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Hospital-acquired Viral Pathogens in the
Neonatal Intensive Care Unit

Shari E. Gelber and Adam J. Ratner

Hospital-acquired infections caused by viruses are a cause of considerable morbidity and occasional
mortality in critically ill neonates. The intensive care environment allows for efficient spread of viral
pathogens, and secondary cases among both patients and healthcare workers are frequently observed.
We review the common viral causes of hospital-acquired infections in neonates, including rotavirus,
respiratory syncytial virus, and others, discuss epidemiology and clinical syndromes, and summarize
recommendations for control in outbreak situations. Chemoprophylaxis, isolation procedures, and

care of affected staff are also addressed.
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ospital-acquired infections are a major
H source of excess morbidity and mortality
in the already fragile patient population that
inhabits neonatal intensive care units (NICUs).!
Hospital-acquired pathogens add to the diffi-
culty of caring for critically ill neonates and can
prolong hospitalization, worsen patient out-
comes, increase costs, and, in the case of an
outbreak, place considerable strain on physi-
cians, nurses, infection control practitioners,
and the clinical microbiology laboratory.2 Data
from the National Nosocomial Infections Sur-
veillance System (NNIS) show that bloodstream
infections are, by far, the most common hospi-
tal-acquired infections in NICUs, followed by
pneumonias. Both of these infection sites had
pathology entirely due to bacterial or fungal
pathogens in the most recent NNIS report. Vi-
ruses were confined to causing 30% of episodes
of hospital-acquired gastrointestinal infections
and 5.1% of eye, ear, nose, and throat infec-
tions.> Congenital infections such as cytomega-
lovirus (CMV) and herpes simplex virus (HSV),
which rarely pose infection control problems,
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are the more conventional scenarios in which
viruses are discussed in neonatal units. Why,
then, include a section on hospital-acquired viral
pathogens in this volume? Viruses can cause con-
siderable pathology, often present atypically in
NICU patients, may be difficult to detect (many
require specific antibody studies or viral isola-
tion techniques, and thus need to specifically
considered to be diagnosed), and can spread
rapidly within NICUs. Control of outbreaks
caused by viral pathogens often involves pro-
longed and strict adherence to isolation precau-
tions and may not be achieved until after many
patients and/or staff are affected. Unlike some
bacterial pathogens, hospital-acquired viral in-
fections may affect immune-competent children
without traditional risk factors for hospital-ac-
quired infections (eg, indwelling catheters or
ventilators) and may be of increased relevance
in well-baby nurseries or lower-acuity NICUs as
well. An understanding of the range of viral
pathogens that may be involved in hospital-ac-
quired infections, their modes of spread, and
potential methods of control are important to
limit the scope of an outbreak.

Enteric Viruses

Most hospital-acquired viral infections in the
NICU are the result of pathogens that are spread
via the fecal-oral route. These can cause a range
of clinical sequelae, but are nearly universally
contained through the use of contact isolation.
The Centers for Disease Control & Prevention
recommendation for each of the viruses listed in
this section is to maintain contact isolation (Ta-
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ble 1) for the duration of illness. It is important
to realize that even after the resolution of symp-
toms, neonates may continue to shed many of
the viral pathogens discussed below and thus
may serve as a reservoir for further spread. Doc-
umentation of viral clearance prior to removal
of isolation precautions may be of benefit in this
population.

Rotavirus

Rotavirus (RV) was isolated in >95% of the cases
of hospital-acquired viral gastroenteritis re-
ported to NNIS.* While other viral pathogens
(eg, enteric adenoviruses, calicivirus, astrovirus)
appear to be capable of causing clusters of dis-
ease in neonates,* it is clear that the greatest

Table 1. Summary of Infection Control Data for Nosocomial Viral Pathogens in the NICU

Precautions

Common Diagnostic (standard

Viral Shedding Prophylaxis in

Virus Incubation Period Methods plus) (protracted in neonates) Outbreak Setting
Rotavirus 1-3d EIA Contact Up 10 5 d after cessation of  None
symptoms
Hepatitis A 2-6 wk Serology (total and Contact 2 wk prior to 1 wk after VIG
average 25-30 d IgM) symptoms (infants likely HAV vaccine for
asymptomatic) HCW
Enteroviruses 3-6 d Viral isolation Contact 3-4 d prior to 2 wk after None
conjunctivitis 23d  MA symptoms (respiratory
shedding < 1 wk)
RSV 28d IFA Contact 3 d prior to until cessation of Palivizumab
EIA respiratory symptoms (investigational)
Viral isolation Infants 3 d-4 wk
MA
Influenza 1-3d IFA Droplet 1 d before symptoms appear Amantadine or
EIA through duration of oseltamivir for
Viral isolation symptomatic period HCW
MA
Adenovirus  respiratory: 2-14 d IFA Contact Several weeks possible None
GI: 310 d EIA and
Viral isolation droplet
MA
Parainfluenza 2-6 d IFA Contact 3-6 d prior to onset of None
Viral isolation symptoms until 10 d after
MA resolution
Varicella 1021 d IFA Airborne 4 d before to 5 d after rash  VZIG
Prolonged up to 28  Viral isolation and appears Varicella vaccine for
d by VZIG MA contact susceptible HCW
HSV 2dto 2wk IFA Contact Skin: lesion onset until N/A
Viral isolation crusting
MA Disseminated or mucosal may
be prolonged.
CMV Unknown Serology Standard Prolonged, intermittent N/A

Antigen detection
Molecular detection

NOTE. Standard precautions: handwashing, gloves for body fluid contact, masks/face and eye shields/gowns to avoid contact
with fluids during procedures, patient care equipment disinfection. Contact precautions: Private room or cohorting of patients;
gloves, hand washing, gowns. Droplet precautions: Private room or cohorting of patients; masks. Airborne precautions: Private room
or cohorting; negative-pressure if possible; masks for susceptible personnel.

Abbreviations: RSV, respiratory syncytial virus; HSV, herpes simplex virus; CMV, cvtomegalovirus; IFA, immunofluorescent
assay; EIA, enzyme immunoassay; MA, molecular amplification (eg, polymerase chain reaction); N/A, not applicable; GI,
gastrointestinal; IVIG, intravenous immune globulin; VZIG, varicella-zoster immune globulin; HCW, health care workers.
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burden comes from this single agent. RV is a
worldwide public health threat and causes
>500,000 deaths annually.> However, symptom-
atic neonatal RV infection is relatively uncom-
mon.%7 Maternal antibodies passed transplacen-
tally are thought to afford some protection from
symptomatic infection.®® Effective protection
from passive antibody acquired via breastfeed-
ing has been less consistently shown.!%!! Infec-
tion early in life, even with only mild or no
symptoms, has been shown to be protective
against later disease,'? but neonatal RV may be
acutely associated with electrolyte disturbances
and poor weight gain. Reports of co-occurrence
of RV with either necrotizing enterocolitis!® or
apnea and bradycardial* exist in the literature,
but the significance of these associations re-
mains unknown.

The epidemiology of RV can be confusing.
Although there is a well-described seasonal vari-
ation in RV in the general population,!® rates of
disease in nurseries may not correspond to com-
munity trends.b Ill healthcare workers are often
the initial source of RV infection, but this reser-
voir is not always clearly implicated. Some have
raised the possibility that the relatively constant
temperature and humidity within the NICU
blunt these seasonal trends. Some nurseries
show fluctuating rates of RV with increases in the
colder months and fewer infants shedding the
virus in the warmer months, and other studies
show constant rates of shedding.# There may
also be variation among units in the rate of
symptomatic infections compared to asymptom-
atic carriage.*

RV may be introduced into the NICU by sev-
eral routes. Reports of high levels of viral excre-
tion during the first two days of life provide
some evidence for vertical transmission of
RV.516 Any of the wide variety of non-newborns
(physicians, nurses, hospital staff, family mem-
bers) who come in contact with infants in the
NICU may contribute to RV spread. Infant-to-
infant transfer of RV via the hands of personnel
or direct contact with people (especially ill
healthcare workers) excreting the virus are pos-
sible mechanisms.!? Although airborne infec-
tion,!8 fomites,!® and contaminated formula are
potential mechanisms of spread, there are no
reports of NICU transmission through these
means.

Once RV has been introduced to a NICU, it

may be difficult to prevent spread. Fecal excre-
tion of virus may begin prior to the onset of
clinical illness (if present). Affected infants may
excrete a large viral load with 10® to 10'! viral
particles per gram of stool. In one study of RV in
neonates, an infant with convulsions was trans-
ferred to a premature ward that had been RV
free.20-21 This child was later found to be in-
fected with RV. Subsequently, 63% of the infants
in that ward and 46% of infants in the nursery
were found to be RV positive. Some infections
occurred as early as 24 hours after the index case
was diagnosed. The average time to diagnosis
was 5 days after admission to the hospital or
detection of the index case. Of note, all cases of
RV in this outbreak were identical by molecular
typing, indicating nosocomial spread. One week
after the index case was admitted, infection con-
trol procedures were instituted. Although this
decreased the number of new cases, it took
weeks for the outbreak to subside.?!

Because asymptomatic and prolonged shed-
ding of RV is common, vigilance regarding hand
washing and standard precautions are necessary
to prevent outbreaks. These infection control
practices must be in place routinely and adhered
to continually, and not just when a case has been
identified. Regular disinfection of surfaces and
of potential fomites (eg, stethoscopes) may help
in preventing spread as RV may remain viable on
inanimate surfaces for prolonged periods.?? Al-
cohol-based disinfectants and hand cleansers are
important resources in the interruption of RV
transmission. RV should be included in the dif-
ferential diagnosis of a neonate with diarrhea
and should be tested for promptly so that con-
tact precautions, which should be instituted at
the onset of diarrhea, and further case investi-
gation can begin.

Hepatitis A

Infections with hepatitis A virus (HAV) are rare
in NICUs, and affected infants usually have sub-
clinical illness. However, the NICU appears to
provide an excellent environment for the prop-
agation of spread of HAV to other infants and
health-care workers. There are multiple reports
of HAV outbreaks in NICUs.2326 In these, the
index cases were infected through various
means including vertical transmission, blood
transfusion, and undetermined causes. Al-
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though each of these modes of transmission is
rare, the common factor in each of these out-
breaks was the rapidity of spread and the longev-
ity of HAV in a NICU environment. In each case,
HAV spread through the nursery to both infants
and caregivers, and, in some cases, transfer of
neonates to other facilities increased the extent
of the outbreak. All neonatal infections in these
descriptions were subclinical, and the outbreaks
were detected as a result of clinical symptoms in
caregivers.

Once HAV has been introduced, several as-
pects of the NICU setting appear to encourage
spread of virus: 1) The likelihood that affected
neonates may be asymptomatic; 2) Fecal-oral
spread by personnel who care for multiple pa-
tients with tasks that may include the changing
of diapers and the placement or manipulation of
enteral feeding equipment; 3) Lack of adher-
ence to hand washing and glove wearing; and 4)
Increased duration of viral shedding among in-
fants. In a study of risk factors for transmission
during an outbreak, Rosenblum et al? noted
that in addition to “nurse-sharing” between cases
and uninfected infants, breaks in infection con-
trol procedure including drinking beverages in
the NICU and not wearing gloves while manip-
ulating intravenous tubing were associated with
higher rates of spread. Outbreak control is best
attained by strict adherence to contact precau-
tions designed to prevent fecal-oral spread. Ex-
clusion of symptomatic healthcare workers from
patient care duties may be warranted.

One outbreak of HAV has been described in
which the index case was thought to have ac-
quired the infection vertically.?> Although verti-
cal transmission is rare®” and disease in infants is
usually subclinical, some experts recommend
giving a single dose of immunoglobulin to an
infant whose mother developed symptoms dur-
ing the period from 2 weeks prior to delivery
through 1 week postpartum.?® In an outbreak
setting, personnel with significant exposure
should receive immunoglobulin.?® Although
there is no published recommendation regard-
ing treatment of potentially exposed neonates
with immunoglobulin during an outbreak, this
intervention has been described by at least 1
group.?® There is no role for postexposure hep-
atitis A vaccine in children under 2 years of age,
and the vaccine has not been studied for post-
exposure prophylaxis of adults in an outbreak

setting. Since all of the described NICU out-
breaks of HAV involved healthcare workers, ed-
ucation of that population as well as occupa-
tional health providers about the importance of
screening exposed infants if a worker develops
hepatitis A disease may be helpful in the early
recognition of an outbreak. Vaccination of all
NICU workers against HAV is not routinely rec-
ommended but merits study.

Enteroviruses

Whereas hepatitis A is rare and often asymptom-
atic in infants, the nonpolio enteroviruses (in-
cluding enteroviruses, coxsackie viruses, and
echoviruses) are common and may be associated
with substantial morbidity and mortality in this
population. The most common presentation of
enteroviral infection is a nonspecific febrile ill-
ness; however, enteroviruses may be responsible
for sepsis-like syndromes, myocarditis, meningi-
tis, hepatitis or death.?® Enteroviruses may
spread via fecal-oral and respiratory routes as
well as via fomites. Introduction of enteroviruses
into a NICU frequently occurs as a result of
transmission from an infected mother (often
with a nonspecific febrile illness during the sum-
mer months) to her newborn infant.2 Neonatal
infections are relatively common® and many
outbreaks in NICUs have been described,3!-3?
some with high rates of serious disease. Viral
shedding may occur without signs of active in-
fection, and although respiratory tract shedding
generally lasts for a week or less, fecal viral shed-
ding can continue for several weeks. In temper-
ate climates, outbreaks may occur in the general
population vearly most often in the summer and
autumn.?® ICU cases may parallel community
outbreaks.?37 In healthy infants, some data sug-
gest that breast-feeding may protect against de-
veloping infection.?® However, this has not been
described in neonatal intensive care popula-
tions.

Eisenhut et al*® recently reported a fatal case
of coxsackie A9 infection caused by myocarditis
in a fullterm infant that occurred during an
outbreak.?® Infection control measures and the
use of pooled human immunoglobulin appear
to have been effective in halting spread. An out-
break of echovirus 33 (EV33) infection occurred
in a newborn unit and involved 9 patients during
an ll-day period.” Of these, 5 patients devel-
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oped meningitis, 3 developed coagulopathy, and
1 died. The level of maternal antibody to EV33
appeared to be a predictor of severity of illness.
Similar outbreaks with multiple infants develop-
ing systemic symptoms within days of the index
case have been described with other echovi-
ruses.?33* However, in other cases, the outbreak
occurred weeks after admission of the index
patient, while the patient was still excreting vi-
rus.31.:32

Although some enteroviruses can be passed
transplacentally, the more common means of
maternal-infant transmission appears to be after
birth via fecal-oral or respiratory spread. Spread
among patients likely occurs more efficiently via
the fecal-oral route than via the respiratory
route, and prolonged shedding in the stool of
patients and healthcare workers may facilitate
the continuation of an outbreak as described
above for RV.%

While there is no widely accepted treatment
for enteroviral disease, several authors have de-
scribed the use of immunoglobulin (IVIG) in
outbreak settings and in life-threatening infec-
tions. Abzug et al*® showed more rapid resolu-
tion of viremia and viruria in patients who re-
ceived IVIG with high titers of neutralizing
antibodies against the specific type of enterovi-
rus with which they were infected. Pasic et al.
described the use of prophylactic IVIG during a
NICU outbreak of echovirus.#* This decreased
the risk of symptomatic viral infection from 19%
in the untreated group to 5% in the group re-
ceiving IVIG. However, larger studies would be
required before immunoglobulin could be rou-
tinely recommended for this use. Pleconaril is
an antiviral agent with activity against enterovi-
ruses.*? While some data regarding treatment of
severe enteroviral infections in neonates are
available,*? its role in the control of in-hospital
spread of enteroviruses is unknown.

Respiratory Viruses

Respiratory viruses comprise the other major
group of hospital-acquired viral pathogens af-
fecting hospitalized infants, and while the caus-
ative agents are many of the same ones that
affect other pediatric populations,** largely dur-
ing the winter months, the clinical presentations
may be quite different. Nonspecific clinical find-
ings (eg, apnea, feeding intolerance) and a low

index of suspicion leading to failure to order
specific viral tests likely contribute to a delay in
the institution of proper isolation and to the
propagation of outbreaks. Although the target
organ of these viruses is the respiratory tract,
control of the spread of respiratory syncytial vi-
rus (RSV), the most common respiratory virus
affecting neonates, is achieved via contact isola-
tion. Some other viral respiratory pathogens
spread via droplets and require precautions to
prevent that means of spread (Table 1).

Respiratory Syncytial Virus

Although RSV was known to be an important
pediatric pathogen for several years prior,* it
was not until 1979 that Hall et al46 described the
role of RSV in neonatal intensive care units.
Neonatal RSV was found to be a protean disease,
affecting premature infants far more frequently
than had previously been appreciated, capable
of causing considerable pathology, and involv-
ing a high percentage of NICU staff.#® Since
then, numerous reports of outbreaks in NICUs
have confirmed these findings,*”5% and RSV cur-
rently represents a major infectious cause of dis-
ease among critically ill neonates. Symptomatic
RSV disease is less common in term neonates
than in preterm infants, presumably due to
transplacental acquisition of maternal antibod-
ies. Numerous NICU outbreaks have shown that
prematurity is a significant risk factor for acqui-
sition of hospital-acquired RSV infection.*6:47

There is strong evidence that compliance
with contact precautions (gowning and gloves)
prevents nosocomial spread of this virus.5!.52
However, despite increased vigilance, there con-
tinue to be hospital-acquired RSV outbreaks in
NICUs with high attack rates and considerable
morbidity. In addition, several reports exist of
concurrent outbreaks of RSV and other respira-
tory pathogens (including rhinovirus, echovirus,
and parainfluenza) in NICUs,>3%5 adding to dif-
ficulties in diagnosis, isolation, and containment
of spread.

Spread of RSV within hospitals occurs largely
on the unwashed or insufficiently washed hands
of healthcare workers.>¢ Cessation of outbreaks
by enforcement of compliance with hand hy-
giene has been described,’” and the use of
gowns and gloves may confer additional bene-
fit.3® The high rate of transmission of RSV is also
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thought to be related to its ability to survive on
inanimate surfaces for minutes to hours. Even if
hand washing takes place around the time of
patient contact, the hands of caregivers may be-
come contaminated by touching environmental
surfaces. This can lead to spread to other pa-
tients and, often, to the caregiver. Affected care-
givers are major components of many published
outbreaks and contribute to inter-patient
spread.*® The development of antigen-based
rapid diagnostic tests has contributed to the
tracking and control of outbreaks.?®

A targeted infection control program has
been shown to decrease the amount of hospital-
acquired RSV in a pediatric hospital and to be
cost effective.®® The measures undertaken in
that particular program included education of
staff, cohorting of infective patients and the
nursing staff caring for them, maintenance of a
high index of suspicion for new cases, contact
precautions, and regular surveillance. This study
included NICU patients, although the program
was used in other pediatric populations as well.
A strict infection control policy proved effective
at decreasing spread during a NICU RSV out-
break.4” In this study, cases of RSV were sepa-
rated from other infants, and a separate team of
nurses and physicians was assigned to that nurs-
ery. A policy of strict wearing of gowns, masks,
and gloves during the handling of infected in-
fants was observed. The nursery was cleaned and
fumigated. Eight cases were found prior to the
institution of these infection-control policies,
but no new cases of RSV developed once they
were in place. While these measures exceed
those generally used to combat transmission of
RSV in a NICU, they may be justified during an
outbreak.

In addition to strict infection control mea-
sures, pharmacologic means have been explored
to prevent the spread of RSV in the NICU. In-
fants meeting criteria laid out by the American
Academy of Pediatrics routinely receive palivi-
zumab to prevent severe RSV disease; however,
the data regarding prevention of nosocomial
spread of RSV by palivizumab are limited.?! Cox
et al®? recently studied the use of palivizumab to
prevent hospital-acquired RSV in infants at high
risk for RSV (defined as infants <=35 weeks
gestation or those with bronchopulmonary dys-
plasia) during an outbreak.5? Palivizumab ad-
ministration to susceptible infants correlated

with the end of an outbreak after increased in-
fection control had failed. However, it is difficult
to determine the role of palivizumab in ending
the outbreak as there were a variety of measures
in place. Controlled studies directed toward this
question are needed.

Influenza

Outbreaks of influenza in NICUs are rarely re-
ported, and cases in neonates are generally mild
in part due to the presence of maternal anti-
body.?3-%7 However, severe disease can occur,
especially in premature infants. Diagnosis is im-
portant to ensure rapid institution of appropri-
ate control measures as the short incubation
period and droplet transmission by neonates
may allow for rapid spread.5® Rapid diagnosis
may be made by direct immunofluorescence of
nasopharyngeal aspirates. The presence of influ-
enza in the general population should alert
NICU personnel to suspect influenza in their
patients.

Sagrera et al%® described 2 outbreaks of influ-
enza A over a 9-month period in 2 separate
neonatal units in Barcelona, Spain.53 In all, 30 of
95 infants in 2 NICUs were found to be infected
with influenza A, of whom 22 (73%) developed
symptoms. Risk factors for infection included
low birth weight (mean birth weight 1622 g
among cases, 2594 g among unaffected pa-
tients), low gestational age (mean gestational
age 31 weeks among cases, 36 weeks among
unaffected patients), twin pregnancy, and me-
chanical ventilation. An attack rate of 35% was
documented in a retrospective study of an out-
break in a Canadian NICU.%

While annual vaccination is recommended
for nursery personnel as well as parents/visitors
to nurseries,?® actual vaccination rates among
hospital staff are often very low. When NICU
personnel were surveyed during outbreaks, rates
ranged from 2% to 45%.5356 Amantadine pro-
phylaxis has been used for staff in outbreak set-
tings but is not approved for use in infants.6®
Neuraminidase inhibitors may hold some prom-
ise as prophylaxis or treatment during out-
breaks, but studies in NICU populations are not
available. The most effective means of outbreak
control is likely to be the routine vaccination of
healthcare workers. Vaccination of healthcare
workers, screening of asymptomatic infants,
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droplet isolation of cases, limitation of sibling
visitation during community outbreaks, and ex-
clusion of affected adults from the NICU may all
be of value in limiting the scope of outbreaks.

Adenovirus

Adenovirus infection is easily transmissible and
there have been several reported NICU out-
breaks.®%72 Neonates are thought to gain some
protection from maternally acquired antibodies;
however, when infection does occur it can dis-
seminate rapidly and is associated with a poor
outcome. Factors that play a role in transmission
include the difficulty of eliminating viral parti-
cles from environmental surfaces, long incuba-
tion period, and the ability to transmit virus
through aerosols and direct and indirect con-
tact. Infection in the neonate may have high
morbidity and be confused with bacterial sepsis.
Other manifestations can include URI symp-
toms, lower respiratory tract symptoms, conjunc-
tivitis, gastroenteritis (caused by specific sero-
types, generally 40 and 41), and fever. In
neonates, disseminated disease including pneu-
monia, meningitis, or encephalitis may also oc-
cur.? Although long incubation periods may
make outbreaks difficult to detect, early recog-
nition of adenoviral infection may allow for lim-
itation of viral spread. Coinfection of patients
with adenovirus and other viral pathogens has
contributed to delayed diagnosis (due to attribu-
tion of symptoms to another virus) with subse-
quent spread to staff members and other pa-
tients.”? Another report of adenovirus spread
within a NICU described a lower attack rate and
less disseminated disease.” Significantly, health-
care workers were affected in that outbreak as
well as in one of adenoviral conjunctivitis related
to contaminated ophthalmology equipment.®?
Control measures for adenovirus disease in-
clude contact and droplet precautions, strict en-
forcement of hand washing, proper disinfection
of ophthalmologic and other medical equip-
ment, cohorting of patients in outbreak situa-
tions, and exclusion of affected staff and parents
from the unit. Protective eyewear for healthcare
workers may be of use when caring for patients
with adenoviral conjunctivitis to provide an ad-
ditional barrier to patient-to-caregiver spread.
Severe outbreaks may result in unit closure.”®

Other Respiratory Viruses

Other respiratory viruses such as parainflu-
enza, 57375 rhinovirus,® and coronavirus’®7® may
cause clusters of cases in NICU settings. These
are generally associated with milder disease than
RSV, and control follows the general principles
outlined above.

Varicella-Zoster Virus

Neonatal varicella can occur via vertical trans-
mission or hospital-acquired infection. Trans-
mission of varicella zoster virus (VZV) occurs via
direct contact with lesions or less commonly by
aerosolized droplets. A long incubation period
(10-21 days) and a period of maximum infectiv-
ity that lasts from 1 to 2 days before until 5 days
after the onset of lesions make control of out-
breaks difficult. Fortunately, such outbreaks
seem to be rare and hospital-acquired disease is
generally mild.44

The risk of horizontal transmission in nurser-
ies is thought to be low because of physical
barriers (such as isolettes) as well as high rates of
passive immunity; only 5% to 10% of women
born in the United States are thought to be
susceptible to varicella,”® and there is good
transplacental passage of varicella antibody.
Nonetheless, there are several reports of vari-
cella outbreaks in NICUs.808! Premature infants
may be at increased risk because of decreased
levels of antibody, although antibody may still be
detectable in many of these infants.?28% The cor-
nerstone of infection control management is to
place infants who have had exposure on air-
borne isolation and provide passive immuniza-
tion to high-risk infants with varicella zoster im-
munoglobulin (VZIG). Candidates for VZIG,
according to the recommendations of the Amer-
ican Academy of Pediatrics,?® are all hospitalized
premature infants born at less than 28 weeks’
gestation or 1000 g, those 28 weeks or greater if
the mother has no reliable history or serologic
evidence of varicella immunity, and those whose
mother developed varicella between 5 days prior
to and 48 hours after delivery. However, several
reports show negative VZV antibody status
and/or cases of varicella in infants of 28 to 32
weeks’ gestation despite a positive maternal his-
tory of VZV.80.81.84 Therefore, testing or empiric
treatment in that subgroup may be justified. All
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NICU healthcare workers should be vaccinated
against varicella or show evidence of immunity.
Of note, some commercially available serologic
tests have low sensitivity and specificity for VZV
antibodies in immunized adults.85 In an out-
break setting, postexposure vaccine may be of
benefit in exposed people over 1 year of age (eg,
healthcare workers, family members) .28 With the
increasing use of varicella vaccine in the com-
munity and a demonstrated decrease in dis-
ease,®® it is likely that NICU exposures will be
even less common in the near future.

Less Common Hospital-acquired Viral
Pathogens

Herpes Simplex Virus

While HSV is a common and significant cause of
disease in the neonatal period,3? the vast major-
ity of cases are acquired at the time of birth.
Spread of HSV from caretakers with oral lesions
or herpetic whitlow has been described, but out-
breaks are rare.®889 Contact precautions and ex-
clusion of caretakers with whitlow or with large
oral lesions are generally sufficient to prevent
spread. Workers with small oral lesions may con-
tinue to work provided that the lesions are ade-
quately covered and proper infection control
procedures are followed.

Cytomegalovirus

Greater than 1% of children excrete CMV in the
neonatal period (and the number may be
greater in populations with high rates of mater-
nal immunity to CMV),* making it one of the
most common congenital infections. Shedding
in the urine or the saliva can be prolonged in
neonates, but transmission in a NICU setting is
rare. Child-to-child transmission of CMV is well
described in the daycare environment.®! How-
ever, routine hand washing seems to prevent
spread in the NICU. Hospital-associated trans-
mission has been documented by molecular
techniques,®? but a multiyear study by Adler et
al®® showed that the most common means of
hospital-acquired CMV acquisition in neonates
is via red blood cell transfusion.?? Exclusion of
pregnant caretakers from the care of CMV-ex-
creting infants is not recommended, as health-
care workers frequently care for CMV-excreting
children without an increased risk of acquiring

CMYV infection.?* Standard precautions are rec-
ommended for children known to be shedding
CMV.

Transfusion-associated Viruses (Human
Immunodeficiency Virus, Hepatitis B & C)

HIV, hepatitis B, and hepatitis C are of concern
in the postnatal period mostly because of con-
genital infection. Transmission of these and
other blood-borne pathogens is possible via
transfusion of blood products, but current
screening methods make this extremely un-
likely. Secondary spread within a NICU has not
been described, and standard precautions for
patients with HIV, hepatitis B, and hepatitis C
are indicated.

Conclusion

A wide variety of viral pathogens may be spread
within neonatal units. Reported outbreaks and
studies using video surveillance®® and DNA
markers® show an enormous capacity for spread
of infectious organisms in this environment.
Low gestational age and birth weight, incom-
plete transfer of maternal antibody, and atypical
clinical presentations put these patients at in-
creased risk of complications from viral infec-
tions. In addition, aspects of the NICU environ-
ment itself may predispose to rapid spread of
these agents among patients, with healthcare
workers as a common means of transmission.
Clinical suspicion, rapid diagnosis, and prompt
institution of proper infection control precau-
tions, including occupational health service eval-
uation and possible exclusion of affected staff
and family members from patient care areas, are
critical components of an infection control pro-
gram that can limit the impact that hospital-
acquired viral infections have on NICU popula-
tions.

Acknowledgment

The authors thank Richard Hodinka, PhD for assis-
tance with issues of viral diagnosis.

References

I. Baltimore RS: Neonatal nosocomial infections. Semin
Perinatol 22:25-32, 1998
2. Graman PS, Hall CB: Epidemiology and control of nos-



354

Gelber and Ratner

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ocomial viral infections. Infect Dis Clin North Am 3:815-
841, 1989

. Gaynes RP, Edwards JR, Jarvis WR, et al: Nosocomial

infections among neonates in high-risk nurseries in the
United States. National Nosocomial Infections Surveil-
lance System. Pediatrics 98:357-361, 1996

. Cleary TG, Guerrand RL, Pickering LK: Microorganisms

responsible for neonatal diarrhea, in Remington JS,
Klein JO (eds): Infectious diseases of the fetus and new-
born infant (ed 5). Philadelphia, PA, Saunders, 2001, pp
1249-1326

. Bern C, Martines ], de Zoysa I, et al: The magnitude of

the global problem of diarrhoeal disease: A ten-year
update. Bull World Health Organ 70:705-714, 1992

. Murphy AM, Albrey MB, Crewe EB: Rotavirus infections

of neonates. Lancet 2:1149-1150, 1977

. Chrystie IL, Totterdell BM, Banatvala JE: Asymptomatic

endemic rotavirus infections in the newborn. Lancet
1:1176-1178, 1978

. Ramachandran M, Vij A, Kumar R, et al: Lack of mater-

nal antibodies to P serotypes may predispose neonates to
infections with unusual rotavirus strains. Clin Diagn Lab
Immunol 5:527-530, 1998

. Chiba S, Yokoyama T, Nakata S, et al: Protective effect of

naturally acquired homotypic and heterotypic rotavirus
antibodies. Lancet 2:417-421, 1986

Glass R, Stoll B], Wyatt RG, et al: Observations question-
ing a protective role for breast-feeding in severe rotavi-
rus diarrhea. Acta Paediatr Scand 75:713-718, 1986
Duffy LC, Riepenhoff-Talty M, Byers TE, et al: Modula-
tion of rotavirus enteritis during breast-feeding. Impli-
cations on alterations in the intestinal bacterial flora.
Am ] Dis Child 140:1164-1168, 1986

Velazquez FR, Matson DO, Calva JJ, et al: Rotavirus
infections in infants as protection against subsequent
infections. N Engl J Med 335:1022-1028, 1996

Rotbart HA, Levin MJ, Yolken RH, et al: An outbreak of
rotavirus-associated neonatal necrotizing enterocolitis.
J Pediatr 103:454-459, 1983

Riedel F, Kroener T, Stein K, et al: Rotavirus infection
and bradycardia-apnoea-episodes in the neonate. Eur
J Pediatr 155:36-40, 1996

Hieber JP, Shelton S, Nelson JD, et al: Comparison of
human rotavirus disease in tropical and temperate set-
tings. Am ] Dis Child 132:853-858, 1978

Appleton H, Buckley M, Robertson MH, et al: A search
for faecal viruses in new-born and other infants. J Hyg
(Lond) 81:279-283, 1978

Harris JS, Goldmann DA: Infections acquired in the
nursery: epidemiology and control, in Remington JS,
Klein JO (eds): Infectious Diseases of the Fetus and
Newborn Infant (ed 5). Philadelphia, PA, Saunders,
2001, pp 1371-1418

Prince DS, Astry C, Vonderfecht S, et al: Aerosol trans-
mission of experimental rotavirus infection. Pediatr In-
fect Dis J 5:218-222, 1986

Abad FX, Pinto RM, Bosch A: Survival of enteric viruses
on environmental fomites. Appl Environ Microbiol 60:
3704-3710, 1994

Zbinden R, Kunz J, Schaad UB, et al: Incidence and
diagnosis of rotavirus infection in neonates: Results of
two studies. J Perinat Med 18:363-368, 1990

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

Grehn M, Kunz ], Sigg P, et al: Nosocomial rotavirus
infections in neonates: Means of prevention and control.
J Perinat Med 18:369-374, 1990

Sattar SA, Jacobsen H, Rahman H, et al: Interruption of
rotavirus spread through chemical disinfection. Infect
Control Hosp Epidemiol 15:751-756, 1994

Noble RC, Kane MA, Reeves SA, et al: Posttransfusion
hepatitis A in a neonatal intensive care unit. JAMA 252:
27112715, 1984

Klein BS, Michaels JA, Rytel MW, et al: Nosocomial
hepatitis A. A multinursery outbreak in Wisconsin. JAMA
252:2716-2721, 1984

Watson JC, Fleming DW, Borella AJ, et al: Vertical trans-
mission of hepatitis A resulting in an outbreak in a
neonatal intensive care unit. J Infect Dis 167:567-571,
1993

Rosenblum LS, Villarino ME, Nainan OV, et al: Hepatitis
A outbreak in a neonatal intensive care unit: Risk factors
for transmission and evidence of prolonged viral excre-
tion among preterm infants. ] Infect Dis 164:476-482,
1991

Tong M], Thursby M, Rakela ], et al: Studies on the
maternal-infant transmission of the viruses which cause
acute hepatitis. Gastroenterology 80:999-1004, 1981
American Academy of Pediatrics: 2000 Red Book: Re-
port of the Committee on Infectious Diseases (ed 25).
Elk Grove Villiage, IL, American Academy of Pediatrics,
2000

Abzug MJ, Levin M], Rotbart HA: Profile of enterovirus
disease in the first two weeks of life. Pediatr Infect Dis J
12:820-824, 1993

Jenista JA, Powell KR, Menegus MA: Epidemiology of
neonatal enterovirus infection. J Pediatr 104:685-690,
1984

McDonald LL, St. Geme JW, Jr, Arnold BH: Nosocomial
infection with ECHO virus type 31 in a neonatal inten-
sive care unit. Pediatrics 47:995-999, 1971

Chambon M, Bailly JL, Beguet A, et al: An outbreak due
to echovirus type 30 in a neonatal unit in France in 1997
usefulness of PCR diagnosis. | Hosp Infect 43:63-68,
1999

Takami T, Kawashima H, Takei Y, et al: Usefulness of
nested PCR and sequence analysis in a nosocomial out-
break of neonatal enterovirus infection. J Clin Virol
11:67-75, 1998

Jankovic B, Pasic S, Kanjuh B, et al: Severe neonatal
echovirus 17 infection during a nursery outbreak. Pedi-
atr Infect Dis ] 18:393-394, 1999

Sato K, Yamashita T, Sakae K, et al: A new-born baby
outbreak of echovirus type 33 infection. J Infect 37:123-
126, 1998

Swender PT, Shott RJ, Williams ML: A community and
intensive care nursery outbreak of coxsackievirus B5
meningitis. Am J Dis Child 127:42-45, 1974
Druyts-Voets E, Van Renterghem L, Gerniers S: Cox-
sackie B virus epidemiology and neonatal infection in
Belgium. J Infect 27:311-316, 1993

Eisenhut M, Algawi B, Wreghitt T, et al: Fatal Coxsackie
A9 virus infection during an outbreak in a neonatal unit.
J Infect 40:297-298, 2000

Modlin JF: Perinatal echovirus infection: Insights from a



Viral Pathogens in the NICU

355

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

literature review of 61 cases of serious infection and 16
outbreaks in nurseries. Rev Infect Dis 8:918-926, 1986
Abzug MJ, Keyserling HL, Lee ML, et al: Neonatal en-
terovirus infection: Virology, serology, and effects of
intravenous immune globulin. Clin Infect Dis 20:1201-
1206, 1995

Pasic S, Jankovic B, Abinun M, et al: Intravenous immu-
noglobulin prophylaxis in an echovirus 6 and echovirus
4 nursery outbreak. Pediatr Infect Dis J 16:718-720, 1997
Pevear DC, Tull TM, Seipel ME, et al: Activity of ple-
conaril against enteroviruses. Antimicrob Agents Che-
mother 43:2109-2115, 1999

Rotbart HA, Webster AD: Treatment of potentially life-
threatening enterovirus infections with pleconaril. Clin
Infect Dis 32:228-235, 2001

Goldmann DA: Prevention and management of neona-
tal infections. Infect Dis Clin North Am 3:779-813, 1989
Parrott RH, Kim HW, Brandt CD, et al: Respiratory
syncytial virus in infants and children. Prev Med 3:473-
480, 1974

Hall CB, Kopelman AE, Douglas RG, Jr, et al: Neonatal
respiratory syncytial virus infection. N Engl ] Med 300:
393-396, 1979

Kilani RA: Respiratory syncytial virus (RSV) outbreak in
the NICU: Description of eight cases. ] Trop Pediatr
48:118-122, 2002

Goldson EJ, McCarthy JT, Welling MA, et al: A respira-
tory syncytial virus outbreak in a transitional care nurs-
ery. Am ] Dis Child 133:1280-1282, 1979

White MP, Mackie PL: Respiratory syncytial virus infec-
tion in special care nursery. Lancet 335:979, 1990
Kang JO, Kim CR: Nosocomial respiratory syncytial virus
infection in a newborn nursery. J Korean Med Sci 12:
489491, 1997

Hall CB, Douglas RG, Jr: Modes of transmission of re-
spiratory syncytial virus. J Pediatr 99:100-103, 1981
Leclair [M, Freeman |, Sullivan BF, et al: Prevention of
nosocomial respiratory syncytial virus infections through
compliance with glove and gown isolation precautions.
N Engl J Med 317:329-334, 1987

Valenti WM, Clarke TA, Hall CB, et al: Concurrent
outbreaks of rhinovirus and respiratory syncytial virus in
an intensive care nursery: Epidemiology and associated
risk factors. | Pediatr 100:722-726, 1982

Meissner HC, Murray SA, Kiernan MA, et al: A simulta-
neous outhreak of respiratory syncytial virus and parain-
fluenza virus type 3 in a newborn nursery. J Pediatr
104:680-684, 1984

Wilson CW, Stevenson DK, Arvin AM: A concurrent
epidemic of respiratory syncytial virus and echovirus 7
infections in an intensive care nursery. Pediatr Infect Dis
J 8:24-29, 1989

Hall CB, Geiman JM, Douglas RG, Jr, et al: Control of
nosocomial respiratory syncytial viral infections. Pediat-
rics 62:728-732, 1978

Isaacs D, Dickson H, O’Callaghan C, et al: Handwashing
and cohorting in prevention of hospital acquired infec-
tions with respiratory syncytial virus. Arch Dis Child
66:227-231, 1991

Snydman DR, Greer C, Meissner HC, et al: Prevention of
nosocomial transmission of respiratory syncytial virus in

60.

61.

62.

63.

64.

66.

70.

72.

73.

74.

76.

a newborn nursery. Infect Control Hosp Epidemiol
9:105-108, 1988

. Mintz L, Ballard RA, Sniderman SH, et al: Nosocomial

respiratory syncytial virus infections in an intensive care
nursery: Rapid diagnosis by direct immunofluorescence.
Pediatrics 64:149-153, 1979

Macartney KK, Gorelick MH, Manning ML, et al: Noso-
comial respiratory syncvtial virus infections: The cost-
effectiveness and cost-benefit of infection control. Pedi-
atrics 106:520-526, 2060

Prevention of respiratory syncytial virus infections: Indi-
cations for the use of palivizumab and update on the use
of RSV-IGIV. American Academy of Pediatrics Commit-
tee on Infectious Diseases and Committee of Fetus and
Newborn. Pediatrics 102:1211-1216, 1998

Cox RA, Rao P, Brandon-Cox C: The use of palivizumab
monoclonal antibody to control an outbreak of respira-
tory syncytial virus infection in a special care baby unit.
J Hosp Infect 48:186-192, 2001

Sagrera X, Ginovart G, Raspall F, et al: Outbreaks of
influenza A virus infection in neonatal intensive care
units. Pediatr Infect Dis ] 21:196-200, 2002

Meibalane R, Sedmak GV, Sasidharan P, et al: OQutbreak
of influenza in a neonatal intensive care unit. | Pediatr
91:974-.976, 1977

. Cunnev R], Bialachowski A, Thornley D, et al: An out-

break of influenza A in a neonatal intensive care unit.
Infect Control Hosp Epidemiol 21:449-454, 2000
Munoz FM, Campbell JR, Atmar RL, et al: Influenza A
virus outbreak in a neonatal intensive care unit. Pediatr
Infect Dis ] 18:811-815, 1999

. Bauer CR, Elie K, Spence L, et al: Hong Kong influenza

in a neonatal unit. JAMA 223:1233-1235, 1973

. Goldmann DA: Epidemiology and prevention of pediat-

ric viral respiratory infections in health-care institutions.
Emerg Infect Dis 7:249-253, 2001

. Birenbaum E, Linder N, Varsano N, et al: Adenovirus

tvpe 8 conjunctivitis outbreak in a neonatal intensive
care unit. Arch Dis Child 68:610-611, 1993

Finn A, Anday E, Talbot GH: An epidemic of adenovirus
7a infection in a neonatal nursery: Course, morbidity,
and management. Infect Control Hosp Epidemiol 9:398-
404, 1988

. Piedra PA, Kasel JA, Norton HJ, et al: Description of an

adenovirus type 8 outbreak in hospitalized neonates
born prematurely. Pediatr Infect Dis ] 11:460-465, 1992
Abzug M], Levin MJ: Neonatal adenovirus infection:
Four patients and review of the literature. Pediatrics
87:890-896, 1991

Moisiuk SE, Robson D, Klass L, et al: OQutbreak of para-
influenza virus type 3 in an intermediate care neonatal
nursery. Pediatr Infect Dis ] 17:49-53, 1998

Singh-Naz N, Willy M, Riggs N: Outbreak of parainflu-
enza virus type 3 in a neonatal nursery. Pediatr Infect Dis
J9:31-33, 1990

. Ng W, Rajadurai VS, Pradeepkumar VK, et al: Parainflu-

enza type 3 viral outbreak in a neonatal nursery. Ann
Acad Med Singapore 28:471-475, 1999

Sizun J, Soupre D, Legrand MC, et al: Neonatal nosoco-
mial respiratory infection with coronavirus: A prospec-



356

Gelber and Ratner

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

tive study in a neonatal intensive care unit. Acta Paediatr
84:617-620, 1995

Gagneur A, Legrand MC, Picard B, et al: Nosocomial
infections due to human coronaviruses in the newborn.
Arch Pediatr 9:61-69, 2002

Gagneur A, Sizun ], Vallet S, et al: Coronavirus-related
nosocomial viral respiratory infections in a neonatal and
paediatric intensive care unit: A prospective study. J
Hosp Infect 51:59-64, 2002

Gershon AA, Raker R, Steinberg S, et al: Antibody to
Varicella-Zoster virus in parturient women and their
offspring during the first year of life. Pediatrics 58:692-
696, 1976

Friedman CA, Temple DM, Robbins KK, et al: Outbreak
and control of varicella in a neonatal intensive care unit.
Pediatr Infect Dis J 18:152-154, 1994

Gustafson TL, Shehab Z, Brunell PA: Qutbreak of vari-
cella in a newborn intensive care nursery. Am J Dis Child
188:548-550, 1984

Mendez DB, Sinclair MB, Garcia S, et al: Transplacental
inmunity to varicella-zoster virus in extremely low birth-
weight infants. Am ] Perinatol 9:236-238, 1992

Raker RK, Steinberg S, Drusin LM, et al: Antibody to
varicella zoster virus in low-birth-weight newborn infants.
J Pediatr 93:505-506, 1978

Ng PC, Lyon DJ, Wong MY, et al: Varicella exposure in a
neonatal intensive care unit: Emergency management
and control measures. ] Hosp Infect 32:229-236, 1996
Saiman L, LaRussa P, Steinberg SP, et al: Persistence of
immunity to varicella-zoster virus after vaccination of
healthcare workers. Infect Control Hosp Epidemiol 22:
279-283, 2001

Seward JF, Watson BM, Peterson CL, et al: Varicella
disease after introduction of varicella vaccine in the
United States, 1995-2000. JAMA 287:606-611, 2002
Kimberlin DW, Lin CY, Jacobs RF, et al: Natural history

88.

89.

90.

91.

92.

93.

94.

95.

96.

of neonatal herpes simplex virus infections in the acy-
clovir era. Pediatrics 108:223-229, 2001

Linnemann CC, Jr., Buchman TG, Light IJ, et al: Trans-
mission of herpessimplex virus type 1 in a nursery for
the newborn. Identification of viral isolates by D.N.A.
“fingerprinting.” Lancet 1:964-966, 1978

Hammerberg O, Watts ], Chernesky M, et al: An out-
break of herpes simplex virus type 1 in an intensive care
nursery. Pediatr Infect Dis 2:290-294, 1983

Yamamoto AY, Mussi-Pinhata MM, Cristina P, et al: Con-
genital cytomegalovirus infection in preterm and full-
term newborn infants from a population with a high
seroprevalence rate. Pediatr Infect Dis J 20:188-192,
2001

Adler SP: Molecular epidemiology of cytomegalovirus: A
study of factors affecting transmission among children at
three day-care centers. Pediatr Infect Dis | 10:584-590,
1991

Spector SA: Transmission of cytomegalovirus among in-
fants in hospital documented by restriction-endonucle-
ase-digestion analyses. Lancet 1:378-381, 1983

Adler SP, Baggett ], Wilson M, et al: Molecular epidemi-
ology of cytomegalovirus in a nursery: Lack of evidence
for nosocomial transmission. | Pediatr 108:117-123, 1986
Dworsky ME, Welch K, Cassady G, et al: Occupational
risk for primary cytomegalovirus infection among pedi-
atric health-care workers. N Engl J] Med 309:950-953,
1983

Brown ], Froese-Fretz A, Luckey D, et al: High rate of
hand contamination and low rate of hand washing be-
fore infant contact in a neonatal intensive care unit.
Pediatr Infect Dis ] 15:908-910, 1996

Oelberg DG, Joyner SE, Jiang X, et al: Detection of
pathogen transmission in neonatal nurseries using DNA
markers as surrogate indicators. Pediatrics 105:311-315,
2000



