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Abstract: A nucleic acid amplification test (NAAT) is recommended to determine whether or not
patients have a Clostridioides difficile infection (CDI) when the glutamate dehydrogenase activity assay
is positive and the rapid membrane enzyme immunoassays for toxins is negative. In our hospital,
a NAAT was introduced to diagnose CDI precisely in April 2020. This study aimed to investigate
the impact of a NAAT on the clinical outcomes in patients with CDI at our hospital. Seventy-one
patients diagnosed with CDI between April 2017 and March 2022 were included in our study. Patients
with CDI were divided into two groups: before (pre-NAAT) and after (post-NAAT) the introduction
of NAAT. The clinical outcome was compared between the two groups. Of the 71 patients with
CDIJ, 41 were sorted into the pre-NAAT group and 30 into the post-NAAT group. The clinical cure
rate was significantly higher in the post-NAAT group compared to the pre-NAAT group (76.7% vs.
48.8%, p = 0.018). In the multivariable analysis, the clinical cure was significantly associated with the
introduction of NAAT (p = 0.022). Our findings suggest that the introduction of NAAT can improve
the clinical outcomes in CDI patients.
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1. Introduction

One of the most common anaerobic bacteria causing healthcare-associated diseases
is Clostridioides difficile (CD), which is also known to cause several infections, including
infectious diarrhea and pseudomembranous enterocolitis [1]. Over the previous decade, the
incidence and severity of Clostridioides difficile infection (CDI) has increased considerably,
which is concomitant with the prevalence of hypervirulent bacterial strains [2—4]. All-
cause 30-day mortality rates with CDI patients have been reported to range from 11.8% to
23.0% [5]. Older age, low serum albumin (Alb) levels, and high white blood cell (WBC)
counts were associated with increased mortality in patients with CDI [6,7]. Even with
appropriate treatment for patients with CDI, about 30% of the patients relapse [8-10]. Older
age, renal failure, and the use of a proton pump inhibitor (PPI) are associated with increased
risk factors for the recurrence of CDI [11,12]. A recurrence of CDI is estimated to result
in medical costs of over JPY 1.28 million (USD 12,600) and an extended hospital stay of
3 weeks [13].

Toxigenic culture (TC), cell cytotoxicity neutralization assay (CCNA), glutamate de-
hydrogenase (GDH), toxin A/B (TOXIN) enzyme immunoassay (EIA), and nucleic acid
amplification testing (NAAT) are among the laboratory tests used to diagnose CDI. These
tests have varying degrees of sensitivity and specificity [14-17]. Conventionally, a two-step
algorithm has been proposed, in which the TOXIN production of the isolate is confirmed by
CCNA or TC in the case of GDH(+)/TOXIN(—) on a rapid membrane EIA [18]. However,

Antibiotics 2023, 12, 428. https:/ /doi.org/10.3390/ antibiotics12030428

https:/ /www.mdpi.com/journal/antibiotics


https://doi.org/10.3390/antibiotics12030428
https://doi.org/10.3390/antibiotics12030428
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/antibiotics
https://www.mdpi.com
https://orcid.org/0000-0002-4526-3045
https://orcid.org/0000-0002-2143-5922
https://doi.org/10.3390/antibiotics12030428
https://www.mdpi.com/journal/antibiotics
https://www.mdpi.com/article/10.3390/antibiotics12030428?type=check_update&version=1

Antibiotics 2023, 12, 428

2 0f9

the CCNA and TC require several days to reach a conclusion and are often not carried out
in general medical institutions. EIA has the advantage of high specificity, but its sensitivity
is insufficient, making the diagnosis of CDI on its own difficult. Although NAAT is more
expensive than the other methods, it has been adopted because of its high sensitivity, and it
provides a more reliable diagnosis than traditional, less sensitive EIA [16]. NAAT evaluates
toxin production, thus avoiding unnecessary treatment for CD that does not produce toxins.
In addition, a rapid diagnosis with NAAT allows treatment to be initiated earlier than that
with CCNA or TC [16,17]. Undertaking a NAAT immediately following EIA provides the
most useful diagnostic information [17] and is the recommended diagnostic algorithm in
Japan [19]. However, NAAT is still not widely used in general hospitals in Japan because its
introduction has been limited to facilities with additional measures for infection prevention.
Therefore, only some reports have examined the impact of the NAAT introduction on
clinical outcomes in patients with CDI [20].

Fukuoka University Chikushi Hospital introduced NAAT in 2020 to help diagnose
CDIL. It is unclear whether the introduction of NAAT has actually increased the diagnostic
rate of CDI or improved outcomes for CDI patients. The objective of our study was to
compare the clinical outcome before and after the introduction of NAAT in patients with
CDI at our hospital.

2. Materials and Methods
2.1. Study Population

This retrospective cohort study was conducted at the Fukuoka University Chikushi
Hospital in Fukuoka, Japan, between April 2017 and March 2022. The Ethics Committee of
the Fukuoka University School of Medicine approved the study protocol (No. C22-09-002).
Patients who were diagnosed with CDI and started on treatment with anti-CD agents were
included in the study. The study excluded participants under the age of 18, who underwent
outpatient EIA without being hospitalized, who were not examined via a stool sample, or
who were transferred to another hospital during treatment. For patients who had multiple
episodes of CDI during the study period, only first episode was included in the analysis.
Patients who were transferred to another hospital during treatment and who were not
treated with anti-CD agents were excluded from the evaluation of outcomes but included
when evaluating the diagnostic rate.

2.2. Tests and Diagnosis of CDI

The CDI testing algorithm consists of an initial screening step using a premier EIA
for GDH, followed by a NAAT (Cepheid, Xpert® C. difficile, US) for GDH(+)/ TOXIN(—).
C. DIFF QUIK CHEK COMPLETE® (TechLab, Blacksburg, VA, USA), a rapid membrane
EIA was used to detect both the pathogen’s GDH and TOXIN. The Cepheid NAAT is
a real-time polymerase chain reaction assay targeting the toxin B genes. If the CDI test
alone does not confirm the diagnosis of CDl], it is recommended that the diagnosis of CDI
should be made by clinical symptoms [19]. Even if a physician tests a patient for CD], if the
diarrhea symptoms are temporary or if there is no fever or abdominal pain, the physician
will explore the possibility of a disease other than CDI. A patient with GDH(+) TOXIN(+)
by EIA was defined as non-CDI if the attending physician determined that the patient was
a carrier of CD or if they suspected another disease.

2.3. Clinical Characteristics

Patient data were collected from electronic medical records and studied retrospec-
tively. Clinical characteristics included age, sex, use of (PPI) and probiotics, inflammatory
bowel disease (IBD) as underlying diseases, chemotherapy for neoplasm, the severity of
the disease, treatment with anti-CD agents, length of hospital stay, length of treatment,
and clinical outcome. The Charlson comorbidity index (CCI) was used to measure co-
morbidity [21], and the severity of CDI was assessed using the MN criteria, which was
originally proposed in Japan [22]. In order to assess the CDI severity, we investigated
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age, abdominal symptoms, body temperature, times of diarrhea, WBC count, estimated
glomerular filtration rate, serum Alb level, and the presence of imaging findings. The risk
of each item for CDI severity was rated on a scale of 0-3 points, and severity was rated
by summing each score (Table S1). According to the total score, severity was classified as
mild (0—4), moderate (5-9), severe (10-13), and critical (14-19). Based on previous reports,
we divided the results into two groups: non-severe (mild to moderate) group and severe
(severe to critical) group [22]. A supplemental table (Table S2) shows the actual severity
judgments made for the 71 patients in this study.

2.4. Clinical Outcome

Clinical outcome was assessed by clinical cure rate, recurrence rate, and 30-day mor-
tality. Clinical cure was defined as completion of treatment with anti-CD agents within
14 days and absence of diarrhea for at least two consecutive days after completion of treat-
ment. Recurrence was defined as the onset of CDI within 8 weeks of the previous episode.
Thirty-day mortality was defined as mortality within thirty days after the diagnosis of CDI.

2.5. Statistical Analysis

Clinical characteristics were expressed as numbers with proportions for categorical
variables and as median and interquartile range (IQR) for continuous variables. Patients
with CDI were divided into two groups: before (pre-NAAT) and after (post-NAAT) the
introduction of NAAT. For univariable analysis, the Chi-square or Fisher’s exact test (as
appropriate) was applied for proportions and the Mann-Whitney U test was used for
medians. Multivariable logistic regression analysis was performed on factors associated
with clinical cure in univariable analysis (p < 0.2). All statistical analyses were performed
using JMP® 10 (SAS Institute Inc., Cary, NC, USA). A p value < 0.05 was considered to
be significant.

3. Results
3.1. Patient Characteristics

Of the 197 patients with GDH(+), 71 patients diagnosed with CDI were enrolled in this
study (Figure 1). The median age of these patients was 80 (IQR: 68-87) years, and 37 (52.1%)
of them were male. Of these 71 patients, 12 (16.9%) had IBD, 47 (66.2%) had received PPI,
48 (67.6%) had received probiotics, and 7 (9.9%) had received chemotherapy for a neoplasm.
The median CCI was 2 (IQR: 1-3), with a maximum score of 10. The median (IQR) laboratory
values were as follows: 9300/ uL (6400-16,100) for WBC counts, 2.4 g/dL (2.0-2.9) for serum
Alb levels, and 72.2 mL/min/1.73 m?2 (45.3-107.5) for estimated glomerular filtration rate.
According to the severity classification defined by the MN criteria, 15 (21.1%) patients had
a mild disease, 44 (61.9%) patients had a moderate disease, 10 (14.1%) patients had a severe
disease, and 2 (2.8%) patients had a critical disease. All patients were treated with anti-CD
agents: 56 with metronidazole (MNZ), 13 with vancomycin (VCM), and 2 with both.

There were no significant differences in the clinical characteristics between the pre-
NAAT and the post-NAAT group (Table 1).

3.2. Diagnostic Rate of CDI in Patients with GDH(+)

As shown in Figure 1, in patients with TOXIN (+) in EIA, the diagnosis rate was 92.7%
(38/41) in the pre-NAAT group and 100% (15/15) in the post-NAAT group. Meanwhile, in
patients with TOXIN (—) in EIA, the post-NAAT group showed a higher diagnostic rate
than the pre-NAAT group (45.6% (26/57) vs. 25.0% (21/84)). In addition, the patients who
were transferred to another hospital during treatment (11 patients in the pre-NAAT and
5 in the post-NAAT group) were excluded from the study.
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Figure 1. Flow diagram showing the steps of case selection for Clostridioides difficile infection (CDI)
before the introduction of nucleic acid amplification test (NAAT) (a) and after the introduction of
NAAT (b) (GDH, pathogen’s glutamate dehydrogenase).

Table 1. Clinical background between pre-NAAT group and post-NAAT group.

Variables Pl(-;-l:,:{)xT Po(it-f?ﬁ);&T p Value
Age, median (IQR) 81 (71-87.5) 79.5 (56.5-86.25) 0.59
Male gender, n (%) 20 (48.8) 17 (56.7) 0.51
Severe, n (%) 9 (22.0) 3(10.0) 0.22
Proton pump inhibitor, n (%) 25 (61.0) 22 (73.3) 0.28
Charlson comorbidity index, median (IQR) 2 (1-3.5) 2 (0-3) 0.48
Inflammatory bowel diseases, n (%) 6 (14.6) 6 (20.0) 0.55
Chemotherapy for neoplasm, n (%) 2 (4.9) 5(16.7) 0.12
White blood cell count, median (IQR) 9800 (7600-17,450) 9150 (5725-13,500) 0.24
Estimated glomerular filtration rate, median (IQR) 80.3 (44.3-108.7) 70.6 (44.3-106.5) 0.78
Serum albumin level, median (IQR) 2.4 (2.0-2.8) 2.6 (2.1-3.1) 0.21

NAAT, nucleic acid amplification test; CDI, Clostridioides difficile infection; and severe, severe to critical.

3.3. Comparison of Clinical Outcome between Pre-NAAT Group and Post-NAAT Group

There were no significant differences in the clinical outcomes, including the length
of hospital stay, length of treatment with anti-CD agents, recurrence of CDI, and 30-day
mortality, between the pre-NAAT group and the post-NAAT group (Table 2). However, the
clinical cure rate was higher in the post-NAAT group compared to the pre-NAAT group
(76.7% vs. 48.8%, p = 0.018).

Table 2. Comparison of clinical outcome between pre-NAAT group and post-NAAT group.

Variables PE:I:L:S T Po&t—i\lﬁ)‘;\T p Value
Number of days in hospital, median (IQR) 33 (25.5-50) 40 (25.5-58.25) 0.56
Number of days of treatment with anti-CD agents, median (IQR) 11 (7.5-14) 10.0 (7.75-14.0) 0.92
Clinical cure, n (%) 20 (48.8) 23 (76.7) 0.018
Recurrence of CDI, n (%) 4(9.8) 3 (10.0) 1.00
30-day mortality, n (%) 9 (22.0) 3(10.0) 0.22

NAAT, nucleic acid amplification test; CDI, Clostridioides difficile infection.
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Table 3 lists the factors associated with clinical cures in CDI patients. In a multivariable
analysis, we determined that the clinical cure was significantly associated with the NAAT
introduction (odds ratio (OR) = 3.31; 95% confidence interval (CI) = 1.18-10.03; p = 0.022).

Table 3. Factors associated with clinical cure (univariable and multivariable analyses).

Clinical Cure

Multivariable Analysis

Variables Clinical Non-Cure (n = 28) p Value p Value
(n=43) OR 95% CI
Age, median (IQR) 76.5 (61-88.5) 81.0 (73-87) 0.59 - - -
Male gender, n (%) 15 (53.6) 22 (51.2) 0.84 - - -
Severe CDI, n (%) 5(17.9) 7 (16.3) 0.86 - - -
NAAT introduction, 1.18-
n (%) 7 (25.0) 23 (53.5) 0.018 3.31 10.03 0.022
Proton pump inhibitor, n (%) 17 (60.7) 30 (69.8) 0.43 - - -
Probiotics, n (%) 16 (57.1) 32 (74.4) 0.13 - - -
The number of days to
start treatment 2 (1.0-3.0) 3 (1.0-4.0) 0.11 - - -
Treatment ert\h( ;3t1—CD agents, 28 (100.0) 43 (100.0) B B B
metronidazole 24 (85.7) 32 (74.4) 0.40 - - -
vancomycin 3(10.7) 10 (23.3) - - -
metromdaque + 1(3.6) 123) B B B
vancomycin
Charlson comorbidity index,

median (I0R) 2 (0-3.75) 2 (1-3) 0.73 - - -
Inflammatory bowel diseases, n (%) 6(21.4) 6 (14.0) 0.41 - - -
Chemotherapy for neoplasm, n (%) 3(10.7) 49.3) 1.00 - - -
White blood cell count, 9250 9800 076 B B B

median (IQR) (7550-16,800) (6000-16,000) .
Estimated glomerular filtration rate, 83.5 67.7 0.54 ) } )

median (IQR) (46.6-111.7) (41.2-106.2) -

Serum albumin level,

median (IQR) 2.4 (1.9-2.7) 2.4 (2.0-3.0) 0.52 - - -

NAAT, nucleic acid amplification test; CDI, Clostridioides difficile infection; and severe, severe to critical.

4. Discussion

The objective of this study was to compare the clinical outcome before and after
the introduction of NAAT in patients with CDI at our hospital. The post-NAAT group
demonstrated a higher diagnostic rate than the pre-NAAT group in patients with TOXIN
(—). Previous reports have shown that the introduction of NAAT improves the diagnostic
rate of CDI [23-25], and similar results were obtained in our present study.

The clinical cure rate was significantly higher in the post-NAAT group compared
to the pre-NAAT group. This indicates that the introduction of NAAT has improved the
diagnostic rate of CDI, resulting in successful treatment with the appropriate therapy for
CDIL. Of the 43 patients who were clinically cured, 11 were classified as mild by MN criteria
(3 patients in the pre-NAAT and 8 in the post-NAAT group). Therefore, it is possible
that patients with mild CDI, who were considered to have CDI before the introduction of
NAAT, were correctly diagnosed and treated after the introduction of NAAT, leading to an
improved clinical cure rate. On the other hand, NAAT potentially has the negative aspect
of over-diagnosis [26,27], suggesting that over-diagnosis may impact the clinical outcome.
However, since 8 (23.5%) of the 34 patients who were positive for toxin B on NAAT were
not eventually diagnosed with clinical CDI in the present study, they were unlikely to be
over-diagnosed.

The incidence of severe CDI tended to be lower in the post-NAAT group compared
to the pre-NAAT group (Table 1). High TOXIN levels of CD can affect the severity of
disease [28]. It has been reported that patients with negative EIA but positive NAAT have a
less severe disease than those with positive EIA [26,29]. Some reports suggest that severity
of CDI by the MN criteria is associated with mortality [22,30]. However, the severity of
CDI in the present study did not differ between the clinical cured and non-cured groups
(Table 3). This discrepancy may be due to the small number of cases.

Patients taking probiotics had more clinically curative outcomes more often than those
not taking probiotics (Table 3). Probiotics have been reported to be effective in preventing
the development of CDI [31-33]. The guidelines state insufficient evidence for probiotic
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preparations as a treatment for CDI [19]. There are also reports that probiotics improve
diarrhea symptoms caused by CDI [34,35]. Therefore, further research is needed.

In the present study, there were no significant differences in prognostic factors, such
as recurrence of CDI and 30-day mortality, before and after the introduction of NAAT. The
30-day mortality rate has been reported to be lower in patients diagnosed with CDI by
NAAT than in those diagnosed with CDI by EIA [36]. Guh et al. reported that patients
diagnosed by EIA had a higher recurrence rate than those by NAAT, but there was no
difference in CDI-related complications or mortality between the two groups [37]. On the
other hand, Longtin et al. reported that patients diagnosed by EIA had more CDI-related
complications than those by NAAT [38]. Furthermore, it has been reported that there are
differences in the clinical characteristics of patients diagnosed by NAAT and those by
EIA [39]. Therefore, this suggests that the introduction of NAAT alone is insufficient to
improve CDI patients’” prognosis, and further studies are needed on the clinical outcomes
in patients with CDI diagnosed by NAAT. As a matter of course, patients with CDI need to
be treated with appropriate medications according to the severity of the disease. In our
study, all patients were treated with anti-CD agents: 56 with MNZ, 13 with VCM. and 2
with both. Interestingly, of the 12 severe patients, 9 were treated with MNZ, 2 with VCM,
and 1 with both. Previous research has shown that the oral administration of VCM is more
effective in treating severe CDI cases than MNZ [40,41]. There was a trend toward being
treated by VCM in the clinically cured group and by MNZ in the clinical non-cured group,
although there were no statistically significant differences (Table 3). Resistance to CD has
also been documented, and the clinical cure rates for CDI with MNZ are reported to be
13-20% lower than those for CDI with VCM [40,41]. Therefore, subjects in the present study
might be yet to receive the appropriate treatment according to the severity of CDI, i.e.,
treatment with MNZ for non-severe cases and with VCM for severe cases.

There are several limitations to this study. First, this is a single-center retrospective
study with few cases. Second, we should have investigated whether antibiotics have
been previously administered to these CDI patients. However, Khanafer et al. noted that
antibiotic treatment is not a causative variable for predicting the disease severity, but rather
an adjustment factor [42]. In other words, a history of antibiotic use is a risk factor for
developing CDI, not a prognostic factor. Thirdly, our hospital has an IBD center, where
many IBD patients with a low average age and a low mortality rate are repeatedly admitted
and discharged [43]. Fourthly, although TC was originally recommended for CDI diagnosis
in patients with GDH(+)/TOXIN(—) in EIA, it may not represent the actual number of
CDI patients because some patients were diagnosed without TC before the introduction
of NAAT [18]. Finally, some patients were transferred to another hospital during their
treatment, because their clinical symptoms became less severe. Therefore, the exclusion of
these patients might have affected the clinical cure rates in this study.

Despite these limitations, we believe that this study is significant because only a
few reports have examined the impact of NAAT introduction on the clinical outcomes in
patients with CDL Our study suggests that the introduction of NAAT has reduced the
number of patients with CDI who are not correctly diagnosed, despite having CDI, and
has contributed to improving the clinical cure rate of patients with CDI. We hope that this
study will lead to more facilities introducing NAAT and improving the quality of treatment
for patients with CDL

5. Conclusions

In this study, the diagnosis rate of CDI increased after the introduction of NAAT as in
the previous reports. There were no significant differences in prognostic factors, such as
CDI recurrence or 30-day mortality, between the pre- and the post-NAAT groups. However,
the clinical cure rate was significantly higher in the post-NAAT group than in the pre-NAAT
group. Although this is a single-center, retrospective study with a small number of cases
and needs further validation, the results suggest that the introduction of NAAT may lead
to improved clinical outcomes for patients with CDI. We hope that this study will lead to
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an increase in the number of facilities introducing NAAT in the future and will improve
the quality of care for patients with CDL

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/antibiotics12030428 /s1. Table S1: MN criteria; Table S2: determi-
nation of CDI severity.
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