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Abstract Necrotising enterocolitis (NEC) is one of the most serious gastrointestinal
diseases among newborns and it mainly affects those in intensive care units. The aetiology
of the disease has been reported to be multifactorial and both sporadic cases and no-
socomial outbreaks have occurred. In this report, we review 17 epidemics of NEC re-
ported in the literature between 1973 and 1999. The number of confirmed cases ranged
from 1 to 32 with an average of 10.5 confirmed cases. On average, 16.15% of cases
required surgery (range 0-66.6%). The average mortality rate was 6.25% (range 0-
87.5%). The mean age at disease onset was 9.5 days (range 6.6-29 days). Most of the
infants had low birth weight (median weight 1,395 g; range 1,112-2,788 g, calculated on
the reported mean weights). The main risk factors associated with NEC were: low birth
weight, low gestational age, low Apgar score, perinatal complications, hyaline membrane
disease, and umbilical catheterisation. The bacteria involved often included Enterobac-
teriaceae, particularly Escherichia coli, Klebsiella pneumoniae and Enterobacter cloacae
type 3305573. The causative role of Clostridia in NEC is controversial. With regard to
viral agents, coronarovirus, rotavirus and enterovirus, such as echovirus type 22, were
isolated during some of the epidemics. The recommended control measures for NEC
epidemics are those used for epidemics of other orofaecally transmitted infections.
Conclusion Understanding the epidemiology of necrotising enterocolitis is fundamental
if adequate preventive control measures are to be developed and applied.
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Abbreviation NEC necrotising enterocolitis

Introduction

Necrotising enterocolitis (NEC) is one of the most seri-
ous gastrointestinal diseases among newborns. It mainly
affects those with low birth weight and generally occurs
as sporadic cases, though epidemics have also been re-
ported. The incidence of NEC is relatively high in the
neonatal period, ranging from 1-5% among newborns
on intensive care units and from 0.3-2.4 per 1,000 live-
births (median 1.3 per 1,000) [28]. Most of the newborns

affected by this disease are premature (62-94%),
although sporadic cases of NEC have been reported
among full-term newborns [32] and there is a linear
correlation between incidence, low birth weight and low
gestational age. NEC requires surgery in 23-70% of
cases depending on the gestational age; although the
mortality rate has significantly decreased in the last 30
years, it continues to be high (9-28% in the 1990s)
[28].

The universally accepted case definition is that pro-
posed in 1978 by Bell and collaborators [2], according to
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whom the disease is characterised by the following:
systemic symptoms, ranging from apnoea, bradycardia
and temperature instability to diffuse intravascular co-
agulation and septic shock, intestinal symptoms (e.g.
abdominal distension and bloody stools) and radiolog-
ical findings such as pneumatosis intestinalis and gas in
the portal vein. Based on the severity of symptoms,
different grades of the disease, from suspected to
advanced, have been defined (Table 1).

The aetiology of NEC is multifactorial, attributable
to both infective and non-infective factors (e.g. ischae-
mic lesions of the gastrointestinal tract in premature
newborns or in those with specific predisposing factors,
formula milk feeding, and the presence of a pathogen or
of imbalances in the intestinal microbial flora) [28].

Within the last few decades, various NEC epidemics
have been reported in the literature. Given the potential
severe clinical impact and the preventability of these
events, we conducted a systematic review of the scientific
literature to evaluate the epidemiological characteristics
of the epidemics reported, the methods adopted for their
investigation and the control measures used, with the
aim of providing indications for the proper and rapid
identification and management of NEC epidemics.

Materials and methods

NEC epidemics were identified by a literature search of PubMed,
the online site of the National Library of Medicine. Since NEC
epidemics are not very common, we did not restrict the search to
period of time or language. The following terms were used: “‘nec-
rotising enterocolitis” (all fields: 1,729 records were identified),
“newborn”, “neonate” or “neonatal” (all fields: 382,420 records),
and “‘disease outbreaks” (MeSH term: 27,037 records). The search
identified 38 articles that included all three terms: three of these
articles could not be traced [3, 15, 20] and 20 were excluded from

Table 1 Clinical staging of NEC according to [29]

the analysis because they were not strictly related to epidemics. We
reviewed a total of 15 articles, published in English language
journals and reporting on 17 epidemics.

Results

Table 2 describes the principal characteristics of the 17
epidemics (i.e. number of cases, mean age and weight at
onset and clinical impact of the disease). For all the
epidemic investigations, the case definition of confirmed
NEC developed by Bell et al. [2] was adopted; however,
it is not clear whether the investigations also included
suspected cases of NEC and/or simple cases of gastro-
enteritis.

Of the 17 epidemics analysed, 11 lasted from § to 10
weeks [4, 6,9, 11, 13, 16, 17, 21, 27]; one epidemic lasted
for 20 weeks [13] and four lasted for less than 8 weeks [1,
8, 10, 23] (in one case the duration of the epidemic was
not mentioned [24]); no seasonal trend was evident. The
number of confirmed cases ranged from 1 [4] to 32 [6],
with an average of 10.5 confirmed cases. In five of the
epidemics, additional cases of NEC were suspected but
not confirmed [4, 8, 9, 16, 17]. In eight of the epidemics,
additional cases of gastroenteritis due to the same
pathogen were diagnosed [4, 6, 8, 9, 10, 11, 23, 24].

Surgery was required in 0% [4, 10] to 66.6% [12] of
cases (median 16.15%). The mortality rate ranged from
0% [4, 11, 13, 16] to 87.5% [27] (median 6.25%). The
highest mortality rates were reported in the 1970s,
whereas the mortality rate of the epidemics described in
recent years was less than 10% [1, 6, 8, 10, 17, 24].

The mean age at disease onset ranged from 6.6 [13] to
29 days [1] (median 9.5 days). Most of the affected
newborns had low birth weight (median 1,395 g, range
1,112-2,788 g calculated on the reported mean weights),

Stage Systemic signs

Intestinal signs Radiological signs

Suspected NEC — Stage |

Stage IA Temperature instability, apnoea,
bradycardia, lethargy
Stage IB Same as Stage 1A
Definite NEC — Stage 11
Stage ITIA Same as Stage IA
(mildy ill)
Stage 1IB Same as stage IIA + mild metabolic

(moderately ill) acidosis, mild thrombocytopenia

Advanced NEC — Stage 111
Stage II1IA Same as stage I[IB + hypotension,
(severely ill, bradycardia, severe apnoea,
bowel intact) combined respiratory and metabolic
acidosis, DIC, neutropenia
Stage I1IB Same as stage IIIA
(severely ill,
bowel perforated)

Normal or intestinal
dilatation, mild ileus

Elevated pre-gavage residuals, mild
abdominal distension, emesis,
haem-positive stools

Bright red blood from rectum Same as Stage 1A

Same as Stage IA + absent bowel
sounds, +/— abdominal tenderness
Same as stage [IA + absent bowel
sounds, definite abdominal
tenderness, +/— abdominal
cellulitis or right lower
quadrant mass

Intestinal dilatation, ileus,
pneumatosis intestinalis
Same as stage [IA +
portal vein gas,
+ /— ascites

Same as stage IIB plus signs of
generalised peritonitis, marked
tenderness, and distension
of abdomen

Same as stage I1IA

Same as stage
IIB + definite ascites

Same as stage IIIA +
pneumoperitoneum
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Table 2 Investigations of NEC epidemics and selected findings. (NM not mentioned)

Re- Year Epidemic: NEC Cases of Mean age Surgical Mortality Mean
ference Season/duration  cases (n) gastroen- at onset treatment rate weight (g)*
teritis (n) (days)* (%) (%)
[27] 1973  Summer, 8 weeks 8 NM NM NM 87.5 <2,500
[16] 1977 Winter, 8 weeks 8 confirmed; NM 8.7 (£9.5) 25 0 2,788 (£940.6)
4 suspected
[13] 1979  Autumn, 8 weeks 10 NM 6.6 NM 0 22,000
[13] 1979 Winter, 10 weeks 14 NM 24.9 NM 21 >2.,000
[13] 1979  Winter/spring, 15 NM 7.9 NM 20 >2,000
20 weeks
[21] 1980 Winter, 8 weeks 12 NM 10.3 16.7 16.7 1,667
[6] 1981  Spring, 10 weeks 32 12 NM 15.6 3.1 NM
[23] 1983  Summer, 4 weeks 8 3 NM 36.4 18.2 1,712 (£600)
[8] 1983  Autumn, 2 weeks; 7 confirmed 2 9.7 £10.4 NM 6.25 1,800 +1,014 (confirmed)
(confirmed)
Winter, 3 week 7 suspected 24+ 33 (suspected) 1,043 £240 (suspected)
[1] 1984  Spring, 4 weeks 20 NM 29+ 14 (<30 10 5 1,279 £ 448
weeks gestation)
12.6+6 (230
weeks gestation)
[10] 1984  Spring, 5 weeks 2 14 NM 6 NM
[9] 1984 Winter, 8 weeks 9 confirmed, 15 NM NM NM 1,112.24+99.7 (confirmed),
6 suspected 1,735.8 £ 573.4 (suspected)
[11] 1985 Summer, 8 weeks 7 4 NM 27.2 0 NM
[17] 1987  Spring, 10 weeks 12 confirmed, NM NM 15 9 1,360
21 suspected
[24] 1987  Spring, (NM) 7 8 NM NM 14 NM
[4] 1997  Autumn, 8 weeks 1 confirmed, 4 NM 0 0 1,395 (confirmed),
7 suspected 2,000 (suspected)
[12] 1999  Spring, 8 weeks 6 confirmed NM 5.3+1.96 66.6 333 1326.6 (+262.8)

#Where not included, the standard deviation was not reported

although some epidemics involved newborns with a
birth weight over 2,000 g and Apgar scores of more than
7 [13, 16]. Many of the epidemic investigations reported
risk factors associated with NEC, the most common of
which were: low birth weight [4, 9, 17, 24, 27], low ges-
tational age [1, 4, 9, 27], low Apgar score [26], perinatal
complications [21, 27], hyaline membrane disease [21],
and umbilical catheterisation [21]. However, many of the
investigations reported no risk factors in that there were
no clinical differences between cases and healthy con-
trols [6, 13, 16, 23].

Table 3 shows the pathogens isolated during the ep-
idemic investigations, the epidemiological and labora-
tory methods used, the risk factors identified and the
control measures adopted. Only seven of the epidemics
were investigated with a proper case-control study [1, 9,
13, 17, 24], one of which also included the microbio-
logical monitoring of cases, hospitalised newborns and/
or hospital staff [24]. Seven epidemics were investigated
only by microbiological monitoring [6, 8, 10, 11, 16, 23,
24, 27], and three included only an analysis of the epi-
demiological characteristics of the NEC cases [4, 18,27].
With regard to the causal agent (Table 3), the bacteria
involved often included Enterobacteriaceae, particularly
Escherichia coli (non-typable [27], a heat labile toxin
producer [8], and serogroup 0142 H6 [10]), Klebsiella
pneumoniae (either alone [13] or with viral agents [23] or
other types of bacteria [12]) and Enterobacter cloacae
type 3305573 [21]. Different species of Clostridia were

isolated during some of the epidemics (i.e. Clostridium
butyricum [16]; Clostridium difficile was reported in other
epidemics not included in this review [14, 20]). The viral
agents involved were coronarovirus [6], rotavirus [23, 24]
and enterovirus such as echovirus type 22 [4]. In six of
the epidemics, the causal agent was not identified [1, 9,
11, 13, 17]; in some cases, the laboratory investigations
led to the isolation of one or more microorganisms but
their causal role was not demonstrated as they were also
isolated in healthy controls or from sites where they are
commonly commensal.

All but one of the investigations [12] performed stool
cultures (Table 3). Two investigations included rectal
swabs [9, 24] to search for intestinal pathogens, such as
Salmonella, Shigella, enterotoxic Staphylococcus aureus,
Campylobacter and Yersinia [9, 24]. In most cases, blood
cultures were taken for aerobes and anaerobes; cultures
were carried out more rarely for urine [1, 10], CSF [1],
peritoneal liquid [17], and nasal and pharyngeal swabs
[10]. In one epidemic [12], all isolates were subjected to
molecular fingerprinting. For four epidemics, microbi-
ological investigations were carried out on environ-
mental samples or on milk [1, 16, 24, 27]. Only some of
the investigations included the search for Clostridia and
their toxins using anaerobic cultures [1, 16], gas-liquid
chromatography [16] or immunoenzymatic techniques
(e.g. ELISA) [8]. With regard to Clostridium butyricum,
isolation required a very long period of time: the first
of the six samples that were positive on gas-liquid
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chromatography became culture positive after 1 month
of incubation, the other five after 4 months [16].
The techniques used to identify the virus were ELISA
[8, 11, 23] and EIA [24]; some studies used electron
microscopy to detect viral particles in the faeces [6, 11, 17,
24]. In many epidemics, microbiological tests (either
serological or culture) were also carried out on the
hospital staff [4, 6, 8, 10, 11, 16, 23, 24] who were often
shown to be positive, mostly to the serological tests [4, 6,
23, 24] but also to culture [10].

The measures used for controlling the epidemics were
those for epidemics of other orofaecally transmitted in-
fections, specifically: strict adherence to basic rules of
hygiene such as hand washing and the use of gloves and
masks [1, 4, 6, 11, 12, 13, 17, 27], isolation of infected
newborns [1, 4, 6, 13, 17, 23, 27], cohorting cases (i.e.,
infected newborns always cared for by the same staff
members) [1, 4, 6, 17, 27], and, in some cases, closing of
the ward involved [1, 11, 17].

Discussion

This review shows that the reported epidemics greatly
differed in terms of the number of cases, the spectrum of
clinical presentations reported and the proportion of
newborns who underwent surgery or who died. These
differences, in part, can be explained by differences in the
application of the case definition (i.e. whether or not only
confirmed cases or also suspected cases of NEC and/or
simple gastroenteritis were included) and by differences
in diagnostic procedures. The reported causal agents also
varied greatly. The causative role of Clostridia is con-
troversial: some authors suggest that Clostridia may be
part of the normal intestinal flora and that it is thus
difficult to establish whether or not they act as pathogens
[21, 30]. In one of the epidemics [16], the causal role of
Clostridia was corroborated by their isolation from the
blood of nearly all of the cases; however, as discussed in
the epidemic report, the seriousness of the clinical syn-
drome could probably be attributed to the particularly
invasive nature of the specific strain which would account
for healthy newborns not normally at risk for NEC also
being affected. Furthermore, the authors suggested that
the failure to isolate Clostridia in other NEC epidemics
may depend on the fact that anaerobic cultures are not
always performed or, when performed, the samples are
not always incubated for a sufficiently long period and
more sophisticated diagnostic techniques are not used
(i.e. gas-liquid chromatography) [16]. None of the
investigations reported Staphylococcus epidermidis as the
causative agent; however, Ng et al. [19] described two
cases of NEC known to have been caused by Staphylo-
coccus epidermidis since this microorganism was isolated
from blood, peritoneal liquid and breast milk, which was
the likely source of infection. Moreover, other studies [18,
25] have suggested that coagulase-negative staphylococci
are commonly involved in NEC and are associated with
high rates of mortality and morbidity.
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Since viral agents are often the cause of epidemics of
hospital-acquired gastroenteritis and are not generally
associated with serious clinical syndromes such as NEC, it
has been suggested that NEC may be caused by the con-
comitant presence of viral agents and predisposing factors
in newborns or to a possible synergism among viral agents
and other microorganisms. In one of the epidemic reports
[23], the authors suggested that a synergism exists between
rotavirus and Klebsiella resulting in an increased path-
ogenicity. In four of the eight cases reported, both mi-
croorganisms were present, and in one case, although
there was no rotavirus in the faeces, a high IgM anti-
rotavirus titre was detected. In 33% (6/17) of the out-
breaks, the causative agent was not identified, probably as
a result of incorrect or incomplete diagnostic testing. In
contrast to sporadic cases of NEC which may be caused
by various factors and that do not necessarily include a
specific pathogen, in epidemics, the causative factor is the
diffusion of a particular pathogen in a specific ward and in
a certain period of time. Thus the involvement of a specific
pathogen must be taken into account when conducting
epidemiological investigations and diagnoses and effec-
tive control measures must be rapidly adopted to stop the
infection from spreading. Of note is the finding that
hospital staff appeared to be frequently involved in these
epidemics, probably because they are exposed to patients,
although it cannot be excluded that the staff may play a
direct role in transmitting the infection.

The reason for which a relatively high proportion of
newborns with gastrointestinal symptoms developed
NEC is still unclear, though two hypotheses can be
proposed:

1. Epidemics of NEC occur when the pathogen is
transmitted orofaecally among newborns considered
to be particularly susceptible (i.e. premature or with
predisposing factors in the intestinal ischaemia). For
healthy newborns, simply being exposed to the in-
fective agent would only result in colonisation or,
depending on the faecal flora concentration, a simple
case of gastroenteritis. For premature newborns or
those with predisposing clinical conditions, exposure
to the infective agent would lead to intestinal necrosis
and to NEC.

2. The onset of NEC depends on the level of virulence
of the microorganism concerned (e.g. Clostridium
butyricum) or on the pathogenic effect consequent to
the synergic action of two microorganisms (e.g.
rotavirus and Klebsiella pneumoniae).

Given the severity of nosocomial outbreaks of NEC,
it is fundamental that healthcare workers in neonatology
and neonatal intensive care wards be made aware of the
potential for epidemics to occur and that all necessary
preventive measures be taken. Outbreaks must be iden-
tified promptly and measures must be taken to identify
and interrupt the chain of transmission. This means
being prepared to cope with the epidemic before it
happens. The following is a brief summary of activities
to be conducted in the case of an epidemic of NEC.

1. Identification of the causal agent. In addition to
routine investigations, it is necessary to perform the
following: stool cultures for Clostridia, their toxins,
and viral agents such as enterovirus and rotavirus;
blood cultures for both aerobes and anaerobes; and
appropriate serological investigations of cases and
contacts when a direct search for the pathogen fails.

2. Exhaustive investigation of cases. Attempts must be
made to identify all newborns who have been infected
by the causal agent and any other newborns who have
developed any form of NEC. Newborns discharged
from nurseries could be monitored to verify any ad-
ditional cases. A thorough identification of the cases
is important not only for epidemiological reasons but
also for adopting adequate cohort programmes (i.e.
having a separate nursing staff care for the infected or
colonised newborns).

3. Adoption of effective measures for stopping the
spread of the infection. These include: (a) isolating or
adopting cohort programmes for both infected and
colonised newborns; if colonised newborns cannot be
identified, then the isolation or cohort programmes
can be organised for both exposed and non-exposed
(i.e. newly admitted) asymptomatic newborns;
(b) enforcing routine procedures for antisepsis (e.g.
hand washing, barrier measures, adequate decon-
tamination of equipment and protocols for the
treatment of newborns exposed to an invasive pro-
cedure); (c) considering the option of closing the ward
as a last resort if the epidemic cannot be contained
and (d) surveillance of staff and removal of those
persons with symptoms of gastroenteritis [5]. In three
epidemics [5, 10, 26], the adoption of these control
measures stopped the epidemic. In one of the hospi-
tals [5], these measures continued to be strictly fol-
lowed after the epidemic and the incidence of NEC
decreased from 3.6% to 0.7% over a 3-year period.

4. Identification of the possible means and mechanisms
of transmission. This can only be achieved by con-
ducting a descriptive epidemiological investigation,
followed by, if possible, an analytical investigation
(e.g. cohort and case-control studies).

5. Search for the causal agent in the environment. This
only makes sense if a causal agent has been identified
and if the epidemiological investigation has led to a
hypothesis on the possible source of infection.

In conclusion, epidemics of NEC are serious events
that may, however, be prevented by specific measures for
preventing transmission in hospitals. It is also possible
to contain an epidemic provided that measures have
been carefully planned in advance.

References

1. Anderson CL, Collin MF, O’Keefe P, Challapalli M, Myers
TF, Myers TF, Caldwell CC, Ahmed G (1984) A widespread
epidemic of mild necrotising enterocolitis of unknown cause.
Am J Dis Child 138: 979-983



10.

12.

13.

14.

15.

17.

. Bell MJ, Ternberg JL, Feigin RD (1978) Neonatal necrotizing

enterocolitis: therapeutic decisions based upon clinical staging.
Ann Surg 187: 1-7

. Bhargava SK, Mittal SK, Saxena HMK (1973) An outbreak of

necrotizing enterocolitis in a special care newborn nursery.
Indian J Pediatr 10: 551-553

. Birembaum E, Handsher R, Kuin J, Dagan R, Raichman B,

Mendelson E, Linder N (1997) Echovirus type 22 outbreak
associated with gastro-intestinal disease in a neonatal intensive
care unit. Am J Perinatol 14: 469473

. Book LS, Overall JC, Herbst JJ (1977) Clustering of necrotiz-

ing enterocolitis: interruption by infection-control measures.
N Engl J Med 297: 984-986

. Chany C, Moskovici O, Lebon P (1982) Association of

coronavirus infection with neonatal necrotizing enterocolitis.
Pediatrics 69: 209-214

. Chappel JS, Dinner M (1972) Neonatal necrotizing entero-

colitis. S Afr J Surg 10: 215

. Cushing AH (1983) Necrotizing enterocolitis with Escherichia

coli heat labile enterotoxin. Pediatrics 71: 626-630

. Gaynes RP, Palmer S, Chir B, Martone WJ, Holt CL, Butcher

DS, Frawley LW, Perlino C, Kanto WP (1984) The role of host
factors in an outbreak of necrotizing enterocolitis. Am J Dis
Child 138: 1118-1120

Gerards LJ, Hennekam RCM, Dijik WC, Roord JJ, Fleer A
(1984) An outbreak of gastroenteritis due to Escherichia coli
O142-H6 in a neonatal department. J Hosp Infect 5: 283—
288

. Gerber RA, Hopkins RS, Lauer BA, Curry-Kane AG, Rotbart

HA (1985) Increased risk of illness among nursery staff caring
for neonates with necrotizing enterocolitis. Pediatr Infect Dis J
4: 246-249

Gregersen N, Nierop WW, Von Gottberg A, Duse A, Davies
V, Cooper P (1999) Klebsiella pneumoniae with extended
spectrum beta-lactamase activity associated with a necrotizing
enterocolitis outbreak. Pediatr Infect Dis J 18: 963-967
Guinan M, Shaberg D, Bruhn FW (1979) Epidemic occurrence
of neonatal necrotizing enterocolitis. Am J Dis Child 133: 594-
597

Han VKM, Change GW, Sayed H (1983) Clostridium difficile
colonization in neonates admitted to a neonatal intensive care
unit. Clin Invest Med 6: 122

Hill HR, Hunt CE, Matsen JM (1974) Nosocomial colonisa-
tion with Klebsiella type 26 in a neonatal intensive care unit
associated with an outbreak of sepsis, meningitis and necrotiz-
ing enterocolitis. J Pediatr 85: 415419

. Howard FM, Flynn DM, Bradley JM, Noone P, Szawatkowski

M (1977) Outbreak of necrotizing enterocolitis caused by
Clostridium butyricum. Lancet 2: 1099-1102

McGready GA, Rettig PJ, Istre GR, Jason JM, Holman RC,
Evatt BL (1987) An outbreak of necrotizing enterocolitis. An

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

391

association with transfusion of packed red blood cells. Am J
Epidemiol 126: 1166-1172

. Mollit DL, Tepas JJ, Talbert TJ (1988) The role of coagulase

negative Staphylococcus in neonatal necrotising enterocolitis.
J Pediatr Surg 23: 60-63

Ng PC, Lewindon PJ, Siu YK, Cheung KL, Liu K (1995)
Bacterial contaminated breast milk and necrotising enteroco-
litis in preterm twins. J Hosp Infect 31: 105-110

Perez Gonzales J, Ventura MP, Villagrasa Samper MP,
Beamonte Gallego JA, Ruiz Lazaro PJ, Castillo Garcia FJ
(1996) An epidemic outbreak of necrotizing enterocolitis due to
Clostridium difficile in term newborn infants. An Esp Pediatr
44: 173-175

Powell J, Bureau MA, Pare C, Gaildry ML, Cabama D,
Patriquin H (1980) Necrotizing enterocolitis. Epidemic follow-
ing an outbreak of Enterobacter chloacae type 3305573 in a
neonatal intensive care. Am J Dis Child 134: 1152-1154
Richardson SA, Alcock PA, Gray J (1983) Clostidium difficile
and its toxin in healthy neonates. BMJ 287: 878

Rotbart HA, Levin MJ, Yolken RH, Manchester DK; Jantzen
J (1983) An outbreak of rotavirus-associated neonatal necro-
tizing enterocolitis. J Pediatr 103: 454-459

Rotbart HA, Nelson WL, Glode MP, Triffon TC, Kogut S,
Yolken RH, Hernandez JA, Levin MJ (1988) Neonatal
rotavirus-associated necrotising enterocolitis: case control
study and prospective surveillance during an outbreak.
J Pediatr 112: 87-93

Scheifele DW, Bjornson GL (1987) Delta like toxin produced
by coagulase negative staphylococci is associated with neonatal
enterocolitis. Infect Immun 55: 2268-2273

Smith MF, Borriello SP, Clayden GS, Casewell MW (1980)
Clinical and bacteriological findings in necrotising enterocoli-
tis: a controlled study. J Infect 2: 23-31

Speer ME, Taber LH, Yow MD (1976) Fulminating neonatal
sepsis and necrotizing enterocolitis associated with “‘nonente-
ropathogenic” strain of Escherichia coli. J Pediatr 89: 91-95
Stoll BJ (1994) Epidemiology of necrotising enterocolitis. Clin
Perinatol 21: 215-218

Walsh MC, Kliegman RM (1986) Necrotizing enterocolitis:
treatment based on staging criteria. Pediatr Clin North Am 33:
179-201

Westra Meijer CMM, Degener JE, Dzoljic-Danilovic G,
Michel MF, Mettau JW (1983) Quantitative study of the
aerobic and the anaerobic faecal flora in neonatal necrotising
enterocolitis. Arch Dis Child 58: 523-528

Wilson R, Kanto WP, McCarthy BJ (1981) Epidemiologic
characteristics of necrotizing enterocolitis: a population based
study. Am J Dis Child 114: 880-887

Wiswell TE, Robertson CF, Jones TA (1988) Necrotizing
enterocolitis in full term infants. A case control study. Am
J Dis Child 142: 532-535



