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ABSTRACT
Introduction: This study aimed to determine the epidemiology of the three most common 
nosocomial infections (NI), namely,  sepsis, pneumonia, and urinary tract infection (UTI), 
in a pediatric intensive care unit (PICU) in a developing country and to define the risk factors 
associated with NI. Methods: We performed a prospective study on the incidence of NI 
in a single PICU, between August 2009 and August 2010. Active surveillance by National 
Healthcare Safety Network (NHSN) was conducted in the unit and in a case control approach, 
children with NI (cases) were compared with a matched controls without NI. Results: We 
analyzed 172 patients; 22.1% had NI, 71.1% of whom acquired it in the unit. The incidence 
densities of sepsis, pneumonia, and UTI per 1,000 patients/day were 17.9, 11.4, and 4.3, 
respectively. The most common agents in sepsis were Enterococcus faecalis and Escherichia 
coli (18% each); Staphylococcus epidermidis was isolated in 13% of cases. In pneumonias 
Staphylococcus aureus was the most common cause (3.2%), and in UTI the most frequent agents 
were yeasts (33.3%). The presence of NI was associated with a long period of hospitalization, 
use of invasive devices (central venous catheter, nasogastric tube), and use of antibiotics. The 
last two were independent factors for NI. Conclusions: The incidence of NI acquired in this 
unit was high and was associated with extrinsic factors.
Keywords: Nosocomial infections. Pediatric ICU. Surveillance system.

RESUMO
Introdução: O objetivo deste estudo foi determinar a epidemiologia das três infecções 
hospitalares (IH) mais comuns - sepse, pneumonia e infecção do trato urinário (ITU) - em 
uma unidade de terapia intensiva pediátrica (UTIP) de um país em desenvolvimento e definir 
os fatores de risco associados com IH. Métodos: Nós desenvolvemos um estudo prospectivo 
de incidência de IH em uma única UTIP, entre agosto/2009 e agosto/2010. Foi conduzida 
uma vigilância ativa pelo National Healthcare Safety Network (NHSN) na Unidade e as crianças 
com IH (casos) foram comparadas com um grupo (controles) em um estudo caso-controle. 
Resultados: Nós analisamos 172 pacientes, 22,1% com IH, 71,1% adquirida na Unidade. 
A densidade de incidência de sepse, pneumonia e ITU por 1.000 pacientes/dia foram 17,9, 
11,4, e 4,3, respectivamente. Os agentes mais comuns na sepse foram Enterococcus faecalis e 
Escherichia coli (18% cada), e Staphylococcus epidermidis foram isolados em 13% dos casos. 
Nas pneumonias Staphylococcus aureus foram os agentes mais comuns (3,2%), e nas ITUs os 
agentes mais frequentes foram os fungos (33,3%). A presença de IH foi associada com tempo 
de hospitalização prolongado, uso de procedimentos invasivos (CVC, sonda nasogástrica) 
e uso de antibióticos. Os dois últimos foram fatores independentes para o desenvolvimento 
de IH. Conclusões: A incidência de IH adquirida na Unidade foi alta, associada a fatores de 
risco extrínsecos.
Palavras-chaves: Infecções hospitalares. UTI pediátrica. Sistema de vigilância.

Nosocomial infection (NI) constitutes a major 
health problem associated with high morbidity, 
mortality, and increase of healthcare costs, especially 
in pediatric intensive care units (PICU). Patients in 
these units, despite representing a small percentage 
of inpatients, contribute to over 20% of NI1. 
Bloodstream infections (BSI) are the most common 
NI in these units (28-52% of all)2,3, followed by 
pneumonia and urinary tract infection (UTI)3,4. The 
first two are responsible for approximately 50% of 
NIs, with UTI causing an additional 12% to 22%5. 
A previous study developed in a Brazilian PICU 
showed sepsis as a major cause (18.6%) of death6.

In Europe, incidence ranges from 1% in general 
pediatric wards to 23.6% in PICUs7. In Brazil, 
despite the lack of information about this issue in 
children there are many studies on adult patients, 
including NI risk factors and measures to prevent a 
patient from acquiring NI, and the work is extremely 
heterogeneous as far as number of beds, services 
available, and patients are concerned8. Studies have 
reported that less than 10% of beds are available to 
intensive care units in Brazilian hospitals, despite the 
fact that they represent 40% of NIs9,10. In this study, 
we investigated the epidemiological profile of the 
three most common NIs (sepsis, pneumonia, and 
UTI) in a PICU of a Brazilian university hospital 
and the risk factors associated with these infections.

METHODS

Hospital

The Hospital das Clínicas of the Universidade 
Federal de Uberlândia, State of Minas Gerais, Brazil, 
is a public teaching hospital of more than 500 beds, 
with the PICU presenting eight beds. The hospital 
offers tertiary care.

Design of the study

This survey was divided into two stages. The first 
stage entailed a prospective cohort study in the PICU 
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TABLE 1 - Characteristics of patients admitted to the PICU of the Hospital das 
Clínicas of the Universidade Federal de Uberlândia, Brazil, between August 
2009 and August 2010.

				                            Patients (n = 172)

Variables	 n	 %

Gender

female	 81	 47.1

male	 91	 52.9

Time of hospitalization ≥ 7 days	 71	 41.3

Patients with nosocomial infection	 38	 22.1

PICU acquired	 27	 71.1

Community infection	 15	 8.7

Patients with sepsis	 25	 65.8

with microbiological criteria	 15	 60.0

Patients with pneumonia	 16	 30.2

with microbiological criteria	 7	 43.7

Patients with urinary tract infection 	   6	 11.3

with microbiological criteria	 5	 83.3

Use of antibiotics	

yes	 119	 69.2

no ≥ 2	  58	 48.7

Patients with CVC	 129	 75.0

Patients with MV	 91	 53.0

Patients with urinary catheter	 100	 58.1

Patients with NT	  89	 51.8

Patients with parenteral nutrition	 6	 3.5

Underlying diseases	

heart	 43	 25.0

neoplasia	 7	 4.1

nephropathy	 1	 0.6

others*	 7	 4.1

Surgery	 71	 41.3

Mortality	 14	 8.1
PICU: pediatric intensive care unit; CVC: central venous catheter; MV: mechanical 
ventilation; NT: nasogastric tube; *hypertension, cerebral palsy, sickle cell disease, and short 
bowel syndrome.

of the Hospital das Clínicas of the Universidade Federal de Uberlândia by 
the National Health Care Safety Network (NHSN) system11. The children 
were followed until discharged or death. Every inpatient hospitalized 
from August 2009 to August 2010 was initially considered a potential 
participant, and those with stays of >48h or longer were included. After 
the first phase, a nested case-control study was conducted to identify 
the associated factors for NI. The cases were children with NI, whereas 
the controls were children without infections. The medical records 
of patients were reviewed for demographic and risk factor data. Data 
collected included gender, length of stay, underlying diseases, invasive 
procedures, infection on admission, and PICU-acquired infection.

Definitions

PICU-acquired NIs were defined according to the Centers 
for Disease Control and Prevention (CDC)12. Infections that 
commenced at or after 48h after admission to the PICU were included 
as PICU-acquired infections.

Urinary tract infection: the patient must have at least one of the 
following signs or symptoms with no other recognized cause: fever 
(>38°C), urgency, frequency, dysuria, and positive urine culture 
with counts ≥105 colony-forming units per milliliter (CFU/ml).

Pneumonia: the criteria for the definition of pneumonia were 
chest radiograph with new pulmonary infiltrate or progression 
of an existing one, accompanied by two of the following signs or 
symptoms: leukocytosis (>0,000/mm3) or leukopenia (<4,500/
mm3), hyperthermia (>38oC) or hypothermia (<35oC), purulent 
sputum, tracheal aspirate bacterial count of ≥106CFU/ml.

Bacteremia: this was defined as the biological documentation of 
infection, i.e., the result of a positive blood culture.

Sepsis: this was defined as a systemic response to an infection, 
followed by one or more of these conditions: a) temperature >38oC or 
<36oC; b) heart rate >90 beats/min; c) respiratory rate >20 breaths/
min or PaCO2 <32mmHg; d) leukocyte count >12,000cells/mm3, 
or >10% of juveniles; e) sepsis with hypotension, associated with the 
presence of perfusion abnormalities that may include lactic acidosis, 
oliguria, or acute alteration in mental status defined as septic shock;  
total patients per day was defined as the somatory of total time of 
hospitalization by the patients in PICU; epidemiological investigations’ 
incidence rate was defined as the number of each infection as the 
numerator and the number of days those patients were at risk as the 
denominator per 1,00013; device-associated incidence rate was defined 
by dividing the number of each infection by the number of days those 
patients were exposed to risk factors per 1,00013.

Statistical analysis

Significant differences between groups were determined using the 
X2-test or Fisher, exact test, where appropriate. Statistical significance 
was defined by p ≤ 0.05. Association between variables and nosocomial 
infections were expressed as odds ratios (OR) with their respective 
95% confidence intervals (95%CI) obtained by means of conditional 
logistic regression models. Statistical analyses were performed using 
Epi-Info (version 3.3.2) and Bioestat 5.0 (CDC, Atlanta).

Ethical considerations

Approval for the study was granted by the research ethics 
committee of the hospital. Patient names were not disclosed, 
and all the information about them was kept confidential. All the 
samples were analyzed by the hospital’s microbiology laboratory 
and recovered to another’s tests.

From August 2009 to August 2010 a total of 172 patients were 
hospitalized in the PICU with a mean stay of 8.1 days. Of these 
patients, 38 (22.1%) were infected at least once in the PICU, with 60 
episodes, and 8.7% had community-acquired infection. The PICU 
mortality rate for the population during the study period was 8.1%. 
Table 1 shows the demographic features, co-morbidities, use of 
devices, length of stay, and mortality of the patients.

The mean overall patient NI rate was 27.2 per 1,000 patients/day, 
with an incidence of 22.1% (patients with NI). The rates of primary 
BSI, pneumonia, and UTI per 1,000 device-days were 18.2, 17.8, 
and 7.0, respectively. Table 2 shows the potential risk factors of NI 
associated with unvaried analyses. Risk factors significantly associated 
with NI included use of central venous catheter (CVC) [p=0.001, 
odds ratio (OR) = 8.77], length of stay (p<0.001), nasogastric tube 
(p=0.0002, OR=5.00), and use of antibiotics (p=0.0004, OR=7.89). 
These same factors, with the exception of length of hospitalization, were 
also independently associated with infection by multivariate analyses.
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TABLE 2 -  Univariate analysis of associated factors presented by patients admitted to PICU of  the Hospital das Clínicas of the Universidade Federal de Uberlândia, 
Brazil, between August 2009 and August 2010.

	 Patients with NI (n=38)	 Patients without infection (n=119)		

Variables	 n	 %	 n	 %	 P	 OR (95%CI)

Age (means/SD)	 4.2	 4.6	 4.1	 3.7	 >0.05	 -

Hospitalization/means ± SD	 14.1	 9.2	 6.2	 4.9	 <0.05	 -

Female	 16	 42.1	 59	 49.6	 >0.05	 0.74 (0.33-1.64)

male	 22 	 57.9	 60	 50.4

Underlying Disease				  

heart	 13	 34.2	 32	 26.9	 >0.05	 1.41 (0.60-3.31)

neoplasia	 -	 -	 6	 5.0	 >0.05	 0.05 (0.05-2.95)

nephropathy	 - 	 -	 -	 -	 -	 -

others*	 3	 7.9	 1	 0.8	 >0.05	 10.11 (0.89-260.80)

Invasive devices

CVC	 36	 94.7	 80	 67.2	 <0.05	 8.77 (1.91-55.60)

MV	 27	 71.0	 59	 49.6	 <0.05	 2.50 (1.07-5.93)

urinary catheter	 25	 65.8	 66	 55.5	 >0.05	 1.54 (0.68-3.55)

NT	 30	 78.9	 51	 42.8	 <0.05	 5.00 (1.98-13.00)

parenteral nutrition	 3	 7.9	 2	 1.7	 >0.05	 5.01 (0.65-45.01)

tracheostomy	 2	 5.3	 5	 4.2	 >0.05	 1.27 (0.16-7.84)

drain	 10	 26.3	 41	 34.4	 >0.05	 0.68 (0.28-1.64)

Surgery	 18	 47.4	 53	 44.5	 >0.05	 1.12 (0.51-2.48)

Antibiotics	 			 

yes	 35	 92.1	 71	 59.7	 <0.05	 7.89 (2.15-34.18)

no ≥ 2	 27	 77.1	 22	 30.1	 <0.05	 10.82 (4.34-27.52)
PICU: pediatric intensive care unit; SD: standard deviation; OR: odds ratio; CVC: central venous catheter; MV: mechanical ventilation; NT: nasogastric tube;  *cystic fibrosis, cerebral palsy, 
sickle cell disease, and short bowel syndrome.

Gram-negative bacilli were the most common pathogens 
identified in the NI in our PICU (47%), followed by Gram-positive 
cocci bacteria (44.1%). Sepsis was more commonly reported, and 
60% of cases had at least one microorganism isolated in blood 
culture. The most common agents were Enterococcus faecalis (18%) 
and Escherichia coli (18%), and among non-fermenting bacilli 
only Acinetobacter baumannii was detected (4%). Staphylococcus 
epidermidis was isolated in 13% of cases. The pathogens isolated 
from pneumonia were Staphylococcus aureus as the most common 
cause (3.2%), and among isolates of Gram-negative bacilli, 1.5% 
were Pseudomonas aeruginosa. In three children, more than one 
microorganism was isolated. In UTI cases (83.3%) at least one 
microorganism was isolated. Yeasts were more commonly reported 
in UTI (33.3%), and S. aureus and P. aeruginosa were uncommon 
(Figure 1).
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FIGURE 1 - Pathogens identified in nosocomial infections developed by children 
hospitalized in the PICU of the Hospital das Clínicas of the Universidade Federal 
de Uberlândia, Brazil, between August 2009 and August 2010.

C. albicans: Candida albicans; S. aureus: Staphylococcus aureus; P. aeruginosa: Pseudomonas 
aeruginosa; E. coli: Escherichia coli; E. cloacae: Enterobacter cloacae; S. epidermidis: Staphylococcus 
epidermidis; E. faecalis Enterococcus faecalis; K. pneumoniae: Klebsiella pneumoniae; S. marcescens: 
Serratia marcescens; A. baummanii: Acinetobacter baummanii. Others: clinical or radiologic signs.

DISCUSSION

It is well established that NI is associated with high rates of 
morbidity, mortality, and significant economic cost that tend to 
represent a larger problem in hospitals in developing countries 
than in developed ones14. Although there are abundant data from 
epidemiological studies about these infections in PICU, most of 
the research has not come from developing countries such as Brazil, 
and has mainly been expressed in infection rates per hospital/day or 
device/day15,16. Analysis of data obtained in our study suggests that 
surveillance systems, like the NHSN, are important for providing 
feedback from individual PICUs, allowing comparison with other 
literature data. 
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