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Device-associated healthcare-associated infection in intensive care unit of
a university hospital in China. a descriptive study
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[ Abstract] Objective To identify the occurrence and microorganism profile of device-associated healthcare-associa-
ted infections (DA-HAIs) in the intensive care unit (ICU) of a university hospital in China. Methods From Janua-
ry 1 to November 30, 2015, patients admitted to the ICU of a university hospital in China for more than 48 hours
were performed prospective descriptive study. DA-HAIs were defined according to the criteria of the Centers for
Disease Control and Prevention (CDC) of U. S. , descriptive statistical analysis was performed. Results Of 254 pa-
tients admitted to ICU, the overall incidence of DA-HAIs was 15.35% , with 10. 23 cases of DA-HAIs per 1 000
ICU-days; the incidence of ventilator-associated pneumonia ( VAP), catheter-associated urinary tract infection
(CAUTD . and central line-associated bloodstream infection (CLLABSD) were 7. 05 per 1 000 ventilator-days. 4. 91
per 1 000 urinary catheter-days, and 3. 22 per 1 000 central line-days, respectively. The main infection site was
lower respiratory tract, accounting for 48. 27%, followed by bloodstream system (27. 59%), urinary tract
(22.99%), and gastrointestinal tract(1. 15%). The major isolated microorganism was Acinetobacter baumannii
(21.52%). Conclusion The surveillance system can identify the epidemiological status of DA-HAIs and make effec-
tive control measures to ensure the healthcare safety.
[Key words] device-associated infection; catheter-associated urinary tract infection; central line-associated blood-
stream infection; ventilator-associated pneumonia; healthcare-associated infection; intensive care
unit; descriptive study; microorganism
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Introduction

DA-HAIs are principal public health problems
in intensive care units (ICUs) of hospitals world-
wide"' 7?1, Tt has been reported by U. S. National
Healthcare Safety Network (NHSN) and Interna-
tional Nosocomial Infection Control Consortium
(INICC) that DA-HAIs have posed the principal
threat to patients’ healthcare safety in ICUsP*,
Therefore, targeted surveillance is an efficient tool
for monitoring and understanding the occurrence of
DA-HAIs in ICUs, which is helpful for ensuring
the safety of healthcare through the implementa-
tion of healthcare improvement activities.

The occurrence of DA-HAIs varies among diffe-
rent studies and different parts of the world, incidence
in developing countries is higher than developed coun-
tries. It has been shown that the incidence of DA-
HAISs ranged from 5.3% to 14.7% , with from 6. 4 to
24.9 DA-HAIs per 1 000 device-days'>** % U, S,
National Nosocomial Infections Surveillance(NNIS)/
NHSN has established standardized criteria for DA-
HAIs surveillance that provides useful data as
benchmark among healthcare settings to INICCP,
However, in the resource-limited healthcare set-
tings in developing countries, paucity of data exists
regarding the epidemiological status and reports on
incidence of DA-HAIs due to the lack of information

surveillance system™,

The purpose of this study is to
evaluate the occurrence and epidemiological status of
DA-HAIs as well as associated microorganisms in the

ICU of a university hospital in China.

Methods

Studied patients

This was a prospective descriptive study on
DA-HAIs in ICU at a 955-bed university hospital
in China. The hospital was established in 1965,
with the integrated function of medical treatment,
teaching and research.

Patients who were admitted to the ICU of this

hospital for more than 48 hours between January 1
and November 30, 2015 were enrolled in the
study, they were followed up for 48 hours after
discharged from ICU, and were eligible to be diag-
nosed with ICU-acquired infection within 48 hours

after discharged from ICU.

Data collection

This study recorded all data which were al-
ready in the hospital information surveillance sys-
tem. All DA-HAIs were defined according to the
U. S. CDC criteria™'", which were classified as
ventilator-associated pneumonia (VAP), catheter-
associated urinary tract infection (CAUTI), and
bloodstream  infection

central line-associated

(CLABSD).

(ICPs) performed bed-side observation and inspec-

The infection control practitioners

ted patients undergoing invasive procedures twice a
week , and paid close attention to patient who had a
positive microbiological results and/or infection-re-
lated complications. Clinical microbiology labora-
tory provided microbiological identification and an-
timicrobial susceptibility testing results.

Patients were followed up by ICPs for 48 hours
after discharged from ICU, and questionnaires for the

monitoring of DA-HAIs were filled out.

Statistical analysis
All data were conducted descriptive statistical

analysis using IBM SPSS Statistics 23. 0.

Results

General data about DA-HAIs

A total of 254 patients who were admitted to the
ICU between January 1 and November 30, 2015 were
included in the study, 51 of whom developed 87 cases
of HAIs, the total length of hospital stay were 3 813
days, the overall HAI rate was 20. 08% , with 13. 38
HAIs per 1 000 ICU-days. There were 39 cases being
diagnosed as DA-HAIs, the DA-HAI case rate was
15.35%, with 10. 23 cases of DA-HAIs per 1 000
ICU-days. The average disease severity (ADS) score
was 4. 5. The trend of HAI rate and ADS are presen-
ted in Figure 1.
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Figure 1

Among 254 ICU patients, incidence of VAP
was 7. 05 per 1 000 ventilator-days and utilization
rate of mechanical ventilator was 59. 53%; inci-
dence of CAUTI was 4. 91 per 1 000 urinary cathe-

ter-days and utilization rate of urinary catheter was

Table 1

HAI rate
ADS
Baseline of ADS

Trend of HAI rate and ADS score in a university hospital from January to November, 2015

80.12% ; incidence of CLABSI was 3. 22 per 1 000
central line-days and utilization rate of central line
was 65. 17%. DA-HALI rate and device utilization
rates in January-November 2015 are shown in

Table 1.

DA-HAIs and device utilization in ICU patients in a university hospital from January to November, 2015

Infection types Device-days

Device utilization rate (%)

No. of DA-HAIs Rate per 1 000 device-days”

VAP 2270 59.53
CAUTI 3 055 80. 12
CLABSI 2 485 65.17

16 7.05
15 4.91
8 3.22

* Rate per 1 000 device-days = Number of DA-HAISs for specific site/the total number of specific device-days of all patients X 1 000

There were 87 cases of infection among 254
ICU patients, the distribution of lower respiratory
tract, bloodstream system, urinary tract, and gas-
trointestinal tract were 48.27% (n=42), 27.59%
(n=24),22.99%(n=20), and 1.15% (n=1) re-
spectively,among specimens which isolated patho-
gens, the distribution of sputum was the highest,
accounting for 41.34% , followed by blood, urine,

catheter tip and peripheral blood, and ascitic fluid

(Table 2).

Table 2 Distribution of microbiological culture specimens

Microbiological No. of Constituent

culture specimens specimens ratios( %)
Sputum 31 41. 34
Blood 21 28. 00
Urine 19 25.33
Catheter tip and peripheral blood 3 4.00
Ascitic fluid 1 1.33

Microbiological profile
A total of 79 pathogenic strains were isolated,
gram-positive bacteria,

and fungi accounted for 63. 29%, 21. 52% and

gram-negative bacteria,

15.19% respectively. Among 79 pathogenic strains,
27 (34. 18%) were multidrug-resistant organisms
(MDROSs). Acinetobacter baumannii (A. bauman-
nii) was the most commonly isolated microorga-
nism related to HAIs in ICU in this university hos-
pital, accounting for 21.52%, 88. 24% of which
were multidrug-resistant strains. Distribution of

pathogens causing DA-HAIs in ICU are shown in
Table 3.

Discussion

The incidence of DA-HAIs was 15. 35%, with
10. 23 DA-HAIs per 1 000 ICU-days. This study indi-
cated that the incidence of DA-HAIs was lower than a

meta-analysis reported by Allegranzi® that the incidence
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Table 3 Distribution of pathogens causing DA-HAIs in ICU

in a university hospital from January to November,

2015
Pathogens No. . of Constituent ratios

strains %)

Gram-negative bacteria 50 63.29
Acinetobacter baumannii 17 21.52
Escherichia coli 7 8. 86
Stenotrophomonas maltophilia 7 8. 86
Pseudomonas aeruginosa 7 8. 86
Klebsiella pneumoniae 6 7.59
Burkholderia cenoce pacia 3 3.79
Enterobacter aerogenes 1 1.27
Elizabethkingia meningose pticum 1 1.27
Morganella morganii 1 1.27
Gram-positive bacteria 17 21.52
Staphylococcus haemolyticus 5 6.33
Enterococcus faecium 4 5. 06
Enterococcus faecalis 3 3.79
Staphylococcus epidermidis 2 2.53
Staphylococcus hominis 1 1.27
Staphylococcus aureus 1 1.27
Staphylococcus capitis 1 1.27
Fungi 12 15.19
Candida albicans 9 11.39
Candida tropicalis 2 2.53
Candida glabrata 1 1.27
Total 79 100. 00

and density in developing countries were 34. 7%
(95% CI; 23.6—47.7) and 47.9 per 1 000 ICU-
days (95% CI; 36.7—-59.1). However, compared
with incidence of DA-HAIs reported by U. S. CDC
and European CDC (ECDC), the present study is
substantially higher'®. Efforts for the prevention
of DA-HAIs should be strengthened.

In our study, ADS score for infection in ICU
patients in January-August 2015 was significantly
higher than that of the baseline status, after clini-
cal intervention, ADS score in September-Novem-
ber 2015 presented a downward trend, and was
lower than that of the baseline status. Therefore
monitoring on ADS in ICU patients can lead to a
better understanding for the dynamic change trend
in DA-HAIs, and implement intervention measures
to control infection under the guidance by ICPs.

Compared to incidences of CAUTI and CLLAB-
SI, VAP in the present study was a major burden
and safety issue for patients in the ICU setting,
the incidence of VAP was 7. 05 per 1 000 ventila-

tor-days, which was slightly higher than that of
NHSN of the U. S. and German Krankenhaus In-
fektions Surveillance System (KISS) (ranging from
2.9 to 5.1 per 1 000 ventilator-dayst* ), while was
lower than incidence of INICC in Shanghai®. A
possible explanation could be that prevention and
control measures of VAP might be not sufficient.
The management of DA-HAIs, especially VAP,
still remains the first priority for ICU setting"''-.
According to guidelines for prevention and control
of VAP, it is recommend to elevate head of bed to
30° — 45° for patients with artificial airway, provide
daily regular oral care, reduce the colonization of
pathogens, timely treat water retention in ventila-
tor pipes, adopt closed sputum suction method,
perform sterile sputum suction, conduct hand hy-
giene among health care workers, and perform dai-
ly assessment for removing respirator as soon as
possiblet'?

The major infection site in the ICU setting
was lower respiratory tract, resistance rate of
drug-resistant A. baumannii was 88. 24% , which
was consistent with the other scientific litera-

[13]

tures Inchai indicated that the lack of antimi-

crobial susceptibility testing could result in a high
mortality of patients due to treatment failuret'’.
In addition, patients colonized or infected by A.
baumannii were a source of transmission to other
high risk patients through environmental contami-
nation and health care workers. So antimicrobial
susceptibility testing and homology detection be-
tween cases are recommended.

The limitation of the study is that it only pro-
vided annual monitoring data in the ICU setting,
and did not make comparison with previously mo-
nitored data. Additionally, specimen size of the
study was unsatisfactory and results cannot be
generalized based on case findings from only one
ICU setting. Multi-center targeted monitoring on
DA-HAIs is recommended. However, this study
has already adopted the established routine data of
surveillance system in an ICU setting and recog-
nized methods for routine evaluation on the imple-

mentation of infection control management in the
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hospital, all of which are very commendable. Fur-
ther fortification of routine surveillance can im-
prove the healthcare safety in ICU settings and fur-
ther reduce the occurrence of DA-HAIs.
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