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ABSTRACT Clostridium difficile is a major contributor to morbidity and mortality in
the United States. Methods for identifying the organism in stool include molecular
platforms, enzyme immunoassays (ElAs) for toxin, and culture. Controversy persists
over whether molecular tests are too sensitive at identifying C. difficile, and there are
questions about how additional laboratory information could inform clinical man-
agement and reduce over treatment. The aim of this study was to assess whether
clinical factors are related to the toxin status of patients and whether information
about toxin status could potentially inform clinical management of patients. A total
of 201 PCR-positive C. difficile stool samples from adult patients at our institution
underwent EIA toxin testing. Clinical and laboratory data were collected, and the
percentage of PCR-positive/EIA-positive (PCRT/EIAT) patients and PCR* and EIA-
negative (PCR*/EIA~) patients was calculated. Of the 201 samples, 47% were EIA
positive and 53% were EIA negative. Although PCR*/EIA* patients were more likely
to have had a prior C. difficile infection (P = 0.015), there was no statistical differ-
ence between the additional data collected that correlated with a positive EIA result.
We were unable to show that patients with an EIA* result had worse clinical param-
eters than those with EIA~ results and concluded that establishing a testing algo-
rithm that included both PCR and EIA testing would not change the clinical man-
agement of patients at our hospital.
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lostridium difficile, the causative agent for antimicrobial-associated diarrhea, colitis,

and pseudomembranous colitis, is @ major contributor to morbidity and mortality
in the United States. The CDC reports that it caused half a million infections in the
United States in 2011, with attributable costs as high as $4.8 billion for acute care
facilities alone (1, 2). Since 2000, there has been a marked increase in C. difficile
infections and mortality attributed to both newer hypervirulent strains and changes in
testing from less sensitive enzyme immunoassays (EIA) to more sensitive nucleic acid
amplification test (NAAT) methods (3-7). Specifically, there was a greater than 50%
increase in C. difficile infection incidence with hospitals that switched from EIA testing
to NAAT (5, 8).

It is important, however, that only toxin-producing strains of C. difficile cause
infections but the presence of toxin-producing C. difficile does not equate to diarrheal
disease. It has been estimated that up to 7 to 15% of healthy adults are colonized with
toxigenic C. difficile, with higher rates among residents in long-term-care facilities
(9-11). The patient’s endogenous microbiota must be disturbed, which is usually
accomplished through various antimicrobial agents, in order for C. difficile to proliferate
(12, 13). In addition, the sequelae of C. difficile infections are variable, with a wide
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variation in symptomatology depending on various host/pathogen factors. Infection
can vary greatly from asymptomatic carriage to toxic megacolon and even death.
Therefore, the presence of toxigenic C. difficile strains as detected by molecularly based
tests does not necessarily translate to C. difficile-associated diarrhea. This point is
especially important in hospitalized individuals who may have other etiologies for their
diarrheal disease.

Diagnosis of C. difficile infection (CDI) is a clinical one, with appropriate signs and
symptoms supported by testing for the toxigenic strain of the organism. There are
several methods for testing for the toxigenic strains of C. difficile, including molecular
tests for toxin-producing genes, ElAs for toxin antigen, and culture. Recently, many
studies have shown that molecular platforms may be too sensitive, detecting toxigenic
C. difficile colonization rather than actual disease (8, 14, 15, 16).

New recommendations in the 2017 update by the Infectious Diseases Society of
America (IDSA) and Society for Healthcare Epidemiology of America (SHEA) propose
three testing strategies when there are no preagreed institutional criteria for patient
stool submission: glutamate dehydrogenase (GDH) plus a toxin EIA, GDH plus a toxin
EIA arbitrated by an NAAT, or NAAT plus a toxin EIA rather than an NAAT alone (19). The
recommendations state that NAAT may be use alone if there are preagreed institutional
criteria such as rejecting samples from patients who are on laxatives and testing stool
specimens only from patients with new-onset, unexplained diarrhea, defined as =3
unformed stools in 24 h (19).

We started our study prior to the new recommendations with the intention to
identify whether an algorithmic approach to C. difficile testing would be more appro-
priate for our institution than using molecular testing alone. The purpose of this study
was to determine what percentage of patients who had toxigenic C. difficile as
determined by the molecular methodology (PCR-based assay) also had detectable toxin
using an immunoassay (ImmunoCard Toxins A & B; Meridian Bioscience, Inc., Cincinnati,
OH). C. difficile toxin A and B testing was performed on all samples that were positive
by PCR (PCR™) testing. Patient demographics and clinical information were collected on
patients to determine whether certain clinical variables were more likely to be associ-
ated with both positive PCR and positive EIA (EIA™) toxin result.

MATERIALS AND METHODS

Study design and population. Both hospitalized patients and outpatients between the ages of 18
and 99 years with diarrheal stool samples positive for C. difficile testing by PCR at the University of
Vermont Medical Center (UVMMC) between 1 June 2016 and 10 May 2017 were included in the study.
Diarrheal stool was defined as a score of >4 on the Bristol stool chart. Samples that had a positive C.
difficile PCR result underwent testing for toxin production by an enzyme immunoassay method. The
study protocol (IRB 16-623) was approved by the Administrative Operations Research Protections Office
at the University of Vermont.

Laboratory testing. All stool samples were tested with a U.S. Food and Drug Administration
(FDA)-approved C. difficile molecular test, the BD Max Cdiff assay. Formed stools were rejected as
inappropriate for testing (score of 4 or less on the Bristol stool chart). For efficiency, PCR-positive samples
were frozen at —20°C to be held for batch enzyme immunoassay testing. According to the test package
insert, samples should be stored refrigerated at 2 to 8°C for up to 4 days before testing or stored frozen
at —20°C (17). If samples were not frozen immediately after PCR testing, they were refrigerated (2 to 8°C).
This was done and noted on 26 samples. Since refrigerated specimens that were frozen after 4 days still
tested positive for toxin, we allowed a maximum time without freezing a sample of 7 days. Eleven of our
26 samples were refrigerated between 4 and 7 days. Before toxin testing, samples were allowed to come
to room temperature, and the Bristol stool chart was utilized to categorize the stool consistency after
samples thawed. Samples then underwent an FDA-approved toxin immunoassay (Meridian ImmunoCard
Toxins A & B assay). Testing was performed according to the package insert and manufacturer’s
instructions (18).

Clinical data collection. At our institution, all patients (both inpatients and outpatients) with
positive C. difficile PCR tests are included in the population in the infection prevention software system,
Theradoc (Premier Incorporated, Charlotte, NC). As part of the infection prevention surveillance, the
patient’s chart is accessed to view clinical status and hospital encounters. For this study, the following
clinical information was collected: white blood cell (WBC) count greater than 11,000/mm3, prior CDI,
temperature of =38°C or <38°C, duration of diarrhea, creatinine level, computed tomography (CT)
imaging, laxative use, antibiotic use within the past 2 weeks, class of antibiotic, history of inflammatory
bowel disease (IBD), whether or not the patient was immunocompromised, history of enteral feeding,
and stool frequency. Prior CDI was defined as having a positive PCR result at any point in the past, with
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the majority of patients with recurrent CDI having had a prior CDI within the last year. Immunocom-
promised status included patients who were diagnosed with HIV/AIDS or cancer or who had a transplant
(either solid organ or bone marrow). The Charleston comorbidity index was utilized to correlate clinical
conditions with an associated score (20). The conditions included in the ranking included multiple
ilinesses, most notably the following: myocardial infarct, congestive heart failure (CHF), vascular disease,
dementia, diabetes, chronic kidney disease (CKD), solid tumor, hematologic malignancy, liver disease,
and HIV/AIDS.

Statistical analysis. The percentages of PCR-positive and toxin-positive patients and of PCR-positive/
toxin-negative patients were calculated. Data were analyzed using the JMP statistical package from SAS
Institute, Inc, Cary, NC. For categorical variables of symptoms (fever, diarrhea duration, and stool
frequency), treatment (recent antibiotic use, recent cephalosporin use, and recent quinolone use), and
history (laxative use, tube feeding, prior CDI, history of inflammatory bowel disease, and status as
immunocompromised), a chi-square test was performed to compare proportions between the two
groups (toxin positive or negative). For continuous variables (WBC count, stool consistency, creatinine
level, and age), a t test was done to compare means between the two groups (toxin positive or toxin
negative). We also performed a binary logistical regression using the variables of immunocompromised
status, diarrhea duration, WBC count, stool frequency, prior CDI, prior antibiotic use, and fever as
predictors to see whether any of these variables were important in predicting the probability of a
toxin-positive EIA.

RESULTS

A total of 201 adult patients that were PCR positive for C. difficile (99 outpatient and
102 inpatient) were analyzed over a 12-month period. Women made up 47% of the
study population, and the average age was 59 years. The percentages of PCR™ stools
that were EIA™ and EIA negative (EIA™) were calculated. We also compared PCR*/EIA™
and PCR*/EIA~ groups to determine if there was a difference in terms of clinical history
and symptomatology between them. Factors such as age, stool consistency (average
Bristol score, 6.4; standard deviation [SD], 0.9), prior antibiotic administration, creatinine
values, and comorbidities were similar among the two groups. There was not enough
power to compare differences between inpatient and outpatient samples, so groups
were analyzed together.

Of all the C. difficile PCR-positive stool samples, 94 (47%) were toxin antigen positive,
and 107 (53%) were toxin antigen negative. Although PCR*/EIA™ patients were more
likely to have had a prior C. difficile infection (P = 0.015), there was no statistically
significant difference between the additional demographic variables, including IBD
status or immunocompromised status, and, further, none of the signs/symptoms on
which data were collected showed any statistically significant difference with having a
positive EIA toxin test.

Forty-three patients with a history of laxative use within the past 24 h were found
to be EIA positive. Notably, 45% of patients who did not have documentation of
antibiotics in the prior 2 weeks were EIA positive. A summary of the history, symptoms,
and treatment results can be seen in Table 1. Of the six patients with CDI complications
(colectomy or death), one tested EIA negative, with death as the resulting complication,
and the remainder were EIA positive. Of the patients with a stool frequency of less than
3 per day, 33% were found to be EIA positive, and of those receiving tube feedings
within 24 h, 38% were found to be EIA positive.

On binary logistic regression, no model including clinical parameters (i.e., fever,
duration of diarrhea, and stool frequency) was able to predict whether or not the
patient was EIA positive. A cluster analysis did not identify a symptom pattern in
PCR*/EIA™ patients.

DISCUSSION

Results of our study have been shared with the infection preventionists and infec-
tious disease clinicians at our hospital. Only approximately half (47%) of the PCR-
positive samples were EIA positive. As definitive diagnosis of CDI is difficult to ascertain
from our data, this could be interpreted to mean that adding EIA to an algorithmic
approach after a positive PCR could result in underdiagnosing CDI in approximately half
of our patients. Conversely, this result could be interpreted to indicate that using PCR
alone overdiagnoses CDI by 50%. Additionally, none of the clinical factors on which we
collected data except prior C. difficile infection were able to predict EIA positivity. We
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TABLE 1 A summary of variables with their corresponding P values

% toxin Relative
Variable class and name Category® Ne positive risk P value?
History
Prior CDI@ Previous CDI 51 63 1.5 .015
No previous CDI 109 42
IBD Diagnosis of IBD 20 35 0.7 207
No diagnosis of IBD 132 50
Immunocompromised Immunocompromised 44 50 1.0 .760
Not immunocompromised 110 47
Symptoms
Fever Temp =38°C 51 59 1.4 .077
Temp <38°C 920 43
Duration of diarrhea =2 Days 139 50 1.6 142
<2 Days 16 31
Stool frequency =3 Loose stools per day 135 50 1.5 142
<3 Loose stools per day 21 33
Treatment
Laxative Laxative use within 24 h of stool collection 23 43 0.9 632
No laxative within 24 h of stool collection 133 49
Recent antibiotic Antibiotic use in the prior 2 weeks 104 52 1.1 472
No antibiotic use in the prior 2 weeks 44 45
Recent cephalosporin Cephalosporin use in the prior 2 weeks 35 57 13 215
No cephalosporin use in the prior 2 weeks 85 45
Recent quinolone Quinolone use in the prior 2 weeks 15 60 13 333
No quinolone use in the prior 2 weeks 105 47
Enteral nutrition Tube feeding within 24 h of stool collection 8 38 0.8 537
No tube feeding within 24 h of stool collection 146 49

aPrior C. difficile infection was defined as having a positive PCR result at any point in the past, with the majority of patients with recurrent CDI having a prior CDI
within the last year.

®IBD, Inflammatory bowel disease.

N, number of patients.

9Values in boldface are significant.

did not find a difference for the variables immunocompromised status, having a diagnosis
of inflammatory bowel disease, or lack of both diagnoses between ElA-positive and
EIA-negative samples. Symptoms such as fever, having a high white blood cell count,
duration of diarrhea, and stool frequency did not show any differences between patients
with PCR™/EIA™ results and those having only PCR-positive results. Having a previously
positive C. difficile test was the only variable in the patient’s history that would indicate a
PCR*/EIA™ result. Therefore, our institution was unable to establish a testing algorithm
based on these data that would have increased the positive predictive value of the
molecular testing methodology.

Interestingly, laxative use or recent antibiotic use (and specifically having a recent
cephalosporin or quinolone) did not show any differences between a PCR*/EIA™
samples and PCR*/EIA~ samples. Some laboratories do not test samples from patients
with a history of laxative use, and therefore they may be missing C. difficile infections
(21). In addition, having fewer than 3 stools per day and having enteral tube feeding
within 24 h did not necessarily mean that the patient did not have an EIA-positive test
(33% and 38% EIA positive, respectively). It is important to mention that both the lack
of laxative use and greater than three stools per day are now criteria used in the new
recommended guidelines proposed by the IDSA and SHEA in which NAAT testing alone
is acceptable; however, our results identified a small subset of patients as PCR*/EIA™
and having fewer than 3 stools in a 24-h period (19). There was also no difference
between patients on laxatives who were EIA positive and those who were EIA negative.
Therefore, we concluded that an algorithm using these two pieces of patient history
would not be helpful in determining CDI in our institution.

Importantly, one patient with a CDI complication resulting in death was EIA negative
in our study. This indicates that if only EIA testing was used by our institution, important
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CDl-associated complications would be missed. Our study demonstrated results similar
to those of Polage et al. in which one CDI complication (death) was missed (0.6%) if only
EIA toxin testing was used (14). Our study method varied by testing C. difficile PCR-
positive patients for toxin by EIA, whereas Polage and colleagues performed PCR and
EIA on all specimens concurrently (14).

Our study is unique in that we were trying to design an algorithm based on specific

clinical data that would be useful to determine whether or not C. difficile testing would
be warranted. Current recommendations by IDSA and SHEA differentiate whether or
not to use multistep testing or NAAT alone if there are preagreed criteria for stool
samples (19). These include laxative use and having new-onset diarrhea, defined as >3
unformed stools in 24 h (19). Our study showed no difference between PCR*/EIA* and
PCR*/EIA~ patient groups and these two criteria as well as other symptoms/history. We
also showed that PCR-positive samples were split between toxin-negative and toxin-
positive EIA results. This finding is similar to findings of other studies that showed toxin
EIA testing to have decreased sensitivity compared to that of PCR testing (22-24).

Limitations of this study include the retrospective nature of chart reviews which

precludes extraction of a full data set for each patient, especially from outpatients. In
addition, we did not test any PCR-negative patients with the EIA. It is possible that some
PCR-negative samples could be toxin positive, and thus we would have missed these
cases. In addition, EIA testing was delayed and did not occur concurrently with PCR.
Since some samples were refrigerated for more than 4 days, there is a possibility that
the results may have been altered or skewed toward negative immunoassay results
since one of the limitations stated in the package insert for the EIA is that samples
should be refrigerated for 4 days or less. Our proportion of PCR*/EIA~ samples,
however, was very similar to what has been previously described (53% versus 55.3%)
(14).

Our results show that designing an algorithm for C. difficile testing using the above

symptoms and/or history may lead to missing a CDI and result in unfavorable outcomes
for patients. This study also confirmed there were ElIA-positive cases in patients who
received laxatives and had fewer than three stools in 24 h. In addition, EIA testing for
toxin did not capture the one CDI-related death. Until a testing algorithm is designed
that increases the positive predictive value of CDIs and/or until more data are collected
to establish the best possible testing for C. difficile, our laboratory will continue to use
PCR as a stand-alone test (25, 26).
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