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EPIDEMIOLOGY OF NECROTIZING
ENTEROCOLITIS

Barbara J. Stoll, MD

Necrotizing enterocolitis (NEC) is the most common emergency of the
gastrointestinal tract occurring in the neonatal period. First described in the
nineteenth century, NEC has been recognized as an important neonatal
disorder since the 1960s. Dozens of descriptive studies and more than 20
case-control studies have been published in the English literature since
1965. Nonetheless, the cause and pathogenesis of NEC remain enigmatic.

CASE DEFINITION

Necrotizing enterocolitis is characterized by gastrointestinal and sys-
temic signs and symptoms including feeding intolerance, delayed gastric
emptying, abdominal distention or tenderness, occult or gross blood in the
stool, lethargy, apnea, respiratory distress, and poor perfusion. In advanced
cases, associated acidosis, shock, bacteremia, and disseminated intravascu-
lar coagulopathy are found. The diagnosis is suspected from clinical presen-
tation. However, to be proved, clinical impressions must be confirmed by
results of diagnostic radiographs, surgery, or autopsy.

In 1978, Bell et al® proposed a system for the uniform clinical staging of
patients with NEC. With this system, infants are classified as having stage I
(suspect), stage II (definite), or stage III (advanced) disease. Walsh and
Kliegman”? modified Bell’s staging criteria to include systemic, intestinal,
and radiographic signs and to suggest treatment based on stage and severity
of illness. Infants with suggestive clinical signs and symptoms but nondiag-
nostic results of radiographs are classified as stage I (suspect NEC). Infants
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with stage II disease (definite NEC) have diagnostic abdominal radiographs
(thatis, pneumatosis intestinalis) and are mildly ill (stage IIA) or moderately
ill (stage IIB, with systemic toxicity including acidosis, thrombocytopenia, or
ascites). Infants with stage III disease (advanced NEC) are critically ill with
impending (stage IIIA) or proven (stage IIIB) intestinal perforation. This
staging system has been widely accepted and has improved the ability of the
clinician and investigator to compare patients with diseases of uniform
severity.

DESCRIPTIVE EPIDEMIOLOGY
Incidence, Sex, Race, and Seasonality

The incidence of NEC varies considerably from nursery to nursery,
both within a similar geographic region and from region to region. Most
descriptive studies of NEC report numbers of cases in a single institution for
a designated time period and report the percentage of all neonatal intensive
care unit (NICU) admissions with NEC or extrapolate to the number of cases
per 1000 live births at a particular institution (Table 1). The incidence
of NEC in selected studies has ranged from fewer than 1% to approxi-
mately 5% of NICU admissions, or fewer than 1 case per 1000 live
births to approximately 3 cases per 1000 live births at these
centers '2,5,6,19,23,25,36,40,42,53,60,66

Some studies have collected data on NEC from multiple institutions
during the same time period. Fewer population-based studies have reported
the number of cases in an entire state or geographic region over time (Table
2). In these multicenter and population-based studies, infants with NEC
account for 0.3 cases per 1000 live births to 2.4 cases per 1000 live births
(median value, 1.3 cases per 1000 live births).265158.7577 [f these data are
extrapolated to all live births in the United States each year, NEC is clearly
an important national problem. With approximately 4 million births each
year®® and NEC case rates of 0.3 to 2.4 cases per 1000 live births, 1200 to
9600 newborns are estimated to develop NEC in the United States each year
(Table 3).

Most infants with NEC are born prematurely. In reported clinical
series, 62% to 94% of patients are premature.>1925394266 Geveral investiga-
tors have noted an increased incidence of NEC with decreasing birth weight
and gestational age 202144586579 Wilson et al” studied all 148 cases of NEC
reported from a single state during a 1-year period. The highest case rates
occurred in infants weighing less than 1000 g (42.1 cases per 1000 live
births); rates declined with increasing birth weight to 39.0 cases per 1000
live births for infants weighing 1000 to 1500 g, 3.8 cases per 1000 live births
for infants weighing 1501 to 2500 g, and 0.11 cases per 1000 live births for
infants weighing more than 2500 g at birth. A sharp decrease in the attack
rate for NEC occurred at 35 to 36 weeks postconceptual age.”® These data
support the hypothesis that the risk of NEC is determined by maturity of the
gastrointestinal tract. Palmer et al®! studied 100 newborn units in the United
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Table 1. LARGE DESCRIPTIVE STUDIES OF NECROTIZING ENTEROCOLITIS FROM SINGLE INSTITUTIONS: CASE RATES, SELECTED
COMPLICATIONS, AND SURVIVAL RATES”

NICU Admissions
(%) or Number Positive Blood
Years Number of of Cases/ Preterm Culture Surgery Surgical Overall
Author Studied Cases 1000 Live Births (%) (%) (%) Survival (%) Survival (%)
Frantz?® 1970-1973 54 4.7% 91 37 70 31 35
Teasdale®® 1974-1978 62 1.2% 69 11 31 — 76
Schullinger®® 1955-1979 116 — 71 17 34 38 44
Kliegman?40 1970-1978 123 3.7% 93 35 41 54 55
Dykes?® 1972-1983 80 — — — 36 69 76
Barnard? 1976-1982 51 — — — 27 79 94
PokornyS® 1982-1983 55 3.0/1000 — — 31 65 76
Beasley® 1975-1984 202 2.3%" 66 — 36 58 67
Holzman®® 1980-1984 61 1.3% — — 36 77 69
Leong*? 1971-1985 87 1.3/1000 94 21 23 60 74
Beeby® 1984-1991 82 — 90 24 37 53 72

* Studies include 50 or more cases each.
* For years 1981 to 1983.
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Table 2. SELECTED MULTICENTER STUDIES OF NECROTIZING ENTEROCOLITIS:
INCIDENCE AND CASE-FATALITY RATE

Number Number Cases per Case-
Population of of 1000 Fatality Rate
Author Studied Births Cases Live Births (%)
All birth weights
Ryder®® 12 US hospitals 37,370 125 24 4
Wilson’s State of Georgia 161,886 148 0.9 38
Freeman?® Grampian, Scotland — 92 2.2 9
Wiswell”” All US Army hospitals 264,789 338 13 11
Palmer®! 100 NICUs in the — 204 0.3 27
United Kingdom
and Ireland
Very low birth weightt % of VLBW
Uauy®® 7 US hospitals 2681 269 10% 29
Vermont-Oxford®” 36 US and Canadian 2961 178* 6% —
hospitals

* Six percent of 2961 cases.
t Under 1500 g birth weight.

Kingdom and Ireland during a 4-year period. They reported average annual
rates of 0.3 cases per 1000 live births, ranging from 9.5 cases per 1000 live
births in infants weighing less than 1000 g to 0.2 cases per 1000 live births
for those weighing more than 2500 g at birth. Wiswell et al” studied the
records of all infants with NEC born in US Army hospitals from 1980 to
1985. During this 6-year period, NEC developed in 338 of 264,789 babies
(1.3 cases per 1000 live births). Case rates were 100 times higher in preterm
(16.9 cases per 1000 live births) than full-term infants (0.17 cases per 1000
live births).

Two multicenter networks, the National Institute of Child Health and
Human Development Neonatal Network (NICHD Neonatal Network) and
the Vermont-Oxford Trials Network studied NEC in very low birth weight
(VLBW = 501 to 1500 g) infants (Table 2). In 1991, the NICHD Neonatal

Table 3. ESTIMATES OF ANNUAL NECROTIZING ENTERCOLITIS DISEASE BURDEN IN
THE UNITED STATES

Total live births” ~4,000,000/year
Necrotizing enterocolitis cases’ 0.3 to 2.4 cases/1000 live births
1200 to 9600 cases/year
Necrotizing enterocolitis case fatality* 9% to 28%
108 to 2688 deaths/year

* National Center for Health Statistics, 1992.5°
t Based on multicenter studies.2851.58.75.77
* Based on studies published since 1990.82844
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Network reported that NEC developed in 10.1% of 2681 VLBW infants
cared for at seven university centers during an 18-month period.® Wide
center-to-center differences were found, with percentage prevalence rang-
ing from a low of 3.9% to a high of 22.4% at different institutions. A recent
update of their data revealed a minimal change in NEC rates (8% of 1804
VLBW infants) and continued wide intercenter differences (4% to 19%).3°
Rates for infants weighing 501 to 750 g (9%; range, 2% to 19%) were similar
to those of larger VLBW infants: 751 to 1000 g (9%; range, 2% to 25%) and
1001 to 1500 g (8%; range, 1% to 17%), with wide center-to-center differ-
ences in each birth weight group as well. The Vermont-Oxford Trials Net-
work reported the experiences of 36 centers (including university hospitals,
university affiliates, and unaffiliated hospitals) caring for 2961 VLBW in-
fants.®” Results were similar to those of the NICHD Neonatal Network:
NEC developed in 6% of VLBW infants (ranging from 9% of those weighing
501 to 750 g to 5% of those weighing 1251 to 1500 g at birth), again showing
variability among centers. The striking center-to-center variability in NEC
prevalence found by both networks raises intriguing questions about differ-
ences in perinatal factors, birth weight distribution, severity of underlying
illness, case identification, infectious milieu, and clinical management.

No consistent association between sex and NEC incidence has
been found. In most studies, male and female infants are equally
affected 1422847597579 This is in contrast to a reported male predominance
for both gram-negative and gram-positive neonatal sepsis and meningitis.?

Some studies have noted an increased incidence of NEC among black
infants. Mizrahi et al*” reported an increased ratio of black to white infants
(1.7:1) in 1965. Wilson et al”® reported significantly higher case rates for
black than white infants (1.6 compared with 0.5 cases per 1000 live births;
P =0.01). Uauy et al® reported a significantly higher prevalence rate for
black boys (but not girls) compared with white boys (14.4% compared with
5.8%; P < 0.0001). However, some case-control studies have not identified
an increased risk of NEC for any race.?>®% No seasonal pattern for NEC
and no association between NEC and socioeconomic status have been re-
ported consistently.

Necrotizing enterocolitis is primarily a disease of premature infants
who have survived the immediate neonatal period. The introduction of new
technology, especially artificial surfactants, has allowed smaller, more im-
mature neonates to survive—the infants at greatest risk for NEC.3” Whether
this phenomenon will increase the numbers of babies with NEC is un-
known. Population-based studies to evaluate trends in birth weight-specific
incidence of disease will be especially important as early VLBW mortality
continues to improve.

Age of Onset
The age of NEC onset is (like incidence) inversely related to birth

weight and gestational age.6214244656669.76 Go]] et al®® reported a mean age
at diagnosis of 20.2 days for infants born at 30 or fewer weeks’ gestation,
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13.8 days for those born at 31 to 33 weeks, and 5.4 days for those born at 34
or more weeks, All infants 36 weeks or more were diagnosed by age 7 days.
Similarly, Wilson et al’® reported that NEC developed after the age of 10
days in 45 of 86 (52%) infants weighing 1500 g or less at birth after 10 days
of age compared with only 4 of 62 (6%) infants weighing more than 1500 g
at birth.

Some investigators studied NEC in full-term infants and found an
earlier age of onset in these infants.»?2%877 Wiswell et al”” reported that the
median age of onset of NEC among 43 full-term infants was 2 days, with
42% presenting on the first day of life. Similarly, Andrews et al' and DeGa-
marra et al?? reported that most full-term infants were symptomatic by 7
days of age. Thilo et al®® studied 13 infants in whom NEC developed on the
first day of life and reported that they were significantly more mature than
66 babies in whom NEC developed after day 1 (mean gestational age,
37.9 £ 2 weeks compared with 32.0 & 3.5 weeks; P < 0.001).

Although NEC develops in full-term or near-term infants within the
first few days of life, immature infants continue to be at prolonged risk for
NEC. The clinician must be alert to the signs and symptoms of NEC in
growing premature babies who have survived what is often a difficult early
neonatal period and then appear to be feeding and progressing well. Strate-
gies to prevent NEC will probably target the preterm baby and focus on
issues related to gastrointestinal maturation, enteral nutrition, mucosal im-
munity, inflammatory mediators, and infectious agents.

Selected Complications and Death Secondary
to Necrotizing Enterocolitis

The early clinical presentation of NEC may be indistinguishable from
that of the sepsis syndrome. Necrotizing enterocolitis is associated with
bacteremia in 11% to 37% of patients in large series (that is, more than 50
patients each; Table 1). Whether bacteremia is primary or secondary in these
cases is unknown,

Surgery is performed in 23% to 70% of patients in selected series (Table
1). The age at time of surgery is inversely related to gestational age and birth
weight.535% In a review of 100 consecutive surgical patients at a single
university, Ricketts reported that 93% of infants weighing less than 1000 g
had surgery after 10 days of age compared with only 26% of infants weigh-
ing more than 1500 g.% Complications of surgery contribute to morbidity
and death.

Death associated with NEC results from refractory shock, disseminated
intravascular coagulation, multiple-organ failure, intestinal perforation
with sepsis, extensive bowel necrosis, and complications of the short bowel
syndrome after surgery. Birth weight and gestational age are important
determinants of risk for death from NEC. Several investigators reported
increased NEC case-fatality rates with decreasing birth weight and gesta-
tional age.19-404246,51,53,55,58,60.65.75.77 (Cage-fatality rates for infants weighing
less than 1500 g range from 10% to 44%, whereas those for infants weigh-
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ing more than 2500 g range from 0% to 20%.%4°169636%75 Death rates are
particularly high for extremely low -birth-weight infants (less than 750 g),
ranging from 40% to 100% 5537 Wiswell’” reported that 2 of 43 (4.7%)
full-term infants died compared with 35 of 295 (11.9%) preterm infants.
Whether NEC is less severe in full-term infants or if they are better able to
withstand the disease is not known.

In most case series, NEC death rates are increased in those infants who
require surgery compared with those who do not (Table 1), possibly because
surgery is required in infants who have more severe disease, are deteriorat-
ing, or both. Surgical survival rates also decrease with decreasing birth
weight.%

Epidemiologic evidence shows that death rates from NEC have de-
creased over time 521.283540.6070 Although large series from the 1960s and
1970s reported mortality rates of 24% to 65%,%5%¢ case series published
since 1990 report mortality rates ranging from 9% to 28%.628434% Most
series continue to report higher mortality rates for VLBW babies. The intro-
duction of standardized therapeutic protocols, including criteria for medical
management and surgical intervention, as well as a high index of suspicion
for the disease and general improvements in neonatal intensive care pre-
sumably have decreased the mortality rate.

In 1979, the International Classification of Diseases (ICD) established a
unique code for NEC that distinguished it from other gastrointestinal causes
of death. Holman et al®® used this new ICD code and analyzed data from the
National Center for Health Statistics to describe trends in deaths related to
NEC among infants in the United States. From 1979 to 1985, 3327 NEC
deaths were reported, with an average annual mortality rate of 13.1 deaths
per 100,000 live births. Annual mortality rates for NEC decreased during
the study period from 14.5 deaths per 100,000 live births in 1979 to 10.2
deaths per 100,000 live births in 1985 (30% decrease). Because ICD coding
alone was used to determine the number of NEC-related deaths, this study
probably underestimates the total number of deaths (Table 3). Nonetheless,
death rates decreased for male and female infants and for black and white
infants. Male infants were more likely to die than were female infants,
perhaps reflecting the higher birth weight-specific infant mortality rate
reported for boys overall.* Black infants were more than three times as
likely to die as were white infants. The increased mortality rate for blacks
may be due to the increased low birth weight rate among black infants.>° In
another population-based study, Wilson et al” did not find a difference in
NEC case-fatality rates between black and white infants after controlling for
birth weight.

Endemic Compared with Epidemic
Necrotizing Enterocolitis

Most large institutions have a low rate of endemic NEC—that is, spo-
radic cases that occur periodically throughout the year. In fact, most cases of
NEC occur sporadically. However, NEC also occurs in temporal and geo-
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graphic clusters or outbreaks (epidemic NEC). Superimposed on their base-
line rate, several centers have reported alternating periods of endemic and
epidemic NEC.%¢ Different etiologic factors may be involved in endemic and
epidemic NEC.

The first epidemics of NEC were reported in South Africa in 19721864
and India in 1973.1° The first outbreak in the United States was reported in
1974 and included five cases of NEC that occurred during a 3-week period
in a nursery that had only 16 other cases in the previous eight years.”? Many
outbreaks of NEC have been identified, studied, and reported since these
early epidemics. They have occurred throughout the United States and in all
seasons of the year.

During epidemics, affected infants had different characteristics than
during endemic periods. Guinan et al®® studied three epidemics from three
states. Affected infants had higher birth weights and Apgar scores, fewer
perinatal complications, and lower case-fatality rates than did those re-
ported for sporadic cases. Moomjian et al*® found similar distinguishing
features of epidemic cases.

Several observations during epidemics of NEC led to speculation about
possible transmissible etiologic agents, including aerobic and anaerobic
bacteria and viruses. Nonspecific gastrointestinal disturbances may in-
crease during outbreaks of NEC and an increased frequency of gastrointes-
tinal illness among NICU staff has been described before, during, and after
epidemic periods.1227.¢¢ Well-known temporal variations in gastrointestinal
microflora and general NICU flora may affect the rate of NEC. A wide
variety of organisms have been associated with outbreaks of NEC, includ-
ing Klebsiella pneumoniae,®® Escherichia coli,%* clostridia,'® coagulase-nega-
tive staphylococcus,*® rotavirus,” coronavirus,” and others. Organisms
have been cultured from stool, blood, and peritoneal fluid and have been
identified in tissue specimens. However, in many epidemics, no specific
pathogen has been identified.

The most compelling evidence that NEC is etiologically related to in-
fection comes from the occurrence of epidemics. Although no single agent
has been associated consistently with NEC, it may be due to an as yet
unidentified pathogen. It is more likely that a variety of organisms, their
toxic products, or both are related to NEC and are responsible for epidemic
cases. Outbreak investigations have been limited by several weaknesses.
Most notably, they have usually been retrospective studies, in part because
of a lag time in identifying the “epidemic.” They have included small
numbers of patients, often without controls, and have involved nonuniform
or inadequate specimen collection and processing. Continued and im-
proved outbreak investigations are needed in the search for pathogens of
possible etiologic importance. Such studies must be planned before the
outbreak, must be ready for implementation with the earliest cases, and
must include careful prospective collection of uniform samples from both
cases and concurrent unaffected NICU controls. Furthermore, in an era of
rapidly expanding diagnostic technology, the latest techniques to identify
both routine and unusual organisms must be applied (Table 4).

Nursery crowding increases the risk of epidemic NEC.®! This finding
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Table 4. EPIDEMIC INVESTIGATIONS

Establish work plan before outbreak.

Be ready to implement investigation with earliest cases.

Study cases and concurrent matched unaffected nursery controls.
Collect uniform samples (stool, blood) from affected infants and controls.
Use most sophisticated diagnostic technology available.

either supports the role of a transmissible agent (that is, higher attack rate
with crowding) or simply reflects an increased number of susceptible hosts
with increased nursery census (that is, increased population of premature
infants). The clinician and clinical investigator must respond to the first case
of NEC as if it were the first case of an epidemic. During periods of particu-
larly high attack rates, a nursery may need to be closed to new admissions
until the epidemic is controlled. Infection-control measures include strict
handwashing, use of gowns and gloves, cohorting and isolation of con-
firmed cases, separate care givers for confirmed cases (who do not care for
unaffected infants), and exclusion of visitors or staff with gastrointestinal
symptoms from the nursery.>® Book et al'? showed a reduction in NEC
incidence from 3.6% to 0.7% when strict infection-control measures were
introduced. However, Bell et al”® reported changing rates of NEC with time
without special isolation procedures. Given the fluctuating nature of this
disease, strict care must be used in interpreting the results of interventions
introduced to stop NEC outbreaks.

Associations and Risk Factors

Controversy surrounds the concept of “risk factors” for NEC. In 1975,
Santulli et al®® suggested that the pathogenesis of NEC involved three
factors: bowel ischemia, oral feedings (metabolic substrate), and pathogenic
organisms. A series of studies followed that linked risk factors related to this
triad to the development of NEC.

The role of bowel ischemia was supported by studies thatidentified risk
factors including low Apgar scores /birth asphyxia,'* umbilical vessel cath-
eterization,'*®! and, recently, decreased in utero umbilical artery and aortic
blood flow®!® in infants in whom NEC subsequently developed. Several
observations support a role for milk feeding in the pathogenesis of NEC.
Most NEC patients have been fed before disease onset.1?284466.74 Necrotiz-
ing entercolitis occurs less often in infants who are never fed, are fed human
breast milk, or who are placed on a cautious feeding regimen.!*4363 Evi-
dence suggesting an infectious etiology for NEC includes identification of
outbreaks of NEC, investigations of these epidemic cases, a decreased risk or
modification of disease with antibiotic therapy, and the association of par-
ticular pathogens with NEC.%12275¢ However, some carefully performed
case-control studies comparing affected infants with birth weight- and
gestational age-matched unaffected controls did not identify risk factors for
NEC independent of prematurity.?41.446578 These studies argue that pre-
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maturity (with immaturity of the gastrointestinal tract or host defense
mechanisms) is the greatest risk factor for the development of NEC.

Some investigators suggest that risk factors may vary with birth weight
and gestational age.®5%7* Necrotizing entercolitis may, in fact, be a different
disease in preterm and full-term infants. Several observations suggest that
in full-term infants, NEC may result more directly from an injury to the
gastrointestinal tract, and that gut immaturity may be less important. In
full-term infants, NEC has been associated with congenital heart disease5*
and polycythemia,!’”® conditions that may compromise gastrointestinal
oxygenation, blood flow, or both. In the largest published case-control
study of full-term infant NEC, Wiswell et al”” found a substantially higher
incidence of asphyxia, respiratory distress, intrauterine growth retardation,
and exchange transfusion in affected infants than in controls. Because NEC
usually develops in full-term infants within a few days of birth,16877 a
causal association between perinatal events and NEC is more plausible.
Based on their observations of 82 infants with NEC, Beeby and Jeffery®
proposed a model of susceptibility to NEC that depends on gestational age.
In their model, all infants born before 30 weeks’ gestation are at risk on the
basis of extreme prematurity, and NEC may be unrelated to early perinatal
events in these infants. Between 30 and 36 weeks’ gestation, infants suffer-
ing asphyxia or growth retardation are at increased risk. At term, a major
predisposing event is usually required for NEC to develop in the infant.

Although no proven unifying hypothesis for this disease exists, NEC is
probably the result of a complex interaction between mucosal injury caused
by a variety of factors (ischemic, infectious, intraluminal) and host response
to that injury (circulatory, immunologic, inflammatory). Several articles in
this volume of Clinics in Perinatology discuss issues related to the pathogen-
esis of NEC and present novel approaches to this disease.

Role of Future Randomized Trials: Prevention/Therapy

Prevention of NEC would contribute to a decrease in neonatal morbid-
ity and death. Few clinical trials have addressed the issue of prevention.?
Several potential preventive strategies have been suggested, including in-
duction of gastrointestinal maturation with antenatal or early postnatal
steroids,*?? improvement in gastrointestinal host defense with human
breast milk feeding?® or oral immunoglobulins,? change in bacterial coloni-
zation with antibiotics or novel feeding modification,® reduction of or an-
tagonism of inflammatory mediators, and alteration in enteral feeding
schedules.® In the future, strategies to prevent or modify this disease must
be studied in carefully planned prospective randomized trials. Because the
overall incidence of NEC at an individual institution is relatively low and
may be episodic, collaborative multicenter studies are needed to recruit
sufficient numbers of patients, in a timely fashion, to achieve statistically
valid results.

Because the pathogenesis of NEC is complex and probably multifac-
torial, it is unlikely that a single intervention will be found to prevent this
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disease. The most important preventive strategies will be those aimed at
preventing prematurity, the greatest risk factor for NEC.

ACKNOWLEDGMENT

The author thanks Karen Pierce for preparing this chapter.

References

10.
11,
12.
13.
14.
15.
16.
17.

18.
19.

20.
21
22.

23.

. Andrews DA, Sawin RS, Ledbetter DJ, et al: Necrotizing entercolitis in term neonates. Am ]

Surg 159:507, 1990

. Barnard JA, Cotton RB, Lutin W: Necrotizing enterocolitis: Variables associated with the

severity of disease. Am ] Dis Child 139:375, 1985

. Bauer CR: Necrotizing enterocolitis. In Sinclair JC, Bracken MB (eds): Effective Care of the

Newborn Infant. New York, Oxford University Press, 1992, p 602

. Bauer CR, Morrison JC, Poole WK, et al: A decreased incidence of necrotizing enterocolitis

after prenatal glucocorticoid therapy. Pediatrics 73:682, 1984

. Beasley SW, Auldist AW, Ramanujan TM, et al: The surgical management of neonatal

necrotizing enterocolitis, 1975-1984. Pediatr Surg Int 1:210, 1986

. Beeby PJ, Jeffery H: Risk factors for necrotising enterocolitis: The influence of gestational

age. Arch Dis Child 67:432, 1992

. Bell MJ, Feigin RD, Ternberg JL: Changes in the incidence of necrotizing enterocolitis

associated with variation of the gastrointestinal microflora in neonates. Am J Surg 138:629,
1979

. Bell MJ, Schackelford, P, Feigin RD, et al: Epidemiologic and bacteriologic evaluation of

neonatal necrotizing enterocolitis. ] Pediatr Surg 14:1, 1979

. Bell MJ, Ternberg JL, Feigin RD, et al: Neonatal necrotizing enterocolitis. Therapeutic

decision based upon clinical staging. Ann Surg 187, 1, 1978

Bhargava SK, Mittal 5K, Saxena HMK, et al: An outbreak of necrotizing enterocolitis in a
special care newborn nursery. Indian Pediatr 10:551, 1973

Black VD, Rumack CM, Lubchenco LO, et al: Gastrointestinal injury in polycythemic term
infants. Pediatrics 76:225, 1985

Book LS, Overall JC Jr, Herbst ], et al: Clustering of necrotizing enterocolitis: Interruption
by infection-control measures. N Engl ] Med 297:984, 1977

Brown EG, Sweet AY: Preventing necrotizing enterocolitis in neonates. JAMA 240:2452,
1978

Bunton GL, Durbin GM, McIntosh N, et al: Necrotizing enterocolitis: Controlled study of 3
years’ experience in a neonatal intensive care unit. Arch Dis Child 52:772, 1977
Carrion V, Egan EA: Prevention of neonatal necrotizing enterocolitis. ] Pediatr Gastroen-
terol Nutr 11:317, 1990

Cashore W], Peter G, Lauermann M, et al: Clostridia colonization and clostridial toxin in
neonatal necrotizing enterocolitis. ] Pediatr 98:308, 1981

Chany C, Moscovici O, Lebon P, et al: Association of coronavirus infection with neonatal
necrotizing enterocolitis. Pediatrics 69:209, 1982

Chappell JS, Dinner M: Neonatal necrotizing enterocolitis. So Afr J Surg 10:215, 1972
Cikrit D, Mastandrea ], West KW, et al: Necrotizing enterocolitis: Factors affecting mortal-
ity in 101 surgical cases. Surgery 96:648, 1984

Covert RF, Neu J, Elliot MJ, et al: Factors associated with age of onset of necrotizing
enterocolitis. Am J Perinatol 6:455, 1989

DeCurtis M, Paone C, Veirano G, et al: A case control study of necrotizing enterocolitis
occurring over 8 years in a neonatal intensive care unit. Eur ] Pediatr 146:398, 1987
DeGamarra E, Helardot P, Moriette G, et al: Necrotizing enterocolitis in full-term new-
borns, Biol Neonate 44:185, 1983

Dykes EH, Gilmour WH, Azmy AF: Prediction of outcome following necrotizing enteroco-
litis in a neonatal surgical unit. ] Pediatr Surg 20:3, 1985



216

24,
25.
26.
27.
28.
29.

30.

31.

32.

33.

34.
35.
36.
37.

38.

39.
40.
41.

42,

43.
44.

45.
46
47.
48.
49.

STOLL

Eibl MM, Wolf HM, Furnkranz H, et al: Prevention of necrotizing enterocolitis in low-
birth-weight infants by IgA-IgG feeding. N Engl ] Med 319:1, 1988

Frantz ID, L'Heureux P, Engel RR, et al: Necrotizing enterocolitis. ] Pediatr 86:259,
1975

Freeman RB, Lloyd DJ, Miller SS, et al: Surgical treatment of necrotizing enterocolitis: A
population-based study in the Grampian region, Scotland. ] Pediatr Surg 23:942, 1988
Gerber AR, Hopkins RS, Lauer BA, et al: Increased risk of illness among nursing staff
caring for neonates with necrotizing enterocolitis. Pediatr Infect Dis 4:246, 1985
Grosfeld JL, Cheu H, Schlatter M, et al: Changing trends in necrotizing enterocolitis:
Experience with 302 cases in two decades. Ann Surg 214:300, 1991

Guinan M, Schaberg D, Bruhn FW, et al: Epidemic occurrence of neonatal necrotizing
enterocolitis. Am J Dis Child 133:594, 1979

Hack M, Wright L, Shankaran S, et al: Very low birthweight outcomes of the NICHD
Neonatal Network. November 1989 —October 1990, Am J Ob Gyn (Submitted for publica-
tion, 1994)

Hackett GA, Campbell S, Gamsu H, et al: Doppler studies in the growth retarded fetus and
prediction of neonatal necrotizing enterocolitis, haemorrhage, and neonatal morbidity.
BM]J 294:13, 1987

Halac E, HalacJ, Bégué EF, et al: Prenatal and postnatal corticosteroid therapy to prevent
neonatal necrotizing enterocolitis: A controlled trial. ] Pediatr 117:132, 1990

Hill HR, Hunt CE, Matsen JM: Nosocomial colonization with Klebsiella, Type 26, in a
neonatal intensive care unit associated with an outbreak of sepsis, meningitis, and necro-
tizing enterocolitis. ] Pediatr 85:415, 1974

Hogue CJR, Buehler JW, Strauss LT, et al: Overview of the national infant mortality
surveillance (NIMS) project—design, methods, results. Publ Health Rep 102:182, 1987
Holman RC, Stehr-Green JK, Zelasky MT: Necrotizing enterocolitis mortality in the United
States, 1979-85. Am ] Publ Health 79:987, 1989

Holzman IR, Brown DR: Necrotizing enterocolitis: A complication of prematurity. Sem
Perinatol 10:208, 1986

Horbar JD, Wright EC, Onstad L, NICHD Neonatal Research Network: Decreasing mor-
tality associated with the introduction of surfactant therapy: An observational study of
neonates weighing 601 to 1300 grams at birth. Pediatrics 92:191, 1993

Klein JO, Marcy SM: Bacterial sepsis and meningitis. In Remington JS, Klein JO (eds):
Infectious Diseases of the Fetus and Newborn Infant. Philadelphia, WB Saunders, 1990,
p 613.

Kliegman RM, Fanaroff AA: Neonatal necrotizing enterocolitis: A nine-year experience: I.
Epidemiology and uncommon observations. Am J Dis Child 135:603, 1981

Kliegman RM, Fanaroff AA: Neonatal necrotizing enterocolitis: A nine-year experience: II.
Outcome assessment. Am ] Dis Child 135:608, 1981

Kliegman RM, Hack M, Jones P, et al: Epidemiologic study of necrotizing enterocolitis
among low-birth-weight infants: Absence of identifiable risk factors. ] Pediatr 100:440,
1982

Leong GM, Drew JH: Necrotizing enterocolitis: A 15-year experience. Aust NZ J Obstet
Gynaecol 27:40, 1987

Lucas A, Cole T}: Breast milk and neonatal necrotising enterocolitis. Lancet 336:1519, 1990
Lui K, Nair A, Giles W, et al: Necrotizing enterocolitis in a perinatal centre. ] Pediatr Child
Health 28:47, 1992

Malcolm G, Ellwood D, Devonald K, et al: Absent or reversed end diastolic flow velocity in
the umbilical artery and necrotising enterocolitis. Arch Dis Child 66:805, 1991

. Milner ME, de la Monte SM, Moore GW, et al: Risk factors for developing and dying from

necrotizing enterocolitis. J Pediatr Gastroenterol Nutr 5:359, 1986

Mizrahi A, Barlow O, Berdon W, et al: Necrotizing enterocolitis in premature infants.
J Pediatr 66:697, 1965

Mollitt DL, Tepas J], Talbert JL: The role of coagulase-negative Staphylococcus in neonatal
necrotizing enterocolitis. ] Pediatr Surg 23:60, 1988

Moomjian AS, Peckham GJ, Fox WW, et al: Necrotizing enterocolitis—endemic vs epi-
demic form. Pediatr Res 12:530, 1978



50.
51.
52.
53.
54.
55.
56.

57.

58.
59.
60.
61.

62.

63.

64.
65.
66,
67.
68.
69.

70.

71.
72.

73.

74.

75.

EPIDEMIOLOGY OF NECROTIZING ENTEROCOLITIS 217

National Center for Health Statistics. Health United States 1991 and Prevention Profile.
Hyattsville, Maryland: Public Health Service, 1992

Palmer SR, Biffin A, Gamsu HR: Outcome of neonatal necrotiszing enterocolitis: Results of
the BAPM/CDSC surveillance study, 1981-84. Arch Dis Child 64:388, 1989

Palmer SR, Thoams SJ, Cooke RW], et al: Birthweight-specific risk factors for necrotising
enterocolitis. ] Epidemiol Comm Health 41:210, 1987

Pokorny W], Garcia-Prats JA, Barry YN: Necrotizing enterocolitis: Incidence, operative
care, and outcome. ] Pediatr Surg 21:1149, 1986

Polin RA, Poliack PF, Barlow B, et al: Necrotizing enterocolitis in term infants. ] Pediatr
89:460, 1976

Ricketts RR, Jerles ML: Neonatal necrotizing enterocolitis: Experience with 100 consecu-
tive surgical patients. World | Surg 14:600, 1990

Rotbart HA, Levin MJ: How contagious is necrotizing enterocolitis? Ped Infect Dis 2:406,
1983

Rotbart HA, Nelson WL, Glode MP, et al: Neonatal rotavirus-associated necrotizing enter-
ocolitis: Case control study and prospective surveillance during an outbreak. J Pediatr
112:87, 1988

Ryder RW, Shelton JD, Guinan ME, Committee on Necrotizing Enterocolitis: Necrotizing
enterocolitis: A prospective multicenter investigation. Am J Epidemiol 112:113, 1980
Santulli TV, Schullinger JN, Heird WC, et al: Acute necrotizing enterocolitis in infancy: A
review of 64 cases. Pediatrics 55:376, 1975

Schullinger JN, Mollitt DL, Vinocur CD, et al: Neonatal necrotizing enterocolitis: Survival,
management and complications: A 25-year study. Am ] Dis Child 135:612, 1981

Smith MF, Borriello SP, Clayden G5, et al: Clinical and bacteriological findings in necrotis-
ing enterocolitis: A controlled study. ] Infect 2:23, 1980

Speer ME, Taber LH, Yow MD, et al: Fulminant neonatal sepsis and necrotizing enteroco-
litis associated with a “nonenteropathogenic” strain of Escherichia coli. | Pediatr 89:91,
1976

Spritzer R, Koolen AMP, Baerts W, et al: A prolonged decline in the incidence of necrotiz-
ing enterocolitis after the introduction of a cautious feeding regimen [short communica-
tion]. Acta Paediatr Scand 77:909, 1988

Stein H, Beck J, Solomon A, et al: Gastroenteritis with necrotizing enterocolitis in prema-
ture babies. Br Med ] 2:616, 1972

Stoll B], Kanto WP, Glass RI, et al: Epidemiology of necrotizing enterocolitis: A case control
study. | Pediatr 96:447, 1980

Teasdale F, Le Guennec J-C, Bard H, et al: Neonatal necrotizing enterocolitis: the relation
of age at the time of onset to prognosis. Can Med Assoc ] 123:387, 1980

The Investigators of the Vermont-Oxford Trials Network Database Project. The Vermont-
Oxford Trials Network: Very low birth weight outcomes for 1990. Pediatrics 91:540, 1993
Thilo EH, Lazarte RA, Hernandez JA: Necrotizing enterocolitis in the first 24 hours of life,
Pediatrics 73:476, 1984

Uauy RD, Fanaroff AA, Korones SB, et al: Necrotizing enterocolitis in very low birth
weight infants: Biodemographic and clinical correlates. ] Pediatr 119:630, 1991
Vermeylen D, De Laet MH, Pardou A, et al: Neonatal necrotizing enterocolitis: From
reduction of mortality to reduction of morbidity. Acta Anaesthesiologica Belgica 3:153,
1985

Virnig NL, Reynolds JW: Epidemiologic aspects of neonatal necrotizing enterocolitis. Am ]
Dis Child 128:186, 1974

Walsh MC, Kleigman RM: Necrotizing enterocolitis: Treatment based on staging criteria.
Pediatr Clin North Am 33:179, 1986

Wilson R, del Portillo M, Schmidt E, et al: Risk factors for necrotizing enterocolitis in
infants weighing more than 2000 grams at birth: A case-control study. Pediatrics 71:19,
1983

Wilson R, Kanto WP, McCarthy BJ, et al: Age at onset of necrotizing enterocolitis: Risk
factors in small infants. Am ] Dis Child 136:814, 1982

Wilson R, Kanto WP, McCarthy BJ, et al: Epidemiologic characteristics of necrotizing
enterocolitis: a population-based study. Am ] Epidemiol 114:880, 1981



218

76.
77.
78.
79.

STOLL

Wilson R, Kanto WP, McCarthy BJ, et al: Age at onset of necrotizing enterocolitis: An
epidemiologic analysis [short communication]. Pediatr Res 16:82, 1982

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

Yu VYH, Joseph R, Bajuk B, et al: Perinatal risk factors for necrotizing enterocolitis. Arch
Dis Child 59:430, 1984

Yu VYH, Tudehope DI: Neonatal necrotizing enterocolitis: II. Perinatal risk factors. Med ]
Aust 1:688, 1977

Address reprint requests to

Barbara J. Stoll, MD

Department of Pediatrics

Emory University School of Medicine
80 Butler Street

Atlanta, GA 30335



