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Abstract

Background—Few data suggest that Clostridioides difficile infections (CDIs) detected by toxin
enzyme immunoassay (EIA) are more severe and have worse outcomes than those detected by
nucleic acid amplification tests (NAATS) only. We compared toxin-positive and NAAT-positive-
only CDI across geographically diverse sites.

Methods—A case was defined as a positive C. difficiletest in a person =1 year old with no
positive tests in the prior 8 weeks. Cases were detected during 2014-2015 by a testing algorithm
(specimens initially tested by glutamate dehydrogenase and toxin EIA,; if discordant results,
specimens were reflexed to NAAT) and classified as toxin positive or NAAT positive only.
Medical charts were reviewed. Multivariable logistic regression models were used to compare
CDI-related complications, recurrence, and 30-day mortality between the 2 groups.
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Results—Of 4878 cases, 2160 (44.3%) were toxin positive and 2718 (55.7%) were NAAT
positive only. More toxin-positive than NAAT-positive-only cases were aged =65 years (48.2% vs
38.0%; P<.0001), had =3 unformed stools for =1 day (43.9% vs 36.6%; P < .0001), and had
white blood cell counts =15 000 cells/uL (31.4% vs 21.4%; £ < .0001). In multivariable analysis,
toxin positivity was associated with recurrence (adjusted odds ratio [aOR], 1.89; 95% confidence
interval [CI], 1.61-2.23), but not with CDI-related complications (aOR, 0.91; 95% ClI, .67-1.23)
or 30-day mortality (aOR, 0.95; 95% ClI, .73-1.24).

Conclusions—Toxin-positive CDI is more severe, but there were no differences in adjusted
CDI-related complication and mortality rates between toxin-positive and NAAT-positive-only CDI
that were detected by an algorithm that utilized an initial glutamate dehydrogenase screening test.
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Clostridioides difficile (formerly Clostridium difficile) infection (CDI), a toxin-mediated
disease, has increased in incidence over the past 2 decades to become the most common US
healthcare-associated infection [1], resulting in an estimated 453 000 infections in 2011 [2].
Between 2010 and 2014, CDI-related hospitalizations increased by 15.7% [3]. Increased
CDI incidence and severity may be largely explained by the epidemic strain, ribotype 027,
that emerged in the early 2000s [4-6]. Another virulent strain, ribotype 078, has been
identified mostly in Europe and is associated with serious infections, similar to ribotype 027
[7,8].

Early in the ribotype 027 epidemic, cases of severe CDI missed by toxin assays and
advances in assay development led to the introduction of nucleic acid amplification tests
(NAATS), which are highly sensitive for C. difficile toxin gene detection [9-12]. Although
recent evidence suggests that neither the detectable presence of toxin nor the level of toxin
can distinguish C. difficile infection from colonization [13, 14], NAAT may be more likely
than toxin assays to detect colonization than active infection, since it detects only the
presence of the toxin gene rather than the toxin. Some studies have found that toxin-positive
CDIs are more severe and have worse outcomes than NAAT-positive-only CDI [15-20],
suggesting that reliance on NAAT diagnostic testing might lead to the overdiagnosis of CDI,
which could result in unnecessary antibiotic treatment, with disruptive effects on
gastrointestinal microbial communities, thereby increasing CDI risk [21]. However, most of
the studies comparing toxin and NAAT testing were single-center studies that did not adjust
for underlying comorbidities or other potential confounders. One multisite study only
detected a difference in mortality outcome in univariate analysis and may have been
underpowered to detect a difference in multivariable analysis [20]. Therefore, we sought to
conduct a large multisite analysis to compare the clinical course and outcomes of toxin-
positive and NAAT-positive-only patients located across diverse geographical areas.
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METHODS

CDI Surveillance and Case Definition

Active population-based CDI surveillance is conducted by the Centers for Disease Control
and Prevention’s (CDC) Emerging Infections Program (EIP) in 10 US sites [22]. Seven of
the 10 EIP sites (California, Colorado, Georgia, Maryland, New Mexico, New York, and
Tennessee) participated in this analysis. This project underwent ethical review by the CDC
and participating EIP sites and their institutional review boards as applicable and was
deemed nonresearch by all parties.

Laboratories serving the surveillance catchment areas reported all positive C. difficile tests
performed during routine clinical care. An incident CDI case was defined as a positive C.
difficile stool specimen from a person =1 year old who had no positive tests in the prior 8
weeks. For this analysis, we included only cases detected from 23 laboratories that utilized
the following diagnostic testing algorithm (Figure 1): Specimens were first tested using an
enzyme immunoassay (EIA) to simultaneously assess for glutamate dehydrogenase (GDH)
and toxin (Techlab C. Diff Quik Chek Complete); specimens positive for both GDH and
toxin were considered positive for C. difficile, and specimens negative for both were
considered negative for C. difficile and not tested further. Specimens discordant for GDH
and toxin were further tested by NAAT and were considered positive for C. difficile if NAAT
was positive, and negative for C. difficile if NAAT was negative. Based on the testing
algorithm results, cases were classified as either toxin positive or NAAT positive only.

Data Collection

An initial records review was performed to collect demographic data and the date and
location of stool collection on all CDI cases in 5 EIP sites and on a random sample of cases
in 2 EIP sites (Colorado and Georgia) with the largest surveillance populations. Cases were
considered community onset if the C. difficile-positive stool was collected as an outpatient
or within 3 days of hospital admission. All other cases were considered healthcare facility
onset.

A subsequent comprehensive chart review was performed on all community-onset cases and
a random 10% sample of healthcare facility-onset cases to collect the following information:
underlying comorbidities; relevant healthcare and medication exposures; hospitalization at
the time of or within 7 days of CDI diagnosis; documentation of diarrhea (including
“clinically significant diarrhea,” defined as =3 unformed stools for >1 day); CDI-related
complications (defined as toxic megacolon, ileus, colectomy, or admission to the intensive
care unit [ICU] on the day of or following CDI diagnosis); CDI treatment; and occurrence of
a first recurrent episode (defined as the first positive stool test between 2 and 8 weeks
following the initial positive test). The occurrence of death up to 90 days following CDI
diagnosis was obtained from the state death registries.

Community-onset cases were further classified as community associated if there was no
documentation in the medical record of an overnight stay in a healthcare facility in the
preceding 12 weeks. All other community-onset cases and health-care facility-onset cases
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were classified as healthcare-associated CDI (includes hospital-onset and long-term care
facility-onset cases).

Isolate Collection

Stool specimens from a subset of cases were submitted to the Edward Hines Jr Veterans
Affairs Hospital for C. difficile culture. Recovered isolates underwent strain typing at CDC
using capillary-based polymerase chain reaction ribotyping; results were analyzed against a
library of standard profiles using BioNumerics. The proportion of strains that were ribotype
027 and 078 was compared between toxin-positive and NAAT-positive-only patients.

Statistical Analysis

We included all cases with a comprehensive medical record review. Descriptive statistics and
unadjusted odds ratios were used to summarize the variables of interest. The 2 test and
Fisher exact test (where applicable) were used to compare crude results between toxin-
positive and NAAT-positive-only cases. Kaplan-Meier curves were used to show the time to
death up to 90 days following CDI diagnosis for both groups.

Separate multivariable logistic regression models adjusting for potential confounders—
specifically age, sex, race, Charlson comorbidity index, epidemiologic classification, and
receipt of oral vancomycin within 3 days of CDI diagnosis—were used to calculate adjusted
odds ratios (aORs) to compare toxin-positive and NAAT-positive-only cases for each of the
following outcomes: CDI-related complications (defined as above), CDI recurrence (defined
as above), and death within 30 days. For the outcome of recurrence, we also adjusted for
history of CDI in the prior 6 months. Interaction between epidemiologic classification
(community associated vs healthcare associated) and test type was assessed in each
multivariable model. Missing race (11.4% of cases) was imputed based on the distribution of
known race by age, sex, epidemiologic classification, and EIP site.

Among cases with a recurrent episode, the proportion of each test type for first recurrent
episode was compared between toxin-positive and NAAT-positive-only cases.

SAS statistical software version 9.4 (SAS Institute, Cary, North Carolina) and a = .05 were
used for all analyses.

RESULTS

Of 4878 CDI cases with a comprehensive medical record review, 61.0% were female, and
42.5% were aged =65 years. The median number of cases per EIP site was 478 (range, 67—
1544), with the largest percentages of cases reported from New York (31.7%), New Mexico
(28.4%), and California (16.4%) (Table 1). Overall, 2160 (44.3%) were toxin positive, and
2718 (55.7%) were NAAT positive only. Toxin-positive cases were more likely than NAAT-
positive-only cases to be white (73.3% vs 68.4%; P < .0001), =65 years old (48.2% vs
38.0%; P<.0001), and classified as healthcare associated (44.1% vs 35.4%; P < .0001).

A larger percentage of toxin-positive than NAAT-positive-only cases had prior
hospitalization (39.7% vs 31.8%; P < .0001), long-term acute-care hospitalization (0.7% vs
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0.2%; P=.02), long-term care facility stay (8.7% vs 5.2%; P < .0001), and surgery (16.5%
vs 13.0%; P =.0005) in the 12 weeks preceding their CDI diagnosis (Table 2). Toxin-
positive cases were also more likely than NAAT-positive-only cases to have had antibiotic
use in the preceding 12 weeks (80.3% vs 65.4%; P<.0001).

Among cases with data available, 1853 of 2099 (88.3%) toxin-positive vs 2269 of 2636
(86.1%) NAAT-positive-only cases had documentation of diarrhea (P=.02); a greater subset
of toxin-positive than NAAT-positive-only cases had =3 unformed stools for >1 day
(813/1853 [43.9%] vs 831/2269 [36.6%]; P < .0001). Toxin-positive cases were also more
likely than NAAT-positive-only cases to have endoscopic or histologic evidence of
pseudomembranous colitis (9/86 [10.5%] vs 2/130 [1.5%]; £ =.008), white blood cell
(WBC) count 215 000 cells/uL (483/1539 [31.4%] vs 423/1978 [21.4%]; P< .0001), and
albumin <2.5 g/dL (333/1207 [27.6%] vs 358/1511 [23.7%]; P=.02) (Table 2). There was
no difference in frequency of hospitalization at the time of or within 7 days of CDI diagnosis
between toxin-positive and NAAT-positive-only community-onset cases (47.7% vs 50.4%; P
=.07; Table 2).

Among cases with data available, CDI treatment was administered to 1985 of 2055 (96.6%)
toxin-positive vs 2442 of 2563 (95.3%) NAAT-positive-only cases (P =.03). Oral
vancomycin was administered within 3 days of CDI diagnosis in 33.6% of toxin-positive
cases vs 30.8% of NAAT-positive-only cases (P=.05). Among those with WBC count =15
000 cellpL, receipt of oral vancomycin was more common in toxin-positive than NAAT-
positive-only cases (56.7% vs 45.4%; P =.0008).

Recurrent infection was more frequent among toxin-positive than NAAT-positive-only cases
(20.6% vs 11.4%; P<.0001) (Table 2). However, there were no differences in unadjusted
CDI-related complication and 30-day mortality rates. Unadjusted Kaplan-Meier curves of
time to death were similar between the 2 groups (Figure 2). In multivariable analysis, only
the outcome of CDI recurrence was significantly associated with toxin positivity (aOR, 1.89;
95% confidence interval, 1.61-2.23; Table 3). We performed a sensitivity analysis on the
subset of cases with clinically significant diarrhea (=3 unformed stools for =1 day) and also
found that only CDI recurrence remained significantly associated with toxin positivity. We
also stratified by onset of disease (ie, analyzed healthcare facility-onset cases separately
from community-onset cases) and found the same results.

We sought to understand whether a toxin-positive vs NAAT-positive-only recurrence was
associated with a toxin-positive incident case. Of 756 incident cases with recurrent disease,
679 (89.8%; 391 toxin positive, 288 NAAT positive only) had their recurrent episode
diagnosed at a laboratory that utilized a toxin EIA, and 77 (10.2%; 54 toxin positive, 23
NAAT positive only) either had no information available on the diagnostic test used for their
first recurrent episode or their recurrent episode was diagnosed at a NAAT-only laboratory.
Among these 679 incident cases for which a toxin-positive vs NAAT-positive-only
recurrence could be determined, 279 of 391 (71.4%) toxin-positive incident cases vs 95 of
288 (33.0%) NAAT-only incident cases had a toxin-positive recurrence (P < .0001).
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Isolates were available for 282 (13.1%) toxin-positive cases and 323 (11.9%) NAAT-
positive-only cases. Of the total 605 isolates, 59 were ribotype 027, and 14 were ribotype
078. A significantly higher proportion of toxin-positive cases (20.6% [n = 58]) than NAAT-
positive-only cases (4.6% [n = 15]) were associated with ribotype 027 or 078 (P < .0001).
Toxin EIA detected 79.5% of strains that were either ribotype 027 or 078 vs 42.1% of all
other strain types (£ < .0001).

DISCUSSION

To our knowledge, this is the largest multisite study to date to compare relevant exposures,
clinical and molecular characteristics, and outcomes between toxin-positive and NAAT-
positive-only CDI. We found that toxin positivity was significantly associated with prior
antibiotic exposure and inpatient and long-term care facility stays. The clinical presentation
of toxin-positive patients was more severe by some markers, although toxin positivity was
not associated with CDI-related complications. Notably, toxin-positive infections were
associated with more virulent C. difficile strains and were more likely to recur as toxin-
positive again. However, there was no difference in 30-day all-cause mortality between
toxin-positive and NAAT-positive-only patients, even after adjusting for several potential
confounders.

Several of our findings are consistent with prior studies [15-20] and support the growing
evidence that patients who are NAAT positive only might have milder infections and may be
more likely to be colonized than toxin-positive patients. We found that NAAT-positive-only
patients were significantly less likely to have traditional CDI risk factors, such as prior
antibiotic use and recent inpatient healthcare exposures. NAAT-positive-only patients were
also less likely to have clinically significant diarrhea and severe disease compared to toxin-
positive patients, as demonstrated by fewer cases with markedly elevated WBC count and
fewer diagnoses of pseudomembranous colitis. In addition, we found NAAT-positive-only
patients were less likely to have recurrent infection. Conversely, toxin-positive patients were
more likely to recur with toxin-positive disease again, suggestive of a relapse caused by the
same, more virulent strain, although a new infection by another strain is not excluded.

Despite the aforementioned findings, there were no differences in CDI-related complication
rates between the 2 groups.

This could be partly due to the overall rarity of toxic megacolon and colectomy, especially in
patients treated early in the course of their infections. Comparably low rates of CDI-related
complications have been previously described, with no differences observed between toxin-
positive and NAAT-positive-only patients [16, 19, 23, 24], despite the higher WBC count
observed among toxin-positive patients [16, 19]. In contrast, one study found a significant
difference in crude rates of CDI-related complications, where 7.6% of toxin-positive patients
had a colectomy, toxic megacolon, or an ICU admission related to CDI, compared to none of
the NAAT-positive-only patients [18].

Importantly, we did not find a difference in adjusted 30-day all-cause mortality between
toxin-positive and NAAT-positive-only patients. There were also no differences in adjusted
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60- and 90-day mortality (data not shown) or in the 90-day survival curves. Almost all of the
previous studies that compared mortality rates between these 2 groups did not adjust for
potential confounders and have reported conflicting results, with some observing a higher
14- or 30-day all-cause or CDI-related mortality in toxin-positive patients [15, 17, 18], a
higher 1-year mortality but not 30-day mortality in toxin-positive patients [16], or no
differences in mortality rates [23-27]. Of the few studies that adjusted for potential
confounders, one was a single-center study that found a NAAT-positive-only result was
independently associated with reduced 30- and 90-day mortality [19]. Another multisite
study found a higher 30-day mortality rate among 435 toxin-positive vs 207 cytotoxigenic
culture-positive-only patients (comparable to NAAT-positive only) in univariate analysis, but
not after adjusting for age, disease severity, and study site [20]; the lack of a significant
finding in multivariable analysis has been partly attributed to the study’s small sample size
[28]. We included 7 times more patients than the other multisite study, found several factors
among toxin-positive patients that have previously been associated with poor outcomes
(greater frequency of elevated WBC count and ribotype 027 strain) [29, 30], and adjusted for
additional important confounders, including underlying comorbidities. The fact that we did
not find a significant difference is surprising but might reflect some effect on mortality in
NAAT-positive-only patients from receipt of unnecessary CDI treatment [31, 32], given that,
in contrast to other studies [18, 20], most patients in our study did receive treatment. The
lack of a difference in mortality and complication rates might also be due to a relatively
lower prevalence of ribotype 027 during this study period compared to prior periods (9.8%
during 2014-2015 vs 28.4% during 2009-2011 [30]). In addition, there might be better
management of toxin-positive severe disease (ie, WBC =15 000 cells/uL), where more toxin-
positive patients with elevated WBC count received oral vancomycin therapy compared to
NAAT-positive-only patients.

Although consistent with other studies [18, 25, 26], our finding of more toxin-positive than
NAAT-positive-only CDI being associated with ribotypes 027 and 078 has not been widely
recognized. We found that toxin EIA was more likely to detect these ribotypes than other
strains, likely due to the increased toxin production associated with these virulent strains. A
previous study found that the sensitivity of toxin EIA can vary greatly by strain type and that
its sensitivity is highest for ribotype 027 (78.4%), whereas strain type has less impact on the
sensitivity of NAAT [33], likely due to the fact that NAAT detects the toxin gene rather than
toxin production. This finding may have important implications for facilities reporting CDI
rates and national burden estimates, where having some knowledge about the prevalence of
different strain types could improve our ability to adjust CDI data for test type (toxin EIA vs
NAAT).

Our evaluation had several limitations. We could not control for the effect of CDI treatment
on outcomes. Since almost all patients were treated, we cannot draw any conclusions on the
need for CDI treatment in NAAT-positive-only patients. However, we were able to control
for the type of treatment received (ie, vancomycin vs metronidazole), although the inclusion
of treatment received did not affect the results from the multivariable model (data not
shown). We did not have information on the cause of death and therefore could not
determine the proportion of deaths that were attributable to CDI. Among patients with CDI
recurrence, 54 toxin-positive and 23 NAAT-positive-only patients could not be assessed for
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whether their recurrent episode was toxin positive or NAAT positive only. However, even if
we assumed these patients had opposite test results during recurrence, we would still find
that toxin-positive CDI is more likely to recur as toxin positive again. In addition, missing
data due to incomplete documentation in medical charts might have limited our ability to
detect an association for some variables. We also did not account for facility testing practices
(eg, if alternative causes of diarrhea, such as laxative use, were excluded before CDI testing)
that could have impacted the number of potentially colonized patients included in our
analysis. Last, few isolates were available from only 12% of all patients, but this was
sufficient to detect an association between toxin positivity and more virulent strains.

In conclusion, our results provide new data on the differences in patients who are diagnosed
with one of the guideline-recommended toxin-containing algorithms that specifies NAAT
testing only to resolve discordant GDH and toxin EIA results [28]. Although toxin EIA
appears to capture more severe disease that is more likely to recur, at least as presently
diagnosed, there were no differences in adjusted rates of CDI-related complications and
mortality between toxin-positive and NAAT-positive-only CDI. In addition, the low rate of
documented clinically significant diarrhea in this analysis suggests that inappropriate testing
may be common, highlighting the need for better diagnostic stewardship practices. CDI
treatment is not without harm and can result in microbiome disruption; regardless of which
test is used, the decision to test and treat should take into consideration the patient’s clinical
presentation and risk factors. Further advances in CDI diagnostic assays are needed to help
determine which patients are likely to experience net benefit from CDI treatment.
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Figure 1.
Clinical laboratory diagnostic testing algorithm for Clostridioides difficile infection (CDI).

The first step of the testing algorithm consisted of a combined glutamate dehydrogenase
(GDH) and toxin enzyme immunoassay (EIA). Specimens positive for both GDH and toxin
EIA were considered CDI positive and were reported to Emerging Infections Program (EIP)
sites. Specimens negative for both GDH and toxin EIA were considered CDI negative and
were not reported to EIP sites. Specimens with discordant GDH and toxin results were
reflexed to nucleic acid amplification tests (NAATS). Discordant specimens positive by
NAAT were considered CDI positive and were reported to EIP sites. Data regarding the
discordant GDH/toxin results (ie, whether cases were GDH positive/toxin negative or GDH
negative/toxin positive) were available for 83.9% of these cases (see footnote b). Discordant
specimens negative by NAAT were considered CDI negative and were not reported to EIP
sites. 2Since only CDI-positive results were reported to EIP sites, the total number of
patients initially tested by GDH and toxin EIA and the total number of patients who tested
negative at each step of the algorithm were not available. PA total of 2730 discordant GDH/
toxin cases had a positive NAAT result; 2290 (83.9%) had data available regarding the
results of the GDH/toxin EIA testing, and 440 (16.1%) did not. Of the 2290 cases with data
available, 2278 (99.5%) were GDH positive/toxin negative and 12 (0.5%) were GDH
negative/toxin positive. ©22718 GDH-positive/toxin-negative/NAAT-positive cases were
classified as NAAT positive only for the analysis. Of these, 2278 were confirmed as GDH
positive/toxin negative and 440 were assumed to be GDH positive/toxin negative. We made
this assumption based on the increased sensitivity of GDH over toxin EIA and the fact that
99.5% of discordant cases with known GDH/toxin testing results were GDH positive/toxin
negative. 9Twelve cases were GDH negative/toxin positive/NAAT positive; although
extremely rare, the negative GDH in these cases might represent a false-negative result.
These cases were classified as toxin-positive CDI cases for the analysis.
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Figure 2.
Unadjusted Kaplan—Meier curves of time to death for toxin-positive and nucleic acid

amplification test-positive-only Clostridioides difficile infection (CDI) cases. Time to death
was followed for up to 90 days following CDI diagnosis for all cases. Abbreviation: NAAT,
nucleic acid amplification test.
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