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OBJECTIVE: Clostridium difficile–associated disease
(CDAD) is common and has a 6.1% mortality. Governmental
agencies have recommended surveillance, but reporting
increases health care costs. We sought to identify a reliable
method of reporting CDAD that will not significantly
increase health care costs.

METHODS: Patients were identified via database query for
International Statistical Classification of Diseases and
Related Health Problems, 9th Edition (ICD-9) codes and
C. difficile toxin positivity. All identified patients underwent a
chart review, which was used to determine the accuracy of
the database query methods. Methods of determining
whether CDAD was acquired at the reporting institution
were studied, and time required to perform each method
was measured.

RESULTS: The toxin assay reported 96.1% (369/384) of
cases and had a positive predictive value of 100%. No

difference was found in comparison of the toxin assay case
rate of 15.7 per 1000 discharged patients to the rate of 16.3
identified by chart review (P ¼ 0.440; 95% confidence
interval [CI], 14.1–17.4), whereas the ICD-9 method was
found to be significantly different by reporting 116.1% (446/
384) of cases for a case rate of 19.0 per 1000 discharges
(P ¼ 0.001; 95% CI, 17.3–20.8). The time for data extraction
via the toxin assay method required only 842 minutes, while
the chart review method consumed 21,899 minutes.

CONCLUSION: A positive C. difficile toxin assay accurately
reports the institutional incidence of disease and is more
reliable than ICD-9 query. This process can be instituted at
a fraction of the cost of the standard chart review, and
enables governmental agencies to inexpensively add CDAD
to their list of reportable diseases. Journal of Hospital
Medicine 2012;7:170–175. VC 2011 Society of Hospital
Medicine.

With an increased incidence of 13.1 per 1000 inpa-
tients1,2 and an attributable mortality of 6.1%,3 in
2006 the Canadian government added Clostridium
difficile–associated disease (CDAD) to its list of
reportable diseases.4 The Centers for Disease Control
and Prevention and the Infectious Disease Society of
America subsequently created definitions of the dis-
ease and recommended surveillance of rates of health
care facility–associated CDAD, which has been found
to double a patient’s length of stay and cost of hospi-
talization.5–7 While not included in the current list of
hospital-acquired conditions for which payment is
declined,8 the Centers for Medicare & Medicaid Serv-
ices (CMS) has noted CDAD as under consideration
for addition to the list,9 which would require hospital
reporting of CDAD rates. This reporting is typically a
labor-intensive, medical record review process that

increases the cost of delivering health care. Health
care institutions have reported spending as much as
$21 million per year or $400 per discharged patient
on quality improvement.10 These costs are passed on
to payers such as those governed by the CMS that are
projected to pay for more than half of all national
health spending in 2018.11 Therefore, it is prudent to
examine alternatives for determining rates of disease
for public reporting and quality improvement initia-
tives such as infection control and antibiotic steward-
ship programs.
There are 3 methods that can be used for this

reporting. First, medical record review has been used
for determining the case rate of CDAD by published
reports.1,2 This procedure allows the CMS to define
the desired data to be collected, but it is labor-inten-
sive. Second, the use of International Statistical Classi-
fication of Diseases and Related Health Problems, 9th
Edition (ICD-9) codes from hospital databases offers
the speed of database query. However, due to diag-
nostic and coding errors, it may report inaccurate
rates of disease. Previous reports include a university-
based hospital that found a sensitivity of 78% and
specificity of 99.7%,12 whereas a Veterans Adminis-
tration medical center found nearly two-thirds of
patients with CDAD did not have the ICD-9 code for
C. difficile infection noted in their database.13
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Therefore, the accuracy of ICD-9 code at a commu-
nity hospital that better represents the majority of
United States hospitals is needed. The third method of
identifying CDAD is the presence of toxin identified
in the microbiology laboratory. Although this method
offers ease of obtainment, it suffers from potential
inaccuracy arising from duplicate patient samples,
positive samples in patients who are symptom-free
carriers, and patients with CDAD despite having a
negative toxin.
The same organizations that recommend surveil-

lance for CDAD have identified that there are inad-
equate data on which to base a decision regarding
how to proceed with routine community and hospital
surveillance.6 In the setting of public reporting and
nonpayment, the method of identifying CDAD cases
must be accurate to ensure fairness, while being inex-
pensive. To identify the potential value of these less
labor-intensive methods of reporting the incidence of
CDAD, we evaluated the use of ICD-9 codes and C.
difficile toxin to accurately report the incidence of
CDAD at a community hospital, as well as the labor
hours required for each reporting method.

METHODS
Patients >18 years of age and potentially having
CDAD were identified via database queries for ICD-9
codes and positive C. difficile toxin assays at our insti-
tution from November 1, 2006, through August 31,
2007. Our institution is a 379-bed university-affiliated
community teaching hospital in a socio-economically
diverse area of Baltimore—with approximately
110,000 emergency department visits, 30,000 dis-
charges, and 110,000 inpatient days each year—that
uses a handwritten paper chart for all provider orders
and patient documentation. The C. difficile toxin
assay method used during the study period was an
enzyme immunoassay that detects both toxins A and
B (Meridan Bioscience, Cincinnati, OH). ICD-9 codes
were queried in the CareScience database(Premier,
Inc; Charlotte, NC), while C. difficile toxin was
queried via the hospital laboratory database. All iden-

tified patients underwent a medical record review to
confirm the diagnosis of CDAD and the patient’s loca-
tion at the time of disease acquisition. To eliminate
duplicate reporting of a single episode of disease, all
duplicate patient visits with a diagnosis of CDAD
within 30 days were removed.
Our diagnostic criteria (Table 1) used the recom-

mended criteria of a combination of symptoms and
positive toxin assay, visualization of pseudomem-
branes on colonoscopy or pathology-proven CDAD.6

Based on the presence of CDAD in 25% of patients
with a white blood cell count >30,000 and the recom-
mendation that CDAD be considered in all patients
with a white blood cell count >15,000, we included
the criterion of clinical findings with severe leukocyto-
sis to identify patients with toxin-negative CDAD.14

Patients were identified by querying the CareScience
database for patients having an ICD-9 code of
008.45. Duplicate cases for the same patient within
30 days were removed. These cases were compared
with the cases of CDAD determined by the medical
record review for analysis. Patients were identified via
positive C. difficile toxin by querying the microbiol-
ogy laboratory database. A query of all patients with
a positive C. difficile toxin was performed. Duplicate
samples for the same patient within 30 days were
removed. Patients are considered to be outside the
hospital when CDAD was acquired if their toxin was
positive within the first 3 days of arrival to the hospi-
tal, and they were not hospitalized at our institution
within 1 week before arrival. All other cases were
considered to be acquired while in our hospital. The
number of patients with a toxin-positive stool sample
was compared with the medical record review.
Recognizing that it is unrealistic to review the medi-

cal records of the 23,495 discharges during the 10-
month study period, a random sample review of 500
charts not included in our CDAD-identified patient
list was performed to identify the rate at which
CDAD patients failed to be identified by our methods.
From a list of discharges during the study period, as
long as they were not in our study population, every

TABLE 1. Diagnostic Criteria

Chart Review Criteria for CDAD

Chart Review Criteria for CDAD Obtained

While Patient Was Not at Our Hospital

Chart Review Criteria for CDAD Obtained

While Patient Was at Our Hospital

Pseudomembranous colitis seen during endoscopy
OR biopsy or resection with surgical pathology
consistent with CDAD

One of the above symptoms or objective criteria
positive within the first 3 days
of hospitalization AND patient was not cared for at our
insitution within the last 7 days

Patient was cared for at our institution
within 7 days of presentation OR the
patient’s symptoms were not present
upon arrival at the hospital and the
symptoms began after the third day of hospitalization

If neither of the above are present, then Clostridium difficile toxin or
WBC count >25,000 plus one of the following:
Diarrhea
Fever without other cause
Abdominal pain without other cause
Colonic ileus without other cause

Abbreviations: CDAD, Clostridium difficile–associated disease; WBC, white blood cell.
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thirtieth patient was selected for review up to a total
of 500 patient charts. Then, the identified case rate
was used to predict the prevalence of disease at our
institution during the study period.
Sample selection was based on the absence of previ-

ous studies evaluating the performance of C. difficile
toxin assay, and the desire to have the same assay
used during the entire study. The lack of data from
which to perform sample size determination would
result in an inaccurate estimate. Therefore, we chose a
period that offered the maximum sample size, during
which a single assay was used at our institution. Com-
pared with medical record review, the accuracy and
positive predictive values of the ICD-9 code and posi-
tive stool toxin methods to identify the cases of
CDAD were compared. A ‘‘true positive’’ was when
the ICD-9 or laboratory query method identified a
patient who had CDAD based on chart review; a
‘‘false positive’’ was when the ICD-9 or laboratory
query method identified a patient who did not have
CDAD based on chart review. Rates of over- or
underdiagnosis, case rates, and acquisition location
were determined. Statistical analysis of the case rates
and acquisition location were performed via chi-
square test. The time to perform these queries was
collected with accuracy to the minute.

RESULTS
Of the 23,495 discharges during the study period, the
combination of ICD-9 and C. difficile toxin assay
identified a total cohort of 496 patients, 319 of whom
were identified by both the ICD-9 method and the
toxin assay, 50 of whom were identified only by the
toxin assay, and 127 of whom were identified only by
the ICD-9 method. Chart review confirmed the pres-
ence of CDAD in 384 of these 496 cases, for a case
rate of 16.3 per 1000 discharged patients (Table 2).
The diagnostic criteria for each of these confirmed
cases are listed in Table 3. Of the 384 confirmed

CDAD cases, 319 were identified by both the ICD-9
and toxin assay, 50 were identified only by the toxin
assay, and 15 were identified only by the ICD-9
query. Of the 50 cases identified by the toxin assay
that were not identified via the ICD-9 method, all 50
(100%) were confirmed to have CDAD by chart
review. In contrast, of the 127 cases identified via the
ICD-9 method that were not found via the toxin
assay, only 15 (11.8%) were confirmed to have
CDAD by chart review (Figure 1).
Of these 384 cases, 369 were identified via the toxin

assay for a case rate of 15.7 per 1000 patient dis-
charges, which was not found to be different from the
rate of 16.3 determined by chart review (P ¼ 0.440;
95% confidence interval [CI], 14.1–17.4). Compared
with chart review, the toxin assay reported 96.1%
(369/384) of cases. Chart review demonstrated that
every patient who had a positive toxin assay met the
diagnostic criteria for CDAD for a positive predictive
value (PPV) of 100%.
The ICD-9 method identified 446 patients thought

to have CDAD, 334 of whom were confirmed by
chart review for a PPV of 74.9% (334/446). Com-
pared with chart review, the ICD-9 method reported
116.1% (446/384) of cases for a case rate of 19.0 per
1000 discharges and was significantly different than
the rate of 16.3 reported by chart review (P ¼ 0.001;
95% CI, 17.3–20.8).
Chart review identified 156 of 384 (40.6%) patients

who acquired CDAD while at our hospital and 228 of
384 (59.4%) who acquired it elsewhere. In compari-
son, the toxin assay criteria identified 369 cases of
CDAD, of which 48.2% (178/369) were acquired
while at our hospital and 51.8% (191/369) were
acquired elsewhere (P ¼ 0.003).
The time for data extraction via these 3 methods

differed greatly. The ICD-9 method only consumed
312 minutes and the toxin assay method 842 minutes,
whereas the chart review method consumed 21,899
minutes. These times reported include the database
query and data analysis for the ICD-9 and toxin assay
methods, while it includes the database query and list
generation along with the manual chart review and
data analysis for the chart review method. The review

TABLE 2. Comparison of ICD-9 and Toxin Assay with
Chart Review

ICD-9 Toxin Assay Chart Review

No. of patients identified 446 369 384
Case rate per 1000 discharges* 19.0 15.7 16.3
95% confidence interval 17.3–20.8 14.1–17.4 NA
Case rate compared with chart review, P P ¼ 0.001 P ¼ 0.440 NA
CDAD rate reported compared with chart review 116.1% 96.1% NA
Accuracy 83.9% 96.1% NA
PPV 74.9% 100% NA
Portion of cases acquired at our hospital, % NA 48.2% 40.6%
Portion of cases acquired at our hospital, P NA P ¼ 0.003 NA
Minutes consumed for data collection 312 842 21,899
Estimated annual cost per hospital† $234.00 $631.50 $16,424.25

Abbreviations: CDAD CDAD, Clostridium difficile–associated disease; ICD-9, International Statistical Classi-
fication of Diseases and Related Health Problems, 9th Edition; NA, not available; PPV, positive predictive
value. * Total discharges during study period: 23,495. †Assumes employee cost of $30/hr þ benefits.

TABLE 3. Diagnostic Criteria Confirming CDAD in
384 Cases

Criterion No. of Cases Case Rate*

Endoscopy 2 0.5%
Surgical pathology 9 2.3%
Positive toxin and diarrhea 369 96.1%
WBC >25.0 and diarrhea 51 13.3%
WBC >25.0 and fever without other source 9 2.3%
WBC >25.0 and unexplained abdominal pain 17 4.4%
WBC >25.0 and colonic ileus 2 0.5%

Abbreviations: CDAD, Clostridium difficile–associated disease; WBC, white blood cell count. * Case rate
sum is >100% because some patients met more than 1 criterion.
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of the random sample of patients believed not to have
CDAD was not included in any of the reported times.
Chart review on a random sample of 500 patients not
previously identified for review found no additional
cases of CDAD.

DISCUSSION
Our study demonstrates that use of positive C. difficile
toxin assay data from the microbiology laboratory
alone is an efficient method of identifying patients
with CDAD. This method only consumed 842 minutes
versus 21,899 minutes consumed by the chart review
method. The C. difficile toxin method reduces the
workforce required to collect and analyze this data,
but more importantly, it was found to be reliable by
reporting an institutional case rate that is similar to
that of chart review.
In contrast, the ICD-9 method was efficient but less

reliable. It only consumed 312 minutes, but it overre-
ported the institutional rate of CDAD by 16.1%, had
a PPV of only 74.9%, and of those patients who were
identified by ICD-9 but not toxin assay, only 11.8%
actually had CDAD. This finding is in conflict with
the previously noted underreporting of this
method.13,15 We believe this difference to be associ-
ated with institutional differences, because previous
reports originated from a veterans hospital and an
academic medical center, and previous authors have
failed to use predefined diagnostic criteria and a com-
plete chart review to confirm cases of CDAD. Similar
to our study, an academic medical center identified
that listing of CDAD in a patient’s medical history in
their chart was associated with a false-positive ICD-9
code for CDAD.15 This observation appears to bring
clarity to one of the causes of the variance of ICD-9

code accuracy between institutions. Institutions seem
to vary on the method of attaching diagnoses to the
patient’s final hospital record. Some institutions
include only what is listed as an active problem,
whereas others list diagnoses listed in the chart as pre-
vious problems and those listed as a potential diagno-
sis without confirmation. Another potential cause of
the ICD-9 inaccuracy is the potential of clinicians to
diagnose and treat a patient for CDAD in the absence
of the diagnostic criteria used for chart review. Physi-
cian practices such as these are known to vary
between institutions leading to a variance in the ICD-
9 code accuracy.
In total, 15 cases of CDAD were identified in the

absence of a positive toxin assay, and of these, 12
cases were identified using leukocytosis-based criteria
(Table 4). This resulted in 3.1% of our cases being
toxin-negative, based on leukocytosis criteria, and is
lower than the previously identified 35% of cases.14

Because it was the only assay available at the time,
this previous research used a toxin A–only assay,
which is more likely to have false-negative results
than the toxin A/B assay used at our institution during
the study period. The investigators also required all
toxin-negative patients to have been recently treated
with antibiotics. Based on the increasing rates of com-
munity-acquired CDAD, including those that are anti-
biotic-naı̈ve patients, we felt a history of antibiotic ex-
posure was no longer a prerequisite for CDAD and
thus excluded it from our diagnostic criteria.16,17

Based on these differences, we feel our results are
likely an accurate reflection of the number of cases
identified by ICD-9 query in the absence of toxin posi-
tivity. However, concerns should be further alleviated
through the realization that nonuse of this strategy
improves the accuracy of the toxin assay method,
while reducing the accuracy of the ICD-9 method and
thereby strengthening the validity of our conclusions.
Mathematically, this would result in 369 of 369
patients identified by toxin assay and 369 patients
identified by the ICD-9 method. This would reduce
the case rate of the chart review method to the same
15.7 of the toxin assay, while the ICD-9 method
would remain at 19.0.
We considered whether the toxin assay method may

overestimate the number of cases due to a C. difficile–
asymptomatic carrier rate as high as 50% of hospital-
ized patients.6 However, we found no difference in the
case rate when compared with that of chart review,
and there were no false-positive cases. We believe this
is attributable to the 30-day window that was used to
identify a single episode of CDAD and the absence of
toxin assays being performed on asymptomatic individ-
uals. To avoid overrepresentation of the actual number
of CDAD cases, we chose to label all repeat positive
toxins and repeat hospitalizations within 30 days as a
single episode of CDAD. This was based on the identi-
fication that 56% of patients remained toxin-positive

FIG. 1. Source of patient identification and confirmation.
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2–6 weeks after adequate treatment for CDAD.18 The
enzyme-linked immunosorbent assay (ELISA) method
used by our laboratory is the method used to report
94% of CDAD cases in a national point prevalence
study that collected data from United States acute care
hospitals with representation from 47 states1,6,19 (Ta-
ble 5). This use of ELISA in the majority of United
States hospitals suggests that our data can be extrapo-
lated for use throughout the United States. While labo-
ratories are increasing their use of 2-step algorithms
involving glutamate dehydrogenase antigen assay fol-
lowed by cytotoxin neutralization, and more recently
beginning the use of polymerase chain reaction assays,
both of these methods have been found to increase the
accuracy of detecting C. difficile compared with
ELISA.20 Therefore, as laboratories evolve to use more
accurate assays to detect CDAD, the methods described
herein will be expected to increase in reliability.
The toxin assay methodology used to determine the

rate of CDAD cases acquired while the patient was at
our hospital overreported these cases. Based on this
result, identification of individual cases of CDAD that
are obtained at a specific hospital would continue to
require manual chart review. This expensive method
may be avoided by instead choosing to use institu-
tional case rates for reporting, monitoring, and incen-
tivizing hospitals. However, a discussion of the meth-
ods of this approach and its confluence with our
societal goal to move toward Accountable Care
Organizations is beyond the scope of this discussion
section.

Although it appears that we identified all cases of
CDAD occurring at our institution, a limitation of this
study is its inability to review all charts during the 10-
month study period. We used a combination of ICD-9
and positive C. difficile toxin assay data to identify all
possible cases of C. difficile. The current approach to
case identification for reported hospital conditions is
limited to an ICD-9 database query. This query is fol-
lowed by chart review to collect data for hospital per-
formance that is published in locations such as www.
hospitalcompare.hhs.gov. Although our approach
expands upon this current method of patient identifica-
tion, it may still fail to identify some cases. To investigate
the reliability of our strategy, we performed a chart
review on a random sample of patients not previously
identified for review. In this portion of the study, 500
charts were reviewed, and no cases of CDAD were
found. Considering the identified case rates of 16 to 19
per 1000 discharges, one would expect as many as 10
cases of CDAD to be identified if our methods were
unreliable. The identification of zero cases supports our
methods as identifying all cases of CDAD during this pe-
riod. Considering the hurdle of 23,495 charts for a com-
plete review and the inability to identify an adequate
number of CDAD cases if 100% chart review over a
shorter period was the selected strategy, our study design
is the only realistic method of studying this subject.
Increased automation is expected in the future of

reporting. The Centers for Disease Control and Pre-
vention found increased rates of disease reporting and
increased accuracy when reporting is electronically
automated via their software system, Electronic Sup-
port for Public Health, which is designed to communi-
cate with and perform automated data queries on pro-
viders’ electronic medical records.21 While use of this
model is creeping into the health system for reporting
to public health authorities,22 universal hospital elec-
tronic medical record implementation and full connec-
tivity with such reporting systems is many years from
fruition. In addition to its practical use for reporting
CDAD in our current health system, our work easily
transitions into automated reporting within an elec-
tronically integrated health system once achieved.

TABLE 4. Diagnostic Criteria in 15 CDAD Cases with
Negative Toxin

Criterion No. of Cases*

Endoscopy 0
Surgical pathology 3
WBC >25.0 and diarrhea 10
WBC >25.0 and fever without other source 1
WBC >25.0 and unexplained abdominal pain 3
WBC >25.0 and colonic ileus 1

Abbreviations: CDAD, Clostridium difficile–associated disease; WBC, white blood cell count. * Sum is >15
because some patients met more than 1 criterion.

TABLE 5. Clostridium difficile Testing Methods

Method Sensitivity Specificity Cost

Ease of

Performance

Typical

Results

Reporting Notes

Culture Gold standard NA $$$$ Difficult Days Slow turnaround time; is the standard upon which other test methods are based,
but not all organisms are toxin-producing

Cell cytotoxicity assay 67%–100% Gold standard $$$ Intermediate Next day Is the standard upon which other test methods are based to identify
toxin-producing stains of Clostridium difficile

EIA for toxin A/B 63%–94% 75%–100% $ Easy Same day Used by >90% of laboratories in the United States
EIA for detection of Clostridium

difficile common antigen (GDH)
85%–95% 89%–99% $ Easy Same day Provides no information regarding the toxigenicity of the isolate,

typically used in combination with cell cytotoxicity assay to identify toxin-producing strains
Polymerase chain reaction 96%–100% 88%–91% $$ Intermediate Same day More data are needed before recommendation for routine testing

Abbreviations: EIA, enzyme immunoassay; NA, not available.
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In conclusion, ICD-9 data were found to be unreli-
able, and consideration must be given to cessation of
their use for CDAD case rate research and reporting.
Use of a positive C. difficile toxin assay accurately
reports the institutional incidence of disease, can be
used by individual institutions to self-monitor case rates
or by the government to determine regionally accepta-
ble intuitional rates of CDAD on which incentives and
penalties can be based, and will increase in efficiency as
reporting continues to be automated. This process can
be instituted at a fraction of the cost of the standard
chart review that is currently used for most reporting.

Disclosure: The authors have no conflicts of interest to report.
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