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Abstract Outbreaks of necrotising enterocolitis (NEC) have often been related to speci®c
pathogens such as Enterobacteriaceae. This relationship, however, remains uncertain
because of the retrospective nature of the studies addressing this issue. We performed a
prospective study to investigate whether there is indeed an association between NEC and
speci®c pathogens. Between April 1993 and March 1997, stools of neonates of <36 weeks
admitted to our neonatal unit were investigated for bacteria in weekly intervals. Clinical
and bacteriological data from each infant who developed NEC were compared with those
from two control infants matched for gestational age and date of admission. Eighteen
infants developed 19 episodes of NEC (clinical signs + air in portal vein); 8 of these had
laparotomy; two died. Occurences of NEC were homogeneously distributed over the 4-
year study period. The only signi®cant di�erences in the clinical course prior to NEC were
a more severe stage of respiratory distress syndrome [median 2 (0±4) vs. 0 (0±3),
P < 0.05] and a higher proportion of infants who had only been formula fed (63 vs. 32%,
P < 0.05) in the cases. Within the last week prior to NEC, potentially pathogenic bac-
teria were identi®ed in stools of all cases and 79% of controls (P < 0.05). However, there
was no signi®cant di�erence in the occurrence of speci®c pathogens or groups of
pathogens in cases compared with controls.

Conclusion Although gut colonisation with potential pathogens appeared to be a
prerequisite for the development of NEC, there were no speci®c bacteria associated with
this disease if data from infants with NEC were compared with those from time- and
gestational age-matched controls.
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Introduction

Necrotising enterocolitis (NEC) has an incidence of 2%±
5% in all preterm infants and up to 13% in those

weighing <1500 g at birth [5, 14, 25]. It accounts for a
considerable proportion of deaths in neonatal intensive
care units (NICU). Reported mortality rates vary be-
tween 10% and 55% [11, 20]. The aetiology of NEC
remains unknown. Observations of an apparent clus-
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tering of cases led to the hypothesis that NEC is causally
related to speci®c infectious agents, and this was seem-
ingly con®rmed by several uncontrolled case series
identifying pathogens such as Enterobacteriaceae [3, 9,
19, 21], Clostridia spp. [15], coagulase-negative staphy-
lococci [23], rotavirus [22] or single species retrieval
during disease outbreaks [6]. The problem with these
studies, however, is that there are time dependent vari-
ations in the colonisation of infants treated in a NICU,
making it di�cult to determine whether the identi®ca-
tion of a speci®c pathogen in a retrospective case series is
indicative of a causal relationship between this pathogen
and NEC, or whether it merely re¯ects the general pat-
tern of pathogen distribution in the NICU at the time of
study. Moreover, the apparent clustering of NEC cases
was not subjected to formal statistical tests.

We conducted a prospective case-control study to
answer the following questions: (i) is there an association
between NEC and speci®c pathogens, and (ii) are there
speci®c clinical risk factors that would help to identify
infants at risk of developing NEC.

Patients and methods

Between April 1, 1993 and March 31, 1997, stool samples were
collected at weekly intervals from all infants born at <36 weeks
gestation and admitted to the NICU at Hannover Medical School
immediately after birth. The study group consisted of all infants
who developed de®nite NEC during the study period, de®ned as the
presence of one or more clinical signs (abdominal distension,
feeding intolerance, blood in stool) plus the ultrasound and/or
radiological demonstration of gas in the liver and/or portal vein
(i.e., Bell stage 2) [4]. For each of these cases two control infants
without evidence of NEC were selected, matched for gestational
age at birth and date of admission, with matching priority given to
gestational age in one infant and to date of admission in the other.
Control infants had to be present in the NICU at the time of
diagnosis of NEC in the matching case subject.

Stool specimens were plated on Columbia blood, MacConkey
and Preston agar and several Salmonella selective media and in-

cubated at 37°C. In addition, a tetrathionate broth and a sorbitol
MacConkey agar were inoculated and incubated at 37°C. All media
were screened for bacterial growth for at least 48 h. More than two
morphologically di�erent Enterobacteriaceae were summarised as
mixed Gram negative culture. Gram positive bacteria were identi-
®ed to genus level, pathogenic bacteria like Staphylococcus aureus
and beta-haemolytic streptococci to the species level according to
standard laboratory protocols. Non-pathogenic bacteria like
S. bi®dum were disregarded. In cases, the last stool culture prior to
diagnosis of NEC was taken for analysis; in controls, the last stool
culture obtained prior to reaching the respective postnatal age of
the case infant at the time of onset of NEC was taken for analysis.
Viruses were looked for using electron microscopy. For the labo-
ratory data, the extreme values measured during the ®rst 72 h
following diagnosis of NEC (or the respective control period) were
taken.

Statistical analysis was performed using SPSS 6.0 for Windows.
Chi-square and Wilcoxon matched pairs tests were computed.
Uniformity of the temporal distribution of NEC occurrences was
tested using the Kolmogorov-Smirnov test. A P-value of <0.05
was considered statistically signi®cant.

Results

Of 436 infants <36 weeks admitted to the NICU
throughout the 4-year study period, 18 (4%) developed
19 episodes of NEC. Thirteen of 19 episodes occurred in
®ve periods of 1±4 weeks duration each. Uniformity
testing, however, did not con®rm the clinical impression
that NEC cases occurred in clusters (P � 0.28). Age at
presentation varied between 4 and 74 days (median 19
days) and was inversely correlated with gestational age
at birth (r � )0.65, P < 0.01). Clinical signs included
feeding intolerance with and without gastric residuals
(8/19), abdominal distension (16/19), and blood in stools
(15/19). Predominant laboratory ®ndings were increased
C-reactive protein (>5 mg/l, 19/19), leucopenia
(<5.000/ll) or leucocytosis (>20.000/ll, 12/19),
thrombocytopenia (<150.000/ll, 8/19) and hypo-
natraemia (<131 mmol/l, 8/19). Ultrasound investiga-
tions revealed gas bubbles in the liver and/or portal vein

Table 1 Clinical histories of the infants with necrotising enterocolitis (NEC) (the one infant with two NEC episodes is counted twice) and
their matched controls. Continuous variables are reported as medians (and ranges)

Cases (n = 19) Controls (n = 38)

Gestational age (weeks) 30 (25±34) 30 (25±35)
Birth weight (g) 1070 (460±1900) 1300 (555±2650)
Apgar score 5 min 8 (5±10) 8 (2±10)
Arterial cord blood pH 7.26 (7.06±7.34) 7.31 (6.83±7.46)
Antenatal steroids 14 (74%)a 31 (84%)
Patent ductus arteriosus 1 (5%) 2 (5%)
Duration of IPPV (days) 1 (0±32) 0 (0±21)
Maximum grade of RDS 2 (0±4) 0 (0±3)*
Last haemoglobin prior to NEC (g/dl) 13.4 (9.6±18.4) 13.0 (8.0±18.7)
Onset of feeding (days) 2 (1±20) 2 (1±6)
Type of milk given:
Breast milk only 3 (16%) 4 (12%)
Breast milk and formula 4 (21%) 21 (56%)
Formula only 12 (63%) 12 (32%)*

Average daily increment (ml/kg per day) 7.2 (0±15.4) 6.1 (0±21)
Antibiotics given prior to NEC (days) 8 (0±57) 6 (0±25)

*P < 0.05
aComplete course of betamethasone in 12 infants
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in all 19 episodes (no infant had a catheter in the vena
cava), while radiological demonstration of pneumatosis
intestinalis was present in only 13 of these episodes.
Laparotomy was performed in eight cases of NEC with
intestinal perforation being found in two. Histology in-
variably showed results compatible with a diagnosis of
NEC. Two infants (none of those with perforation) died
of fulminant NEC with multiorgan failure due to severe
septicaemia.

Comparison of the clinical histories prior to NEC
showed no signi®cant di�erences between cases and
controls except for a signi®cantly more severe degree of
respiratory distress and a higher proportion of infants
who had been exclusively formula fed in the cases (Ta-
ble 1). No infant had received oral immunoglobulins
[10], and none had congenital heart disease. Only three
infants with NEC were receiving antibiotics at the time
of diagnosis [ampicillin/tobramycin (1), cefotaxim/van-
comycin (2)].

Bacteriological data from the last 7 days prior to
NEC were available in all cases and controls; in 15 in-
fants with NEC, these were from stools sampled within
£48 h prior to diagnosis. All stools from cases grew

potential pathogens, whereas 8/38 controls (21%) did
not (P < 0.05). The distribution of bacteria found in
stools from both cases and controls is shown in Tables 2
and 3. Electron microscopy was positive for rotavirus in
one infant with NEC and in no control infant. Statistical
analysis showed no signi®cant di�erences for any spe-
ci®c pathogen or group of pathogens between cases and
controls (Table 3).

Discussion

The main results of this study can be summarised as fol-
lows: (i) age at occurrence of NEC was inversely corre-
lated with gestational age at birth, (ii) there was no
signi®cant characteristic feature in the clinical course
prior to NEC except for a more severe respiratory distress
syndrome and a higher proportion of infants who were
exclusively formula fed in the cases, and (iii) there was no
speci®c pathogen or group of pathogens when stools from
infants withNEC, collected within 1 week prior to disease
outbreak, were compared with those from time- and
gestational age-matched controls. This was despite the
fact that gut colonisation with potential pathogens ap-
peared to be a prerequisite for the development of NEC.

The incidence of NEC observed in this study was
within the range found by other investigators [5, 14].
Considering that our study included only infants with
gas in the portal venous system, which is highly speci®c
for NEC [18, 24] and is widely regarded as a sign of
severe disease, both our mortality rate and our rate of
intestinal perforation (11% each) are quite low [1, 14,
25]. This may be related to the frequent use of ultra-
sound on our unit which is more sensitive to the detec-
tion of gas bubbles in the portal venous system than
abdominal X-ray ®lms [18, 24] and may thus have al-
lowed for an earlier diagnosis and thereby therapy of
NEC. The latter statement, however, remains somewhat
speculative as long as the exact sensitivity and speci®city
of the various radiological and sonographic signs of
NEC have not been formally studied.

A large number of risk factors for NEC have been
identi®ed, including perinatal asphyxia [2], patent ductus
arteriosus [12], early and/or rapid feeding advancements
[17], formula feeding [2, 16], and respiratory distress
syndrome [2]. Only the latter two factors were con®rmed
in this study, which may be due to our limited sample
size or to the fact that we matched for gestational age at
birth, thereby eliminating risk factors that are merely
related to immaturity rather than speci®cally to NEC, as
also suggested by other investigators [26]. Umbilical
artery catheters, another potential risk factor for NEC
[8], could not be addressed in this study as arterial access
on our unit is usually achieved via peripheral catheters.

A later occurrence of NEC in less mature infants has
already been reported [2, 24], suggesting that there is a
gestational- rather than postnatal-age dependent phase
of increased gut vulnerability during which NEC is more
likely to occur.

Table 2 Individual organisms identi®ed in stool cultures from in-
fants with NEC and their matched controls

Cases
(n = 19)

Controls
(n = 38)

Clostridium di�. 0 1
Corynebac. spp. 0 1
Enterococcus faec. 4 4
Enterococcus spp. 6 13
Staph. aureus 2 3
Staph. coag. neg. 6 10
Non-haemolytic Strept. 0 1
Strept. viridans 0 2
Actinobacter baumanii 0 3
Citrobacter freundii 0 1
E. coli 2 2
Enterobacter aggl. 0 1
Enterobacter cloacae 5 4
Kleb. oxytoca 2 1
Kleb. pneumoniae 3 7
Neisseria spp. 0 1
Other Gram neg. organisms 1 3
Aerobe spore-forming organism 0 1
Candida albicans 1 3
Yeasts 1 1

Table 3 Results of stool cultures from infants with NEC and their
matched controls, grouped by species. Prevalence data are given
with 95% con®dence intervals

Cases
(n = 19)

Controls
(n = 38)

No potential pathogen 0 (0%; 0±0) 8 (21%; 8±34)*
Gram positive spp. 14 (74%; 54±94) 26 (68%; 53±83)
Enterobacteriaceae 10 (53%; 31±75) 12 (32%; 17±47)
Glucose non-fermenting
Gram neg. rods

0 (0%; 0±0) 3 (8%; )1±17)

Candida spp. 2 (11%; )3±25) 4 (11%; 1±21)

*P < 0.05
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We did not observe the ``typical'' clustering of NEC
reported by other investigators [7, 8, 21]. None of these
earlier studies, however, applied statistical methods to
prove that NEC occurrences were indeed non-homo-
genously distributed over time (the latter would suggest
that NEC is an infectious disease). We did also not
identify any speci®c pathogen or group of pathogens to
occur more often in cases than in time- and age-mat-
ched controls, con®rming results from an earlier, albeit
retrospective, study [13]. The pathogens identi®ed in
other retrospective case series during apparent disease
outbreaks [16, 19, 21, 23] varied considerably, suggest-
ing that it is not one speci®c pathogen that is respon-
sible for the disease, but that various pathogens can
cause NEC in a su�ciently vulnerable host. Taken to-
gether, these results support the hypothesis that NEC is
caused by a combination of feeding and ischaemia, with
pathogens only playing a secondary role in the disease
process.

Our study does not support the hypothesis that spe-
ci®c pathogens cause NEC. We cannot, however, exlude
any such association, since this study only had a power
of 80% to detect an association between NEC and
speci®c pathogens with a relative risk of 4.6 or greater
(P0 0.5, a 0.05 1-sided, b 0.2). Had we aimed to identify a
risk factor with a lower e�ect estimate, e.g. around 2, a
sample size of 107 cases and 107 controls would have
been required. This was considered impossible in a
prospective single-centre study. It was also not consid-
ered necessary, since a risk factor with such a low
strength, if it exists, is unlikely to result in any clinical
consequences. We were also unable to determine
whether there were any changes in gut colonisation
immediately (£2 days) prior to NEC, as suggested by a
recent study from England [14].

In conclusion, by prospectively collecting data on gut
colonisation in a level III NICU over a 4-year period, we
could not demonstrate a clustering of NEC cases or any
signi®cant di�erence in gut colonisation between infants
who developed NEC and time- and age-matched con-
trols. These data do not support the concept that NEC is
related to a speci®c pathogen or group of pathogens.
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