
American Journal of Epidemiology
© Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of Public Health 2018. This
work is written by (a) USGovernment employee(s) and is in the public domain in the US.

Vol. 188, No. 1
DOI: 10.1093/aje/kwy220

Advance Access publication:
October 22, 2018

Practice of Epidemiology

Development and Validation of a Clinical Prediction Rule to Predict Transmission
of Methicillin-Resistant Staphylococcus aureus in Nursing Homes

Sarah S. Jackson*, Alison D. Lydecker, Laurence S. Magder, andMary-Claire Roghmann

*Correspondence to Dr. Sarah S. Jackson, Department of Epidemiology and Public Health, School of Medicine, University of
Maryland, Baltimore, 685West Baltimore Street, Baltimore, MD 21201 (e-mail: ssjackson@umaryland.edu).

Initially submittedMay 7, 2018; accepted for publication September 21, 2018.

The prevalence of methicillin-resistant Staphylococcus aureus (MRSA) colonization among nursing home residents
is high. Health-care workers (HCWs) often serve as a vector inMRSA transmission. The ability to identify residents who
are likely to transmit MRSA to HCWs’ hands and clothing during clinical care is important so that infection control mea-
sures, such asContact Precautions, can be employed. Using data on demographic and clinical characteristics collected
from residents of community nursing homes inMaryland andMichigan between 2012 and 2014, we developed a clinical
prediction rule predicting the probability of MRSA transmission to HCWs’ gowns.We externally validated thismodel in a
cohort of Department of Veterans Affairs nursing home residents from 7 states between 2012 and 2016. The prediction
model, which included sex, race, resident dependency onHCWs for care, the presence of anymedical device, diabetes
mellitus, and chronic skin breakdown, showed good performance (C statistic = 0.70; sensitivity = 76%, specificity =
49%) in the development set. The decision curve analysis indicated that this model has greater clinical utility than use of
a nares surveillance culture for MRSA colonization, which is current clinical practice for placing hospital inpatients on
Contact Precautions. The prediction rule demonstrated less utility in the validation cohort, suggesting that a separate
rule should be developed for residents of Veterans Affairs nursing homes.

decision curve analysis; disease transmission; external validation; methicillin-resistant Staphylococcus aureus;
nursing homes; prediction rule

Abbreviations: CI, confidence interval; HCW, health-care worker; MRSA, methicillin-resistant Staphylococcus aureus; VA, Department
of VeteransAffairs.

Person-to-person transmission of multiple-drug–resistant or-
ganisms, such as methicillin-resistant Staphylococcus aureus
(MRSA), is a major problem in nursing homes. The prevalence
of MRSA colonization among nursing home residents has been
reported to be between 25% and 50% (1). Colonization is the
presence of the organisms at a body site without signs or symp-
toms of infection (2). Residents can be colonized with MRSA
at 1 or more body sites, with the anterior nares being the most
common site (2). Importantly, colonized residents can serve as
a source of transmission to others (3, 4). Nursing-home residents
colonized with MRSA are at higher risk of developing MRSA
infection, which entails substantial morbidity andmortality (5, 6).

Health-care workers (HCWs) serve as vectors for MRSA
transmission when their hands and clothing become contam-
inated with the bacterium. In hospitals, MRSA-colonized in-
patients are placed on Contact Precautions (the use of gloves

and gowns for all known colonized patients with a multiple-
drug–resistant organism) to prevent transmission to other patients
(7).However, the standard of care for nursing home residents col-
onized with MRSA is the use of Standard Precautions (e.g., the
use of gowns and gloves for anticipated contact with blood, body
fluids, skin breakdown, or mucous membranes) (7, 8). Prior
research on MRSA acquisition among nursing home residents
suggests that Standard Precautions do not sufficiently reduce
transmission (5, 6, 9–11). Further, risk factors for MRSA trans-
mission toHCWs’ gloves and gowns includemany care activities
for which Standard Precautions are not indicated, such as chang-
ing linens, dressing residents, and transferring residents into and
out of bed (3, 4).

Nursing homes have been resistant to adopting the use of
gloves and gowns for all MRSA-colonized residents because
of financial and logistical concerns (7, 8). Active surveillance
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for MRSA colonization among new and existing residents is
impractical because nursing homes lack in-house laborato-
ries (8). Nares cultures must be sent to outside laboratories,
which can delay the availability of test results, rendering sur-
veillance effectively useless for short-stay residents. Further,
test results can be falsely negative due to imperfect sensitiv-
ity or colonization at other body sites (2, 3). Identifying resi-
dent characteristics that can be used to predict transmission
in the absence of surveillance cultures could lead to more effi-
cient targeting of Contact Precautionswhen resources are limited.
Targeted precautions could be an important step in reducing
MRSA transmission throughout nursing homes.

We developed a clinical prediction rule using resident char-
acteristics associated with transmission of MRSA to HCWs’
gowns in a previously assembled cohort of community nursing
home residents. We chose to focus on MRSA transmission to
HCWs’ gowns only, since this may represent a higher level of
transmission and a more intense level of care provided to the
resident than glove transmission. HCWs’ use of gowns in nurs-
ing home settings is uncommon, making transmission to cloth-
ing a risk factor for transmission of MRSA to other residents.
We then used a similar cohort of Department of Veterans Affairs
(VA) nursing home residents to externally validate our clinical
prediction rule.

METHODS

Study design

We identified 2 cohorts of nursing home residents that had
been previously assembled to estimate the frequency of transmis-
sion of and risk factors for MRSA transmission from residents to
HCWs’ gloves and gowns while providing care. For each
recruited patient, multiple encounters with HCWswere observed.
The protocol was approved by the institutional review boards
of the University ofMaryland, Baltimore (Baltimore, Maryland),
the University of Michigan (Ann Arbor, Michigan), and the
VA (Washington, DC).

Participants

Both the community and the VA-based nursing home cohorts
have been described elsewhere (3, 4). Briefly, in the former,
cohort residents were sampled from 13 community-based nurs-
ing homes in Maryland and Michigan, ranging in size from 62
beds to 209 beds, betweenMarch 26, 2012, andMay 1, 2014 (3).
The VA cohort was sampled from 7 nursing homes in Maryland,
Massachusetts, NewYork, Texas, andWashington, DC, between
September 19, 2012, and January 6, 2016 (4). In both studies,
eligible residents had an expected length of stay of at least 1 week,
were not identified by nursing staff as having behavioral problems,
and were enrolled after receipt of written informed consent
from them or their legally authorized representative. HCWs
were enrolled with verbal consent.

Data collection

In both cohorts, data on resident demographic characteristics,
type of long-term care (rehabilitation vs. residential care), comor-
bidity, recent hospitalizations, activities of daily living, current

antibiotic use, skin breakdown, use of medical devices, and se-
cretions were abstracted from medical records and nursing
home staff. Residents were cultured forMRSA colonization at
enrollment. MRSA cultures were obtained from the residents’
anterior nares, perineal skin, and wound (if present) using sepa-
rate nylon-flocked swabs (Copan ESwabs; Copan Diagnostics,
Inc., Murrieta, California). In this analysis, a resident was con-
sidered MRSA-positive if the culture from the anterior nares
grewMRSA.

During the study period, HCWs wore gowns and gloves dur-
ing every resident interaction, regardless of the type of care pro-
vided. For each care activity, a researcher observed and recorded
the type and duration of care delivered. After the delivery of care,
the HCW’s gown and gloves were swabbed with a dual-tipped
rayon-flocked swab (BBLCultureSwab; Becton, Dickinson and
Company, Sparks, Maryland) (as described previously) (3, 4).
In the community cohort, all HCW interactions with residents
positive for MRSA and a random sample of MRSA-negative
residents were selected for HCWglove and gown testing. In the
VA cohort, all HCW glove and gown swabs were tested for the
presence ofMRSA.

Laboratory procedures

Resident specimens and HCWs’ gowns and gloves were cul-
tured for the presence of MRSA at a central laboratory; proce-
dures have been described elsewhere (3, 4). Briefly, the swabs
were vortexed, and 50 μL of Amies Transport Medium (Becton,
Dickinson andCompany)was plated ontoCHROMagar S. aureus
(Becton, Dickinson and Company). The swabs were enriched
in Tryptic soy broth (Remel, Inc., Lenexa, Kansas) with 6.5%
sodium chloride and incubated for 24 hours at 37°C, after
which 50 μL of broth was plated onto CHROMagar S. aureus.
Mauve-colored colonies on CHROMagar S. aureus that were
suspicious for S. aureus were confirmed by the detection of
coagulase (Staphaurex; Remel, Inc.). Susceptibility testing was
performed on all S. aureus isolates using disk diffusion follow-
ing Clinical and Laboratory Standards Institute guidelines (12).

Predictors

We used the community-based nursing home cohort (referred
to throughout as the “development set”) to develop the prediction
rule. We built 2 models where the outcome of interest was trans-
mission of MRSA from a resident to HCWs’ gowns during resi-
dent care activities. These models included: 1) a model where the
MRSAnares culturewas the onlyfixed predictor and 2) a clinical
predictionmodel that excluded theMRSAnares culture as a pre-
dictor. Candidate predictors for the prediction model included
the following resident-level variables on which data were col-
lected at baseline: age (years; continuous variable) and the fol-
lowing binary predictors: sex, race (white vs. nonwhite), the
presence of a medical device (indwelling catheter, etc.), diabetes
mellitus, renal failure, chronic skin breakdown (any skin break-
down that was not a surgical wound (e.g., pressure ulcer, foot
infection, diabetic foot ulcer, open lesions, and burns)), being
hospitalized in the last 3 months, having a blood transfusion
while hospitalized, receipt of tracheotomy care while in the nurs-
ing home, receipt of antibiotics within the last 7 days, and depen-
dency on HCWs. To define the residents’ level of dependency
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on HCWs, we used performance scores from the minimum
data set for activities of daily living (13). The performance scores
ranged from 0 (totally independent) to 4 (totally dependent). A
resident was considered dependent on HCWs if he or she scored
a 3 (requiring extensive assistance) or higher for any one of
the following activities: dressing, hygiene, toileting, or transfer.
Residents requiring this level of assistance were considered
dependent on HCWs (14).

There weremissing data on renal failure for 11% of the resi-
dents in the community cohort. On the basis of prior experi-
ence and clinical knowledge, missing data for renal failure
were assumed to indicate the absence of that comorbid condi-
tion. Because fewer than 2% of the data for the other variables
were missing in both data sets, we used complete-case analysis
after recoding the renal failure variable.

Development and internal validation of the clinical
prediction rule

We used a logistic regression mixed model with a random
intercept for nursing home resident. The prediction rule was
developed by including all candidate predictors in the model
and then using LASSO regression (“least absolute shrinkage
and selection operator”) to select the predictors and shrink the
coefficients. The tuning parameter that controls shrinkage and
variable selection was determined with cross-validation (14).

The predicted probabilities from the fixed effects for both the
MRSA nares-culture-only model and our clinical prediction rule
were used to estimate theC statistic and its 95% confidence inter-
val. For the clinical prediction rule, the median predicted proba-
bility was used as the cutpoint to calculate sensitivity, specificity,
positive predictive value, and negative predictive value and their
associated 95% confidence intervals.

The calibration slope was estimated, and a calibration curve
was constructed by dividing the sample into deciles of predicted
risk. Within each decile, the observed transmission proportion
was plotted against the predicted probability from the model. A
45-degree line was added to the plot to visually inspect how
closely the predicted risk agreed with the observed proportion
of transmission. A perfectly calibrated model has a slope of 1.0,
and the decile points in the curvewill rest exactly on the 45-degree
line, implying that the predicted risks are equal to the observed
proportion (15).

External validation of the clinical prediction rule

We validated the model in an external data set (the VA nurs-
ing home cohort, hereafter referred to as the “validation set”).
We applied the regression coefficients from our clinical predic-
tion rule to the validation set to estimate the predicted risk of
MRSA transmission to HCWs’ gowns and calculated the same
performance measures as above. Further, we built a model with
MRSA nares-culture results as the only predictor in the model
to compare this test’s accuracy in predicting transmission with
the performance of our model in the validation data set.

Decision curve analysis

We used decision curve analysis, a method that incorporates
clinical consequences, to compare the clinical utility of placing

residents on Contact Precautions under each model (16, 17). To
construct the decision curve analysis, we followed the steps out-
lined by Vickers et al. (16). First, we calculated several thresh-
old probabilities (pt) from our prediction rule model. Then we
calculated the net benefit for each value of pt using the formula

− × ( )
( − )N N

P

P

True Positive False Positive

1
.t

t

We repeated the net benefit calculation for 3 other scenarios:
1) the net benefit of putting no resident on Contact Precautions
(current policy), which was set at 0; 2) putting all nursing home
residents on Contact Precautions; and 3) putting all MRSA nares
culture-positive residents on Contact Precautions. These 4 sce-
narios were used to create a decision curve in which the net ben-
efit of each model was plotted on the y-axis against the range of
threshold probabilities on the x-axis.

The net benefit calculated by this formula provides ameasure
of benefit of the strategy of placing only those residents above a
specific threshold of risk, as estimated by the prediction model,
on Contact Precautions. This threshold is one that a rational per-
son would use to treat someone, given the benefits of Contact
Precautions for those likely to transmit MRSA and the costs of
treating a personwhowill not transmitMRSA. The decision curve
shows the net benefit of the prediction model at many different
threshold levels (17). Thus, it provides the benefit at different levels
of the relative value of the rational threshold for treatment.

All analyses were conducted and the calibration and decision
curve analysis plots were created (18) in R Studio, version 3.3.1
(R Foundation for Statistical Computing, Vienna, Austria).
The LASSO regression was performed using the R package
“glmmLasso.”Model development and external validation were
performed in accordance with the statement on transparent re-
porting of a multivariable prediction model for individual progno-
sis or diagnosis (seeWeb Table 1, available at https://academic.
oup.com/aje) (19).

RESULTS

There were 280 nursing home residents in the development
data set who had bothMRSAcultures andHCWswabs analyzed
by the laboratory. Each resident had 1–22 (median, 5) HCW
interactions, for a total of 2,200 HCW observations in the
development set. From the validation cohort, there were 200 res-
idents with 1–25 (median, 8) HCW interactions, for a total of
3,011HCW interactions in the validation set.

The characteristics of each resident cohort are shown in
Table 1. The average age of residents in the development set
was 77.8 (standard deviation, 16) years; 66%were female, 80%
were white, and 59% were short-stay residents; and the median
length of stay prior to enrollment was 21 (interquartile range,
6–223) days. In the validation set, the average age of residents
was 71.3 (standard deviation, 13) years; 96% were male, 65%
were white, and 70%were long-stay residents; and the median
length of stay prior to enrollment was 217 (interquartile range,
44–607) days.

In the development set, 190 (9%) resident-HCW interactions
led to transmission of MRSA to HCWs’ gowns. The predictors
included in the clinical prediction rule were sex, race, HCW
dependency, the presence of any medical device, diabetes, and
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Table 1. Characteristics of Residents of Community-Based Nursing Homes Recruited FromMarch 26, 2012, to May
1, 2014 (Development Set) and Residents of Department of Veterans Affairs–BasedNursing Homes Recruited From
September 19, 2012, to January 6, 2016 (Validation Set) for a Study of Prediction of Methicillin-Resistant
Staphylococcus aureus Transmission in Nursing Homes, United States, 2012–2016

Overall

Development Set
(n = 280)

Validation Set
(n = 200)

No. % No. %

Age, yearsa 77.8 (16) 71.3 (13)

Sex

Female 186 66 8 4

Male 94 34 192 96

Race

Asian 1 0.5 1 0.5

Black 52 19 66 33

Native Hawaiian or Pacific Islander 1 0.5 1 0.5

White 222 80 132 66

Patient type

Rehabilitation 164 59 60 30

Residential 116 41 140 70

Length of stay prior to enrollment, daysb 21 (6–223) 217 (44–607)

Dependency on HCWc

No 47 17 110 55

Yes 233 83 90 45

Use of anymedical device

No 244 87 143 71

Yes 36 13 57 29

Diabetesmellitus

No 176 63 140 70

Yes 103 37 60 30

Chronic skin breakdownd

No 229 82 143 73

Yes 50 18 54 27

Antibiotic use in past 7 days

No 211 77 150 75

Yes 63 23 50 25

Hospitalized in the last 3months

No 101 36 140 70

Yes 178 64 60 30

MRSA colonization in anterior nares

No 178 64 114 57

Yes 102 36 86 43

Transmission of MRSA to HCWs’ gowns

No 179 64 130 65

Yes 100 36 70 35

Abbreviations: HCW, health-care worker; MRSA, methicillin-resistantStaphylococcus aureus.
a Values are expressed asmean (standard deviation).
b Values are expressed asmedian (interquartile range).
c Dependency on an HCW was defined as having a dependency score of 3 (requiring extensive assistance) or 4

(total dependence) for any of the following activities: dressing, hygiene, toileting, or transfer.
d Any type of skin breakdown, excluding surgical wounds.
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chronic skin breakdown. The shrunken regression coefficients
for each parameter in this model are shown in Table 2.

Table 3 shows the performance measures of the clinical pre-
diction rule and theMRSA culturemodel in the development set.
The C statistic for the clinical prediction rule was 0.70 (95%
confidence interval (CI): 0.66, 0.74) and that for the MRSA
nares culture was 0.62 (95%CI: 0.59, 0.66). The median value
of the predicted probabilities from the prediction model was
used to calculate sensitivity as 76% (95%CI: 69, 82) and spec-
ificity as 49% (95% CI: 47, 51), as compared with the MRSA

culture model, where sensitivity was 61% (95% CI: 53, 67) and
specificity was 64% (95%CI: 62, 66). The models had compara-
ble positive and negative predictive values. The prediction mod-
el’s calibration slope was 1.30, and the calibration curve is shown
in Figure 1A. The slope and the calibration curve indicated that
the model was well calibrated in that the predicted risk was
roughly equal to the observed transmission in the sample.

To validate themodel, we applied the shrunken β coefficients
from the clinical prediction rule to the validation data set. In this
cohort, 189 (6%) HCW-resident interactions led to HCW gown
contamination. The performance of the clinical prediction rule
and theMRSAculture in the validation data is shown inTable 3.
The clinical prediction rule had a C statistic of 0.48 (95% CI:
0.44, 0.53), and the MRSA culture model C statistic was 0.67
(95% CI: 0.63, 0.70). Using the median value of the predicted
probabilities as the cutpoint, we calculated the sensitivity of the
prediction rule as 50% (95% CI: 43, 58) and the specificity as
49% (95% CI: 47, 51), whereas the MRSA model’s sensitivity
was 78% (95% CI: 72, 84) and its specificity was 55% (95%
CI: 53, 57). The positive and negative predictive values for the
clinical prediction rule were lower than those of the MRSA-
culture-only model. The prediction model’s calibration slope
was 0.16, and the curve is shown in Figure 1B. The slope and
the calibration curve were indicative of poor model calibration
in the validation set, as the model overestimated the risk of
transmission for much of the sample.

The results of the decision curve analysis in the development
and validation cohorts are shown in Figures 2A and 2B, respec-
tively. In both cohorts, the net benefit of each model was plotted
against a range (5%–25%) of pt values. In the development set,
the net benefit of the clinical prediction rule was higher than that
of the nares-culture model at all levels of risk but lower than
requiring Contact Precautions for all residents. In the validation
set, the MRSA nares-culture model had a higher net benefit than
the clinical prediction rule at every level of risk.

DISCUSSION

If all nursing homes were to screen residents forMRSA coloni-
zation using a nares culture to determine who should be placed on

Table 3. PerformanceMetrics for a Clinical Prediction Rule and aMRSA-Culture-Only Model Created to Predict MRSA Transmission in Nursing
Homes Using Development and Validation Data Sets, United States, 2012–2016

Modela C
Statistic

95%
CI

Sensitivity,
%

95%
CI

Specificity,
%

95%
CI

Positive
Predictive Value

95%
CI

Negative
Predictive Value

95%
CI

Development set

Prediction rule 0.70 0.66, 0.74 76 69, 82 49 47, 51 12 10, 14 96 94, 97

MRSA positivity in
anterior nares culture

0.62 0.59, 0.66 61 53, 67 64 62, 66 14 11, 16 95 93, 96

Validation set

Prediction rule 0.48 0.44, 0.53 50 43, 58 49 47, 51 6 5, 8 94 92, 95

MRSA positivity in
anterior nares culture

0.67 0.63, 0.70 78 72, 84 55 53, 57 10 9, 12 97 97, 98

Abbreviations: CI, confidence interval; MRSA, methicillin-resistantStaphylococcus aureus.
a The model was developed among residents of community-based nursing homes recruited from March 26, 2012, to May 1, 2014 (development set)

and applied to residents of Department of Veterans Affairs–based nursing homes recruited fromSeptember 19, 2012, to January 6, 2016 (validation set).

Table 2. Parameters Included in a PredictionModela for
Transmission of Methicillin-ResistantStaphylococcus aureus in
Nursing Homes, United States, 2012–2016

Parameter βCoefficient From
Development Modelb

Intercept −1.42

Use of anymedical device 0.59

Chronic skin breakdownc 0.21

Dependency on HCWd 0.61

Diabetes mellitus 0.06

Male sex 0.54

White race −0.94

Abbreviation: HCW, health-care worker.
a The model was developed among residents of community-based

nursing homes recruited from March 26, 2012, to May 1, 2014 (devel-
opment set) and applied to residents of Department of Veterans Af-
fairs–based nursing homes recruited from September 19, 2012, to
January 6, 2016 (validation set).

b The logit of the probability that a resident would transmit methicillin-
resistantStaphylococcus aureus to anHCWwas estimated by summing
the β coefficients from the model (including the intercept) multiplied by
the value of each variable for each resident. The risk of transmission for
each resident was then calculated as 1/(1+ e−logit).

c Any type of skin breakdown, excluding surgical wounds.
d Dependency on an HCW was defined as having a dependency

score of 3 (requiring extensive assistance) or 4 (total dependence) for
any of the following activities: dressing, hygiene, toileting, or transfer.
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Contact Precautions, they would miss residents who tested
falsely negative or were colonized at other body sites. More
importantly, they would miss residents with the potential to
transmitMRSA to HCWs and others. Indeed, 36% and 30% (in
the development and validation sets, respectively) of the HCW
interactions with MRSA culture-negative residents led to trans-
mission of MRSA to HCWs’ gowns. We developed a clinical
prediction rule that has better predictive accuracy in identifying
residents who will transmit MRSA to HCWs’ gowns than a
MRSA nares culture. The model’s predictive ability was
greatly reduced in the VA cohort, where the MRSA nares
culture was a better predictor of MRSA transmission to

HCWs. These findings suggest that a prediction rule could
identify a large proportion of patients likely to transmit
MRSA in community nursing homes (though not in the VA
setting) independently of a nares culture forMRSA.

The risks and benefits of any policy concerning the imple-
mentation of Contact Precautions must be weighed carefully.
Comparing prediction rules and choosing an appropriate cutoff
can often be difficult because of the trade-offs between sensitivity
and specificity. Decision curve analysis provides a visual method
of comparing the clinical utility of several different models using
the net benefit equation. This method has been used to assess the
costs and benefits of prediction rules in other clinical settings
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Figure 2. Decision curve showing the net benefit of use of Contact Precautions for the prevention of methicillin-resistant Staphylococcus aureus
(MRSA) transmission in nursing homes at varying threshold probabilities, United States, 2012–2016. A) Development cohort (a community-based
nursing home cohort; 2012–2014); B) validation cohort (a Department of Veterans Affairs nursing home cohort; 2012–2016). Threshold probabili-
ties: 1) none (heavy black line)—the net benefit of putting no resident on Contact Precautions (current policy), which is set at 0; 2) all (gray line)—
putting all nursing home residents on Contact Precautions; 3) prediction rule (dashed line)—putting residents whomeet a specified threshold of risk
according to the prediction rule on Contact Precautions; or 4) MRSA-positive nares culture (light black line)—putting all MRSA nares culture-
positive residents on Contact Precautions.
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Figure 1. Calibration curves for a clinical rule predicting transmission of methicillin-resistantStaphylococcus aureus (MRSA) to health-care work-
ers’ gowns in a community-based nursing home cohort (the “development cohort”; 2012–2014) (A) and a Department of Veterans Affairs nursing
home cohort (the “validation cohort”; 2012–2016) (B), United States, 2012–2016. The graph shows the observed proportion of MRSA transmission
plotted on the y-axis against the risk of MRSA transmission predicted by themodel on the x-axis. The triangles represent the observed proportion in
each model-defined decile of risk, the vertical lines show the 95% confidence intervals, and the dotted line is the locally weighted scatterplot
smoothing (LOESS) smooth regression line. The dashed 45-degree line represents perfect model calibration.
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(14, 17). We plotted the net benefit of 4 possible policy deci-
sions: 1) use no Contact Precautions (current policy); 2) use Con-
tact Precautions on everyone; 3) use a MRSA nares culture to
identify residents likely to transmit MRSA; and 4) use a clinical
prediction rule to identify residents likely to transmit MRSA. If
no Contact Precautions were used in the community nursing
homes, the potential risk of transmission of MRSA from a resi-
dent to an HCW would be 9%, and the net benefit of this policy
would be 0. On the other hand, the implementation of universal
Contact Precautions had the highest net benefit at low threshold
probabilities, though this policy would also require unnecessary
glove and gown use for 91% of HCW-resident interactions.
Starting at threshold probabilities of around 5%, our clinical
prediction rule begins to show a greater net benefit than the pol-
icy of universal Contact Precautions or use of a MRSA nares
culture to screen residents. The decision curve analysis balances
the benefits of identifying true-positive individuals (a resident
who will transmit MRSA) with the harms of placing a false-
positive individual (a resident who will not transmit MRSA)
on Contact Precautions. Conversely, in the validation cohort,
the MRSA nares culture had better clinical utility than either
universal Contact Precautions or our prediction rule.

To our knowledge, we are the first investigators to have devel-
oped a prediction rule to predict transmission of a multiple-drug–
resistant organism within a health-care setting. This area of
research has previously focused on predicting colonization or
infection, usually in inpatient settings. Haley et al. (20) devel-
oped a prediction rule for identifying hospitalized patients colo-
nized or infected with MRSA in the absence of a MRSA nares
culture. They found that history of a nursing home stay, previ-
ous MRSA infection, and a history of homelessness, jail stay,
drug use, or risky sexual behavior were predictive of the pres-
ence of MRSA at admission (20). This model had better sensi-
tivity (78%) and specificity (90%) than surveillance cultures
(46% and 58%) (20). Furuno et al. (9) found that self-report of a
previous hospital stay in the past year was predictive of MRSA
acquisition during the current stay, with a sensitivity of 76%
and a specificity of 35%. Interestingly, prior hospitalization was
not a risk factor forMRSA transmission in either of our popula-
tions. However, the sensitivity of Furuno et al.’s prediction rule
decreasedwhen the rule was applied to inpatients in aVAmedi-
cal system (sensitivity = 70% and specificity = 51%) (21).
Because of reduced sensitivity, the authors concluded that this
prediction rule wouldmiss an unacceptably high number of col-
onized patients (21).

Prediction rules for MRSA colonization and infection have
also been developed in the VA setting. Prior research in one
VA medical center found 8 clinical risk factors associated with
MRSA infection independent of a nares culture: homelessness,
residence in a long-term care facility, incarceration, use of immu-
nosuppressive medications, skin or soft tissue infection, spinal
cord injury, previous MRSA colonization or infection, end-stage
renal disease, and diabetes (22). Application of this rule identified
93% of patients who would go on to develop MRSA infection.
Chronic skin breakdown and diabetes were risk factors for trans-
mission in our development data set, but diabetes was not predic-
tive of transmission in our validation set. In another VA inpatient
population, Morgan et al. (23) found that antibiotic use in the
past year predicted MRSA colonization at hospital admis-
sion and resulted in a sensitivity and specificity of 75% and

45%, respectively. While the performance of this model was
similar to ours, we did not find that antibiotic exposure was
associated with transmission ofMRSA in the VA population.

Our analysis had some limitations. We did not focus on pre-
dicting which residents would acquire MRSA in our research,
for several reasons. First, these cohort studies were not designed
to detect incidentMRSA acquisition. Second, whileMRSA col-
onization is necessary for transmission to HCWs, colonization
itself does not predict transmission. The prevalence of MRSA
colonization was high in our cohorts (36% in the development
cohort and 35% in the validation cohort), but transmission to
HCWs’ gowns was low (9% and 6%, respectively), and not all
MRSA-colonized residents transmittedMRSA toHCWs.

While our prediction model showed better clinical utility than
MRSA nares culture in the development set, the C statistic was
only moderate. This suggests that we were missing other, and
perhaps stronger, predictors of MRSA transmission. While
the proportions of HCW-resident interactions that led to trans-
mission were similar between the development and validation
sets, our prediction model had less-than-ideal predictive accu-
racy in the latter cohort. The patient population used to develop
the prediction rule may have underperformed in the validation
set because of underlying differences between the resident pop-
ulations. The VA nursing home residents were younger, were
largely male, had longer lengths of stay, and were less depen-
dent on HCWs than residents in the community facilities.
Access to nursing home care in civilian populations is different
than access among eligible veterans, because of differences
in financing (24). The results of the internal validation we
conducted for the clinical prediction rule indicated that our
model could work well in another community-based setting.
However, the results of the validation study suggested that a
separate clinical prediction rule should be developed for the
VA setting.

As multiple-drug–resistant organisms such as MRSA become
increasingly prevalent in health-care settings, the need for HCWs
to don gowns and gloves to stop MRSA transmission becomes
more important. Policy decisions regarding the use of Contact
Precautions should be based on evidence from nursing homes, as
these are resource-limited settings in comparison with acute-care
hospitals (8). Future transmission studies in nursing homes are
warranted to identify whether targeting gown-and-glove use
toward residents with risk factors for MRSA transmission
decreases MRSA acquisition and to validate the results of
our clinical prediction rule in another community setting.
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