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— ABSTRACT

Background: Screening for methicillin-
resistant Staphylococcus aureus (MRSA) is
intended to reduce nosocomial spread by
identifying patients colonized by MRSA. Given
the widespread use of this screening, we eval-
uated its potential clinical utility in predicting
the resistance of clinical isolates of S. aureus.

Methods: We conducted a 2-year retrospec-
tive cohort study that included patients with
documented clinical infection with S. aureus
and prior screening for MRSA. We determined
test characteristics, including sensitivity and
specificity, of screening for predicting the
resistance of subsequent S. aureus isolates.

Results: Of 510 patients included in the study, 53
(10%) had positive results from MRSA screening,
and 79 (15%) of infecting isolates were resistant
to methicillin. Screening for MRSA predicted
methicillin resistance of the infecting isolate

with 99% (95% confidence interval [Cl] 98%-
100%) specificity and 63% (95% Cl 52%-74%)
sensitivity. When screening swabs were obtained
within 48 hours before isolate collection, sensi-
tivity increased to 91% (95% CI 71%-99%) and
specificity was 100% (95% Cl 97%-100%), yield-
ing a negative likelihood ratio of 0.09 (95% Cl
0.01-0.3) and a negative predictive value of 98%
(95% Cl 95%-100%). The time between swab
and isolate collection was a significant predictor
of concordance of methicillin resistance in swabs
and isolates (odds ratio 6.6, 95% Cl 1.6-28.2).

Interpretation: A positive result from MRSA
screening predicted methicillin resistance in a
culture-positive clinical infection with S. aureus.
Negative results on MRSA screening were most
useful for excluding methicillin resistance of a
subsequent infection with S. aureus when the
screening swab was obtained within 48 hours
before collection of the clinical isolate.

ntimicrobial resistance is a global
A problem. The prevalence of resistant

bacteria, including methicillin-resistant
Staphylococcus aureus (MRSA), has reached
high levels in many countries.'” Methicillin
resistance in S. aureus is associated with excess
mortality, hospital stays and health care costs,**
possibly owing to increased virulence or less
effective treatments for MRSA compared with
methicillin-sensitive S. aureus (MSSA).}

The initial selection of appropriate empirical
antibiotic treatment affects mortality, morbidity
and potential health care expenditures.®® The
optimal choice of antibiotics in S. aureus infec-
tions is important for 3 major reasons: B-lactam
antibiotics have shown improved efficacy over
vancomycin and are the ideal treatment for sus-
ceptible strains of S. aureus;® B-lactam anti-
biotics are ineffective against MRSA, and so
vancomycin or other newer agents must be used
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empirically when MRSA is suspected; and
unnecessary use of broad-spectrum antibiotics
(e.g., vancomycin) can lead to the development
of further antimicrobial resistance.’ It is therefore
necessary to make informed decisions regarding
selection of empirical antibiotics.'”" Considera-
tion of a patient’s previous colonization status is
important, because colonization predates most
hospital and community-acquired infections.'""

Universal or targeted surveillance for MRSA
has been implemented widely as a means of lim-
iting transmission of this antibiotic-resistant
pathogen.'>'s Although results of MRSA screen-
ing are not intended to guide empirical treat-
ment, they may offer an additional benefit
among patients in whom clinical infection with
S. aureus develops.

Studies that examined the effects of MRSA
carriage on the subsequent likelihood of infec-
tion allude to the potential diagnostic benefit of
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prior screening for MRSA."'® Colonization by
MRSA at the time of hospital admission is asso-
ciated with a 13-fold increased risk of subse-
quent MRSA infection."'* Moreover, studies that
examined nasal carriage of S. aureus after docu-
mented S. aureus bacteremia have shown re-
markable concordance between the genotypes of
paired colonizing and invasive strains (82%-—
94%)."* The purpose of our study was to iden-
tify the usefulness of prior screening for MRSA
for predicting methicillin resistance in culture-
positive S. aureus infections.

Methods

Study design, setting and participants

We conducted a retrospective cohort study of all
patients admitted to Sunnybrook Health Sciences
Centre between May 1, 2010, and Apr. 30, 2012,
with documented clinical infection with S. aureus
and prior screening for MRSA. Documented
infection with S. aureus was defined as a clinical
(nonsurveillance) culture that yielded S. aureus,
in conjunction with physician-prescribed anti-
staphylococcal antibiotic therapy within 72 hours
before culture collection and up to 7 days after
collection. Patients 16 years of age or younger
were excluded, as were patients with screening
swabs obtained after the onset of infection with
S. aureus. A patient could be included in the
study only once. Only the most recently obtained
swab was considered, but there was no maximum
time limit between the swab being obtained and
the onset of clinical infection.

Sunnybrook Health Sciences Centre is a ter-
tiary care centre that serves about 31 000 inpa-
tients annually and offers a full range of medical,
surgical and long-term care services. The Sunny-
brook Research Ethics Board approved this study.

Data sources

Data were obtained from an integrated steward-
ship database, automatically and securely popu-
lated by microbiology, pharmacy and electronic
patient care databases for all admitted patients.”

Screening processes and procedures

for MRSA

According to the study centre’s protocol, nares
and perianal screening swabs are obtained within
the first 24 hours after admission among patients
who meet 1 or more of the following criteria:
history of colonization by an antibiotic-resistant
organism, history of contact with a patient colo-
nized by an antibiotic-resistant organism, receipt
of health care outside of Canada within the past
year, admission to a health care facility within
the past year, receipt of home health care or
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hemodialysis, residence in a shelter or inability
to answer questions regarding these risk factors.
Screening for MRSA is also performed on trans-
fer to critical care units, and on any transfer or
discharge in the context of an outbreak. A swab
collection system by COPAN Diagnostics with
charcoal transport medium was used, with cul-
ture onto chromogenic media (MRSASelect,
Bio-Rad Laboratories) to screen specifically for
colonies of MRSA (not MSSA). The media were
incubated at 35°C for 22-24 hours, and methi-
cillin resistance was confirmed using the Vitek 2
XL system, with AST-GP67 cards (bioMérieux).
A positive screening result was defined by the
presence of MRSA, as detected by the above
techniques, and a negative result was defined by
the absence of MRSA.

Processing of S. aureus isolates

Isolates were collected according to clinical con-
text and included any of the following: urine,
blood, cerebrospinal fluid, joint fluid, pleural
fluid, wound or miscellaneous swab, sputum,
lower respiratory sample and tissue biopsies.
Sterile sites were considered to be blood, cere-
brospinal fluid, peritoneal fluid, pleural fluid,
synovial fluid and tissue biopsies. Culture media
differed according to clinical specimen, but for
all specimens, possible S. aureus was identified
by the presence of catalase-positive, coagulase-
positive colonies of gram-positive cocci, and
identification and susceptibilities were confirmed
by the Vitek 2 XL system, with AST-GP67 cards.

Covariates

Variables of interest collected for this study
included patient characteristics (i.e., age, sex),
hospital variables (i.e., ward or service at the
time of clinical specimen collection), isolate
variables (i.e., time of collection of the swab and
clinical specimen, susceptibility results from the
swab and isolate) and treatment variables (i.e.,
antibiotic use).

Statistical analysis
We determined test characteristics of the MRSA
screening, including sensitivity, specificity, posi-
tive likelihood ratio, negative likelihood ratio,
positive predictive value, negative predictive
value and odds ratios (ORs), and performed
stratification based on time from the swab being
taken to collection of the clinical isolate. Time
cut-offs were as follows: immediate (swab ob-
tained within 48 h before isolate collection),
recent (swab obtained between 48 h and 14 d
before isolate collection) and remote (swab
obtained > 14 d before isolate collection).

We chose these allocations to fall within



RESEARCH

previously demonstrated median times to colo-
nization by MRSA* and to permit even distribu-
tion of sample power. We considered screening
for MRSA the test variable and methicillin sus-
ceptibility of the confirmed S. aureus clinical
isolates (from a nonsurveillance location) the
response variable. We defined a true positive as a
positive result from MRSA screening and a clini-
cal isolate positive for MRSA, and a false posi-
tive as a positive result from MRSA screening
but a clinical isolate with MSSA. We considered
a false negative to be a negative result from
MRSA screening but a clinical isolate with
MRSA, and a true negative to be a negative
result from MRSA screening and a clinical iso-
late with MSSA. Precision is denoted by 95%
confidence intervals (CIs) calculated using the
Clopper—Pearson interval. We performed sub-
group analysis on 3 identified groups: ICU ver-
sus non-ICU patients, sterile versus nonsterile
sites and swabs obtained during index admission
versus on prior admission.

We performed multivariable logistic regres-
sion analysis to examine predictors of concor-
dant results between the screening swabs and
clinical isolates (with respect to methicillin resis-
tance). We defined concordance of screening and
clinical isolates as either of the following: a posi-
tive result from MRSA screening and a clinical
isolate with MRSA, or a negative result from
MRSA screening and a clinical isolate with
MSSA. We used backward subtraction to deter-
mine statistically significant model parameters,
with a p value threshold of < 0.05. Subtracted
covariate values (at time of removal from the
model) as well as retained covariates were
recorded. Goodness of fit was confirmed using
the Hosmer—-Lemeshow test. Statistical analysis
was performed using SAS version 9.3.

Results

Of 768 patients with clinical infections with
S. aureus diagnosed during the 2-year study
period, 510 (66%) had previously been screened
for MRSA and were included in the study. Of
the 510 screening procedures performed on these
patients, 53 (10%) were positive for MRSA. Of
the 510 clinical isolates of S. aureus, 79 (15%)
were resistant to methicillin and 109 (21%) were
from a sterile site. Patient characteristics and
clinical variables are shown in Table 1.

Test characteristics of MRSA screening in
predicting methicillin resistance in the infecting
S. aureus isolate are shown in Tables 2 and 3.
Analysis of the entire study population showed
99% (95% CI 98%—100%) specificity and 63%
(95% CI 52%—74%) sensitivity.

For the subgroup of patients with less than
48 hours elapsed between the swab and isolate
collection, the sensitivity of screening was 91%
(95% CI 71%-99%) and specificity remained
high at 100% (95% CI 97%—-100%). Sensitivity
declined as the time from swab collection to
isolate collection increased; however, the test
characteristics remained similar from recent
(48 h—14 d) to remote (> 14 d) groups. In a fur-
ther subgroup analysis, there was a significant
decline in sensitivity (44% [95% CI 31%—-62%])
for swabs obtained on a separate admission from
the admission with the clinical S. aureus infec-
tion, but specificity was preserved in this sub-
group at 97% (95% CI 89%—100%).

screening for methicillin-resistant S. aureus

Table 1: Demographic and clinical variables among 510 patients with
clinical isolates that tested positive for Staphylococcus aureus and prior

Variable

Age, yr, mean = SD
Sex

Male

Female

Screening result for MRSA
Positive
Negative
Methicillin resistance of S. aureus clinical isolates
Resistant
Susceptible
Admission category
Medical
Surgical
Admitted to intensive care unitt
Swab and isolate collection done on same admission

Clinical cultures obtained from specific sitef
Sterile
Blood
Fluid
Tissue biopsy
Nonsterile
Lower respiratory
Urine
Swab/miscellaneous
Time between swab and isolate collection
Immediate (< 48 h)
Recent (48 h to 14 d)
Remote (> 14 d)

Time from swab to isolate collection, d, mean + SD

Antibiotic treatment between swab and isolate
collection

Time from admission to isolate collection, d, mean (IQR)

No. (%) of patients*

63

332
178

53
457

79
431

240
270

207
429

109
62
21
26

401

156
45

200

149
233
128

15
18
307

+28

(65)
(35)

(10)
(90)

(15)
(85)

(7)
(53)
(a1)
(84)

(eA)]
(12)
4
(5)
(79)
(E1))
9)
(39)

(29)
(46)
(25)
(10-20)
+14
(60)

SD = standard deviation.
*Unless stated otherwise.
tAt the time of isolate collection.

Note: IQR = interquartile range, MRSA = methicillin-resistant Staphylococcus aureus,

$Sterile sites include sterile space fluids (e.g., pleural, cerebrospinal) and tissue biopsies.
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In the multivariate logistic regression an-
alysis, no significant collinearity was detected
among putative predictors (Table 4). The only
statistically significant covariate associated with
concordant screening and isolate results was a
time of less than 48 hours between swab and iso-
late collection (OR 6.6 [95% CI 1.6-28.2]).
There was a trend toward increased concordance

for swabs and isolates collected during the same
admission (OR 2.1 [95% CI 0.9-4.6]), but only
the covariate of time between swab and isolate
collection of less than 48 hours was retained in
the final model (Table 4).

For the subgroup of patients with a swab
obtained within 48 hours of isolate collection,
92% had screening results available before

Table 2: Test characteristics of screening to predict methicillin resistance in clinical isolates of Staphylococcus aureus, stratified by

time from screening swab to isolate collection

Characteristic Overall Immediate* Recentt Remote*
True positive, no. 50 20 17 13

True negative, no. 428 127 203 98
False positive, no. 3 0 1 2
False negative, no. 29 2 12 15
Sensitivity, % (95% Cl) 63 (52-74) 91 (71-99) 59 (39-77) 46 (28-66)
Specificity, % (95% Cl) 99 (98-100) 100 (97-100) 100 (97-100) 98 (93-100)
Positive likelihood ratio (95% Cl) 91 (29-284) -8 120 (17-865) 29 (7-120)
Negative likelihood ratio (95% Cl) 0.37 (0.28-0.49) 0.09 (0.01-0.30) 0.42 (0.27-0.64) 0.42 (0.27-0.65)
Positive predictive value, % (95% Cl) 94 (84-99) 100 (83-100) 94 (73-100) 87 (60-98)
Negative predictive value, % (95% Cl) 94 (91-96) 98 (95-100) 94 (90-97) 87 (79-92)

Cl = confidence interval.

*Swab obtained within 48 hours before isolate collection.

tSwab obtained between 48 hours and 14 days before isolate collection.
$Swab obtained more than 14 days before isolate collection.

§Test characteristics could not be calculated owing to high specificity values.

Table 3: Test characteristics of screening to predict methicillin resistance in clinical isolates of Staphylococcus aureus, stratified by
sterility of site, intensive care unit admission at the time of isolate collection, and screening swab and isolate collection on same

admission

Screening swab and isolate

Site of isolate collection Admission collection

Different
Characteristic Sterile Nonsterile ICU Non-ICU Same admission admission
True positive, no. 5 45 17 33 43 7
True negative, no. 97 331 179 249 365 63
False positive, no. 1 2 0 3 1 2
False negative, no. 6 23 1 18 20 9
Sensitivity, % 45 (17-77) 66 (54-77) 61 (41-79) 65 (50-78) 68 (55-79) 44 (31-62)
(95% Cl)
Specificity, % 99 (94-100) 99 (98-100) 100 (98-100) 99 (97-100) 99 (98-100) 97 (89-100)
(95% Cl)
Positive likelihood 45 (5.7-348) 111 (27-443) —* 54 (17-170) 250 (35-1782) 14 (3.3-62)
ratio (95% Cl)
Negative likelihood  0.55 (0.32-0.95) 0.34 (0.24-0.47)  0.39(0.21-0.6)  0.36 (0.25-0.52) 0.32(0.22-0.46) 0.58 (0.38-0.9)

ratio (95% Cl)

Positive predictive 83 (36-100) 96 (86-100) 100 (80-100)
value, % (95% Cl)
Negative predictive 94 (88-98) 94 (90-96) 94 (90-97)

value, % (95% Cl)

92 (77-98) 98 (88-100) 78 (40-97)

93 (90-96) 95 (92-97) 88 (78-94)

Cl = confidence interval, ICU = intensive care unit.
*Test characteristics could not be calculated owing to high specificity values.
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results of isolate resistance were available. In
these cases, the screening results were available
earlier than the isolate results by a mean of 2.1
(= 1.2) days.

Interpretation

In our population, we found that a positive result
on screening for MRSA was associated with a
positive likelihood ratio of 91 and a positive pre-
dictive value of 94% for subsequent methicillin
resistance in an infection with S. aureus. High
positive likelihood ratios persisted with time and
across different admissions. Overall sensitivity
of screening for MRSA was poor (63%); how-
ever, sensitivity was excellent (91%) if the swab
was obtained within 48 hours before collection
of the clinical isolate. In this scenario, the nega-
tive likelihood ratio was 0.09, yielding a negative
predictive value in our population of 98%. The
sensitivity declined with increasing time between
swab and isolate collection.

Few studies to date have examined the predic-
tive value of screening for MRSA. Most were
limited to swabs obtained either on admission” or
within 24 hours of a clinical infection, and in-
cluded all clinical infections.” Strymish and col-
leagues™ studied the utility of prior screening in
predicting the results of preoperative screening
for MRSA, and found a similar specificity to that
found to our study. In our study, the persistence
of high specificity is likely due to the duration of
MRSA carriage, with median colonization of
6 months,” although the maximum time between
swab and isolate collection seen in this study was
569 days. Loss of sensitivity after 48 hours is
likely due to new acquisition of MRSA, given
that in one study MRSA colonization was associ-
ated with a hospital stay of 18 (+ 8) days.” In our
study’s population, most of the screening results
were available before the results for susceptibility
of clinical isolates, with a mean difference of
2.1 days. This is an important finding for stew-
ardship programs, because it represents valuable
time when treatment could be changed to MSSA-
specific B-lactam antibiotics, which have superior
cure rates to vancomycin in sensitive strains.’ The
value of negative results on MRSA screening
applies only to regions with low prevalence of
MRSA, such as Canada and many European
countries.” Further research is needed to clarify
the utility of negative results from swabs col-
lected more than 48 hours before infection.

Limitations

A limitation of this study is that we derived test
characteristics from cases of culture-positive
infection. By definition, we cannot determine the

Table 4: Multivariate analysis of predictors of concordance between
methicillin resistance on screening and Staphylococcus aureus clinical isolate

Variable*

OR (95% ClI)

Specimen taken from sterile site

Age, yrt

ICU v. non-ICU admission

Sex (male v. female)

Surgical v. medical unit

Time between admission and isolate collection, d#
Swab and isolate collection on same admission

Swab obtained within 48 h of isolate collection

Antibiotics given between swab and isolate collection

1.0 (0.4-2.5)
1.0 (0.4-2.1)
1.0 (0.98-1.02)
1.2 (0.5-2.7)
1.3 (0.6-2.7)
0.9 (0.4-1.8)
1.0 (0.99-1.0)
2.1 (0.9-4.6)
6.6 (1.6-28.2)

*All dichotomous values as yes v. no unless stated otherwise.
TOR per 1 year increase in age.
$OR per day.

Cl = confidence interval, ICU = intensive care unit, OR = odds ratio.

accuracy of test characteristics of MRSA screen-
ing for culture-negative infections. We cannot be
certain that all S. aureus infections were true
infections as opposed to colonizations, but we
included only patients who received antistaphy-
lococcal antibiotics around the time of culture
collection. Moreover, our results did not signifi-
cantly differ between sterile and nonsterile sites
of isolate collection. Our study was conducted in
an area of low MRSA prevalence, but sensitivity,
specificity and likelihood ratios are intrinsic test
characteristics and are independent of the popu-
lation prevalence of methicillin resistance. We
restricted our screening to higher risk popula-
tions, which could potentially exclude some
patients colonized by MRSA. However, our cri-
teria for screening were likely sufficiently broad,
as indicated by the fact that most screening
results were negative. Finally, it is possible that
patients may have received prior MRSA decolo-
nization, which we were unable to examine in
our study. This may represent a group for which
prior MRSA screening is less useful in predict-
ing resistance patterns.

Conclusion

Our study showed that a history of MRSA colo-
nization on screening had a high specificity for
methicillin resistance in subsequent culture-posi-
tive clinical infections with S. aureus. This result
persisted even with swabs and clinical isolates
collected more than 14 days apart and on differ-
ent admissions. In areas of low MRSA preva-
lence, a negative result on screening for MRSA,
where the swab was obtained within 48 hours
before isolate collection, was associated with
a low likelihood of methicillin resistance. Al-
though originally intended for infection-control
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purposes, our data indicate that MRSA screening
offers important information about the likelihood
of methicillin resistance in subsequent culture-
positive S. aureus infections.
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