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Pediatric Mortality Due to Nosocomial Infection: A Critical Approach

Julia Marcia Maluf Lopes'?®, Eugenio Marcos Andrade Goulart' and Carlos Ernesto Ferreira Starling®

Horizonte, MG, Brazil

Nosocomial infection is a frequent event with potentially lethal consequences. We reviewed the literature on the
predictive factors for mortality related to nosocomial infection in pediatric medicine. Electronic searches in English,
Spanish and Portuguese of the PubMed/MEDLINE, LILACS and Cochrane Collaboration Databases was performed,
focusing on studies that had been published from 1996 to 2006. The key words were: nosocomial infection and
mortality and pediatrics/neonate/newborn/child/infant/adolescent. The risk factors found to be associated with
mortality were: nosocomial infection itself, leukemia, lymphopenia, neutropenia, corticosteroid therapy, multiple
organ failure, previous antimicrobial therapy, catheter use duration, candidemia, cancer, bacteremia, age over 60,
invasive procedures, mechanical ventilation, transport out of the pediatric intensive care unit, methicillin-resistant
Staphylococcus aureus, Pseudomonas aeruginosa, and Burkholderia cepacia infections, acute physiology and chronic
health evaluation (APACHE) Il scores over 15. Among these factors, the only one that can be minimized is inadequate
antimicrobial treatment, which has proven to be an important contributor to hospital mortality in critically-ill
patients. There is room for further prognosis research on this matter to determine local differences. Such research
requires appropriate epidemiological design and statistical analysis so that pediatric death due to nosocomial
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infection can be reduced and health care quality improved in pediatric hospitals.
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Nosocomial infection (NI) is an important public-health
problemin Brazil; considering 11 million hospital admissions
per year and a 5% to 10% NI rate, we project 550,000 to
1,100,000 cases, with all their associated costs, including
financial, patient suffering and mortality [1]. The current
world-wide focus on improving the cost-effectiveness of
health care, along with reports of successful nosocomial-
infection-control programs stimulates hospital
administrators, infection-control teams and researchers to
try to understand their own local situations in order to
improve health-care programs. Knowledge about the
prognosis of mortality related to NI would allow prior
interventions and more targeted and effective infection-
control programs. Haley and his colleagues indicated that
NI are among the top-ten-leading causes of death in the
United States[2].

From aglobal perspective, acknowledgment that NIsdo
occur and that many of these infections are preventableisan
obvious prerequisite for improvementsininfection control in
any country. Infection-control professionals require training
and experience in acomplex amalgam of infectious diseases,
epidemiol ogy, microbiol ogy, biostatistics, informatics, health-
care management, patient-care practices, adult education and
behavioral science[3].

Health-care workers have always been concerned about
NI, and so have regulatory agencies and organizations. It
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never will bereduced to zero, but many of itscausesarerelated
to a lack of applying adequate methodology to control it.
Nosocomial infection and associated mortality rates are
important health-care quality indicators. Evidence-based
health careisthe conscientious, explicit, and judicious use of
current best evidence from healthcare research in making
decisionsthat fit the circumstances and wishes of individual
patients or groups [4].

Brazilian federal regulations published in 1992 and 1998
madeit obligatory to report lethality and mortality ratesin NI-
control programs; however, thiswas done without stipul ating
a uniform and viable methodology [5,6]. The National
Nosocomial Infection Surveillance (NNIS) System requires
hospitals to provide high-quality data on NI [7]. This
government agency hasits own specific definitions and also
applies Centers for Disease Control and Prevention (CDC-
Atlanta) definitions[8,9].

In order, to develop adequate legislation and to
support continuous healthcare-quality improvement
programs, it is crucial to obtain data and indicators on
NI and associated mortality by means of
methodologically well-designed research that will be
accepted by the scientific community. We reviewed the
literature on the predictive factors for mortality related
to NI in Pediatrics, focusing on studies that were
published from 1996 to 2006.

Search Strategy

Electronic search in English, Spanish and Portuguese of
thePubMed/ MEDLINE, LILACSand Cochrane Collaboration
Databases was performed, focusing on studies that had been
published from 1996 to 2006. The key wordswere: nosocomial
infection and mortality and pediatrics/neonate/newborn/child/
infant, adolescent.
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The Studies

A six-year prospective study of children involved in 374
hospital and community-acquired episodes of Gram-negative
bacteremiain atertiary-care children’smedical center in|srael
reported a crude mortality of 11.4%. Theincreased mortality
was significantly associated with acute |eukemia, neutropenia,
hospital-acquired infections and previous corticosteroid
therapy (p = 0.03, 0.003, 0.006 and 0.01, respectively) and
inadequate antimicrobial treatment and shock (p = 0.001).
Statistical analysis was performed applying Chi-square and
Wilcoxon'stests[10]. A descriptive follow-up study of adult
and pediatric patients (204,598 discharges), made from 1991
to 1995, found a mortality rate related to NI of 7.5% and an
overall mortality rate of 0.3%[1].

During a 22-month period, a prospective multicenter
observational study inacohort of 145 patientswith candidemia
(defined as the growth of Candida species from at least one
blood culturetaken from aperipheral vein) found thefollowing
risk factors for death, based on univariate analysis. age over
64, catheter retention, candidemia due to species other than
Candida parapsilosis, hypotension, poor performance status
and no antifungal treatment. Based on logistic regression
multivariateanalysis, older age (oddsratio[OR] 1.02; p=0.02),
and non-removal of acentral venous catheter (OR: 4.81; p <
0.0001) were the only factors associated with an increased
risk for death [11].

Based on a one-year prospective analysis, data from all
patients with hospital-acquired Staphylococcus aureus
bacteremia (SAB) admitted to four hospitals in Copenhagen
County, Denmark, from May 1, 1994, through April 30, 1995,
were evaluated. The presence of a central-venous catheter
(OR=6.9; 95% confidence interval [Cl]:2.8-17.0), anemia
(OR:3.3; 95%Cl:1.4-7.6), and hyponetremia(OR:3.3; 95%Cl:1.5-
7.0) was significantly associated with hospital-acquired SAB
inaconditional and in anormal logistic regression anaysis.
Nasal carriage was not an independent risk factor; however,
nasal carriersamong patientsin surgery (OR:4.0; 95%CI:1.3-
13.0) had asignificantly higher risk for hospital-acquired SAB
compared with matched and unmatched controls. The
presence of hospital-acquired SAB increased the mortality
rate 2.4-fold (95%Cl:1.1-5.2). The Cox regression model was
applied, and the results demonstrated that hospital-acquired
SAB in itself and age (>60 years) increase mortality
independently. The mortality-rate ratio for cancer was 1.7
(95%Cl:0.8-3.5). However, thiswas not significantly (p=0.14)
different from baselinemortality [12].

A European, multicenter six-month prospective study,
using CDC criteria, aimed to determinetheincidenceof NI in
the various units by site of infection and bacterial
epidemiology, found that mortality due to NI was 10% (O to
27.3%) in pediatric-intensive-care units (PICU), 17% in
neonatal units and 1.5% for immunocompromised children.
Variableswere eval uated using the chi-square or Fisher’sExact
Test for categorical variables and the Mann-Whitney test for
continuous ones. They found large differencesin NI frequency

and microbial epidemiology and concluded that clinical
monitoring of NIs and bacterial resistance profiles are
necessary in all pediatric units[13].

A population-based case-control study of 277 post-
neonatal infant deaths caused by diarrhea and pneumonia
examined how risk factorsarerelated to the quality of medical
assistance. Multiple-logistic-regression analysis showed the
following factors to be independently associated with
increased risk of postneonatal death: delayed immunization
(OR:2.48; 95%CI:1.17-5.23), criticaly ill at hospital admission
(OR:10.94; 95%Cl:4.91-24.34), unperformed hospital
procedures (OR:10.08; 95%Cl:3.55-20.59) and malnutrition at
hospital admission (OR:3.58; 95%CI:1.42-9.07). Theauthors
concluded that low quality of medical assistance is an
important risk factor among avoidabl e causes of post-neonatal
deaths[14].

A prospective-cohort study was performed at St. Louis
Children’s Hospital, a 235-bed academic tertiary care center
with a combined 22-bed medical and surgical PICU; the
subjects were all the patients admitted to the PICU between
September 1, 1999, and May 31, 2000, when a high rate of
bloodstream infection was identified (BSI = 13.8 per 1,000
central venous catheter days). In multiple logistic regression
analysis, patientswith BS| were morelikely to have multiple
central-venous catheters (adjusted odds ratio [aOR]:5.7;
95%Cl:2.9-10.9), arterid catheters (aOR:5.5; 95%Cl:1.8-16.3),
invasive procedures performed in the PICU (aOR:4.0;
95%Cl:2.0-7.8), and weretransported out of the PICU (aOR:3.4;
95%Cl:1.8-6.7) to theradiology or operating room suites. When
severity of illness was measured at admission, giving a
Pediatric Risk of Mortality (PRISM) score, underlyingillnesses,
and medications were not associated with increased risk of
nosocomial BSI. The authors concluded that the risk factors
were related more to the healthcare process than to severity
of theillnessand that additional researchisneeded to develop
interventionsto reduce nosocomia BS| inchildren[15].

A Brazilian study that reviewed epidemiol ogical datafrom
patientsadmitted to aPICU of auniversity hospital, with data
collected, retrospectively, from al patients admitted between
1978 and 1994, showed agenera mortality rate of 7.4%. Data
were presented as percentages and compared using a Chi-
sguare test. The authors concluded that mortality was higher
inmalnourished children (relativerisk [RR]:2.98; 95%Cl :2.64-
3.36; p<0.0001), in those younger than 12 months (RR:1.86;
95%Cl:1.65-2.10; p<0.0001) and that sepsiswasthemost main
cause of death[16].

Another Brazilian descriptive study reviewed data from
69 deaths that occurred within 48 hours after admission in
1993 to examine a possible association between NI and
mortality. NI was considered to be a secondary causein 51%
of the deathsand aprimary causein 30%, mostly among those
not critically ill on hospital admission [17].

Inastudy of nosocomial S. aureus bacteremiain patients
over 14 yearsof age, theauthorsdevel oped a predictive model
of mortality, comparing the beginning (39%) and middie (33%)
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1990s. They found no significant differencesin the mortality
rates. Based on logistic regression, septic shock, source of
bacteremia and methicillin resistance were found to be
positively associated with subsequent mortality [18].

A study to evauate the predictive power of the PRISM
score for development of NI among 341 patients admitted
from June 1998 to December 2000 in aBrazilian PICU using
stepwise logistic regression analysis found that the best
predictors for NI were device utilization ratio (OR:4.64;
95%Cl:2.7-7.9; p<0.001) and prior antimicrobial therapy
(OR:1.26; 95%Cl: 1.2-1.4; p<0.001), and that PRISM scorewas
not useful for predicting NI [19]. A paper from the Department
of Critical Care Medicine, University of Pittsburgh School of
Medicine reported that prolonged lymphopenia (absolute
lymphocyte count < 1,000 for > 7 days) was associated
independently with NI (OR: 5.5, 95%Cl: 1.7-17, p< 0.05), death
(OR:6.8, 95%Cl:1.3-34, p<0.05), and splenic and lymph node
hypocdlularity (OR: 42, 95%Cl:3.7-473, p< 0.05) [20].

Limitations of the Various Studies to Address the Question

We found no studies that focused only on pediatric
patients, and methodologies varied, making comparisons
difficult. Most studies were descriptive for rates or focused
on neonatal population outbreaks, which was not our target.
In some of them, multivariate analyseswere performed using
logistic regression, but these were used to find risk factorsfor
NI, and not survival analyses of prognostic factors or
attributable mortality.

Some studies examined NI related to certaininfection sites
or etiological agents[11]. Othersfocused on PICU or resistant-
bacteria infections. The first U.S. national multicenter
description of antimicrobia use in neonatal intensive care
units (NICUs) and PICUs reported a high prevalence of
antimicrobial use among these patients; the authors
concluded that assessment strategies targeting antimicrobial
usein pediatrics are needed [21].

Characteristics of 42 episodesof B. cepacia bacteremiain
40 patients admitted to the Taipel Veterans General Hospital
between January 1997 and December 1999 wereretrospectively
analyzed. Most of the patients had serious underlying
diseases, such as diabetes mellitus, malignancy,
congestive heart failure, and chronic obstructive
pulmonary disease. The overall mortality rate was 29%
(12/42), and 44% (12/27) of all deathsweredirectly related
to B. cepacia bacteremia[22].

Most of the studiestook placein hospital units, wherethe
population includes children of various agesaswell asadults,
with great heterogeneity of underlying diseases, from neonates
with or without congenital abnormalities, to adolescentswith
or without traumas and immunocompromised patients.
Therefore, patientswho have been admitted to the sasmeward
or PICU/ NICU may have different risk factors, because of
their intrinsic-risk factors. Thiswas quite clear, for instance,
in a University of Pittsburgh School of Medicine study;
prolonged lymphopenia and apoptosis-associated depletion

of lymphoid organs played arolein nosocomial-sepsis-related
deathincriticaly-ill children[20].

In order to compare the different risk factors, there have
been some attempts to standardize risk scores for mortality;
but there is no consensus about the best means to do so.
According to a cohort study undertaken at the Pontificia
Universidade Catdlica do Rio Grande do Sul, Hospital Séo
LucasPICU, the Pediatric Risk of Mortality (PRISM) and the
Pediatric Index of Mortality (PIM) scores both offer a good
capacity for discriminating between survivors and moribund
patients[23].

Taking into consideration that PICUs vary in admission
criteria, in another study, the authors concluded that PRISM
score was not useful for predicting NI and that preventive
measures should focus, whenever possible, on reduction of
invasive devices and of antimicrobial therapy [19]. Risk
factors for BSI are more frequently associated with the
healthcare process than with the severity of illness among
PICU patients[15].

Datafrom anationwide US, concurrent surveillance study
(Surveillance and Control of Pathogens of Epidemiological
Importance [ SCOPE]), one of the largest multicenter studies
performed to date, were used to examinethe secular trendsin
the epidemiology and microbiology of hosocomial BSIs. The
study detected 24,179 cases of nosocomial BS| in 49 hospitals
over aseven-year period from March 1995 through September
2002 (60 cases per 10,000 hospital admissions). The crude
mortality rate was 27%. The authors concluded that the
proportion of nosocomial BSIs due to antibiotic-resistant
organismsisincreasingin US hospitals[24].

The same trend may occur in Brazil, but we found no
Brazilian data. Another North-American study to evaluatethe
relationship between inadequate antimicrobial treatment of
infections (both community-acquired and nosocomial
infections) and hospital mortality for patients requiring ICU
admission found that the infection-related mortality rate for
infected patientsreceiving inadequate antimicrobial treatment
(42%) was significantly greater than the infection-related
mortality rate (17.7%) of infected patientsreceiving adequate
antimicrobid trestment (RR:2,37; 95%Cl: 1.83-3.08, p< 0.001).
Using a logistic regression model, inadequate antimicrobial
treatment of infection was found to be the most important
independent determinant of hospital mortality for the entire
patient cohort (aOR:4.27; 95%Cl:3.35-5.44, p< 0.001). Theother
independent determinants of hospital mortality included the
number of acquired organ-system derangements, use of
vasopressor agents, the presence of an underlying
malignancy, increasing APACHE Il scores, increasing age,
and anonsurgical diagnosisat thetimeof ICU admission [25].
Another set of data suggested that administration of
inadequate antimicrobid treatment to critically-ill patientswith
BSI isassociated with agreater hospital mortality compared
with adeguate antimicrobial trestment of BSI and that clinical
efforts should be aimed at reducing the administration of
inadequate antimicrobial treatment to hospitalized patients
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with BSI, especialy individuals infected with antibiotic-
resistant bacteria and Candida species [26].

An Italian prospective-randomized-controlled trial
conducted in a 20-bed tertiary referral NICU compared the
effectiveness of a single dose and a three-day course of
antibiotic prophylaxisin preventing bacteria infectionsin high-
risk neonates. No significant differenceswerefound between
the two groups of neonates in mean birth weight, gestational
age or postnatal age on admission. Theincidence of vertical
infection was similar in thetwo groups (16/67, 24% vs. 14/63,
22%). Among the 130 newborns, 29 (22%) acquired at least
one nosocomial infection during their NICU stay; total
hospital-acquired infections, calculated as the incidence
density of infection (the number of infective episodes divided
by the number of daysinthe NICU), werelessfrequent among
newborns who received the three-day course than a single
bolus (risk ratio [RR]:0.69). This difference, athough not
significant, was affected by theincidence density of confirmed
nosocomial infections rather than by suspected infections
(RR:0.59; 95%Cl 0.32-1.09; p=0.1). Therewereno significant
differences between the two groups in overall mortality. A
single bolus administration on admissionisthereforelikely to
be as effective asathree-day course of antibiotic prophylaxis
in preventing bacterial infection in high-risk infants admitted
toanNICU [27].

A retrospective study of 56 neonates admitted to aneonatal
intensive care unit from 1996 to 2000 who had one or more
blood cultures positive for Candida spp. examined the
duration of candidemiain newborn infants and theincidence
of persistent hospital-acquired candidemiaand its associated
morbidity and mortality compared with non-persistent
candidemia. No significant differences were found between
the infants with persistent and non-persistent candidemiain
background or predisposing clinical factors. The authors
concluded that persistent-neonatal candidemia is not
associated with increased mortality [28].

An 11-year longitudinal prospective surveillancestudy in
Australia and New Zealand to determine the incidence and
mortality dueto late-onset Gram-negative bacillary infections
in neonatal unitsfound that 702 of 3,113 (22.5%) episodes of
late onset sepsis in 681 infants were due to Gram-negative
bacilli. Overall mortality was 21% (142 of 681 infants), and it
wassignificantly related to maturity, birth weight and infecting
organism. Mortality was 25% for infants less than 30 weeks
old compared with 11.5% for infants more than or equal to 30
weeks (p < 0.0001) and 24% for infantswith birth weightsless
than 1500 g, versus 13% if more than or equal 1500 g (p <
0.0001). Infection by P. aeruginosa was associated with 52%
mortality (46 of 88 infants), significantly higher than the 14%
to 24%fatality from other Gram-negative bacilli (p < 0.0001).
During surveillance, the late onset Gram-negative bacillary
infectionrateremained stableat 1.14 per 1,000 live births (range
0.87-1.5). Similarly, mortality was unchanged, being 0.25 per
1000 livebirths (range 0.12-0.43). The authors concluded that
Gram-negative bacilli are important causes of late onset

neonatal sepsis, especially among very-low-birth-weight
infantsand provoke high mortality, particularly Pseudomonas
aeruginosa infections[29].

In aprospective study at a Turkish university hospital, 93
|CU-acquired infectionsin 131 1 CU patientswere eval uated.
Infection rateswerefound to be 70.9 per 100 patientsand 56.2
per 1,000 patient-days. Pneumonia (35.4%) and BS| (18.2%)
were the most common infections; S. aureus (30.9%) and
Acinetobacter spp. (26.8%) were the most frequently-isol ated
microorganisms. Theresultsof multivariatelogistic regression
analyses estimating the risk factors for 1CU-acquired
infections were as follows: length of stay in ICU (>7 days)
(OR:7.02; 95%Cl: 2.80-17.56), respiratory failureasaprimary
cause of admission (OR:3.7; 95%CIl:1.41-9.70), sedative
medi cation (OR:3.34; 95%CI:1.27-8.79) and surgery (beforeor
after admissonto ICU; OR: 2.56; 95% Cl: 1.06-6.18). Inlogistic
regression analyses, age (>60 years, OR:3.65; 95%Cl:1.48-9.0),
APACHE I score>15 (OR:4.67; 95%Cl:1.92-11.31), intubation
(OR:3.60; 95%Cl:1.05-12.39) and central venouscatheterization
(OR:7.85; 95%Cl:1.61-38.32) werefound to be significant risk
factorsfor mortality. Thedifferencein mortality rates between
patientswith | CU-acquired infection and uninfected patients
was not significant (mortality rates: 42.3 and 45.6%,
respectively). A highincidence of nosocomial infectionswas
found, and the risk factors for ICU-acquired infections and
mortality were determined [30].

Brazilian reports are rare, especialy those related to
antimicrobial susceptibility patterns other than local data. Each
hospital knowsthe most frequent local agents. Pseudomonas
and Acinetobacter have had increasing resistance patterns.
Pathogen frequency and resistance patterns (including
Brazilian hospitals) have been studied, and a summary of
results has been published [31]; nevertheless, thereis alack
of recent data.

The first newsletter from ANVISA (the Brazilian health
and drug monitoring agency) reported on a national pattern
of NIs and on etiological agents and resistance patterns,
though interpretation was difficult as various participating
laboratories had no quality control. ANVISA emphasizesthe
need to use adequate methodology and development of
proceduresin each hospital [32].

These findings and the great variation in the ability of
L atin-American laboratoriesto detect antimicrobial resistance
patternsare thereason why international dataare predominant
evenin Brazilian publications. A global Brazilian perspective
remainsagreat challenge.

Conclusions

Thearticlesthat we reviewed showed that there have been
advancesin the effortsto prevent and control NIs. The number
of reportsin the international literature has increased in the
last 10 years. The epidemiological design and the statistical
analysis aso have had a quality improvement throughout
these years, going from descriptive to analytical studies.
Nevertheless, some contradictory data and lacunae were
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found, especially in pediatrics and mortality related to or
associated with NI. The risk factors varied from intrinsic to
extrinsic, depending on where the research had taken place;
they included the nosocomial infection itself, leukemia,
lymphopenia, neutropenia, corticosteroid therapy, multiple-
organ failure, previous antimicrobial therapy, catheter
placement duration, candidemia, cancer, bacteremia, age over
60, invasive procedures, mechanical ventilation, transport out
of the pediatric-intensive-care unit, methicillin-resistant S.
aureus, Gram-negative bacilli, P. aeruginosa, B. cepacia
infections, acute physiology and chronic health evaluation
(APACHE) Il scoresover 15.

Most important, emphasis was given to avoiding
inadequate antimicrobial treatment of critically-ill patients.
Among al therisk factors, the only one that normally can be
manipul ated isinadequate antimicrobial treatment, which has
proven to be animportant determinant of hospital mortality in
criticaly-ill patients. Consequently, itiscrucial toidentify the
etiological infectious agent quickly for rapid tailoring of
antimicrobial treatment on the basis of cultureresultsand the
clinical course of the patient. There is still room for further
prognosisresearch on thismatter, examining local and national
scenarios, in order to obtain a better understanding of the
problem of pediatric mortality related to nosocomial infection.
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