neum (Fig. 1), prompting a new exploratory laparotomy. 
Extensive bowel exploration was not safely feasible due 
to multiple dense adhesions. A spontaneous ileal perfo-
ration was found distal to the previously closed stoma, 
which appeared to be healing normally. The perforation 
was repaired, and peritoneal drainage was left in situ. 
Three days later, the patient experienced evisceration 
due to extensive dehiscence involving the abdominal wall 
and the jejuno-ileal anastomosis (Fig. 2). A further emer-
gency laparotomy revealed multiple spontaneous perfo-
rations in the distal ileal loop. A new stoma was created 
in the healthy jejunum, proximal to the area affected by 
the perforations, which were repaired (Fig. 3). At that 

Fig. 2  Extensive dehiscence involving the abdominal wall and the jeju-
num-ileum anastomosis

 

Fig. 1  Pre-operative abdomen X-ray, showing a huge dilatation of ileal 
loops along with air bubbles below both hemidiaphragms (cupola sign, 
indicated by arrows)
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time, further bowel exploration was not possible due to 
the patient’s critical condition. The clinical course was 
subsequently complicated by anemia and coagulopathy, 
requiring transfusion of red blood cells and plasma. After 
stabilization, completion of the diagnostic work-up was 
possible. It initially included an assessment of hereditary 
thrombophilias, such as MTHFR mutations (C677T and 
A1298C), which were not detected, as well as measure-
ment of anticoagulant proteins (Protein C, Protein S, and 
Antithrombin III), all within the reference ranges. At this 
time, serological screening for TORCH agents was com-
pleted, resulting negative. Syphilis testing and urinary 
detection of CMV DNA, indeed, had already been per-
formed in the first days of life before the initial surgery, 
both yielding negative results. The only positive finding 
was the presence of SARS-CoV-2 specific IgG antibod-
ies (>50 AU/ml, AdviseDx SARS-CoV-2 IgG II assay, 
Abbott®, Sligo, Ireland) [16], consistent with transpla-
cental transfer due to maternal infection, as previously 
described. Blood and urine cultures were also obtained, 
ruling out systemic bacterial or fungal infections. Addi-
tional PCR testing for major bacterial pathogens (e.g., 
Salmonella, Shigella, Escherichia coli, Clostridium dif-
ficile) and viruses (including enterovirus, adenovirus, 
and rotavirus) was performed on nasopharyngeal and 
rectal swabs, as well as stool samples, all yielding nega-
tive results. Furthermore, PCR testing for SARS-CoV-2 
genome in biopsy samples of colon and ileum was con-
ducted and showed negative findings (see details below 
in the following subparagraph). An extended metabolic 
screening was carried out and periodically repeated 
according to the protocol of the local Reference Center 
(Western Sicily) for Congenital Metabolic Disorders, 
all with negative results. Abdominal Doppler ultraso-
nography provided valuable information on intestinal 

perfusion and revealed no signs of ischemia. Echocar-
diography ruled out underlying congenital heart disease 
that could lead to hemodynamic instability potentially 
responsible for NEC. Moreover, head ultrasonography 
and sensory screenings did not detect any congenital 
malformations or defects; therefore, molecular cytoge-
netic or next-generation sequencing analyses were not 
performed, also considering the absence of dysmorphic 
features and family or NEC recurrence history.

During the first two months of life, parenteral nutri-
tion was administered to support the low enteral feed-
ing provided (approximately 35% of total fluid intake), 
mainly through a nasogastric tube. Initially, breast milk 
was given, followed by an amino acid–based formula 
due to both poor tolerance to enteral feeding (i.e., gas-
tric distension) and significant fluid loss (an average of 
about 95 ml/kg/day, compared to 150 ml/kg/day admin-
istered) from the proximal jejunal stoma. At 3 months 
of age, she underwent surgery for stoma closure and 
end-to-end intestinal anastomosis. Two months later, 
a mild increase in enteral feeding was achieved (40% of 
total nutritional requirements provided by the amino 
acid formula), accompanied by normal stool output and 
no regurgitation, vomiting, or signs suggestive of diges-
tive tract obstruction. Nonetheless, suboptimal paren-
teral nutrition (PN), administered only through midline 
venous catheters—with a reduced intake of macronutri-
ents (i.e., 1 g/kg/day of amino acids and 1.1 g/kg/day of 
lipids) to avoid a high osmolar load—due to progressive 
venous depletion, her dystrophic state, and the parents’ 
refusal of central line catheter placement, led to severe 
global growth delay. This included weight (2970 g, < 0.4th 
percentile, − 6.531 SD), length (57 cm, < 0.4th percen-
tile, − 2.680 SD), and OFC (37.1 cm, < 0.4th percentile, 
− 3.005 SD), according to the World Health Organization 
growth charts for neonatal and infant close monitoring 
[17]. Therefore, she was transferred to a Pediatric Gas-
troenterology and Nutrition Reference Centre in Central 
Italy to continue complex multidisciplinary management, 
including an intestinal rehabilitation program. Initially, 
this yielded beneficial results; however, subsequent com-
plications—including dyselectrolytemia, dysprotidemia, 
recurrent infections, and metabolic acidosis—arising 
from persistent intestinal failure, hindered bowel trans-
plantation and led to early death at 18 months of age.

Detection of SARS-CoV-2 genome in colon and ileum 
biopsy samples
Biopsy samples of the colon and ileum, embedded in par-
affin, were treated overnight at 56 °C with 200 µL of Feoli-
Fonseca reagent and Proteinase K at a concentration of 
300  µg/mL. Following Proteinase K denaturation and 
centrifugation for 5 min at 13,000 rpm, the supernatant 

Fig. 3  Jejunostomy, 20 days postoperatively after the last repair of mul-
tiple perforations in the distal ileum
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was used for SARS-CoV-2 genome detection using two 
diagnostic real-time PCR kits.
 
Viral genome amplification – real-time PCR

1.	 Xpert® Xpress SARS-CoV-2 Plus (Cepheid, 
Sunnyvale, California, USA): 300 µL of the 
supernatant were loaded into the dedicated 
cartridge. The system performed automated nucleic 
acid extraction and amplification by real-time PCR.

Target genes: N2, E, RdRp

2.	 Allplex™ SARS-CoV-2 Assay (Arrow Diagnostics, 
Seegene Inc., South Korea): nucleic acid extraction 
was performed using the QIAamp DNA Mini 
Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s instructions. Elution was performed 
in 100 µL of water, and 5 µL of the eluate were used 
for real-time PCR.

Target genes: E, N, S, RdRp
 

The entire procedure was performed in triplicate for both 
colon and ileum samples. SARS-CoV-2 genome was not 
detected in either tissue sample using either of the two 
amplification methods.

Discussion and conclusions
Necrotizing enterocolitis (NEC) is an inflammatory 
bowel necrosis typically affecting premature newborns, 
among which it represents one of the major causes of 
mortality. Its etiopathogenesis is complex: the imbalance 
between pro- and anti-inflammation cytokines seems 
to be the main pathogenetic pathway, together with the 
failure to regenerate a normal mucosal enteric barrier. 
Increased activity of nitric-oxide and platelet activating 
factor (PAF), have also been advocated among the patho-
genetic mechanisms, although their involvement is not 
fully elucidated. Moreover, several studies reported that 
genetic variants, leading to upregulation of downstream 
signaling receptors of Toll-like receptor-4 (TLR-4), can 
increase the risk of NEC [18]. Lastly, recent literature 
reports highlighted how the initial intestinal colonization 
of premature infants may be strongly affected by obstet-
ric diseases or abnormalities [19, 20]. The most common 
significant prenatal risk factors of NEC, indeed, include 
intrauterine hypoxia and/or impaired fetal perfusion for 
placental insufficiency (associated or not with increased 
oxidative stress [5, 21], documented in pregnant women 
with gestational diabetes mellitus), leading to fetal 
growth restriction and low birth weight, both present in 
the current patient.

Surgical intervention, to resect portions of the isch-
emic bowel, is required if the disease progresses to the 
advanced stages [22], in which intestine (specifically dis-
tal ileum and proximal colon) is susceptible to inflam-
matory processes and perforation, leading to peritonitis 
and pneumoperitoneum [23], both occurred in our baby. 
Stoma should be created in a healthy loop, proximal to 
the involved intestinal segment, and bowel resection of 
necrotic gut is mandatory. If extensive necrosis is found 
on intestinal exploration (NEC totalis), clinical manage-
ment can be challenging: extensive resections should not 
be performed due to the risk of “short bowel syndrome”; 
however, leaving severely injured loops in place may 
lead to a deterioration in the clinical course [24]. There-
fore, in these cases, extensive resection is avoided, and 
a “second look” surgery is commonly performed after 
48–72 h, allowing a partial intestinal restoration [25]. 
Intestinal functional prognosis, indeed, is a key-point in 
the survival of NEC patients. In fact, it is the main fac-
tor responsible for Short Bowel Syndrome (SBS), which 
may lead in turn to serious late consequences including 
Intestinal Failure (IF), as evidenced also in our report. IF 
is defined as the need of parenteral nutrition (PN) for >90 
days after gut resection, or as a bowel length of less than 
25% of expected, but it has been found also in cases of 
medical NEC, that did not require intestinal resections 
[26]. However, the anatomic site of intestinal resection 
may represent a significant variable, as patients with large 
ileum resections, as in the present case, have shown a 
poorer intestinal prognosis if compared to those under-
going jejunal resection [27]– [28]. Despite advances in 
parenteral nutrition and intestinal rehabilitation, allow-
ing good survival rates also in patients with < 10 cm left 
bowel, mortality still ranges between 20 and 30%, mainly 
due to prematurity and IF, with the latter being also the 
cause of the fatal outcome in our infant. It can reach 50% 
in patients undergoing surgical treatment, reflecting the 
worse status of disease in this specific population. An effi-
cacious and customized parenteral nutrition, along with 
early refeeding with human milk play a key role in the 
favorable evolution of these patients [29–31], but none of 
these measures were available in the current case.

Other conditions different than prematurity and 
FGR, as for example congenital infections sustained by 
TORCH agents, or more recently also SARS-CoV-2, have 
been found to be responsible for intestinal inflammation, 
and then for variations of the microbiome. SARS-CoV-2 
viral RNAs, more precisely, have been detected in placen-
tas [32] and amniotic fluid of infected pregnant women 
(in our case the histopathological investigation was not 
performed due to the unavailability of the placental sam-
ple), and there they may be ingested by the fetus reach-
ing the intestine already in utero [33]. COVID-19 has 
been, actually, implicated in the development of NEC in 
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newborns, also if contracted antenatally by the mother, 
probably due to its role in contributing to intestinal 
inflammation [34].

Since the presented patient had no known risk factors 
for NEC and no other diagnostic findings—apart from 
specific SARS-CoV-2 IgG antibodies and a case of fetal 
growth restriction (FGR) temporally associated with 
prenatal maternal COVID-19—we conducted a system-
atic review of the literature. Publications were selected 
from the PubMed database between January 2020 and 
August 2025, aiming to identify studies describing the 
association between maternal SARS-CoV-2 infection 
during pregnancy (and/or after birth) and the develop-
ment of necrotizing enterocolitis (NEC) in the newborn. 
For the purposes of the revision, the following key words 
were inserted alone or in combination into the search 
engines: “necrotizing enterocolitis”, “NEC”, “maternal 
SARS-CoV-2 infection”, and “COVID-19”. After perform-
ing such research, we found 30 papers. Most (n = 7) were 
irrelevant, due to the description of conditions associated 
with SARS-CoV-2 different than NEC (e.g., respiratory 
distress syndrome and pneumonia, persistent pulmo-
nary hypertension, neurodevelopmental outcomes, mul-
tisystem inflammatory syndrome in neonates [MIS-N], 
late-onset sepsis, patent ductus arteriosus), and were 
then excluded. Others do not meet the inclusion criteria 
focused on the association between SARS-CoV-2 infec-
tion (maternal or neonatal) and necrotizing enterocolitis 
(NEC) for other reasons: different study focus (e.g. high-
risk pregnancies, breastfeeding under COVID-19 pan-
demic, genital dysbiosis and systemic immune response 
due to SARS-CoV-2 infection, outcomes of preterm 
infants admitted to NICUs during the COVID-19 pan-
demic) (n = 6), lack of NEC-specific data (n = 2), docu-
mented correlation for patients beyond the neonatal age 
(n = 1), or overly broad study designs (n = 2). Finally, we 
collected and analyzed 13 studies describing newborn 
patients, in which an association between SARS-CoV-2 
infection and NEC has been identified (confirmed in 10 
of them, excluded in 3, Fig. 4). In addition, we personally 
contributed to widen the literature data, reporting our 
newborn with maternal SARS-CoV-2 infection during 
pregnancy, and subsequently developing a severe form 
of NEC. This required a particularly complex multidisci-
plinary management, due to postsurgical complications 
which led to short bowel syndrome, intestinal failure and 
finally to death. We compared our case to those described 
in previous studies, highlighting risk factors, clinical fea-
tures, diagnostic methods and outcomes, to provide an 
updated overview on the existing literature regarding the 
relationship between COVID-19 and NEC (Table 1).

In all described cases, the diagnosis was made through 
molecular detection on nasopharyngeal swabs and/or 
serological tests. Only in the patient reported by Jin et al. 

[35]. was the viral genome detected in stool samples. 
Therefore, the negative results found in the colonic and 
ileal biopsy samples in the present analysis do not exclude 
a potential pathogenic role of SARS-CoV-2 during preg-
nancy in our case, particularly regarding intestinal injury. 
As for the severity of the outcomes, we observed—
although information on clinical progression was not 
available for all patients included in the review—a more 
extensive bowel involvement in the extremely preterm 
newborn described by Jin et al. [35], whose mother was 
infected during the second trimester of pregnancy. Simi-
larly, a case of gastric perforation was reported by Gupta 
et al. in a patient born to a mother who contracted the 
disease during the first trimester of gestation [36]. An 
even more unfavorable course—ultimately resulting in a 
fatal outcome—was observed in the second of the two 
patients reported by Rajurkar et al. [37], who was a twin 
late preterm, small for gestational age, and additionally 
affected by a likely concomitant genetic condition includ-
ing a congenital heart disease. Conversely, less marked 
intestinal damage was observed in the patient reported 
by Nita et al. [38], who underwent only ileal resection, 
and even milder involvement was reported in those 
described by Mannix et al. [39], in whom conservative 
treatment with antibiotic therapy led to complete recov-
ery, and in the case reported by Jamali et al. [40], who was 
discharged at around one month of age and was followed 
over time only due to the co-occurrence of mild hydro-
cephalus. As expected, in the newborns reported by the 
aforementioned Authors [38–40], as well as in the patient 
described by Sidatt et al. [41]. and in the first of the two 
neonates reported by Rajurkar et al. [37], the infection 
occurred during the third trimester, around the time of 
delivery, or even after birth. Angelika et al. [42], in an 
observational study conducted on 125 subjects, found a 
relationship with NEC in neonates born to SARS-CoV-
2-positive mothers. In such newborns, the most signifi-
cant associated risk conditions included positive 
SARS-CoV-2 nasopharyngeal RT-PCR results (as in our 
experience, in this study most of the neonates [60% of the 
5 who developed NEC] had negative RT-PCR results), 
asphyxia, lower gestational age, and lower birth weight, 
which were related to increased mortality rates (only one 
of those developing NEC survived). Vizheh M et al. as 
well, conducted in Iran in 2021 a cohort study on 255 
neonates born to mothers with COVID-19 infection to 
investigate their clinical characteristics and outcomes 
[43]. These Authors observed that one of the 6 deaths 
documented in their cohort occurred in a premature girl 
newborn with a positive SARS result affected by necro-
tizing enterocolitis (NEC). Finally, the study of Jamali et 
al. explicitly identifies necrotizing enterocolitis (NEC) as 
part of the clinical spectrum of multisystem inflamma-
tory syndrome in the newborn (MIS-N). The authors of 
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this report emphasize that maternal SARS-CoV-2 infec-
tion may be associated with a neonatal multisystem 
inflammatory response, in which NEC can represent one 
of the clinical manifestations [40]. Despite the 

above-mentioned studies, current evidence on the topic 
remains limited, with only a few case reports, one cohort 
study, and a single observational study (the most compre-
hensive investigation published to date on this argument) 

Fig. 4  Flow chart representation of the design of the current review
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[42] suggesting a potential association between SARS-
CoV-2 infection—either maternal during pregnancy or 
neonatal—and the development of necrotizing enteroco-
litis (NEC). Conversely, a case-control study of Heyward 
EB et al. [44]. did not find a significant increase in the 
incidence of NEC among neonates born to SARS-CoV-2 
positive mothers, highlighting the need for cautious 
interpretation. Similarly, a prospective, multi-institu-
tional observational study [45] analyzed data on preg-
nancy outcomes, neonatal health, and congenital 
anomalies—including gastrointestinal conditions such as 
necrotizing enterocolitis—in newborns of women who 
contracted COVID-19 during gestation, comparing find-
ings from before and after the onset of the pandemic. 
This analysis revealed no statistically significant differ-
ences in rates of necrotizing enterocolitis or gastroschi-
sis. Furthermore, a comparative cohort study conducted 
in Sweden in 2024 [46], examining preterm infants (< 35 
weeks of gestation) during the pre-pandemic and pan-
demic periods, demonstrated a slightly lower incidence 
of necrotizing enterocolitis (NEC) during the pandemic. 
These findings seem to suggest no direct association 
between COVID-19 and an increased population-level 
incidence of NEC. Therefore, the available data are not 
entirely consistent (Fig. 4). Although the overall current 
evidence from the literature points toward a possible link 
between NEC and SARS-CoV-2 infection either gesta-
tional or in the newborn, they are not yet sufficient to 
establish a causal relationship. To better understand any 
potential connection, larger-scale studies with prospec-
tive designs are warranted. In our newborn, although it 
might be hypothesized that the disease developed inde-
pendently of the viral infection, however we raised the 
concern that maternal COVID-19 disease could have 
exerted a determining pathogenic role. This plausible 
correlation may be explained both by the strict temporal 
correlation with the flowmetric abnormalities revealed 
on obstetric doppler ultrasound evaluations, and mainly 
by the absence of the other possible pathological condi-
tions investigated. Actually, they were assessed through 
comprehensive clinical assessment, as well as laboratory 
(e.g., coagulation and microbiological tests) and imaging 
investigations (heart and abdominal Doppler US to rule 
out congenital cardiopathy and intestinal ischemia, 
respectively), but were deemed not plausible due to nega-
tive findings. To further strengthen the suggested harm-
ful effect of SARS-CoV-2 on bowel, we also know today 
the progressive decrease, until the current lack (year 
2025), of published studies on the correlation between 
COVID-19 and NEC. Such downward trend may be likely 
linked with the mutations the virus underwent from the 
beginning of the pandemic, leading to variants with lower 
virulence (i.e., omicron), as well as to the development of 
vaccines against SARS-CoV-2, similarly to what has been A
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observed for other serious clinical pictures associated 
with the novel coronavirus infection like Multisystem 
Inflammatory Syndrome in Children (MIS-C) and/or 
Neonates (MIS-N), whose incidence dramatically 
dropped down in the last months. The pathophysiologi-
cal mechanisms involved in NEC enclose, among the oth-
ers, mucosal inflammation, which may be linked with the 
detrimental effect of various pathogens including SARS-
CoV-2. Some pathogenetic hypotheses have been pro-
posed and, in particular, abnormal immunological 
reactivities in pregnant women with COVID-19 may 
present potential additional risks to the fetus, as maternal 
autoantibodies unleashed by SARS-CoV-2 infection 
which may attack fetal cells. Despite the documented evi-
dence in neonates of the association between necrotizing 
enterocolitis and prenatal COVID-19, as observed also in 
our patient, the precise molecular pathways linking the 
diseases are not fully understood [47, 48]. Further studies 
are required to explore such correlation in both preterm 
and full-term newborns, and to better understand the 
mechanisms of in utero transmission and damage caused 
by the virus to the fetus and newborn. In this perspective, 
the present study adds significant findings to the few 
descriptions of the literature. The peculiar contribution 
of our experience is given by the specific clinical profile 
of our patient, characterized by the lack of concurrent 
risk factors (the FGR is raised just after the occurrence of 
maternal infection) potentially contributing to the dis-
ease. The information provided may help neonatologists 
remain aware of the potential co-occurrence of maternal 
SARS-CoV-2 infection and necrotizing enterocolitis 
(NEC), as well as of its possible complications—particu-
larly in high-risk cases. These include neonates with fetal 
growth restriction (FGR) and low birth weight, as in the 
present case, whose clinical course may be affected by 
underlying or associated conditions [37, 42, 49–52]. 
These factors can contribute to increased disease severity 
and potentially life-threatening outcomes, requiring a 
careful, multidisciplinary approach involving neonatolo-
gists, obstetricians, pediatric surgeons, radiologists, 
microbiologists, and pathologists. Given the complexity 
of management, preventive strategies may play a pivotal 
role and should be actively promoted. These should focus 
on infectious disease prophylaxis—particularly vaccina-
tion (including SARS-CoV-2, which was unavailable at 
the time of our proband’s gestation)—in women planning 
pregnancy. In addition, optimizing maternal glycometa-
bolic status and appropriately managing obstetric or pre-
gestational risk factors (e.g., hypertension, 
thrombophilia) are essential. Together, these interven-
tions may reduce NEC incidence and its adverse out-
comes, ultimately improving the life expectancy and 
quality of life of affected infants and their families.

In conclusion, necrotizing enterocolitis is a potentially 
life-threatening condition whose evolution may depend 
on multiple predisposing and associated factors [37, 42, 
49–52]. Our review highlights the possible role of pre-
natal SARS-CoV-2 infection in the pathogenesis of NEC, 
alongside well-established risk factors such as FGR, low 
birth weight, and other prenatal infections. Neonatolo-
gists should be aware of these associations and ensure 
high-risk cases receive multidisciplinary and integrated 
care.

Abbreviations
CHD	� Congenital heart disease
FGR	� Fetal growth restriction
GIP	� Gastrointestinal perforation
IF	� Intestinal Failure
MIS-C	� Multisystem Inflammatory Syndrome in Children
MIS-N	� Multisystem Inflammatory Syndrome in Neonates
NEC	� Necrotizing enterocolitis
PI	� Pulsatility index
PN	� Parenteral nutrition
SBS	� Short bowel syndrome
SD	� Standard deviations
US	� Ultrasonography

Acknowledgements
Not applicable.

Author contributions
GC conceptualized the report, revised the manuscript and gave final approval 
of the version to be submitted. GS took care of the patient and drafted the 
paper. MP performed surgical intervention and follow-up, and contributed 
in drafting and revising the paper. MRDP and MS performed surgical 
intervention and follow-up. DF conducted the analysis for the detection of 
the SARS-CoV-2 genome in biopsy samples from the colon and ileum. MG 
revised the manuscript. DB reviewed the literature, collected the clinical data 
and drafted the first version of the manuscript. EP performed auxological and 
neurodevelopmental assessment. SS performed instrumental investigations. 
IAMS took care of the patient and revised the paper. All authors approved the 
final manuscript as submitted.

Funding
No funding was granted for this research.

Data availability
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Written informed consent was obtained from both parents at admission of 
their newborn. The study was approved by the Mother and Child Department 
of the University of Palermo, ethics committee Palermo 1 (Palermo, Italy). 
All procedures performed in this report were in accordance with the ethical 
standards of the institutional and national research committee, and with the 
1964 Helsinki declaration and its later amendments, or comparable ethical 
standards.

Consent for publication
Written informed consent was obtained from patient’s parents for publication 
of this case report and accompanying images.

Competing interests
We declare that Giovanni Corsello and Gregorio Serra, last and first author of 
the present manuscript, are respectively Editor-in-Chief and Associate Editor 
of Italian Journal of Pediatrics. There are no conflict of interest for remaining 
co-Authors.



Page 11 of 12Serra et al. Italian Journal of Pediatrics          (2025) 51:318 

Received: 18 January 2025 / Accepted: 31 October 2025

References
1.	 Meister AL, Doheny KK, Travagli RA. Necrotizing enterocolitis: it’s not all in the 

gut. Exp Biol Med. 2020;245:85–95.
2.	 Alsaied A, Islam N, Thalib L. Global incidence of necrotizing enterocolitis: A 

systematic review and meta-analysis. BMC Pediatr. 2020;20:344.
3.	 Robinson JR, Rellinger EJ, Hatch LD, Weitkamp J-H, Speck KE, Danko M, 

Blakely ML. Surgical necrotizing Enterocolitis. Semin Perinatol. 2017;41:70–9.
4.	 Short SS, Papillon S, Berel D, Ford HR, Frykman PK, Kawaguchi A. Late onset 

of necrotizing Enterocolitis in the full-term infant is associated with increased 
mortality: results from a two-center analysis. J Pediatr Surg. 2014;49:950–3.

5.	 Zhao S, Jiang H, Miao Y, Liu W, Li Y, Liu H, Wang A, Cui X, Zhang Y. Factors influ-
encing necrotizing Enterocolitis in premature infants in china: a systematic 
review and meta-analysis. BMC Pediatr. 2024;24:148.

6.	 Kasivajjula H, Maheshwari A. Pathophysiology and current management of 
necrotizing Enterocolitis. Indian J Pediatr. 2014;81:489–97.

7.	 MohanKumar K, Namachivayam K, Song T, Cha BJ, Slate A, Hendrickson JE, 
Pan H, Wickline SA, O J-Y, Patel RP, He L, Torres BA, Maheshwari A. A murine 
neonatal model of necrotizing Enterocolitis caused by anemia and red blood 
cell transfusions. Nat Commun. 2019;10:3494.

8.	 Maheshwari A, Patel RM, Christensen RD. Anemia, red blood cell transfusions, 
and necrotizing Enterocolitis. Semin Pediatr Surg. 2018;27(1):47–51.

9.	 Prgomet S, Luksic B, Pogorelic Z, Juric I, Capkun V, Arapovic A, Boban N. 
Perinatal risk factors in newborns with Gastrointestinal perforation. World J 
Gastrointest Surg. 2017;9(2):46–52.

10.	 Savarino G, Carta M, Cimador M, Corsello A, Giuffrè M, Schierz IAM, Serra G, 
Corsello G. Necrotizing Enterocolitis in the preterm: newborns medical and 
nutritional management in a Single-Center study. Ital J Pediatr. 2021;47:226.

11.	 Patel RM, Ferguson J, McElroy SJ, Khashu M, Caplan MS. Defining necrotiz-
ing enterocolitis: current difficulties and future opportunities. Pediatr Res. 
2020;88:10–5.

12.	 Neu J, Walker WA. Necrotizing Enterocolitis. N Engl J Med. 2011;364:255–64.
13.	 Valpacos M, Arni D, Keir A, Aspirot A, Wilde JCH, Beasley S, De Luca D, Pfister 

RE, Karam O. Diagnosis and management of necrotizing enterocolitis: an 
international survey of neonatologists and pediatric surgeons. Neonatology. 
2018;113:170–6.

14.	 Goldfarb M, Choi PM, Gollin G. Primary anastomosis versus stoma for 
surgical necrotizing Enterocolitis in US children’s hospitals. J Surg Res. 
2024;295:296–301.

15.	 Haricharan RN, Gallimore JP, Nasr A. Primary anastomosis or ostomy in necro-
tizing enterocolitis? Pediatr Surg Int. 2017;33:1139–45.

16.	 SARS-CoV-2 seroprevalence and neutralizing activity in donor and patient 
blood, Ng DL, Goldgof GM, Shy BR, Levine AG, Balcerek J, Bapat SP, Prostko 
J, Rodgers M, Coller K, Pearce S, Franz S, Du L, Stone M, Pillai SK, Sotomayor-
Gonzalez A, Servellita V, Martin CSS, Granados A, Glasner DR, Han LM, Truong 
K, Akagi N, Nguyen DN, Neumann NM, Qazi D, Hsu E, Gu W, Santos YA, Custer 
B, Green V, Williamson P, Hills NK, Lu CM, Whitman JD, Stramer SL, Wang C, 
Reyes K, Hakim JMC, Sujishi K, Alazzeh F, Pham L, Thornborrow E, Oon CY, 
Miller S, Kurtz T, Simmons G, Hackett J Jr, Busch MP, Chiu CY. Nat Commun. 
2020;11(1):4698.

17.	 World Health Organization. Child growth standards. 2021. ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​w​h​​o​​.​i​​
n​​t​/​t​​o​o​​​l​s​/​​c​h​​i​​l​d​-​​g​r​​o​​w​t​​h​-​s​​t​a​n​d​​​a​​r​d​s​/​s​t​a​n​d​a​r​d​s

18.	 Lu P, Sodhi CP, Hackam DJ. Toll-like receptor regulation of intestinal develop-
ment and inflammation in the pathogenesis of necrotizing Enterocolitis. 
Pathophysiology. 2014;21:81–93.

19.	 Hiltunen H, Collado MC, Ollila H, Kola T, Tölkkö S, Isolauri E, Salminen S, Rau-
tava S. Spontaneous preterm delivery is reflected in both early neonatal and 
maternal gut microbiota. Pediatr Res. 2022;91:1804–11.

20.	 Tu X, Duan C, Lin B, Li K, Gao J, Yan H, Wang K, Zhao Z. Characteristics of 
the gut microbiota in pregnant women with fetal growth restriction. BMC 
Pregnancy Childbirth. 2022;22:297.

21.	 Duci M, Frigo AC, Visentin S, Verlato G, Gamba P, Fascetti-Leon F. Maternal 
and placental risk factors associated with the development of necrotizing 
Enterocolitis (NEC) and its severity. J Pediatr Surg. 2019;54:2099–102.

22.	 Hall NJ, Eaton S, Pierro A. Necrotizing enterocolitis: prevention, treatment, 
and outcome. J Pediatr Surg. 2013;48:2359–67.

23.	 Nino DF, Sodhi CP, Hackam DJ. Necrotizing enterocolitis: new insights 
into pathogenesis and mechanisms. Nat Rev Gastroenterol Hepatol. 
2016;13:590–600.

24.	 Goulet O, Ruemmele F. Causes and management of intestinal failure in 
children. Gastroenterology. 2006;130:S16–28.

25.	 Tan YW, Merchant J, Sharma V, Davies B, Singh S, Stewart R, More B. Extensive 
necrotising enterocolitis: objective evaluation of the role of Second-Look 
laparotomy in bowel salvage and survival. World J Surg. 2015;39:3016–22.

26.	 Duro D, Kalish LA, Johnston P, Jaksic T, McCarthy M, Martin C, Dunn JCY, 
Brandt M, Nobuhara KK, Sylvester KG, Lawrence Moss R, Duggan C. Risk 
factors for intestinal failure in infants with necrotizing enterocolitis: a glaser 
pediatric research network study. J Pediatr. 2010;157:203–8.

27.	 Gutierrez IM, Fisher JG, Ben-Ishay O, Jones BA, Kang KH, Hull MA, Shillingford 
N, Zurakowski D, Modi BP, Jaksic T. Citrulline levels following proximal versus 
distal small bowel resection. J Pediatr Surg. 2014;49:741–4.

28.	 Insinga V, Pensabene M, Giuffrè M, Busè M, Cimador M, Corsello G, Siracusa 
F. Meconial peritonitis in a rare association of partial ileal apple-peel Atresia 
with small abdominal wall defect. Pediatr Med Chir. 2014;36(3):8.

29.	 Merritt RJ, Cohran V, Raphael BP, Sentongo T, Volpert D, Warner BW, Goday PS. 
Nutrition committee of the North American society for pediatric Gastro-
enterology, hepatology and Nutrition. intestinal rehabilitation programs in 
the management of pediatric intestinal failure and short bowel syndrome. J 
Pediatr Gastroenterol Nutr. 2017;65:588–96.

30.	 Roberts AG, Younge N, Greenberg RG. Neonatal necrotizing enterocolitis: 
an update on Pathophysiology, Treatment, and prevention. Paediatr Drugs. 
2024;26:259–75.

31.	 Hu X, Liang H, Li F, Zhang R, Zhu Y, Zhu X, Xu Y. Necrotizing enterocolitis: 
current Understanding of the prevention and management. Pediatr Surg Int. 
2024;40:32.

32.	 Cribiu FM, Erra R, Pugni L, Rubio-Perez C, Alonso L, Simonetti S, Croci GA, 
Serna G, Ronchi A, Pietrasanta C, Lunghi G, Fagnani AM, Pinana M, Matter M, 
Tzankov A, Terracciano L, Anton A, Ferrazzi, Ferrero S, Iurlaro E, Seoane J, Nuci-
foro P. Severe SARS-CoV-2 placenta infection can impact neonatal outcome 
in the absence of vertical transmission. J Clin Invest. 2021;131:e145427.

33.	 Bahadur G, Bhat M, Acharya S, Janga D, Cambell B, Huirne J, Yoong W, Govind 
A, Pardo J, Homburg R. Retrospective observational RT-PCR analyses on 688 
babies born to 843 SARS-CoV-2 positive mothers, placental analyses and 
diagnostic analyses limitations suggest vertical transmission is possible. Facts 
Views Vis Obgyn. 2021;13:53–66.

34.	 Liu P, Zheng J, Yang P, Wang X, Wei C, Zhang S, Feng S, Lan J, He B, Zhao D, Li J, 
Zhang Y. The Immunologic status of newborns born to SARS-CoV-2-infected 
mothers in Wuhan, China. J Allergy Clin Immunol. 2020;146(1):101–e1091.

35.	 Jin JC, Ananthanarayanan A, Brown JA, Rager SL, Bram Y, Sanidad KZ, Amir 
M, Baergen RN, Stuhlmann H, Schwartz RE, Perlman JM, Zeng MY. SARS 
CoV-2 detected in neonatal stool remote from maternal COVID-19 during 
pregnancy. Pediatr Res. 2023;93:1375–82.

36.	 Gupta K, Thakur A, Kler N, Garg P. Gastric perforation and necrotizing Entero-
colitis associated with COVID antibodies. Indian J Pediatr. 2022;89(1):93.

37.	 Rajurkar R, Dangi C, Kela G. Case report of COVID-19 positive newborn with 
necrotizing enterocolitis (NEC). Int J Contemp Pediatr. 2021 Aug;8(8):1442–4.

38.	 Nita R, Aryati, Matulatan F. Necrotizing Enterocolitis in preterm newborn 
with a history of maternal COVID-19: a case report. Radiol Case Rep. 
2022;17:2630–4.

39.	 Mannix MK, Blood D, Gomez-Duarte OG, Davidson L. Case Rep Infect Dis. 
2021:1442447.

40.	 Jamali Z, Sinaei R, Razi L. Multisystem inflammatory syndrome in a newborn 
(MIS-N): clinical evidence and neurodevelopmental outcome. Curr Pediatr 
Rev. 2023;19:210–2.

41.	 Sidatt M, Sghair YM, Ghaddour T, Ahmed MS, Kader FA, Habib L, Abass AM, 
Bounaty A. Neonatal necrotizing Enterocolitis due to COVID-19. A case report. 
J Neonatal Perinat Med. 2023;16:165–8.

42.	 Angelika D, Etika R, Kusumawardani NN, Mithra S, Ugrasena IDG. Observa-
tional study on necrotizing Enterocolitis in neonates born to SARS-CoV-
2-positive mothers. Ann Med Surg (Lond). 2022;78:103711.

43.	 Vizheh M, Allahdadian M, Muhidin S, Valiani M, Bagheri K, Borandegi F, 
Ghasimi G. Impact of COVID-19 infection on neonatal birth outcomes. J Trop 
Pediatr. 2021;67(5):fmab094.

44.	 Heyward EB, Clark RH, Smith PB, Benjamin DK Jr, Zimmerman KO, Ahmad KA, 
Blackwell CK, Won H, Ssengonzi R, Belbase A, Ndalama CO, An J, Nwaezeigwe 
O, Greenberg RG. Trends in COVID-19 diagnoses and outcomes in infants 
hospitalized in the neonatal intensive care unit. J Perinatol. 2024;44(1):35–9.

https://www.who.int/tools/child-growth-standards/standards
https://www.who.int/tools/child-growth-standards/standards


Page 12 of 12Serra et al. Italian Journal of Pediatrics          (2025) 51:318 

45.	 Reppucci ML, Kaizer AM, Prendergast C, Acker SN, Mandell EW, Euser AG, 
Diaz-Miron J. Incidence of congenital complications related to COVID-19 
infection during pregnancy. J Neonatal Perinat Med. 2023;16(2):227–34.

46.	 Palleri E, Svenningsson A, Markasz L, Engstrand Lilja H. The incidence of 
necrotizing Enterocolitis and Late-Onset sepsis during the COVID-19 
pandemic in sweden: A Population-Based cohort study. Neonatology. 
2024;121(3):336–41.

47.	 Wu YT, Liu J, Xu JJ, Chen YF, Yang W, Chen Y, Li C, Wang Y, Liu H, Zhang C, Jiang 
L, Qian ZX, Kawai A, Mol BW, Dennis CL, Xiong GP, Cheng BH, Yang J, Huang 
HF. Neonatal outcome in 29 pregnant women with COVID-19: A retrospec-
tive study in Wuhan, China. PLoS Med. 2020;17:e1003195.

48.	 Mehl SC, Whitlock RS, Marcano DC, Rialon KL, Arrington AS, Mathuria BN. 
Necrotizing enterocolitis-like pneumatosis intestinalis in an infant with 
COVID-19. Pediatr Infect Dis J. 2021;40:e85–6.

49.	 Giordano S, Serra G, Dones P, Di Gangi M, Failla MC, Iaria C, Ricciardi F, Pernice 
LM, Pantaleo D, Cascio A. Acute pancreatitis in children and rotavirus infec-
tion. Description of a case and minireview. New Microbiol. 2013;36:97–101.

50.	 Serra G, Corsello G, Antona V, D’Alessandro MM, Cassata N, Cimador M, Giuffrè 
M, Schierz IAM, Piro E. Autosomal recessive polycystic kidney disease: case 

report of a newborn with rare PKHD1 mutation, rapid renal enlargement and 
early fatal outcome. Ital J Pediatr. 2020;46:154.

51.	 Giuffrè M, Lo Verso C, Serra G, Moceri G, Cimador M, Corsello G. Study group 
of neonatal infectious diseases affiliated to the Italian society of Neonatol-
ogy. Portal vein thrombosis in a preterm newborn with mutation of the 
MTHFR and PAI-1 genes and sepsis by Candida parapsilosis. Am J Perinatol. 
2016;33:1099–103.

52.	 Serra G, Antona V, Giuffré M, Li Pomi F, Lo Scalzo L, Piro E, Schierz IAM, Corsello 
G. Novel missense mutation of the TP63 gene in a newborn with Hay-Wells/
Ankyloblepharon-Ectodermal Defects-Cleft Lip/Palate (AEC) syndrome: clini-
cal report and follow-up. Ital J Pediatr. 2021;47:196.

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


	﻿SARS-CoV-2 infection during pregnancy and necrotizing enterocolitis: case report and review of the literature
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Detection of SARS-CoV-2 genome in colon and ileum biopsy samples

	﻿Discussion and conclusions
	﻿References


