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SUMMARY

Methicillin-resistant Staphylococcus aureus (MRSA) bacteraemia cause significant morbidity and
mortality in hospitalized patients. Using a nested case-control design, 204 MRSA bacteraemia
cases were compared to 301 unmatched methicillin-susceptible Staphylococcus aureus (MSSA)
bacteraemia controls and were matched 1:2 with non-infected controls. The independent risk
factors for MRSA bacteraemia compared to MSSA bacteraemia were older age (P=0·048),
major organ transplant during current hospital stay (P=0·016) and quinolone use (P=0·016).
Cases were more likely than non-infected controls to have renal failure (P=0·003), cirrhosis
(P=0·013), and a central venous catheter (P=0·003) after controlling for other risk factors.
This large case-control study made it possible to assess risk factors for MRSA bacteraemia using
two sets of controls and showed that risk factors differed greatly depending on the control group
chosen. These results confirm the need for careful selection of appropriate control groups and the
need to carefully adjust for underlying severity of illness.

Key words: Antibiotic resistance, bacteraemia, methicillin-resistant Staphylococcus aureus,
multidrug-resistant infections.

INTRODUCTION

Healthcare-associated infections (HAIs) cause signifi-
cant morbidity and mortality in acute care settings
[1], partly due to increased antibiotic resistance in
HAIs [2]. Methicillin-resistant Staphylococcus aureus
(MRSA) has been the focus of much research due to
its major contribution to the morbidity and mortality
of hospitalized patients [3–6]. S. aureus can cause
serious infections at many body sites and is one of
the most common causes of bacteraemia [7].

Approximately one-third of patients with bacteraemia
caused by S. aureus develop local complications or
distant septic metastases [8]. These infections are
even more complicated when the organism is resistant
to methicillin or other anti-staphylococcal penicillins,
and result in increased mortality, length of stay, and
hospital costs [9–13].

Several researchers have attempted to identify
predictors of MRSA bacteraemia in hospitals [12,
14–20]. However, the majority of studies were limited
by small samples, single-site settings and methodologi-
cal issues such as inadequate control for severity of
illness. Studies utilizing matching failed to employ
statistical methods to adjust for lack of independence
in cases and matched controls. Moreover, existing
studies varied in the control group chosen; most
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studies used patients with methicillin-susceptible
S. aureus (MSSA) bacteraemia as controls, which
identified predictors of MRSA resistance in bacter-
aemia. However, researchers have hypothesized that
using MSSA bacteraemia controls may overestimate
the association between antibiotic use and MRSA
bacteraemia since prior use of antibiotics such as
oxacillin is likely to prevent infection with strains of
bacteria that are susceptible to that particular anti-
biotic [21]. Other studies selected controls with no
infection and identified predictors of bacteraemia
due to S. aureus. However, many of these studies
did not adequately control for the differences seen in
severity of illness between the cases and controls,
making it difficult to identify other pertinent risk fac-
tors. Additionally, most studies grouped community-
associated infections and HAIs together, which may
mask some important hospital-related risk factors.

The objective of this nested case-control study was
to identify and compare risk factors for healthcare-
associated MRSA bacteraemia using two sets of
controls – controls with MSSA bacteraemia and non-
infected controls – in a large sample of hospitalized
patients.

METHODS

Data were obtained from a large healthcare system
in New York City, compiled as part of a larger
study aimed at assessing HAI costs (Distribution of
the Costs of Antimicrobial Resistant Infections,
5R01NR10822). This system includes two tertiary
academic health centres, a paediatric hospital, and a
community hospital. As part of the system, these hos-
pitals share one clinical data warehouse (CDW) which
integrates data from over 20 clinical databases includ-
ing laboratory, radiology, and diagnostic data sources
among many others. As part of the larger study, data
from the CDW was linked with routinely collected
administrative and electronic health records.

Selection of cases and controls

We examined anonymized data on all admissions
to the healthcare system from 2006 to 2008 (N=
319945). We defined healthcare-associated bacter-
aemia as those that manifested at least 72 h after ad-
mission (3 days from admission). Cases and controls
were defined using an electronic algorithm based on
the Centers for Disease Control and Prevention’s
National Healthcare Safety Network (NHSN)

definitions for primary bacteraemia [22]. NHSN is a
surveillance network to which hospitals report HAI
rates, and NHSN definitions have become the stan-
dard for defining infections around the world [23].
For this study, NHSN definitions were modified to
focus on electronically available data.

MRSA bacteraemia cases were defined according
to the following criteria: (1) positive MRSA blood cul-
ture and, (2) no positive MRSA culture at other body
sites within 14 days prior to positive blood culture. We
used two sets of controls. MSSA bacteraemia controls
were defined as those with: (1) positive MSSA blood
culture and, (2) no positive MSSA at other body
sites within 14 days prior to positive blood culture.
Non-infected controls were defined as those with no
positive blood culture for any organism. MRSA bac-
teraemia cases were compared to MSSA bacteraemia
controls to determine the risk factors for methicillin
resistance (unmatched). Additionally, cases were
matched to non-infected controls on age (±5 years),
minimum length of exposure (number of days hos-
pitalized prior to development of bacteraemia in
cases), early intensive-care unit (ICU) stay (defined
as admission to an ICU in the first 3 days of hospital
stay) and hospital to determine risk factors for MRSA
bacteraemia (using 2:1 matching).

Data elements

The demographic factors examined were gender and
age at discharge. To investigate the role that prior hos-
pitalization plays in increasing risk for bacteraemia,
we examined history of hospitalization in the four
study hospitals and days since the hospitalization in
the prior year, as well as length of stay during last hos-
pitalization. History of stay at a skilled nursing facility
(SNF) within the prior year was defined based on the
admission source from administrative data and by
matching admission addresses to known SNF.

Data on the following clinical risk factors were
also examined using International Classification of
Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes and the following indicators pres-
ent on admission: diabetes, malignancy, trauma, open
wound, chronic dermatitis, renal failure, burns (any or
third degree), history of major organ transplant, sub-
stance abuse history, asthma, chemotherapy, conges-
tive heart failure, cirrhosis, chronic obstructive
pulmonary disease, cardiovascular disease, decubitus
ulcer, hepatitis B and C infection, HIV infection,
neurological disease, rheumatoid arthritis and
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tracheostomy. A Charlson co-morbidity score was cal-
culated as a measure of the patient’s health status at
admission [24].

Antibiotic exposure was defined as overall exposure
to an antibiotic during the period at risk (defined as
having received at least one dose of the specific anti-
biotic in the period at risk), and exposure to specific
classes of antibiotics (i.e. aminoglycosides, carba-
penems, cephalosporins, glycylcylines, macrolides,
monobactams, penicillins, polypeptides, quinolones,
sulfonamides, tetracyclines and other). Immuno-
suppressive medication use was also examined as a
risk factor.

Use of central venous and urinary catheters prior to
infection was investigated as a dichotomous and a
continuous variable (total days of use). The occur-
rence of the following procedures during the current
hospitalization were assessed: specialized cardiac pro-
cedure (i.e. cardiac catheterization or angiography,
coronary angioplasty, vascular stenting), intubation,
dialysis, feeding tube insertion, major organ trans-
plant, general anaesthesia, open biopsy, any operat-
ing-room procedure performed in the hospitalization
lasting 530 min, and major operating-room diagnos-
tic or therapeutic procedure defined according to the
Healthcare Cost and Utilization Project (HCUP)
classifications [25].

For the comparison of cases with MSSA bacter-
aemia controls, exposure was defined as the period
before the development of bacteraemia in both cases
and controls. For the comparison of cases with
matched non-infected controls, exposure was defined
as the number of hospital days prior to infection for
each index case and the corresponding period at risk
for the matched control (i.e. occurring within the
same number of hospital days as for the matched
index case).

Statistical analysis

Data were analysed in Stata v. 11.1 (Stata
Corporation, USA). In the first analysis, we assessed
risk factors for MRSA resistance in bacteraemia by
comparing MRSA bacteraemia cases to MSSA
bacteraemia controls. Mann–Whitney tests for con-
tinuous non-parametric variables and χ2 tests or
Fisher’s exact tests for categorical variables were
used in bivariate analysis. Multivariable logistic
regressions were used to assess the independent effect
of these variables on the risk of developing a resistant
bacteraemia. The second analysis assessed risk factors

for MRSA bacteraemia by comparing cases with
MRSA bacteraemia and non-infected matched con-
trols using conditional logistic regression to account
for matching on age, period at risk, early ICU stay
and hospital.

For both analyses, variables with P40·1 in bivari-
ate analysis were included in multivariable analysis
to estimate the probability of MRSA bacteraemia.
Potential confounders were added one by one into
the model, and if coefficient estimates of a covariate
changed by >10%, the variable was considered a con-
founder and added to the model. Effect modification
between covariates was evaluated by testing inter-
action terms for variables that were conceptually
potential effect modifiers. Multi-collinearity was
assessed by examining tolerance and variance inflation
factors and goodness of fit was assessed using the
Hosmer–Lemeshow goodness-of-fit test and Akaike’s
Information Criterion.

RESULTS

Comparison of MRSA bacteraemia cases and MSSA
bacteraemia controls

A total of 204 MRSA bacteraemia cases and 301
MSSA bacteraemia controls were identified during
the study period. The number of hospital days prior
to the development of bacteraemia did not differ sig-
nificantly between the cases and controls (mean=
23·9±36·3 and 21·7±28·4, respectively, P=0·145).
Significant demographic, clinical and encounter-based
predictors of MRSA bacteraemia in bivariate analysis
are summarized in Table 1 (full results shown in the
Supplementary online Appendix). Cases were more
likely than controls to be older (P<0·001), have
renal failure (P<0·001) and a tracheostomy (P=
0·02) present on admission, as well as having a urinary
catheter (P=0·001), dialysis (P=0·009) and major
organ transplant (P=0·018) during their encounter
prior to the development of bacteraemia. Addition-
ally, cases had higher Charlson severity-of-illness
scores than MSSA bacteraemia controls (P=0·051).
In bivariate analysis, quinolone use was the only
antibiotic significantly associated with MRSA bacter-
aemia (P=0·001); overall antibiotic and monobactam
use approached statistical significance (P values of
0·059 and 0·056, respectively).

Table 2 shows results of the multivariable model.
The three independent risk factors for MRSA bacter-
aemia were older age (OR 1·01, 95% CI 1·00–1·02),

2378 M. Pogorzelska-Maziarz and others

https://doi.org/10.1017/S0950268813000174 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268813000174


major organ transplant during current hospitalization
(OR 14·0, 95% CI 1·63–120·07) and quinolone use
(OR 3·41, 95% CI 1·26–9·21). No differences in the
models were seen whether urinary catheter exposure
was assessed as a dichotomous variable or as the num-
ber of catheter days prior to bacteraemia (data not
shown).

Comparison of MRSA bacteraemia cases and
non-infected matched controls

Overall, 1:2 matching on early ICU stay, age, hospital
and minimum time at risk was successful for 201/204

MRSA bacteraemia cases. Table 1 shows the bivariate
comparison of MRSA bacteraemia cases and matched
non-infected controls. Cases and controls differed sig-
nificantly on gender (P=0·016), hospitalization in the
previous year (P=0·008), severity of illness (P=
0·001), history of malignancy (P=0·020), renal failure
(P<0·001), cirrhosis (P=0·009), tracheostomy (P=
0·026), central venous catheter use (P<0·001), major
operating-room therapeutic procedure (P=0·005)
and days spent in an ICU (P=0·005). As in the com-
parison of cases with MSSA bacteraemia controls,
cases were significantly more likely to have been ex-
posed to quinolones in the period at risk than their

Table 1. Bivariate comparison of characteristics of MRSA bacteraemia cases with MSSA bacteraemia and
uninfected controls*

MRSA
bacteraemia
(N=204)

MSSA
bacteraemia
(N=301)

P value

MRSA
bacteraemia
(N=201)

Uninfected
controls
(N=402)

P value

n (%) or
mean
(median)

n (%) or
mean
(median)

n (%) or
mean
(median)

n (%) or
mean
(median)

Demographic
Male gender 120 (58·8) 171 (56·8) 0·653 118 (58·7) 195 (48·5) 0·016
Age 54·7 (57·5) 42·4 (50·0) <0·001 54·6 (58)† 54·9 (58)† —

Intrinsic risk factors prior to hospitalization
Stay in skilled nursing facility 9 (4·4) 13 (4·3) 0·960 9 (4·5) 8 (2·0) 0·077
Hospitalization in the previous year 92 (45·1) 113 (37·5) 0·090 91 (45·3) 140 (34·8) 0·008
Previous hospitalization length
of stay

16·4 (11·0) 14 (7·0) 0·063 16·5 (11) 13·6 (7) 0·233

Clinical risk factors (based on present on admission indicators)
Charlson index 2·6 (2·0) 2·4 (2·0) 0·051 2·6 (2·0) 2·0 (1·0) 0·001
Diabetes mellitus 52 (25·5) 58 (19·3) 0·097 51 (25·4) 82 (20·4) 0·156
Malignancy 52 (25·5) 78 (25·9) 0·915 52 (25·9) 73 (18·2) 0·020
Renal failure 102 (50·0) 200 (33·5) <0·001 99 (49·3) 115 (28·6) <0·001
Third-degree burn 7 (3·4) 4 (1·3) 0·102 6 (3·0) 9 (2·2) 0·542
Chemotherapy 7 (3·4) 3 (1·0) 0·098 7 (3·5) 7 (1·7) 0·195
Congestive heart failure 51 (25·0) 59 (19·6) 0·149 50 (24·9) 74 (18·4) 0·054
Cirrhosis 15 (7·4) 17 (5·7) 0·440 15 (7·5) 11 (2·7) 0·009
HIV infection 11 (5·4) 12 (4·0) 0·457 11 (5·5) 11 (2·7) 0·067
Tracheostomy 25 (12·3) 19 (6·3) 0·020 23 (11·4) 28 (7·0) 0·026

Encounter-specific risk factors (prior to development of bacteraemia)
Immunosuppressive medication 73 (35·8) 89 (29·7) 0·149 71 (35·3) 115 (29·0) 0·100
Central venous catheter use 84 (41·2) 124 (41·3) 0·972 81 (40·3) 106 (26·6) <0·001
Central venous catheter, days 9·0 (0) 8·5 (0) 0·896 8·0 (0) 4·9 (0) 0·003
Urinary catheter use 102 (50·0) 107 (35·7) 0·001 101 (50·3) 201 (50·9) 0·994
Urinary catheter, days 8·1 (0·5) 4·1 (0) <0·001 7·8 (1) 6·5 (1) 0·145
Cardiac procedure 25 (12·3) 23 (7·8) 0·085 24 (12·0) 60 (15·4) 0·227
Organ transplant 8 (3·9) 2 (0·7) 0·018 8 (4·0) 10 (2·5) 0·322
Major or therapeutic procedure 54 (26·5) 59 (19·7) 0·072 52 (25·9) 147 (37·1) 0·005
Intensive-care unit, days 11·0 (0) 11·9 (0) 0·723 11·5 (0) 8·7 (0) 0·005

* For matched analysis, defined exposure for controls within period at risk for matched case.
†Used in matching MRSA bacteraemia cases to non-infected controls.
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corresponding non-infected controls (OR 4·2, P=
0·003).

In the multivariable model (Table 3), cases were
more likely than controls to have renal failure (OR
2·74, 95% CI 1·39–5·38), cirrhosis (OR 4·03, 95% CI
1·35–12·06), and a central venous catheter (OR 3·08,
95% CI 1·45–6·54). After controlling for the other
risk factors, quinolone exposure was no longer a sig-
nificant predictor of MRSA bacteraemia (OR 1·90,
95% CI 0·7–5·17). As in the previous model, control-
ling for other risk factors, cases were less likely than
controls to have a major operating-room therapeutic
procedure during the time at risk although the associ-
ation was not statistically significant (OR 0·57, 95%
CI 0·32–1·01). Central venous catheter use had the
same impact on risk of bacteraemia whether it was
assessed as a continuous or dichotomous variable
(data not shown).

DISCUSSION

We performed a large case-control study to evaluate
risk factors for MRSA bacteraemia. Although we
improved upon previous studies by employing a
large sample, using two control groups, and matching
to adjust for underlying differences between cases and
uninfected controls, we found similar results to those
published previously. We found that risk factors for
MRSA bacteraemia differed depending on the control

group chosen. This is in contrast to a study assessing
risk factors for MRSA surgical site infections (SSIs)
which also used two sets of controls; 84 MRSA SSI
patients were compared to 64 MSSA SSI patients
and 167 patients without SSI, potentially allowing
for the differentiation between risk factors for
MRSA SSI and SSI due to any S. aureus [26]. The
researchers showed that requiring assistance in three
or more activities of daily living, and wound class
were independently associated with MRSA SSI using
both controls groups.

A study by Graffunder & Venezia of 121 MRSA
patients and 123 MSSA controls, identified levofloxa-
cin, belonging to the quinolone class, and macrolides
as independent risk factors for MRSA infection
(although not specifically bacteraemia) [27]. We also
identified macrolides as risk factors in bivariate analy-
sis but macrolide use failed to remain an independent
predictor of MRSA bacteraemia when entered into a
multivariable model. Importantly, in our study, qui-
nolone use was an independent predictor of MRSA
bacteraemia compared to MSSA bacteraemia but
not in the comparison of MRSA bacteraemia patients
and non-infected controls. This is consistent with the
results obtained by Ernst and colleagues who evalu-
ated the importance of control group selection in

Table 2. Multivariable analysis of risk factors for
MRSA bacteraemia using MSSA bacteraemia controls
including antibiotic use (N=330)

OR 95% CI P value

Age 1·01 1·00–1·02 0·048
Hospitalization in the
previous year

1·38 0·84–2·27 0·204

Charlson severity-of-
illness measure

0·95 0·86–1·05 0·302

Diabetes mellitus 1·05 0·58–1·90 0·869
Renal failure 1·55 0·92–2·63 0·104
Third-degree burn 1·49 0·07–32·25 0·801
Chemotherapy 4·89 0·48–50·10 0·181
Tracheostomy 0·75 0·30–1·89 0·544
Urinary catheter use 1·10 0·64–1·89 0·735
Major organ transplant 13·99 1·63–120·07 0·016
Major operating-room
therapeutic procedure

1·74 0·88–3·43 0·112

Monobactam use 2·99 0·52–17·15 0·220
Quinolone use 3·41 1·26–9·21 0·016

OR, Odds ratio; CI, confidence interval.

Table 3. Multivariable analysis of risk factors for
MRSA bacteraemia using non-infected controls
including antibiotic use (N=358)

OR 95% CI P value

Male gender 1·57 0·93–2·66 0·093
Stay in skilled nursing facility 1·55 0·31–7·76 0·595
Hospitalization in the
previous year

1·42 0·81–2·48 0·220

Charlson severity-of-
illness measure

1·03 0·87–1·22 0·733

Malignancy 1·41 0·58–3·47 0·451
Renal failure 2·74 1·39–5·38 0·003
Congestive heart failure 0·82 0·42–1·60 0·562
Cirrhosis 4·03 1·35–12·06 0·013
HIV infection 3·87 0·70–21·28 0·120
Tracheostomy 1·95 0·38–9·93 0·423
Central venous catheter use 3·08 1·45–6·54 0·003
Major or therapeutic
procedure

0·57 0·32–1·01 0·055

ICU, days 1·00 0·96–1·04 0·866
Immunosuppressive
medication

0·98 0·55–1·74 0·945

Monobactam use 2·03 0·30–13·89 0·468
Quinolone use 1·90 0·70–5·17 0·206

OR, Odds ratio; CI, confidence interval.
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studies assessing the association between use of anti-
biotics and MRSA bacteraemia and utilized two sets
of controls [18]. Specifically, these researchers argued
that the appropriate control group when assessing
antibiotic exposure as a potential risk factor in a case-
control study is a non-infected control group, since
those patients who received antibiotics effective in
the treatment of MSSA would be much less likely to
develop an infection with MSSA. Therefore, patients
with antibiotic exposure may be less likely to be
selected as controls in the case-control study, leading
to selection bias and an overestimation of the effect
that antibiotic exposure has on the development of
MRSA bacteraemia. Indeed, as in our study, these
researchers observed a significant association between
exposure to antibiotics and infections with MRSA
bacteraemia when compared to MSSA bacteraemia
controls but not when the non-infected control
group was utilized. One of the weaknesses of this
study, in addition to a small sample size, was the
fact that the researchers matched cases and controls
but did not utilize statistical methods appropriate for
matched data. Despite this limitation, the results of
the Ernst et al. study are confirmed by our findings,
which underscore the importance of choosing appro-
priate controls depending on the risk factors under
examination in case-control studies. Researchers
must carefully consider their choice for a control
group in light of the specific research question under
investigation and must be aware of the potential limit-
ations of choosing a particular control group in terms
of the research question being asked [21, 28].

In a study of 60 MRSA bacteraemia patients and
240 non-infected controls, Bakowski et al. identified
severity of illness and use of central venous catheters
as independent risk factors for MRSA bacteraemia
[20]. In addition, previous surgery was protective
against acquiringMRSA bacteraemia. The researchers
chose an uninfected control group instead of MSSA
bacteraemia controls because they aimed to identify
risk factors for MRSA bacteraemia and not risk
factors for methicillin resistance in bacteraemia.
However, large differences in disease severity between
the cases and controls may have masked other risk fac-
tors for infection. Our study identified similar results
in that the comparison of MRSA bacteraemia with
non-infected controls identified central venous cath-
eter use as the only independent encounter-based
risk factor for MRSA bacteraemia and identified
‘major operating-room therapeutic procedure’ as a pro-
tective factor, after controlling for other demographic

and clinical risk factors. Even after matching cases
and controls on age, early ICU stay and minimum
time at risk, important differences in underlying sever-
ity of illness seem to be present as evidenced by ‘major
operating-room therapeutic procedure’ as protective
in terms of developing infection. A potential expla-
nation is that patients admitted specifically to undergo
a procedure may be healthier than those admitted for
another reason and therefore may be less likely to
develop MRSA bacteraemia. This finding underscores
the need for carefully chosen comparison groups and
the importance of careful consideration of the under-
lying differences in severity of illness between com-
parison groups, perhaps necessitating the use of
more stringent matching procedures, e.g. reason for
admission.

Our study identified solid organ transplant as a
risk factor for MRSA bacteraemia using the MSSA
bacteraemia control group but not the non-infected
control group. One potential explanation for this
association may be that patients who undergo solid
organ transplant may be more likely to have other
comorbid conditions such as diabetes mellitus or
more likely to undergo treatments such as haemodi-
alysis that puts them at increased risk of acquiring a
resistant infection. Another potential explanation
may be that patients who receive transplants are likely
to be hospitalized for a longer period of time com-
pared to patients who do not which in turn increases
their risk of an antibiotic resistant infection.

One study limitation was dependence upon data
available in electronic medical records. Numerous
studies have shown that patients colonized with
S. aureus are at increased risk of infection, underscor-
ing the importance of S. aureus carriage as an endo-
genous source of infection [29–31]. However, since
this study was retrospective, data on certain potential
risk factors such as previous colonization were not
available. Moreover, in order to utilize a dataset of
this magnitude, it was necessary to modify NHSN
definitions to focus on electronically available data.
Thus it is possible that secondary bacteraemia were
mistakenly misclassified as primary bacteraemia and
vice versa since only microbiological data was used
to determine whether an infection existed at another
site. Another limitation is lack of complete data on
antibiotic use in two of the four hospital sites for
part of the study period. Furthermore, although this
is a large study focusing on MRSA bacteraemia risk
factors, it was limited to hospitals in New York city,
which may limit generalizability of the results.
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A major strength of this analysis was the large
sample size, which gives sufficient power to identify
pertinent risk factors. Since this study included all
cases of MRSA and MSSA bacteraemia in a 3-year
period it should not be subject to selection bias.
Data were obtained from four hospitals which served
different patient populations, increasing the gen-
eralizability of the results. In addition, the use of
two control groups allowed for the identification and
comparison of risk factors for MRSA bacteraemia
and resistance in bacteraemia.

We performed a case-control study to assess risk
factors for MRSA bacteraemia using two sets of con-
trols; risk factors for MRSA bacteraemia differed
greatly depending on the control group. Our results
emphasize the need for careful selection of appropri-
ate control groups in case-control studies depending
on the specific research question being investigated,
especially when studying antibiotics as potential risk
factors for MRSA bacteraemia, as well as the need
to carefully adjust for underlying severity of illness.
Further research is needed to identify proper controls
in these types of studies. Moreover, additional re-
search to uncover the inter-relationships between
different risk factors for MRSA bacteraemia would
aid in our understanding of the biological mechanisms
through which these infections are acquired.

SUPPLEMENTARY MATERIAL
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