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Surfaces of the hospital environment
as possible deposits of resistant

bacteria: a review

SUPERFICIES DO AMBIENTE HOSPITALAR COMO POSSIVEIS RESERVATORIOS
DE BACTERIAS RESISTENTES: UMA REVISAO

SUPERFICIES INANIMADAS DEL AMBIENTE HOSPITALARIO COMO POSIBLES
RESERVORIOS DE BACTERIAS RESISTENTES: UNA REVISION

Adriana Cristina de Oliveira?, Quésia Souza Damasceno?

ABSTRACT

The main objective of this study is to iden-
tify, in the literature, articles about the oc-
currence of contamination from inanimate
surfaces and a possible dissemination of
resistant bacteria in the hospital environ-
ment. A bibliographic survey was per-
formed with articles published in the data-
bases LILACS, MEDLINE, Science Direct,
SCOPUS and ISI Web of Knowledge, be-
tween 2000 and 2008. Twenty-one articles
were selected and analyzed. The analyzed
studies highlighted the presence of bacte-
ria on monitors, bed grids, tables, faucets,
telephones, keyboards and other objects.
There was a prevalence of Staphylococcus
aureus resistant to methicillin, Clostridium
difficile, Acinetobacter baumannii and En-
terococcus resistant to vancomycin, being
the predictive factor the previous occupa-
tion of patients colonized by these micro-
organisms. There was a similarity observed
among the isolated strains of colonized
and/or infected patients and the strains of
the environment by molecular typification.
These evidences reinforce the need for
knowledge and control of the sources of
pathogens in the hospital environment.
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RESUMO

O principal objetivo deste estudo é identifi-
car, na literatura, artigos sobre a ocorréncia
de contaminagao das superficies inanimadas
e uma possivel disseminagdo de bactérias re-
sistentes no ambiente hospitalar. Realizou-se
um levantamento bibliografico de artigos
publicados nas bases de dados LILACS,
MEDLINE, Science Direct, SCOPUS e ISI Web
of Knowledge, entre 2000 e 2008. Foram se-
lecionados e analisados vinte e um artigos.
Nos estudos analisados, realgou-se a presen-
¢a de bactérias em monitores, grades de
cama, mesas, torneiras, telefones, teclados de
computador e outros objetos. Houve predo-
minancia de Staphylococcus aureus resisten-
te a meticilina, Clostridium difficile, Acineto-
bacter baumannii e Enterococcus resistentes
a vancomicina, sendo fator preditivo a ocu-
pagdo prévia por pacientes colonizados por
tais microrganismos. Verificou-se semelhan-
¢a entre as cepas isoladas de pacientes colo-
nizados e/ou infectados e as cepas do ambi-
ente por tipificagdo molecular. Essas evidén-
cias reforcam a necessidade de conhecimen-
to e controle de fontes de patégenos no am-
biente hospitalar.

DESCRITORES
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Contaminagdo.
Farmacorresisténcia bacteriana

RESUMEN

Se objetivé identificar en la literatura arti-
culos sobre la ocurrencia de contaminacion
de superficies inanimadas y la posible di-
seminacion de bacterias resistentes en el
ambiente hospitalario. Se realizé una inves-
tigacion bibliografica en las bases de datos
LLILACS, MEDLINE, Science Direct, SCOPUS
e ISI Web of Knowledge acerca de articulos
publicados entre 2000 y 2008. Fueron se-
leccionados veintitn articulos. En los estu-
dios analizados, se puso de manifiesto la
presencia de bacterias en monitores, baran-
das de camas, mesas, canillas, teléfonos,
teclados de computadora y otras. Existio
predominancia de Staphylococcus aureus
resistente a la meticilina, Clostridium diffi-
cile, Acinetobacter baumannii y Entero-
coccus resistentes a la vancomicina, resul-
tando como factor predictivo el uso previo
por parte de pacientes colonizados por ta-
les microorganismos. Se verificd semejan-
za en las cepas aisladas de pacientes colo-
nizados y/o infectados y del ambiente por
tipificacién molecular. Esas evidencias re-
fuerzan la necesidad de conocimiento y
control de fuentes de patégenos en el am-
biente hospitalario.

DESCRIPTORES

Infeccién hospitalaria.
Contaminacion.
Farmacorresistencia bacteriana.
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INTRODUCTION

The dissemination of health-care associated infections
(HAI) often originates from cross contamination. The most
common means of pathogen transference occurs between
the hands of health professionals and patients,

However, the hospital environment may contribute with
the dissemination of pathogens. Environments occupied by
colonized and/or infected patients generally can become
contaminated™. The presence of bacteria is common in in-
animate surfaces and equipment®,

It was identified that in the USA there is frequent con-
tamination of surfaces by vancomycin-resistant Enterococ-
cus (VRE) and metbhicillin-resistant Staphylococcus aureus
(MRSA). Although the microorganisms survive in the envi-
ronment, the role that surfaces play in the dissemination
remains uncleart®%,

The definition of the role that the environment has
on the acquisition of HAI is highlighted by the need for
multiple strategies to control the dissemination of antibi-
otic-resistant bacteria; a global issue that in-
creases the length of stay, costs and morbi-
mortality®. Therefore, it is important to
evaluate the role of the environment regard-
ing infections to propose strategies that
would reduce contamination and dissemina-
tion by pathogens'®.

It is observed that the environment may
have a greater effect on intensive care units
(ICU) because of the severe an unstable clini-
cal conditions of patients who require inten-
sive care, in addition to factors such as clean-
ing, disinfection, physical structure, amount of equip-
ments and surfaces in certain units!”,

The dissemination of health-care associated infections
is complex and has multifactor causes. In this sense, ad-
dressing the environment in bacteria dissemination aims
at achieving a better understanding of HAI control, defin-
ing policies for control and building awareness about the
subject among health professionals®.

OBJECTIVE

The objective was to identify in literature articles about
the occurrence of inanimate surface contamination and
possible dissemination of resistant bacteria in the hospital
environment.
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...it is important to
evaluate the role of the tamination and bacterial transferring be-
environment regarding

infections to propose
strategies that would
reduce contamination
and dissemination by
pathogens.

OnLinE
METHOD

A literature review was performed of journals published
in English, from 2000 to 2008, on the following data bases:
Medical Literature (MEDLINE), Latin-American and Caribbean
Center on Health Sciences Information (LILACS), Science Di-
rect, SCOPUS (Database of research literature) and the Isi
Web of Knowledge virtual research platform. This period was
considerated because the subject has not been much ad-
dressed and has been gaining the attention of researchers.
The following keywords were used: cross infection, transmis-
sion, environment and bacterial drug resistance.

The inclusion criteria were the following: original articles
presenting surface contamination associated with hospital
infection and bacterial resistance, in adult patient units,
using laboratory tests (biochemical and/or molecular) and
statistical. Atotal 348 articles were found. Those that were
not related with the subject (327) were excluded, and, thus,
21 articles were analyzed.

RESULTS

It was found that, in endemic and out-
break situations, there is environment con-

tween patients and the environment (Chart1).
In these studies, the bacterial species were
identified using biochemical tests (gram stain-
ing, coagulase, oxidase, pyruvate and others).
The profile of bacterial isolates was verified
by antimicrobial susceptibility test by disk dif-
fusion or determining the minimal inhibitory
concentration (MIC) by the E-test(*?%,

The clonal relationship of bacterial isolates was often
verified using pulsed-field electrophoresis (PFGE); a tech-
nique of high discriminatory power, broad application to
the several species, and which permits to compare the simi-
larity between strains!7-24),

In the endemic observation there was a greater preva-
lence of MRSA and VRE with a risk of patients acquiring
infections in a contaminated environment. In outbreaks
there were mostly gram negative bacteria; carbapenem-
resistant P. ageruginosa and A. baumanni. Environment con-
tamination by C. difficile was observed in both endemic
and outbreak situations*1416-182021) Degpite the involve-
ment of the environment in outbreaks in some studies the
environment cultures were negative or, when positive,
there was no strand similarity, suggesting other sources of
dissemination?%23),
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Chart 1 - Studies using biochemical and/molecular analysis of surface contamination and possible dissemination of resistant bacteriain
ICU inendemic and outbreak situations, USA, France, Ireland, United Kingdom, Germany, Switzerland, Turkey, Canada, Spain, Belgium

- 2000 - 2008
Observations in endemic situations
Bact.erlal Study design Bacterial dissemination
species
A ultures of the environment and patients of two . Determine igh risk of being infected by in the admission to rooms that

VRE"*" 1) Cul fth d ftwo ICU. D d | 1) Highrisk of b fected by VRE in the ad h
the risk factors for being infected by VRE """, * were occupied one week before by a colonized individual (RR: 3.1;
2) Culture of patients and room surfaces before and after routine | 95% CI, 1.6-5.8) or contaminated after cleaning (P<0.02)""".
cleaning in 27 episodes"’. 2) Correlation between the ratio of positive culture per patient or
3) Phases: 1-baseline, 2- educational intervention, 3- no intervention | environment and for workers' hands with or without gloves (r=0.59;
and 4- Hand washing. Samples were obtained from the hands of the | P=0.008)".
workers, environment, and patients”. 3) The increase in cleaning time was associated with the reduction of
4) Culture of patients, surfaces and from workers' hands and/or VRE in environment cultures (P<0.0001)?.
gloves before and after procedures”. 4) The VRE transference rate was 10.6% between surfaces and

patients”.

MRSA“Y 5) Culture of patient rooms. Comparison of isolates from 5) MRSA isolates were identical or related in patients and
environment and patients“”. environment in 70% of cases (25.4%)".

P seudomongzlg 8) Cultures of patients, room taps and workers' hands"”. 8) Possibility of transmitting strands from contaminated taps.

aeruginosa™” 9) Cultures of samples from the inside of taps in nine occasions After applying the measures there was a reduction in the
(1997 —2000)™. colonization or infection rate by the pathogen (P<0.01)"".

MRSA and VRE" | 10) Cultures of patients to search for MRSA and VRE in 8 ICU of | 10) High chance of being infected by MRSA (odds ratio, 1.4;
the hospital”. * P=.04) and VRE (odds ratio, 1.4; P=.02) in rooms that were

previously occupied by a colonized individual”.

MRSA and VRE | 11) Culture of the environment at ICU in the hospital for positive | 11) Environment contamination, especially with multi-resistant

and gram routine patient cultures (1997-1999)"". gram positive bacteria- MRSA and VRE (P<0.00001)"".

negative"'"” 12) Culture of computer keyboards and taps of an ICU in eight 12) Contamination of computer keyboards and taps, especially
episodes (two months)". with MRSA - (P<0,01)"".

Clostridium 13) Culture of the environment of six health facilities from a 13) The environment of patients with C. difficile was more

difficile"”

metropolitan area .

probable of having microorganism isolation — (P<0.01)"".

Observations in outbreak situations

Bacterial

to carbapenems
and

; Study design Bacterial dissemination
species
Acinet Ob‘fCter 1) Comparison of isolates from cultures of patients, environmentand | 1) Identical strands in secretions, environment and workers' hands'"®.
baumannii. workers' hands”.* 2) Identical strand in patients and surfaces and dissemination of the
Strands resistant strand between the ICUs"”.

2) Cultures of patients, surfaces and equipment from two ICUs of the
hospital™”.
3) Culture of patients, environment (surfaces, equipment and

3) A multi-resistant strand was recovered from surfaces and
patients”,

: (16-17)
cephalosporins™ . | ¢, 1tions) and workers' hands.
C. difficile ) 4) Identification of patients with C. difficile before and after the 4) Fluoroquinolone-resistant strands on surfaces, colonized
Strands WSISWEIE? outbreak. Culture of the environment"”. individual and patient"”.
fluoroquinolone™.

P. aeruginosa
Strands resistant
to trimethropin-
sulfamethaxazole,
gentamicins and
(2,6,20)
carbapenems ™.

5) Investigation of postoperative infections and culture of the
environment” **

6) Culture of blood and wound secretions, environment and tap
water?.

7) Cultures of patients, environment, cytoscopy equipment and
disinfection solution®”, **

8) Culture of rectal swab samples, workers' hands, solutions and

. en
environment” .

5) Identical isolate from patients and instruments®.

6) Dissemination of the pathogen associated with the
contamination of cleaning materials (RR = 3.9; P<0.01)".
7) Single isolate clone from several patients, environment and
instruments®”.

8) Single multi-resistant clone in patients, taps and surfaces”".

* Studies in which only biochemical tests were applied.
** Studies performed outside the ICU.

|
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Hospital environment surfaces and recovered bacterial
species

The following were often analyzed: bed, tap, computer
and monitor (Figure 1)G-464),

M VRE

B MRsA
7 Op. aeruginosa
LI c. difficile
A A. baumannii

Number of estimates

_
NN

T
tap monitors

Inanimate surfaces

Figure 1 - Analyzed surfaces and the bacteriarecovered from the
hospital environment, USA, France, Ireland, United Kingdom,
Switzerland, Germany, Hawaii, Katar, Mexico, Japan - 2000-2008

The following were recovered from bed surfaces: VRE,
P. aeruginosa, C.difficile, A. baumannii and MRSA. The lat-
ter was the most frequent and was also found on handles,
chairs, toilet seats, and table**71%1418) The most prevalent
on taps was P. aeruginosa; common to humid places*3.

In a study in which the length of cleaning was increased to
comply with an institutional protocol, there was no bacterial
recovery compared to before, when bacteria was detected on
telephones, taps and infusion pumps™*¥. However, there have
been reports on the persistence of VRE in the environment
likely due to the incomplete removal of the pathogen in the
cleaning®. Recontamination was verified a few weeks after
exchanging the contaminated taps, in an outbreak by P.
aeruginosa, possibly because of the formation of biofilm®3,

DISCUSSION

The hospital environment was highlighted as a poten-
tial reservoir of MRSA, VRE, P. aeruginosa, C. difficile and
A. baumannii*#1%131621) The higher contamination rate in
ICU is coherent with the physical structure, high number of
equipments and the conditions of intensive care patients,
who tend to have more risk factors and higher infection
rates. In this environment the risk of being infected by MRSA
and VRE may increase in the presence of colonized patients
or if the length of stay exceeds the average of 15 days, as
stated by the guideline on the management of multidrug-
resistant organisms in health care settings, 2006 24,

The contamination of monitors and computers corrobo-
rated the hypothesis that surfaces that are touched often
become more contaminated®®), That premise reinforces the
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idea that it is often for professions to go by without wash-
ing their hands after touching a patient and return to their
activities without being aware of the possibility of dissemi-
nating microorganisms.

The similarity of strands added to other evidence per-
mits to draw more precise considerations about the origin
of an outbreak so as to favor the implementation of effec-
tive control measures>'72Y, Molecular tests consist of an
important aid in verifying the similarity of strands. Never-
theless, those tests are still not easily accessible to hospital
laboratories, due to their limited financial resources which
often make them unfeasible®.

The circulation of a single clone in outbreaks evinces
the involvement of the environment in HAls. However, sur-
face contamination may differ between outbreak and en-
demic periods!®. During outbreaks, environment contami-
nation may be higher. Nonetheless, in endemic situations,
it was also registered that surfaces were contaminated with
strands similar to those of patients and the contaminated
environment was the predictive factor in the acquisition of
VRE and MRSA®&911),

The contamination of apparently clean locations rein-
forces the possibility of pathogen dissemination. Places con-
sidered clean surfaces, without any apparent dirtiness, of-
ten make effective cleaning measures to go ignored. The
traffic of people; health team and visitors, in the unit and
their consequent contact with different patients, objects
and surfaces imply possibilities of pathogen dissemination
if the necessary precautions are not observed, especially
hand washing. However, other means may be involved in
the transference of pathogens®?23,

The transference of MRSA and VRE from surfaces and
equipment was reinforced in the guideline for environment
infection control in health-care facilities as a probable
means of dissemination. Some highlights of the study were:
surface contamination by VRE was higher in clinical areas
of patients colonized in multiple body regions, with diar-
rhea and failures in workers using gloves or patients, rela-
tives and visitors washing their hands®?. Permanent edu-
cation of workers and providing orientations to patients,
relatives and visitors about measures to control HAl are an
important aspect to be addressed at health services.

Surface contamination could be reduced with the act
of washing hands before and after being in contact with
the patients and the various surfaces. However, health pro-
fessionals’ adherence to this practice has been reported to
be less than 50% in general health facilities*?*), Several
aspects permeate the effective use of HAl control measures.
It has been observed, according to the guideline about the
control of multi-resistant organisms in health facilities that
professionals are more receptive to control measures when
the leaders also participate®®,

The clarification of the role that surfaces have in the
dissemination of HAI could provide support to increase ad-
herence to control measures and reviewing policies, besides
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notifying about the means of dissemination that are still
underestimated.

Intensifying the cleaning routine reduces the dissemi-
nation of pathogens. More attention should be given to
the adequacy of the length, the frequency and specific care
when cleaning surfaces, because removing dirtiness is im-
portant to reduce biofilms. The dissemination of pathogens
could be prevented by using engineering and environment
control strategies, i.e., by organizing the patient unit to make
it easier to clean and taken care of (9,

FINAL CONSIDERATIONS

The contamination of surfaces in the ICU environment
associated to a higher risk of being infected by MRSA and
VRE was frequent in endemic situations, while in and out-
breaks the more prevalent were carbapenem-resistant A.
baumannii and P. aeruginosa. In both situations it was ob-
served there was similarity between strands found in pa-
tients and isolated strands from environment surfaces. The
molecular methods were the most used in analyses of the
dissemination of HAI.
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