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Abstract

Background

Healthcare-acquired Pseudomonas aeruginosa (P. aeruginosa) infections in the Pediatric
Intensive Care Unit (PICU), which have a high incidence, increase treatment costs and mor-
tality, and seriously threaten the safety of critically ill children. It is essential to seek conve-
nient and effective methods to control and prevent healthcare-acquired infections (HAIs).
This research was conducted to study the effect of infection control nurses on the occur-
rence of P. aeruginosa HAls and multi-drug resistance (MDR) strains in PICU.

Methods

The clinical data was divided into two groups, with the age ranging from 1 month to 14
years. One group of the critically ill patients(N = 3,722) was admitted to PICU from 2007 to
2010, without the management of infection control nurses. The other group of the critically ill
patients (N = 3,943) was admitted to PICU from 2011 to 2013, with the management of
infection control nurses. Compare the mortality, morbidity and the incidence of acquired P.
aeruginosa infections to evaluate the effect of infection control nurses.

Results

After implementation of the post of infection control nurses, the patient's overall mortality fell
from 4.81% to 3.73%. Among the patients with endotracheal intubation more than 48 hours,
the incidence of endotracheal intubation-related pneumonia decreased from 44.6% to
34.32%. The mortality of patients with endotracheal intubation decreased from 16.96% to
10.17%, and the morbidity of HAls with P. aeruginosa decreased from 1.89% to 1.07%. The
mutual different rate (MDR) dropped from 67.95% to 44.23%. There were remarkable differ-
ences in these rates between the two groups (p<0.05).
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Conclusion

Implementing the post of infection control nurses is associated with effectively reducing the
HAI rate, especially the incidence and morbidity of P. aeruginosa HAIls, reducing PICU mor-
tality, improving P. aeruginosa drug resistance.

Introduction

Pseudomonas aeruginosa is a Gram-negative pathogen, which is most commonly isolated in
patients with nosocomial or healthcare-acquired infections (HAIs) especially pneumonia
patients. Among pediatric patients, especially, this organism is prevalent in pediatric intensive
care units (PICU), and its incidence as a HAI lung pathogen has doubled over the last three
decades [1,2]. P. aeruginosa is intrinsically resistant to several antimicrobial agents, and it can
acquire resistance to many others. In recent years the frequency of multidrug-resistant (MDR)
strains of P. aeruginosa is increasing, especially in HAI and PICU-acquired infections [3-5],
and these infections increase mortality, morbidity, and hospital costs. The mortality of children
with P. aeruginosa infection ranges from 20% to 50% [6,7] in Chinese reports and 33% to 61%
[8,9] in reports on other populations.

Among all pathogens for HAIs in PICU, P. aeruginosa has shown a rising trend in recent
years and has become the primary pathogen in most regions. With the increasing severity of
HAIS, P. aeruginosa drug resistance is also becoming more serious. The proportion of MDR
and pan-drug resistance (PDR) strains continues to increase in some regions [10-12]. It has
been shown that endotracheal intubation, central venous catheterization, various drainage
tubes, and surgical/trauma incisions are primarily routes to acquire infections [13]. Aquired P.
aeruginosa infection, of the majority of patients, is transmitted via the hands of medical work-
ers or related devices. Especially in teaching hospitals like ours, interns, physicians on rotation,
nurses, and visiting family members can be a variety of infective routes, making it more diffi-
cult to control P. aeruginosa HAIs. The World Health Organization (WHO), the Centers for
Disease Control and Prevention (CDC) [14,15], and other organizations unceasingly empha-
sized the importance of controlling HAIs and highlighted appropriate methods and necessity
of hand washing and timely hand disinfection. Unfortunately, numerous studies have shown
that adherence to hand hygiene recommendations remains low and that improvement efforts
always lack sustainability. The current worldwide focus on improving the cost-effectiveness of
healthcare along with reports of successful HAI control programs, which has prompted hospi-
tal administrators, infection control teams, and researchers, and try to understand their own
local infection control situations in order to improve healthcare programs [16]. Based on this
reason, our hospital initiated a special infection control group in PICU in 2011, in which the
most important role was the infection control nurses. As the specific infection control execu-
tors, they play an important role in the control and management of HAIs in the PICU. The
main task of the nurses in this role is to educate and train new department staff and visiting
families to control infection and to supervise the method and frequency of hand hygiene of rel-
evant medical personnel in a real-time manner. They also supervise whether doctors and
nurses strictly comply with the corresponding protocols in various procedures. The question is
whether this post has brought some changes to the rates of P. aeruginosa HAIs. Also, is there
any improvement in the prevalence of drug resistance of P. aeruginosa strains? The aim of this
study was to evaluate the effect of infection control nurses on the occurrence of P. aeruginosa
HAIs and MDR strains in critically-ill children. As is known, this paper is the first clinical
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study to specifically analyze and evaluate the role of the infection control nurses in controlling
and preventing HAIs in the PICU, especially P. aeruginosa infection. It is expected that the
infection control nurses can play a positive role in the development and implementation of
PICU infection control policies and measures through preventing P. aeruginosa HAIs.

Materials and Methods

The Medicine Ethics Committee of Shengjing Hospital of the China Medical University
approved this study (2010PS48K). Because it was a retrospective study, which was exempt
from patient, parent or guardian informed consent. Clinical data was collected in a manner
that can maintain patients' privacy. Patients' records or information was anonymized and de-
identified prior to analysis. Inclusion criteria: 1. Pediatric patients aged 1 month to 14 years
hospitalized in the PICU of Shengjing Hospital of China Medical University from January 1,
2007 to December 31, 2013. 2. Based on the patient’s condition, blood culture, sputum culture,
and catheter tip culture at the time of replacement of endotracheal tube or at extubation in
patients with mechanical ventilation or endotracheal intubation, as well as catheter tip culture
at the time of removal of central venous catheter, and secretion (e.g., localized pus, pleural effu-
sion, cerebrospinal fluid, urine) cultures were performed. Confirmed diagnosis of P. aeruginosa
infection: 2 times of positive cultures of the corresponding specimens except endotracheal tube
tips which were used to help assess the colonization, with an interval of 3 to 5 days between
each culture, with the same strains; or a single positive blood, cerebrospinal fluid, drainage
fluid, or bronchoalveolar lavage fluid culture, with clinical signs and symptoms associated with
P. aeruginosa infection. All positive P. aeruginosa cultures were collected. According to the def-
inition of community-acquired infection and HAI, it was determined whether the strains were
HAIs.

Setting and duties of infection control nurses: As of January 1, 2011, a special infection con-
trol post was established, as 1 nurse per 10 beds, with coverage provided during all shifts. And
all these nurses were also in charge of primary nursing work. How do P. aeruginosa HAI rates
changed after the intervention of the infection control nurses? They try to improve hand
hygiene and hand washing compliance and to ensure the standard of disposable supplies and
device disinfection, which timely identify patients with P. aeruginosa infection, and maximally
reduce the transmission channels of P. aeruginosa infection.

Job description: 1. Train and supervise doctors, nursing staff, cleaning staff, and other per-
sonnel to correctly implement various disinfection measures and performance of disinfection
and isolation techniques. 2. Supervise and remind of hand washing and hand disinfection of
medical staff. 3. Immediately mark on bed signs regarding infection risk and isolate confirmed
or suspected patients with P. aeruginosa HAI, and limit all routes of transmission. 4. Increase
specimen detection rate before administration of empiric medication. 5. Ensure no repeated
use of disposable medical devices and apparatus and encourage using disposable materials
instead of similar devices sterilizing repeatedly. 6. Implement separate use of hand disinfectants
and stethoscopes, percussion hammers, pupil pens, and other diagnostic and treatment instru-
ments for each patient.

Community-acquired, healthcare-associated, and hospital-acquired infections were defined
using the criteria of the Centers for Diseases Control and Prevention (CDC) [17].

The clinical criteria for the diagnosis of VAP: Patients who are mechanically ventilated for
equalor greater than 48 h must have two or more abnormal chest radiographs with at least one
of the following symptoms: new or progressive and persistent infiltrate, consolidation, cavita-
tion, and/or pneumatoceles (infants age<1 year). However, in patients without underlying pul-
monary or cardiac disease (respiratory distress syndrome, bronchopulmonary dysplasia,
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pulmonary edema, or chronic obstructive pulmonary disease), one definitive chest radiograph
is acceptable. In addition to abnormal chest radiographs, a patient must have at least one of the
following symptoms: fever (>38°C) with no other exact cause, leukopenia (<4,000 white blood
cells [WBC]/mm?) or leukocytosis (>12,000 WBC/mm?), and at least two of the following cri-
teria: new onset of purulent sputum, change in character of sputum, increased respiratory
secretion, or increased suctioning requirements; new onset of or aggravating cough, dyspnea,
or tachypnea; rales or bronchial breath sounds; and worsening gas exchange (e.g., O, desatura-
tions [e.g., PaO,/FiO, levels <240], increased oxygen requirements, or increased ventilation
demand).

Strain identification and susceptibility testing: API system and VITEK 2-COMPACT system
(BioMérieux, France) were employed for identification of P. aeruginosa strains. Both disk diffu-
sion (Kirby-Bauer method) and broth microdilution methods were used in vitro susceptibility
testing. Testing was in strict accordance with the method recommended by the Clinical and
Laboratory Standard Institute (CLSI) [18]. The quality control strain was P. aeruginosa
ATCC27853. The minimum inhibitory concentrations (MIC) of 16 antibiotics were analyzed,
and the susceptibility testing results were evaluated according to the National Committee for
Clinical Laboratory Standards (NCCLS) [19] and reported sensitive (S), intermediate (I), or
resistant (R). Both intermediate and resistant strains were classified as resistant strains.

Antimicrobial drugs and reagents: The 16 antibiotics were used for drugs resistance test.
The susceptibility disk was the product of British Oxoid Limited. The susceptibility culture
medium was Miller-Hinton (M-H) agar produced by BioMerieux. A Walkaway96 series sus-
ceptibility plate from US Siemens was employed for broth microdilution method.

Criteria for MDR and PDR [20]: MDR was defined as a strain non-susceptible to >1 agent
in >3 antipseudomonal antimicrobial categories including penicillins, cephalosporins, amino-
glycosides, fluoroquinolones and/or carbapenems or other antibiotics at the same time. PDR
was defined as non-suscetibility to all agents in all antimicrobial categories except polymyxin.

Grouping and study program: According to the time point of setting infection control
nurses, the patients in the study were divided into two groups—inpatients from January 1,
2007 to December 31, 2010 in Group A and inpatients from January 1, 2011 to December 31,
2013 in Group B. Patients were also grouped according to the location where P. aeruginosa
infection was acquired—community-acquired infection and HAI groups. General information
was analyzed retrospectively in both two Groups, and the relationships between strain speci-
men source, disease distribution, invasive operation of endotracheal intubation and central
venous catheterization, trauma or surgery and other related risk factors and hospital-acquired
P. aeruginosa infection in different groups were compared and analyzed. Besides, the suscepti-
bility testing of different strains was summarized and analyzed. That the resistance rates to dif-
ferent drugs and the effects of the infection control nurses on drug resistance were compared
and analyzed. The modified child critical illness scores [21] was used to evaluate the illness
severity of all children admitted in PICU in this period.

Statistical analysis: Data analysis was conducted using the SPSS 13.0 software. Discrete vari-
ables were expressed as counts (percentages), and continuous variables are expressed as
means * standard deviation (SD). Differences in the demographic and clinical characteristics
of the patient groups were assessed using a chi-square test for categorical variables. As data
showed a normal distribution, one-way analysis of variance (ANOV A) was adopted to analyze
inter-subgroup differences. For data that did not show a normal distribution, a Kruskal-Wallis
test was used to analyze inter-subgroup differences. P<0.05 was considered statistically
significant.

PLOS ONE | DOI:10.1371/journal.pone.0143692 December 2, 2015 4/15



@’PLOS ‘ ONE

The Infection Control Nurses and P. aeruginosa HAI

Results

1. Demographics and clinical manifestations of all patients and burdens
of endotracheal intubation (Tables 1 and 2)

The PICU of Shengjing Hospital of China Medical University treated a total of 7,665 patients
from 2007 to 2013, including 3,722 patients (Group A) before and 3,943 (Group B) after crea-
tion of the post of the infection control nurses. The modified child critical illness scores in
Group B were lower than that in Group A, suggesting that the children in Group B were more
critically ill when admitted in. A total of 1,647 patients underwent endotracheal intubation in
order to provide mechanical ventilation support or to relieve upper airway obstruction. In
Group A, 729 patients were intubated, with 15.37% (572/3722) intubated for more than 48
hours. In Group B, 918 patients were intubated, 17.96% (708/3943) intubated for more than 48
hours. The difference between the two groups was significant (p<0.05). In the 572 patients
intubated in Group A, 255 (44.6%) patients developed an endotracheal intubation-associated
pneumonia, significantly higher than the 243 (34.32%) in Group B (p<0.05). A total of 224
patients were applied to central venous catheterization more than 24 hours, among whom 132
cases were treated for Continuous Blood Purification; 47 cases were used for monitoring of cir-
culatory function; 29 cases were operated for parenteral nutrition, and 16 cases were for other
reasons. The placement of central venous catheterization was mainly in the femoral vein, inter-
nal jugular vein, subclavian vein, and as peripherally-inserted central catheter (PICC) via the
cubital vein. A total of 1,715 patients had trauma or invasive surgery, among whom more than
20%. trauma patients accounted for 56.91%(n = 976) of all patients, mainly on account of traf-
fic injuries, injuries due to falling from heights, or burns. While the remaining 739 patients had
postoperative critical illnesses, mainly including cardiac surgeries, neurosurgery, abdominal
and thoracic surgeries. There were 769 (20.66%) trauma and postoperative patients in Group A
and 946 (23.99%) in Group B. The difference between the two groups was significant (p<0.05).
A total of 340/7665 (4.44%) patients died, including 179 (4.81%) deaths in Group A and 147
(3.73%) deaths in Group B. The difference in mortality between the two groups was significant
(p<0.05). Among patients undergoing endotracheal intubation more than 48 hours, 169/1280
(13.2%) patients died, including 97/572 (16.96%) deaths in Group A and 72/708 (10.17%)
deaths in Group B. The difference in mortality between the two groups was significant
(p<0.05). Dividing both group A and B into two subgroups based on ages as 1month-3 years
old and 4 years old -14 years old, we compared the data of demographics of patients in group
A and B within same age group. The trend of the results was similar with the results reported
in the tables.

Among the 7,665 patients, 1,280 patients exceeded the duration of endotracheal intubation
for 48 hours. The 1,280 patients were then divided into three groups, according to whether the
patients developed pneumonia secondary to endotracheal intubation and whether the pathogen
was P. aeruginosa. In the patients with confirmed infections, 91 (7.1%) had identified P. aerugi-
nosa and 408 (31.88%) had infections of other types of bacteria, including Acinetobacter bau-
manni, of 73 cases; Klebseilla pneumonia of 69 cases; Escherichia coli of 53 cases; Staphylococcus
aureus of 47 cases; Enterobacter cloacae of 29 cases; Enterococcus faecium of 26 cases; Streptococ-
cus pneumonia of 26 cases; Pseudomonas cepacia of 23 cases; coagulase negative staphylococcus
of 15 cases; Enterococcus faecalis of 12 cases; Stenotrophomonas maltophilia of 9 cases; and other
microorganism of 20 cases. It was found that the average duration of endotracheal intubation
and average length of stay in the endotracheal intubation-associated P. aeruginosa pneumonia
group and non-P. aeruginosa group was significantly longer than that in the group without
endotracheal intubation-associated pneumonia. The average hospital costs and mortality both
significantly increased in the two groups of patients with secondary pneumonia (p<0.05).
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Table 1. General characteristics of all patients admitted between 2007 and 2013.

A(2007-2010) B(2011-2013) P value

Patient cases 3722 3943
Gender (male, n, %) 2204 (59.22%) 2382 (60.41%) 0.296655
Age (months, median) 18 16 0.74326
Child critical illness score® 82.46+12.78 77.76x14.63 0.01935
Number of patients undergoing endotracheal intubation (n, %) 572 (15.37%) 708 (17.96%) 0.002653
Duration of endotracheal intubation (days, median) 9 (3-99) 11 (3-112) 0.4673
Endotracheal intubation associated pneumonia (n, %) 255/572 (44.6%) 243/708 (34.32%) 0.000229
Central venous catheterization (n, %) 95 (2.55%) 129 (3.27%) 0.071762

Femoral vein (n, %) 64 (1.72%) 78 (1.98%)

Jugular vein (n, %) 13 (0.35%) 2 1(0.53%)

Subclavian vein (n, %) 3 (0.08%) 7 (0.18%)

PICC (via the cubital vein) (n, %) 15 (0.4%) 23 (0.58%)
Trauma and after invasive surgery (n, %) 769 (20.66%) 946 (23.99%) 0.000521
Average length of stay (days, median) 11 (0-114) 12 (0-146) 0.7473
Cost per patient (US Dollar) 4098.36+2642.32 4293.52+3011.45 0.3761
Total deaths (n, %) 179 (4.81%) 147 (3.73%) 0.022160
Deaths from endotracheal intubation for more than 48 h® (n, %) 97/572 (16.96%) 72/708 (10.17%) 0.000494
Deaths from central venous catheterization for more than 24 h® (n, %) 12/95 (12.63%) 18/129 (13.95%) 0.929393

&Critical illness score refers to scores of patients within 24 hours after admission according to the Modified Child Critical lliness Score.
bGiven that the vast majority of endotracheal intubation-associated infections occurred in patients intubated for more than 48 hours and central venous
catheterization-associated infections did happen for more than 24 hours after setting.

doi:10.1371/journal.pone.0143692.1001

2. Characteristics of 130 patients with P. aeruginosa infections (Tables
3-6)

During the 7-year study period, a total of 130/7665 (1.7%) patients were treated and diagnosed
with P. aeruginosa infections. The proportion of patients in Group A (n = 78, 2.10%) was
higher than that in Group B (n = 52, 1.31%), and the difference between the two groups was
significant (p<0.05). There were 112/130 (86.15%) of all patients with HAIs; The proportion
of patients in Group A (n = 70, 1.89%) was higher than that in Group B (n = 42, 1.07%), and

Table 2. Main burdens of patients undergoing endotracheal intubation with or without healthcare-associated pneumonia.

Endotracheal intubation and non- Endotracheal intubation- Endotracheal intubation- P value
healthcare-acquired pneumonia associated non-P. aeruginosa associated P. aeruginosa
(n=781) pneumonia (n = 408) pneumonia (n = 91)
Duration of endotracheal 7 (3-22) 13 (5-102) 16 (6-112) 0.001455
intubation (days, median)®
Average length of stay 17 (10-35) 24 (12-114) 29 (14-146) 0.003742
(days, median, range)®
Per patient hospital costs® 15,5479 26,0982 29,7654 0.000184
(USD)
Mortality (n, %)° 73 (9.35) 77 (18.87) 29 (31.87) 0.00000

&There was no significant difference between P. aeruginosa and non- P. aeruginosa groups.
PThere was significant difference between P. aeruginosa and non- P. aeruginosa groups (p<0.05). Not all patients died due to secondary P. aeruginosa
pneumonia, but P. aeruginosa pneumonia increased the risk of death in pediatric patients.

doi:10.1371/journal.pone.0143692.1002
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Table 3. Characteristis of patients with P. aeruginosa infection.

Characteristics A(2007-2010) B(2011-2013) P value
Hospitalized patients 3722 3943

P. aeruginosa infection cases (n, %) 78 (2.10%) 52 (1.31%) 0.010476
Community infections (n, %) 8(0.21%) 10 (0.25%) 0.909589
Healthcare-associated infections (n, %) 70 (1.89%) 42 (1.07%) 0.003993
Total number of culture-positive specimensa (n, %) 2 147 (3.95%) 113 (2.87%) 0.010581
Total number of positive specimens from infection patients (n, %) 112 (3.01%) 85 (2.16%) 0.022159
Total number of positive specimens from community-acquired infections (n, %) 21 (0.56%) 26 (0.66%) 0.698649
Total number of positive specimens from healthcare-acquired infections (n, %) 91 (2.45%) 59 (1.50%) 0.021675
Mortality rate for P. aeruginosa infection (n, %) 30/78(38.46%) 18/52 (34.15) 0.795112
Mortality rate for healthcare-associated P. aeruginosa infection (n, %) 26/70 (37.14%) 13/42 (30.95) 0.364346

3Including colonization strains. Colonization strains were primarily specimens that had one positive sputum or catheter culture, and patient’s clinical
presentation was not typical of P. aeruginosa infections and were, therefore, not treated as culture-positive strains.

doi:10.1371/journal.pone.0143692.t003

the difference between the two groups was significant (p<0.05). There were a total of 260/7665
(3.39%) positive specimens; and the proportion of positive specimens in Group A (n = 147,
3.95%) was higher than that in Group B (n = 113, 2.87%). The difference between the two
groups was significant (p<0.05). There were 197/7665 (2.57%) positive specimens from
patients with infections. The proportion of positive specimens in Group A (n =112, 3.01%)
was higher than that in Group B (n = 85, 2.16%), and the difference between the two groups
was significant (p<0.05). Patients with HAIs had 150 positive specimens; the proportion of
positive specimens in Group A (n = 191, 2.45%) was higher than that in Group B (n =59,
1.50%). The difference between the two groups was significant (p<<0.05).

P. aeruginosa can cause infections at various sites and spread to a systemic infection.
According to the initial patient clinical symptoms and signs and corresponding laboratory
tests, the initial sites of acquired P. aeruginosa infection were primarily lower respiratory tract
(pneumonia), gastrointestinal tract (diarrhea, sepsis, shock), central venous catheterization,
local infection after surgery or trauma, and infection of drainage tubes. In the 18 patients with
community-acquired infections, 3 cases had middle and lower respiratory tract infections,
manifesting as severe pneumonia; 1 case was associated with lung abscess,; 1 case was compli-
cated by pyothorax, and 1 case manifested as hypoxemia. The gastrointestinal tract was the pri-
mary site of infection in 13/18 (72.22%) patients, which was the main site for community-
acquired severe P. aeruginosa infection. In addition to vomiting, diarrhea, and dehydration, all
13 patients had severe sepsis and all of them were admitted to PICU. This included 10 patients
with septic shock; 2 cases with purulent meningitis, and 1 case with acute peritonitis. There

Table 4. Effect of the infection control nurse on the sites of community-acquired and healthcare-acquired P. aeruginosa infections.

Community-acquired infections (n = 18) p value Healthcare-acquired infections (n = 112) P value
A(2007-2010,n =8) B(2011-2013, n =10) A(2007-2010,n =70) B(2011-2013, n =42)
Lower respiratory tract (n, %) 1 (12.5%) 2 (20%) 0.832004 58 (82.86%) 33 (78.57%) 0.754632
Gastrointestinal tract (n, %) 6 (75%) 7 (70%) 0.768625 2 (2.86%) 3(7.14%) 0.554731
Central venous catheter (n, %) 6 (8.57%) 4 (9.52%) 0.864132
Other® (n, %) 1(12.5%) 1 (10%) 0.557225 4 (5.71%) 2 (4.76%) 0.828440

80ther infections included surgical incisions, trauma wounds, burns, bone/joint, and other sites.

doi:10.1371/journal.pone.0143692.1004
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Table 5. The distribution of community-acquired and healthcare-acquired P. aeruginosa infection positive specimens.

Community-acquired infection positive p value Healthcare-acquired infection positive P value

specimen (n = 47) specimen (n = 150)

A(2007-2010, n =21) B(2011-2013, n = 26) A(2007-2010, n =91) B(2011-2013, n = 59)
Blood (n, %) 8 (38.1%) 9 (34.6%) 0.953380 8 (8.79%) 6 (10.17%) 0.996944
Bronchoalveolar lavage (n, %) 1 (4.76%) 3 (11.54%) 0.762644 10 (10.99%) 8 (13.56%) 0.828964
Tracheal cannula (n, %) 23 (25.27%) 10 (16.95%) 0.316985
Sputum (n, %) 0 (%) 1 (3.85%) 35 (38.46%) 28 (47.46%) 0.356973
Pus?® (n, %) 12 (57.14%) 13 (50%) 0.846245 9 (11.54%) 3 (5.08%) 0.308701
Catheter (n, %) 6 (6.59%) 4 (6.8%) 0.771535
Total 21 (0.56%) 26 (0.66%) 91 (2.44%) 59 (1.5%)

@pus includes purulent secretions, cerebrospinal fluid, peritoneal purulent secretions, and osteomyelitis drainage fluid of purulent necrotic tissue of skin
soft tissue caused by bloodstream infection and other wounds after P. aeruginosa infection; this group primarily compares whether there was any
difference in the distribution of sources of positive specimens between the two groups.

doi:10.1371/journal.pone.0143692.1005

were 8 patients with soft tissue cellulitis associated with skin necrosis. Two patients had other
infections. One patient had fever associated with joint swelling and tenderness and was diag-
nosed with P. aeruginosa of right femoral osteomyelitis. Another patient had local skin
abscesses duo to mosquito bites. Lower respiratory tract infections accounted for the majority
(91/112, 81.25%) of the 112 patients HAIs, manifesting primarily as severe pneumonia. Central
venous catheterization-associated P. aeruginosa bloodstream infections occurred in 13/112
(11.61%) patients. Five patients had a secondary infection of the gastrointestinal tract and 2
patients with septic shock and died of intestinal necrosis. Other P. aeruginosa infections
occurred in 6/112 (5.32%) patients, including 4 in Group A (1 surgical incision infection, 1
skin soft tissue infection after perineal laceration, 1 burn infection, 1 infection after cystost-
omy) and 2 patients in Group B (1 pelvic infection after pelvic fracture and 1 intracranial infec-
tion from a ventricular drain placed after medulloblastoma surgery). There were 70 patients
with P. aeruginosa HAIs in Group A and 42 patients in Group B, and the difference in the pri-
mary site of infection between the two groups was not significant (p>0.05).

Forty-seven P. aeruginosa positive specimens were obtained from patients with commu-
nity-acquired infections; the largest number of positive specimens were from pus (n = 25,
53.19%). Patients with HAIs had 150 P. aeruginosa positive specimens; there were 91 HAI posi-
tive specimens in Group A and 59 positive specimens in Group B. Although the rates of spu-
tum positive specimens in Group A were much higher than those in Group B, there was no
significant difference in the distribution of the positive rate of various specimens between the
two groups (p>0.05). A total of 112 patients were diagnosed with P. aeruginosa HAIs. Prior to
the infection control nurses intervention, 572 patients in Group A underwent endotracheal
intubation more than 48 hours; 58 patients (10.14%) were diagnosed with healthcare-acquired

Table 6. Effect of infection control nurse on the incidence of acquired P. aeruginosa under various conditions.

A(2007-2010, n = 3722) B(2011-2013, n = 3943) P value
Endotracheal intubation-associated infection (n, %) 58/572 (10.14%) 33/708 (4.66%) 0.000231
Venous catheter-associated bloodstream infection (n, %) 6/95 (6.32%) 4/129 (3.1%) 0.381774
Infection after trauma and surgery (n, %) 4/769 (0.52%) 2/946 (0.21%) 0.505560
Other infections 2 3
Total 70 42

doi:10.1371/journal.pone.0143692.1006
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P. aeruginosa pneumonia. In Group B, 708 patients were intubated more than 48 hour; 33
patients (4.66%) were diagnosed with healthcare-acquired P. aeruginosa pneumonia. The inci-
dence of endotracheal intubation-associated healthcare-acquired P. aeruginosa pneumonia in
Group A was far higher than that in Group B, and the difference between the two groups was
significant (p<0.05). The incidence of acquired P. aeruginosa bloodstream infection in patients
receiving central venous catheterization and the incidence of acquired P. aeruginosa infection
in patients with trauma and invasive surgery were significantly lower than that in patients
receiving endotracheal intubation, and the difference between the two groups was not signifi-
cant (p>0.05).

3. Antibiotic Resistance of P. aeruginosa Isolated from Patients (Tables
7 and 8)

Susceptibility tests with 16 antibiotics for the P. aeruginosa strains were isolated from 130
patients with community-acquired infections and HAIs all showed high resistance rates. How-
ever, after the intervention of infection control nurses, the rate of drug resistance improved.
The resistance rate to 11 of the antibiotics decreased; resistance rates to meropenem, piperacil-
lin/tazobactam, imipenem/cilastatin sodium, and ceftriaxone significantly decreased, and the
difference between the two groups was significant (p<0.05).

With the decrease in P. aeruginosa infection rate and resistance rates of the strains to a vari-
ety of antibiotics, the incidence of MDR strains also changed. After the creation of the post of
the infection control nurses, the MDR rate decreased from 67.95% to 44.23%, and there were
significant differences between the two groups (p<0.05).

Discussion

In our study, consistent with many other studies [12,22], community-acquired P. aeruginosa
infections and P. aeruginosa HAIs both had a high mortality. P. aeruginosa HAIs accounted
for the majority of patients with P. aeruginosa infection in the PICU, at 112/130 (86.15%) in
this study. Acquired infection of P. aeruginosa increased the difficulty in treating critical pedi-
atric patients, prolonged the treatment duration and length of stay, increased the average costs
during hospitalization, and carried a high mortality. An overall case fatality rate of 52% was
reported in a study of P. aeruginosa bacteremia in children hospitalized at a single center in
southern China [6]. As most patients are infected with P. aeruginosa during hospitalization, it
is important to find an effective policy to prevent the organism from spreading. In the past
decade, patients and physicians had benefited from the introduction of several methods of pre-
vention of P. aeruginosa HAIs, targeted at decreasing secondary infections in the hospital, such
as hand hygiene, controlling environmental contamination, personnel protection, special
patient-care equipment, discarding disposable stuft, and use of antiseptics [23]. Despite the
continuing concern of hospital managers and all attempts at improvement, many healthcare
institutions were unable to achieve adequate levels of prevention, particularly in developing
countries. Meanwhile, in academic institutions like our hospital, there would be many staffs,
such as medical students, new interns, and non critical care clinicians, who would not familiar
with the protocols and rules of HAIs prevention and had a higher risk of spreading P.
aeruginosa.

From a global perspective, acknowledgment that HAIs do occur and that many of these
infections are preventable is an obvious prerequisite for improvements in infection control in
any country. Infection control professionals require training and experience in a complex array
of infectious diseases, epidemiology, microbiology, biostatistics, informatics, healthcare man-
agement, patient-care practices, adult education, and behavioral science [24].
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Table 7. Analysis and comparison of drug resistance of 130 strains of P. aeruginosa in patients with infection.

Polymyxin B
Ciprofloxacin

Cefoperazone/
sulbactam

Meropenem
Ceftazidime
Cefoperazone
Aztreonam
Piperacillin/Tazobactam
Imipenem and Cilastatin
Sodium

Amikacin

Cefepime

Ceftriaxone

Cefotaxime
Cefazolin
Cefuroxime
Ampicillin

A(2007-2010, n = 78)

2007
(n=16)

0
3 (18.75)

3 (18.75)
5 (31.25)
4 (25.0)

6 (37.5)

6 (37.5)
13 (81.25)
7 (43.75)
14 (87.5)
15 (93.75)
15 (93.75)

100
100
100

16 (
16 (
16 (
16 (100

)
)
)
)

2008
(n=21)

0
5 (23.81)

12 (57.14)
13 (61.90)
16 (76.19)
16 (76.19)
17 (80.95)
17 (80.95)
16 (76.19)
18 (85.71)
18 (85.71)
21 (100)

21 (100)
21 (100)
21 (100)
21 (100)

2009
(n=19)

0
2 (10.53)

3(15.79)
5 (26.32)
6 (31.58)
5 (26.32)
5 (26.32)
6 (31.58)
8 (42.11)
8 (42.11)
9 (47.37)
17 (89.47)

19 (100)
19 (100)
19 (100)
19 (100)

2010
(n=22)

1(4.17)
2(9.09)

7 (31.82)
7 (31.82)
9 (40.91)
9 (40.91)
12 (54.55)
7 (31.82)
12 (54.55)
7 (31.82)
8 (36.36)
22 (100)

100
100
100

22 (
22 (
22 (
22 (100

)
)
)
)

Total

1(1.28)

12
(15.38)

25
(32.05)

30
(38.46)

35
(44.87)

36
(46.15)

40
(51.28)

43
(55.13)

43
(55.13)

47
(60.26)

50
(64.1)

75
(96.15)

100
100
100

78 (
78 (
78 (
78 (100

)
)
)
)

B(2011-2013, n = 52)

2011
(n=19)

3 (15.79)
2 (10.52)

5 (26.31)
2 (10.52)
7 (36.84)
6 (31.58)
8 (42.11)
9 (36.84)
7 (36.84)
11 (57.89)
9 (47.37)
15 (78.95)

19 (100)
19 (100)
19 (100)
19 (100)

2012
(n=15)

0
2 (13.33)

4 (26.67)
4 (26.67)
7 (46.67)
6 (40)

5 (33.33)
8 (53.33)
5 (33.33)
8 (53.33)
9 (60)

13 (86.67)

15 (100)
15 (100)
15 (100)
14 (93.33)

2013
(n=18)

0
2 (11.11)

8 (44.44)
4 (22.22)
4 (22.22)
7 (38.89)
6 (33.33)
5 (27.78)
4 (22.22)
7 (38.89)
8 (44.44)
16 (88.89)

18 (100)
18 (100)
18 (100)
17 (94.44)

@p value for the comparison of overall drug resistance of each antibiotic before and after infection control nurses interventions.

doi:10.1371/journal.pone.0143692.1007

Total

3 (5.77)

6
(11.54)

17
(32.69)

10
(19.23)

18
(34.61)

19
(36.54)

19
(36.54)

20
(38.46)

16
(30.77)

26 (50)
26 (50)

44
(84.62)

52 (100)
52 (100)
5 (100)

50
(96.13)

2P value

0.350807
0.716722

0.908566

0.032890

0.325281

0.364974

0.140393

0.092246

0.010677

0.329976

0.156524

0.046136

Table 8. Changes in multi-drug and pan-drug resistance of P. aeruginosa strains isolated from 130

patients.
MDR (n, %) PDR (n, %)
A 2007 (n = 16) 14 (87.5) 0
2008 (n = 21) 16 (76.19) 4 (19.04)
2009 (n = 19) 11 (57.89) 3 (15.79)
2010 (n = 22) 12 (54.55) 2(9.09)
Total (n = 78) 53 (67.95) 9 (11.54)
B 2011 (n=19) 7 (36.84) 1(5.26)
2012 (n=15) 8 (53.33) 2(13.33)
2013 (n=18) 8 (44.44) 1 (5.56)
Total (n = 52) 23 (44.23) 4 (7.69)
P 0.012185 0.676142
doi:10.1371/journal.pone.0143692.t008
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First of all, we analyzed and compared the severity of critical patients in the PICU and the
risk factors for HAIs before and after the creation of the post of infection control nurses [25] as
well as the rates of HAIs between the two groups. The critical illness scores of all patients in
Group B were lower than in Group A. There were more patients with trauma and invasive sur-
gery in Group B than in Group A, and the number and rate of patients receiving central venous
catheterization in Group B were also significantly higher than in Group A. Those all suggested
that patients in Group B were in more critical condition when admitted to hospital compared
with those in Group A. In addition, the number of patients with endotracheal intubation for
more than 48 hours in Group B was significantly higher than in Group A. However, the inci-
dence of endotracheal intubation-associated pneumonia and central venous catheterization-
associated infection in Group B was significantly decreased, and the mortality of patients intu-
bated for more than 48 hours was also significantly lower than in Group A. The overall patient
mortality in Group B was significantly lower than that in Group A. These data suggest that the
interventions of the infection control nurses, for the control of HAIs yield prominent effects in
critical pediatric patients in the PICU. Long-term endotracheal intubation was the most signifi-
cant risk factor for PICU-acquired pneumonia [26,27]. In this study, the mortality for patients
intubated for more than 48 hours was higher than the mortality for the general patients. Among
all 1,280 patients intubated for more than 48 hours, 499 developed pneumonias secondary to
bacterial infections; the number of patients with P. aeruginosa pneumonia was associated with a
longer duration of endotracheal intubation and prolonged hospital stay, as well as higher hospi-
tal costs and mortality. Haley and his colleagues indicated that HAIs were among the top 10
leading causes of death in the United States [16]. HAIs were an important public health problem
in Brazil, with 11 million hospital admissions per year and a rate of HAIs of 5% to 10% [28].

Moreover, the diseases distribution, specimen sources, and prognosis of patients with com-
munity-acquired and healthcare-acquired P. aeruginosa were compared and analyzed. After
the efforts of the infection control nurses, the P. aeruginosa infection rate, especially the P. aer-
uginosa HAI rate, was significantly decreased, as well as the rate of positive specimens. Espe-
cially, the rate of positive specimens of P. aeruginosa infected patients decreased significantly
after setting the post of infection control nurses, so did the positive rate of specimens of
patients with HAIs. On the contrary, these rates underwent no significant changes in patients
with community-acquired P. aeruginosa infections. Meanwhile, to avoid the deviation pro-
duced by outbreaks of epidemic diseases in specimen sources, community-acquired and
healthcare-acquired P. aeruginosa infected specimen rates were analyzed and compared for all
specimens including blood, endotracheal tube tips, bronchoalveolar lavage fluid, venous cathe-
ter tips, sputum, and purulent secretions before and after the interventions of the infection con-
trol nurses and found no significant difference. Thus, the effect of epidemic diseases or disease
outbreaks in different time periods could be largely ruled out, such as HIN1 infection, hand-
foot and mouth disease, and measles. Healthcare-acquired P. aeruginosa infections primarily
included endotracheal intubation-associated pneumonia, central venous catheterization-asso-
ciated bloodstream infection, infections after trauma and invasive surgery, and other types of
infections [26,27,29-31]; endotracheal intubation-associated P. aeruginosa pneumonia
accounted for the majority of HAIs (91/112, 81.25%). The infection control nurses played a
very important role in reducing endotracheal intubation-associated P. aeruginosa pneumonia.
After the implementation of the infection control nurses, the incidence of secondary P. aerugi-
nosa pneumonia in patients intubated for more than 48 hours decreased from 10.14% to
4.66%. These data also suggest that HAIs were mainly related to invasive procedures and treat-
ments, and the supervision by infection control nurses effectively guaranteed hand hygiene
and significantly reduced P. aeruginosa transmission and planting associated with various
treatments and procedures.
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Infections caused by P. aeruginosa are often difficult to treat; inappropriate antimicrobial
readily selects MDR P. aeruginosa [32]. In order to optimize the initial management of children
with serious P. aeruginosa infections, early recognition of the infection by clinicians and appro-
priate antimicrobial selection are critical. Therefore, it is necessary to understand the clinical
manifestations and patterns of antimicrobial resistance with P. aeruginosa. P. aeruginosa pos-
sesses an intrinsic resistance to many antimicrobials because of the bacterium’s outer mem-
brane barrier, the presence of multidrug efflux transporters, and endogenous antimicrobial
inactivation [33]. Although anti-pseudomonal agents (e.g., carbapenems) have been discovered
and developed, P. aeruginosa readily acquires resistance to individual agents via chromosomal
mutations and lateral gene transfer [33]. The incidence of MDR P. aeruginosa infections is
associated with increased morbidity, mortality, and cost [34]. This organism may be exposed
to a wide range of concentrations of antimicrobials during treatment, so it is first necessary to
learn more about the responses of P. aeruginosa to antimicrobials and to understand how the
pattern of its antimicrobial resistance changes, which may be key to antimicrobial selection.

As was mentioned above, the infection control nurses significantly reduced the rate of HAI
with P. aeruginosa and, consequently, the use of broad-spectrum antibiotics will be decreased,
as will resistant strains of P. aeruginosa induced by antibiotic use. Through analysis of P. aeru-
ginosa susceptibility tests before the interventions of the infection control nurses, we found
that carbapenems, which had previously been widely used by clinicians, and piperacillin/tazo-
bactam both had high resistance rates. To protect the clinical activity of these antibiotics, after
the infection control nurses, the use of carbapenems and piperacillin/tazobactam was mini-
mized for the treatment of P. aeruginosa infections. This resulted in a significant drop in the
rate of resistance to these antibiotics in recent years, while the resistance rates to cefoperazone/
sulbactam, ceftazidime, and other increasingly used antimicrobials have not been significantly
increased. This is also the main reason why MDR strains of P. aeruginosa isolated from patients
were significantly decreased after the interventions of the infection control nurses in this study.
Infection with an MDR strain was also a high risk factor for increased mortality in patients
with P. aeruginosa infection [34]. The resistance rate to ciprofloxacin was the lowest of all of
the antimicrobials in this study, and far lower than the resistance rate to ciprofloxacin in adults
(33% to 50%) [11,35,36]. This may be related to the fact that quinolones have not been
approved for the treatment of infections in children. But because P. aeruginosa infections are
difficult to control, we occasionally use these agents in the PICU after obtaining the consent of
a parent or guardian. Due to the limitations of drug availability and lack of effectiveness for
refractory P. aeruginosa infections, carbapenems are more likely to be chosen for use in the
PICU, which may be the reason why the resistance rate to these drugs was up to 30% to 50%
before the infection control nurses post was created, but was relatively lower in adult patients
[10,36]. Relationship between bacteria MDR, mortality of patients with VAP and antibiotics
treatment would be studied in the near future. Further studies are needed to determine whether
broad-spectrum antibiotic treatment is cost-effect efficient in these patients.

Pseudomonas aeruginosa is one of the major pathogens responsible for a wide variety of
severe healthcare- and community-acquired infections. Numerous vaccine candidates and sev-
eral monoclonal antibodies have been developed over the past 40 years, but only a few have
reached clinical trials, and none of these vaccine candidates has obtained market authorization.
Therefore, adoption of various possible means to prevent and control the occurrence of P. aer-
uginosa HAIS, early identification of the serious infection caused by such pathogens, and selec-
tion of appropriate antimicrobials are still the main means to reduce patient morbidity/
mortality and family burdens.
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Conclusion

Implementing a post of infection control nurses might be associated with effectively reducing
the HAI rate, especially the rate of P. aeruginosa HAI, reducing PICU mortality, improving P.
aeruginosa drug resistance, and promoting the safety of critical patients in the PICU.
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