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Abstract

Infections with Methicillin-Resistant Staphylococcus
aureus (MRSA) account for almost 20,000 deaths per
year. Early identification of patients with MRSA
infection or colonization aids in stopping spread. We
compared automated identification of MRSA using
HL7 lab result messages to current manual infection
control practices at a local hospital during July-
September 2008. We used data from infection control
providers (ICPs), the microbiology lab, and a
Regional Healthcare Information Exchange to assess
the accuracy of manual and automated methods.
Three hundred seventy MRSA cases were identified
from July-September 2008. Manual identification
recognized 314 (sensitivity 84.9%, positive predictive
value 99.4%) MRSA cases and automated detection
Sfrom HL7 messages identified 341 (sensitivity 92.2%,
positive  predictive  value 98.8%). Automated
processing of HL7 lab report messages is a more
sensitive method of capturing MRSA cases than
current standard infection control practice, with
minimal loss of specificity.

Introduction

Infections with Methicillin-Resistant Staphylococcus
aureus (MRSA) pose an increasing public health
concern.  Infections with MRSA have steadily
increased nationwide since the 1960s.":? The public
health burden of MRSA is significant; leading to
increased morbidity and mortality as well as higher
healthcare costs.”

Despite advances in laboratory methods for
diagnosing MRSA, capturing and maintaining
accurate data about MRSA colonization or infection
remains a challenge. Current practice relies heavily
on infection control providers (ICPs) who review
microbiology data on a daily basis and manually
maintain a list of all known MRSA cases.
Admissions are screened against this list and
infection control precautions implemented when
appropriate. The use of manual review requires
significant personnel time and limits list maintenance
to hours when ICPs are on duty.

We hypothesized that automated identification of
MRSA patients using HL7 laboratory result messages
will generate a more accurate and timely list of

MRSA patients than current manual infection control
practices. Automated recognition of MRSA infection
or colonization enables accurate and early point of
care clinical decision support*® and creates a
platform to support epidemiologic studies needed to
understand and prevent spread.

Methods

We compared manual MRSA case identification by
ICPs (ICP method) and automated identification
using HL7 laboratory report messages (HL7 method)
during July-September 2008 at a local healthcare
facility. We linked cases from three data sets using
the medical record number.

Manual Identification of MRSA by ICPs

ICPs identify MRSA cases by reviewing daily
microbiology reports and keeping a list of all known
cases. Since May 2007, ICPs maintain this list using
standardized web collection forms created as part of a
citywide electronic infection control network built on
the infrastructure of the Indiana Network for Patient
Care (INPC), a Regional Healthcare Information
Exchange.” Using the INPC database, we extracted a
list of unique ICP-identified MRSA cases from a
local hospital during July-September 2008.

Automated Identification of MRSA Using HL7
Laboratory Report Messages

We collected HL7 laboratory report messages from
July-September 2008 from the INPC message
queues. We used natural language processing (NLP)
software to identify MRSA positive HL7 lab report
messages as previously described by Friedlin et al.®
We extracted all positive MRSA messages associated
with a specific facility and collapsed the data into one
positive record for each unique medical record
number.

Identification of MRSA from Microbiology Data

We collected MRSA culture data from the local
hospital’s microbiology laboratory by extracting
culture results directly from a bioMerieux Vitek
Bacterial Analyzer (Durham, NC). The Vitek
Bacterial Analyzer provides organism identification
and antibiotic susceptibility for each culture
processed. Lab technicians reviewed this information
and cultures identified as oxacillin resistant S. aureus
were manually renamed from S. aureus to MRSA.
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The hospital does not use alternative organism
identification methods, such as genetic analysis.

We queried the analyzer for all cultures with an
organism identified as MRSA or S. aureus. The data
were extracted, formatted using PERL, and imported
into a relational database table. To ensure that all
oxacillin resistant S. aureus had been recognized as
MRSA, we queried this table for organisms with
oxacillin resistance and found no instances where
oxacillin resistant S. aureus was not recognized by
the organism name MRSA. We extracted unique
medical record numbers from this table for any
patients with positive MRSA cultures during July-
September 2008. Because this process involved
manual coding, a small number of laboratory data
entry errors were expected.

Definition of a Gold Standard

In order to fairly compare the accuracy of manual and
automated methods, we determined the true MRSA
status of each case. True positive MRSA status
required (1) verification of a positive MRSA culture
in chart documentation or microbiology data, and (2)
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Figure 1. Identifying cases for targeted
chart review.

recognition as positive by the HL7 method, ICP
method, or both. Figure 1 displays relationships
between the three data sets after linking MRSA cases
using medical record numbers.

We performed chart reviews for all patients identified
as MRSA positive without verifying cultures in the

microbiology data. We also reviewed patient records
for ten cases found only in the microbiology data.
Cases involving data input errors were reconciled
using alternative patient identifiers. After correction
of data input errors, cases meeting our criteria for
true positive MRSA status were placed into a gold
standard list.

Of 341 cases in the microbiology data, 331 met our
criteria as true positive cases and were added to the
gold standard list. Ten cases in the microbiology data
were not recognized by either method and involved
laboratory data input errors of the medical record
number. After correcting the errors, nine of the cases
were recognized by both the HL7 and ICP methods
and one by the HL7 method.

Of the 27 unique ICP-identified cases, two (2/27) had
no evidence of a positive MRSA culture in the patient
record (false positive cases) and 25 (25/27) had
positive MRSA cultures in June. Of the seven unique
HL7-identified cases, four (4/7) did not have a
positive MRSA culture in the patient record (false
positive cases) and two (2/7) had positive MRSA
cultures in the patient record but not in microbiology
data. One (1/7) case reconciled with a previously
identified lab data entry error.

There were 11 medical record numbers concurrently
identified by the HL7 and ICP methods with no
culture verification in microbiology data. Nine
(9/11) of these cases were associated with previously
reconciled lab data entry errors and two (2/11) had
culture verification in the patient record.

After reconciling these cases and verifying positive
MRSA cultures, all cases meeting our true positive
criteria were compiled into a gold standard list. This
list was used as the basis for comparison to evaluate
the sensitivity of HL7 and ICP methods of MRSA
recognition.

Statistical Analysis

We created Venn diagrams to visualize the logical
relationships between our data sets (R statistical
software, Vienna, Austria). Sensitivity, specificity,
positive predictive value, and negative predictive
value were calculated using standard methodology
and sensitivities compared using McNemar’s test
(0=0.05) with continuity correction.
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Results

A total of 370 true positive cases of MRSA were
identified in this study. Microbiology data verified
331 cases occurring between July-September 2008.
Forty-five cases were identified by the ICP or HL7
methods with no associated positive MRSA cultures
in microbiology data from this time range. A trained
clinician (DS) reviewed these charts finding 39
culture proven MRSA cases not represented in the
microbiology data during July-September and six
cases with no proof of a positive MRSA culture
anywhere in the patient record.

Of the 39 cases not in the microbiology data, 25 were
identified by the ICP method and found to have
positive MRSA  cultures performed by the
microbiology lab in June; one month prior to our
study period. @ The remaining 14 cases were
composed of ten lab data entry errors and 4 cases
without verifying cultures in microbiology data.
After reconciling the ten lab data entry errors, nine
cases were recognized by both the HL7 and ICP
methods and one case was recognized by the HL7
method. The four cases without culture evidence in
the microbiology data did have culture verification
elsewhere in the patient record.

Six false positive cases were found during the chart
review. Four cases related to the NLP software
misinterpreting a negation in HL7 lab messages and
two related to ICP data input mistakes.

The Venn diagram (Figure 2) shows how ICP and
HL7 methods performed against each other and
against the gold standard. The automated HL7
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\/

HL7 Method  ICP Method
(345) (316)

Figure 2. Comparison of HL7 and ICP methods
using gold standard as basis of comparison.

Identification Method | *SN(%) | PPV (%)

ICP
(TP=314, FN=56, FP=2) 84.9 99.4
HL7 922 98.8

(TP=341, FN=29, FP=4)

Table 1. Comparison of ICP and HL7 methods
using the gold standard as a basis of comparison.
SN = sensitivity, PPV = positive predictive
value. TP=True Positive, FP=False Positive,
FN=False Negative. *p-value =0.005

method of MRSA identification had a sensitivity of
92.2% compared to 84.9% for the manual ICP
method (Table 1). The two methods combined
captured 100% of MRSA cases.

Discussion

Capturing MRSA cases by processing HL7 lab
messages with NLP is superior to manual infection
control practices. The HL7 method recognized more
cases and had a significantly higher sensitivity
(92.2% vs. 84.9%, p = 0.005) than the ICP method.
Our study identified a number of issues related to
manual maintenance of MRSA cases and provides
focus for future work on automating the process.

Manual processes are prone to failure at multiple
points.”” For this reason, we reviewed charts for
MRSA cases not found in microbiology data and ten
unique to microbiology data. A modest number of
errors (2.7%, 10/370) occurred when lab personnel
input medical record numbers into the microbiology
analyzer, but ICPs committed surprisingly few data
input errors (0.5%, 2/370).

In order to compare ICP and HL7 methods using the
most comprehensive and accurate set of MRSA
cases, we created a gold standard from cases verified
by either microbiology data or through chart review.
We created this gold standard to compensate for data
entry errors in the lab (10), delay in ICP data input
(25), and cases not in the microbiology data but
verified in the patient record (4).

Our initial culture verification step, using
microbiology lab data, provided insight into the
accuracy of this data set. There were 39 cases
originally identified as false positives by ICP and
HL7 methods, which upon chart review were found
to be culture proven cases. All but four of these cases
could be reconciled to microbiology data. These four
required chart review to verify culture evidence of
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MRSA. Two of these cases were found by both the
HL7 and ICP methods and two solely by the HL7
method. They did not involve duplicate medical
record numbers and could not be found in the
microbiology data. The most likely explanation for
absence of these cases in the microbiology data is
accidental deletion from the bacterial analyzer.

A chart review of the false positive cases from the
ICP method revealed 25 ICP observations associated
with positive MRSA cultures in June; one month
prior to the study period. These cases were included
in the gold standard data set in order to fairly assess
ICP accuracy, without penalizing for delayed data
input. These cases represent true positive MRSA
patient identification by the ICP method, but were
initially recognized as false positives because the
corresponding culture was performed one month
prior to our study period.

Lag time in ICP data entry is a significant issue and
we found an average of eight days (range 0-172,
standard deviation=17.7) elapsed before ICPs entered
a patient's MRSA status into the infection control
network. Given that patients often receive care at
multiple facilities,"” this delay leaves ample time for
an encounter at a neighboring facility and increases
the potential spread of MRSA. Due to workflow
constraints, ICPs tended to enter MRSA cases into
the infection control network in bulk; waiting until
they have a number of cases and entering them all at
the same time. A logical technique given the
workload of ICPs; however, the objective of the
infection control network is to provide citywide
MRSA status and delays in data entry increase the
risk of transmission to surrounding facilities.

In a separate analysis, we extended the search for
ICP-identified MRSA cases by looking at the months
following our study period. We wanted to assess how
many MRSA patients with culture evidence in
September had ICP observations recorded in
October; one month after the study period We found
6 cases of positive MRSA cultures in September
associated with ICP observations in October.
Including these cases in our comparison did not
significantly affect the sensitivity (HL7 sensitivity
92.2%, ICP sensitivity 86.5%, p-value = 0.04) of
the ICP method.

The ICP method was prone to false negative errors
while the HL7 method was prone to false positive
errors, which equated with a higher sensitivity of the
automated process. Both error types pose differing
risk; false negatives lead to delay or absence of an
appropriate infection control response at receiving

healthcare institutions. False positives may result in
patients erroneously placed into contact precautions,
leading to increased risk for an adverse event."”
Discussions with our infection control providers and
infectious disease consultants suggest that a hybrid
model incorporating the efficiencies of automated
identification with the irreplaceable expert input of
ICPs likely achieves the ideal balance.

Limitations

Linking patient data using medical record numbers
poses a source of error. A full review assessing all
medical record numbers for duplicates was not
performed. A small number of medical record
numbers in the microbiology data were truncated and
could not be used in our comparison. For future
comparisons, we will perform a chart review of all
study cases and use a combination of patient
identifiers in order to more accurately link patient
data.

Additionally, a more extensive chart review may
identify cases where ICPs made a decision based on
MRSA testing from a neighboring facility. We did
not identify any such instances in this study but the
possibility should be addressed in future work.

Our data were collected from one facility and these
results may not be applicable to other institutions. A
larger comparison of these methods involving
multiple institutions would provide stronger
evidence.

Conclusion

The increasing prevalence of MRSA has serious
consequences leading to preventable morbidity and
mortality. Accurate and timely MRSA case
identification enables interventions to prevent
transmission in both the hospital and ambulatory
settings. Overburdened ICPs may lack dedicated
time to maintain an institutional list of MRSA cases.
Augmenting ICP detection of MRSA with automated
methods provides more accurate and timely point of
care clinical decision support, allowing ICPs to focus
on the greater task of preventing infections.

In this study, we provide evidence that an automated
method of MRSA identification is a more sensitive
and timely means of identifying and tracking MRSA
cases than ICP identification alone. Understanding
the epidemiology of MRSA transmission is
paramount to implementing prevention/intervention
protocols and an automated process can provide an
accurate real time platform for this purpose.
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Future Work

We aim to incorporate automated MRSA
identification into our existing infection control
network as part of our goal to provide accurate and
timely infection control data at the point of care and
across multiple institutions.
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