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ABSTRACT Health care-onset health care facility-associated Clostridium difficile in-
fection (HO-CDI) is overdiagnosed for several reasons, including the high prevalence
of C. difficile colonization and the inability of hospitals to limit testing to patients
with clinically significant diarrhea. We conducted a quasiexperimental study from 22
June 2015 to 30 June 2016 on consecutive inpatients with C. difficile test orders at
an academic hospital. Real-time electronic patient data tracking was used by the
laboratory to enforce testing criteria (defined as the presence of diarrhea [=3 un-
formed stools in 24 h] and absence of laxative intake in the prior 48 h). Outcome
measures included C. difficile test utilization, HO-CDI incidence, oral vancomycin utili-
zation, and clinical complications. During the intervention, 7.1% (164) and 9.1% (211)
of 2,321 C. difficile test orders were canceled due to absence of diarrhea and receipt
of laxative therapy, respectively. C. difficile test utilization decreased upon implemen-
tation from an average of 208.8 tests to 143.0 tests per 10,000 patient-days (P <
0.001). HO-CDI incidence rate decreased from an average of 13.0 cases to 9.7 cases
per 10,000 patient-days (P = 0.008). Oral vancomycin days of therapy decreased
from an average of 13.8 days to 9.4 days per 1,000 patient-days (P = 0.009). Clinical
complication rates were not significantly different in patients with 375 canceled or-
ders compared with 869 episodes with diarrhea but negative C. difficile results. Real-
time electronic clinical data tracking is an effective tool for verification of C. difficile
clinical testing criteria and safe reduction of inflated HO-CDI rates.
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lostridium difficile is the most common identifiable cause of antibiotic-associated
diarrhea (1). Clostridium difficile infection (CDI) is estimated to be the most expen-
sive health care-associated infection, costing the U.S. health system $5.4 billion annually
(2). A major challenge with accurate diagnosis of CDI is the high prevalence of C. difficile
colonization. Studies indicate that 4.4% to 21% of hospitalized patients are asymptom-
atically colonized with toxigenic C. difficile (3-10, 30). In the absence of disease-specific
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TABLE 1 C. difficile orders received and accepted for testing during the postintervention

period
Value(s)
Subject parameter Received orders Accepted orders
Median age (yrs) (IQ range) 60.8 (47.0-70.9) 60.8 (46.4-71.0)
Sex (% female) 47.3 48.3
No. (%) with unformed stool 2,018 1,631 (80.8)
=3in 24 h 1,000 990 (99.0)
<3in24h 224 48P (21.4), 12¢ (5.4)
=3 in 24 h and laxative in 48 h 288 22b (7.6), 55¢ (19.1)
No. (%) hospitalized <24 h 192 192 (100)
No. (%) with rectal tube/ostomy 314 312(99.4)
No. (%) with formed stool 129 0(0)
No. (%) with repeat in 7 days 174 15 (8.6)
Total 2,321 1,646 (70.9)

alQ, interquartile.
bIncorrectly accepted by the laboratory.
‘Requested by physician versus laboratory error.

diagnostic biomarkers to accurately distinguish between colonization and disease,
American guidelines define a CDI case as the presence of diarrhea (i.e., 3 or more
episodes of unformed stools over 24 or fewer consecutive hours) and laboratory
evidence of toxigenic C. difficile in stool (11). European guidelines recommend multi-
step testing algorithms with an emphasis on detection of free fecal toxins in symp-
tomatic patients to confirm CDI and to avoid the requirement for three unformed stools
(12). Inclusion of diarrhea in the diagnostic algorithm has been shown to improve the
specificity of C. difficile diagnostics (13). Most clinical laboratories have recommenda-
tions and clinical criteria for appropriate testing. However, current laboratory rejection
criteria are inadequate to stop inappropriate testing and distinguish patients with
clinically significant diarrhea from those with transient loose bowel movements. In
routine practice, providers often test for C. difficile despite the absence of diarrhea. In
North American studies, diarrhea has been reported to be absent in up to 39.0% of
patients tested for C. difficile and up to 66.5% of patients diagnosed with CDI (13-17).
Laxative therapy was also documented in up to 50% of patients undergoing testing or
diagnosed with CDI in some studies (13, 14, 16). Furthermore, in some studies, 100% of
patients with positive C. difficile results were treated for CDI whether diarrhea was
present or not (16, 18). Combined with the fact that most cases of nosocomial diarrhea
have a noninfectious etiology (19), current testing practices lead to inappropriate C.
difficile diagnosis and overtreatment. Given that provider education is often insufficient
to improve ordering practice (16), novel interventions are needed to improve appro-
priate C. difficile testing.

In an era of hospital information systems with real-time patient data tracking
capabilities, it is possible to utilize clinical data to verify the presence of clinical testing
criteria in patients undergoing C. difficile testing. The aims of this study were to
implement and evaluate the impact of real-time electronic patient data tracking for
verification of C. difficile testing criteria in hospitalized patients based on the presence
of diarrhea and the absence of laxative intake.

RESULTS

Compliance with the intervention testing criteria. Of the 2,321 C. difficile test
orders received for 1,457 hospitalized patients during the postintervention period,
overall, 16.2% (375 patients) were canceled by the clinical microbiology laboratory for
not meeting the intervention testing criteria, and 7.1% (164) and 9.1% (211) were
canceled due to the absence of diarrhea and to administration of laxative therapy,
respectively (Table 1). Real-time data tracking enabled the laboratory to cancel 84.3%
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FIG 1 Provider and laboratory noncompliance with C. difficile testing criteria during the postintervention
period. The solid blue line shows the fraction of provider test orders not meeting the intervention testing

criteria. The dashed red line shows the fraction of C. difficile test orders not meeting the intervention
testing criteria accepted by the laboratory for testing.

(375) of 445 C. difficile orders not meeting the intervention testing criteria. Laboratory
personnel noncompliance with the intervention testing criteria decreased during the
first three 4-week periods, reaching and remaining at <10%, with the exception of
period 7, which coincided with the Christmas holiday (Fig. 1). In contrast, provider (i.e.,
physician and nurse) noncompliance with the intervention criteria (i.e., order placed
and sample collected despite the patient not meeting the criteria) persisted at 18% on
average and did not improve in trend over the course of the study (Fig. 1).

Impact of intervention. Cancellation of 375 C. difficile test orders not meeting the
intervention testing criteria reduced the accepted test volume by 18.6%. C. difficile test
utilization volume in hospitalized patients decreased between the 14 preintervention
and 4 postintervention periods from an average of 208.8 tests per 10,000 patient-days
(95% confidence interval [Cl], 203.9 to 213.7) to 143.0 tests per 10,000 patient-days (Cl,
140.0 to 146.1; P < 0.001) (Fig. 2A). The HO-CDI rate decreased from an average of 13.0
cases per 10,000 patient-days (Cl, 11.7 to 14.3) during the preintervention period to 9.7
cases per 10,000 patient-days (Cl, 7.3 to 12.0; P = 0.008) after the intervention (Fig. 2B).
Oral vancomycin days of therapy in hospitalized patients decreased from 13.8 per 1,000
patient-days (Cl, 12.2 to 15.4) during the preintervention period to 9.4 per 1,000
patient-days (Cl, 6.4 to 12.5; P = 0.009) during the postintervention period (Fig. 2C).

Clinical outcomes. In 329 patients with 375 episodes of canceled orders (40
patients had 2 or more orders) due to not meeting the intervention testing criteria,
rates for white blood count (WBC) increase to =15,000 cells/ml within 7 days, admission
to an intensive care unit (ICU) within 7 days, and 30-day all-cause mortality were not
significantly different compared with the rates seen with 678 patients with 869 epi-
sodes of accepted orders (130 patients had 2 or more orders) that met the intervention
testing criteria but tested C. difficile-negative (Table 2). The levels of overlap in 30-day
follow-up in duplicate patients were 1.3% and 9.7% of rejected and accepted orders,
respectively. The rate of occurrence of another episode of diarrhea within 7 days was
higher in patients with accepted orders. Similar results were obtained after excluding
patients empirically treated with oral vancomycin and metronidazole and those who
qualified for testing within 24 h of cancellation (see Table S2 in the supplemental
material). In a subanalysis of 356 patients with canceled orders and stool samples
available for C. difficile testing, there were no significant differences in complications
between PCR-positive (n = 53) and PCR-negative (n = 303) patients for diarrhea within
7 days (62.3% [33/53] [Cl, 49.3% to 75.4%] versus 59.4% [180/303] [Cl, 53.9% to 64.9%];
P = 0.76), WBC rise above 15,000 cells/ml within 7 days (10.7% [3/28] [Cl, 0% to 22.2%]
versus 13.2% [23/174] [Cl, 8.2% to 18.2%]; P = 1.00), ICU admission within 7 days (11.3%
[6/53] [Cl, 2.8% to 19.8%] versus 13.5% [41/303] [Cl, 9.7% to 17.4%]; P = 0.83), and
30-day all-cause mortality (11.8% [6/51] [Cl, 3.0% to 20.7%] versus 9.8% [28/285] [CI,
6.4% to 13.3%]; P = 0.61).
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FIG 2 Impact of the intervention on C. difficile test utilization, incidence of HO-CDI, and oral vancomycin
utilization. (A to C) C. difficile test utilization rate in hospitalized patients (A), HO-CDI rate (B), and oral
vancomycin days of therapy (vanco DOT) (C) in hospitalized patients. Dotted lines show average rates
during the preintervention (red) and postintervention (green) periods. Pt, patient; Jan, January; Mar,
March; Jul, July; Sep, September.

Empirical CDI therapy. Empirical oral vancomycin or metronidazole therapy
rates within 24 h of a canceled order in 274 patients whose orders were canceled
as a consequence of not meeting the intervention testing criteria were significantly
different from those seen with 790 patients who met testing criteria but tested C.
difficile negative (1.8% [5/274] [Cl, 0.2% to 3.4%] versus 0.3% [3/1,079] [CI, —0.1% to

0.6%); P = 0.014) (Table 3).

DISCUSSION

We describe implementation of real-time electronic patient data tracking to verify
the presence of clinical diagnostic criteria in patients with C. difficile test orders. Our
institution was able to enforce the recommended case definition for CDI (11) by limiting
C. difficile testing to patients with evidence of diarrhea (i.e,, =3 unformed stools in 24
h) and, additionally, in patients with diarrhea, excluding those with evidence of laxative
intake. Using real-time electronic clinical data tracking, the laboratory reached >90%
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TABLE 2 Clinical outcomes in patients with canceled C. difficile orders

% of patients with indicated outcome (no. of patients with indicated
outcome/total no. of patients), 95% CI?

Canceled orders Accepted orders, C. difficile negative
Clinical outcome (n = 375) (n = 869) P value
Diarrhea in 7 days 63.2 (237/375), 58.3-68.1 73.7 (640/869), 70.7-76.6 <0.001
WBC rise to >15,000 cells/ml in 7 days 12.5 (27/216), 8.1-16.9 13.1 (73/557), 10.3-15.9 0.91
ICU admission in 7 days 13.1 (49/375), 9.7-16.5 10.5 (91/869), 8.4-12.5 0.20
30-day all-cause mortality 10.3 (34/329), 7.0-13.6 8.3 (65/783), 6.4-10.2 0.30

aCanceled-order data represent canceled orders for patients without diarrhea or with laxative intake. Accepted-order data represent accepted orders for patients with
diarrhea and no laxative intake.

compliance with the intervention testing criteria. Given the high frequency with which
patients without diarrhea have been reported to undergo C. difficile testing (13, 14, 16,
17), this achievement has significant implications with regard to the elimination of
unnecessary and misleading testing. The overall effect of our intervention was a
significant decrease in health care-onset health care facility-associated CDI (HO-CDI)
rates and vancomycin utilization without a significant increase in CDI-related compli-
cations in patients with tests canceled for not meeting the intervention testing criteria.
Studies indicate that 4.4% to 21% of hospitalized patients are asymptomatically colo-
nized with toxigenic C. difficile (3-10, 30). Given the inability of C. difficile diagnostics to
distinguish between asymptomatic carriage and disease state, our intervention repre-
sents an important step toward reducing CDI overdiagnosis and lowering the inflated
HO-CDI rates.

The intervention described in this study is complementary to prior interventions
shown to reduce HO-CDI rates (20, 21) and is independent of the diagnostic method
used for testing. It is also an alternative approach to the multistep testing algorithms
recommended by the European guidelines, which do not require three unformed stools
but instead base treatment on detection of C. difficile toxins in stool of symptomatic
patients (12). Although we educated providers regarding the pending intervention, a
fraction of the members of the population of physicians and nursing staff were
noncompliant with the intervention testing criteria and the provider compliance rate
did not improve over the course of study. This is consistent with a prior study that
showed that nurse and physician education alone is insufficient for reducing inappro-
priate C. difficile testing and treatment in patients without diarrhea (16). This finding
underscores the importance of enforcement of the criteria via electronic data tracking.
Although our intervention was effective, it did require manual interpretation of the
electronic data tracking report, which took approximately 90 s per order, and manual
enforcement of testing criteria. Manual handling is prone to human error and subject
to noncompliance as is evident by the spike in the laboratory noncompliance rate
during the Christmas holiday, when the laboratory is typically short staffed. Planned
immediate improvements to our intervention include automation of enforcement of

TABLE 3 Analysis of empirical anti-C. difficile therapy given to patients within 24 h of order cancellation or test result

% (no.) of patients with indicated outcome, 95% Cl

Accepted orders

Canceled orders C. difficile negative C. difficile positive
Therapy (n = 274) (n = 790) P value (n = 103) P value
Vancomycin 1.8 (5), 0.2-3.4 0.1 (1), —0.1-0.4 0.005 41.7 (43), 32.2-51.2 <0.001
Metronidazole 0.7 (2), —0.3-1.7 0.1 (1), —0.1-0.4 0.17 68.9 (71), 60.0-77.8 <0.001
Vancomycin or metronidazole 1.8 (5), 0.2-3.4 0.3 (2), —0.1-0.6 0.014 96.1 (99), 92.5-99.9 <0.001

aCanceled-order data represent canceled orders for patients without diarrhea or with laxative intake after excluding patients who qualified for testing within 24 h of
cancellation and patients who were on any empirical therapy within 24 h before cancellation. Accepted-order data represent accepted orders for patients with
diarrhea and no laxative intake after excluding C. difficile-negative and C. difficile-positive patients who were on any empirical therapy within 24 h before resulting. P
values are for comparisons to canceled orders.
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the criteria during electronic order entry. Electronic alerts have previously been shown
to be effective for reducing unnecessary C. difficile repeat testing (22, 23).

The reduction in HO-CDI incidence is likely to have significant antibiotic stewardship
and health economic benefits, although the comprehensive measurement of these
effects was beyond the scope of this study. A significant decrease in vancomycin
utilization was observed during the postintervention period despite the finding of
higher rates of empirical therapy in patients with canceled orders than in those with
negative results, which reflects reduced testing of patients not meeting the interven-
tion testing criteria. The decrease in vancomycin usage has implications for the spread
of antibiotic-resistant organisms such as vancomycin-resistant enterococcus, which has
been shown to be associated with high vancomycin usage in health care settings (24,
25). Reducing vancomycin usage may avert selection and spread of antibiotic-resistant
organisms. Reducing unnecessary antibiotic therapy should also prevent disruption of
gut microbiota (26), which is important for gut homeostasis and health (27). The
decrease in HO-CDI rates also has health economic benefits. Over the past decade,
many North American hospitals, including ours, have switched from C. difficile toxin-
based immunoassays to highly sensitive stand-alone nucleic acid amplification tests
(NAAT) for their ability to confidently rule out CDI (28, 29). However, NAAT testing has
resulted in higher CDI diagnosis rates (28), now threatening to trigger penalties in the
framework of value-based Medicare reimbursement. Many hospitals are currently
searching for strategies to reduce recorded HO-CDI rates in order to avoid penalties and
a bad reputation associated with public reporting. The reduction in HO-CDI incidence
achieved at our hospital by avoiding detection of colonized patients may be sufficient
to avoid the Medicare reimbursement penalty, and adoption of our intervention may
assist other institutions seeking to reduce their HO-CDI rates.

The findings of this study are promising, but we acknowledge several limitations.
First, the preintervention/postintervention design could have influenced the outcomes
attributed to the intervention. However, no other interventions, hospital directives,
diagnostic modifications, or documented changes in hand hygiene compliance, envi-
ronmental cleaning service compliance, or isolation compliance that could explain the
study findings was introduced over the study period. There was also no change in
non-CDI antibiotic use. Second, the intervention was evaluated at a single institution.
Validation of the intervention at multiple centers is needed to confirm our findings.
Third, it was assumed that nurses accurately reported bowel movement consistency.
The fact that 5.6% of stool samples sent to the laboratory were formed suggests that
the documentation of unformed stool in electronic health records (EHR) might have
been inflated, leading to overqualification of patients for testing. Further efforts to
improve accurate documentation by nursing staff members may result in a further
reduction of unwarranted testing. Fourth, the subanalysis of C. difficile-related compli-
cations in patients with canceled orders was underpowered. Longer follow-up is
needed to confirm the initial findings. Fifth, other approaches not requiring real-time
data tracking were not assessed in this study. For example, although the procedure
would be laborious, antibiotic stewardship staff members might be able to assess
patients with C. difficile test orders and cancel inappropriate tests while educating
nursing staff members. Last, the impact of our intervention on compliance with the
testing criteria could not be directly compared to the results from the preintervention
period as electronic tracking of bowel movement data was not previously available.
However, using manual chart review, we have shown that 66.6% of patients with
positive C. difficile results at our institution did not have diarrhea and that half had
received laxatives (14). Therefore, the compliance achieved with the intervention
testing criteria is highly significant in benchmarking against our historical data and was
likely the result of reduced provider C. difficile ordering in nondiarrhea patients and
laboratory cancellation of orders in patients that did not meet testing criteria.

In summary, real-time electronic patient data tracking is an effective tool for
verification of C. difficile clinical testing criteria, resulting in reductions in inflated
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HO-CDI rates and vancomycin utilization. Real-time electronic data tracking may have
a broader application for appropriate utilization of diagnostics and therapeutics.

MATERIALS AND METHODS

Study design. We conducted a quasiexperimental study to evaluate the efficacy of electronic patient
data tracking to enforce the intervention testing criteria and to evaluate the impact on C. difficile test
utilization, CDI rates, antibiotic utilization, and clinical outcomes. Clinical outcomes were evaluated
during the first 48 weeks of postintervention (12 4-week periods), while the other outcomes were
compared between preintervention (14 3-month periods) and postintervention (4 3-month periods). The
study population included consecutive adult patients hospitalized at Stanford Hospital.

Ethics. This study was approved by the Stanford University Internal Review Board. A waiver of the
informed consent requirement was obtained for the use of discarded stool samples.

Definitions. A CDI case was considered a health care-onset health care facility-associated (HO-CDI)
case per the National Healthcare Safety Network (NHSN) definition if unformed stool first tested positive
for toxigenic C. difficile on or after the fourth day after admission. Intervention criteria for permitting C.
difficile testing included the presence of diarrhea (i.e., 3 or more unformed stools in 24 h) and the absence
of laxative intake during the 48 h prior to testing.

Intervention. (i) Real-time data tracking. Stanford Health Care uses Epic electronic health record
(EHR) software. A dropdown menu was built in Epic for non-free text documentation of stool occurrence
and consistency (e.g., formed/solid, unformed/liquid, and mucus) in a formatted field. Between May 2015
and June 2015, nursing staff members were educated on using the new dropdown menu to document
bowel movements at least once per shift in hospitalized patients and their compliance was documented
and monitored (data not shown). Next, a real-time data tracking report, here referred to as the C. difficile
Testing Criteria Report, was developed in Epic to show the date and time of bowel movement
occurrences, stool consistency, and laxative administration, as well as the presence of a rectal tube where
appropriate (see Fig. S1 in the supplemental material). The report documents the exact times that bowel
movements were documented; however, a nurse may choose to report a sum number. Laxatives were
defined as those classified under the “laxatives” and “laxatives and cathartics” drug classes in Epic (Table
S1). The stool softener docusate was not considered a laxative. Between May 2015 and June 2015,
laboratory staff members were trained with respect to viewing and interpreting the C. difficile Testing
Criteria Report, which is generated automatically when the patient’s chart is opened. The report can be
viewed per 24 h, per 8 h, or per entry.

(ii) C. difficile testing criteria. The Stanford Health Care clinical laboratory rejects formed stool
samples, with the exception of those from patients with ileus and megacolon, data concerning which
have to be communicated to our laboratory by their provider. With the assistance of an existing
electronic alert (22), the laboratory also rejects repeat C. difficile orders within a 7-day interval. Starting
on 22 June 2015, laboratory technologists used the C. difficile Testing Criteria Report to reject C. difficile
orders from hospitalized patients with <3 unformed stools (excreted mucous was considered to
represent unformed stool) in 24 h and in patients that received a laxative in the 48 h prior to stool
collection. This step took approximately 90 s per order. When criteria for testing were not met, the order
was canceled and the provider was notified. The intervention criteria were not applied to patients
hospitalized less than 24 h prior to stool collection or to patients with a rectal tube and ostomy.
Physicians could verbally request overriding of the criteria in patients with diarrhea and laxative intake
and patients with ileus and megacolon. Rollout of the intervention was communicated to physicians and
nurses between May 2015 and June 2015.

Laboratory testing. (i) C. difficile assay. Stool samples were tested for toxigenic C. difficile using the
GeneXpert C.diff tcdB PCR assay (Cepheid, Sunnyvale, CA). Testing was performed according to package
insert instructions. Stool samples not meeting the intervention testing criteria were tested using this
assay, but results were not reported in the EHR or to the ordering physician.

(ii) Data analysis. A daily EHR report and manual chart review were used to evaluate the compliance
of laboratory staff with the intervention testing criteria. Between 22 June 2015 and May 22, 2016 (the first
48 weeks of postintervention), laboratory and provider noncompliance with the testing criteria was
analyzed per 4-week period for a total of 12 4-week periods. During the same postintervention period,
the clinical outcomes of patients with canceled orders due to their not meeting the intervention testing
criteria were compared with those of patients who met the criteria but tested C. difficile negative. Within
the former group, outcomes were also compared between C. difficile-positive and C. difficile-negative
patients. The following outcomes were measured using an EHR report: development of diarrhea
documented by nursing per intervention criteria within 7 days of cancellation or testing; WBC rise to
=15,000 cells/ml within 7 days of cancellation or testing; admission to ICU within 7 days of cancellation
or testing; and 30-day all-cause mortality. We also analyzed empirical therapy with oral vancomycin and
oral or intravenous metronidazole directed at C. difficile (via chart review for metronidazole) up to 24 h
after test cancellation compared with completed orders. Patients who qualified for testing within 24 h
of cancellation and patients receiving any empirical therapy within 24 h prior to cancellation or test
results were excluded from analysis. Between 1 January 2012 (14 preintervention 3-month periods) and
30 June 2016 (4 postintervention 3-month periods), the C. difficile test utilization rate in hospitalized
patients, HO-CDI incidence, and oral vancomycin days on therapy in hospitalized patients were analyzed
per 3-month period. Postintervention rates (4 periods) were compared to preintervention rates (14
periods).

(iii) Statistical analysis. The Mann-Whitney one-sided test was used to analyze preintervention/
postintervention HO-CDI and utilization rates. The Fisher's exact test was used to analyze differences
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between proportions. This study was powered at 80% to detect a difference of at least 2.3% for each
individual outcome between canceled orders and accepted C. difficile-negative orders based on inter-
vention testing criteria at an expected 13.1% or higher complication rate and on baseline data from our
institution, assuming 2,000 C. difficile orders with 70% meeting the intervention criteria for cancellation
or acceptance and 30% automatically accepted (patients hospitalized for less than 24 h and patients with
a rectal tube and ostomy) or rejected (formed stool and repeat test within a 7-day period) for other
reasons, a negativity rate of 85%, and a 40% cancellation rate (13, 16, 17). The statistical software
packages GraphPad Prism 5.0 and R 3.2.3 were used for all analyses. A type 1 error rate of 5% was used
in all statistical tests.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/
JCM.02319-16.

SUPPLEMENTAL FILE 1, PDF file, 0.5 MB.
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