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Introduction

Clostridioides difficile infection (CDI) is a major burden 
to the healthcare system and results in significant morbid-
ity and mortality. A population study conducted in 2011 
in the USA found that CDI caused approximately 450 000 
infections and resulted in 29 000 deaths [1]. The tremen-
dous costs associated with CDI have been estimated to be 
as high as $4.8 billion in acute care centers alone. This 
number is an underestimate given the fact that many cases 
of CDI are diagnosed in outpatient facilities and nursing 
homes.

Risk factors for CDI include older age, recent antibiotic 
use, and prolonged hospitalization [2]. A group of patients 
who seem particularly susceptible to infection with 

Clostridium difficile are those with underlying inflamma-
tory bowel disease (IBD), especially those with ulcerative 
colitis or colonic Crohn’s disease [2–4]. Nguyen et al. [2] 
found that the prevalence of CDI in patients with ulcera-
tive colitis was 37.3 per 1000 compared to 10.9 per 1000 
in patients with Crohn’s disease. Infection with C. diffi-
cile also appears to have a significant impact in patients 
with IBD and has been associated with a four-fold higher 
mortality compared to patients with IBD alone [3]. IBD 
patients with CDI also have longer hospitalizations and at 
least a six-fold higher colectomy rate when compared to 
patients with CDI alone [5,6]. Solanky et al. [7] found that 
corticosteroid dose escalation in patients with IBD was 
an independent predictor for colon surgery within 1 year 
of initial CDI. However, a more recent study by Kruger 
et al. [8] showed that patients with CDI and Crohn’s dis-
ease did not have worse outcomes. However, patients with 
CDI and ulcerative colitis had increased mortality, read-
missions and surgery [9].

C. difficile causes infection by production of toxins 
A and B that disrupt the epithelial lining of the colonic 
mucosa, resulting in an inflammatory response [10]. In the 
past, infection with C. difficile was typically diagnosed by 
an enzyme immunoassay (EIA) for the toxin (either A or 
B or both). However, the test is limited by variable sensi-
tivity of 63–94% [11–12]. EIA methods have also been 
used to detect glutamate dehydrogenase (GDH), which 
is a secreted enzyme that confers resistance to H2O2 [13] 
and has higher sensitivity compared to the toxin EIAs, but 
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such test is unable to distinguish between toxigenic and 
nontoxigenic strains of C. difficile [10]. More recently, 
detection of toxigenic C. difficile has improved signifi-
cantly with the development of highly sensitive molecular 
assays like the PCR test for the presence of toxin A or 
B genes. Indeed, current guidelines recommend a multi-
ple-step algorithm: GDH plus toxin; GDH plus toxin arbi-
trated by PCR or PCR plus toxin [14]. However, including 
PCR in the diagnostic tests has sorted the opposite effect, 
namely loss of specificity. Hence, overdiagnosis of CDI has 
become a concern causing a need to differentiate patients 
with true disease from those who are colonized (carriers) 
and have other causes for symptoms [15].

Diagnosis of CDI in patients with IBD can be even 
more challenging since the sensitivity of the toxin EIA 
method is lower than in patients with CDI alone [16] and 
more importantly because worsening of symptoms in such 
patients is often due to disease flares – which might be 
clinically indistinguishable from symptomatic CDI. Thus, 
while PCR tests are widely used in these patients, in many 
cases true CDI cannot be distinguished from a carrier 
state in patients with an IBD flare. A study by Clayton 
et al. found that in patients with IBD in clinical remis-
sion detection of toxigenic C. difficile was higher than in 
healthy adults (8.2 vs. 1.0%, respectively) [17]. The clini-
cal impact of detectable free toxin as opposed to the toxin 
gene sequence in the stools of patients with IBD is not 
fully understood.

In this study, we evaluated a novel combination of fecal 
biomarkers to monitor response to therapy for CDI and 
hence to differentiate true C. difficile disease from coloni-
zation in patients with and without IBD diagnosis that are 
positive for free stool toxin or only for PCR for the toxin 
B gene.

Materials and methods

Study population

This was a prospective study conducted between 1 
January 2016 and 1 August 2018, and approved by the 
institutional review board at Carilion Clinic in Roanoke, 
Virginia. We recruited inpatients and outpatients with IBD 
(IBD-CDI) and without IBD (CDI-only) who reported ≥3 
loose stools and tested positive for C. difficile by toxin-EIA 

or PCR. Patients were excluded from the study if they 
were <18 years of age, pregnant or planning pregnancy 
during the study period.

Study design

Symptomatic patients suspected of CDI were tested using 
a two-step algorithm with EIA for GDH and toxin, fol-
lowed by PCR in GDH+/toxin– cases (Fig.  1). Patients 
positive for C. difficile had fecal samples collected prior 
to starting antibiotics (T = 0) and then on days 3 and 10 
of antibiotic therapy. Patients with CDI-only were treated 
with antibiotics. Patients in the IBD-CDI group were 
also treated with antibiotics; however, 5/17 patients also 
received IBD medications immediately before the diagno-
sis of CDI: in 4/5 cases they received methylprednisolone 
60 mg IV q8h for a maximum of 3 days (in all cases the 
medication was stopped not later than 24 h after CDI 
diagnosis) and in 1/5 cases prednisone 40 mg/day was 
started the day before diagnosis, with subsequent taper-
ing over 2 weeks. The majority of patients were on stand-
ard dose/frequency maintenance therapy with biologics 
(infliximab, adalimumab or vedolizumab) or immuno-
modulators (6-mercaptourine or azathioprine) as detailed 
in Table  1. Stool samples were collected on days 3 and 
10 as early and late indicators of inflammatory response 
to antibiotic therapy. Samples were analyzed at baseline 
by the cytotoxicity neutralization assay (CNA) for toxin 
B and by toxigenic culture which are gold standards for 
detecting free toxin in stool and virulent C. difficile bacte-
ria, respectively. In addition, samples were tested at base-
line and at days 3 and 10 for quantitative GDH (qGDH) 
– as a potential novel indicator of C. difficile bacterial load 
– and for quantitative lactoferrin as a potential indicator 
of therapeutic response of intestinal inflammation. All 
fecal samples were analyzed by TechLab, Inc. (Blacksburg, 
Virginia, USA). Patients were also followed up after com-
pletion of therapy for resolution of symptoms, C. difficile 
eradication/recurrence and escalation of therapy.

Demographics including age and gender, and clin-
ical variables were collected by patient chart reviews. 
For patients with IBD, we used standard criteria and the 
Montreal classification for disease location and phenotype 
[18] and collected data relative to the type of therapy IBD 
patients were on at the time of C. difficile diagnosis.

Fig. 1 Current diagnostic algorithm for diagnosis of Clostridioides difficile infection.
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Stool analysis

Qualitative detection of GDH and toxin by immuno-
assay was performed using the C. diff QUIK CHEK 
COMPLETE membrane-based EIA test (TechLab, Inc.) 
according to the manufacturer’s instructions. PCR for 
toxin B was performed using C. diff TOXIN B QL PCR 
(Quest Diagnostics, Seacaucus, New Jersey, USA) accord-
ing to the manufacturer’s instructions. Toxigenic culture 
was performed using the method previously described by 
Boone et al. [19] CNA was performed using the C. difficile 
TOX-B TEST (TechLab, Inc.) as instructed by the manu-
facturer with modifications as described by Boone et al. 
[20].

GDH was measured quantitatively by EIA. Briefly, fecal 
samples were serially diluted 1:10 and tested by the C. diff 
CHEK-60 (TechLab, Inc.) with a standard curve gener-
ated using purified recombinant GDH (0.2–100 ng/mL). 
The sample dilution that provided an optical density (OD) 
that fit within the standard curve OD values was used to 
generate the concentration of GDH. Results are expressed 
as nanograms per gram feces with higher GDH concen-
trations being associated with higher C. difficile counts in 
stool (J. Boone, unpublished observation).

Quantitative fecal lactoferrin was used as an indicator 
of intestinal inflammation. Lactoferrin concentration was 
measured by ELISA using LactoferrinSCAN test (TechLab, 
Inc.) according to the manufacturer’s instructions. The 
results are expressed as micrograms per gram and the 
clinical cutoff of ≥7.25 μg/g feces was used to define an 
elevated level.

Statistical analysis

Continuous variables were analyzed using a T-test or 
Mann–Whitney U test. Categorical data were analyzed 
using a Chi-square test or Fisher’s exact test. A repeated 
measures analysis was used to evaluate the difference in 
fecal lactoferrin between the patients with CDI-only and 
patients with IBD-CDI over time. Statistical analysis was 
performed using SAS software version 9.4 (SAS Institute, 
Cary, North Carolina, USA) and R software version 3.3.2 
(R Foundation for Statistical Computing, Vienna, Austria).

Ethics committee approval

The study protocol conformed to the ethical guidelines of 
the 1975 Declaration of Helsinki as reflected in a priori 

Table 1 Baseline characteristics of the study population

Characteristic CDI-only (n = 28) IBD-CDI (n = 17) P value

Age in years, median 61.0 34.5 <0.01
Male gender, n (%) 14 (50.0) 6 (35.3) 0.34
Recent antibiotic therapy, n (%)a 22 (78.6) 11 (64.7) 0.31
Recent hospitalization, n (%)b 14 (50.0) 2 (11.8) <0.01
Initial CDI episode, n (%) 19 (67.9) 14 (82.4) 0.49
Recurrent CDI episode, n (%) 9 (32.1) 3 (17.6) 0.49
Baseline serum creatinine, mg/dL, median 0.9 0.7 0.01
Baseline serum WBC, K/µL, median 7.5 9.6 0.04
Baseline serum albumin, g/dL, median 4.0 3.9 0.99
Inpatient status, n (%) 17 (60.7) 10 (58.8) NA
CDI 6 (35.3) 7 (70.0) NA
Other gastrointestinal diseasec 2 (11.8) 2 (20.0) NA
Cardiovascular diseased 3 (17.6) 0 NA
Pulmonary diseasee 2 (11.8) 0 NA
Renal diseasef 3 (17.6) 0 NA
Neurologic diseaseg 0 1 (10.0) NA
Orthopedic diseaseh 1 (5.9) 0 NA
Crohn’s disease, n (%) NA 13 (76.5) NA
L1: ileal NA 5 (38.5) NA
L2: colonic NA 5 (38.5) NA
L3: ileocolonic NA 2 (15.4) NA
Unknown NA 1 (7.7) NA
B1: nonstricturing and nonpenetrating NA 5 (38.5) NA
B2: structuring NA 3 (23.1) NA
B3: penetrating NA 5 (38.5) NA
P: perianal disease NA 2 (15.4) NA
Ulcerative colitis, n (%) NA 4 (23.5) NA
E1: ulcerative proctitis NA 0 NA
E2: left-sided UC (distal UC) NA 0 NA
E3: extensive UC (pancolitis) NA 4 (100.0) NA
Unknown NA 0 NA
5-ASA use, n (%) NA 3 (17.6) NA
Steroid use, n (%) NA 5 (29.4) NA
Immunomodulator use, n (%) NA 2 (11.8) NA
Biologic use, n (%) NA 7 (41.2) NA
Biologic and immunomodulator use, n (%) NA 1 (5.9) NA

aWithin 90 days of CDI.
bWithin 60 days of CDI.
cIncludes other infectious colitis, radiation colitis, gastrointestinal bleeding, abdominal pain, nausea and vomiting.
dIncludes arrhythmias, coronary artery disease and congestive heart failure exacerbation.
eIncludes respiratory failure, pneumonia and pleural effusion.
fIncludes acute renal failure and end-stage renal disease.
gIncludes transient ischemic attack, cerebrovascular accident, seizure and encephalopathy.
hIncludes postoperative infections, fractures and joint replacement.
CDI, Clostridioides difficile infection; IBD, inflammatory bowel disease; NA, not applicable; WBC, white blood cells; UC, ulcerative colitis.
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approval by Carilion Clinic Ethical Committee. Patients 
signed an informed consent form before enrollment as 
indicated by the ethical committee.

Results

We recruited a total of 50 patients with CDI. Five patients 
were excluded from the study due to insufficient fecal sam-
ple for analysis. A total of 45 patients (28 CDI-only, 17 
IBD-CDI) provided a fecal sample for T = 0 that was pos-
itive by either toxin-EIA or PCR. When tested by culture 
the stool samples of 25/28 (89%) of the patients with CDI-
only and 14/17 (82%) of the patients with IBD-CDI were 
positive for toxigenic C. difficile. The six culture-negative 
patients (three per group) were EIA-negative and PCR-
positive. Of these patients, 36 (21 CDI-only, 15 IBD-CDI) 
were evaluated for response to therapy using additional 
fecal collections on days 3 and 10 of antibiotic therapy. 
The baseline characteristics of the study population are 
shown in Table 1. Patients with IBD-CDI were younger 
compared to those patients with CDI-only (median age 
34.5 vs. 61.0 years, respectively, P < 0.01). More patients 
with CDI-only had a recent hospitalization within 60 days 
of CDI (50.0 vs. 11.8%, respectively, P < 0.01). As for the 
serum parameters, the CDI-only group had a significantly 
higher median creatinine concentration (P = 0.01) while 
the IBD-CDI group had a higher median WBC count 
(P = 0.04). The majority of patients with Crohn’s disease 
had ileal (38.5%) or colonic disease (38.5%), while all 
patients with ulcerative colitis had pancolitis (100%).

In the CDI-only group, 22 (78.6%) patients were pos-
itive for C. difficile by toxin-EIA compared to only 1 
(5.9%) patient in the IBD-CDI group (P < 0.01, Table 2). 
Further testing with CNA identified two additional free 
stool toxin positive cases in the IBD-CDI group and one 
in the CDI-only group. Hence, when tested by CNA signif-
icantly more patients in the CDI-only group were positive 
for free stool toxin compared to the IBD-CDI group (82.1 
vs. 17.6%, P < 0.01). Only 6 (21.4%) CDI-only patients 
were diagnosed by C. difficile PCR compared to 16 
(94.1%) patients with IBD-CDI (P < 0.01, Table 2). Fecal 
qGDH levels, measured prior to starting antibiotic ther-
apy, were higher in the CDI-only group compared to the 
IBD-CDI group; however, the result was not statistically 
significant (620 vs. 161 ng/g, P = 0.14) because of the pres-
ence in the IBD-CDI group of a single patient (positive for 
toxin EIA, CNA and toxigenic culture) with a very high 
qGDH value of 11 187 ng/g. Removing that patient (who 
fully responded to antibiotic therapy, see below) from the 
IBD-CDI group, the median qGDH drops to 131 with the 
P value becoming significant at 0.016. Importantly, the 

qGDH level was elevated in all patients with detectable 
free stool toxin (CNA+) compared to those without free 
stool toxin (CNA) although the difference failed to reach 
statistical significance for the IBD-only patients (Table 3) 
likely due to the small sample size of the latter. There was 
no statistical difference in fecal lactoferrin levels between 
the two groups of patients (P = 0.33) (Table 2).

Of the 45 patients who submitted an initial stool sam-
ple, 36 of them submitted additional samples to measure 
qGDH and lactoferrin to monitor response to therapy. 
Patients in the CDI-only group received antibiotics while 
the patients with IBD-CDI also received antibiotics but 
also some anti-inflammatory agents. Baseline fecal lacto-
ferrin decreased in both the IBD-CDI and the CDI-only 
groups (Fig. 2) during the 10-day treatment course. Three 
patients with CDI-only and two patients in the IBD-CDI 
group had stable or increasing lactoferrin levels during 
the treatment period. In the CDI-only group, two of those 
three patients had symptomatic improvement after antibi-
otic therapy, despite an initial increase in fecal lactoferrin 
level. The third patient had a stable lactoferrin level; how-
ever, this patient was given broad-spectrum antibiotics to 
treat a concomitant infection, which were stopped dur-
ing the time period of the sample collection. Both patients 
with IBD-CDI were initially on a combination of antibi-
otic and steroid treatment (see Methods). One of these two 
patients had an increase in fecal lactoferrin level; however, 
the patient underwent surgery (colectomy with resection 
of small bowel and prior anastomosis) between the collec-
tion of the day 3 and day 10 fecal samples.

In general, qGDH levels decreased from day 0 to day 10 
in both groups of patients over the 10-day period (Fig. 3). 
Two patients in the CDI-only group had an initial increase 

Table 2 Fecal biomarkers for T = 0

Pre-treatment, n = 45 CDI-only (n = 28) IBD-CDI (n = 17) P value

CNA+, n (%) 23 (82.1) 3 (17.6) <0.01
Toxin-EIA+, n (%) 22 (78.6) 1 (5.9) <0.01
PCR+, n (%) 6 (21.4) 16 (94.1) <0.01
qGDH, ng/g, median 620 161 0.14
Lactoferrin, µg/g,  

median (normal ≤7.25)
59 83 0.33

CDI, Clostridioides difficile infection; CNA, cytotoxicity neutralization assay; 
EIA, enzyme immunoassay; GDH, glutamate dehydrogenase; IBD, inflamma-
tory bowel disease.

Table 3 Quantitative glutamate dehydrogenase in cytotoxicity neutrali-
zation assay+ vs. cytotoxicity neutralization assay-patients

CNA+ CNA- P value

qGDH, ng/g, median 1111 146 0.004
All patients (n = 45) n = 26 n = 19
qGDH, ng/g, median 873 65 0.004
CDI-only (n = 28) n = 23 n = 5
qGDH, ng/g, median 1349 154 0.42
IBD-CDI (n = 17) n = 3 n = 14

CDI, Clostridioides difficile infection; CNA, cytotoxicity neutralization assay; 
GDH, glutamate dehydrogenase; IBD, inflammatory bowel disease.

Fig. 2 Change in median fecal lactoferrin level during the 10-day treatment 
course in patients with IBD-CDI compared to those with CDI-only. CDI, 
Clostridioides difficile infection; IBD, inflammatory bowel disease.
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in qGDH level. One of these two patients still tested pos-
itive for C. difficile by toxin-EIA at the end of treatment; 
however, symptoms improved with antibiotics. The other 
patient did not have repeat C. difficile testing; however, 
symptoms also improved with antibiotics.

CDI after antibiotic therapy was considered eradicated 
when stools were negative for free toxin or PCR for the 
toxin B gene with concomitant improvement in symptoms. 
In the absence of follow-up stool test results, improvement 
of symptoms alone was used to define CDI eradication. 
Both groups of patients had similar CDI eradication rates 
(85.7% for CDI-only vs. 86.7% for IBD-CDI, Table  4, 
P < 0.94). In the CDI-only group, 72.2% of patients had 
symptomatic improvement and 22.2% had both symp-
tomatic improvement and a negative free stool toxin or 
PCR result. Of the 15 patients with IBD-CDI, 9 (60%) 
patients had persistent diarrhea despite testing negative 
for free stool toxin or PCR for the toxin gene. All 9 of 
these patients were either started on biologic therapy or 
underwent escalation of their current IBD medication reg-
imen, with 88.9% of patients achieving clinical remission. 
None of the patients with IBD-CDI had a recurrent epi-
sode of CDI; however, 19% of the patients with CDI-only 
had a recurrent CDI episode within 90 days of the initial 
episode that required treatment (Table 4).

Discussion

Although detection of C. difficile has improved with the 
widespread use of PCR for the toxin gene, it is difficult to 

distinguish true infection from a carrier state. Interpretation 
of a positive C. difficile PCR test becomes especially chal-
lenging in patients with IBD who might be suffering from a 
disease flare rather than CDI. In this study, we used qGDH 
levels as a measure of bacterial load to aid in the differ-
entiation of true C. difficile disease from colonization. 
We found that in 28 patients with CDI-only, 22 (78.6%) 
patients were positive for C. difficile by toxin-EIA and 
23 (82.1%) patients had detectable free stool toxin using 
CNA (gold standard for detecting free toxin). In the 17 
patients with IBD-CDI, only 1 (5.9%) patient was positive 
for C. difficile by toxin-EIA and 3 (17.6%) patients had 
detectable free stool toxin by CNA. Hence, as expected, 
in both groups EIA underestimated the true prevalence 
of toxin positive patients. However, PCR greatly overes-
timated such prevalence, especially in patients with IBD-
CDI patients. The median qGDH level in the patients with 
CDI-only was higher than in the IBD-CDI group; how-
ever, the results did not reach statistical significance. As 
detailed in Results section, the lack of significance was due 
to the presence in the IBD-CDI group of a single patient 
with a very high qGDH value. Removing that patient 
(fully responsive to antibiotic therapy, see Table 4) from 
the IBD-CDI group, makes the comparison between those 
two groups statistically significant. Regardless, patients 
with free stool toxin (verified by the gold standard CNA) 
in both groups had much greater qGDH levels compared 
to patients without free stool toxin. Also, qGDH levels 
were significantly increased in the CDI-only group with 
free stool toxin compared to the patients with IBD-CDI 
patients who were PCR positive and free stool toxin neg-
ative, indicating that a higher bacterial load is associated 
with the presence of toxin and much more likely with true 
CDI rather than with colonization [21,22]. This is the first 
study to show a comparison of C. difficile load between 
CDI-only and IBD-CDI patients using the concentration 
of qGDH. Measuring a bacterial load biomarker is easier 
and quicker compared to performing spore and vegeta-
tive cell counts using multiple dilutions under anaerobic 
conditions.

Response to antibiotic therapy was monitored using 
fecal lactoferrin and qGDH levels. Lactoferrin baseline 
values were mildly higher in the IBD-CDI group compared 
to the CDI-only group. However, this difference was not 
statistically significant, indicating that inflammation in 
CDI can be as severe as in IBD and that baseline levels of 
stool markers of inflammation per se might not be of value 
in differentiating the two conditions.

Overall, there was a decline in both fecal lactoferrin 
and qGDH levels during the course of antibiotic therapy 
in both groups. The decrease for both biomarkers was evi-
dent by day 3 for the majority of cases, suggesting that 
this time-point may be useful for checking the response 
to C. difficile therapy. In the CDI-only group, two of the 
patients had an initial increase in fecal lactoferrin; how-
ever, symptoms improved after antibiotic therapy. It is 
important to notice that a few patients with IBD-CDI 
were initially receiving steroids in addition to antibiotics, 
which can affect fecal inflammatory biomarkers. One of 
the patients with Crohn’s disease had an increase in fecal 
lactoferrin levels that was likely related to bowel surgery 
[23]. Two other patients with IBD-CDI (one with ulcera-
tive colitis, the other with Crohn’s disease) had an increase 

Fig. 3 Change in median quantitative GDH level during the 10-day treat-
ment course in patients with IBD-CDI compared to those with CDI-only. 
CDI, Clostridioides difficile infection; GDH, glutamate dehydrogenase; IBD, 
inflammatory bowel disease.

Table 4 Patient outcomes

Post-treatment, n = 36
CDI-only  
(n = 21)

IBD-CDI  
(n = 15) P value

CDI eradication, n (%) 18 (85.7) 13 (86.7) 0.94
Negative C. difficile toxin or PCR only 1 (5.6) 9 (69.2) <0.01
Symptomatic improvement only 13 (72.2) 3 (23.1) <0.05
Symptomatic improvement and  

negative C. difficile toxin or PCR
4 (22.2) 1 (7.7) 0.29

Recurrent episode of CDI, n (%)a 4 (19.0) 0 NA
Intensification of IBD therapy, n (%) NA 9 (60.0) NA
Clinical remission, n (%) NA 8 (88.9) NA

aWithin 90 days of initial CDI episode.
CDI, Clostridioides difficile infection; IBD, inflammatory bowel disease; NA, not 
applicable.
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in fecal lactoferrin level; however, qGDH levels were low, 
further suggesting that symptoms may have been related 
to underlying IBD rather than to infection with C. difficile. 
Both of these patients had improvement in their symptoms 
only after starting induction biologic therapy.

Previous studies have suggested that outcomes for 
patients diagnosed with C. difficile by positive PCR differ 
from those diagnosed by toxin-EIA. A prospective study 
by Polage et al. [15] looked at outcomes in Tox–/PCR+ 
and Tox+/PCR+ patients with CDI, and found that Tox–/
PCR+ patients had a shorter duration of diarrhea and 
fewer complications compared to Tox+/PCR+ patients. A 
retrospective study in patients with IBD reported similar 
outcomes in regards to length of hospitalization, need for 
surgery, and rehospitalization within 12 months [24]. In 
our study, eradication of C. difficile after antibiotic ther-
apy was similar in the two groups of patients. In the CDI-
only group, 50% of the 10 patients that underwent repeat 
C. difficile testing were negative either by toxin-EIA or 
PCR with symptom improvement in 81% of patients. In 
the IBD-CDI group, 91% of the 11 patients that under-
went repeat C. difficile testing were negative either by 
toxin-EIA or PCR. Despite confirming eradication of C. 
difficile, 73% of patients had persistent diarrhea. Of the 
patients who received intensification of their IBD therapy, 
89% had clinical improvement in symptoms, this obser-
vation providing additional evidence that most of these 
patients were colonized rather than suffering from true 
CDI [25].

Limitations of our study include a relatively small 
sample size and a single recruitment center. In addition, 
patients with IBD-CDI were initially treated concomi-
tantly by antibiotics and steroids, which is a potentially 
confounding factor.

In summary, patients with IBD diagnosed with C. dif-
ficile PCR were most often colonized rather than affected 
by true infection, as evidenced by symptomatic improve-
ment with IBD-related medical therapy escalation and 
general patient outcomes. However, continuing to test 
patients with IBD for possible CDI in the presence of the 
appropriate clinical picture remains essential since some 
PCR-only positive cases might still reflect true infection. In 
our study, a higher C. difficile load as measured by qGDH 
was strongly associated with the presence of free toxin 
detected by the gold standard CNA and may be used to 
differentiate colonization from true infection, and to mon-
itor the efficacy of antibiotic therapy together with fecal 
lactoferrin. While it has been known that PCR-only pos-
itivity is not very specific for true CDI [14], eliminating 
nucleic acid amplification tests from the diagnostic algo-
rithm might not be the solution to the problem because of 
lower sensitivity of current EIA tests. The assessment of C. 
difficile bacterial load using qGDH may offer an approach 
for identifying true cases of CDI in PCR positive-EIA neg-
ative cases.

Future studies including a larger patient population are 
needed to further evaluate the impact of qGDH for bac-
terial load detection on C. difficile diagnosis and to deter-
mine a clinical cutoff for routine testing.
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