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We examined the microbial burden on hospital room environ-
mental sites after standard (quaternary ammonium [Quat]) or 
enhanced disinfection (quat/ultraviolet light [UV-C], bleach, 
or bleach/UV-C). An enhanced terminal room disinfection 
reduced the microbial burden of epidemiologically important 
pathogens on high-touch surfaces in patient rooms, especially 
sites around the bed, better than standard room disinfection.
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Hospital room environmental surfaces are often contaminated 
with health care–associated pathogens and multidrug-resistant 
organisms (MDROs) despite terminal hospital room cleaning 
[1]. The World Health Organization (WHO) recommends 5 
moments for hand hygiene, but compliance with hand hygiene 
among health care personnel after touching patient surround-
ings is often low [2]. A  patient admitted to a hospital room 
previously occupied by a patient colonized or infected with an 
MDRO has an increased risk of acquiring the pathogen [3]. 
Contaminated health care environments have been shown to 
have an important role in transmission of pathogens, and there-
fore thoroughness of daily and terminal cleaning/disinfection 
needs to be improved [4]. There is increasing evidence that 
no-touch technologies for decontamination of patient rooms 

(eg, ultraviolet light [UV-C] devices and hydrogen peroxide 
systems) are an effective method to enhance terminal room 
cleaning/disinfection, reduce MDROs on environmental sur-
faces, and reduce health care–associated infections [1, 5, 6].

Although there is no epidemiologic/operational definition of 
high-touch surfaces, efforts to improve environmental hygiene 
in health care facilities have been focused on these surfaces. 
Previous studies have described that there was no significant dif-
ference in microbial contamination in terms of aerobic colony 
counts on high-, medium-, and low-touch surfaces classified by 
the frequency of touch after terminal cleaning at a single center 
[7, 8]. However, the contamination levels of specific types of 
environmental surfaces with MDROs after terminal cleaning 
have yet to be elucidated fully. In this study, we investigated the 
microbial burden of aerobes and epidemiologically important 
pathogens (EIPs) on hospital room environmental sites after 
standard or enhanced terminal room disinfection in a large 
clinical study.

METHODS

Microbial data from the Benefits of Enhanced Terminal Room 
Disinfection Study were utilized [5]. All patient rooms were 
randomly assigned to standard disinfection (quaternary ammo-
nium [Quat]) or an enhanced disinfection (quat/UV-C, bleach, 
or bleach/UV-C).

Environmental sampling was performed following ter-
minal room decontamination using Rodac plates (25  cm2/
plate) from 8 of 10 hospital room sites, including patient 
rooms (bed rail, over-bed table, supply/medicine cart, chair, 
side counter, linen hamper lid, sink) and bathrooms (toilet 
seat, shower floor, bathroom floor) as described previously [6]. 
The bed rail and over-bed table were classified as high-touch 
sites, and all other sites sampled were classified as medium/
low-touch sites based on previous study results in general med-
ical/surgical floors [7]. Five Rodac plates (~125  cm2) per site 
were sampled for aerobic counts and anaerobic counts, respec-
tively. The number of colony-forming units (CFUs) of aerobes 
and 4 target EIPs, including multidrug-resistant Acinetobacter 
(MDRA), methicillin-resistant Staphylococcus aureus (MRSA), 
vancomycin-resistant enterococci (VRE), and Clostridioides 
difficile, was counted. For anaerobic counts, the number of 
CFUs of C. difficile only on each Rodac plate was determined.

The number of Rodac plates with >300 CFUs of aerobes was 
137 (3.7% of 3680 plates), and >300 CFUs were calculated as 
300 CFUs. Five plates were unable to be interpreted because 
moisture on the plate made the colonies run together; these 
were excluded from analysis. A total of 3675 samples from 736 
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environmental sites in all 92 patient rooms (21 standard rooms 
and 71 enhanced rooms) at 3 study hospitals were analyzed.

The CFUs of aerobes and EIPs were compared by environ-
mental site between standard and enhanced terminal room dis-
infection. Using JMP 13 (Statistical Analysis System, Cary, NC, 
USA), statistical analyses were performed using the 2-tailed 
Fisher test for categorical variables and the Wilcoxon test for 
continuous variables. A  P value ≤.05 was considered statisti-
cally significant. Linear regression was used to examine whether 
there was a correlation between CFUs of aerobes and EIPs.

Patient Consent Statement

The study was approved by the Duke University Health System 
Institutional Review Board and was registered on ClinicalTrials.
gov as NCT01803100. Informed consent was obtained from 
study subjects.

RESULTS

Overall, the frequency of all environmental sites positive 
for EIP was 11.4% (84/736) in all rooms, 21.4% (36/168) 
in standard rooms, and 8.5% (48/568) in enhanced rooms 
(P < .0001 between standard and enhanced rooms) (Figure 
1). Environmental sites, other than the toilet seat, in standard 
rooms were more likely to be contaminated with EIPs than 
in enhanced rooms (5/21 vs 2/70, P = .0066, for over-bed 
table; 7/21 vs 5/70, P = .0051, for bed rail; and P > .05 for 
other sites). The mean number of CFUs of EIPs per site 
(CFU/125 cm2) was 2.4 in all rooms, 7.6 in standard rooms, 
and 0.9 in enhanced rooms (P < .0001 between standard and 
enhanced rooms) (Table 1). For each EIP pathogen, the mean 

number of CFUs of MDRA, VRE, MRSA, and C. difficile per 
site was 0.3, 1.3, 0.4, and 0.4 in all rooms (1.1, 4.9, 1.1, and 0.5 
in standard rooms vs 0, 0.2, 0.2, and 0.4 in enhanced rooms; 
P < .0001 for MDRA, P = .002 for VRE, P > .05 for MRSA, 
and P > .05 for C.  difficile). Any specific environmental site 
in standard rooms tended to have higher mean counts than in 
enhanced rooms (P = .0013 for over-bed table, P = .0015 for 
bed rail, P = .025 for side counter, P < .0001 for high-touch 
sites, P = .0027 for medium/low-touch sites, and P < .0001 for 
sites in patient rooms).

The mean number of CFUs of aerobes per site (CFU/125 cm2) 
was 193.6 in all rooms, 200.8 in standard rooms, and 191.5 in 
enhanced rooms (Table 1). There were no statistically signifi-
cant differences for mean CFUs of total aerobic counts per site 
between standard and enhanced rooms. There was no relation-
ship between CFUs of aerobes and EIPs (the square of the cor-
relation coefficient, R2 = .0079).

DISCUSSION

Our microbial analysis from a large clinical disinfection study 
demonstrated that enhanced terminal room disinfection, in-
cluding use of a UV-C device, reduced the microbial burden of 
health care–associated pathogens, especially MDRA and VRE, 
on environmental sites better than standard room disinfection. 
Environmental disinfection of touchable surfaces after standard 
terminal room cleaning using quaternary ammonium needs 
to be improved. Enhanced terminal room decontamination 
reduced the microbial burden of EIPs on high-touch surfaces 
in patient rooms, especially sites around the bed (ie, over-bed 
table, bed rail).
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Figure 1.  Frequency of environmental sites positive for epidemiologically important pathogens after terminal room disinfection.



BRIEF REPORT • ofid • 3

Ta
bl

e 
1.

 
 

M
ic

ro
bi

al
 B

ur
de

n 
of

 E
pi

de
m

io
lo

gi
ca

lly
 Im

po
rt

an
t P

at
ho

ge
ns

 a
nd

 A
er

ob
es

 b
y 

En
vi

ro
nm

en
ta

l S
ite

 A
fte

r S
ta

nd
ar

d 
or

 E
nh

an
ce

d 
Te

rm
in

al
 R

oo
m

 D
is

in
fe

ct
io

n

S
ite

A
ll 

R
oo

m
s

S
ta

nd
ar

d 
R

oo
m

s
E

nh
an

ce
d 

R
oo

m
s

P 
Va

lu
e 

(S
ta

nd
ar

d 
vs

 E
nh

an
ce

d)

N
o.

 o
f 

 
S

ite
s 

 
A

ss
es

se
d

M
ea

n 
C

FU
/1

25
 c

m
2  

of
 E

IP
 (S

D
)

M
ea

n 
C

FU
/1

25
 c

m
2  

of
 A

er
ob

es
 (S

D
)

N
o.

 o
f 

S
ite

s 
 

A
ss

es
se

d

M
ea

n 
C

FU
/1

25
 c

m
2  

of
 E

IP
 (S

D
)

M
ea

n 
C

FU
/1

25
 c

m
2  

of
 A

er
ob

es
 (S

D
)

N
o.

 o
f 

S
ite

s 
A

s-
se

ss
ed

M
ea

n 
C

FU
/1

25
 c

m
2  

of
 E

IP
 (S

D
)

M
ea

n 
C

FU
/1

25
 c

m
2  

of
 A

er
ob

es
 (S

D
)

M
ea

n 
C

FU
/1

25
 c

m
2  

of
 E

IP

M
ea

n 
C

FU
/1

25
 c

m
2  

of
 A

er
ob

es

B
ed

 r
ai

l
91

3.
4 

(1
5.

5)
12

9.
4 

(1
96

.8
)

21
12

.8
 (3

0.
6)

14
2.

9 
(1

67
.3

)
70

0.
5 

(2
.2

)
12

5.
3 

(2
05

.7
)

.0
01

5
N

S

O
ve

r-b
ed

 t
ab

le
91

0.
8 

(4
.2

)
14

3.
2 

(2
33

.3
)

21
3.

2 
(8

.5
)

10
1.

2 
(1

28
.5

)
70

0.
1 

(0
.4

)
15

5.
8 

(2
56

)
.0

01
3

N
S

S
id

e 
co

un
te

r
60

0.
3 

(1
.5

)
16

0.
6 

(2
40

.8
)

16
1 

(2
.7

)
15

6.
3 

(1
57

.2
)

44
0 

(0
.3

)
16

2.
2 

(2
66

.3
)

.0
25

N
S

S
up

pl
y 

or
 m

ed
ic

in
e 

ca
rt

36
0.

2 
(0

.8
)

94
.5

 (1
31

.5
)

5
0.

4 
(0

.9
)

16
0.

4 
(2

81
.1

)
31

0.
2 

(0
.7

)
83

.9
 (9

3.
8)

N
S

N
S

C
ha

ir
92

1.
1 

(4
.7

)
16

2 
(2

19
.8

)
21

2.
4 

(6
.2

)
15

5.
1 

(1
52

.2
)

71
0.

7 
(4

.1
)

16
4 

(2
37

)
N

S
N

S

Li
ne

n 
ha

m
pe

r 
lid

5
0 

(0
)

32
7.

4 
(5

06
.2

)
1

0
12

08
.0

 
4

0 
(0

)
10

7.
3 

(1
35

.9
)

N
S

N
S

S
in

k
92

0.
1 

(0
.9

)
11

8.
5 

(2
06

.7
)

21
0.

4 
(1

.7
)

82
.5

 (1
03

.9
)

71
0 

(0
.2

)
12

9.
2 

(2
27

.9
)

N
S

N
S

To
ile

t 
se

at
90

1.
3 

(6
.9

)
21

2.
8 

(2
84

.5
)

21
1.

9 
(8

.5
)

15
7.

4 
(1

88
.4

)
69

1.
1 

(6
.3

)
22

9.
7 

(3
07

)
N

S
N

S

S
ho

w
er

 fl
oo

r
87

0.
5 

(3
)

32
5.

6 
(3

82
.4

)
20

1.
6 

(6
)

37
6.

3 
(3

84
.8

)
67

0.
2 

(0
.7

)
31

0.
4 

(3
83

.3
)

N
S

N
S

B
at

hr
oo

m
 fl

oo
r 

92
11

.8
 (6

1.
4)

32
3.

4 
(3

75
.4

)
21

37
.7

 (1
25

)
39

4 
(4

11
.2

)
71

4.
2 

(1
3.

4)
30

2.
5 

(3
64

.7
)

N
S

N
S

S
ite

s 
in

 p
at

ie
nt

 r
oo

m
s

46
7

1.
1 

(7
.5

)
13

9.
8 

(2
17

.7
)

10
6

3.
9 

(1
4.

9)
13

8.
0 

(1
82

.8
)

36
1

0.
3 

(2
.1

)
14

0.
3 

(2
27

.2
)

<
.0

00
1

N
S

S
ite

s 
in

 b
at

hr
oo

m
s

26
9

4.
6 

(3
6.

4)
28

7.
1 

(3
52

.8
)

62
13

.9
 (7

3.
9)

30
8.

1 
(3

53
.7

)
20

7
1.

9 
(8

.8
)

28
0.

8 
(3

53
.1

)
N

S
N

S

H
ig

h-
to

uc
h 

si
te

s
18

2
2.

1 
(1

1.
4)

13
6.

3 
(2

15
.4

)
42

8.
0 

(2
2.

7)
12

2.
0 

(1
48

.9
)

14
0

0.
3 

(1
.6

)
14

0.
6 

(2
31

.9
)

<
.0

00
1

N
S

M
ed

iu
m

/lo
w

-t
ou

ch
 

si
te

s
55

4
2.

5 
(2

5.
5)

21
2.

5 
(3

00
.6

)
12

6
7.

5 
(5

2.
1)

22
7.

0 
(2

96
.9

)
42

8
1.

0 
(6

.4
)

20
8.

2 
(3

01
.9

)
.0

02
7

N
S

A
ll 

si
te

s
73

6
2.

4 
(2

2.
8)

19
3.

6 
(2

83
.7

)
16

8
7.

6 
(4

6.
4)

20
0.

8 
(2

71
.1

)
56

8
0.

9 
(5

.6
)

19
1.

5 
(2

87
.5

)
<

.0
00

1
N

S

A
ll 

si
te

s 
fo

r 
M

R
SA

73
6

0.
4 

(5
)

_
16

8
1.

1 
(9

.7
)

_
56

8
0.

2 
(2

.1
)

_
N

S
_

A
ll 

si
te

s 
fo

r V
R

E
73

6
1.

3 
(2

1.
5)

_
16

8
4.

9 
(4

4.
8)

_
56

8
0.

2 
(1

.7
)

_
.0

02
_

A
ll 

si
te

s 
fo

r 
M

D
R

A
73

6
0.

3 
(4

)
_

16
8

1.
1 

(8
.2

)
_

56
8

0 
(0

.5
)

_
<

.0
00

1
_

A
ll 

si
te

s 
fo

r 
C

lo
st

rid
io

id
es

 d
iffi

ci
le

73
6

0.
4 

(4
)

_
16

8
0.

5 
(3

.7
)

_
56

8
0.

4 
(4

.1
)

_
N

S
_

A
bb

re
vi

at
io

ns
: C

FU
, c

ol
on

y-
fo

rm
in

g 
un

its
; E

IP
, e

pi
de

m
io

lo
gi

ca
lly

 im
po

rt
an

t 
pa

th
og

en
 (i

nc
lu

di
ng

 M
R

SA
, V

R
E

, M
D

R
A

, a
nd

 C
. d

iffi
ci

le
); 

M
D

R
A

, m
ul

tid
ru

g-
re

si
st

an
t 

A
ci

ne
to

ba
ct

er
; M

R
SA

, m
et

hi
ci

lli
n-

re
si

st
an

t 
St

ap
hy

lo
co

cc
us

 a
ur

eu
s;

 N
S,

 n
ot

 s
ig

ni
fic

an
t;

 V
R

E
, 

va
nc

om
yc

in
-r

es
is

ta
nt

 E
nt

er
oc

oc
cu

s.
 



4 • ofid • BRIEF REPORT

In this study, the overall microbial burden (mean ~194 
CFU/125  cm2 of aerobes) was lower compared with a pre-
vious multicenter bioburden study result (ie, mean 353 
CFU/100  cm2) [9], which could be explained in part by high 
compliance of cleaning/disinfection at our study hospitals, use 
of enhanced terminal disinfection methods, and difference in 
sampling methods (Rodac plates vs sponge wipes). In addition, 
the microbial burden was not significantly different between 
standard and enhanced rooms. A possible explanation is that 
aerobic pathogens live and reproduce in the environment and 
may recontaminate the surfaces after disinfection [10].

Study limitations included that a limited number of surface 
samples (ie, 5 Rodac plates per site assessed), inability to deter-
mine all levels of microbial growth (ie, plates with >300 CFUs), 
and the small sample size of a few sites (ie, supply/medicine 
cart, linen hamper lid) may have affected our study results in 
terms of aerobic counts between standard and enhanced rooms.

Any type of environmental site in our study could be con-
taminated with EIPs even if enhanced terminal room disinfec-
tion was conducted. Our previous study revealed that a 94% 
decrease in room contamination with EIPs was associated with 
a 35% decrease in subsequent patient colonization and/or in-
fection [6]. With increasing scientific evidence on contam-
ination of the health care environment and efficacy of UV-C 
room decontamination against health care–associated patho-
gens and reduction of infections [1, 5, 11], further strategies 
for improving daily and terminal cleaning (eg, thoroughness of 
cleaning, appropriate use of disinfectants), use of products with 
residual disinfecting activity (ie, ≥24 hours), and developing 
new no-touch methods (eg, continuous room decontamination 
technology) of disinfection on all touchable inanimate surfaces 
in patient rooms are needed.
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