
Trend of Healthcare-Associated Bloodstream Infections  

150  Formosan J Med 2024 Vol.28 No.2 

2011-2022
 

 
1 1-3 1 1 1 2,3 2 1,2  

1,2 2 2 
 

1981
2011 1 1 2022 12 31

2011-2022

2011 6.68‰ 2022 5.34‰(p <0.0001)
2020-2022 2011-2013 2020-2022 Staphylococcus 

spp. Enterococcus spp. Klebsiella pneumoniae Enterobacter spp.
Burkholderia cepacia complex

 
 

( Formosan J Med 2024;28:150-65)   DOI:10.6320/FJM.202403_28(2).0003 
 

  

 [1-3]

(Centers for Disease Control and 
Prevention, CDC) 170

99,000
100 [4]  

65-70
(central line-associated bloodstream infection, 
CLABSI)

575,000 80,000

[5]
120

157,750 276,318  [1]

 [1]  

 

1 2 3  

2023 7 28   2023 10 20  

7 E-mail: yeechunchen@gmail.com  

E-mail: yingchieh19810123@gmail.com 

Trend d ffooff HHHHHHHeealllthhhhccccccccaraaarrrrraraarrrrrararara eeeee-Asssssssssssssososososososososoosososociccccccccc attatatattatatatattatataaatttttatttttttttededdededdededdededededededededdedededdeddddd BBBBBloooooooodddodddddoododddoododododooo stssss ream III ffnfec iitions 



  

2024 28 2   151 

[6]  

 

.  

2,632
2022 99,149

687,729
1981

1994
(national nosocomial infections surveillance system, 
NNIS)

CDC 1998 2004
2008 2017

(healthcare-associated 
infections, HAI) [7]

 
(retrospective 

study) 2011 1 1 2022 12
31

(NTUH-202012247RINA)     

.  

[8-9]  
( )  

2017

2011 2022
20,558

17,269
3,289

25,753 2013

student’s t-test Chi-square test
p<0.05  

( )  
1980

 
4  

1. 2003

WHO "clean care is safe 
care" 2004 4

- - - (plan-do-check-
action, PDCA)

 [10]  
2. 2009 CDC

(catheter line-
associated blood stream infection bundle care)

3 5
3 5

 



Trend of Healthcare-Associated Bloodstream Infections  

152  Formosan J Med 2024 Vol.28 No.2 

 

 
19

88
 

20
04

 
20

08
 

20
17

 

 
 

 
 

 

 
1.

  
2

 
2.

  

 
3.

  

 

20
04

19
88

 
 

 

 
1

 
 

1.
  

(
(

90
 m

m
H

g)
/

/
 

(1
)

 
(2

)
 

 
(3

)
  

 
(

H
ae

m
op

hi
lu

s 
in

flu
en

za
e,

 S
tre

pt
oc

oc
cu

s 

20
08

19
88

 
 

  

 
1

  

(
(

90
m

m
H

g)
2

(
di

ph
th

er
oi

ds
 

[C
or

yn
eb

ac
te

riu
m

 sp
p]

, 
Ba

ci
llu

s [
 B

. 
an

th
ra

ci
s]

 sp
p,

 
Pr

op
io

ni
ba

ct
er

iu
m

 sp
p,

 
co

ag
ul

as
e-

ne
ga

tiv
e 

sta
ph

yl
oc

oc
ci

 [
 S

. 
ep

id
er

m
id

is
], 

vi
rid

ia
ns

 
gr

ou
p 

str
ep

to
co

cc
i, 

Ae
ro

co
cc

us
 sp

p
M

ic
ro

co
cc

us
 sp

p)
 

 
 

1.
1

 
2.

 
 

( 2

  
1

(

2

 

 



  

2024 28 2   153 

 

 
19

88
 

20
04

 
20

08
 

20
17

 
 

1.
  

1
,

(

 
(1

)
2

 
(2

)

 
(3

)

 

pn
eu

m
on

ia
e,

 N
ei

ss
er

ia
  

 
m

en
in

gi
tid

is,
 o

r g
ro

up
 B

  
 

St
re

pt
oc

oc
cu

s)
 

 
1.

  
1

/
 

(1
)

2

 
(2

)
  

 
1

 
(3

)
  

 
(

H
ae

m
op

hi
lu

s 
in

flu
en

za
e,

 
St

re
pt

oc
oc

cu
s 

pn
eu

m
on

ia
e,

 
Ne

iss
er

ia
 

m
en

in
gi

tid
is,

 
or

 
gr

ou
p 

B 
 

St
re

pt
oc

oc
cu

s)
 

 
1.

  
1

( (
 

2.
  

2

 

 

(c
lin

ic
al

 
se

ps
is

) 
2

1
 

(
90

m
m

H
g

 

 
(c

lin
ic

al
 se

ps
is

) 

 

(
(

 

 (
cl

in
ic

al
 se

ps
is

) 
 

 
1

(
 

-
 

(M
B

I-
LC

B
I 1

) 

(L
C

B
I)

1  
 

1
 

 



Trend of Healthcare-Associated Bloodstream Infections  

154  Formosan J Med 2024 Vol.28 No.2 

 

 
19

88
 

20
04

 
20

08
 

20
17

 

40
m

m
H

g)
(

30
)

(1
) (2
)

(3
)

 
1

 
1.

 
2.

 
3.

 

90
 m

m
H

g)
(

20
)  (

1)

(2
)

(3
)

 
1

 
(

 
(

  
1.

 
2.

 
3.

 

 
1.

 

1.
1

 
(1

)G
ra

de
 I

II
 o

r 
IV

 g
as

tro
in

te
st

in
al

 g
ra

ft 
ve

rs
us

 h
os

t d
is

ea
se

 [G
I G

V
H

D
] 

(2
)

7
24

 
(

<1
8

24
 

 2
0 

m
L/

kg
)

 
2.

3
3

7
(

2
 (

A
N

C
)

(W
B

C
) 

<5
00

 
ce

lls
/m

m
3 )

 
(M

B
I-

LC
B

I 2
) 

LC
B

I
2

 
vi

rid
an

s 
gr

ou
p 

str
ep

to
co

cc
i

 
 

1
 

1.
1

 
(1

)G
ra

de
 I

II
 o

r 
IV

 g
as

tro
in

te
st

in
al

 g
ra

ft 
ve

rs
us

 h
os

t d
is

ea
se

 [G
I G

V
H

D
] 

(2
)

7
24

 
(

<1
8 

24
 

 
2.

3
3

(
2

 (
A

N
C

)
(W

B
C

) <
50

0 
ce

lls
/m

m
3 )

 
 



  

2024 28 2   155 

 

 
19

88
 

20
04

 
20

08
 

20
17

 
 

 
 

(M
B

I-
LC

B
I 3

) 
1

 L
C

B
I

3
2

 v
iri

da
ns

 
gr

ou
p 

str
ep

to
co

cc
i

 
 

1
 

1.
1

 
(1

)G
ra

de
 II

I o
r I

V
 g

as
tro

in
te

st
in

al
 g

ra
ft 

ve
rs

us
 

ho
st

 d
is

ea
se

 [G
I G

V
H

D
] 

(2
)

7
24

 
(

<1
8 

24
 

 
2.

3
3

(
2

 (
A

N
C

)
(W

B
C

) <
50

0c
el

ls
/m

m
3 )

 
 

 

1

 

 
 

1.
B

SI
-L

C
B

I

(

)
 

2.
2

(1
) 2

2
(2

)
1

(
)

 

 
1.

 
 

(1
) 

1

 
2.

 
 

(
2

(
 

 



Trend of Healthcare-Associated Bloodstream Infections  

156  Formosan J Med 2024 Vol.28 No.2 

5 -
-

- - -

(bundle care)
(zero tolerance)

[11]  
3. (bundle care) 2012

2013

(bundle care) [11]  
4. 2016 (zero 

tolerance)
2016

2019 1
(Infectious Diseases Society of 

America, IDSA)
(catheter-related bloodstream 

infection, CRBSI) [12]
CRBSI (1) CVC

( 15 CFU)
(2)

2 [12]

(CRBSI)
 

  

.  

2011-

 
19

88
 

20
04

 
20

08
 

20
17

 
 

 
3.

1

N
H

SN  38
/

/
37

(o
ra

l)
36

 
37

/
/

36
(o

ra
l)

35
 

)

 
3.

 
 

4.
 

 

1.
20

08
19

88
20

04
20

08
1

 



  

2024 28 2   157 

2022 2011
2.36‰ 2022

 
  

1980   
2000 (TQIP) (2011 (TCPI) )

 
2004 -2005  

 
2009 (Centers for Disease Control and Prevention, CDC)

(catheter 
line-associated blood stream infection bundle care) -

- - -
-  

(bundle care) (zero tolerance)
 

2010 central venous catheter, CVC
 

2011 chlorhexidine  
(pre-filled flush syringes)

 
2012  
2013-2014  
2016 (zero tolerance)  
2018 (PICC)

PICC
PICC CVC  

2019 2019 1 (IDSA)
CRBSI

 
PGY  

2020 PGY /
 

2021 PICC  
/  

2022 2022 10 chlorhexidine
 

/  
2023 

 
PICC PICC

(central line-associated bloodstream infection, 
CLABSI)  

 



Trend of Healthcare-Associated Bloodstream Infections  

158  Formosan J Med 2024 Vol.28 No.2 

2.25‰ (p = 0.4620) 2011
6.68‰ 2022

5.34‰
(p <0.0001)

2011 1.98 2022 1.90  
(p <0.0001)  

.  
( ) (Gram-negative 

aerobic bacteria) (Escherichia 

coli) (Klebsiella pneumoniae)
(Enterobacter spp.)

(Acinetobacter spp.) (Pseudomonas 
aeruginosa) (Gram-positive 
aerobic bacteria) (Enterococcus 
spp.) (coagulase-
negative staphylococci)
(Staphylococcus aureus)

(Candida spp.)  

 

2011-2022 ( )  



  

2024 28 2   159 

( ) 3
2011 2013 2020 2022

( )
( )

 
1. 

Enterococcus spp. Staphylococcus spp. K. 
pneumoniae Enterobacter spp. Burkholderia 
cepacia complex 2020
2022 2011 2013
Staphylococcus spp. ( )

Enterococcus spp. K. pneumoniae B. cepacia 
complex

 
2. 

Staphylococcus spp. B. cepacia complex
2020 2022

2011 2013 Staphylococcus spp. 
( )

B. cepacia complex

 
2011-2022 ( )  



Trend of Healthcare-Associated Bloodstream Infections  

160  Formosan J Med 2024 Vol.28 No.2 

 
3. 2011 2022

2011 82.7% 2022
88.3% 3 88.8-87.4%

 

 

4
1

 
2011-2022 ( )  



  

2024 28 2   161 

 
(case-mix index, 

CMI)

WHO 2020 3 20 COVID-19
 (pandemic) 2022 4

2021 4 8  Alpha 

2011-2013 2020-2022  
 2011-2013 2020-2022 p value 
  (

/
) 

 (
/

) 

 

      
Staphylococcus spp. 537 0.27 373 0.2 0.0120* 
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Burkholderia cepacia complex 13 0.01 38 0.02 0.0254* 
Stenotrophomonas maltophilia 79 0.04 121 0.06 0.1263 
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Trend of Healthcare-Associated Bloodstream 
Infections at a Medical Center in Northern Taiwan, 

2011-2022 
 

Ying-Chieh Liu1, Kuan-Yin Lin1-3, Yu-Ching Chang1, Wei-Lin Liu1, Hui-Ji Lin1,  
Chi-Tai Fang2,3, Jen-Tay Wang2, Sung-Ching Pan1,2, Yee-Chun Chen1,2, Jia-Horng Kao2, 

Shan-Chwen Chang2 
 
Abstract: Healthcare-associated bloodstream infections are associated with higher rates of morbidity and mortality 
compared with other infections. The study aimed to evaluate the long-term effect of implementing infection 
prevention and control (IPC) programs on the incidence density and microbiologic distribution of healthcare-
associated bloodstream infections. A medical center in northern Taiwan had been following international 
guidelines for the surveillance and management of healthcare-associated infections (HAIs) since 1981. A 
retrospective study was conducted from January 1 2011 to December 31 2022. to include all healthcare-associated 
bloodstream infections. The trend in the incidence density of healthcare-associated bloodstream infection was 
analyzed, and a comparison was made between the microbiologic distribution of pathogens identified during 2011-
2013 and 2020-2022. The active HAI surveillance and periodic feedback led to a significant reduction in the 
incidence density of healthcare-associated bloodstream infections in intensive care units (ICUs) from 2011 to 2022 
(6.68 vs 5.34 episodes per 1000 patient-days, p <0.001). During 2020-2022, Gram-negative bacteria of gut origin 
were the most frequently identified pathogens. Compared with the microorganisms identified during 2011-2013, 
there was a significant decrease in Staphylococcus spp. and a significant increase in Enterococcus spp., Klebsiella 
pneumoniae, Enterobacter spp., and Burkholderia cepacia complex during 2020-2022. The implementation of IPC 
programs had a positive impact on reducing healthcare-associated bloodstream infections in ICUs, particularly 
those caused by skin-related organisms. Our research reinforces the importance of maintaining the IPC program 
to prevent healthcare-associated bloodstream infections. 
Key Words: infection control, healthcare-associated bloodstream infection, bundle care 
(Full text in Chinese: Formosan J Med 2024;28:150-65)   DOI:10.6320/FJM.202403_28(2).0003 
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