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Abstract Background:Nosocomial oping countries, reports from devel-
infections or hospital-acquired in- oped countries indicate a range of
fections constitute a global health6% to 25%. Much higher figures
problem. They lead to significantwere noted in some developing
morbidity and mortality in both countries. Several risk factors for
developed and resource-limitednosocomial infections were identi-
countries. The neonatal intensivefied but varied in different NICUs
care unit (NICU) is a suitable envi- surveyed. Effective control strate-
ronment for disseminating thesegies have been recommended but
infections; underscoring the needhand washing or hand hygiene ap-
for preventive intervention meas-pears universally applicable in both
ures. developed and resource-limited
Objectives: This review aims to countries. Economic analyses of
highlight the global burden of noso-these strategies in developed coun-
comial infections in neonatal inten-tries have established their cost-
sive care units (NICUs), to discusseffectiveness while the adaptability
their epidemiology and clinical of hand hygiene program to re-
spectrum, as well as the costsource-limited settings has been
effective control strategies in re-demonstrated in a World Health
source-limited settings. Organization pilot study in sub-
Sources: Sources of information Saharan Africa.

were from Google searches andConclusion:Hand washing or hand
PubMed- linked articles using thehygiene by health-care personnel
key words- nosocomial infections,remains the most important evi-
neonatal intensive care unit, con-dence-based and cost-effective con-
trol. Related articles from hard cop-trol strategy for the spread of noso-
ies of medical literature and jour-comial infections in NICUs in re-
nals were also gathered. source-limited countries.

Results: Although paucity of data

exists on the incidence of nosocoKey words: nosocomial infections;
mial infections in NICUs in devel- neonatal intensive care unit;control.

Introduction

by a factor of 2.3.Within the tropics-especially the sub-
Saharan Africa- the picture may not be differergpdie

Nosocomial infections or hospital-acquired infesfo scant documentation. Nevertheless, nosocomial infec
constitute a global health problelnand contribute to  tions remain a major cause of preventable morbiatity
significant morbidity and mortality, longer duratiomf mortality in developing countries where infecticatas
hospitalization, as well as increased cost of tneat in are relatively higher due to poor infection contpoac-
both developed and resource-poor counfries. tices, lack of supervision and inappropriate usdirof

ited resources and overcrowding of hospitals.

For instance in the United States, statistics shioa¥

nosocomial infections occur in 5% of all acute dame-  The newborn infants in neonatal intensive care sunit
pitalizations with more than 2 million patientsexffed  (NICUs) form a vulnerable group for these infection
annually resulting in an added expenditure in exads due to their sudden transition to an environmetdllio
$4.5billion?3while in the United Kingdom, an audit different from the sterile intra-uterine environrhen
report noted that 1 in 11 patients were affectethwai  Their immature immune system, exposure to invasive
mortality rate of 13% and a prolongation of hodpstay procedures and devices, frequent contacts by heaith
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personnel and the frequent use of antibiotics &irth infections is the development and spread of artitio
treatment protocol are additional risk factbrs. resistant bacteria as intensive care units haverbe@an
This review aims to highlight the global burdertleése  important breeding ground: following exposure to
infections in NICUs, to discuss their epidemiologyd heavy antibiotic use, a high density patient potparain

clinical spectrum, as well as the cost-effectiventonl frequent contact with healthcare staff, as weltlesat-

strategies in resource-limited countries. tendant risk of cross-infectidi.*

Definition of nosocomial infection The incidence of neonatal nosocomial infections iman
aged in NICU is inversely proportional to gestatibn

Nosocomial infection has been defined by the US age and birth weight. In neonates with birth weilglsts

Department of Health and Human Services for Diseaseéhan 1.5kg, it ranges from 5 to 32%; in those wigigh
Control and Prevention as an infection occurringrdu  less than 1kg, it rises to 40% and up to 46% inidsab
hospitalization which was not present or incubatitig born before the third trimesté&t.In fact, among several
the time of admissiofifhe organisms causing most risk factors identified for these infections in NJE,
nosocomial infections usually emanate from the pa-birth weight appears to be the most important féic
tient's own body (endogenous flora ), or from cehta tor?°This observation is supported by several studies
with hospital staff, contaminated devices and consu which indicate that the risk of nosocomial infeatim-
ables (cross-contamination), and from the hospit®i- creases with reduction in birth weidft*

ronment (exogenous flora)The risk factors have there-

fore been categorized amtrogenic risk factorswhich However, a comparison of the findings of some re-
include invasive procedures and antibiotic use mr p searchers- who conducted logistic regression aisabfs

phylaxis( indwelling vascular lines and catheters); identified risk factors associated with nosoconnidéc-
ganizational risk factoreomprising contaminated water tions in NICUs- show obvious differences. Workeats i
systems, staffing and physical layout of the tnefdtil- Saudi Arabi&’ reported mechanical ventilation and total
ity( nurse-to-patient ratio, open beds close toggthnd  parenteral nutrition as significant risk factorsiletgen-
patient risk factorswhich consist of the severity of ill- der, birth weight, method of delivery, gestatiomaje
ness, the underlying immune-compromised state andénd intravenous lines were not observed as preslispo
length of hospital sta¥. factors. Conversely, some Japanese authatemon-

strated that gender, birth weight and insertiora afen-
The global trend in incidence of nosocomial inf@es  tral venous catheter were significant risk factatsile
in NICUs artificial ventilation, umbilical artery cathetarmbilical
venous catheter and urinary catheter were not nased
The nosocomial infection rate in NICUs has incrdase risk factors. The reason for this discordance iairth
over the past several yeatsost reports from the West- findings is not clear but may well be due to peanifies
ern world®**indicate that the incidence ranges from 6% of the environment studied and the care practices.
to 25% with a significant variation by birth weigtitthe
babies and treatment condition. A study by the peam  Notably, it has been established that prematurevang
Study Group for instance found an infection rater@f low-birth-weight infants appear to be particulagys-
in seven NICUs'while some workers in Poland re- ceptible to nosocomial infections due to their tieta
ported a higher incidence of 38.5%In the Middle immune deficiency such as poor phagocytosis and-hyp
East, an incidence of 13.7 infections perl000 patie gammaglobinaemi®#Male gender is also associated
days was recorded in a hospital in Saudi Ara-with an increased risk.
bial’Elsewhere in Far East Asia, an incidence of 25.3%Clinical practice-related or iatrogenic risk fatoin-
was observed by other investigators in Jafan. clude empirical or previous antibiotic Ueparticularly
exposure to broad-spectrum antibiotics lik& @nera-
In developing countries, especially in Africa, piyof tion cephalosporif’ the need for mechanical ventila-
data exists on the incidence of neonatal nosocomial tion,>° exposure to a central venous cathéteratheter
infections even though several factors promotehiga hub manipulation and colonizatio},as well as pro-
incidence rates of these infections generally regbin longed exposure to total parenteral nutrition anthfva-
these regions. However in Brazil, an infection rafe  venous lipids especially in nosocomial fungal sepsis.
51% has been documented among all NICU admissions;
19 the variability in infection rates has been atitéml to  Regarding environmental factors, evolution of cquse
gestational age, distribution of neonates survdgethe has occurred over decades. In the 1970s, most NICUs
report, and the specific environment and care fmest’ maintained near-operating-room conditions basethen
These statistical data clearly indicate a disparitghe concept that the greatest risk for nosocomial tidecis
global picture of these infections as the burdepeaps  exogenous? In the 1980s, recognition that most infec-

to weigh more in resource-limited countries than in tions are endogenous culminated in relaxation oémpa
developed countries. tal visiting restrictions. It was in the 1990s thatk of

space was recognized as fostering nosocomial infec-
Epidemiology and clinical spectrum tions®

Currently, justified concerns remain about infetio
The major challenge in the control of nosocomial finding its way into the NICU from the communitys a
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well as major concerns for cross-contamination sagh For instance, a study in Turk8yshows that the most
methicillin-resistant Staphylococcus aureus (MRSA)common causative organisms isolated in their oofer
and colonizing organisms becoming invasive ( Staphy frequency in a NICU were gram-negative bacteria
coccus epidermidis, candida) especially among very(klebsiella species, pseudomonas species.), gram-
premature and extremely low birth weight babfes. positive bacteria (coagulase-negative staphylogpcci
Approximately 85% of all NICU surfaces will grow and candida species. Elsewhere in India, about @2%
nosocomial pathogens with over 50% contaminated bybacterial isolates reported in a NICU were gram-
two or more pathogenic organismisthe reservoirs for negative bacilli; comprising klebsiella specieseymo-
transmission have been reported and include so&p bomonas species, Escherichia coli, Enterobacter epeci
tles and sinks® resuscitators, suction equipment,  Actinobacter species, citrobacter species and ather
latex gloves® hands?’and several others. In many de- fermenter$® Gram-positive cocci were about 21.4% of
veloping countries, the rates of nosocomial infewti the bacterial isolates namely staphylococcus aureus
are markedly higher as a result of these envirotimen coagulase-negative staphylococcus, enterococcus spe
related factors. cies and streptococcus species. Candida albicanshea
major pathogenic fungus. Conversely, workers in the
Several studies indicate that pneumonia and primarynited State®as well as Israélreported coagulase-
blood stream infections are the most common nosoconegative staphylococci as the most common pathogeni
mial infections in NICUs!® " *ihile at the other end isolate in nosocomial neonatal sepsis. This isoinfar-
of the clinical spectrum are the less frequentdtiéms mity with the evolutionary trend in the common caus
involving the skin and soft tissues, the urinagctrand  tive pathogens over the past decades.
the central nervous system. Blood stream infectionsIn summary, there appears to be a multi-centriatian
(BSI) or nosocomial sepsis may also accompany pneuin the predominance of either gram-positive cocci o
monia, urinary tract infection and meningitis. Tdimi- gram-negative bacilli within NICUs in both develape
cal features of nosocomial sepsis are non-speaifit ~ and resource-limited countries.
include increasing apnoea, feeding intolerancepmidd
nal distension, or guaiac-positive stools, lethangged  Control strategies for nosocomial infections
for increased respiratory support and hypotéhi@ihe
most common laboratory indicators are abnormalevhit Health care professionals act as vectors of disdase
blood cell count, unexplained metabolic acidosigl an spite their best intentions in patient care, aretefore
hyperglycaemi&? However, the absence of good predic- play a role in propagating nosocomial infectiéfs.
tors for nosocomial sepsis is indeed one of theesifor  The hands, kits (gowns, gloves, masks, white oetat$,
antibiotic overuse in NICU¥. and gadgets (stethoscopes, incubators, ventilatuory
of the healthcare professional are confirmed vebidf
Common pathogenic isolates causing nosocomial-infec transmitting pathogenic microbes within the NICUs.
tions Attention to simple preventive strategies whichu®on
these reservoirs of pathogens may thus reduceahs-t
A historical perspective of the epidemiology ofhmat  mission rates of nosocomial infections.
gens responsible for neonatal nosocomial infectiondnfection control programs are generally cost-effet®,
shows a dramatic change over dec&deBuring the  but their implementation is frequently hindered dy
1950s, staphylococcus aureus phage type 80/81h&as t ministrative bottle-necks, as well as non-compleaiby
most common nosocomial pathogen in hospitalized in-health-care professiondls.
fants. During the 1960s, the picture changed tangra
negative bacilli especially Pseudomonas aeruginosaSince the major cause of nosocomial infectionshes t
Klebsiella species and Escherichia coli. A decader] transmission of microbes from the hands of headtiec
coagulase-negative staphylococcus (predominantlhypersonnel, hand washing or hand hygiene remains the
staphylococcus epidermidis) and staphylococcusuaure most important measure for the control and preventi
including methicillin-resistant staphylococcus aige of such infections®
(MRSA) evolved as the predominant isolates in theNonetheless in resource-limited countries, the majo
NICU; #in contemporary times, gram-positive cocci challenges of NICUs with respect to the burdenasfo
continue to cause significant proportion of infens comial infections are over-crowding by patientsdem
and many causative pathogens such as MRSA, coagstaffing with healthcare personnel, absence of lecyo
lase-negative staphylococcus (CoNS) and vancomycinen rational antibiotic use, poor hygiene, as wslipaor
resistant enterococci (VRE) have become multi-drugor non-existent infection control programs. Thuse t
resistant. Gram-negative bacilli are however ciwsa interplay of microbes, patients and the hospitairen-
pathogens in about 20% to 30% of nosocomial sepsisnent (including antibiotic use and infection cohtro
and 30% of nosocomial pneumonfat’ practices) has led the emergence of antibioticstasi
pathogeng!
Generally, the most common pathogen implicated in
nosocomial neonatal sepsis in developed countges iFor instance, a survey of a labour unit contiguttus.
reported to be coagulase-negative staphylocd@ip newborn nursery in a West African hospital noteghhi
scenario remains different in developing countviagre  cross infection rates due to poor hygiene and irgpp
gram-negative pathogens are predomifant. ate use of antibiotics and disinfectarits.
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Elsewhere in the Philippines, a study of two NIQ¥s  effectivenesss assessed by comparing the expense to
vealed that nosocomial transmission of drug-resista the savings. When choices have to be made among
pathogen (especially drug-resistant gram-negati@e b several competing infection control strategies raer-
cilli) was intensethe researchers were able to demon-ventions, the technique of incremental cost-efiectess
strate that infection-control interventions weradible  analysis has been appligtiwhere the cost of the strate-
and possibly effective in reducing neonatal nosdabm gies or interventions are represented in monetnmg
infection rates in resource-limited settings. and the benefits are measured in natural units cmmm
to all strategies or interventions under considenat

Therefore, any comprehensive control program in theSeveral studies in developed countries have prdvide

NICUs in developing countries should aim to prevant quantitative estimates of the cost savings fronoocos

limit microbial entry into the nursery environmepte- mial infection strategies, especially hand-hygiene

vent microbial multiplication; prevent spread of-mi promotion programs’®*

crobes between babies; as well as protect the mewbo

infants from developing infections. For instance, a study in a Russian NICU estimated t

the added cost of one nosocomial blood streamtiofec

A summary of the components of these strategias is ($1,100) would cover 3265 patient-days of handsapti

follows: tic use ($0.34 per patient daf)n another study, it was

estimated that cost savings achieved by reducieg th

« Strategies that can prevent the entry of microbesncidence of Clostridium difficile-associated diseaand
into the newborn nursery or NICU include entry MRSA infections far exceeded the additional cost of
restrictions, maintenance of a clean environmentusing an alcohol-based hand fibPittet and col-
outside this hospital setting, as well as the promo league8" also estimated direct and indirect costs associ-
tion and practice of hand hygiene. ated with a hand- hygiene program concluding that t

« Strategies that can prevent multiplication of mi- strategy was cost saving if less than 1% of thecton
crobes consist of regular cleaning, disinfectiod an in nosocomial infections observed was attributedhto
sterilization of equipment and gadgets. proved hand- hygiene practices. Elsewhere in Canada

+ Strategies that can prevent the spread of microbe§ontrol measures including active surveillance wrel
between admitted newborn babies comprise prevenand contact precautions such as hand hygiene, fuse o
tion of overcrowding in incubators and open care9owns and gloves and thorough environmental cleanin
systems, promotion of the use of disposable itemavere noted as cost-effective in reducing the rateans-
rather than re-usable ones and increasing the nursénission of nosocomial infectior?é.
to-patient ratio by adequate staffing. - )

. Strategies that will protect the newborn infantniro  1he adaptability of these proven cost-effective tamn
developing infections include the promotion of Strategies to developing countries (espemally hand
breast feeding, maternal contact with their babies-hygiene programs) has been assessed in a piloy stud
even if preterm, early discharge or shortened hospiSPonsored by the World Health Organization in Adric
tal stay ,adequate cord/skin care and ObservingAllegranm et dreported the successful implementation

aseptic precautions during minor and major invasive@nd adaptation of the multimodal hand- hygiene im-
procedures. provement strategy in Bamako, Mali which consisiéd

introducing a locally-produced alcohol-based hauiol, r

In resource-poor countries, these strategies aéstie ~ Monitoring hand- hygiene compliance, providing per-
and achievable provided there is commitment from ad formance feedback and educating staff. The results
ministrators, as well as attitudinal change and mem  clearly show that the cost-effective control stgzgs for
ance by care givers and healthcare personnel. Othe o Nosocomial infections (with emphasis on hand hygjien
strategies that is not economically burdensomeyamid -demonstrated through several studies in developed
proven to reduce nosocomial infection rates dravatyi  countries- are equally feasible and effective sorece-

is hand hygiene. Hand hygiene is the term appleed t limited settings such as sub-Saharan Africa.

either a thorough washing of hands with soap angmwa ) ) _
for at least 15 seconds or the application of Srtds of ~ Hand washing or hand hygiene- the cornerstone of in
an alcohol-based antiseptic solution. fection control

Infection control strategies: the economic ratiomaind ~ The concept of hand washing as a method of infectio
their cost-effectiveness control dates back to 1843 when Holmes suggested in

published essay that the degree of contagiousnkess o

The economic rationale for preventing nosocomial in Puerperal fever is related to patient-to-patientiage
fections has been well establish®d*these infections DYy physicians and nurs&sEighteen years later, Sem-
consume scarce health resources by prolongingrpatie Melweis discovered that hand hygiene was an eecti
hospital stay. Cost-effective control strategielease ~Means of reducing the mortality rate due to puedper
these resources for alternative uses. If theseuress ~ S€pSis. By enforcing antiseptic practices among his
have a value in an alternative use, then the gyatan  Students, he was able to reduce the mortalityiratae
be credited with generating cost savings. Althotigise ~ POSt-partum population from 12% to 1% within a two
control strategies are costly themselves, theost- year period’
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The practice of hand washing or hand hygiene may apto hospital staff can improve their hand- hygiersb-h
pear simplistic but every health personnel shoud b its.”*"

aware that it involves six definite steps in order  Other components of a successful system that can
achieve hand decontamination from pathogéns. change the attitudes of healthcare workers to hape-
(see figure 1). giene practices include using reminders such aterms
Although liquid soap and water can effectively deco establishment of policies and procedures for hayd h
taminate hands, alcohol-based antiseptic hand rub ogiene, reward and recognition of good performeaacs
hand sanitizers provides the most tions for non-compliance, as well as access tofa sa
effective decontamination for a wide variety of ang  continuous water supply at all outlets and readigil-
isms®® In developing countries, alcohol-based antisep-able sinks, paper towels and the alternative ussook
tics may become alternative means of hand hygiene b hol-based sanitizers.

cause of their efficacy in reducing hand contanimat

and their ease of use, especially when sinks viitbve When compared with other infection control measures
operated tap and water supplies for hand washiag arsuch as the use of gloves, gowns and face maskd, ha

limited ®” hygiene remains the cheaper, effective methodaiae
ing nosocomial infections in NICUs within resource-
Despite several observations showing that ratemeb-  limited settings. The major challenge in its impénta-

comial infection are substantially reduced whenlthea tion remains the scarcity of safe water in thesgnsss.
care personnel acted in accordance with recommende@n the other hand, several studies show that gafhin
guidelines for hand hygierf& % %their compliance with ”" use of glove£® and surgical face masK8,are not
hand washing remain consistently poor with physigia effective in limiting the transmission of nosocolmia

performing worse than other health work&®&§ fections. Their routine use in infection controbgtices
Nevertheless, an institutionalized approach of ineut in developing countries is therefore not econonhjcal
monitoring, educational efforts and providing feack expedient.
Legend
The recommended six steps for effective hand washin

Fig 1

Wash back of hands {Five strokes recommended)

STEP THREE

Wash fingers and knuckles ( Same number of strakes above)

VWash thumbs (Same number of strokes above)

.
I

STCP FIVLC

Wash finger tips {Same number of strokes above)

STLCPSIX

|¢

Wash wrists { Same number of strokes above)

*  First wash for two minutes
- Before and after each patient contact for at [éfisen seconds



Conclusion

pliance by healthcare workers, a multifaceted agpgno
by healthcare institutions may help to improve tthei

hand hygiene practices.
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There should also be an administrative commitment t
provide and sustain the basic components of a ssfide

In resource-limited countries, hand washing or handhand- hygiene program. Government should develep th
hygiene program is recommended as the most eféectivwill to meet the cost implications as the econobnic-
evidence-based strategy that will reduce the rafes den may not be comparable to the added financial ex
nosocomial infection in NICUs. Because of poor com- penditure of managing nosocomial infections.
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