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A B S T R A C T

Background: Necrotizing enterocolitis (NEC) is a severe, often fatal gastrointestinal emergency that pre-
dominantly affects preterm infants, and there is evidence that neonatal cytomegalovirus (CMV) infection may in
some cases contribute to its pathogenesis.
Objectives: This study aimed to evaluate the prevalence of CMV in infants with NEC.
Study design: Seventy intestinal specimens from 61 infants with NEC, spontaneous intestinal perforation (SIP), or
related surgical complications were collected at Karolinska University Hospital and Uppsala University Hospital,
Sweden. Ten specimens from autopsied infants without bowel disease served as controls. Samples were analyzed
for CMV immediate-early antigen (IEA), CMV late antigen (LA), 5-lipoxigenase (5LO) and CMV-DNA by im-
munohistochemistry (IHC) and in situ hybridization (ISH), respectively. In 10 index samples, CMV DNA was
analyzed with Taqman PCR after laser capture microdissection (LCM) of cells positive for CMV IEA by IHC.
Results: CMV IEA was detected by IHC in 57 (81%) and CMV LA in 45 (64%) of 70 intestinal specimens from
index cases; 2 (20%) of 10 control specimens were positive for both antigens. 5LO was detected in intestinal
tissue section obtained from all examined index and controls. CMV DNA was detected in 4 of 10 samples (40%)
after LCM. By ISH, all 13 IHC-IEA-positive samples were positive for CMV DNA; however, 3 of 5 IHC-IEA-
negative samples (60%) were also positive.
Conclusions: CMV-specific antigens and CMV DNA were highly prevalent in intestinal specimens from infants
with NEC, SIP, and related surgical complications. Our findings provide further evidence that neonatal CMV
infection contributes to the pathogenesis of these diseases and may affect patient outcome.

1. Introduction

Necrotizing enterocolitis (NEC), an acute inflammatory necrosis of
the intestinal tract, predominantly affects preterm infants with very low
birth weight (VLBW) [1]. It is estimated that up to 11% of VLBW infants
develop NEC [2]; about half require surgery, and 35% do not survive
[3]. Short-term complications include recurrence of NEC and post-
surgical complications such as intestinal stricture; long-term morbid-
ities are short bowel syndrome and adverse neurodevelopmental out-
come [4]. Spontaneous intestinal perforation (SIP) also occurs primarily
in preterm VLBW infants, with a documented incidence up to 8.4% in

infants with extremely low birth weight (ELBW) [5]. SIP increases the
risk of mortality and morbidity in infants born very preterm (<32
weeks of gestation) [6] and adversely affects neurodevelopmental
outcome in ELBW infants [7].

Cytomegalovirus (CMV) is a ubiquitous human herpes virus that
causes congenital and acquired infections in newborns. Congenital CMV
infection may lead to systemic congenital CMV disease and increases
risk for audiological, ophthalmological, and neurological sequelae in
affected infants [8]. Perinatal or postnatal CMV infection from exposure
to infected maternal genital tract secretions or breast milk can cause
symptomatic disease in preterm infants [9]. Furthermore, previous
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studies demonstrated that CMV infection leads to increased expression
of active 5-LO (5-lipoxygenase) and synthesis of leukotrienes in pla-
centae tissue from foetuses with congenital infection [10].

Over the last decade, infants and neonates with NEC [11–13], in-
testinal perforation [12,14], and intestinal stricture [15–19] related to
CMV have been described in several case reports and case series. His-
topathological changes compatible with CMV infection were identified
in surgical intestinal specimens. We hypothesize that CMV infection
may contribute to these intestinal surgical conditions. To our knowl-
edge, the occurrence of CMV in intestinal specimens has not been in-
vestigated in a larger cohort of infants with these conditions.

1.1. Objectives

This study aimed to evaluate the prevalence of CMV in intestinal
tissue specimens obtained at surgery or by autopsy from infants with
NEC, SIP, and related surgical complications.

2. Study design

2.1. Intestinal samples

To identify paraffin-embedded surgical or postmortem intestinal
specimens from infants with NEC, SIP, or surgical complications after
these conditions, we searched the databases of the pathology depart-
ments at Karolinska University Hospital, Stockholm (January 1990 to
August 2009), and Uppsala University Hospital (January 1995 to
December 2008) for cases of small and large bowel with necrotic in-
flammation or perforation, using selected Morphology Systematized
Nomenclature of Medicine (SNOMED) used in pathology diagnosis of
these conditions. These databases should contain all patients with the
pathological diagnoses of interest during this time interval. We identi-
fied 66 intestinal specimens from infants< 1 year with NEC and in-
testinal perforation and 4 intestinal specimens with suspected clinical
NEC (2006–2009). Ten postmortem intestinal samples from neonates
without pathologic bowel morphology who died between 2007 and
2009 at Karolinska University Hospital served as controls
(Supplementary Table 1). Clinical data were retrieved from hospital
records. The study was approved by the Regional Ethical Review Board
in Stockholm (Dnr 2007/1255-31/3, 2008/1837-32).

2.2. Immunohistochemical staining (IHC)

Paraffin-embedded tissue sections from all patients were examined
for CMV immediate-early antigen (IEA),late antigen (LA), 5LO as de-
scribed [20] with some modifications.

Tissue sections were dewaxed in xylene (VWR International,
Stockholm, Sweden), rehydrated in a descending ethanol series
(Apoteket [Pharmacy], Stockholm, Sweden), treated with pepsin
(BioGenex, San Ramon, CA, USA) for 3 min at 37 °C and with citrate
buffer, pH 6.0 (BioGenex) overnight at 37 °C. Nonspecific binding was
blocked with 3% hydrogen peroxide (Merck, Darmstadt, Germany),
avidin/biotin blocker (Dako Cytomation, Glostrup, Denmark) and FC
receptor blocker (Innovex Biosciences, Richmond, CA, USA). CMV
proteins were detected with antibodies against CMV IEA (IgG2a, clone
8B1.2) and CMV LA (IgG2a, clone 2D4.2) (Chemicon International,
Billerica, MA, USA). Antibodies against alpha smooth-muscle actin
(IgG2a, BioGenex) were used as isotype controls; in negative controls,
primary antibodies were omitted. Antigens were detected using a bio-
tinylated antibodies against primary antibodies (BioGenex), peroxidase-
labelled streptavidin (BioGenex), and chromogen diaminobenzidine
(DAB) (Innovex Sciences, USA). Double staining was performed after
developing signal of CMV IE using DAB and incubation of the same
tissue sections first with FC receptor blocker (Innovex Biosciences) and
then with antibodies against human 5LO (IgG, Abcam, Cambridge, UK).
The signal of 5LO was visualized using Mach 3 Rabbit AP polymers

detection (Biocare Medical, CA, US) and Warp Red Chromogen kit
(Biocare Medical, CA, US). All tissue sections were counterstained with
haematoxylin (Vector Laboratories, Peterborough, UK) and mounted in
permanent mounting medium (Histolab, Stockholm, Sweden). The level
of CMV infection was classified based on the percentage of CMV-posi-
tive cells, as described [20]: negative (0%), low (< 25%), moderate
(≥25%–50%), or high (≥50%).

2.3. Laser capture microdissection (LCM) and Taqman PCR

Intestinal tissue sections from 10 patients positive for CMV IEA by
IHC were dried at 37 °C for 20 min, and subjected to LCM with the
PixCell II LCM system (Arcturus, Mountain View, CA). Numerous CMV
IEA-positive cells in the sections were collected and DNA was extracted
according to the manufacturer’s instructions and analyzed by Taqman
PCR. In brief, the collected cells were digested with proteinase K in
DNA extraction buffer for 16 h at 65 °C, heated to 95 °C to deactivate
proteinase K, and analyzed as described [20] with a 7900HT fast real-
time PCR system (Applied Biosystems, Branchburg, NJ) and primers
and probes for the IE gene: forward, GTGACCCAT GTGCTTATGACTC-
TAT; reverse, CTCAACATAGTCTGCAGGAACGT; IEDNA-probes re-
porter, TTGGTCACGGGTGTCTC Quencher. RNase P served as an en-
dogenous control (Applied Biosystems). This TaqMan PCR was
validated with a reference CMV sequence and detected 1–10 copies of
CMV DNA.

2.4. in situ hybridization (ISH)

Intestinal tissue sections from 13 and 5 patients with positive and
negative CMV IE by IHC, respectively, were analyzed by ISH with a
ZytoFast PLUS CISH Implementation Kit (AP-NBT/BCIP, Zytovision,
Bremerhaven, Germany) according to manufactor‘s application manual.
The digoxygenin-labelled probes were CMV β2.7 (the most abundantly
transcribed early CMV gene), ZytoFast DNA (+) control probe, and
ZytoFast DNA (–) control probe (ZytoVision).

2.5. Statistical analysis

Demographic data are presented with descriptive statistics and
frequency tables. Differences between groups were analyzed with the
Wilcoxon rank-sum test (continuous variables) or Fisher exact test
(categorical variables).

3. Results

3.1. Study sample

Seventy intestinal specimens from 61 infants were collected: 44
samples from 40 infants at Karolinska University Hospital and 26
samples from 21 infants at Uppsala University Hospital (Fig. 1). The
characteristics of the specimens are listed in Table 1. Characteristics of
the subjects are listed in supplementary Table 2. The percentage of
males was higher in the control group than in the index group (90% vs.
49%, P = 0.02). Death occurred in 21 (34%) cases at a median age of
35 days (vs. 3 days of age in controls (P = 0.0002)). At the time of
tissue sampling, control infants were younger than index infants (3 vs.
20 days of age, P = 0.0002).

3.2. CMV antigens and DNA are frequently detected in specimens from
infants with NEC, SIP, and related surgical conditions

In index cases, IHC identified CMV IEA in 57 of 70 specimens (81%)
and LA in 45 (64%). Forty-five (64%) specimens were positive for both
CMV IEA and CMV LA. High-levels of protein expression was found in
24 (42%) of the IEA-positive specimens and 3 (7%) of the LA-positive
specimens (Table 2). CMV-specific proteins were expressed
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