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SUMMARY

A case-control study was undertaken in an acute district general hospital to identify risk factors

for hospital-acquired bacteraemia caused by methicillin-resistant Staphylococcus aureus (MRSA).

Cases of hospital-acquired MRSA bacteraemia were defined as consecutive patients from whom

MRSA was isolated from a blood sample taken on the third or subsequent day after admission.

Controls were randomly selected from patients admitted to the hospital over the same time period

with a length of stay of more than 2 days who did not have bacteraemia. Data on 42 of the 46

cases of hospital-acquired bacteraemia and 90 of the 92 controls were available for analysis.

There were no significant differences in the age or sex of cases and controls. After adjusting for

confounding factors, insertion of a central line [adjusted odds ratio (aOR) 35.3, 95% confidence

interval (CI) 3.8–325.5] or urinary catheter (aOR 37.1, 95% CI 7.1–193.2) during the admission,

and surgical site infection (aOR 4.3, 95% CI 1.2–14.6) all remained independent risk factors

for MRSA bacteraemia. The adjusted population attributable fraction, showed that 51% of

hospital-acquired MRSA bacteraemia cases were attributable to a urinary catheter, 39% to a

central line, and 16% to a surgical site infection. In the United Kingdom, measures to reduce the

incidence of hospital-acquired MRSA bacteraemia in acute general hospitals should focus on

improving infection control procedures for the insertion and, most importantly, care of central

lines and urinary catheters.

INTRODUCTION

Methicillin-resistant Staphylococcus aureus (MRSA)

bacteraemia is one of the most common serious in-

fectious complications of hospitalization. Best esti-

mates suggest that each year there are at least 300 000

cases of hospital-acquired infection in England caus-

ing around 5000 deaths [1]. The United Kingdom has

the highest reported incidence of hospital-acquired

MRSA bacteraemia in Europe [2].

The proportion of S. aureus bacteraemia isolates

that are resistant to methicillin in England and Wales

increased from <2% in 1990 [3] to 42% in 2002 [4]

and the number of cases of MRSA bacteraemia are

continuing to rise year on year in England [5] and

Wales [6]. Surveillance of all hospital-acquired
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bacteraemia in English non-teaching hospitals has

shown that 22% of cases had a central line, 11% a

urinary catheter, and 8% a peripheral line present at

the time of, or within 2 days before, the onset of bac-

teraemia [7]. However, in the absence of any com-

parison group these data are difficult to interpret. No

case-control studies investigating risk factors for

hospital-acquired MRSA bacteraemia in the United

Kingdom have been published and only a limited

number of controlled studies have been undertaken

elsewhere.

Routine surveillance in Wales revealed that in one

district general hospital rates of MRSA bacteraemia

(0.16 cases/1000 bed days) in 2001–2003 were signifi-

cantly higher than elsewhere in Wales (0.09/1000 bed

days) although similar to the mean rate in acute gen-

eral hospitals in England (0.15/1000 bed days) [8]. We

report the findings of a case-control study under-

taken, at the request of the hospital’s management, to

identify risk factors for MRSA bacteraemia.

METHODS

Participants

The study was carried out in an acute district general

hospital in Wales serving a predominantly rural

catchment area, with an average of 400 beds occupied

daily during the period of study. Cases of hospital-

acquired MRSA bacteraemia were defined as patients

agedo16 years from whomMRSA was isolated from

a blood culture taken on the third or subsequent days

after admission. Cases were identified from a list of all

patients with a blood culture positive for MRSA be-

tween 1 April 2002 and 30 September 2003 obtained

from the hospital microbiology laboratory. The con-

trols were identified randomly from the hospital

patient administration system. Each admission is

assigned a unique reference number, the Provider

Spell Number. A list of Provider Spell Numbers for

admissions between 1 April 2002 and 30 September

2003 was produced and numbered sequentially.

Random numbers were generated using Microsoft

Excel and used to select provider spells as potential

controls. The first 92 provider spells that fulfilled the

control definition, patient agedo16 years who stayed

in the hospital for more than 2 days, were selected as

controls. The study had a statistical power of 80%

to detect an odds ratio (OR) of o3 at the 5% signifi-

cance level, assuming that 30% of controls were

exposed to the risk factor under investigation.

Data retrieval

A structured questionnaire was used to collect base-

line data (sex, date of birth, date of admission,

speciality, date of death or discharge, date of first

positive blood culture if appropriate), data on risk

factors present on admission (date of most recent

previous admission, and the presence of skin ulcers,

wounds, bed sores, dermatitis, surgical site infection,

in-dwelling urinary or venous catheter, or history of

intravenous drug use), and risk factors occurring

during admission (insertion of peripheral intravenous

line, central line, or urinary catheter, antibiotic treat-

ment, number of contacts with health-care workers

and number of inter-ward transfers). Data on risk

factors occurring during the hospital stay were re-

corded for patients with MRSA bacteraemia if they

occurred at any time between admission and the

sample date of the first MRSA-positive blood culture

and for controls if they occurred at any time between

admission and discharge or death. Data were re-

trieved from the hospital patient episode database and

from patient notes, including drug charts and the

medical, nursing and surgical operation records.

Patient notes were scrutinized for information on

clinical history, invasive procedures, staff contacts

and antibiotic treatment.

Data analysis

Data from completed questionnaires were read into a

Microsoft Access database using Eyes & Hands

Forms 5 optical character recognition software

(ReadSoft AB, Helsingborg, Sweden), and analysed

using STATA 8.0 (Stata Corporation, College Station,

TX, USA) and Epi-Info version 6 (CDC, Atlanta,

GA, USA) software. Analysis was limited to cases

and controls whose full patient records were avail-

able. Time at risk was defined as the time between

admission and date of first blood sample positive for

MRSA for cases, and time between admission and

death or discharge for controls.

The Student’s unpaired t test was used to compare

normally distributed continuous variables. OR with

95% confidence intervals (CIs) or x2 were used to

compare dichotomous variables. In order to control

for the confounding effect of each variable we carried

out a logistic regression analysis. The multiple logistic

regression analysis included all variables with an OR

>2 in the univariate analysis. Time at risk and con-

tact with health-care workers were included as con-

tinuous variables in the logistic regression analysis.
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The population attributable fraction was calculated

for the significant variables in the logistic regression

model.

RESULTS

Full patient records were available for 42 (91%) of

the 46 cases and 90 (98%) of the 92 controls.

Univariate analysis

The mean age of patients was 69 years (median 73,

range 35–94 years) in cases compared to a mean of 65

years (median 68, range 19–101 years) in controls

(P=0.90). Fifty-seven per cent of cases and 51% of

controls were male (P=0.48). Twenty cases (48%)

and 40 controls were (45%) admitted to surgical spe-

cialities (P=0.77). Five cases but no control had been

admitted to the intensive care unit.

Cases were exposed to the hospital setting for a

longer period than controls ; the mean time at risk for

cases was 29 days (median 16, range 3–230) compared

to a mean of 12 days (median 7, range 3–154) for

controls (P=0.0007). The mean number of contacts

with health-care workers recorded in patient notes

was significantly higher in cases, 71, than controls,

35 (P<0.0001). The significant risk factors in the

univariate analysis were: insertion of a central line,

insertion of a urinary catheter, surgical site infection,

bed sore, blood transfusion, being at risk for more

than 7 days, more than 25 contacts with health-care

workers, antibiotic use and peripheral line insertion

(Table 1). Sixty-two per cent (26/42) of cases of

MRSA bacteraemia had a central line and/or urinary

catheter inserted during the admission. Central lines

were in situ prior to the onset of bacteraemia for a

mean of 18 days (median 16, range 1–69) and urinary

catheters were in situ for a mean of 18 days (median

13, range 1–86).

Multivariate analysis

Variables included in the logistic regression model

were: central line, urinary catheter, surgical site in-

fection, bed sore, blood transfusion, being at risk >7

days, antibiotic use and peripheral line. After adjust-

ing for all factors, having a central line [adjusted OR

(aOR) 35.3, 95% CI 3.8–325.5] or a urinary catheter

(aOR 37.1, 95% CI 7.1–193.2) inserted during the

stay, and suffering from a surgical site infection (aOR

4.3, 95% CI 1.2–14.6) remained independent risk

factors for hospital-acquired MRSA bacteraemia.

The adjusted population attributable fraction showed

Table 1. Risk factors for MRSA bacteraemia

Cases
exposed
(n=42)

Controls
exposed
(n=90) OR 95% CI

On admission
In-dwelling catheter on admission 5 3 3.9 0.7–26.2
Prior admission 35 66 1.8 0.7–5.5

On or during admission

Bed sore 5 1 12.0 1.3–574.9
Skin ulcer 5 5 2.3 0.5–10.6
Wound 17 28 1.5 0.7–3.4

During admission
Central line during admission 17 1 60.5 8.4–2555.8

Urinary catheter during admission 22 2 48.4 10.1–439.9
Surgical site infection 7 1 17.8 2.1–810.7
Blood transfusion 15 7 6.6 2.2–20.9

Time at risk (>7 days) 34 40 5.2 2.0–14.4
Contacts (>25 recorded in notes) 35 44 5.2 2.0–15.3
Any antibiotic 30 36 3.8 1.6–9.1

Peripheral line 34 53 2.9 1.2–8.2
Ward transfers 32 54 2.1 0.7–26.2
Speciality (surgery) 20 40 1.1 0.5–2.5

OR, Odds ratio ; CI, confidence interval.
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that 51% of hospital-acquired MRSA bacteraemia

cases in this non-teaching hospital were attributable

to a urinary catheter insertion, 39% to a central line

and 16% to a surgical site infection (Table 2).

DISCUSSION

Despite the widespread public, professional and pol-

itical interest in MRSA bacteraemia in UK hospitals

no controlled studies specifically investigating risk

factors for MRSA bacteraemia have been undertaken

in this setting. The only published case-control study

in a UK hospital primarily investigated MRSA colon-

ization [9]. None of the published controlled studies

from elsewhere in the world investigate risk factors

for hospital-acquired MRSA bacteraemia using non-

bacteraemic patients as controls. These international

studies include investigations of cases S. aureus bac-

teraemia and non-bacteraemic controls [10], cases of

MRSA bacteraemia diagnosed during the first 24 h of

admission and non-bacteraemic controls [11], cases of

MRSA bacteraemia and patients with methicillin-

sensitive S. aureus (MSSA) bacteraemia as controls

[12–15], MRSA infection [16, 17], and MRSA colon-

ization [18–25]. Our study identified risk factors for

MRSA bacteraemia and provides an estimate of the

contribution of these risk factors to the burden of

disease in UK hospitals. This should enable inter-

ventions to be targeted to areas of care with the

greatest potential impact for reducing infection.

To identify risk factors that could potentially be

modified in the hospital, cases were restricted to

patients fromwhomMRSAwas isolated from a blood

sample taken on the third or subsequent day after

admission. Samples taken >48 h after admission

have previously been used to define nosocomial bac-

teraemia [16, 26]. It was not possible to use time

measured in hours in this study because the time that

blood cultures were taken was not routinely recorded.

However, the two definitions are broadly comparable

and unlikely to result in any important misclassifica-

tion. We randomly selected the control group from all

patients >16 years who had stayed in hospital for

more than 2 days.

Pre-admission risk factors

The age and sex of cases and controls in our study

was similar. Although population-based studies con-

ducted in Wales have identified the highest incidence

of invasive MRSA to be in men aged o75 years [27],

age has not been identified as a significant risk factor

in other controlled studies [9–11, 14, 15], and no

consistent association with sex has been found with

increased risk in males [11, 13], females [15], and no

significant differences have been reported [9, 10, 14].

Although previous hospital admission is a risk

factor for MRSA colonization at the time of

admission [22], our study found no association

between previous admission and hospital-acquired

MRSA bacteraemia.

Risk factors in hospital

In most instances the development of MRSA bacter-

aemia is probably a two-stage process with acqui-

sition of the organism and colonization of skin or

superficial sites followed, after a variable period, by

invasion of the bloodstream. Central or peripheral

vascular lines are the most obvious routes for direct

invasion into the bloodstream. With one exception

[14] other studies that investigated the association

between central lines and MRSA bacteraemia also

found significant associations that remain in multi-

variate analysis [10–13]. In our study, central lines

were in situ for 18 days on average before the onset

of bacteraemia, which suggests that improving the

Table 2. Final model, logistic regression of risk factors for MRSA bacteraemia

OR crude 95% CI aOR 95% CI

Population
attributable
fraction adjusted 95% CI

Urinary catheter 48.4 (10.1–439.9) 37.1 (7.1–193.2) 51% 36–63
Central line 60.5 (8.4–2555.8) 35.3 (3.8–325.5) 39% 24–51
Surgical site infection 17.8 (2.1–810.7) 4.3 (1.2–14.6) 16% 2–28

Time at risk* 5.2 (2.0–14.4) 1.02 (1.01–1.04) 36% 1–55

OR, Odds ratio ; CI, confidence interval ; aOR, adjusted odds ratio.
* As a continuous variable for the aOR.
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process of line care has a greater potential to reduce

bacteraemia than simply looking at the insertion.

Although peripheral lines were a significant risk

factor in univariate analysis this association disap-

peared completely in the logistic regression model.

Peripheral lines have not been a risk factor in other

studies [10] and the apparent association between

peripheral lines and MRSA bacteraemia in this study

can be explained by confounding.

Time at risk, the time between admission and onset

bacteraemia for cases, remained a significant risk

factor in the multivariate analysis. This may be a

marker of more severe underlying illness in patients

that contract MRSA bacteraemia which would tend

to result in a longer length of stay in hospital than

controls. There was no association between MRSA

bacteraemia and the number of recorded contacts

with health-care workers in the multivariate analysis.

The greater number of contacts recorded for cases can

be explained by longer hospital stays. This implies

that invasive procedures are more important risk

factors for bacteraemia than acquisition of the or-

ganism from health-care workers. Most hospital-

acquired S. aureus bacteraemias are assumed to orig-

inate from organisms that have already colonized the

patients for some time [28]. In one study an identical

organism was isolated from nasal cultures obtained

immediately after the blood isolate in 82% of patients

with S. aureus bacteraemia [29]. In another study

reported by the latter group of a cohort of patients

colonized with S. aureus, the isolate was indis-

tinguishable in 86% of patients who subsequently

developed S. aureus bacteraemia [29]. In a third study

which followed up a large cohort of patients who were

screened on admission to hospital found that in 40%

of the patients who developed S. aureus bacteraemia

in the subsequent 120 days the isolate was indis-

tinguishable from one that they carried at the time of

admission [30].

There was a strong association between MRSA

bacteraemia and the insertion of a urinary catheter

during the admission. Although patients who have a

central line inserted also frequently have a urinary

catheter (13 of the 17 patients who had a central line

also had a urinary catheter inserted), this does not

explain the association. Nine of the 22 cases who had

a urinary catheter inserted did not have a central line.

It is possible that the observed association between

insertion of a urinary catheter during admission and

MRSA bacteraemia arises from confounding factors

that have not been controlled for in this study.

Interestingly, urinary catheterization has not been

linked with MRSA colonization [9], but was as-

sociated with MRSA bacteraemia in the only other

controlled study to investigate this risk factor [13].

It is plausible that the insertion and/or presence

of a urinary catheter are causally associated with

hospital-acquired MRSA bacteraemia. Surveillance

of device related hospital-acquired bacteraemia

suggests that 11% of all bacteraemia and 5% of

MRSA bacteraemia is related to urinary catheter-

associated infection in non-teaching hospitals [7].

The adjusted population attributable fraction of 51%

found in our study suggests that urinary catheters are

a more important risk factor for hospital-acquired

MRSA bacteraemia than has been previously re-

cognized. Further studies are required to confirm this

finding.

It is possible that the risk factors identified in this

study may be specific to this hospital and not reflect

general risk factors for the acquisition of MRSA

bacteraemia. Mandatory surveillance of MRSA bac-

teraemia, based on identical case definitions and

case-finding methodology, was introduced in both

England and Wales in 2001 [31]. This study was car-

ried out in an acute general hospital with an incidence

of MRSA bacteraemia that is similar to the average

rate in England and Wales. We suggest that inter-

vention to reduce MRSA bacteraemia in similar set-

tings should focus on the insertion and care of central

lines and urinary catheters. Reducing the extent of use

may be impractical since these devices are used in

critically ill patients for good reasons and their short-

term benefits will usually outweigh the risks.

However, as bacteraemia tended to occur after the

devices had been in situ for long periods of time con-

tinuous review of the indication for their use and re-

moval at the earliest opportunity is desirable.

Similarly, concentrating attention on the ongoing care

of these devices as well as their insertion may have the

greatest potential impact.

In conclusion there have been relatively few

case-control studies of MRSA bacteraemia re-

ported in the literature and none have investigated

hospital-acquired MRSA bacteraemia using non-

bacteraemic patients as controls. Measures to reduce

the incidence of hospital-acquired MRSA bacter-

aemia in acute general hospitals should focus on

improving infection control procedures for the inser-

tion and long-term care of central lines and urinary

catheters as well as targeting hygiene measures

generally.
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