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Predicting methicillin-resistant Staphylococcus aureus 
(MRSA) in intensive care units (ICUs) avoids inappro-
priate antimicrobial empirical treatment and enhances 
infection control. We describe risk factors for colonisa-
tion/infection related to MRSA (MRSA-C/I) in critically 
ill patients once in the ICU and on ICU admission, and 
search for an easy-to-use predictive model for MRSA col-
onisation/infection on ICU admission. This multicentre 
cohort study included 69,894 patients admitted consec-
utively (stay >24 h) in April-June in the five-year period 
2006-2010 from 147 Spanish ICUs participating in the 
National Surveillance Study of Nosocomial Infections in 
ICUs (ENVIN-HELICS). Data from all patients included 
were used to identify risk factors for MRSA-C/I during 
ICU stays, from admission to discharge, using uni- and 
multivariable analysis (Poisson regression) to check that 
the sample to be used to develop the predictive models 
was representative of standard critical care population. 
To identify risk factors for MRSA-C/I on ICU admission 
and to develop prediction models, multivariable logistic 
regression analysis were then performed only on those 
admitted in 2010 (n=16950, 2/3 for analysis and 1/3 for 
subsequent validation).
We found that, in the period 2006-2010, 1046 patients 
were MRSA-C/I. Independent risk factors for MR-
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SA-C/I in ICU were: age >65, trauma or medical pa-
tient, high APACHE-II score, admitted from a long-
term care facility, urinary catheter, previous antibiotic 
treatment and skin-soft tissue or post-surgical superfi-
cial skin infections. Colonisation with several different 
MDRs significantly increased the risk of MRSA-C/I. 
Risk factors on ICU admission were: male gender, trau-
ma critical patient, urgent surgery, admitted from other 
ICUs, hospital ward or long-term facility, immunosup-
pression and skin-soft tissue infection.  Although the 
best model to identify carriers of MRSA had a good dis-
crimination (AUC-ROC, 0.77; 95%CI, 0.72-0.82), sensi-
tivity was 67% and specificity 76.5%. Including more 
complex variables did not improve prediction capabili-
ty. Our conclusion is that clinical-demographic risk fac-
tors for colonisation/infection related to MRSA should 
not be used to accurately identify patients who would 
benefit from empirical anti-MRSA treatment or from 
specific preventive measures. Independent risk factors 
for MRSA colonisation/infection during ICU stay and 
on ICU admission are described. The latter should be 
considered in future studies for MRSA prediction. 

Keywords: prediction model, intensive care, methicil-
lin-resistant Staphylococcus aureus, risk factors.
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n INTRODuCTION 

Impact on global mortality associated with inva-
sive infections of methicillin-resistant Staphylo-

coccus aureus (MRSA) has been estimated at 20% 
[1-4]. Each MRSA infection generates a 9-day in-
crease in hospital stays and an estimated cost of 
27,000 US-dollars (380 million Euros each year in 
Europe) [5, 6]. 
MRSA detection on admission to the Intensive 
Care Unit (ICU) is crucial, not only to avoid inap-
propriate empirical treatment, but also in terms 
of infection control [7]. It is on this last point in 
particular which a lot of discussion still exists. 
Although most experts recommend the adoption 
of active surveillance against MRSA in high risk 
places or situations like ICU or outbreaks, cost-ef-
fectiveness, consumption of laboratory resources 
or the negative effects that strict isolation have 
over ICU patients make us conservative in adopt-
ing those recommendations [8-10].
Moreover, most scientific societies endorse active 
surveillance in critical care patients, recommend-
ing universal screening and shortening overall 
isolation time [11, 12]. Nevertheless, studies in 
which the benefit of a surveillance program seems 
to be clear contrast with others like the STAR-UCI 
or the REDUCE-MRSA, in which the contrary is 
shown, sustaining that in routine ICU practice, 
universal decolonization is more effective than 
targeted decolonization or screening and isolation 
in reducing rates of MRSA clinical isolates [13-17].
On ICU admission, it is estimated that 5-15% of 
the patients are colonized by MRSA and those 
previously colonized present a 8-fold increase in 
the risk of MRSA infection, an event that occurs 
in nearly 25% of those patients [18, 19]. A meth-
od needs to be developed that appropriately dis-
criminates those patients colonized/infected by 
MRSA (MRSA-C/I) on ICU admission. An alter-
native approach to universal decolonization is 
the development of predictive models based on 
clinical-demographic risk factors, especially those 
easy-to-know on admission, and not depending 
on clinical records which are not always available. 
Thus, this study has one main objective: to identi-
fy those easy-to-know risk factors on ICU admis-
sion associated with colonisation or infection by 
MRSA, and determine the reliability of a predic-
tive model to detect patients with high probability 
of being MRSA-C/I on ICU admission. To ensure 

that the sample we are working with is represen-
tative of standard critical care population we also 
study and describe the main risk factors associat-
ed with MRSA-C/I in critical patients during ICU 
stay.

n PATIENTS AND METHODS

The Estudio Nacional de Vigilancia de Infecciones 
Nosocomiales en Unidades de Cuidados Intensivos 
(National Surveillance Study of Nosocomial In-
fections in Intensive Care Units, ENVIN) registry 
was created in 1994 and has collaborated from its 
inception with the European registry “Hospitals 
in Europe Link for Infection Control through Sur-
veillance” (HELICS). This multi-center prospec-
tive data collection system is designed to record 
infections related to invasive devices developed 
during ICU stay. The participating ICUs are uni-
formly distributed throughout the country, and 
87.1% are combined medical-surgical units. Data 
are collected using the ENVIN-HELICS soft-
ware application located in a web-based server. 
The database (in SQL server) runs on the same 
server. Data is collected by the critical infection 
expert in each ICU. ENVIN-HELICS registry has 
been audited, showing that there was good cor-
relation between data reported by the registrars 
and data validated by auditors, confirming its 
reliability [20].
The present study includes information collected 
prospectively, from admission to discharge, from 
ICU of all patients admitted consecutively (and 
with at least 24 h of stay) in the 147 participating 
Spanish ICUs, in the months of April, May and 
June during the period 2006-2010. Patients are fol-
lowed-up until discharge from ICU or to a maxi-
mum of 30 days in the unit.
The primary outcome of interest was colonisa-
tion or infection by MRSA, either on admission or 
during ICU stay. After the detection of oxacillin/
methicillin resistance by any specific laboratory 
test and in any sample, critical care physician in 
charge of the patient or the ENVIN-UCI registrars 
or auditors estimates if it corresponds to a MRSA 
Colonisation or Infection, either ICU-related (de-
vice-related infection acquired during their ICU 
stay, secondary bloodstream infection, intuba-
tion-associated pneumonia and urethral cathe-
ter-related urinary infection) or not (CDC crite-
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ria). In 2010 we differentiated between previous 
(when identified before or during the first 48h of 
ICU stay) or during ICU stay.
“MRSA on admission” was defined as being colo-
nized or infected by MRSA before or not later than 
48 hours after ICU admission. Apart from MRSA, 
other multidrug resistant organisms (MDRO) 
analyzed were Pseudomonas aeruginosa resistant 
to three or more antipseudomonal antibacterials 
families, extended-spectrum beta-lactamases (ES-
BL)-producing Enterobacteriaceae, carbapenem-re-
sistant Acinetobacter or vancomycin-resistant En-
terococcus (VRE). All variable definitions can be 
found in the ENVIN reference manual (available 
on http://hws.vhebron.net/envin-helics/).
There was no uniform method for screening and 
identifying MRSA patients, as it depends on each 
ICU surveillance policy and the hospital Microbi-
ology Laboratory resources.
This study was approved by the hospital refer-
ence Institutional Review Board/Ethics Commit-
tee and the ENVIN Steering Committee.
Continuous variables are described as mean 
and standard deviation (SD), or as median and 
inter-quartile range, if they showed a skewed 
(asymmetric) distribution. Categorical variables 
are described with absolute frequencies and per-
centages. Incidence was defined as number of 
C/I by MRSA per 100 patients admitted to ICU. 
Comparison of demographic and clinical charac-
teristics of C/I and non-C/I by MRSA was made 
using the Student t-test (for continuous variables 
with normal distribution) and the Pearson χ2 test 
(for categorical variables).
We divided the study in two parts. In the first one 
we checked the appropriateness of the sample 
from which the predictive models were going to 
be developed, identifying independent risk fac-
tors associated with MRSA-C/I either on admis-
sion or during ICU stay. Univariate analysis and 
multivariate Poisson regression was performed 
on variables from the entire patient population 
(n=69894, 2006-2010), as we have length of stay in 
ICU available.
In the second part we concentrated on ICU ad-
mission. Our aim was not only to identify inde-
pendent risk factors but also to create a simple 
prediction rule based on a limited number of 
easy-to-know risk factors, being aware that some 
studies show no significant differences in terms 
of prediction capacity if we eliminate some risk 

factors from complex prediction models to make 
them easier to use [21-23]. For the identification 
of the risk factors and for the development of the 
predictive models we used only the 16950 pa-
tients admitted in 2010, as it was only from 2010 
when the registry distinguishes between MR-
SA-C/I prior or during ICU stay. Among those 
patients, two groups were chosen by simple ran-
dom sampling, 2/3 for analysis and development 
of the model (with a multivariate logistic regres-
sion analysis) and 1/3 for validation. Among all 
variables studied, we chose only those which can 
be easily identified by clinicians, without requir-
ing clinical records or even patients collaboration. 
Those easy-to-know variables that correspond to 
risk factors with clinical plausibility and a clear 
association in the univariable analysis (P<0.05) 
were included in the multivariate analysis. The 
logistic regression model was fitted including all 
associated variables (P value less than 0.05), elim-
inating any variable if the chi-square statistic of 
the likelihood ratio test indicated no statistical 
significance (P<0.05), and no substantial impact 
in odds ratio estimation was observed. The re-
sults of the multivariate models are expressed as 
odds ratio (OR) with 95% confidence interval and 
P-values.
Finally, validation of the model was managed 
as follows: calibration was tested using the Hos-
mer-Lemeshow goodness-of-fit test, the signifi-
cance level was defined as P<0.05 and discrimi-
nation was evaluated with the area under ROC 
curve (AUC-ROC), as a measure of the predictive 
power of the model.
Data were analyzed using SPSS version 18 for Win-
dows (SPSS Inc., Chicago, IL, USA) and Stata soft-
ware, version 9.2 (StataCorp, College Station, TX).

n RESuLTS

In our study, 69894 patients were included (11684, 
12453, 13824, 14983 and 16950 for the years 2006, 
2007, 2008, 2009 and 2010, respectively). MRSA 
was detected in 1046 patients during the 5 years 
of the study and in 258 in 2010, with a stable in-
cidence density rate of 2.7 for 2006, 1.8 for 2007, 
2.1 for 2008, 2.1 for 2009, and 2.3 for 2010. Among 
all S. aureus isolated in critical patients that year, 
MRSA strains were 21.8%. On ICU admission, the 
prevalence was 0.8% in 2010.
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The results of the multivariate Poisson regression 
model are shown in Table 1. Several variables 
emerged as independent risk factors for MR-
SA-C/I in ICU (either on admission or during 
ICU stay): age >65, trauma or medical patients, 
severity based on APACHE II scale, admitted 
from a long-term care facility, urinary catheter, 
previous antibiotic treatment, and patients with 
skin-soft tissue or post-surgical superficial skin 
infections. Female gender and immunodeficiency 
emerged as protective factors. Multi-colonisation 
(by MRSA and other MDRO) is frequent and sig-
nificantly increases the risk of being MRSA-C/I. 
With respect to the main objective. The multivari-
ate logistic regression model identified some risk 
factors that were independently associated with 
MRSA on ICU admission (Table 2). Of the vari-
ables entered in the first step (age, sex, type of 
patient, urgent surgery, origin, immunosuppres-

sion, and skin-soft tissue infection), all but age 
remained in the final model. Although the risk 
model showed good discrimination (AUC-ROC, 
0.77; 95% confidence interval, 0.72-0.82), sensitiv-
ity was 67% (specificity 76.5%). Once model was 
developed with the derivation population (11998 
patients, 2/3 of 2010 population), we perform a 
validation with the remaining 4952 (1/3). For this 
validation population, AUC-ROC was 0.72 (95% 
confidence interval, 0.65-0.79) and a p=0.539 on 
the Hosmer-Lemeshow goodness of fit test. In the 
light of the findings, we tried a new model in the 
event that a patient is admitted from other ICUs, 
so we included variables used for the first model 
and others that can be present either on admis-
sion or during ICU stay, (so-called “complete 
model”) as urinary catheter, parenteral nutrition, 
extra-renal dialysis, non-invasive ventilation, 
tracheostomy, arterial catheter, enteral nutrition, 

Table 1 - Variables associated with C /I by MRSA in ICU, independent on the time of detection (on admission or 
once in ICU).

 Multivariate

Risk factor   RR CI 95% p

Gender Male Reference

Female 0.75 (0.65-0.87) <0.001

Age <52 Reference

65-74 1.25 (1.02-1.52) 0.028

=>75 1.25 (1.03-1.53) 0.027

Type of patient Coronary Reference

Medical 2.00 (1.46-2.75) <0.001

Trauma 1.77 (1.22-2.55) 0.002

APACHE <8 Reference

8-12 1.52 (1.10-2.08) 0.01

13-18 1.60 (1.20-2.15) 0.002

>18 2.07 (1.54-2.77) <0.001

Origin Hospital ward Reference

Community 0.72 (0.62-0.83) <0.001

Long-term care 
facility

2.90 (1.85-4.55) <0.001

Immunodeficiency No

Yes 0.52 (0.31-0.88) 0.014

Superficial post-surgical skin infection No

Yes 1.62 (1.12-2.34) 0.016

Skin-soft tissue infection No

Yes 1.57 (1.09-2.27) 0.015

APACHE: Acute Physiology and Chronic Health Evaluation II; RR: rate ratio; CI: confidence interval.
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nasogastric tube, and severity by APACHE score. 
For this complete model, AUC only improved 
to 0.82 (95% confidence interval, 0.77-0.86), and 
sensitivity was 63.64% and specificity 78.48%), in 
comparison with AUC-ROC=0.77 of the “simple 
model”.

n DISCuSSION

After studying the whole population of the study, 
regardless of when they acquired the pathogen 
(2006-2010), our findings were similar to those 
published in literature and we conclude that our 
sample is representative of standard critical care 
population. Most of the risk factors identified in 
the multivariable analysis for MRSA-C/I in ICU 
have been described in previous studies in gen-
eral hospitalized non-critical patients, but to a 
lesser extent in ICU patients (Table 1). As regards 
origin, caution should be taken with cases admit-
ted to ICU from a long-term care facility, where 
more complex patients, with invasive devices, 
antibiotic treatment or skin ulcers, are discharged 
increasingly earlier from acute hospitals. We did 
not find any increase in the risk of MRSA-C/I in 
patients admitted from other ICUs, perhaps be-
cause all patients usually share the same micro-
bial ecology if both ICUs are in the same hospital 
and, if not, transfers to reference centers are made 
usually the first hours/days after admission. Pa-
tients under immunosuppressant therapy (acute 

high dosage or chronic steroids, chemo/radio-
therapy or advanced active solid or hematologic 
malignancy) were more likely to be MRSA-C/I on 
admission (Table 2), but not during ICU stay (as 
happens with immunodeficiency - a variable that 
included neutropenia and congenital or acquired 
immunodeficiency - that emerged as protective 
factor during ICU stay). This shows that if an 
immunosuppressed patient is admitted in ICU, 
it may be more likely to be C/I by MRSA but, if 
there is no MRSA on admission, during ICU stay 
the patient will be protected by isolation precau-
tions from the beginning, as well as patients with 
immunodeficiency. Finally, although in our study 
there is an increase in the risk of being MRSA-C/I 
if a patient is C/I by other MDRO (also described 
in critical patients), we did not include those vari-
ables in the multivariate analysis, as they can be 
explained by cross contamination and by the fact 
that similar risk factors for nosocomial colonisa-
tion and infection have been described for various 
MDRO [24, 25].
Once we were sure that our sample had enough 
quality in statistical terms to extrapolate our re-
sults, we focus our analysis strictly on ICU ad-
mission. As for the prediction of the presence of 
MRSA, to our knowledge this is the first work to 
develop a predictive model for MRSA-C/I specif-
ically for the time of admission in ICU in which 
all critical patients are represented, and based 
exclusively on demographic/clinical risk factors, 
easy to collect by clinicians. The resulting model 

Table 2 - Predictive model for MRSA-C/Ion ICU admission with easy-to-know variables (Simple Model).

OR CI 95% p

Male Gender 1,66 (1,04-2,64) 0,03

Type of patient Coronary Reference

Medical Not significant

Trauma 14,10 (1,90-103,70) 0.01

Surgical Not significant

Urgent surgery 2,30 (1,75-4,99) <0,001

Origin Community Reference

Other ICU 2,33 (1,42-3,83) <0,001

Hospital ward 3,86 (1,56-9,59) 0,004

Long-term care facility 16,77 (6,92-40,59) <0,001

Immuno-suppression 1,87 (1,05-3,30) 0.03

Skin-soft tissue infection 4,60 (1,06-20,19) 0.04

CI: Confidence interval; OR: odds ratio; CI: confidence interval.
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(“Simple model” - Table 2),  has a good overall 
prediction index, but with sensitivity not high 
enough to base initial empirical antibiotic treat-
ment on the model or to help to decide which 
patient should be isolated to prevent cross trans-
mission of MRSA. The addition to the model of 
more risk factors that can be present during ICU 
stay (on the assumption that a patient is admitted 
referred from another ICU - “Complete model”) 
does not improve its predictive capability.
Several attempts have been made to develop sim-
ple and cost effective prediction rules to identify 
patients colonized or infected by MRSA. In those 
studies, critical patients are either integrated into 
the overall hospitalized population or exclud-
ed from the studies. Only two were focused on 
ICU patients [26, 27]. Both excluded pre-existing 
MRSA on admission, and none of the models de-
scribed can be used strictly on ICU admission. 
Minhas et al. studied, with a retrospective-univar-
iate analysis only, MRSA acquisition once a MR-
SA-negative patient is admitted into a single-cen-
ter specific Neurocritical Care Unit for more than 
48 hours [27]. In their prospective single-center 
study, Yamakawa et al. included for their multi-
variate model, variables obtained during the first 
24 h of stay, once the patient had been admitted in 
ICU [26]. They found that performing preemptive 
infection control measures on intubated patients 
in the first 24 hours or those with open wounds, 
they covered 96.7% of the patients infected with 
MRSA, and the number of those with these two 
factors would be limited to just 57.4% of all admit-
ted. But the purpose of the study was to identify 
the risk factors for healthcare-associated MRSA 
infection (not colonisation) in the patients who 
did not harbor MRSA at the time of ICU admis-
sion. They separately investigated predictors of 
infection for patients with MRSA on ICU admis-
sion, but due to the small sample (n=19), no pre-
diction was possible.
There are several reasons that can contribute to 
the low sensitivity of our model. Limiting the 
risk factors studied only to those easy-to-know 
on admission increases the usefulness of the pre-
diction tool, but it also means that we have to ex-
clude some well-known factors associated with 
MRSA, like previous antibiotic therapy or pre-
vious colonisation. There is also the possibility 
of an underestimation of MRSA rates, as micro-
biological surveillance policy on ICU admission 

is not uniform. Although most ICUs in Spain 
systematically obtains surveillance cultures on 
all patients admitted in the unit, or at least on 
those suspected of being C/I by a MDRO, our 
MRSA incidence may be equivocal as the posi-
tivity rate expected could be higher in units that 
perform universal nasal swab due to screening 
protocols compared with others that do not per-
form screening at all. Traditionally, our MRSA 
rates are very low in comparison with other 
countries like USA, in which a prevalence on ad-
mission of 8%, and incidence during ICU stay of 
5% has been described [28]. In addition, to make 
prediction tools easier to extrapolate, our study 
includes more than 11000 of all types of critical 
patients, not focused on certain ICU populations 
or diseases, and including specific and non-spe-
cific units (medical, traumatological, neurocriti-
cal, burns ICU …) throughout the country, not 
taking into account local particularities, that can 
impact on the development and generalization 
of predictive rules [21, 23]. 
In addition, our study has certain limitations that 
should be acknowledged. Among them is that 
ENVIN-HELICS registry is not designed specifi-
cally for the purpose of our analysis, so we used 
the database as a kind of multipurpose cohort, 
but external audits confirm the reliability of the 
data even if we search for risk factors not related 
to invasive devices. As regards the Poisson regres-
sion of the risk factors, we could not discriminate 
until year 2010, between known and unknown 
MRSA carriers on admission and included previ-
ously MRSA carriers in the multivariate analysis. 
This may not be considered as a limitation itself, 
as many ICUs worldwide have not adopted uni-
versal isolation and surveillance. The methodolo-
gy used to detect multi-drug resistant pathogens 
was also not uniform across all ICUs. We did not 
distinguish between healthcare associated-MRSA 
(HA-MRSA) and CA-MRSA, as the incidence in 
Spain of the latter is minimal (but its impact could 
not be demonstrated, as molecular typing of iso-
lates was not performed).
In any case, a rapid high sensitive diagnostic tool 
is still needed, that allows clinicians to reliably 
suspect if their patient is C/I due to MRSA on ad-
mission. As rapid laboratory tests improve, there 
is a trend to rely only on them and abandon the 
study of risk factors. Among those tests, real-time 
PCR is the most used as it is getting better, easier, 



207Risk factors for methicillin-resistant Staphylococcus aureus colonisation or infection in intensive care units

and cost-effective, although it also has limitations 
[21, 29-31]. Additionally, although result of the test 
is available in a couple of hours, the reality of the 
human and technical hospital resources shows a 
mean of 13-21 hours between detection and com-
munication of the results to clinicians, sometimes 
close to the 24 hours from which real-time-PCR is 
considered not to be cost-effective [32-34]. Those 
reasons emphasize the need of continuing the 
study of MRSA risk factors to use either alone or 
in combination with rapid laboratory tests. 

n CONCLuSIONS

Independent risk factors for MRSA colonisa-
tion/infection during ICU stay and on ICU ad-
mission are described. Although the AUC-ROC 
obtained in the different prediction models 
seems to be promising, the low sensitivity that 
we found would result in missing an unaccept-
ably high proportion of MRSA-C/I in the ICU 
setting. In our opinion, and with the evidence 
available, risk factors should not be used solely 
to predict the presence of the pathogen. Clini-
cal-demographic risk factors for colonisation/
infection related to MRSA should not be used to 
accurately identify patients who would benefit 
from empirical anti-MRSA treatment or from 
specific preventive measure. The combination 
of a risk prediction model to estimate the pretest 
probability for MRSA on admission, calibrated 
with the local conditions of the different ICU, 
along with a rapid laboratory test could be the 
way to proceed in future studies for MRSA pre-
diction [35]. For those studies, the independent 
risk factors described should be taken into con-
sideration.

Conflicts of Interest and Source of Funding 
All authors declare that there are no potential con-
flicts of interest. 
The “Burgos por la Investigación de la Salud 
Foundation” funded this project in 2013; the en-
tire contribution was used for statistical support.

ACKNOWLEDGEMENTS
The authors wish to thank all members of the 
ENVIN–HELICS Study Group, especially those 
who collaborated during the 2006-2010 period. 
Members of the ENVIN-HELICS Study Group 

are listed in the annual reports of the ENVIN-HE-
LICS surveillance program and is available on 
the ENVIN website [36]. We also thank Prof. Dr. 
Cristina Fernández Pérez, Head of the Methodol-
ogy and Clinical Epidemiology Department of the 
Preventive Medicine Unit of the Hospital Clínico 
San Carlos of Madrid, for the statistical analysis, 
as well as Statistics Departments of the Research 
Unit of the Hospital Universitario de Burgos and 
Valladolid University.

Statement about previous presentation 
of the data
Some of the information of the article was used 
to create an abstract for a poster accepted in the 
35th International Symposium of Intensive Care 
and Emergency Medicine (Brussels, March 2015).

Authors contributions
 F. Callejo-Torre analyzed the data, and wrote 
the manuscript, JM. Eiros Bouza and MJ. Coma 
Del Corral participated in the design and revised 
the manuscript, P. Olaechea Astigarraga as EN-
VIN-HELICS Study Group Coordinator devel-
oped ENVIN registry database and revised the 
manuscript, M. Palomar Martínez, F. Alvarez-Le-
rma and MJ. López-Pueyo as ENVIN-HELICS 
Study Group Coordinator developed ENVIN 
registry database. All authors have seen and ap-
proved the final version. Statistical analysis was 
performed by Prof. Dr. Cristina Fernández Pérez, 
Head of the Methodology and Clinical Epidemiol-
ogy Department of the Preventive Medicine Unit 
of the Hospital Clínico San Carlos of Madrid. The 
Statistics Departments of the Research Unit of the 
Hospital Universitario de Burgos and Valladolid 
University also collaborated.

n REFERENCES

[1] Mensa J., Soriano A., Llinares P., et al. Guidelines for 
antimicrobial treatment of the infection by Staphylococ-
cus aureus. Rev. Esp. Quimioter. 26, (Suppl. 1), 1-84, 2013.
[2] Stefani S., Goglio A. Methicillin-resistant Staphylo-
coccus aureus: related infections and antibiotic resis-
tance. Int. J. Infect. Dis. 14, 19-22, 2010.
[3] de Kraker M.E., Wolkewitz M., Davey P.G., et al. 
Clinical impact of antimicrobial resistance in European 
hospitals: excess mortality and length of hospital stay 
related to methicillin-resistant Staphylococcus aureus 
bloodstream infections. Antimicrob. Agents Chemother. 
55, 1598-1605, 2011.



208 F. Callejo-Torre, et al.

[4] Olaechea P.M., Insausti J., Blanco A., Luque P. Epi-
demiology and impact of nosocomial infections. Med. 
Intensiva, 34, 256-267, 2010.
[5] Olchanski N., Mathews C., Fusfeld L., Jarvis W. As-
sessment of the influence of test characteristics on the 
clinical and cost impacts of methicillin-resistant Staphy-
lococcus aureus screening programs in US hospitals. In-
fect. Control. Hosp. Epidemiol. 32, 250-257, 2011.
[6] Köck R., Becker K., Cookson B., et al. Methicillin-re-
sistant Staphylococcus aureus (MRSA): burden of disease 
and control challenges in Europe. Euro Surveill. 15, 41, 
Oct 14, 2010. http://www.eurosurveillance.org/ View-
Article.aspx?ArticleId=19688. Last accessed November 
1, 2015.
[7] Kaye K.S., Harris A.D., Samore M., Carmeli Y. The 
case-case-control study design: addressing the limita-
tions of risk factor studies for antimicrobial resistance. 
Infect. Control. Hosp. Epidemiol. 26, 346-351, 2005.
[8] Lee A.S., Huttner B., Harbarth S. Control of meth-
icillin-resistant Staphylococcus aureus. Infect. Dis. Clin. 
North. Am. 25, 155-179, 2011.
[9] Catalano G., Houston S.H., Catalano M.C., et al. 
Anxiety and depression in hospitalized patients in 
resistant organism isolation. South Med. J. 96, 141-145, 
2003.
[10] Stelfox H.T., Bates D.W., Redelmeier D.A. Safety of 
patients isolated for infection control. JAMA. 290, 1899-
1905, 2003.
[11] Lopez-Pueyo M.J., Barcenilla-Gaite F., Amaya-Vil-
lar R., Garnacho-Montero J. Antibiotic multiresistance 
in critical care units. Med. Intensiva. 35, 41-53, 2011.
[12] Muto C.A., Jernigan J.A., Ostrowsky B.E., et al. 
SHEA guideline for preventing nosocomial transmis-
sion of multidrug-resistant strains of Staphylococcus au-
reus and Enterococcus. Infect. Control Hosp. Epidemiol. 24, 
362-386, 2003.
[13] Jain R., Kralovic S.M., Evans M.E., et al. Veterans 
Affairs initiative to prevent methicillin-resistant Staph-
ylococcus aureus infections. N. Engl. J. Med. 364, 1419-
1430, 2011.
[14] Robicsek A., Beaumont J.L., Paule S.M., et al. Uni-
versal surveillance for methicillin-resistant Staphylococ-
cus aureus in 3 affiliated hospitals. Ann. Intern. Med. 148, 
409-418, 2008.
[15] Harbarth S., Fankhauser C., Schrenzel J., et al. Uni-
versal screening for methicillin-resistant Staphylococcus 
aureus at hospital admission and nosocomial infection 
in surgical patients. JAMA. 299, 1149-1157, 2008.
[16] Huskins W.C., Huckabee C.M., O’Grady N.P., et 
al. Intervention to reduce transmission of resistant bac-
teria in intensive care. N. Engl. J. Med. 364, 1407-1418, 
2011.
[17] Huang S.S., Septimus E., Kleinman K., et al. Tar-
geted versus universal decolonization to prevent ICU 
infection. N. Engl. J. Med. 368, 2255-2265, 2013.
[18] Lucet J.C., Regnier B. Screening and decoloniza-

tion: does methicillin-susceptible Staphylococcus aureus 
hold lessons for methicillin-resistant S.aureus? Clin. In-
fect. Dis. 51, 585-590, 2010.
[19] Ziakas P.D., Anagnostou T., Mylonakis E. The prev-
alence and significance of methicillin-resistant Staphy-
lococcus aureus colonisation at admission in the general 
ICU Setting: A meta-analysis of published studies. Crit. 
Care Med. 42, 433-444, 2014.
[20] Lopez-Pueyo M.J., Olaechea-Astigarraga P., Palo-
mar-Martinez M., Insausti-Ordenana J., Alvarez-Lerma 
F. Quality control of the surveillance programme of 
ICU-acquired infection (ENVIN-HELICS registry) in 
Spain. J. Hosp. Infect. 84, 126-131, 2013.
[21] Robicsek A., Beaumont J.L., Wright M.O., Thomson 
R.B. Jr., Kaul K.L., Peterson L.R. Electronic prediction 
rules for methicillin-resistant Staphylococcus aureus col-
onisation. Infect. Control Hosp. Epidemiol. 32, 9-19, 2011.
[22] Harbarth S., Sax H., Fankhauser-Rodriguez C., 
Schrenzel J., Agostinho A., Pittet D. Evaluating the 
probability of previously unknown carriage of MRSA 
at hospital admission. Am. J. Med. 119, 275.e15-e23, 
2006. 
[23] Pan A., Lee A., Cooper B., Chalfine A., et al. Risk 
factors for previously unknown methicillin-resistant 
Staphylococcus aureus carriage on admission to 13 sur-
gical wards in Europe. J. Hosp. Infect. 83, 107-113, 2013.
[24] Hanberger H., Walther S., Leone M., et al. Increased 
mortality associated with methicillin-resistant Staphy-
lococcus aureus (MRSA) infection in the intensive care 
unit: results from the EPIC II study. Int. J. Antimicrob. 
Agents. 38, 331-335, 2011.
[25] Safdar N., Maki D.G. The commonality of risk fac-
tors for nosocomial colonisation and infection with an-
timicrobial-resistant Staphylococcus aureus, Enterococcus, 
gram-negative bacilli, Clostridium difficile, and Candida. 
Ann. Intern. Med. 136, 834-844, 2002.
[26] Yamakawa K., Tasaki O., Fukuyama M., et al. As-
sessment of risk factors related to healthcare-associated 
methicillin-resistant Staphylococcus aureus infection at 
patient admission to an intensive care unit in Japan. 
BMC Infect. Dis. 11, 303, 2011.
[27] Minhas P., Perl T.M., Carroll K.C., et al. Risk fac-
tors for positive admission surveillance cultures for 
methicillin-resistant Staphylococcus aureus and vanco-
mycin-resistant enterococci in a neurocritical care unit. 
Crit. Care Med. 39, 2322-2329, 2011.
[28] Lin M.Y., Hayden M.K. Methicillin-resistant Staph-
ylococcus aureus and vancomycin-resistant enterococ-
cus: recognition and prevention in intensive care units. 
Crit. Care Med. 38, 335-344, 2010.
[29] Laurent F., Chardon H., Haenni M., et al. MRSA 
harboring mecA variant gene mecC, France. Emerg. In-
fect. Dis. 18, 1465-1467, 2012.
[30] Bartels M.D., Boye K., Rohde S.M., et al. A com-
mon variant of staphylococcal cassette chromosome 
mec type IVa in isolates from Copenhagen, Denmark, is 



209Risk factors for methicillin-resistant Staphylococcus aureus colonisation or infection in intensive care units

not detected by the BD GeneOhm methicillin-resistant 
Staphylococcus aureus assay. J. Clin. Microbiol. 47, 1524-
1527, 2009.
[31] David M.Z., Daum R.S. Community-associated 
methicillin-resistant Staphylococcus aureus: epidemiolo-
gy and clinical consequences of an emerging epidemic. 
Clin. Microbiol. Rev. 23, 616-687, 2010.
[32] Evans R.S., Wallace C.J., Lloyd J.F., et al. Rapid 
identification of hospitalized patients at high risk for 
MRSA carriage. J. Am. Med. Inform. Assoc. 15, 506-512, 
2008.
[33] Polisena J., Chen S., Cimon K., McGill S., Forward 
K., Gardam M. Clinical effectiveness of rapid tests for 
methicillin resistant Staphylococcus aureus (MRSA) in 
hospitalized patients: a systematic review. BMC Infect. 
Dis. 11, 336, 2011.

[34] Harbarth S., Hawkey P.M., Tenover F., Stefani S., 
Pantosti A., Struelens M.J. Update on screening and 
clinical diagnosis of methicillin-resistant Staphylococcus 
aureus (MRSA). Int. J. Antimicrob. Agents. 37, 110-117, 
2011.
[35] Zilberberg M.D., Shorr A.F. Impact of prior prob-
abilities of MRSA as an infectious agent on the accura-
cy of the emerging molecular diagnostic tests: a model 
simulation. BMJ Open. 2, pii e001804, 2012.
[36] Sociedad Española de Medicina Intensiva, Críti-
ca y Unidades Coronarias (SEMICYUC). Grupo de 
Trabajo de Enfermedades Infecciosas y Sepsis (SEMI-
CYUC-GTEIS). Estudio Nacional de Vigilancia de 
Infección Nosocomial en UCI (ENVIN-HELICS). Re-
trieved from http://hws.vhebron.net/envin-helics. 
Last accessed November 1, 2015.


