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Avoiding multidrug resistance in hospitals is a challenging but achievable task that requires understanding local epidemiology and 
evaluating and intervening in cleaning and disinfection processes, antibiotic stewardship and prevention measures. These activities 
must be routinely evaluated and continuously applied, with executive directive management support and teamwork from infection 

committee members alongside active leaders of each process. An infographic on avoiding multidrug resistance in a hospital setting is 
available alongside this article here.

Highlights
•	 Determining infection and multidrug resistance (MDR) rates continuously helps to detect the 

problem to be solved, including outbreaks.

•	 Cleaning and disinfection play an important role in preventing MDR and evaluating and 

correcting the process for better results.

•	 MDR control can only be achieved with various measures applied continuously and 

consistently by a group of committed individuals.

Development
Antimicrobial resistance is a global crisis. Approximately 1.3 million deaths were directly 

attributable to multidrug-resistant (MDR) microorganisms in 2019.1 These infections also have 

significant implications for hospital control and expenditure, as well as morbidity and mortality.2,3 

MDR microorganisms can colonize a patient for months or years, and this colonized population 

can re-enter the community and potentially transmit this resistance.4,5

Controlling MDR in hospitals is crucial not only for reducing morbidity and mortality in hospitalized 

patients, but also for ensuring the quality of healthcare and reducing hospital costs.6

This task is challenging and involves multiple activities implemented simultaneously after a local 

epidemiological analysis, along with evaluating and providing feedback on the measures taken to 

identify the strengths and weaknesses of each hospital environment. These activities include the 

following:

1.	 evaluating the epidemiological profile of community- and healthcare-associated infections 

(HAIs);

2.	 assessing the hospital resistance profile;

3.	 analysing antibiotic consumption;

4.	 evaluating cleaning and disinfection processes:

5.	 promoting hand hygiene; and

6.	 implementing other measures.

Point 1: Evaluating the epidemiological profile of community- and 
healthcare-associated infections
This includes identifying the infections, causative microorganisms and susceptibility profiles 

reported as a value, for example, #/1,000 catheter days and #/1,000 ventilator days, which are 

evaluated over a specific period and are globally comparable.7,8 The reported frequency of 

MDR in HAIs varies between 25.4% and 42.5%, and these percentages vary in each hospital.9–11 

Analysing the rates of infections and the frequency of MDR microorganisms and whether empirical 

antimicrobial use is appropriate in HAIs benefit the problem detection, including outbreaks. These 

data must be collected, evaluated and communicated continuously because it is the key to 

management decision-making.

https://doi.org/https://doi.org/10.17925/ID.2024.3.1.3


8�

Practice Pearl Antimicrobial Resistance

touchREVIEWS in Infectious Diseases

Ta
bl

e 
1:

 O
ut

br
ea

ks
 w

ith
 d

iff
er

en
t 

co
nt

ro
l a

nd
 p

re
ve

nt
io

n 
in

te
rv

en
tio

ns
29

–3
3

S
tu

d
y

P
ro

b
le

m
In

te
rv

en
ti

o
n

 in
 c

le
an

in
g 

an
d

 d
is

in
fe

ct
io

n
O

th
er

 in
te

rv
en

ti
o

n
s

M
ai

n
 o

u
tc

o
m

e

Ik
ed

a 
et

 a
l.29

O
ut

br
ea

k 
of

 E
SB

L-
pr

od
uc

in
g 

ba
ct

er
ia

 in
 c

at
he

te
r-


as

so
ci

at
ed

 u
rin

ar
y 

tr
ac

t i
nf

ec
tio

n 
in

 p
at

ie
nt

s 
w

ith
 

sp
in

al
 c

or
d 

in
ju

ry

C
le

an
in

g 
pr

oc
ed

ur
es

 w
er

e 
re

vi
ew

ed
 a

nd
 th

e 
nu

m
be

r 
of

 r
ou

tin
e 

cl
ea

ni
ng

s 
w

as
 in

cr
ea

se
d 

us
in

g 
a 

co
m

pl
ex

-
ty

pe
 c

hl
or

in
e-

ba
se

d 
di

si
nf

ec
ta

nt
 c

le
an

er
 w

ith
 

po
ta

ss
iu

m
 p

er
ox

ym
on

os
ul

ph
at

e

En
vi

ro
nm

en
ta

l c
ul

tu
re

s 
on

ce
 a

 w
ee

k.
Pe

rio
di

ca
l s

ur
ve

ill
an

ce
 o

f u
rin

e 
cu

ltu
re

s 
fo

r 
pa

tie
nt

s 
w

ho
 h

av
e 

un
de

rg
on

e 
ca

th
et

er
iz

at
io

n.
N

ur
se

s 
w

or
ki

ng
 in

 w
ar

ds
 w

er
e 

ed
uc

at
ed

 o
n 

in
fe

ct
io

n 
co

nt
ro

l, 
co

nt
ac

t p
re

ca
ut

io
ns

 a
nd

 
ha

nd
 h

yg
ie

ne

Re
du

ct
io

n 
to

 o
ne

 E
SB

L-
pr

od
uc

in
g 

st
ra

in
 1

 m
on

th
 

la
te

r

Zh
u 

et
 a

l.30
Th

irt
y-

on
e 

pa
tie

nt
s 

w
ith

 K
le

bs
ie

lla
 p

ne
um

on
ia

e 
ca

rb
ap

en
em

as
e-

2 
an

d/
or

 N
ew

 D
el

hi
 M

et
al

lo
-β

-
La

ct
am

as
e 

1 
K.

 p
ne

um
on

ia
e 

st
ra

in
s 

in
 1

0 
di

ff
er

en
t 

w
ar

ds
 in

 a
 2

,0
76

-b
ed

 te
rt

ia
ry

 c
ar

e 
te

ac
hi

ng
 

ho
sp

ita
l

A
nt

im
ic

ro
bi

al
 s

te
w

ar
ds

hi
p 

w
or

ke
rs

 e
nh

an
ce

d 
di

si
nf

ec
tio

n 
of

 th
e 

pa
tie

nt
’s

 r
oo

m
 a

t l
ea

st
 th

re
e 

tim
es

 
a 

da
y;

 a
ft

er
 d

is
ch

ar
ge

, t
he

 s
ur

ro
un

di
ng

s 
w

er
e 

cl
ea

ne
d 

in
 d

ep
th

 u
si

ng
 a

 5
00

-p
pm

 c
hl

or
in

e 
so

lu
tio

n 
an

d 
hi

gh
-

to
uc

h 
su

rf
ac

es
 w

er
e 

em
ph

as
iz

ed
 b

y 
th

e 
ho

sp
ita

l 
hy

gi
en

e 
nu

rs
e 

m
an

ag
er

 fo
r 

cl
ea

ni
ng

 to
 r

ed
uc

e 
cr

os
s-


tr

an
sm

is
si

on

Se
t u

p 
a 

w
or

ki
ng

 g
ro

up
 o

n 
th

e 
an

tim
ic

ro
bi

al
 

st
ew

ar
ds

hi
p.

St
ric

t i
nf

ec
tio

n 
co

nt
ro

l p
ro

ce
du

re
s 

w
er

e 
pu

t 
in

 p
la

ce
, i

nc
lu

di
ng

 r
ap

id
 c

om
m

un
ic

at
io

n,
 

su
gg

es
tio

ns
 o

n 
ra

tio
na

l d
ru

g 
us

e 
in

 ti
m

e 
an

d 
tr

ai
ni

ng
 c

ou
rs

es
, c

on
ta

ct
 p

re
ca

ut
io

ns
 

of
 c

ar
rie

rs
, s

ur
ve

ill
an

ce
 c

ul
tu

re
s 

of
 th

e 
ha

nd
 a

nd
 e

nv
iro

nm
en

t a
nd

 s
cr

ee
ni

ng
 fo

r 
al

l 
co

nt
ac

t p
at

ie
nt

s

Re
tu

rn
 to

 th
e 

ep
id

em
io

lo
gi

ca
l s

ta
ge

 w
ith

 
sp

or
ad

ic
 o

cc
ur

re
nc

e 
of

 c
ar

ba
pe

ne
m

-r
es

is
ta

nt
 K

. 
pn

eu
m

on
ia

e 
st

ra
in

s

G
av

al
dá

 e
t a

l.31
In

cr
ea

se
 in

 n
ew

 c
as

es
 o

f e
xt

en
si

ve
ly

 d
ru

g-


re
si

st
an

t (
X

D
R)

 A
ci

ne
to

ba
ct

er
 b

au
m

an
ni

i a
ft

er
 a

 
pe

rio
d 

of
 h

ig
h 

en
de

m
ic

ity

To
 a

gr
ee

 o
n 

th
e 

sp
ec

ifi
c 

re
sp

on
si

bi
lit

ie
s 

an
d 

al
lo

ca
tio

n 
of

 c
le

an
in

g 
du

tie
s 

of
 th

e 
au

xi
lia

ry
 n

ur
se

s 
an

d 
ho

us
ek

ee
pe

rs
; d

ee
p 

en
vi

ro
nm

en
ta

l c
le

an
in

g 
af

te
r 

a 
st

ag
ge

re
d 

sc
he

du
le

; i
nc

re
as

in
g 

th
e 

cl
ea

ni
ng

 
fr

eq
ue

nc
y 

of
 h

ig
h-

to
uc

h 
su

rf
ac

es
; a

pp
ly

 r
ea

dy
-

to
-u

se
 d

is
in

fe
ct

an
t w

ip
es

 w
ith

 c
at

io
ni

c 
su

rf
ac

ta
nt

 
te

ns
io

ac
tiv

es
, q

ua
te

rn
ar

y 
am

m
on

iu
m

 c
om

po
un

ds
 a

nd
 

po
ly

m
er

ic
 b

ig
ua

ni
de

 b
y 

au
xi

lia
ry

 n
ur

se
s 

an
d 

m
ic

ro
fib

re
 

cl
ea

ni
ng

 s
ys

te
m

 c
on

ta
in

in
g 

0.
1%

 c
hl

or
in

e 
so

lu
tio

n 
by

 
ho

us
ek

ee
pe

rs
 w

ith
 th

e 
on

e-
ro

om
, o

ne
-w

ip
e 

ap
pr

oa
ch

A
 m

ul
tid

is
ci

pl
in

ar
y 

ta
sk

 fo
rc

e 
w

as
 

es
ta

bl
is

he
d 

to
 d

et
er

m
in

e 
th

e 
m

ai
n 

co
nt

ro
l 

st
ra

te
gi

es
; r

ec
ta

l s
w

ab
s 

fr
om

 p
at

ie
nt

s 
ad

m
itt

ed
 to

 th
e 

in
te

ns
iv

e 
ca

re
 u

ni
ts

Th
e 

im
pl

em
en

ta
tio

n 
of

 in
te

rv
en

tio
ns

 w
as

 
as

so
ci

at
ed

 w
ith

 a
 s

ig
ni

fic
an

t c
ha

ng
e 

in
 th

e 
le

ve
l 

of
 -

8,
36

0 
X

D
R 

A
. b

au
m

an
ni

i-i
nf

ec
te

d 
pa

tie
nt

s 
pe

r 
1,

00
0 

pa
tie

nt
 d

ay
s

G
ra

bs
ch

 e
t a

l.32
M

ar
ke

dl
y 

in
cr

ea
se

d 
co

lo
ni

ze
d 

pa
tie

nt
s 

on
 a

ct
iv

e 
sc

re
en

in
g 

of
 ‘h

ig
h-

ris
k’

 w
ar

ds
 (i

nt
en

si
ve

 c
ar

e 
un

it 
an

d 
re

na
l, 

liv
er

 tr
an

sp
la

nt
 a

nd
 h

ae
m

at
ol

og
y-


on

co
lo

gy
 u

ni
ts

) a
nd

 V
RE

 b
ac

te
ra

em
ia

Re
pl

ac
em

en
t o

f s
ur

fa
ce

 c
le

an
in

g/
di

si
nf

ec
tio

n 
co

m
po

un
ds

 w
ith

 s
od

iu
m

 h
yp

oc
hl

or
ite

 1
,0

00
 p

pm
 

+
 d

et
er

ge
nt

; e
m

pl
oy

m
en

t o
f c

le
an

in
g 

su
pe

rv
is

or
s 

an
d 

es
ta

bl
is

hm
en

t o
f a

 fo
rm

al
 tr

ai
ni

ng
 p

ro
gr

am
m

e 
fo

r 
cl

ea
ni

ng
 s

ta
ff

; i
m

pl
em

en
ta

tio
n 

of
 a

 th
ric

e-
an

nu
al

 
sc

he
du

le
 d

et
ai

le
d 

bl
ea

ch
-b

as
ed

 ‘s
up

er
-c

le
an

-
di

si
nf

ec
tio

n’

A
dh

er
en

ce
 to

 th
e 

C
en

te
rs

 fo
r 

D
is

ea
se

 
C

on
tr

ol
 a

nd
 P

re
ve

nt
io

n 
VR

E 
gu

id
el

in
es

 fo
r 

m
an

ag
in

g 
pa

tie
nt

s 
w

ith
 c

ol
on

iz
at

io
n

Si
gn

ifi
ca

nt
 r

ed
uc

tio
ns

 in
 n

ew
ly

 r
ec

og
ni

ze
d 

co
lo

ni
ze

d 
VR

E 
(2

08
/1

,9
48

 p
at

ie
nt

s 
sc

re
en

ed
 

ve
rs

us
 3

24
/4

,0
35

, a
 2

4.
8%

 r
ed

uc
tio

n)
; t

he
 

to
ta

l b
ur

de
n 

of
 in

pa
tie

nt
s 

w
ith

 V
RE

 d
ec

lin
ed

; 
m

ed
ia

n 
pe

rc
en

ta
ge

 o
f c

ol
on

iz
ed

 in
pa

tie
nt

s 
pe

r 
w

ee
k:

 1
9.

4%
 v

er
su

s 
17

.3
%

; h
os

pi
ta

l-w
id

e 
VR

E 
ba

ct
er

ae
m

ia
 d

ec
lin

ed
 8

3.
1%

Sa
la

za
r 

et
 a

l.33
In

cr
ea

se
 in

 C
RE

 s
tr

ai
ns

 in
 a

 g
en

er
al

 h
os

pi
ta

l
Tr

ai
ni

ng
 to

 c
le

an
in

g 
an

d 
di

si
nf

ec
tio

n 
st

af
f t

w
ic

e 
a 

ye
ar

; 
m

on
th

ly
 s

up
er

vi
si

on
s 

of
 th

e 
cl

ea
ni

ng
 a

nd
 d

is
in

fe
ct

io
n 

pr
oc

es
s 

w
ith

 a
 c

he
ck

lis
t, 

re
vi

ew
in

g 
fo

r 
th

e 
cl

ea
nl

in
es

s 
of

 s
ur

fa
ce

s 
w

ith
 a

lc
oh

ol
 w

ip
es

, a
nd

 a
na

ly
se

d 
th

e 
pr

oc
es

se
s

Fu
ll 

m
an

ag
em

en
t s

up
po

rt
 fo

r 
al

l d
ec

is
io

ns
 

re
la

te
d 

to
 in

fe
ct

io
n 

co
nt

ro
l; 

bl
in

de
d 

ob
se

rv
at

io
n 

of
 h

an
d 

hy
gi

en
e 

w
ith

 m
on

th
ly

 
ev

al
ua

tio
ns

, d
is

se
m

in
at

in
g 

th
e 

da
ta

 to
 

se
ns

iti
ze

 h
ea

lth
 p

er
so

nn
el

; r
es

tr
ic

tiv
e 

an
tim

ic
ro

bi
al

 s
te

w
ar

ds
hi

p;
 a

ct
iv

e 
su

rv
ei

lla
nc

e 
of

 h
ea

lth
ca

re
 in

fe
ct

io
ns

 a
nd

 
co

nt
ac

t i
so

la
tio

n 
of

 c
ar

rie
s 

in
 a

 s
pe

ci
fic

 a
re

a

D
ec

re
as

e 
in

 th
e 

C
RE

 r
at

e:
 0

.5
9 

ve
rs

us
 0

.1
8 

ca
se

s/
1,

00
0 

pa
tie

nt
 d

ay
s

C
RE

 =
 c

ar
ba

pe
ne

m
-r

es
is

ta
nt

 E
nt

er
ob

ac
te

ria
ce

ae
; E

SB
L 

=
 e

xt
en

de
d-

sp
ec

tr
um

 b
et

a-
la

ct
am

as
e;

 V
RE

 =
 v

an
co

m
yc

in
-r

es
is

ta
nt

 e
nt

er
oc

oc
ci

; X
D

R 
=

 e
xt

en
si

ve
ly

 d
ru

g-
re

si
st

an
t.



� 9

Avoiding Multidrug Resistance in a Hospital Setting

touchREVIEWS in Infectious Diseases

Point 2: Assessing the hospital resistance profile
This involves identifying the most frequent MDR microorganisms and 

their distribution. In 2017, the World Health Organization published 

a list of critical priority pathogens. The most significant in hospitals 

include methicillin-resistant Staphylococcus aureus, vancomycin-

resistant enterococci, extended-spectrum beta-lactamase (ESBL) 

Enterobacteriaceae, Enterobacterales, Clostridioides difficile (CD), 

carbapenem-resistant Acinetobacter baumannii, Pseudomonas 

aeruginosa and Enterobacteriaceae.2,12 The distribution of MDR 

microorganisms varies in each hospital, region and continent.13,14 

Identifying the most common MDR microorganisms in a hospital, the 

areas where they arise and their behaviour over time helps focus efforts 

on areas needing surveillance and control.

Point 3: Analysing antibiotic consumption
This includes evaluating antibiotic consumption with recommended 

measures.15,16 These data and the epidemiological profile help determine 

if there are alarming antibiotic consumption patterns, such as frequent 

carbapenem use in an intensive care unit, with only 3% ESBL isolates. 

Antimicrobial stewardship includes electronic pre-authorization systems 

or personnel providing feedback after prescriptions; this can encompass 

all or some antimicrobials and all or certain hospital areas. Involving 

each department’s staff in decision-making, protocol development and 

educational measures on prescribing is essential to achieving the main 

programme goal: changing antibiotic prescribing behaviour.15,17

Biochemist pharmacists should be included to report inappropriate 

antibiotic use and potentially lead the antimicrobial stewardship 

programme.18–20 The microbiology laboratory should standardize culture 

reports to guide physicians towards appropriate treatment decisions.21–23 

Initially, programme goals should be defined, such as reducing CD rates 

or glycopeptide consumption, and compliance should be re-evaluated.

All available tools should be used to control antibiotics in the hospital 

through various interventions to improve antibiotic prescriptions.

Point 4: Evaluating the cleaning and disinfection 
process
None of the previous points will be effective without environmental 

control. Microorganisms can live on surfaces for weeks or months, 

potentially causing infections in hospitalized patients through horizontal 

transmission.24,25 Studies have shown that the risk of acquiring an MDR 

microorganism in a room previously occupied by a colonized patient is up 

to four times higher.26–28 Different cleaning and disinfection interventions 

have controlled MDR microorganism outbreaks, highlighting the 

importance of this process (see Table 1).29–33

First, the process should be observed: how it is conducted and if basic 

principles and recommended frequencies are applied with correct 

materials and dilutions.34,35 Disinfectants should meet international 

standards, and selection should be based on local epidemiology.28,30 

Possible barriers, such as toxicity data, difficult dilutions, application 

methods and communication challenges that limit process compliance, 

should also be evaluated.36,37 For well-resourced institutions, non-touch 

technologies are advantageous.38–40 However, hospitals with fewer 

resources must consider human and material limitations. Frequent 

supervision of the process is also crucial: both observational and objective 

with methods, such as adenosine triphosphate bioluminescence, along 

with feedback and periodic update training.36,41,42

Point 5: Promoting hand hygiene
The importance of adherence to hand hygiene in infection control is 

undeniable.43–45 Every hospital should monitor hand hygiene adherence, 

disseminate these data and promote it. There is electronic technology 

that monitors product use and/or free electronic tools that consolidate 

hand hygiene observation data.46,47

Point 6: Other measures
In certain contexts, the contact isolation of patients colonized or infected 

with MDR microorganisms is questionable, but it remains a recommended 

measure by the Centers for Disease Control and Prevention.48–50 Contact 

isolation should be applied according to the epidemiological profile and 

hospital resources, educating staff on the use of personal protective 

equipment.

Other measures influencing MDR identification include protocols for 

detecting colonized patients, the use of skin-decolonizing agents and 

the emergence and study of outbreaks.51 Equally important is having 

sufficient, permanent and trained staff for patient care, especially in 

critical areas, to prevent horizontal transmission, as well as infrastructure 

that allows individual patient rooms in some hospitals versus shared 

spaces where contamination is more likely.52–54

Although the importance of MDR control is globally recognized, not all 

countries have mandatory regulatory standards for hospital control. 

It is essential to know local regulations that support infection control 

interventions and request financial, human and technological support 

from executive directive management, considering cost–benefit and 

savings analyses.55–57

Conclusion
MDR is a global threat, and its control is vital in hospitals. This control 

must be achieved through multiple measures (stewardship programme, 

improved cleaning and disinfection, adherence to hand hygiene, contact 

isolation and detection of colonized patients, among others) adopted 

after an epidemiological analysis that identifies frequent microorganisms 

and infections in hospital and through a working group that includes 

every actor from executive directive management to cleaning and 

disinfection staff, all fulfilling defined roles in evaluating, educating and 

continuously providing feedback on all MDR control processes in the 

hospital. q
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