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Review Article

Infection Control in Pediatrics

Jurai  Wongsawat, M.D.

INTRODUCTION
Healthcare-associated infections (HAIs),

previously called nosocomial infections, are now
defined as any infection that is not incubating or
present at the time of hospitalization, and that develops

48 hours or more after hospitalization or within 10 days
of hospital discharge.1  Infection control in pediatrics
needs unique considerations as there are several factors
differing from adult populations and findings in adults
may not be relevant to pediatric populations.  These

Pediatric Unit, Bamrasnaradura Infectious Diseases Institute, Ministry of Public Health (MOPH), Tiwanon Road, Nonthaburi 11000,
Thailand.
Received for publication: November 12, 2008.
Reprint request: Jurai  Wongsawat, M.D., Pediatric Unit, Bamrasnaradura Infectious Diseases Institute, Ministry of Public Health (MOPH),

Tiwanon Road, Nonthaburi 11000, Thailand.
E-mail: juraiw@hotmail.com

Keywords: Infection control measures, Pediatrics, Epidemiology, Associated factors

ABSTRACT
Infection control in Pediatric settings has become increasingly concerned with the impact of

evolving sophisticated treatments and the emergence and re-emergence of various infectious diseases.
Because of their dependency and immunological naivety, children are more prone than adults to contract
infectious diseases and to exhibit prolonged transmission.  This leads to some unique characteristics when
considering the control of pediatric infections.  Healthcare-associated infections (HAIs) in pediatrics can be
divided into 2 groups including 1) transmission occuring from hospitalized index cases who previously acquired
infection from the community (e.g., rotavirus, pertussis, and influenza) and 2) transmission truly originating
in healthcare settings (e.g. device associated infections in intensive care units).  Other factors influencing
HAIs are the use of breastmilk, toys, type of caring, and the environment.  Generally, the incidence of HAIs
in children differs from that observed in adults.  Viruses are the main pathogens in general pediatric units.
However, bacteria are the main causes of device-associated infections, including catheter-related blood
stream infections, and ventilator-associated pneumonia in neonatal and pediatric intensive care units.  An
increased trend of infections with multidrug-resistant bacteria has been observed in some units.  Basic infection
control policies including standard precautions, transmission-based precautions, isolation precautions, hand
hygiene, respiratory and cough etiquette, and antibiotic control programmes are the fundamentals in pediatric
infection control.  Not all site-specific infection control measures recommended in adult populations apply to
pediatric populations because of differences in host characteristics and the limited number of research
studies in children.  Pediatric units should establish their own policies and should ensure of adherence based
on the ongoing researches.  (J Infect Dis Antimicrob Agents 2008;25:153-64.)
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factors include host conditions, pathogens, types of

exposure, and environmental factors.  In pediatric

populations, there are correlations between outbreaks

in communities and in hospitals, especially for viral

infections.  Therefore, infection control in pediatrics

needs emphasis both in healthcare and non-healthcare

settings (e.g. schools, nurseries, and foster homes).  This

review focuses on the healthcare setting.

Epidemiology

The reported incidence of nosocomial infections

in Pediatric age groups in develop countries varies from

2-13 percent.2-5  The incidence in neonates ranges from

6-8.9 per 1,000 patient-days.6  The highest incidences

occur in intensive care units (pediatric and neonatal),

oncology units, patients receiving total parenteral

nutrition (TPN), those with prolonged hospitalization

and receiving medical-in-line devices, or those who have

underlying diseases.  These findings are similar to adult

populations.  However, in pediatrics, the distribution of

infected sites and pathogens differs from adults and

also varies among age groups.  Limited laboratory

capacity to establish diagnoses especially for viral

transmissible diseases and technical difficulties in

collecting specimens from children pose problems in

establishing causative diagnosis in pediatric populations

and lead to under-diagnosis of HAIs.

According to the available data, mostly from

developed countries, the characteristics of HAIs in

pediatric populations vary among types and levels of

healthcare settings.  A European study group revealed

that the overall incidence of HAIs was 2.5 percent,

varying from 1 percent in general pediatric units to 23.6

percent in pediatric intensive care units (PICUs).7  The

proportion of lower respiratory tract infections was

found to be 13 percent in general pediatric units and 53

percent in PICUs.  Seventy-six percent of HAIs in

general pediatric units were found to be gastrointestinal

infections, most commonly viral.  Bloodstream

infections were the most important HAI in neonatal

units (71%) and 66 percent of cases were associated

with the central venous catheters.  Urinary tract

infections accounted for 11 percent of HAIs.  The

overall causative pathogens were bacterial (68%;

Gram-negative bacilli 37%, Gram-positive cocci 31%),

Candida (9%), and viruses (22%).  The prevalence of

antimicrobial depended on the location, with the highest

rates being observed in PICUs, where 26.3 percent of

Staphylococcus aureus and 89 percent of coagulase-

negative staphylococci (CoNS) were found to have

methicillin-resistance.  Extended-spectrum beta-

lactamase-producing strains were also found in 37.5

percent of Klebsiella pneumoniae.  The mortality due

to HAIs in PICUs and neonatal units was 10 percent

and 17 percent, respectively.

Focusing on PICU settings, the data in 1999

from the National Nosocomial Infections Surveillance

system of the Centers for Disease Control and

Preventions (NNIS)8 revealed that the most frequently

infection sites were primary bloodstream infections

(28%), pneumonia (21%), and urinary tract infections

(15%), and were almost always related  to the use of

invasive devices.  The most common bloodstream

isolates were CoNS (38%) and aerobic Gram-negative

bacilli (25%).  The most common pathogen causing

pneumonia was Pseudomonas aeruginosa (22%),

whereas Escherichia coli was the most common

pathogen (19%) causing for urinary tract infections.

An increasing trend of Enterobacter species was

observed in this study.  There was no correlation

observed between device-associated infection rates and

length of hospital stay, number of hospital beds, or

season.

In NICU settings, pneumonia is the most

frequently infection, followed by catheter-associated

urinary tract infection (CA-UTI) and TPN-associated
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blood stream infection as seen in a study from Taiwan

published in 2007.9

There are limited data available from developing

countries.  However, it has been reported that

healthcare-associated neonatal infections in developing

countries are 3-20 times higher than those reported in

industrialized countries.10  K. pneumoniae, and other

Gram-negative bacilli and S. aureus have been the

major pathogens identified among bloodstream isolates.

The predominate pathogens in some particular groups

(e.g. neonates) are also different between developing

and developed countries.

General associated factors

Host or intrinsic factors

Because of their immature immune system and

a lack of previous exposure to infections, children

are prone to contract previously unexposed/

unimmunized infections.  Other conditions including

congenital anomalies and congenital or acquired

immunodeficiency make these particular groups

vulnerable to infection.  Because of the immaturity of

their immune system, the first exposure to some

pathogens (e.g., rotavirus and Bordetella pertussis)

can lead to severe disease and prolonged shedding of

organism in clinical specimens.  Furthermore, the

uncontrolled dispersal of fluids and secretions in

routine daily activities enhances opportunities for

infections to spread.  Several studies have revealed

the high prevelances of HAI in neonates.  All

components of the immune system are deficient in

neonates and the degree of deficiency is inversely

proportional to the gestational age.  Infants in neonatal

intensive care units appear to have highest HAI

rates.11-12  The incidence has also shown to be greatest

among those with preterm weights < 1,000 g.9

As their dependency to caretaker, type of caring

including feeding, playing, changing soiled diapers, and

cleaning respiratory secretions also play role in

pathogens transmission.

Pathogen factors

Seasonal epidemics

Children are prone to contract many viral

infections which have their highest incidences in winter

especially respiratory viruses [Respiratory Syncytial

virus (RSV), Influenza and Parainfluenza Viruses], and

gastrointestinal viruses (e.g. Rotavirus).  This can lead

to parallel epidemics in both the community and in

hospitals when children need to be hospitalized.

Characteristics of pathogens and routes of

transmission

The main routes of transmission are direct and

indirect contact, droplets and airborne spread.  Most

infectious agents are transmitted by the hands of

healthcare personnel.  Droplet transmission requires

the exposure of mucous membranes to large respiratory

droplets (particle size > 5 μm) within 1 to 2 meters of

the infected person, who may be coughing or sneezing.

Infections that require droplet precautions include

those that caused by adenovirus, Cocynebacterium

diptheriae,  Haemophilus influenzae type b

(invasive), Influenza Virus, Mumps Virus, Mycoplasma

pneumoniae, Neisseria meningitidis (invasive),

Parvovirus B19, Bordetella pertussis, Plague

(Pneumonic), Rubella virus, SARS Virus, and

Streptococcus, Pyogenes (pharyngitis, pneumonia, and

scarlet fever).13  Infections that require contact

precaution include those that caused by multidrug-

resistant bacteria (vancomycin-resistant enterococci,

methicillin-resistant S. aureus, multidrug-resistant

Gram-negative bacilli), Clostridium difficile, C.

diphtheriae (cutaneous), Enterovirus, E. coli

O157:H7, other shiga toxin-producing E. coli,

Hepatitis A Virus, Herpes simplex, Varicella-zoster

virus, bacteria (impetigo, major abscess, and cellulitis
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Virus), Parainfluenza Virus, RSV, Rotavirus, scabies,

Shigella ,  S. aureus  (wounds), and viruses of

hemorrhagic fever group.13  Aerosol transmission can

be divided into 1) obligate transmission (occuring

through small particles) e.g. tuberculosis, 2)

preferential transmission (occuring through multiple

routes but small particle aerosols are the predominant

route) e.g. measles and shingles, and 3) opportunistic

transmission (occurring through other routes, but under

certain environments; these could be transmitted by

fine particular aerosols) e.g., smallpox, severe acute

respiratory syndrome caused by SARS virus, and

influenza.14  Many pathogens can also be transmitted

by more than one route.  The route of transmission of

emerging pathogens may not be apparent at first and

empiric precautions should be placed first while

information is gathered on the routes of transmission.

Pediatric populations are generally regarded as less

likely to transmit Mycobacterium tuberculosis

although there has been one report of nosocomial

tuberculosis transmission from a premature baby with

congenital tuberculosis which resulted in 19 percent of

healthcare workers converting to a positive tuberculin

skin test.15

Health care setting-associated factors

Environment

Children often share common playing areas and

toys both in the community and in healthcare settings.

Several reports have revealed toys as a possible way

of fomite transmission.  One study reported that 14

percent of hard toys and 90 percent of soft toys were

contaminated with coliforms.16  Bath toys have also

shown to be associated with an outbreak of P.

aeruginosa in a pediatric oncology ward.17  Breast

milk has also been found to be a source of bacterial

infection via the processes of pumping, collection and

storage.18  Maternal education needs to be emphasized.

There have been concerns regarding contaminated

infant formula with Enterobacter sakazakii.19  Safe

preparation, good storage practices and appropriate

administration of infant formula need to be emphasized.

Ratio of staff to patients

Transmission is facilitated by overcrowding of

patients and under-staffing and several reports have

shown this situation is associated with increased HAIs

in PICU, NICU, and general pediatric units.20-22

Infection control Measures

Basic infection control measures in healthcare

settings apply to both adult and child populations.

These include standard precautions (Annex 1) and

transmission-based precautions (Annex 2).13  In general

pediatric settings, we may be faced with 2 groups of

patients including 1) patients who acquired infection

from the community (e.g., rotavirus, pertussis, influenza)

and 2) patients who truly acquired infection originating

in healthcare settings (e.g., device-associated infections

in ICUs).  Regarding group 1, we aim for early

containment of the disease, therefore empiric syndromic

approaches (Annex 3) are recommended.13  There has

been report that a “bundle multi-component” program

including 1) prompt laboratory confirmation, 2) cohort

of patients and nursing staff and 3) use of contact

precautions (gloves and gowns) was able to reduce

RSV transmission.23  The World Health Organization

(WHO) recently also highlighted the importance of early

containment of respiratory pathogens by publishing

interim guidelines regarding infection prevention and

the control of epidemic-and pandemic prone acute

respiratory diseases in health care (Annex 4).24

Regarding the transmission of Rotavirus, which is a

very hardy virus, there are still controversies regarding

the efficacy of the bundle approach.25

Regarding group 2, there are less data and clinical
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research in pediatric populations, compared with
adult populations.  Infection control measures
recommended in adults cannot be totally adopted to
practices in pediatric populations.  However, some
recommendations give insights into how  to modify its
use for pediatrics given the lack of specific research
in pediatrics.  Specific issues which need to be
concerned in pediatrics include the following;

Ventilator-associated pneumonia (VAP)
VAP is a nosocomial infection occurring in

patients receiving mechanical ventilatory support that
is not present at the time of intubation and that
develops more than 48 hours after the initiation of
that support.26  Ninety-five percent of nosocomial
pneumonias occur in patients receiving mechanical
ventilatory support.8  P. aeruginosa, Enterobacter
cloacae, S. aureus, and viruses are the most common
pathogens.7,8  Children in the 2-12-month age group
have the highest age-specific rate.  Most risk factors
for the development of VAP in the pediatric population
are similar to adults, although some risk factors are
different including immunodeficiency, immuno-
suppression, and neuromuscular blockade.27  TPN,
steroids and H2-blockers are also associated with
VAP.28  The Institute of Healthcare Improvement (IHI)
has established the bundles for prevention of VAP29;
the bundle consists of 1) elevation of the head of the

patient’s bed to 30-45 degrees, 2) a daily sedation and
neuromuscular blockade holiday with an extubation
readiness trial, 3) peptic ulcer disease prophylaxis, and
4) deep venous thrombosis prophylaxis.  However,
there are some modifications of the IHI Adult
Ventilator Bundle for pediatrics29 including 1) elevation
of the head of the patient’s bed to 15-30 and 30-45
degrees for neonates and infants 2) no recommendation
of sedation vacation recommended in pediatrics due
to high risk of unplaned extubation, 3) peptic ulcer
disease prophylaxis being used as appropriate for age
and condition of the child, and 4) deep vein thrombosis
prophylaxis being used as appropriate for age and
condition of the child.  The drawback of H2-blockers
relating to higher rates of VAP in adult populations
(compared with the cytoprotective agent sucralfate)
has not been studied well in pediatrics.  A randomized,
controlled trial has shown that ventilated infants
positioned on their sides were less likely to have
tracheal colonization which supports the idea that
gravity probably could prevent VAP.30

Bloodstream infection
In developed countries, bloodstream infection is

the most infection in PICU.  The “central line bundle”
recommended in adults consists of 1) hand hygiene, 2)
maximal barrier precaution, 3) chlorhexidine skin
antisepsis, (4) Optimal catheter site selection (the

Annex 2.  Transmission-based precautions for hospitalized patients (modified from reference 13).
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subclavian vein is the preferred site for non-

tunneled catheters in adults), and 5) daily review

of line with prompt removal if unnecessary.  No

formal guidelines have been developed in children,

however, there are some modifications which could

be suggested, for example, no chlorhexidine

recommended in patients of < 2 months of age.31  A

retrospective cohort study of children with catheter-

associated bloodstream infections (BSIs) due to

Escherichia coli and/or Klebsiella revealed risk

factors for poor outcome (e.g. death or recurrence

of infection) including receipt of mechanical

ventilation and receipt of total parenteral nutrition.

A significant proportion of children with catheter-

associated BSI were treated successfully without

catheter removal.32

The incidence of catheter-related BSI (CRBSI)

in the 48 hours following peripherally inserted central

catheter (PICC) removal was not different than the

incidence of CRBSI when a PICC was in-dwelling.33

There was no evidence from this study to support

antibacterial prophylaxis before PICC removal.33

Catheter-associated urinary tract infection

The need for fluid balance monitoring in

particular pediatric patients (e.g. congenital heart

disease) necessitates urinary catheter insertion.  A

duration of at least 3 days of catheterization has been

reported to be a risk factor for urinary tract infection

in children.34  Therefore, preventive measures should

encourage the removal of urinary catheters as soon

as possible.

Surgical sites infections

In general, infection control measures are similar

to adults and some concerns are less problematic in

children, e.g. hair removal.  Pediatric populations differ

mainly from adult populations in the type and dosing of

antibiotic prophylaxis.35

Multidrug-resistant organisms

Measures to prevent multidrug-resistant organisms

include 1) antibiotic control programmes and 2) strictly

adhering to infection control programmes.  The

application of standard and contact precautions,

screening of high-risk patients during outbreaks and

reducing the use of third-generation cephalosporins and

amino-glycosides have been shown to assist in containing

multidrug-resistant K. pneumoniae (MRKP) epidemics

in PICUs.  Antibiotic cycling has not been consistently

shown to reduce emergence of these organisms.  Receipt

of extended-spectrum cephalosporins in the previous 30

days has been found to be a risk factor for bloodstream

infection caused by extended-spectrum beta-lactamase-

producing E. coli or Klebsiella species.36  Risks including

age less than 12 weeks, previous treatment with third-

generation cephalosporins and aminoglycosides were all

found to be associated with MRKP colonization and/or

infection.37

Neonates

Bloodstream infection is the leading cause of

HAI in this age group38, whereas the frequency of

VAP varies according to birth weight.39  The

incidence of VAP increases in extremely preterm

neonates and is associated with a high mortality.40

Infection control measures to prevent the spread of

resistant pathogens are similar to adults.  A report

has shown that an infection control intervention

consisting mostly of nurse and physician education

(in particular, hand hygiene) and improvements in

vascular access care can have a sustained reduction

on infection rates among neonates.41  Multimodal

strategies including hand hygiene have been shown

to reduce BSI rates.42-43  Routine gowning by

attendants and visitors in nurseries has not been
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shown to reduce the rate of bacterial colonization/

infection rates in neonates.44

CONCLUSION

Infection control in Pediatrics is a unique

issue.  Given several different aspects from adults,

implementation of  infection control guidelines from

adult to pediatric populations need to be considered

carefully and more studies are needed.
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