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After the death of a premature infant from rotavirus-associated necrotizing
enterocolitis, we instituted prospective surveillance for this disease in our
neonatal intensive care unit. During the 4-month study period an additional six
cases of necrotizing enterocolitis and eight cases of hemorrhagic gastroenter-
itis occurred. Rotavirus infection was documented in 11 of these 15 symptomatic
infants, in comparison with only eight rotavirus infections in 147 asymptomatic
or minimally symptomatic babies (P <0.0004). Stools from 110 nursery personnel
tested during the outbreak did not contain rotavirus. However, 12 of 59 staff
members had serum IgM antibody against rotavirus, suggesting recent infec-
tion. In a case-control study we compared babies with severe gastrointestinal
iliness with a control group randomly selected from asymptomatic babies in
the nursery during the time of the outbreak. Univariate analysis found six
categorical variables and nine continuous variables that were significantly
associated with disease. Multivariate logistic regression analysis, however,
found only birth weight (P <0.0004), rotavirus infection (P <0.0001), and age at
time of first nonwater feeding (P <0.02) to be associated with gastrointestinal
iliness. This study provides further evidence for the role of infection in some
cases of neonatal necrotizing enterocolitis and hemorrhagic gastroenteritis. (J
PebiATR 1988;112:87-93)

Necrotizing enterocolitis is a severe, often fatal disease of
newborn babies, characterized by bowel ischemia, infarc-
tion, or both and the sequelae thereof.! The cause of NEC
is probably multifactorial, with both infectious and nonin-
fectious risk factors.>® Numerous specific infectious agents
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have been implicated in outbreaks, as well as in sporadic
cases of the disease.
Rotaviruses are the most common agents responsible for

NEC Necrotizing enterocolitis

Gl Gastrointestinal

NICU  Neonatal intensive care unit
HGE Hemorrhagic gastroenteritis
EIA Enzyme-linked immunoassay

gastroenteritis in older infants and children,” but their role
in causing nconatal disease is controversial. Several inves-
tigators have found a high prevalence of asymptomatic
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neonatal infection,®® whereas we and others have reported
an association between rotavirus infection and severe
neonatal gastrointestinal disease, including NEC.!*"*

In May 1983 an infant with NEC and bowel perforation
was transferred to our NICU for surgical bowel resection.
Five days later a previously asymptomatic (for GI disease)
infant developed fulminant NEC with bowel perforation
and died within 24 hours. His stool, surgically resected
intestine, and autopsy intestinal tissue all were positive for
rotavirus by multiple testing methods. Serologic studies
confirmed rotavirus infection in both infants. We immedi-
ately initiated a two-part investigation: prospective surveil-
lance for rotavirus prevalence in the NICU, and a case
control study of risk factors for severe GI disease. In this
report we describe the results of our investigation.

METHODS

Rotavirus prevalence survey. Prospective rotavirus
screening of every patient in the NICU was performed for
18 weeks. Rectal swabs were obtained from all babies at
least weekly for the first 3 months and at more frequent
intervals during peak periods of GI disease incidence.
Additional rectal swabs were collected at the onset of
symptoms from patients in whom GI disease developed on
nondesignated screening days. A total of 162 neonates
were studied with 475 rectal swab specimens. During study
weeks 2 and 3, a single rectal swab specimen was obtained
from each of 110 nursery personnel, and surface swabs
were collected from 12 environmental sites in contact with
neonates or their diapers. Throughout the study period,
sera from all infants were collected from specimens in the
chemistry laboratory that remained after ordered tests had
been completed. During study week 6, sera were also
obtained from 59 members of the nursery staff.

Case control study. A patient with NEC was defined as
an infant with GI distress (manifested by one or more of
the following: abdominal distention, tenderness, abdominal
wall discoloration, visible bowel loops, feeding intolerance,
bilious nasogastric drainage, and diarrhea); bloody stools;
and characteristic radiologic findings (one or more of the
following: pneumatosis intestinalis, biliary air, and perito-
neal air). These patients conformed to proposed staging
criteria 2 and 3.1° A baby with hemorrhagic gastroenteritis
was defined as a baby with GI distress and bloody stools
without the characteristic radiologic changes of NEC,
stage 1 disease.'” Milder GI symptoms (i.e., transient GI
distress without bloody stools or radiographic abnormali-
ties) were ubiquitous in our NICU population; for the
purposes of this study, infants with GI symptoms milder
than NEC or HGE (as well as babies with no GI
symptoms) were considered asymptomatic.

Chart review of all 15 symptomatic infants and 45
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asymptomatic babies for more than 70 continuous and
categorical variables provided the data used in the case-
control study and risk factor analysis. The variables
studied were in the broad categories of maternal-obstetric,
neonatal, and postnatal factors. The 45 asymptomatic
control infants were selected by a random number selection
table from the 147 asymptomatic study patients in the
nursery during the outbreak period.

Potential risk factors for NEC and HGE were screened
with univariate analyses of categorical and continuous
variables. Certain continuous variables were normalized
for days at risk in study patients and control infants and
expressed as a decimal fraction (number of events per
number of days at risk). Because the latest date of onset of
GI disease in a case was 30 days of hospitalization, 30 days
was chosen as the limit of total days at risk in the control
infants, and clinical histories were not reviewed for risk
factors beyond that period. Pearson correlation matrices
were calculated to investigate the extent of latent con-
founding relationships among the variables. Multivariate
logistic regression analysis was used to determine the
independent significance of certain risk factors by adjust-
ing for other variables.

Statistical analysis was performed on a VAX computer
with SPSS-X programs for the corrected chi-square,
Student t test, and Pearson correlation procedures. Logis-
tic regression was implemented by means of a FORTRAN
program, BLOGIT,'® which performs a likelihood-ratio
test. Odds-ratio plots were drawn with the aid of a
Hewlett-Packard plotter.

Laboratory evaluation. All rectal swab specimens were
tested for rotavirus with the Rotazyme assay (Abbott
Laboratories, North Chicago, IlIl.) by following the
instructions provided by the manufacturer. Positive swabs,
as well as 100 randomly chosen negative swabs, were
subjected to confirmatory testing with three additional
EIAs."” When sufficient specimen was available, electron
microscopy and tissue culture for rotavirus were performed
by previously described techniques.'®

Serologic studies for IgM and IgG antibodies to rota-
virus in patients and staff were performed by EIA as
previously described.!® A positive serologic test result was
defined as the presence of IgM to rotavirus in the absence
of detectable rheumatoid factor or a significant rise in IgG
antibody in paired sera.!

Only patients with confirmed infection were considered
to be rotavirus-positive. Patients with Rotazyme-positive
specimens that could not be confirmed by additional fecal
or serologic testing were included in the rotavirus-negative
category. As a result, seven Rotazyme-positive specimens
(one from a symptomatic infant, six asymptomatic) were
classified as rotavirus-negative.'’
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Fig. 1. Distribution of cases of NEC and HGE by study week. RV, rotavirus.

Routine bacteriologic and viral cultures were performed
on stool specimens from symptomatic infants by standard
techniques.

RESULTS

GI disease and prevalence of rotavirus. Fifteen infants in
our NICU developed NEC or HGE during the 4 months
after the arrival of a baby with severe NEC and bowel
perforation. Eleven of these affected babies became ill
within the first 4 weeks (Fig. 1). By use of a combination of
EIAs (the three EIAs were 100% concordant in their
results) and serology tests, 11 of 15 symptomatic patients
were found to be infected with rotavirus (Table I). This
incidence compared with only 8 of 147 asymptomatic
babies (P <0.0001). An adequate quantity of swab sample
to permit additional testing was available from four of the
babies with NEC and EIA positivity. Characteristic
rotavirus particles were seen by electron microscopy in
all four fecal samples, and rotavirus was successfully pas-
saged in tissue culture inoculated with feces from two of
these symptomatic infants. One infant had rotavirus in his
stool on routine screening 24 hours before the develop-
ment of NEC. Two babies intermittently shed rotavirus:
one, with NEC, for 4 weeks; the other, an asymptomatic
infant, for 1 week. Both had intervening negative
samples.

During the study period, three babies were transferred
to our NICU after the development of NEC at referring
hospitals (Fig. 1). The first of these patients arrived 5 days
before the outbreak began and is presumed to be the index
case. Although stool specimens were not available retro-
spectivély on that patient, his admission -serum contained
IgM antibody to rotavirus. The second transferred patient
with NEC arrived during week 5 of the study period. His
disease developed at a satellite community nursery that
shares numerous staff members with our NICU on a
rotating basis. Stool samples were not available from that

Table I. Rotavirus in stool of study groups

RV-positive
Patients n n %
Symptomatic 15 11 73*
NEC 7 6 86
HGE 8 5 63
Asymptomatic 147 8 5%

RV, rotavirus.
*Incidence of rotavirus in symptomatic group differs from incidence in
asymptomatic group by P <0.0001.

baby either, but he also had serum IgM antibody to RV.
Neither stool nor serum was available from the third
transferred patient. No additional cases of NEC or HGE
occurred in the NICU between week 12 and the end of the
study (week 18).

None of the 110 nursery personnel had rotavirus
detected in their stools during the point prevalence rectal
swab survey. Of 59 staff members from whom sera were
available, however, 12 (20%) were found to have IgM
antibody to rotavirus, indicating recent infection. Rotavi-
rus antigen was not found on any of the environmental
surfaces tested.

Routine bacterial and viral cultures of stool for common
enteric pathogens were negative in all patients and control
infants, and electron microscopic studies did not show any
nonrotavirus viral particles. There was no difference in the
predominant bacteriologic flora between symptomatic and
asymptomatic infants.

Case control study. Comparisons were made between the
15 cases of NEC and HGE and 45 randomly selected
control cases. Univariate analysis associated 15 separate
factors with the development of severe GI disease (P
<0.05). The strongest associations were with rotavirus
infection, the presence of a patent ductus arteriosus, birth
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Fig. 2. Relationship between odds ratio and birth weight for 60 neonates in NICU (adjusted for rotavirus status). Odds

ratio is set at 1.0 for an infant weighing 500 g.

Table Il. Multivariate logistic regression analysis*

Controlling variable

(P value)
Weight and
Test variable Weight RV infection
RV infection 0.0001
PDA 0.16 0.17
Phototherapy 0.09 0.14
Jaundice 0.17 0.21
Bronchopulmonary 0.81 0.21
dysplasia
Surgical PDA repair 0.13 0.31
Red cell transfusions (total) 0.38 0.42
Red cell transfusions (wk 1) 0.84 0.59
Phototherapy (wk 1) 1.00 0.84
Phototherapy (total) 0.48 0.47
Age at first nonwater 0.017 0.02
feeding

RV, rotavirus; PDA, patent ductus arteriosus.
*BLOGIT: see Methods section in this article.

weight, gestational age, the total number of red blood cell
transfusions during the hospitalization, and exposure to
phototherapy (each with P <0.0002). Also strongly associ-
ated were the following: jaundice, bronchopulmonary dys-

plasia, and the number of red blood cell transfusions in the
first week of life (each with P = 0.001); and surgical repair
of patent ductus arteriosus and hours of phototherapy in
the first week of life and during the total hospitalization
(each with P <0.003). Pearson correlation tables revealed
a strong relationship among several of those variables,
particularly between birth weight and many of the vari-
ables found to be most significant by univariate testing
(data available on request), prompting ws to perform
multivariate logistic regression analysis (Table II) to
determine the independence of these seemingly associated
factors. When control for birth weight is incorporated into
the analysis, only rotavirus infection (P =0.0001) and
age at first nonwater feeding (P < 0.02) are significant.
When there is control for both weight and rotavirus infec-
tion, age at first nonwater feeding remains the only ad-
ditionally significant factor. The relative risk of rotavirus
infection for the development of NEC or HGE was 38.5;
the odds ratios of birth weight and the age at first
feeding are displayed in Figs. 2 and 3. Analysis of the
number of days between the first day of feeding and the
onset of symptoms of NEC or HGE revealed no apparent
pattern.

We further analyzed the data on infants infected with
rotavirus to identify factors that distinguished infected
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Fig. 3. Relationship between odds ratio and age at first nonwater feeding for 53 neonates in NICU (adjusted for birth
weight and rotavirus status). Odds ratio is 1.0 for an infant fed on day 1.

symptomatic babies from those who were infected but
remained asymptomatic. Nineteen patients became
infected during the study period: 11 symptomatic with
NEC or HGE, eight asymptomatic. Significant differences
(P <0.05) between those populations included birth
weight, age at time of first nonwater feeding, the duration
of time spent in phototherapy, and jaundice. The numbers
of patierits in these two subgroups of rotavirus-infected
babies were too small to allow meaningful logistic regres-
sion analysis.

DISCUSSION

NEC occurs in both sporadic and epidemic forms," ¢ the
latter suggesting the possible role of infectious agents in
pathogenesis.” Other circumstantial evidence for an infec-
tious cause includes the efficacy of infection . control
techniques in halting the spread of disease within nurser-
ies?! and the increased incidence of illness among nursery
staff during outbreaks of NEC.?? Numerous investigators
have identified specific bacterial pathogens apparently
associated with individual cases or clusters of NEC.®
Recently, several outbreaks of NEC have been linked to
viral infections, particularly rotavirus'® and coronavi-
rus.”»% Both- of these organisms, however, have been

reported in the stools of asymptomatic neonates, raising
the issue of possible cofactors to explain their virulence in
babies in whom NEC or HGE develops. The occurrence of
an apparent nosocomial case of rotavirus-associated NEC
in our NICU provided the opportunity to survey prospec-
tively for this entity and search for potential cofactors.
Simple univariate analysis of maternal, fetal, and neona-
tal variables identified “risk factors™ for the development
of NEC or HGE similar to those reported by others using
similar analysis.>* However, logistic regression analysis of
these variables eliminated all but three independently
associated factors: rotavirus infection, birth weight, and
age at first feeding. The eliminated “risk factors” (e.g.,
jaundice, phototherapy, patent ductus arteriosus, broncho-
pulmonary dysplasia, transfusions) characterize the small,
sick infant susceptible.to NEC and HGE less well than
does the single category of birth weight. This finding is
consistent with the observations of others who dispute the
traditionally accepted “risk factors” for NEC.2*¥ The age
at first feeding, although not apparently associated strong-
ly with GI disease by univariate statistics (P = 0.098), does
contribute significant additional information about infants
with NEC or HGE, even when birth weight and rotavirus
infection are included and controlled for. Recently, howev-
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er, a prospective study of delayed feedings failed to show
benefit in preventing NEC.28

Rotaviruses are the most common cause of diarrheal
disease among young children, but their role in neonatal
GI disease is disputed. These agents are found in the stools
of asymptomatic infants in some nurseries.*® This report
may be the strongest evidence to date of an etiologic role
for rotavirus in NEC and HGE. Prospective sampling of
all infants during the course of an outbreak avoids many of
the pitfalls of other methods for determining cause.
Asymptomatic shedding of virus, if it occurs, should be
readily demonstrable with such a study design. We did not
observe such a pattern; rather, the presence of rotavirus
was strongly associated with severe GI symptoms. In one
instance, our progressive sampling protocol detected rota-
virus 24 hours before the onset of symptoms. In two other
babies, intermittent viral shedding, previously not well
recognized in rotavirus infection, was demonstrated with
this prospective approach.

It is possible that a second pathogen is required to
produce severe symptomatic disease. In this study, as well
as our earlier experience with rotavirus-associated NEC,!°
we found identical bacterial flora (and the absence of
traditional bacterial enteric pathogens) in the stools of
symptomatic and asymptomatic babies. Hence, we cannot
distinguish between an effect of rotavirus alone and disease
caused by rotavirus and one or more normally present
bacterial species.

The explanation for the different reported outcomes of
babies infected with rotavirus may rest with the virus itself,
with more virulent strains causing symptomatic disease.
Recombination among the rotaviruses has been docu-
mented and may be the mechanism for evolution of
virulence within a nursery setting. Additionally, recent
evidence for genetic conservation of rotavirus from asymp-
tomatic newborn infants has been reported.”? The fourth
gene from rotavirus isolated from asymptomatic neonates
appears to differ from the fourth gene of rotavirus from
older, symptomatic infants and children.® Alternatively,
host factors may distinguish which infected babies will
merely shed virus and which will develop life-threatening
'NEC. Our attempt to clarify this latter issue identified
distinguishing characteristics that separated the sick
infected babies from their infected but asymptomatic
nursery mates. An additional host factor, which may be
important, is the level of circulating maternal antibody in
the at-risk infant. Premature infants with low levels of
specific and nonspecific IgG may suffer greater conse-
quences of their infections than do older infants.

We conclude that the small infant who is fed early
appears to be at greatest risk for the development of severe
GI disease when infected with rotavirus. Infection control
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measures remain the mainstay in preventing or halting
nosocomial outbreaks of NEC.

REFERENCES

1. Kliegman RM, Fanaroff AA. Necrotizing enterocolitis. N
Engi J Med 1986;310:1093-1103.

2. Wilson R, Portillo M, Schmidt E, Feldman RA, Kanto WP.
Risk factors for necrotizing enterocolitis in infants weighing
more than 2,000 grams at birth: a case-control study. Pediat-
rics 1983;71:19-22.

3. Barnard JA, Cotton RB, Lutin W. Necrotizing enterocolitis:
variables associated with the severity of disease. Am J Dis
Child 1985;139:375-7.

4. Milner ME, de la Monte SM, Moore GW, Hutchins GM.
Risk factors for developing and dying from necrotizing
enterocolitis. J Pediatr Gastroenterol Nutr 1986;5:359-64.

5. Gaynes RP, Palmer S, Martone WJ, et al. The tole of host
factors in an outbreak of necrotizing enterocolitis. Am J Dis
Child 1984;138:1118-20.

6. Rotbart HA, Levin MJ. How contagious is necrotizing
enterocolitis? Pediatr Infect Dis 1983;2:406-13.

7. Steinhoff MC. Rotavirus: the first five years. J PEDIATR
1980;96:611-22.

8. Chrystie IL, Totterdell BM, Banatvala JE. Asymptomatic
endemic rotavirus infections in the newborn. Lancet 1978;
1:1176-8.

9. Champsaur H, questiaux E, Prevot J, et al. Rotavirus
‘carriage, asymptomatic infection and disease in the first two
years of life. I. Virus shedding. J Infect Dis 1984;149:667-
74.

10. Rotbart HA, Levin MJ, Yolken RH, Manchester DK, Jantz-
en J. An outbreak of rotavirus-associated neonatal necrotizing
enterocolitis. J PEDIATR 1983;103:454-9.

11. Harris L, Tudehope D. Necrotizing enterocolitis and human
rotavirus. Med J Aust 1983;1:104-5.

12. Mogilner BM, Bar-Yochai A, Miskin A, Shif I, Aboudi Y.
Necrotizing enterocolitis associated with rotavirus infection.
Israel J Med Sci 1983;19:894-6.

13. Dearlove J, Latham P, Dearlove B, Pearl K, Thomson A,
Lewis IG. Clinical range of neonatal rotavirus gastroenteritis.
Br Med J 1983;1:1473-5.

14. Rudd PT, Carrington D. A prospective study of chlamydial,
mycoplasmal, and viral infections in a neonatal intensive care
unit. Arch Dis Child 1984;59:120-5.

15. Bell MJ, Ternberg JL, Feigin RD, et al. Neonatal necrotizing
enterocolitis: therapeutic decisions based upon clinical stag-
ing. Ann Surg 1987;1:1-7.

16. Jones RH. Probability estimation using a multinomial logistic
function. J Stat Computer Simulation. 1975;3:315-29.

17. Rotbart HA, Yolken RH, Nelson WL, et al. Confirmatory
testing of Rotazyme results in neonates. J PEDIATR 1985;
107:289-92.

18. Yolken RH, Kapikian AZ. Rotavirus. In: Mandel GL,
Douglas RG, Bennett JE, eds. Principles and practice of
infectious disease. New York: John Wiley & Sons, 1979:
1268-81.

19. Yolken RH, Wyatt RG, Kim HW, Kapikian AZ, Chanock
RM. Immunological response to infection with human reovi-
rus-like agent: measurement of anti-human reovirus-like
agents immunoglobulin G and M levels by the method of
enzyme-linked immunosorbent assay. Infect Immun 1978;
19:540-6.



Volume 112
Number 1

20.

21.

22.

23.

24.

25.

Kosloske AM. Pathogenesis and prevention of necrotizing
enterocolitis: a hypothesis based on personal observation and
a review of the literature. Pediatrics 1984;74:1086-92.

Book LS, Overall JC Jr, Herbst JJ, et al. Clustering of
necrotizing enterocolitis: interruption by infection-control
measures. N Engl J Med 1977;297:984-6.

Gerber AR, Hopkins RS, Lauer BA, Curry-Kane G, Rotbart
HA. Increased risk of illness among nursery staff caring for
neonates with necrotizing enterocolitis. Pediatr Infect Dis
1985;4:246-9.

Resta S, Luby JP, Rosenfeld CR, Siegel JD. Isolation and
propagation of a human enteric coronavirus. Science 1985;
229:978-81.

Chany C, Moscovivi O, Lebon P, Rousset S. Association of
coronavirus infection with neonatal necrotizing enterocolitis.
Pediatrics 1982;69:209.

Kliegman RM, Jones HP, Fanaroff AA. Epidemiologic study

26.

27.

28.

29.

Rotavirus-associated NEC 93

of necrotizing enterocolitis among low-birthweight infants:
absence of identifiable risk factors. J PEDIATR 1982;100:440-
4.

Stoll BJ, Kanto WP, Glass RI, Nahmias AJ, Brann AW.
Epidemiology of necrotizing enterocolitis: a case control
study. J PEDIATR 1980;96:447-51.

Roback SA, Foker J, Frantz IF, Hunt CE, Engel RR,
Leonard AS. Necrotizing enterocolitis. Arch Surg 1974;
109:314-9.

LaGamma EF, Ostertag SG, Birenbaum H. Failure of
delayed oral feedings to prevent necrotizing enterocolitis:
results of study in very-low-birth-weight neonates. Am J Dis
Child 1985;139:385-9.

Flores J, Midthun K, Hoshino Y, et al. Conservation of the
fourth gene among rotaviruses recovered from asymptomatic
newborn infants and its possible role in attenuation. J Virol
1986;60:972-9.

FELLOWSHIPS

Available fellowships in pediatric subspecialties and those for general academic pediatric training
are listed once a year, in May, in The Journal of Pediatrics. Each October, forms for listing such
fellowships are sent to the Chairman of the Department of Pediatrics at most major hospitals in
the United States and Canada. Should you desire to list fellowships, a separate application must
be made each year for each position. All applications must be returned to The C. V. Mosby
Company by February 15 of the listing year to ensure publication. Additional forms will be
supplied on request from the Journal Editing Department, The C. V. Mosby Company, 11830
Westline Industrial Drive, St. Louis, MO 63146/314-872-8370.




