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Of 187 newboms admitted to a 33-bed, level lll neonatal intensive care unit
between January 1, 1885 and June 23, 1985, 33 developed necrotizing entero-
colitis during their hospital stay. Twenty of the 33 newborns (61%) had onset of
symptoms between April 1 and June 23, suggesting clustering during this period.
A case-control study, with matching on birth weight class, approximate date of
admission to the unit and approximate duration of stay, failed to reveal any
association of the syndrome with type or timing of feeding, perinatal hypoxic
events, as determined by apgar scores and labor history, or specific microbial
organisms. By contrast, however, transfusion of packed red blood cells was
highly and significantly associated with the syndrome (odds ratio = 15.1, 95%
confidence interval = 2.598-92.51). In addition, therapy with caffelne, with theoph-
ylline, and with furosemide were moderately assoclated with the syndrome,
although not significantly so. During this outbreak period, the incidence of
necrotizing enterocolitis by birth weight was 30.6% in infants less than 1,500 gm,
10.8% in infants 1,500-2,500 gm, and 11.9% in infants 2,500 gm or more. These
findings confirm the importance of low birth weight as a risk factor for develop-
ment of the syndrome and suggest that insults to volume homeostasis, such as
transtfusion and use of diuretics, need to be considered as possible mechanisms
whereby necrotizing enterocolitis is initiated.

blood transfusion; disease outbreaks; diuretics; enterocolitis, necrotizing; in-
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Neonatal necrotizing enterocolitis is rel-
atively common among premature infants.
It has been estimated that the syndrome
occurs in 1-8 per cent of all infants admit-
ted to neonatal intensive care units, and
that the overall incidence is approximately

1 per 1,000 live births (1-3). Pathologically,
necrotizing enterocolitis is characterized by
necrosis of gastrointestinal mucosa (4),
and, clinically, by systemic and gastrointes-
tinal signs and symptoms including blood
in the stool (gross or microscopic), abdom-
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inal distention, and roentgenographic evi-
dence of either intraperitoneal air, gas in
the intestinal wall (pneumatosis intes-
tinalis), or hepatic portal gas (5, 6). The
etiology and pathogenesis of this syndrome
are not well established; however, several
hypotheses have been formulated (7-11).
The major hypotheses emphasize either 1)
the role of gastrointestinal tract ischemia
resulting from predisposing factors such as
birth asphyxia, 2) infection, or 3) immatu-
rity of gastrointestinal functioning.

A cluster of necrotizing enterocolitis
cases in a 33-bed, level III neonatal inten-
sive care unit in Oklahoma City, Oklahoma
was recognized in May 1985. From January
1 through May 30, 1985, 27 clinically sus-
pect cases of the syndrome were diagnosed;
three cases had been diagnosed over the
same period in the previous year. An epi-
demiologic investigation of this cluster of
cases was undertaken in June 1985.

MATERIALS AND METHODS
Case definition and case finding

An infant was classified as a confirmed
case of necrotizing enterocolitis if that in-
fant was admitted to the neonatal intensive
care unit between January 1, 1985 and June
23, 1985, was systemically ill, and had
roentgenographic evidence of the syndrome
(pneumatosis intestinalis, hepatic portal
gas, or free intraperitoneal air). An infant
admitted during that time period who had
gross or occult blood detected in his/her
stool (three stools on one day or one stool
on two consecutive days), who was system-
ically ill, and who had one or more of the
following signs was classified as a suspected
case: 1) abdominal tenderness, 2) abdomi-
nal distention, 3) vomiting, 4) gastric resid-
ual, 5) hypoglycemia or hyperglycemia, 6)
apnea, 7) temperature instability, and 8)
lethargy.

The daily log of admissions to the neo-
natal intensive care unit, kept by infection
control personnel, was used to identify all
possible cases that occurred within the de-
fined time period. Hospital charts of pos-
sible cases were reviewed and infants were
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classified, according to the criteria noted,
as confirmed cases, suspected cases or not
necrotizing enterocolitis.

Selection of controls

Control infants were identified from the
same neonatal intensive care unit admis-
sions log kept by infection control person-
nel. The log provided date of admission,
birth weight, and date of discharge. The
controls selected were matched to cases on
three criteria: 1) approximate birth weight
as given by birth weight class, 2) approxi-
mate duration of stay in the unit, and 3)
approximate date of admission to the unit.
The birth weight classes were: less than
1,000 gm, 1,000-1,499 gm, 1,500-1,999 gm,
2,000-2,499 gm, 2,500-2,999 gm, 3,000-
3,499 gm, and 3,500 gm or heavier.

A control was assigned as a match to a
case if the control was in the same birth
weight class as the case, if the control’s
duration of stay in the unit was at least 60
per cent as long as the time from birth to
onset of the syndrome in the case, and if
the control was admitted within 30 days of
the case’s date of admission. At least two
controls per case were sought.

Data collection

A questionnaire for demographic infor-
mation, information on exposures previ-
ously reported as risk factors for necrotiz-
ing enterocolitis, and information on other
exposures was prepared before the hospital
charts of case and control infants were
reviewed. All exposures were determined
only for the interval from birth to onset of
the syndrome in the cases, and for the same
duration of time from birth in the corre-
sponding controls.

Microbiologic methods

Cases which occurred before June were
not systematically investigated. In general,
stool cultures, blood cultures, and perito-
neal fluid cultures (in the case of intestinal
perforation followed by laparotomy) were
obtained and processed following routine
methods in the hospital laboratory. The
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cluster of cases in June was more exten-
sively investigated for potential gastroin-
testinal pathogens. Stools were obtained
from four confirmed case infants, from nine
suspected case infants, and from 17 asymp-
tomatic infants exposed to a case between
June 9 and June 15 by residence in the
same nursery (these cases had onset of
symptoms between June 6 and June 12).
These specimens were cultured aerobically
for Salmonella, Shigella, and Yersinia, for
Campylobacter (using campy blood agar),
for Clostridium difficile using cycloserine-
cefoxitin-fructose agar (CCFA), and for
Aeromonas species using blood agar con-
taining ampicillin (10 ug/ml). All stool
samples were examined for Cryptosporid-
ium by the sugar-flotation method. Speci-
mens from two confirmed case infants, five
suspected case infants, and five asympto-
matic exposed infants were examined by
electron microscopy for viruses. Viral cul-
tures of stools were not performed; several
specimens were examined for rotavirus by
immunoassay (Rotazyme®, Abbott Labo-
ratories, N. Chicago, IL), using a confir-
matory blocking step.

Analytic methods

The frequency distributions of descrip-
tive variables for cases were compared with
those for controls using the chi-square sta-
tistic. Necrotizing enterocolitis-exposure
associations in the data were initially ex-
amined by the Mantel-Haenszel method of
matched analysis with variable numbers of
controls per case (12). A stratified analysis
of the unmatched data was performed be-
fore fitting a matched logistic regression
model (13, 14). Power calculations were
performed according to Schlesselman (12)
using information from all one-to-one
matches and from other matches where all
controls were concordant with respect to
the exposure being examined.

RESULTS
Characteristics of study subjects

From January 1, 1985 through June 23,
1985, necrotizing enterocolitis was diag-
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nosed in 33 of 187 newborns admitted to
the neonatal intensive care unit. Twelve of
these 33 newborns were classified as con-
firmed cases and the remaining 21 as sus-
pected cases. Suspected cases did not differ
significantly from confirmed cases with re-
spect to birth weight, sex, or gestational
age. Median birth weights were 1,360 gm
and 1,250 gm, respectively, for confirmed
and suspected cases. The median gesta-
tional age of infants classified as confirmed
cases was 32.5 weeks (range, 2640 weeks),
and the median gestational age of infants
classified as suspected cases was 28.5 weeks
(range, 26-38 weeks). Nine of 12 infants
classified as confirmed cases and 12 of 21
infants classified as suspected cases were
male.

The frequencies of signs and symptoms
of necrotizing enterocolitis were similar in
confirmed and suspected cases (chi-square
= 8.148, df = 10, p = 0.384). Surgical man-
agement of the syndrome was necessary in
five infants classified as confirmed cases.
One death occurred in the confirmed case
group and two deaths in the suspected case
group. Because of the overall similarity of
the two groups, no further distinction will
be made between them.

Forty controls were identified. For 16
cases, only one matching control was found;
two or three controls were identified for 11
cases; no controls could be found for six of
the cases. Cases and controls were not sig-
nificantly different in regard to race, sex,
or gestational age (table 1).

Clustering and control measures

A definite cluster of cases occurred in
May and June, with a suggestion of clus-
tering in April (figure 1). During the first
five months of 1984, the incidence of nec-
rotizing enterocolitis was 0.31 cases per
1,000 patient-days. By contrast, during the
first five months of 1985, the incidence was
2.12 cases per 1,000 patient-days.

Considering the birth weight-specific in-
cidence for the period of January 1 to June
23 (table 2), the hypothesis that birth
weight and development of the syndrome
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TABLE 1

Characteristics of cases and controls outbreak of necrotizing enterocolitis, Oklahoma City, Oklahoma,
January—June 1985

Cases Controls
Characteristic
No (%) No (%)
Race
White 22 (66.7%) 27 (73.0%)
Black 8 (24 2%) 6 (16.2%)
Mexican 1 (3.0%) 2 (5.4%)
Indian 2 (6.1%) 2 (6.4%)
Total 33 37
x?=0.9036,df = 3
Sex
Male 21 (63.6%) 28 (70 0%)
Female 12 (36.4%) 12 (30.0%)
Total 33 40

x*=0.3318,df =1

Gestational age (weeks)

<28 6 (19.4%) 8 (20.5%)
28-32 13 (41.9%) 11 (28.2%)
33-36 5 (16 1%) 9 (23.1%)
=37 7 (22.6%) 11 (28.2%)
Total 31 39

x* =1.5906, df = 3

CASES

1723 41 2 3 4|t 23
JAN FEB MAR APR
WEEK OF ONSET

07

‘<QSR

FIGURE 1 Cases of necrotizing enterocolitis by week of onset, January—June 1985, Oklahoma City, Okla-
homa.
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TABLE 2
Buirth weight-specific incidence of necrotizing
enterocolitis, Oklahoma City, Oklahoma,
January 1, 1985-June 23, 1985*

Bl;}:e::gm No. of No. of Incidence

(gm) cases  admissions (per 100)
<1,000 4 27 14.8
1,000-1,499 15 35 42.9
1,500-1,999 3 29 10.3
2,000-2,499 4 36 111
2,500-2,999 3 22 13.6
3,000-3,499 2 20 10.0
>3,499 2 17 118

* Note: one of the 187 admissions had no recorded
birth weight.

are independent can be rejected (x* = 18.95,
df = 6, p = 0.0046). The increased risk
of the disease among infants with birth
weights of 1,000-1,499 gm is striking.

Before June, personnel who cared for
infants with necrotizing enterocolitis were
required to wear gloves and overgowns
when handling affected infants. With the
continued development of new cases, these
“enteric precautions” were continued, and
on June 9, 1985 a cohort system was initi-
ated in the unit. Separate cohorts of 1)
symptomatic infants, 2) infants exposed to
symptomatic infants, and 3) nonexposed
infants were established in separate rooms
in the unit. In addition, no admissions to
the unit were allowed until June 26. At that
time, a room for newly admitted infants
was established and the isolation of ex-
posed, asymptomatic infants from non-
exposed infants was discontinued. An at-
tempt was made to establish a cohort of
nurses for each cohort of infants for every
shift. However, some nurses, all house staff,
and other personnel (e.g., respiratory ther-
apists and phlebotomists) had to break the
cohorting scheme.

Microbiologic results
No ill or exposed infants had Salmonella,
Shigella, Yersinia, Campylobacter, or Aero-
monas species isolated from feces. Two of
13 cases had Clostridium difficile isolated
from stools, compared with four of 17 ex-
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posed infants. Staphylococcus epidermidis
was found in the feces of 11 of 13 cases and
eight of 17 exposed infants (x* = 3.64,p =
0.059). This finding may reflect the fact
that all cases tested had received antibiotics
(ampicillin and gentamicin) for at least two
days before collection of the stool specimen.
One case and one exposed infant had co-
ronavirus-like particles detected on elec-
tron microscopy of feces; no other viral
particles were identified.

Risk factor analysis

Of the exposures examined in this inves-
tigation as possible risk factors for devel-
opment of necrotizing enterocolitis, four
were moderately or strongly associated with
the syndrome: transfusion of packed red
blood cells, and therapy with furosemide,
caffeine, or theophylline. Odds ratios for
these exposures were 15.5, 5.5, 5.7, and 4.5,
respectively (table 3). The association was
statistically significant only for transfu-
sion; however, therapy with caffeine ap-
proached significance. Of 29 cases for
whom transfusion status was determined,
24 (82.8 per cent) had one or more trans-
fusions of packed red blood cells before
onset of necrotizing enterocolitis. Six of 31
cases (19.4 per cent) were treated with caf-
feine, four of 30 (13.3 per cent) with the-
ophylline, and seven of 31 (22.6 per cent)
with furosemide.

During the outbreak period, a nearby
level II nursery, serving a large obstetric
facility, accounted for 40 per cent of all
neonatal intensive care unit admissions.
Twenty-five of 33 case infants and 22 of 40
control infants were referred from the
nearby nursery. The variable, hospital of
birth, distinguished infants born at the
nearby nursery from those born at all other
hospitals which referred newborns to the
neonatal intensive care unit during this
time. The odds ratio for hospital of birth
was 1.90 (table 3).

The model fitted by matched logistic
regression consisted of terms for transfu-
sion, caffeine, and furosemide. The relative
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TABLE 3
Variables tested for association with necrotizing enterocolitis, Oklahoma City, Oklahoma, January-June 1985

95%
Factor Odds ratso Chi-square confidence
interval
Transfusion 15.5 9.0430 2.6-92.5
Caffeine 57 3.7692 0.9-32.7
Furosemide 5.5 1.8837 0.6-62.8
Theophylline 4.5 1.4000 0.4-54.4
Indomethacin 2.7 0.4237 0.10-6.1
No stool (>3 days) 20 0.8205 0.5-8.9
Cesarean section 2.0 1.1164 0.6-7.2
Hospital of birth 1.9 1.6587 07-5.5
Gentamycin 1.7 0.4238 0.3-8.7
Early feeding (<48 hours) 1.6 0.4098 0.4-7.2
Hyperalimentation 16 0.4098 0.4-7.2
Prepartum infection 1.5 0.2462 0.3-8.4
Calcium supplement (IV) 1.5 0.3655 04-84
Hypoxic episode 1.0 0.0019 0.4-3.0
Ampicillin 1.0 0.0000
Preeclampsia 09 0.3300 0.3-33
Ventilator 0.9 0.6274 0.3-2.6
Rectal stimulation 08 0.1480 0.2-2.9
Maternal diabetes 0.6 0.2727 0.14.7
Late feeding (>7 days) 0.6 0.5294 0.1-2.6
Umbilical artery catheter 0.5 1.5477 0.2-1.5
Umbilical venous catheter 0.4 1.1951 0.1-2.2
Exchange transfusion 0.000 1.0000

risk of necrotizing enterocolitis in cases
exposed to packed red blood cells transfu-
sion compared with controls was 8.98 (35
per cent confidence interval = 1.08-74.6)
when adjusted for the effects of caffeine
and furosemide treatment.

Di1SCUSSION

The occurrence of an outbreak of necro-
tizing enterocolitis which involved a large
number of infants provided an opportunity
to examine the characteristics of this dis-
ease in its epidemic form and to search for
factors related to its occurrence. Three im-
portant observations were made.

First, the birth weight-specific incidence
of necrotizing enterocolitis in the outbreak
setting appears similar to that observed in
endemic necrotizing enterocolitis. In May
and June, when clustering of cases was
most evident, 90 per cent (18/20) of cases
had birth weights less than 2,500 gm; for
the entire outbreak period, the highest in-
cidence occurred in the birth weight classes

below 1,500 gm, with incidence rates in the
other classes being similar in magnitude to
one another. Previous studies have estab-
lished that the incidence of the syndrome
characteristically decreases as birth weight
increases (2, 3, 9, 15). In the studies cited,
birth weight-specific incidence was calcu-
lated using total live births in a given birth
weight category as denominators; birth
weight-specific incidence rates were calcu-
lated for this outbreak using the number of
neonatal intensive care unit admissions as
denominators. Thus, the approximate
equality of incidence rates in the birth
weight classes over 1,500 gm may result
from an underrepresentation of heavier
birth weight infants in admissions to the
unit compared with the population of all
liveborn infants. The predominant influ-
ence of birth weight (immaturity) in the
development of the syndrome is apparent
in the outbreak setting as well as in its
endemic form.

Second, when the effect of birth weight
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was taken into account by matching, no
association of necrotizing enterocolitis and
several exposures, previously reported as
risk factors, was found in this study. Nei-
ther early feeding, use of umbilical cathe-
ters, nor exchange transfusion was associ-
ated with the syndrome in our data. These
findings confirm results from recent studies
of the endemic disease (2, 10, 15). In addi-
tion, hypoxic episodes which occurred dur-
ing labor, at delivery, or immediately post-
partum were not associated with this out-
break. The conclusion of no association
must be considered in light of the power of
the study. Evaluation of the power of these
data to detect small, moderate, or large
relative risks (2.0, 4.0, 8.0, respectively)
revealed that for 1) use of umbilical cathe-
ters, and 2) hypoxic episodes, a risk of 8.0
or larger was reliably detectable (power =
0.722 and 0.722, respectively). However, a
risk of 8.0 or less for the exposures, early
feeding and exchange transfusion, was not
reliably detectable (power = 0.464 and 0.03,
respectively).

Third, transfusion of packed red blood
cells was strongly and significantly associ-
ated with necrotizing enterocolitis, while
use of drugs with diuretic properties was
moderately associated. There are several
possible ways in which transfusion of
packed red blood cells may promote the
development of the syndrome. The oxygen
transport characteristics of stored red cells
(16) and the presence in these cells of
phthalate esters leached from polyvinyl-
chloride plastic containers (17-19) have
been identified as qualities of transfused
cells that might promote ischemia. Poly-
cythemia and hyperviscosity without poly-
cythemia have experimentally been shown
to decrease systemic and pulmonary blood
flow (20, 21); in observational studies, pol-
ycythemia has been associated with necro-
tizing enterocolitis and gastrointestinal
symptoms (22, 23). However, polycythemia
was not characteristic of the cases studied,
and the clinical significance of the altered
oxygen transport characteristics of stored
cells is doubtful (24, 25). The finding in the

present study that diuretics and transfu-
sion are associated with necrotizing enter-
ocolitis raised the possibility that chal-
lenges to volume homeostasis, represented
by these exposures, may promote develop-
ment of the disease in the premature infant.
This possibility deserves serious consider-
ation in light of the study by Bell et al. (26,
27) showing an increased incidence of the
disease among infants on high-volume fluid
replacement therapy compared with those
on low-volume replacement (26, 27).

In summary, the results of this investi-
gation confirm the importance of birth
weight, a host factor, in the development of
necrotizing enterocolitis in the outbreak
setting and suggest that volume homeo-
static mechanisms may deserve attention
in understanding the development of the
syndrome.
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