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Children suffer significant morbidity and mortality

from nosocomial infections. The consequences of

these infections include prolongation of hospitalization,

transfer to intensive care units, antibiotic therapy, place-

ment or replacement of invasive devices and surgical pro-

cedures. The hospitalized paediatric population is chang-

ing. Organ and hematopoietic cell transplantation, more

potent chemotherapy, human immunodeficiency virus in-

fection, complex surgery for congenital malformations

and the survival of extremely premature infants have re-
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Young children readily transmit and acquire nosocomial infections. Chil-
dren are also vulnerable to endogenous infections as a result of the break-
down of their normal defences by disease, invasive procedures or
therapy. The increasing acuity of illness in hospitalized children and thera-
peutic advances have resulted in a patient population that is increasingly
at higher risk for nosocomial infections. Antibiotic resistance has emerged
as a problem in some paediatric hospitals, usually in intensive care and
oncology units. Infection rates are the highest in neonatal and paediatric
intensive care units (where bloodstream infections are the most frequent),
and are usually associated with intravascular devices. On general paediat-
ric wards, respiratory and gastrointestinal infections predominate, reflecting
the occurrence in the community. The surveillance of nosocomial infec-
tions identifies priorities for infection control activities and permits
evaluation of interventions.
The prevention of transmission between patients and to personnel re-
quires that certain measures be taken with all patients, and that additional
precautions be taken with some infections, based on the route of trans-
mission. The prevention of transmission from personnel involves ensuring
that personnel are appropriately immunized and counselled about work-
ing with infections. The prevention of nosocomial infection also involves
control of visitors, appropriate management of invasive procedures and
devices, sterilization and disinfection of equipment, provision of a clean en-
vironment and adequate staffing. Severely immunocompromised children
require extra protection, including ventilation systems that reduce the risk
of exposure to filamentous fungi. Infection control in paediatrics is an evolv-
ing field that must adapt to changes in the paediatric patient population and
in health care technology.

Key Words: Infection control; Nosocomial infections; Paediatric
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Les caractéristiques essentielles du contrôle de
l’infection pédiatrique
RÉSUMÉ : Les jeunes enfants transmettent et acquièrent facilement des
infections nosocomiales. Les enfants sont également vulnérables aux
infections endogènes par suite de l’effondrement de leurs défenses
normales causé par la maladie, des interventions envahissantes ou un
traitement. L’acuité croissante de la maladie chez les enfants hospitalisés
et les progrès thérapeutiques résultent en une population de patients qui
présente un risque plus élevé d’infections nosocomiales. L’anti-
biorésistance devient un problème dans certains hôpitaux pédiatriques,
en général aux soins intensifs et dans les unités d’oncologie. Les taux d’in-
fection sont les plus élevés dans les unités de soins intensifs pédiatriques
et néonatales (où les infections sanguines sont les plus courantes) et
s’associent généralement aux appareils intravasculaires. Dans les services
de pédiatrie générale, les infections respiratoires et gastro-intestinales
prédominent, ce qui reflète l’occurrence dans la collectivité. La sur-
veillance des infections nosocomiales permet de repérer des priorités
relativement aux activités de contrôle des infections ainsi que de
procéder à une évaluation des interventions.
La prévention de la transmission entre les patients ou au personnel exige
de prendre certaines mesures auprès de tous les patients et de prendre
des précautions supplémentaires à l’égard de certaines infections, d’après
la voie de transmission. La prévention de la transmission par le personnel
exige une immunisation convenable du personnel et des conseils pertinents
quant au travail avec des personnes infectées. La prévention des
infections nosocomiales exige également un contrôle des visiteurs,
une gestion convenable des interventions et des appareils
envahissants, la stérilisation et la désinfection du matériel, la
prestation d’un milieu propre et un personnel suffisant. Les enfants
très immunocompromis ont besoin d’une protection supplémentaire,
y compris des systèmes de ventilation qui réduisent le risque
d’exposition aux champignons filamenteux. Le contrôle des infections
en pédiatrie constitue un domaine en évolution qui doit s’adapter aux
changements dans la population de patients pédiatriques et dans la
technologie des soins de santé.
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sulted in an increasingly higher risk paediatric patient

population. The transfer of many former inpatient care

activities to ambulatory and day treatment centres has re-

sulted in a higher acuity of illness in children who are

hospitalized (1,2). The goal of infection control is to re-

duce the risk of acquiring infection in hospital to the low-

est possible level. The present paper reviews the

epidemiology of paediatric nosocomial infections and in-

fection control strategies in acute care hospitals. It does

not address the acquisition of infection in other health care

settings for which there are limited data (3-6). The reader

is referred to published recommendations for infection

control in long term care, ambulatory care, home care

and office practice (3,4).

YOUNG CHILDREN READILY TRANSMIT AND
ACQUIRE INFECTIONS

Paediatric wards and hospitals are particularly

suited to the transmission of infection. Infants and tod-

dlers constitute a large proportion of the patients admit-

ted. They frequently harbour infectious organisms and

may shed pathogens, especially respiratory and gastroin-

testinal viruses, even if they are asymptomatic (1,7).

Young children are also susceptible to many infections

because they have not yet developed immunity. The close

proximity of large numbers of infectious and susceptible

hosts favours transmission. Behavioural characteristics

of young children, such as incontinence, inadequate hy-

giene, frequent mouthing of hands and objects, drooling

and direct contact between children during play, facilitate

the spread of infection. Basic care requires frequent

hands-on contact from health care personnel and par-

ents. Multibed rooms, shared toys and playrooms, and

visiting siblings contribute to the risk of transmission

(1,2,8). Transmission rates increase with understaffing

and overcrowding (9,10).

CHILDREN ARE VULNERABLE TO ENDOGENOUS
INFECTIONS

Infection may also result from an altered relationship

between the host and endogenous microbial flora due to

the breakdown of normal barriers to infection by invasive

procedures, disease or therapy (1,2,11). Invasive proce-

dures include the insertion of intravascular, urinary and

peritoneal dialysis catheters, endotracheal tubes, naso-

gastric and gastrostomy tubes, as well as endoscopic and

surgical procedures. Young children have higher rates of

catheter-associated bloodstream infections (BSIs), uri-

nary tract infections (UTIs), and certain surgical site in-

fections than older children and adults (2,12,13).

NORMAL AND ABNORMAL FLORA: ANTIMICROBIAL
RESISTANCE

Normal flora live on the skin and mucous mem-

branes, and in the gastrointestinal tract. Generally, they

do not cause disease, unless they are allowed access to

sterile body sites. This flora consists mainly of Bifidobacter-

iium species, other Gram-positive anaerobes, coagulase-

negative staphylococci (CONS) and alpha-hemolytic strepto-

cocci with smaller numbers of coliforms and Bacteroides

species. Normal flora prevents pathogens from establishing

themselves by blocking receptors on host cells and by com-

peting for nutrients. Abnormal flora is acquired rapidly in

hospital, especially in intensive care units (ICUs). Antibi-

otics play a major role by destroying normal flora; dis-

turbing the balance of anaerobes, coliforms and cocci in

the gastrointestinal tract; and allowing coliforms, resis-

tant organisms and yeasts to flourish (2,14). Antimicro-

bial resistance usually arises in intensive care and

oncology units, where the high risk of serious infection

and difficulty in making definitive microbiological diagno-

ses result in the widespread empirical use of broad-

spectrum antibiotics (1,2). This situation is especially im-

portant in neonatal intensive care units (NICUs), where

75% of infants may receive antibiotics (15).

Methicillin-resistant Staphylococcus aureus (MRSA)

is an important cause of nosocomial infection in some

paediatric institutions (1,2). MRSA colonizes the nares

and may be transmitted among patients via hand contact.

Community-acquired MRSA is found with increasing fre-

quency in children (16). Strains of S aureus with interme-

diate susceptibility to vancomycin have recently been

described and pose a therapeutic challenge (17). Vanco-

mycin-resistant enterococcus colonizes the gastrointesti-

nal tract, is excreted in the stool, and survives on

contaminated objects and surfaces in the patient’s envi-

ronment. Colonization is much more common than infec-

tion, but serious infections do occur, especially in immuno-

compromised patients (18,19). Strains of Escherichia coli

and Klebsiella species have recently developed extended

spectrum beta-lactamases, which confer resistance to

most beta-lactam antibiotics. Outbreaks have been re-

ported in paediatric hospitals (20,21). Other Gram-

negative rods (Pseudomonas, Enterobacter, Serratia

and Citrobacter species) with inducible beta-lactamases

may develop resistance during treatment, especially with

third-generation cephalosporins. Strains of Stenotropho-

monas maltophilia, Burkholderia cepacia and Acineto-

bacter species that are resistant to multiple antibiotics

are encountered with increasing frequency (2).

Controlling the emergence of antimicrobial resistant

organisms (AROs) involves the judicious use of antibiot-

ics, limiting the use of antibiotic regimens that favour re-

sistance, optimizing the choice and duration of empirical

antibiotic therapy, and monitoring for resistance.

MAGNITUDE OF THE PROBLEM: RATES AND
INFECTIONS

Infection rates are highest in NICUs and paediatric

intensive care units (PICUs), higher in paediatric hospi-

tals than on paediatric wards in general hospitals, and

lowest (usually less than 1%) in normal newborn nurser-

ies (1).

The immune system of the normal neonate is imma-
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ture. Prematurity results in more severe immune defects

and a dependence on life-saving procedures such as me-

chanical ventilation, intravascular access devices and

parenteral nutrition. Infants with serious congenital mal-

formations or neonatal disease may require complex sur-

gery or mechanical support. Protective normal flora has

not yet developed, and neonates admitted to NICUs rap-

idly acquire abnormal flora. Reported infection rates in

the past decade vary from 19 to 28/100 admissions or 10

to 22/1000 patient days (1,11). Data collected by the

United States National Nosocomial Infection Surveillance

(NNIS) system indicated that BSIs accounted for 40% of

infections, followed in frequency by pneumonia and gas-

trointestinal infections. CONS, S aureus, enterococci,

Enterobacter species and E coli were the organisms that

were reported most frequently (22). Candida species are

an important cause of BSIs and disseminated infections,

especially in very low birthweight infants and those re-

ceiving parenteral lipid.

In PICUs that participated in the NNIS, mean infec-

tion rates were 6.1/100 admissions and 14.1/1000 pa-

tient days. Bloodstream, pulmonary and urinary

infections were the most frequent, and were usually asso-

ciated with invasive devices. The organisms most fre-

quently associated with BSIs, pneumonia, UTIs and

surgical site infections were CONS, Pseudomonas ae-

ruginosa, E coli and S aureus, respectively (1,23).

In contrast to intensive care units, nosocomial infec-

tions on general paediatric wards reflect the occurrence

in the community, and respiratory and gastrointestinal

infections predominate. Rates are the highest in children

younger than two years of age (1,24,25). Respiratory syn-

cytial virus (RSV) is the major cause of nosocomial lower

respiratory tract infection (26). Parainfluenza, influenza,

adenovirus, rotavirus and other gastrointestinal viruses

are other common nosocomial pathogens. Varicella, per-

tussis and measles are less common, but are readily

transmitted in paediatric settings (1,2,7).

Children with cancer and transplant recipients are at

risk for life-threatening nosocomial infections with respi-

ratory viruses and with fungi, especially Candida and As-

pergillus species (1,26-28). BSIs are frequent in children

who require long term venous access catheters for che-

motherapy, parenteral nutrition or dialysis (12). Children

with bronchopulmonary dysplasia or cyanotic heart dis-

ease may have serious consequences from respiratory vi-

ral infections (1,7,26). Cystic fibrosis patients may acquire

resistant strains of B cepacia in medical settings (2).

SURVEILLANCE IS ESSENTIAL
Surveillance of nosocomial infection is an essential

component of infection control. Surveillance permits the

identification of problem infections or patient popula-

tions, early detection of clusters and trends, and evalua-

tion of control measures. To be effective, results must be

analyzed and distributed promptly, and should direct ac-

tion.

The use of standard definitions, methods of case-

finding and denominators for rate calculations allow an

institution to compare its performance internally over

time and externally with published rates (29,30). The in-

tensity of surveillance may vary from total hospital sur-

veillance to surveillance of high risk populations (eg,

patients in the ICU, immunocompromised children) or

specific infections (eg, catheter-associated BSIs or UTIs,

ventilator-associated pneumonia, infections related to

surgery). On general paediatric wards, surveillance for vi-

ral respiratory and gastrointestinal infections may be per-

formed during seasons of high prevalence in the commu-

nity. Each institution should set priorities based on local

epidemiological data and resources available.

Denominators used for rate calculations must be

relevant. Infection rates calculated by admissions are not

useful for intra- or interhospital comparisons because the

infection risk is related to the duration of hospitalization.

Infection rates/1000 patient days are preferable and are

useful where patient populations are stable, but do not

take into account variations in patient risk factors.

Device-associated infection rates reported/1000 device

days provide the best risk adjustment at present. For sur-

gical site infections, rates have traditionally been strati-

fied by surgeon and wound infection risk. More recently,

procedure-specific infection rates stratified by a risk in-

dex that incorporates a severity of illness score, the

wound infection risk and the duration of surgery have

been used for adults (29). This risk index has not been

validated in the paediatric population.

The NNIS regularly publishes mean, median and per-

centile rates of device-associated infections in PICUs and

NICUs. NICU rates are stratified by birthweight group. Sur-

gical site infection rates by procedure and risk index are

also reported (31). These rates may be used as benchmarks

for individual institutions to assess their performances.

Organism-specific surveillance is indicated for cer-

tain rare, but serious, nosocomial infections (eg, filamen-

tous fungi, tuberculosis, Legionella) and for AROs. It is

important to distinguish between infection and coloniza-

tion with AROs because colonization rates will be influ-

enced by the intensity of screening.

PREVENTION OF TRANSMISSION FROM PATIENTS
Recent guidelines for the prevention of transmission

of infection published in the United States (32) and Can-

ada (3) are based on the principles that certain precau-

tions are required for the care of all patients, regardless

of diagnoses, and are determined by the task performed;

and that further measures are required for patients with

certain infections, and are determined by the route of

transmission of the infection.

Routes of transmission
Understanding the routes of transmission of infec-

tion permits more efficient use of infection control pre-

cautions (3,32,33) (Figure 1).
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Contact transmission is the most frequent route of

transmission in hospital, and includes direct contact (di-

rect physical contact between infected and susceptible pa-

tients) and indirect contact (via contaminated intermediate

surfaces such as the hands of personnel, bedrails, equip-

ment and toys). Appropriate routine patient care practices

should prevent most of the transmission by this route.

Additional precautions (gloves, gowns and dedicated

equipment) may be warranted for organisms of very low

infective dose (eg, rotavirus) and for situations in which

extensive contamination of the patient’s environment is

expected (eg, watery diarrhea which cannot be contained

within a diaper or a young child with respiratory infection

and copious respiratory tract secretions). Respiratory

and gastrointestinal viruses may remain viable on sur-

faces for several hours (1,7).

Droplet transmission is important in paediatrics.

Large droplets are expelled from the respiratory tract and

deposited onto the respiratory mucous membranes of

persons close to the infected child. Special ventilation is

not required because large droplets do not stay sus-

pended in the air but settle on surfaces close to the source

patient. Surgical masks are recommended for those

within 1 m of the patient. Some organisms transmitted by

this route (eg, Haemophilus influenzae type b, Neisseria

meningitidis and Bordetella pertussis) are very fragile

and do not survive in the environment or on hands. Other

organisms, such as RSV, influenza, parainfluenza and

rhinovirus, survive long enough on surfaces to be picked

up on the hands of patients or personnel. Thus, respira-

tory viruses may be transmitted by the inhalation of large

droplets or by the inoculation of nasal mucosa or conjunctiva

by contaminated hands (contact) (7,26).

Airborne transmission occurs when infectious parti-

cles survive in aerosols of small droplet nuclei or skin

squames, which remain suspended in the air and are dis-

persed over large distances by air currents. Organisms

may be carried around corners, through corridors, and

in and out of windows (2). Control requires a negative

pressure room with air exhausted outside of the building

or passed through a high efficiency particulate air filter

before recirculation. Special dust mist masks are recom-

mended for susceptible persons who must enter a pati-

ent’s room. Airborne transmission is uncommon, but

important, because varicella, measles and tuberculosis

are spread by this route. Although children with tuber-

culosis rarely transmit the infection, their adult visitors

may have contagious tuberculosis and should be as-

sessed (34). Whether airborne transmission of influenza

occurs is controversial, but contact and large droplet

transmission appear to be the major routes of

transmission (3,32).

Common vehicle transmission refers to the infection

of several persons by a single contaminated source such

as food, water or medication. Such transmission is rare

but important because it often results in an explosive out-

break that requires urgent investigation and intervention.

Vectorborne transmission refers to the spread of in-

fection by insects, and is prevented by proper hospital

construction and maintenance.

Routine practices
Enhanced infection control measures in routine pa-

tient care practice should reduce transmission from all

patients, including those with asymptomatic or unrecog-

nized infections. The American Academy of Pediatrics

states that “each neonate should be approached as

though he or she harboured colonies of unique flora that

should not be transmitted to any other neonate” (35).

This may become a reasonable principle for all patients in

acute care hospitals.

Recommendations for routine practices include

hand cleansing before and after patient contact, and after

touching contaminated objects; the use of gloves for di-

rect hand contact with blood, body fluids, excretions, mu-

cous membranes or nonintact skin, or items visibly

soiled with these substances; the use of masks, eye pro-

tection and gowns during activities most likely to generate

splashes of blood or other body fluids; procedures to pre-

vent injury from used needles and other sharp objects;

and cleaning equipment between patients. Hand washing

is the most important measure in the prevention of trans-

mission, but this procedure is frequently neglected (1,3).

Compliance may be increased by measures that make

hand cleansing easier, such as more convenient sink

placements and the provision of waterless, alcohol-based

hand rinses (36). Current formulations of waterless hand

rinses generally have less adverse effects on hands than

soap and water.

Published guidelines may be interpreted as indicat-

ing that gloves are needed for many aspects of routine in-

fant care, such as diaper changing, feeding a drooling

child or wiping a child’s nose. Precautions need to be

adapted to specific situations. Gloves are not mandatory

for routine diaper changes in children if the procedure

can be done without direct hand contact with stool (3,33),

and may not be warranted for feeding and nose-wiping if
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TABLE 1: Illnesses warranting additional (transmission-based) precautions*†

Airborne precautions
Clinical presentation

– Vesicular rash until varicella ruled out (airborne plus contact)
– Maculopapular rash with coryza and fever until measles ruled out
– Suspected infectious form of tuberculosis‡

Specific etiology
– Varicella (airborne plus contact)
– Zoster, disseminated or extensive localized zoster that cannot be covered with a dressing or clothing (airborne plus contact)
– Nonimmune varicella contact in infectious stage of incubation period (from 10 days after the first day of exposure

to 21 days after the last day of exposure; to 28 days if given varicella zoster immunoglobulin)
– Measles
– Nonimmune measles contact in infectious stage of incubation period (from five days after the first day of exposure to 21 days after

the last day of exposure)
– Infectious forms of tuberculosis‡

Droplet precautions
Clinical presentation

– All definite or possible respiratory tract infections until viral infection ruled out (droplet plus contact): bronchiolitis, cold, croup, pneumonia,
pharyngitis and asthma with fever

– Paroxysmal cough (suspected pertussis)
– Cellulitis or periorbital cellulitis in child younger than five years of age (without portal of entry)§

– Septic arthritis in child younger than five years of age (without portal of entry)§

– Epiglottitis§

– Meningitis (droplet plus contact)
– Petechial or ecchymotic rash with fever (suspected meningococcemia)

Specific etiology
– Diphtheria (pharyngeal)
– Haemophilus influenzae type b invasive infections (until 24 h of appropriate antibiotic received)
– Mumps
– Nonimmune mumps contact in infectious stage of incubation period (from 10 days after the first day of exposure to 21 days after

the last day of exposure)
– Neisseria meningitidis invasive infections (until 24 h of appropriate antibiotic received)
– Parvovirus B19 (chronic infection in immunodeficient patient or transient aplastic crisis in patient with hemoglobinopathy)
– Pertussis (until five days of appropriate antibiotic received)
– Rubella
– Nonimmune rubella contact in infectious stage of incubation period (from 7 days after the first day of exposure to 21 days after the last day

of exposure)
– Streptococcus group A pharyngitis, pneumonia, scarlet fever or invasive disease (until 24 h of appropriate antibiotic received)
– Viral respiratory tract infections (adenovirus, influenza¶, parainfluenza virus, rhinovirus, RSV) (droplet plus contact)

Contact precautions
Clinical presentation

– Diarrhea until infectious cause ruled out
– Major burn wound infection
– Extensive desquamating skin disorder with known or suspected infection
– Skin rash compatible with scabies
– Draining infected wound or abscess if drainage cannot be contained by dressing
– Vesicular rash compatible with varicella or zoster (contact plus airborne)
– Meningitis (contact plus droplet)
– All definite or possible respiratory tract infections until viral infection ruled out (contact plus droplet): (bronchiolitis, colds, croup,

pneumonia, pharyngitis and asthma with fever)
Specific etiology

– Diarrhea (Campylobacter, Clostridium difficile, pathogenic strains of Escherichia coli, Giardia, Salmonella, Shigella, Yersinia, rotavirus, other viruses)
– Enteroviral infections
– Hepatitis A, E
– Herpes simplex virus (neonatal or disseminated mucocutaneous)
– Pediculosis
– Scabies
– Varicella or disseminated or extensive uncovered zoster (contact plus airborne)
– Viral respiratory tract infections: adenovirus, influenza¶, parainfluenza virus, rhinovirus, RSV (contact plus droplet)
– Antibiotic-resistant organisms (methicillin-resistant Staphylococcus aureus, vancomycin-resistant enterococcus, others as selected by the institution)

*This list is not exhaustive. For infections not listed, see reference 29; †Less stringent precautions are recommended for adults (see reference 29). Use paediatric precautions
for children who are incontinent or too immature to be able to comply with handwashing, appropriate handling and disposal of respiratory secretions, purulent discharges
and skin exudates, and maintenance of dressings in place. For older children who are continent and able to comply, recommendations for adults may be used; ‡Young chil-
dren with tuberculosis are rarely infectious, but their adult visitors may be and should be assessed for cough. §These recommendations are for possible Haemophilus influ-
enzae type b (HIB) infection, and are not necessary if the child has received HIB vaccine; ¶It is controversial whether influenza can be transmitted by the airborne route. It
may be prudent to use negative pressure rooms for patients with known or suspected influenza who must be accommodated in high risk areas such as oncology or bone
marrow transplant units; RSV Respiratory syncytial virus
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gross contamination of the hands is avoided and hands

are washed afterward (4).

Adherence to enhanced routine practices is particu-

larly relevant during the current era of increasing coloni-

zation with AROs. Whether it is more effective to take

cultures of patients at risk for AROs on admission and

isolate those patients with positive cultures or to upgrade

practices for all patients is controversial. At present, tar-

geted screening for specific AROs and the isolation of pa-

tients who are colonized is the usual practice. However,

patients without evident risk factors may be colonized

with AROs, and as new AROs emerge, it may become im-

possible to identify all risk factors or impractical to

screen for multiple AROs.

Additional precautions
Preadmission screening for signs of infection or for

recent exposure of nonimmune patients to varicella or

measles is essential to the identification of patients who re-

quire additional precautions (Table 1). Decisions should

initially be based on clinical presentation because waiting

for the confirmation of a diagnosis provides an opportu-

nity for transmission to occur. Additional measures may

include special air handling, accommodation in a single-

bed room, or the use of gloves, masks or gowns (Table 2).

A negative pressure room is essential for airborne

precautions. For large droplet and contact precautions,

single-bed rooms are preferable because they facilitate

the physical separation of patients and control of the ac-

tivities of their visitors, and deter the sharing of toys and

equipment. However, many paediatric hospitals or wards

do not have the numbers of single rooms required for op-

timal isolation. One Canadian study showed that isola-

tion was required for 15% of all bed days (37). Another

study showed that between 6% and 31% of children ad-

mitted per month required isolation (38). At the Montreal

Children’s Hospital, Montreal, Quebec the author and her

colleagues observed a need for the isolation of 62% of

children admitted to paediatric medicine wards between

October, 1996 and March, 1997 (unpublished data). Pre-

cautions may be taken in a shared room if a child can be

confined to bed or crib, the space allocated to an individ-

ual child and family is clearly defined, and families and

visitors are able to understand and comply with infection

control measures.

Gloves are recommended for contact precautions.

Whether gloves provide added benefit over careful hand-

washing is questionable, but glove use may compensate if

handwashing is inadequate or not done. Wearing gloves

may also deter personnel from inadvertently touching their

mouths, noses or eyes during patient care. Masks protect

personnel from the acquisition of infection by inhalation or

splashes, and may also help to keep the hands away from

the nose and mouth. Eye shields may give added protection

against viruses that infect via the conjunctiva (7). Gowns

protect the clothing and forearms in situations of extensive

contact with a patient’s infective secretions, colonized skin

or contaminated environmental surfaces (3,32).

Postexposure prophylaxis
Postexposure prophylaxis may be indicated for pa-

tients, families or personnel when precautions have not

been taken and significant exposure has occurred. Im-

munoprophylaxis is indicated for some nonimmune indi-

viduals exposed to varicella, measles or hepatitis A.

Antibiotic prophylaxis may be indicated after exposure to

meningococcal or invasive H influenzae type b infection,

pertussis or tuberculosis. Personnel should be aware of

policies for prophylaxis after occupational exposure to

bloodborne viruses.

PREVENTION OF TRANSMISSION FROM PERSONNEL
It is important that all personnel who care for chil-

dren, including physicians, be immune to vaccine-

preventable diseases such as measles, rubella, mumps,

varicella, hepatitis B, polio and diphtheria, and receive

yearly influenza vaccination (33). Patients may not be im-

mune to these diseases because of their young age or ill-

ness, and personnel are at risk for occupational

exposure. The above infections may be more severe in

adults than in children, and immunization protects both

personnel and their patients. The transmission of pertus-

sis in hospitals is often associated with atypical pertussis

in personnel, and vaccination should be considered when

the acellular vaccine becomes available to adults. Person-

nel should undergo pre-employment assessment for tu-
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TABLE 2: Additional (transmission-based) precautions

Precautions

Transmission category Single room Special ventilation Gloves Masks Gown Dedicated equipment

Airborne Yes Yes No Yes No No

Droplet Preferable* No No Yes, if close to patient† No No

Contact Preferable* No Yes No Yes‡ Yes

*Not required if the child can be confined to an incubator, crib or bed. Children infected with the same pathogen may be cohorted; †If within 1 m of the source patient.
Eye protection (face shields, goggles or glasses) may provide additional protection against infection with respiratory viruses; ‡For extensive contact with patient, or contami-
nated items or surfaces
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berculosis exposure. Occupational health services play

an essential role in the implementation of the above meas-

ures.

Personnel may acquire and transmit infections, such

as respiratory viral infections, which may be minor in a

healthy adult but have severe consequences in a young or

immunocompromised patient (26). Counselling about

work restrictions and measures to prevent transmission

while working with an infection is required.

PREVENTION OF TRANSMISSION FROM VISITORS
Parents and families need to be informed about in-

fection control issues and advised of the hazards of bring-

ing visitors with infections into the hospital. Parents

should be questioned about recent exposures and visiting

siblings should be assessed for signs of transmissible in-

fections. This assessment is particularly important for

siblings visiting immunocompromised patients or

patients in ICUs. Young children should be supervised by

responsible adults, should not visit children other than

their own siblings and should not use patients’ playrooms

or toys (33). Adults with infections should be advised of

precautions to take if they must visit. Appropriate man-

agement of visitors may be hampered by liberal visiting

policies, coupled with insufficient personnel to provide

monitoring, assessment and education.

PREVENTION OF INFECTIONS FROM INVASIVE
PROCEDURES AND DEVICES

BSIs are the major device-associated infections in

paediatrics (1,2,22,23,31). The infection of nontunnelled

vascular catheters is usually due to the migration of mi-

croorganisms from the skin at the insertion site along the

catheter tract and into the blood stream. With tunnelled

catheters, contamination of the hub is important. Con-

tamination of the infused fluid and hematogenous seed-

ing of the catheter from a distant site are less common

routes of infection. The risk of infection is reduced by the

use of maximal sterile barriers, including full sterile surgi-

cal drapes during insertion, aseptic techniques for dressing

changes, and appropriate handling of infusates and infu-

sions sets. Infection rates are lower with Broviac-type cathe-

ters, which are tunnelled through subcutaneous tissue, and

rates are the lowest with completely implanted ports (12).

Coating catheters with antiseptics or antibiotics reduces the

risk of early BSIs and may be beneficial for short term use in

high risk patients. There is concern about the potential for

the selection of resistant strains with antibiotic coated cathe-

ters, although this result has not been documented. New

catheter materials that impede microbial adherence are be-

ing investigated.

UTIs are acquired by the spread of organisms along

the catheter from the urethral meatus. Control involves

using catheters only when essential and removing them

as early as possible. Aseptic techniques for catheter inser-

tion and handling slow the colonization process, but in-

fection is inevitable with prolonged catheterization. In one

PICU, infection rates were reduced by a policy of auto-

matic catheter removal at 48 to 72 h, unless there was a

specific order to continue catheterization (13). Antiseptic

coated catheters are being evaluated.

Ventilator-associated pneumonia is less common in

children than adults (1,31), perhaps in part due to

underdiagnosis. Prevention involves sterile technique for

suctioning, positioning the patient to prevent aspiration,

early weaning and the decontamination of equipment (1,2).

The use of selective decontamination of the gastrointestinal

tract or prophylactic antibiotics is controversial (2).

Most surgical wound infections result from the con-

tamination of the surgical site with skin flora of the patient

or operating room personnel during surgery. The risk of

contamination may be reduced by preoperative antiseptic

baths, appropriately administered preoperative prophy-

lactic antibiotics, sterile surgical procedures and tech-

niques that minimize tissue damage (1,2). New surgical

techniques via laparoscopy result in less tissue damage, a

shorter postoperative stay and reduced infection rates, but

may introduce new risks. The intricate equipment re-

quired may be difficult to sterilize, and outbreaks of infec-

tion have been associated with faulty processing (2).

As new devices or procedures are introduced, the po-

tential for an effect on nosocomial infections should be

assessed and monitoring systems should be set up.

IMMUNOCOMPROMISED CHILDREN REQUIRE
PROTECTION

Immunocompromised children need to be protected

from exposure to other patients with transmissible infec-

tions, especially respiratory viruses. They should be accom-

modated in single rooms or assigned carefully selected

roommates. Handwashing before patient contact is essen-

tial, and the use of an antiseptic agent is sometimes recom-

mended. The routine use of gloves, gowns or masks is

controversial and may not be beneficial. Equipment should

be reserved for the patient or disinfected before use (2,27).

Children with prolonged severe neutropenia, hemato-

poietic cell transplantation, recent organ transplantation

and some other severe immune deficiencies require protec-

tion from exposure to fungal spores in dust and air. Rooms

with positive pressure air flow and high efficiency particu-

late air filtration reduce exposure to airborne fungi, and

should be considered for patients at highest risk. The pati-

ent’s room should be maintained free of dust by frequent

cleaning, and all articles brought into the room should be

clean and dust-free (1,2,27).

THE INANIMATE ENVIRONMENT AND INFECTION
Hospital design should permit the safe management

of patients with infectious illnesses and patients who re-

quire protection by providing sufficient numbers and

adequate placement of negative and positive pressure

rooms; appropriate air filtration and ventilation; suffi-

cient space to prevent crowding; and adequate numbers

and placement of sinks and toilets (3,27,39). The provi-
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sion of only single-bed rooms facilitates the implementa-

tion of infection control measures and the protection of

high risk patients, obviates the need for transfers when in-

fections occur, and provides privacy for patients and fami-

lies (38).

sion of only single-bed rooms facilitates the implementa-

tion of infection control measures and the protection of

high risk patients, obviates the need for transfers when in-

fections occur, and provides privacy for patients and fami-

lies (38).

Prevention of the acquisition of infection from the in-

animate environment involves appropriate cleaning, dis-

infection and sterilization of equipment, cleaning of

patient care areas, maintenance of ventilation and

plumbing, and measures to protect patients from dust

and contaminated air during construction or renovation

(39,40).

CONCLUSIONS
Control of nosocomial infections in children is an ongo-

ing challenge. Hospitalized children today have an in-

creasing severity of illness and an increasing degree of im-

munocompromise. As certain infection risks have been

reduced by immunizations, improved treatment and tech-

nological advances, new risks have emerged. Transmission

of infection between patients is theoretically achievable with

current procedures, but implementation may be hampered

by inadequate facilities, insufficient personnel, a lack of an

appreciation of the impact of nosocomial infections and is-

sues of feasibility. Balancing the benefits and costs of pre-

vention, preventing infections associated with invasive

procedures and devices, and protecting immunocompro-

mised patients are major challenges.

Effective infection control programs require specifi-

cally trained infection control practitioners, the involve-

ment of physicians, nurses and administrators, and

strategies to educate hospital personnel. Programs must

be visible and proactive, and must evolve with the chang-

ing epidemiology of paediatric nosocomial infections.
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Essentials of paediatric infection control – Quiz

Answer the following questions by circling the letter of the correct answer(s). Answers can be found on page 607.

1. Nosocomial infection rates in neonatal intensive care

units are approximately:

(a) 2 to 5/100 admissions.

(b) 10 to 20/1000 patient days.

(c) 20 to 30/100 admission.

(d) 40 to 50/1000 patient days.

2. Which of the following statements is (are) correct with

regard to antibiotic use?

(a) Widespread use of broad spectrum antibiotics has

resulted in resistance.

(b) Resistance is usually first seen in outpatients and

later in hospitalized patients.

(c) Resistant organisms are readily transmitted in

hospital.

(d) The most commonly used antibiotics do not affect

normal flora.

3. Which of the following statements is (are) true of

respiratory syncytial virus (RSV) transmission?

(a) Infection may be acquired by eye inoculation.

(b) RSV is only shed by symptomatic children.

(c) Contaminated toys are unimportant because the

virus does not survive on surfaces.

(d) RSV can be transmitted over large distances by

the airborne route.

4. Which of the following patients should be placed in

negative pressure rooms?

(a) A 16-year-old refugee from Africa with chronic cough,

hemoptysis, fever and right upper lobe consolidation.

(b) A six-year-old unvaccinated child with fever,

conjunctivitis, rhinitis, cough and diffuse

maculopapular rash.

(c) A 10-year-old child with Streptococcal necrotizing

fasciitis.

(d) A two-year-old child with septic shock and pete-

chial rash.

5. Infection control precautions were appropriate for

which of the following patients?

(a) A child is admitted for elective hernia repair. Two

days ago, he was exposed to a cousin with varicella,

and he is not immune. He is admitted to a negative

pressure room.

(b) A two-year-old child who has experienced three

days of fever and watery diarrhea is admitted

with meningitis. Droplet precautions are taken.

Blood cultures yield meningococcus. After 24 h of

antibiotic therapy, precautions are discontinued.

Three days later, a five-month-old roommate and

the attending physician have diarrhea.

(c) A 10-year-old renal transplant recipient is admitted

with a diffuse vasicular rash. She has had varicella

previously. Airborne precautions are taken.

(d) A one-year-old child with fever, upper respiratory

track infection and wheezing is admitted to

hospital. On admission, a rapid screen for RSV is

negative; as a result, no additional precautions

are taken. The patient shares a room with a child

with bronchopulmonary dysplasia.

6. Recommended measures to reduce the risk of catheter-

associated blood stream infection include all of the fol-

lowing, except for:

(a) the use of sterile barriers, including full surgical

drapes for catheter insertion.

(b) the use of tunnelled catheters.

(c) antiseptic coating of catheters.

(d) continuous infusion of antibiotics through the

catheter.

7. With regard to health care personnel, which of the fol-

lowing statements is (are) correct?

(a) Immunization of personnel against vaccine-

preventable infections of childhood is irrelevant

because these illnesses are rare in hospital today.

(b) Personnel with minor colds may transmit serious in-

fections to their patients.

(c) Paediatric personnel do not need influenza

immunization because this infection is mild in

children.

(d) Health care personnel do not acquire RSV because

they are immune.

8. Surveillance of nosocomial infections:

(a) is meaningful only if consistent definitions and

denominators are used.

(b) cannot influence infection rates.

(c) is useful only in outbreak situations.

(d) should direct infection control action.
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