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Abstract 

Background:  Diagnosing Clostridioides difficile infection (CDI) is complicated. There have been reports on effects of 
compliance with anti-C. difficile prescription guidelines on patient outcomes. However, the causes of non-adherence 
and their impact on outcomes have rarely been explored. Therefore, an investigation on the risk factors for non-adher-
ence with treatment guidelines and their influence on recurrence is important.

Methods:  This case–control study was conducted with patients with a positive C. difficile culture from March 2020 to 
April 2021. We conducted analysis based on treatment categories using factors associated with recurrent CDI as vari-
ables. Univariate and multivariable analyses were conducted to identify risk factors for non-adherence with treatment 
guidelines.

Results:  In total, culture positive stool samples from 172 patients were analyzed. Having positive glutamate dehy-
drogenase antigen (GDH Ag), negative toxin enzyme immunoassay (EIA), and positive nucleic acid amplification test 
(NAAT) (GDH+/toxin EIA−/NAAT +) results were associated with both under- (adjusted odds ratio [aOR] 3.49 [95% 
CI 1.62–7.51], p = 0.001) and over-treatment (aOR 0.17 [95% CI 0.06–0.48], p = 0.001). Patients with refractory diarrhea 
were over treated (aOR 2.71 [95% CI 1.02–7.20], p = 0.046). Patients with an increased risk of CDI recurrence were not 
over treated.

Conclusions:  Our results suggest that non-adherence with CDI treatment guidelines depends on the duration of 
symptoms and rapid EIA test results. Patients with an increased risk of recurrence were neglected.

Keywords:  Clostridioides difficile, Clostridioides difficile infection, Non-adherence, Treatment guideline, Recurrent CDI, 
Toxin
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Background
A Clostridioides difficile infection (CDI) is a major 
cause of nosocomial diarrhea, and its recurrence is 
a challenging issue [1, 2]. Recurrence is experienced 
in up to 30% of the patients with previous CDIs [3]; it 
contributes to the mortality, morbidity, and increased 
healthcare costs associated with the disease [4]. Despite 
the reduced burden of CDI observed in a recent survey 
conducted in the United States, the incidence rate of 
recurrence did not change significantly [5]. Therefore, 
efforts to prevent and reduce recurrent CDIs need be 
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emphasized. The first step includes making an accurate 
diagnosis of CDI. However, there is no one-size-fits-
all algorithm for this diagnosis. New guidelines pub-
lished by the Infections Diseases Society of America 
and Society for Healthcare Epidemiology of America 
recommend a multi-step approach for the diagnosis. It 
proposes that when there is no pre-agreed criteria for 
stool examination, the glutamate dehydrogenase anti-
gen (GDH Ag) test plus a toxin enzyme immunoassay 
(EIA) with a nucleic acid amplification test (NAAT) be 
conducted [6]. However, due to the high sensitivity of 
NAATs, this may lead to over diagnosis and subsequent 
over-treatment. When there is a pre-agreed consensus 
for stool examination, the toxin EIA level should be 
investigated. Contrary to the former, this could result 
in under-diagnosis due to the low sensitivity of the 
toxin EIA.

Under- or over-treatment of C. difficile may have 
various influences on the incidence of recurrence by 
the changing the microbiome of the intestine. Bartlett 
et al. suggested that the prophylactic administration of 
vancomycin may predispose the patient to CDI [7]. On 
the contrary, Majors et  al. purported that the admin-
istration of prophylactic vancomycin using a tapered 
regimen, could help prevent recurrence [8]. Since an 
increase in the prescriptions for prescription of vanco-
mycin has been observed after the introduction of the 
NAAT tests [9], the significance of the diagnostic tests 
on anti-C. difficile prescription behavior needs to be 
determined.

There have also been reports about the effect of com-
pliance with anti-C. difficile prescription guidelines on 
patient outcomes such as reduced hospitalization [10, 
11]. However, the causes of non-adherence and their 
impact on outcomes have rarely been explored. Further-
more, since a definitive diagnosis of CDI is difficult to 
obtain [12, 13], multiple factors may have an influence 
on prescription behavior. Therefore, to enable the estima-
tion of the future burden of CDIs and the implications for 
future recurrence events we investigated the risk factors 
of non-adherence with prescription guidelines and their 
influence on recurrence. We limited our investigation to 
positive culture samples to explore the outcomes on colo-
nized or infected individuals.

Materials and methods
Ethics statement
This study was approved by the Institutional Review 
Board (IRB) of Yonsei University Health System Clinical 
Trial Centre (approval number: 9-2021-0097, approved 
on 19th July 2021), and the study protocol adhered to the 
tenets of the Declaration of Helsinki.

Study design and population
This case–control study was conducted using patients 
having positive C. difficile cultures from March 2020 to 
April 2021 from a university affiliated hospital (a 550-
bed secondary hospital), in Yongin-si, South Korea. The 
stool samples from patients suspected of having CDIs 
were submitted for C. difficile culture. Requests for the 
culture were made at the discretion of the attending 
doctors and used as proxies for intention to seek treat-
ment. Since C. difficile culture has a long turn-around 
time, physicians were recommended to administer 
rapid EIA tests for GDH Ag and toxin and subsequent 
real-time PCR, which was a NAAT in this institution. 
We retrospectively checked toxin NAAT for the sam-
ples without the results using C.difficile isolates. Only 
the first episode of each patient was included in the 
analysis. The exclusion criteria for this study included 
(1) patients under the age of 18, and (2) a documented 
history of C. difficile infection within 90 days of admis-
sion or outpatient visit for exclusive recruitment of 
recurrent CDIs identified within the study period.

Primary endpoint of the study
The primary endpoint of the analysis was the level of 
agreement with recommended guidelines. Adherence 
to the treatment methods with the treatment guidelines 
recommended by IDSA were determined by separate 
researchers by reviewing the electronic medical record 
charts [6]. For the patients with available GDH Ag and 
toxin EIA results, treatments with antibiotics for indi-
viduals with positive GDH Ag and positive toxin EIA 
(GDH+/toxin EIA +) results or positive GDH Ag, 
negative toxin EIA, and positive NAAT (GDH+/toxin 
EIA−/NAAT +) results for 10–14  days were consid-
ered appropriate. Treatments were not assumed to be 
required for patients with different combinations of 
results other than those listed above. For patients in 
whom results were unavailable, treatments for positive 
NAATs were considered appropriate. We categorized 
the patients into three groups according to the level 
of agreement. Those who received appropriate treat-
ment were categorized as the ‘treatment-appropriate 
group’ while those who received < 10 days of treatment 
or failed to get treatment despite results indicating the 
need for treatment were categorized as the ‘under-
treatment group.’ Those who received treatment for 
over 14  days according to the treatment guidelines or 
who received treatment according to non-treatment 
criteria were categorized as the ‘over-treatment’ group.

By the time this study was conducted, fidaxomicin 
and fecal material transplantation were not available in 
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this institution, leaving vancomycin the most frequent 
option for CDI treatment.

Clinical data collection
The medical records of all the included patients were 
reviewed, and the relevant clinical, biological and data 
were collected. The baseline characteristics includ-
ing demographic information and pre-existing chronic 
comorbidities were obtained. The immune suppressed 
status (defined as steroid use of more than 20  mg daily 
for over two weeks, and the use of chemotherapeutic 
agents), predisposing conditions for CDIs (administra-
tion of proton pump inhibitors within two months, prior 
exposure to antibiotics within six months prior to the C. 
difficile test, prior records of hospitalization within three 
months of the C. difficile test) and laxative use within 
24 h of the diarrhea, were recorded. Furthermore, clini-
cal features such as the presence of fever (defined as a 
body temperature ≥ 38°), shock (defined as a mean arte-
rial pressure ≤ 65  mmHg after fluid resuscitation) and 
diarrhea (unformed stools more than three times a day), 
were recorded. The following definitions for clinical 
information were applied: (1) CDI was defined as a symp-
tomatic infection (diarrhea, ileus and, abdominal pain) 
by a toxigenic strain of C. difficile; (2) refractory diar-
rhea was defined as continuous symptoms after 7  days; 
and (3) a severe CDI was identified when the white 
blood cell count (WBCs) was > 15,000/mm3, the serum 
Cr levels were ≥ 1.5 times the premorbid level, or when 
the patient suffered from shock. The outcome measures 
included recurrence defined by identification of repeated 
positive C. difficile test results for symptomatic patients 
within eight weeks of resolution of previous symptoms 
and infected by the same strain of C. difficile, and 30-day 
mortality.

Laboratory techniques
Isolation of C. difficile
The culture and identification of C. difficile at hospitals 
were performed using a standardized method. Stool sam-
ples were cultured anaerobically on CHROM CDIF agar 
(Asanpharm, Seoul, South Korea) for 48  h at 35 ± 2  °C, 
after alcohol shock. The bacterial identification was per-
formed using a Bruker Biotyper matrix-assisted laser 
desorption/ionization time of flight mass spectrometry 
(Bruker Daltonics, Leipzig, Germany).

GDH Ag and toxin AB EIA
Fresh specimens were tested for the C. difficile GDH Ag 
and toxin EIA using the C. DIFF QUIK CHEK COM-
PLETE (TechLab, Blacksburg, VA, USA) assay, which 
uses a combination of GDH Ag detection and toxin A 
and B detection. In brief, for the C. DIFF QUIK CHEK 

COMPLETE assay, 25 µL or an equivalent volume of 
stool specimen was added to a tube containing the dilu-
ent and conjugate, and the mixture was transferred to 
the device sample well. After incubation for 15  min at 
room temperature, the specimen was washed, buffered, 
and added to the substrate in the reaction window. The 
results were read after 10 min.

Nucleic acid amplification test
Toxin B gene detection in stool specimens was per-
formed using real-time PCR methods by the BD MAX 
Cdiff assay (BD Diagnostics, Sparks, MD, USA) before 
Nov. 2020 and thereafter by the Xpert C. difficile assay 
(Cepheid, Sunnyvale, CA, USA) according to the manu-
facturers’ instructions.

PCR ribotyping
Polymerase chain reaction (PCR) ribotyping was per-
formed as described previously with the primer CD1-
CD1445 [14, 15]. A comparison of the PCR ribotyping 
patterns was performed visually with known standards 
(VPI10463, UK078, 48489ATCC9689, ATCC43598, and 
ATCC70057). Ribotype patterns that differed by at least 
one band were assigned to different types.

Statistical analysis
Our analysis was performed two-fold. First, we per-
formed a statistical analysis to identify the risk factors for 
CDI recurrence. Thereafter, we conducted analyses using 
the factors associated with recurrence as independent 
variables for each of under-, over-, and appropriate-treat-
ment endpoints. Comparisons of each group against the 
other two groups were performed.

The continuous variables were expressed as 
means ± standard deviations, or medians (interquartile 
ranges) and the categorical variables as numbers (per-
centages). The baseline characteristics were compared 
using the Mann–Whitney U test and the independent 
samples t-test for the continuous variables, and the χ2 test 
or Fisher exact test for the categorical variables. Univari-
ate and multivariable analyses using logistic regression, 
while controlling for the clinically relevant confounding 
factors were conducted. The tests were 2-sided with an α 
level of 0.05 and were performed using the SPSS version 
21.0 (IBM Corp., Armonk, NY, USA).

Results
The baseline characteristics of the patients and the risk 
factors for non‑compliance
In total, clinical information was collected from 227 
patients. Among them, 25 cases of patients under the 
age of 18 and 51 cases from 30 patients with no rele-
vant CDI symptoms were excluded. We performed the 
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analysis of 172 patients. The mean age of the patients 
was 72.2 ± 15.8  years and 88 (51.2%) patients were 
male. Only three patients had inflammatory bowel dis-
eases and 20 patients were had immune suppressant 
statuses (one received organ transplantation, two used 
steroids of more than 20 mg over 2 weeks, and 17 were 
receiving anticancer therapy) (Fig. 1; Table 1).

The over-treatment, under-treatment, and appropri-
ate-treatment groups comprised 53 (53/172, 30.8%), 
49 (49/172, 28.5%), and 70 (70/172, 40.7%) patients, 
respectively. While the majority of 154 patients had 
GDH Ag and toxin EIA results, 18 patients had only 
NAAT and culture results (Fig. 2).

In multivariable analysis, having positive GDH Ag, 
negative toxin EIA and positive NAAT (GDH Ag + /
toxin EIA−/NAAT +) results (aOR 0.17 [95% CI 
0.06–0.48], p = 0.001) was negatively correlated with 
over-treatment. Having GHD-/toxin EIA−/NAAT + 
results (aOR 3.37 [95% CI 1.20–9.45], p = 0.021), having 
GDH+/toxin EIA−/NAAT− (aOR 3.30 [95% CI 1.31–
8.29], p = 0.011), and having prolonged diarrhea (aOR 
2.71 [95% CI 1.02–7.20], p = 0.046) were positively 
associated with over-treatment. Having GDH+/toxin 
EIA−/NAAT + results (aOR 3.49 [95% CI 1.62–7.51], 
p = 0.001), and having hypertension (aOR 4.47 [95% 
CI 1.23–16.20], p = 0.023) were risk factors for under-
treatment. Having positive toxin EIA, which was a risk 
factor for recurrence, was not associated with over- or 
under-treatment (Table 2).

Discussion
This study showed that non-adherence with CDI treat-
ment guideline depends on the duration of symptoms 
and rapid EIA test results. Having GDH+/toxin EIA−/
NAAT + status was associated with both under- and 
over-treatment. Patients with refractory diarrhea were 
typically over-treated. Patients with an increased risk of 
CDI recurrence were not over treated.

GDHs are a broadly distributed group of enzymes 
that catalyze the oxidative deamination of glutamate to 
α-ketoglutarate and ammonia, which are found in both 
toxigenic and nontoxigenic strains of C. difficile [16, 17]. 
Due to its importance in pathogenesis in CDI and eco-
nomic feasibility, GDH Ag tests in combination with 
toxin tests are recommended to confirm CDI. However, 
the diagnostic implications of a combination of GDH Ag 
and toxin EIA testing remain elusive, especially when 
the results are not in concert with each other [18]. In our 
study, we noted that patients with GDH+/toxin EIA−/
NAAT+ results were under-treated and not over-treated, 
which may mean that patients indicated for treatment 
were not treated adequately. Since over-treatment was 
associated with refractory diarrhea, it is plausible that 
symptoms were the main driving force for non-compli-
ance. We can assume that when a patient’s symptoms 
resolve and initial test results come out as GDH+/toxin 
EIA−, physicians opt out of ordering NAATs and decide 
to cease treatment. Interestingly, in this study, NAAT 
results were positive in more than half (47/74, 63.5%) 
of cases of GDH+/toxin EIA− samples. Education in 
regards to the confirmation of CDIs by subsequent 
NAAT is needed.

Furthermore, a case of CDI following a non-toxigenic 
colonization, was identified. Previous reports had sug-
gested that as long as an individual was colonized by 
one strain, they were protected from infections caused 
by other strains. Evidence of protection from CDIs in 
both humans and animal models following the coloniza-
tion with non-toxigenic strains, suggesting competition 
for nutrients or access to the mucosal surface, has been 
shown [19, 20]. Even though the significance of the find-
ing was not delineated in this study, there needs to be 
special consideration of whether the abuse of vancomy-
cin can lead to undesired CDIs.

GDH−/toxin EIA−/NAAT + results were also asso-
ciated with non-adherence. In general, samples that are 
GDH Ag and toxin negative on EIA can be reported as 
negative with relatively high confidence [18]. It is rea-
sonable to assume patients with these results are not 
required to be treated. However, in our study, 21 of 28 
(21/28, 75.0%) samples were found to be positive on 
NAAT and at risk for over-treatment, which may be 
attributed to the presence of prolonged CDI-related 

Fig. 1  Flow of patients with positive culture samples through level 
of treatments
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Table 1  Baseline characteristics of the study patients and univariate and multivariable analysis for risk of CDI recurrence (N = 172 
patients)

The data was divided into two groups according to recurrence. Only the variables that displayed significance in the univariate analysis or had clinical significance were 
included in the table. The multivariable analysis was adjusted for confounding factors such as over-treatment and length of hospital stay. Data are expressed as the 
mean ± SD/median [Q1-Q3] or N (%). Values with statistical significance (p-value < 0.05) are expressed in boldface

CDI, Clostridioides difficile infection, HTN hypertension, IBD inflammatory bowel disease, NAAT​ nucleic acid amplification test, EIA enzyme immunoassay, GDH Ag 
glutamate dehydrogenase antigen, NA not applicable, GDH+/toxin EIA- positive GDH Ag and negative toxin EIA, GDH+/toxin EIA−/NAAT+ positive GDH Ag, negative 
toxin EIA and positive NAAT, GDH+/toxin EIA-/NAAT− positive GDH Ag, negative toxin EIA and negative NAAT, GDH−/toxin EIA− negative GDH Ag and negative toxin 
EIA, GDH-/toxin EIA−/NAAT+ negative GDH Ag, negative toxin EIA and positive NAAT, GDH−/toxin EIA−/NAAT− negative GDH Ag and negative toxin EIA and negative 
NAAT, R014/020 ribotype 014/020, R018 ribotype 018, ICU intensive care unit
a The odds of recurrence against non-recurrence was calculated using univariate logistic regression model
b The adjusted odds ratio was calculated using a multivariable logistic regression model adjusted for age
c The number of patients who had available data was 154
d The proportion was calculated against a total number of 28
e The proportion was calculated against a total number of 74
f The number of patients who had available data was 136
g The number of patients who had available data was 168
h None of the patients with the variable was found to have recurrence

Variable Total Univariate Multivariable

ORa 95% CI p-value aORb 95% CI p-value

Relapse, N (%) 20(11.6)

Male gender 88 (51.2) 0.60 0.23–1.55 0.292

Mean age, years 72.2 ± 15.8 1.05 1.00–1.09 0.038 1.07 1.01–1.13 0.030
Comorbidities

 HTN 113 (65.7) 0.60 0.23–1.54 0.287

 Chronic liver diseaseh 18 (10.5) NA NA NA

 IBDh 3 (1.7) NA NA NA

 Immunocompromisedh 20 (11.6) NA NA NA

Laboratory results

 Positive toxin NAAT​ 133 (77.3) NA NA NA

 Positive toxin EIAc 52(30.2) 5.21 1.70–15.93 0.004 5.98 1.87–19.10 0.003
 Positive GDH Agc 125 (72.7) 1.70 0.37–7.94 0.498

 GDH−/toxin EIA− 28(18.2) 0.65 0.14–3.02 0.579

  GDH−/toxin EIA−/NAAT+d 21 (75) 0.39 0.05–3.15 0.379

  GDH-/toxin EIA−/NAAT−d 7 (25) 1.47 0.17–13.02 0.473

 GDH+/toxin EIA− 74(39.3) 0.22 0.60–0.80 0.021

  GDH+/toxin EIA−/NAAT+e 47 (63.5) 0.49 0.13–1.82 0.288

  GDH+/toxin EIA−/NAAT−e, h 27 (36.5) NA NA NA

 R014/020f 20(11.6) 2.42 0.76–7.72 0.132

 R018f 15(8.7) 2.57 0.73–9.11 0.144

Clinical information

 Refractory diarrhoea 25(14.5) 1.03 0.28–3.80 0.968

 Severe CDI 49 (28.5) 0.41 0.11–1.46 0.167

 Fever 76(44.2) 0.82 0.32–2.13 0.689

 Shockh 12(7.0) NA NA NA

 Time to positive culture 5 [2–13] 1.05 0.39–2.82 0.926

Treatment

 Over-treatment 53 (30.8) 2.01 0.78–5.18 0.149

 Under-treatment 49 (28.5) 1.37 0.51–3.65 0.536

Outcomes

 Length of hospital stay 19 [9–35] 1.01 0.99–1.02 0.22

 Length of ICU stay 0 [0–1] 0.95 0.87–1.05 0.326

 30 day mortalityg,h 11(6.4) NA NA NA
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symptoms. A larger study to investigate diagnostic per-
formance in this group of patients is warranted.

The decisions for treating CDIs were based on the 
symptoms, and these parameters were not remarkable 
predictors of recurrence. This may have led to a lack of 
information with respect to patients with increased risks 
of recurrence. Traditionally, recurrence events were 
known to be associated with innate patient risk fac-
tors such as old age, and chronic renal failure [21, 22]. 
According to previous report, the pathogenic factor of 
a positive toxin EIA result was also implicated in recur-
rence [23]. Positive toxin EIA result was associated with 
recurrence of CDI in this study in accordance with pre-
vious works. The likely mechanism for this includes an 
inadequate immune response to  C. difficile  toxins and 
a persistent disruption of the normal  colonic flora [24–
26]. However, the toxin EIA has not always implicated 
in severe CDIs or with refractory symptoms [12]. In our 
study, patients with positive toxin EIA results were not 
treated appropriately because of the early resolution of 
their symptoms. Out of 52 patients of positive toxin EIA 
results, 19 (19/52, 36.5%) of them were under-treated. 
Intensified precautions and education are required when 
interrupting treatment for this group of patients to pre-
vent recurrence.

There was no correlation of under- or over-treatment 
with recurrence in this study. However, despite statisti-
cal insignificance, there was a tendency for under-treat-
ment to be associated with 30-day mortality, whereas 
over-treatment was negatively correlated with 30-day 

mortality (4/49, 8.2%, 2/53, 3.8%). Further investigation 
of the outcomes in larger groups of patients is warranted.

This study indicates that rapid EIA tests for GDH Ag 
and toxin may act as confounders for non-compliance 
in settings where positive NAATs and C. difficile cul-
tures were used as confirmatory tests. The adequacy of 
these rapid tests in determining a true infection has been 
debated widely, with inconsistent results depending on 
the patients involved [12, 13, 27], leaving the decision to 
sustain the tests questioned. However, our results also 
showed that these tests were helpful in predicting out-
comes such as recurrence. The judicious use of tests is 
required to facilitate desirable prescriptions for CDI.

There were some limitations to this study. First, because 
the study was a single center study, the results in this 
study may be difficult to generalize. Second, the influence 
of physicians’ knowledge on prescription behaviors could 
not be determined due to lack of data. Third, the results 
may be biased due to the small number of patients and 
the short period of research time. However, the results of 
this study are important in that it shows the risk of non-
compliance and it also incorporates the clinical and path-
ogenic factors.

Conclusions
The presence of the prolonged symptoms confounded 
by C. difficile rapid EIA tests was identified as an 
important reason for noncompliance with C. difficile 
treatment guidelines. Patients with increased risks of 
recurrence were neglected due to a lack of prolonged 

Fig. 2  Anti-C. difficile prescription behavior according to test results and their outcomes. NAAT​ nucleic acid amplification test, underT 
under-treatment, overT over-treatment, appropriate T appropriate treatment
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symptoms, despite test results that predicted outcomes 
(Additional file 1).
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