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Health care—-associated infections in the
neonatal intensive care unit

Michael T. Brady, MD

Columbus, Ohio

Neonates represent a unique and highly vulnerable patient population. Advances in medical technology that have occurred over
the last few decades have improved the survival and quality of life for neonates, particularly those infants born with extreme
prematurity or with congenital defects. Although immunologic immaturity and altered cutaneous barriers play some role in the
vulnerability of neonates to nosocomial infections, clearly, therapeutic interventions that have proven to be lifesaving for these
fragile infants also appear to be associated with the majority of infectious complications resulting in neonatal morbidity and
mortality. Rates of infections in neonatal intensive care units (NICUs) have varied from 6% to 40% of neonatal patients, with the
highest rates in those facilities having larger proportions of very low-birth-weight infants (birthweight =1000 grams) or neonates
requiring surgery. Efforts to protect the vulnerable NICU infants include the following: (1) optimal infection control practices,
especially good hand hygiene and good nursery design; (2) prudent use of invasive interventions with particular attention to early
removal of invasive devices after they are no longer essential; and (3) judicious use of antimicrobial agents, with an emphasis on
targeted (narrow spectrum) rather than broad-spectrum antibiotics and appropriate indications (proven or suspected bacterial

infections). (Am ] Infect Control 2005;33:268-75.)

As with other settings in which critically ill patients
receive care, infants hospitalized in neonatal intensive
care units (NICU) are at risk for health care-associated
infections because of their profound physiologic in-
stability and exposure to invasive devices and broad-
spectrum antibiotics.' > However, this group of infants
has some unique host risk factors that make them
particularly vulnerable for acquiring health care-
associated infections, as well as experiencing more
severe illness as a result of these infections. Whether
the infant is born prematurely or at full term, many
components of the immune system exhibit diminished
functional capacity (quantitative and qualitative) when
compared with older children and adults* (Table 1).
Most of the differences are based merely on an age-
related intrinsic immaturity, which is more profound
the earlier during gestation that the infant is born. In
addition, the protected environment of intrauterine life
prevents any significant immunologic exposure that
would be necessary to prime many valuable protective
immune responses. For these reasons, the newborn
infant depends heavily on passively acquired maternal
antibodies received from their mother by transplacen-
tal passage.” These passively acquired antibodies are
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primarily immunoglobulin G (IgG). Transmission of
the antibodies to the fetus begins approximately mid-
gestation (24-26 weeks gestation), with levels of IgG
antibodies in the fetus not reaching adult levels until
near full term. Infants born prematurely will have IgG
antibody levels that are significantly lower than older
children and adults.® These passively acquired anti-
bodies represent the mother’s prior experience and
therefore may not always provide adequate protection
against microorganisms to which the infant will be
exposed in the NICU. The sick premature infant as well
as full-term neonate may exhibit an iatrogenic hypo-
gammaglobulinemia as a result of frequent blood
drawing, which removes available maternally derived
antibodies before the infant is capable of producing
adequate antibodies for immunologic protection.

The sterile environment of the uterus results in the
delivery of an infant devoid of protective endogenous
microbial flora. Colonization of mucous membranes
and skin occurs rapidly after birth. In healthy new-
borns, the majority of microbial flora that colonizes the
mucosal surfaces and the skin is acquired from the
infants’ mother and other family members. However,
neonates hospitalized within a NICU setting are likely to
have their endogenous microbial flora result from
endemic microorganisms present in the NICU and
modified by frequent exposure to antibiotics®® and
contacts with health care workers.'” There is a higher
frequency of colonization by NICU patients with anti-
biotic-resistant bacteria (gram-negative enteric rods
and staphylococci), Enterococcus, and Candida species.

The stratum cornium of the fetus develops poorly
before 26-weeks gestation. In the significantly prema-
ture infant (24 weeks through 30 weeks), the skin is
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less thick (only a few cell layers) and poorly keratin-
ized."" Skin and mucous membranes in premature
neonates are more permeable to exogenous antigens.
The inherent immaturity of the neonate’s skin enhan-
ces susceptibility to microorganisms exposed to the
infant’s skin. This increases the risk for development of
dermatitis and cellulitis and is a portal for invasive
bacteria to enter deeper tissues or even the vascular
space. Regardless of gestational age, the skin matures,
and the stratum cornium develops to more mature
levels by 2 weeks of age."'

EPIDEMIOLOGY AND TRANSMISSION

Infants hospitalized within the NICU can be exposed
and acquire health care-associated infections from both
human and inanimate sources. A mode of nosocomial
transmission that is unique to neonates is natal or
intrapartum transmission of microorganisms from
mother to infant derived from the maternal birth canal.
Any microorganism found in the maternal birth canal
can result in infection of the newborn based on the
pathogenicity of the microorganism and the suscepti-
bility of the infant (Table 2). NICU residents can also
become infected with health care-associated infections
through horizontal transmission of microorganisms
spread by aerosol or contact (direct or indirect) trans-
mission. Despite the enhanced safety of blood products
administered in hospitals at the present time, the
frequent utilization of blood products in the stabiliza-
tion of critically ill newborns allows for the potential
transmission of bloodborne pathogens, currently iden-
tified and those yet to be identified.'* '

Administration of breast milk from either the
infant’s mother or donor-bank breast milk provides
an opportunity for the transmission of agents found in
breast milk and skin of the breast milk donor'>"'”
(Table 3). However, donor screening and pasteurization
of donor breast milk has made this product very safe
for use in even the most critically ill neonate.

The rates of health care-associated infections in the
NICU are considerably higher than what would be
noted in a normal newborn nursery. Rates have varied
from 6 to 40 per 100 admissions in the NICU,"'®*" and
this compares with a rate of approximately 0.3 to 1.7
per 100 admissions in normal newborn nursery.***
Rates of health care-associated infections in the NICU
are higher in lower birth weight infants, with the rates
being nearly 3 times higher in infants whose birth
weights are <1500 grams compared with those with a
birth weight of >1500 grams. In addition, health care-
associated infection rates are higher in units that
include neonatal surgical patients and in units that
include nosocomial viral infections®® in their surveil-
lance data. Duration of hospitalization, exposure to
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Table I. Quantitative and qualitative immune deficiencies
noted in newborn infants>”

Component of the immune

system Defect

Phagocytic cells
(PMNs and monocytes)

Decreased migration/chemotaxis

Decreased phagocytic activity
Decreased bone marrow storage
pool of PMNs
B-cells/immunoglobulins I1gM synthesis delayed until
30 weeks gestation
Dependence on maternally
derived IgG
Poor response to polysaccharide
antigens

Diminished T-cell-mediated
cytotoxicity

Diminished participation in
delayed-type hypersensitivity

Diminished potentiation of B-cell
differentiation

T lymphocytes

Decreases in both classic and
alternate pathways
Decreased fibronectin
(50% of adult levels)

Complement/opsonization

Decreased number
Decreased cytotoxicity

Natural killer cells

Reticuloendothelium Decreased antigen removal

Table 2. Common vertically/natally acquired infections

Bacteria Viruses Other

Group B Streptococcus Herpes simplex
Listeria monocytogenes Cytomegalovirus
Gram-negative enteric rods  HIV

Neisseria gonorrhoeae Hepatitis B
Staphylococcus aureus

Candida species
Chlamydia trachomatis
Ureaplasma urealyticum
Mycoplasma hominis

broad-spectrum antibiotics, and over crowding and
poor staffing ratios®*2° are risk factors that have been
associated with increased rates of health care-associ-
ated infections in the NICU. However, the best markers
for the risk of nosocomial infection are birth weight,
exposure to invasive devices, and acuity of underlying
illness. In any effort to compare infection rates in
NICUs, the data need to be stratified by birth weight,
device days, and acuity of illness.

SELECTED HEALTH CARE-ASSOCIATED
INFECTIONS IN THE NICU

Bacteremias or bloodstream infections (BSI) are the
single most important infections within the NICU
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Table 3. Microorganisms that may be transmitted
through breast milk'®'”

Microorganism contraindicated Breastfeeding

Cytomegalovirus No
Hepatitis B No*
Hepatitis C No
Human immunodeficiency virus (HIV) Yes'
Human T-lymphotrophic virus type | (HTLV-I) Yes
Human T-lymphotrophic virus type Il (HTLV-II) Yes
Herpes simplex No*
Rubella No

*Mothers who are hepatitis B surface antigen positive (newly acquired infection or
chronic carriers) may breastfeed after their infant receives hepatitis B immune
globulin (HBIG) within 12 hours of birth and initiates the hepatitis B vaccine series.
fBreastfeeding by HIV-infected mothers should be prohibited, unless a safe
alternative is not available.

*Mothers who have after herpetic lesions on their breasts should refrain from
breastfeeding until the lesion has resolved.

because of their frequency and their potential for life-
threatening consequences. Infants who develop bacte-
remia in the first few days of life (early onset sepsis)
typically acquire their organism from their mother
during the intrapartum period. The microorganisms
responsible are found in the maternal birth canal and
are transmitted to the infant either through an ascend-
ing route immediately prior to labor and delivery
(especially in the presence of ruptured amniotic
membranes) or through exposure as the infant is
delivered. The illness is characterized by a fulminant
multisystem disease, with a high mortality rate. Prema-
ture birth, low birth weight, maternal fever, premature
rupture of membranes, maternal chorioamnionitis, and
maternal colonization with group B Streptococcus are
specific risk factors for early onset bacteremia and
sepsis. Utilization of antimicrobial chemoprophylaxis
to prevent early onset group B Streptococcus sepsis has
successfully reduced the incidence of early onset group
B Streptococcus infections®® but has been associated
with an increase in early onset Escherichia coli
infections in very low-birth-weight infants.?” Late onset
bacteremia occurs after 5 to 7 days of age. This may be
due to maternally derived microorganisms that colonize
the infant in the intrapartum period or can represent
infection acquired nosocomially (horizontal transmis-
sion). Most episodes of nosocomial bacteremia in the
NICU are associated with indwelling vascular cathe-
ters.’”*® Administration of lipids, low birth weight,
respiratory tract disease on admission, catheter hub
colonization, blood sampling through the central cath-
eter, and treatment with H2 blockers also are independ-
ently associated with bloodstream infections.*”° If the
infection occurs in the first 30 days of life, micro-
organisms most commonly identified are coagulase-
negative Staphylococcus (CONS), Staphylococcus aureus,
Enterococcus, and gram-negative enteric rods. After 30
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Table 4. National Nosocomial Infection Surveillance
(NNIS) bacteremia and pneumonia rates in NICU patients
by birth weight>*?

Birth weight category 1990-1995 1995-2003
NNIS bacteremia rate*
=1000 grams 12.1 10.6
1001-1500 grams 5.7 6.4
1501-2500 grams 5.0 4.1
>2500 grams 4.1 37
NNIS pneumonia rate’
=1000 grams 34 33
1001-1500 grams 22 25
1501-2500 grams 1.9 2.1
>2500 grams 1.0 1.4

*Rates are the number of bacteremias per 1000 catheter days.
fRates are the number of pneumonias per 1000 ventilator days.

days of age, coagulase-negative Staphylococcus is still
the most common organism causing nosocomial bac-
teremia. However, fungi, particularly Candida’' species,
and Malassezia furfur become more prominent. Infants
whose birth weights are <1000 gram are at greatest
risks for nosocomial bacteremia. Despite the recogni-
tion of the importance of nosocomial bacteremia in the
NICU, the rate of bacteremia in NICU patients identified
by the National Nosocomial Infections Surveillance
(NNIS) System has not changed considerably over the
last decade®>? (Table 4).

Critically ill neonates frequently have underlying
respiratory tract conditions (hyaline membrane disease,
bronchopulmonary dysplasia, meconium aspiration
syndrome, and others). The respiratory status of the
neonate may be further compromised by the develop-
ment of pneumonia or tracheitis (Table 4). Similar to
bacteremia, respiratory tract infections can be divided
into groups by time of onset: early onset pneumonia
versus late onset pneumonialtracheitis. In the first few
days of life, neonates who develop pneumonia usually
have infections with microorganisms acquired natally.
Group B Streptococcus, Listeria monocytogenes, and
gram-negative enteric rods may result in an over-
whelming respiratory tract infection that may be
present very shortly after birth.?” Late onset pneumonia
and tracheitis are more commonly because of infection
with gram-negative enteric bacilli and Staphylococcus
aureus. Endotracheal intubation is the major risk
factor.’®>>* As with other invasive device-related infec-
tions, health care-associated pneumonia and tracheitis
can be reduced by minimizing intubation days and
proper care and maintenance of the ventilator-endo-
tracheal tube circuit. Colonization of the endotracheal
tube is virtually inevitable. Lower respiratory tract
disease is not established by the mere presence of
bacteria isolated from samples of the respiratory tract.
Rather, lower respiratory tract disease is diagnosed by
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changes in respiratory tract signs and symptoms (eg,
changes in oxygen requirements, new or changing
infiltrates on the chest x-ray, increased volume or
change in consistency of secretions suctioned from the
endotracheal tube) combined with evidence of an acute
inflammatory response, such as fever or polymorpho-
nuclear leukocytes and a predominant bacteria on gram
stain of tracheal secretions. Infants in the NICU are
particularly vulnerable to community-acquired viruses.
Respiratory syncytial virus (RSV), adenovirus, para-
influenza, and influenza can be devastating to
the critically ill neonate and may be responsible for
nursery-wide outbreaks.?>”

Immature gastrointestinal immunity, diminished
interfering normal microbial flora, higher gastric pH,
shorter gastric emptying time, increased permeability
of gastrointestinal mucosa, and use of nasogastric tubes
place the critically ill neonates at particular risk for
acquiring gastrointestinal infections while in the NICU.
Specific agents responsible for gastrointestinal disease
may vary, based on the geographic location of the
nursery, but viruses such as rotavirus,”® and enteric
adenovirus and coronavirus, as well as Escherichia coli
species and other gram-negative enteric rods are
mostcommonly implicated.””*° Clostridium difficile pres-
ents a unique problem. Asymptomatic colonization of
the neonate has been identified.*'** Neonates have
reduced receptors for the Clostridium difficile toxin and
therefore are less susceptible to development of disease
following colonization with C difficile.*> However,
although asymptomatic colonization may occut, neo-
nates can develop disease because of Clostridium
difficile. 1dentification of C difficile toxin in a sympto-
matic newborn without evidence of another pathogen,
and particularly in the presence of colitis (stools with
leukocytes and/or red blood cells), warrants therapy and
isolation for C difficile. Necrotizing enterocolitis is a
unique medical condition seen primarily in critically ill
newborns. This condition is multifactorial in origin
(immature gastrointestinal tract, ischemia; overgrowth
of bacteria). Outbreaks of necrotizing enterocolitis have
been temporally associated with nursery outbreaks
with Klebsiella, E coli, Entrobacter cloacae, Serratia,
Pseudomonas, Staphylococcus aureus, coagulase-nega-
tive Staphylococcus, rotavirus, enteric Coronavirus, and
Clostridium difficile.**>°

Superficial and deep skin and subcutaneous infec-
tions are common in newborns in the NICU. Neonates
have extremely fragile skin, which is frequently trau-
matized. Cellulitis, abscesses, and dermatitis are com-
mon and are frequently noted at sites of percutaneous
puncture (lancets, scalp electrodes, and others) and
surgical procedures or the sites of diapers or electrodes.
Omphalitis is relatively uncommon but occurs more
frequently in the preterm infant than in the term
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infant. Staphylococcus aureus is by far the most
common microorganism responsible for all skin and
subcutaneous infections in NICU patients. Recent
increases of methicillin-resistant Staphylococcus au-
reus (MRSA), both endemic health care associated and
community acquired, have made management of these
infections more complicated. Vancomycin utilization
has increased because many of the alternate antibiotics
for MRSA have little experience or are not appropriate
in neonates (eg, trimethoprim-sulfamethoxazole, line-
zolid, daptomycin). Gram-negative enteric rods and
yeasts are less commonly associated with skin and soft
tissue infections than Staphylococcus aureus. However,
these microorganisms are becoming more prevalent
and are particularly associated with surgical proce-
dures affecting the gastrointestinal tract.

INFECTION CONTROL MEASURES

Because of the potential severity associated with
health care-associated infections in the NICU in this
extremely vulnerable population, it is incumbent on
health care providers in the NICU to utilize all oppor-
tunities to provide the safest environment possible for
NICU patients. As has been established in all areas of the
hospital, hand hygiene is the single most important
infection control activity in the NICU.?">* Hand hygiene
should be sufficient to thoroughly wash and rinse the
hands. A thorough handwashing of approximately 3
minutes on entry and then at least 10 seconds between
patients is usually sufficient.”’>> Hands should be dried
with paper towels. Antimicrobial soaps or alcohol-
based waterless antiseptic agents should be utilized,
along with alcohol-based waterless products at each
patient bedside. In the very low-birth-weight infants,
gloves may complement hand hygiene for reducing
nosocomial infections within the NICU.>* Artificial nails
may harbor potential pathogens.®® Short, well-
groomed, natural nails should be required for health
care providers with direct patient contact within the
NICU.

Because many of the most serious nosocomial
infections in the NICU are acquired following the use
of invasive devices, special attention should be placed
on minimizing the use of invasive devices, as well as
proper care of the devices once they are in place.”*>®
Proper utilization and maintenance of invasive devices
can be enhanced by developing criteria for insertion
and removal, with auditing to determine compliance.
Because duration of device utilization is correlated with
the risk for nosocomial infection, specific attention
should be placed on removal of devices when they are
no longer necessary. Because small newborns have
difficult vascular access, indwelling central catheters
may be allowed to remain in place at times when
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peripheral catheters would be sufficient. The risks and
benefits of continuing the use of indwelling invasive
devices need to be determined on at least a daily basis.

Nursery design can have an impact on the risk and
rates of infections within the NICU. Unfortunately,
NICUs may be located in facilities that do not have
significant opportunities to create the optimal environ-
ment. When possible, it is optimal for the infant space to
be approximately 150 square feet.’>” Incubators or
warming beds should have spacing of 6 feet between
them.®® Sinks should be accessible, and, optimally,
there should be 1 sink for every 2 patients. Positive-
pressure ventilation that goes from the ceiling to the
floor, with 6 to 15 air exchanges per hours is optimal.>’
Filters should be at least 90% efficient.® NICUs should
have access to isolation rooms, particularly those
offering negative pressure. Special precautions are
needed to protect the infant when construction or
renovation is occurring within the NICU.

Employees within the NICU provide valuable service
to their patients, but, at times, they also represent a
vehicle for transmission of infectious agents. To protect
the health of their patients and their self, employees in
the NICU should be immune to rubella, measles, polio,
hepatitis B, and influenza.®® Vaccines are available for
those who do not have adequate immunity through
natural disease. Employees who have herpetic whitlow,
varicella, measles, and rubella should be excluded
from work in the NICU. More problematic are some of
the community-acquired infections. RSV, adenovirus,
parainfluenza, and influenza are known to cause
significant illness in the vulnerable NICU patients.
Potentially, other respiratory viruses may also cause
illness in these patients. It may be difficult to determine
the optimal management of NICU employees with
community-acquired respiratory virus infections.
Clearly, when the employee is too sick to provide
adequate care to their patients, they should not be at
work. However, in many adults, these community-
acquired respiratory virus infections result in only
minor illness. If all employees with community-ac-
quired respiratory virus illnesses were excluded from
work, this might have a significant impact on staffing
levels, which could also result in an increased risk for
nosocomial infections by the infants. Good infection
control practices, when followed strictly, should
diminish the risk of transmission from the ill health
care worker. However, the introduction of RSV, adeno-
virus, parainfluenza, or influenza into the nursery by
an ill NICU employee could result in serious infection
in an NICU patient and potentially the development of
an outbreak.

It is optimal to avoid admission of infants with
contagious diseases to the NICU. However, there may
be times when this is not always possible. Standard
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Precautions are as essential in the NICU as they are in
any other area of the hospital. In addition, CDC
Category Specific Isolation Precautions or some similar
isolation precautions may be necessary to restrict
spread of contagious diseases within the NICU. Avail-
ability and appropriate use of gloves, masks, gowns,
and goggles is required. When possible, contagious
infants should be placed in isolation rooms. However,
nurseries are frequently set up in a ward setting and
have fewer private or isolation rooms in other areas of
the hospital. If and when isolation rooms are not
available, cohorting of patients with similar contagious
diseases may be necessary. The routine use of gowns is
not indicated for staff and visitors.>’ The routine use
(not for isolation purposes) of gowns has not been
shown to reduce health care-associated infections,
increase handwashing, or decrease nursery traffic.®' ®°
However, gowns should be used if required for isola-
tion, and soiling is possible. Also, long-armed gowns
should be used for handling infants outside of the
incubator or bassinet. Caps, masks, and hair nets are
not indicated for routine use but may be required for
isolation or surgical procedures. The wearing of
employee scrubs is of no proven infection control
benefit.>’ However, this traditional practice may have
some additional benefits for the staff morale.

Visitation policies should be flexible and liberal but
safe. Parents and other immediate family members
should always be encouraged to visit as often as
possible. Allowing other visitors to see the patient
should be based on a weighing of the benefits and the
risks of these exposures. In addition, there are some
security issues that may be important. The NICU should
have policies that will identify visitors with contagious
diseases. A trained health care professional should
interview parents at a site outside of the nursery to
assess the health of parents and each sibling visitor. No
child with symptoms consistent with an acute conta-
gious illness should be allowed to visit. Fever, rhinor-
rhea, cough, diarrhea, vomiting, and dermatitis should
exclude visitors from entering the NICU. Visitors should
perform appropriate hand hygiene on entering the
NICU. Visitors should not contact patients other than the
one they are visiting. Visitors should not handle patient
care equipment. Visitor restrictions may be necessary
during community outbreaks, particularly respiratory
tract infections such as influenza or RSV.

The nursery and all of the equipment within it
should be cleaned. Iodophors chlorine and quaternary
ammonium compounds (low-level disinfectants) may
be utilized. However, phenolics should be used with
extreme caution because absorption through the skin
can cause hyperbilirubinemia.®® Linens should be
cleaned, but autoclaving is not necessary. Appropriate
high-level disinfection or sterilization of equipment
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is required for equipment that has contact with
patients.®®

Surveillance for health care-associated infections
within the NICU is an important key to maintenance of
a safe environment through quality assurance.’* Mon-
itoring of infection rates can lead to the identification
of any trends or clusters and the impact of any
interventions and allow comparison with benchmarks.
If resources are limited, it may not be possible to
monitor rates of all infections. Efforts should concen-
trate on those infections that have higher morbidity or
those that are more common within the nursery.
Surveillance needs to be done in real time so that the
information obtained can have an impact in a timely
manner. Routine surveillance cultures are generally
not recommended.®”*® However, surveillance cultures
may be valuable when trying to identify a point source
during an outbreak.

Certain antimicrobial or immune-based prophy-
laxes are available and appropriate for preventing
infections in neonates (Table 5). However, judicious use
of antibiotics may represent one of the more important
measures for reducing the impact of infections within
the NICU. Whenever possible, the narrowest spectrum
antibiotics should be used to treat an identified infec-
tion or condition. Broad-spectrum antibiotics, particu-
larly those that can impact the endogenous microbial
flora of the gastrointestinal tract or skin, have the
potential to eradicate many of the helpful bacteria
and replace them with more virulent and antibiotic-
resistant bacteria. Use of third-generation cephalospor-
ins and vancomycin should be minimized, and possibly
restricted, so that they only are prescribed for serious
or life-threatening infections for which alternate
narrower spectrum antibiotics are not adequate or
appropriate. Antibiotics should only be used to treat
proven or suspected bacterial infections. The entire
antibiotic treatment course should be completed.
However, antibiotics should be discontinued when
the infection is cured or when it is likely that the
condition is not due to a bacterial infection. H2
blockers should be avoided when possible. H2 block-
ers raise the gastric pH, which might play a role in
promoting overgrowth of pathogenic bacteria or fungi.
This increase in bacterial and fungal colonization
might play a role in increasing respiratory tract and
gastrointestinal tract infections in the ill neonate.

Advances in medical therapy of the critically ill
newborn have resulted in significant improvements in
survival and quality of life. However, some of the same
technologic advances (indwelling vascular catheters,
mechanical ventilation, broad-spectrum antibiotics,
hyperalimentation, and others) that have provided
this improvement can also place the infant at signif-
icant risk for health care-associated infections. Under-
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Table 5. Exposure prophylaxis for natally acquired
infections

Microorganism agent  Chemoprophylaxis/immunoprophylaxis

Neisseria gonorrhoeae
Group B Streptococcus
Hepatitis B

Erythromycin or silver nitrate eye drops

Intrapartum ampicillin

HBIG/hepatitis B vaccine

Hepatitis A Immune serum globulin

Varicella Zoster Varicella Zoster immunoglobulin (VZIG)

Human immunodeficiency ~ Antiretroviral therapy for the mother and
virus zidovudine and/or nevirapine for the infant

Chlamydia trachomatis Equivocal benefit for erythromycin''7°

Respiratory syncytial virus Palivizumab'?7'73

standing the risks and utilizing these technologies in
the most judicious manner can provide the safest
environment for the NICU resident.

References

I. Sohn AH, Garrett DO, Sinkowitz-Cochran RL, Grohskopf LA, Levine
GL, Stover BH, et al. Prevalence of nosocomial infections in neonatal
intensive care unit patients: results from the first national point-
prevalence survey. | Pediatr 2001;139:821-7.

2. Sinh N. Large infection problems in small patients merit renewed
emphasis on prevention. Infect Control Hosp Epidemiol 2004;25:
714-6.

3. National Nosocomial Infections Surveillance System. National Nos-
ocomial Infection Surveillance (NNIS) System Report, data summary
from January 1992 through June 2003, issued August 2003. Am ] Infect
Control 2003;31:481-98.

4. Wilson CB, Lewis DB. Basis and implications of selectively diminished
cytokine production in neonatal susceptibility to infection. Rev Infect
Dis 1990;12(Suppl 4):5410-20.

5. Lewis DB, Wilson CB. Developmental immunology and the role of
host defenses in neonatal susceptibility to infection. In: Remington S,
Klein JO, editors. Infectious diseases of the fetus and newborn infant.
Philadelphia, PA: WB Saunders; 2001. p. 25-38.

6. Bektas S, Goetz B, Speer CP. Decreased adherence, chemotaxis and
phagocytic activities of neutrophils from preterm neonates. Acta
Paediatr Scand 1990;79:1031-8.

7. Kallman J, Schollin J, Schalen C, Erlandsson A, Kihlstrom E. Impaired
phagocytosis and opsonization towards group B streptococci in
preterm neonates. Arch Dis Child Fetal Neonatal Ed 1998;78:F46-50.

8. Singh N, Patel KL, Leger M-M, et al. Risk of resistant infections with
enterobacteriaceae in hospitalized neonates. Pediatr Infect Dis ] 2002;
21:1029-33.

9. Nambiar S, Singh N. Change in epidemiology of health-care associated
infections in the neonatal intensive care unit. Pediatr Infect Dis ] 2002;
21:839-42.

10. Waters V, Larson E, Wu F, San Gabriel P, Haas J, Cimiotti }, et al.
Molecular epidemiology of gram-negative bacilli from infected neo-
nates and health care worker’s hands in neonatal intensive care units.
Clin Infect Dis 2004;38:1688-9.

I'l. Harpin VA, Rutter N. Barrier properties of the newborn infant’s skin.
) Pediatr 1993;102:419-25.

12. Yeager AS. Transfusion-acquired cytomegalovirus infection in newborn
infants. Am ] Dis Child 1974;128:478-83.

13. Azimi PH, Roberto RR, Guralnik ], Livermore T, Hoag S, Hagens S,
et al. Transfusion-acquired hepatitis A in a premature infant with
secondary nosocomial spread in an intensive care nursery. Am ] Dis
Child 1986;140:23-7.



274 Vol. 33 No. 5

=

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

King EA, Alter AA, Schwartz O, Fishman SA. Postexchange transfusion
hepatitis in the newborn infant. | Pediatr 1973;83:341-2.

Saulsbury FT, Wykoff RF, Boyle RJ. Transfusion-acquired human
immunodeficiency virus in twelve neonates: epidemiologic, clinical
and immunological features. Pediatr Infect Dis ] 1987;6:544-9.
Oxtoby MJ. Human immunodeficiency virus and other viruses
inhuman milk: placing the issues in a broader perspective. Pediatr
Infect Dis ] 1988;7:825-35.

American Academy of Pediatrics. Human milk. In: Pickering LK, editor.
2003 Red Book: report of the Committee on Infectious Diseases,
26th ed. Elk Grove Village, IL: American Academy of Pediatrics; 2003.
p. 117-23.

Goldmann DA, Durbin WA, Freeman ]. Nosocomial infections in a
neonatal intensive care unit. | Infect Dis 1981;141:149-59.

Hemming VG, Overall JC Jr, Britt MR. Nosocomial infections in a
newborn intensive care unit: results of forty-one months of surveil-
lance. N Engl ] Med 1976;294:1310-6.

Welliver RC, Mclaughlin S. Unique epidemiology of nosocomial
infection in a children’s hospital. Am ] Dis Child 1984;38:131-5.
Hoogkamp-Korstanje JA, Cats B, Senders RC, van Ertbruggen I.
Analysis of bacterial infections in a neonatal intensive care unit. | Hosp
Infect 1982;3:275-84.

Scheckler WE, Peterson PJ. Nosocomial infections in |5 rural
Wisconsin hospitals-results and conclusions from 6 months of
comprehensive surveillance. Infect Control 1986;7:397-402.

Haley RW, Bregman DA. The role of understaffing and overcrowding
in recurrent outbreaks of staphylococcal infection in a neonatal
special-care unit. | Infect Dis 1982;145:875-85.

Smith PJ, Brookfield DS, Shaw DA, Gray J. An outbreak of serratia
marcescens infections in a neonatal unit. Lancet 1984;1:151-3.

Van Ogtrop ML, van Zoeren-Grobben D, Verbakel-Salomons EM, van
Boven CP. Serratia marcescens infections in neonatal departments:
description of an outbreak and review of the literature. ] Hosp Infect
1997;36:95-103.

Schrag §J, Zell ER, Lynfield R, Roome A, Arnold KE, Craig AS, et al.
A population-based comparison of strategies to prevent early-onset
group B streptococcal disease in neonates. N Engl | Med 2002;347:
233-9.

Stoll BJ, Hansen N. Infections in VLBW infants: studies from the NICHD
Neonatal Research Network. Semin Perinatol 2003;27:293-301.
Brodie SB, Sands KE, Gray JE, Parker RA, Goldmann DA, Davis RB,
et al. Occurrence of nosocomial bloodstream infections in six
neonatal intensive care units. Pediatr Infect Dis | 2000;19:56-65.
Freeman ], Goldmann DA, Smith NE, Sidebottom DG, Epstein MF
Platt. Association of intravenous lipid emulsion and coagulase-negative
staphylococcal bacteremia in neonatal intensive care units. N Engl |
Med 1990;323:301-8.

Beck-Sague CM, Azimi P, Fonesca SN, et al. Bloodstream infections in
neonatal intensive care unit patients: results of a multicenter study.
Pediatr Infect Dis ] 1994;13:1110-6.

Benjamin DK, Garges H, Steinbach W)J]. Candida bloodstream
infection in neonates. Semin Perinatol 2003;27:375-83.

Gaynes RP, Edwards JR, Jarvis WR, Culver DH, Tolson S, Martone W]J.
Nosocomial infections among neonates in high-risk nurseries in the
United States. Pediatrics 1996;98:357-61.

Webber S, Wilkinson AR, Lindsell D, Hope PL, Dobson SRM, Isaacs D.
Neonatal pneumonia. Arch Dis Child 1990;65:207-11.

Mas-Mufoz RL, Udaeta-Mora E, Rivera-Rueda MA, Morales-Suarez M.
Infection nosocomial en recién nacidos con ventilacion mecanica.
Bol Med Hosp. Infant Mex 1992;49:839-44.

Thwaites R, Piercy J. Nosocomial respiratory syncytial virus infection
in neonatal units in the United Kingdom. Acta Paediatr Suppl 2004;93:
23-5.

Gelber SE, Ratner AJ. Hospital-acquired viral pathogens in the
neonatal intensive care unit. Semin Perinatol 2002;26:346-56.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Brady AllC

Cunney R, Bialachowski A, Thornley D, Smaill FM, Pennie RA. An
outbreak of influenza A in a neonatal intensive care unit. Infect
Control Hosp Epidemiol 2000;2 1:449-54.

Sharma R, Hudak ML, Premachandra BR, Stevens G, Monteiro CB,
Bradshaw JA, et al. Clinical manifestations of rotavirus infection in
the neonatal intensive care unit. Pediatr Infect Dis | 2002;21:
1099-105.

Pickering LK, Cleary TG, Guerrant RL. Microorganisms responsible
for neonatal diarrhea. In: Remington JS, Klein JO, editors. Infectious
diseases of the fetus and newborn infant, 5th edition Philadelphia: WB
Saunders; 2001. p. 1249-326.

Sirinavin S, Hotrakitya S, Suprasongsin C, Wannaying B, Pakeecheep S,
Vorachit M. An outbreak of Salmonella urbana infection in neonatal
nurseries. ] Hosp Infect 1999;18:231-8.

Bacon AE, Fekety R, Schaberg DR, Faix RG. Epidemiology of
Clostridium difficile colonization in newborns: results using a bacteri-
ophage and bacteriocin typing system. ] Infect Dis 1988;158:349-54.
Zedd AJ, Sell TL, Schaberg DR, Fekety FR, Cooperstock MS.
Nosocomial Clostridium difficile reservoir in a neonatal intensive
care unit. Pediatr Infect Dis | 1984;3:429-32.

Siegel JD. The newborn nursery. In: Bennett ]V, Brachman PS, editors.
Hospital infections, 4th ed. Boston: Little Brown; 1998. p. 403-20.
Kosloske AM. A unifying hypothesis for pathogenesis and prevention
of necrotizing enterococolitis. | Pediatr 1990;117:568-74.

Faix RG, Adams JT. Neonatal necrotizing enterocolitis: current
concepts and controversies. Adv pediatr Infect Dis 1994;9:1-36.
Scheifel DW. Role of bacterial toxins in neonatal necrotizing
enterocolitis. Pediatrics 1990;117:544-6.

Rotbart HA, Nelson WL, Glode MP, Triffon TC, Kogut SJ, Yolken RH,
et al. Neonatal rotavirus-associated necrotizing enterocolitis: case con-
trol study and prospective surveillance during an outbreak. ] Pediatr
1988;112:87-93.

Han VKM, Sayed H, Chance GW, Brabyn DG, Shaheed WA. An
outbreak of Clostridium difficile necrotizing enterocolitis: a case for oral
vancomycin therapy? Pediatrics 1983;71:935-41.

Cobb B, Carlo WA, Ambalavanan N. Gastric residuals and their
relationship to necrotizing enterocolitis in very low birth weight
infants. Pediatrics 2004;113:50-3.

Lee J, Polin R. Treatment and prevention of necrotizing enterocolitis.
Semin Neonatol 2003;8:449-59.

American Academy of Pediatrics and American College of Obstetri-
cians and Gynecologists. Infection control. In: Hauth JC, Merenstein
GB, editors. Guidelines For perinatal care, 4th edition Elk Grove
Village, IL: American Academy of Pediatrics; 1997. p. 251-77.

Won SP, Chou HC, Hsieh WS, Chen CY, Huang SM, Tsou K, et al.
Handwashing program for the prevention of nosocomial infections in a
neonatal intensive care unit. Infect Control Hosp Epidemiol 2004;25:
742-6.

Ehrenkranz NJ. Bland soap handwash or hand antisepsis? The pressing
need for clarity. Infect Control Hosp Epidemiol 1992;13:299-301.

Ng PC, Wong HL, Lyon D), So KW, Liu F, Lam RK, et al. Combined use
of alcohol hand rub and gloves reduces the incidence of late onset
infection in very low birthweight infants. Arch Dis Child Fetal
Neonatal Ed 2004;89:F336-40.

Gupta A, Della-Latta P, Todd B, San Gabriel P, Haas J, Wu F, et al.
Outbreak of extended-spectrum -lactamas producing Klebsiella
pneumoniae in a neonatal intensive care unit linked to artificial nails.
Infect Control Hosp Epidemiol 2004;25:210-5.

Kilbride H, Wirtschaffer DD, Powers R}, Sheehan MB. Evaluation and
development of potentially better practices to prevent nosocomial
bacteremia. Pediatrics 2003;1 | 1:e504-18.

O’Grady NP, Alexander M, Dellinger EP, Gerberding JL, Heard SO,
Maki DG, et al. Guidelines for the prevention of intravascular
catheter-related infections. Infect Control Hosp Epidemiol 2002;23:
759-69.



AIC Bragy

58.

59.

60.

6l.

62.

63.

64.

65.

Cordero L, Sananes M, Ayres LW. Comparison of a closed (Trach
Care MAC) with an open endotracheal suction system in small
premature infants. ] Perinatol 2000;20:151-6.

American Academy of Pediatrics and American College of Obstetri-
cians and Gynecologists. Inpatient perinatal care services. In: Hauth J,
Merenstein GB, editors. Guidelines for perinatal care, 4th edition Elk
Grove Village, IL: American Academy of Pediatrics; 1997. p. 13-50.
American Academy of Pediatrics. Immunization in special clinical
circumstances: health care personnel. In: Pickering LK, editor. 2003
RedBook: report of the Committee on Infectious Diseases, 26th ed.
Elk Grove Village, IL: American Academy of Pediatrics; 2003. p. 90-2.
Forfar JO, MacCabe AF. Masking and gowning in nurseries for the
newborn infant: effect on staphylococcal carriage and infection. Br |
Med 1958;1:76-9.

Silverman WA, Sinclair JC. Evaluation of precautions before entering a
neonatal unit. Pediatrics 1967;40:900-1.

Haque KN, Chagla AH. Do gowns prevent infection in neonatal
intensive care units! ] Hosp Infect 1989;14:159-62.

Pelke S, Ching D, Easa D, Melish ME. Gowning does not affect
colonization or infection rates in a neonatal intensive care unit. Arch
Pediatr Adolesc Med 1994;148:1016-20.

Agbayani M, Rosenfeld W, Evans H, Salazar D, Jhaveri R, Braun J.
Evaluation of modified gowning procedures in a neonatal intensive
care unit. Am | Dis Child 1981;135:650-2.

66.

67.

68.

69.

70.

71.

72.

73.

June 2005 275

Rutala WA. APIC guideline for selection and use of disinfectants. Am |
Infect Control 1996;24:313-42.

Evans ME, Schaffner WV, Federspiel CF, Cotton RB, McKee KT, Stratton
CW. Sensitivity, specificity, and positive predictive value of body surface
cultures in a neonatal intensive care unit. JAMA 1988;259:248-52.
Fulginiti VA, Ray CG. Body surface culture in the newborn infant: an
exercise in futility, wastefulness, and inappropriate practice. Am | Dis
Child 1988;142:19-20.

Lau YL, Hey E. Sensitivity and specificity of daily tracheal aspirate
cultures in predicting organisms causing bacteremia in ventilated
neonates. Pediatr Infect Dis ] 1991;10:290-4.

Cehn J-Y. Prophylaxis of ophthalmia neonatorum: comparison of silver
nitrate, tetracycline, erythromycin and no prophylaxis. Pediatr Infect
Dis | 1992;11:1026-30.

The Impact Study Group. Palivizumab, a humanized respiratory
syncytial virus monoclonal antibody, reduces hospitalization from
respiratory syncytial virus infection in high-risk infants. Pediatrics
1998;102:531-7.

Cox RA, Rao P, Brandon-Cox C. The use of palivizumab monoclonal
antibody to control an outbreak of respiratory syncytial virus infection
in a special care baby unit. ] Hosp Infect 2001;48:186-92.

Abadesso C, Ameida HI, Virella D, Carreiro MH, Machado MC, et al.
Use of palivizumab to control an outbreak of respiratory syncytial
virus in a neonatal intensive care unit. ] Hosp Infect 2004;58:38-41.

Choose “E-mail Notification.”

Receive tables of contents by E-mail

To receive the tables of contents by E-mail, sign up through our Web site at

http://www.ajiciournal.ory

Simply type your E-mail address in the box and click the “Subscribe” button.
Alternatively, you may send an E-mail message to majordomo@mosby.com. Leave the subject
line blank and type the following as the body of your message:

subscribe ajic_toc

You will receive an E-mail to confirm that you have been added to the mailing list. Note that
table of contents E-mails will be sent out when a new issue is posted to the Web site.




	Health care-associated infections in the neonatal intensive care unit
	Epidemiology and transmission
	Selected health care-associated infections in the NICU
	Infection control measures
	References


