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Abstract: Early identification of acute gastroenteritis (AGE) pathogens via PCR may improve the
management of patients presenting to the emergency department (ED). In this study, we evaluated
the implementation of a testing algorithm for ED patients with AGE using the BD MAX automated
PCR system. Data from 133 patients were analyzed. A total of 56 patients (42%) tested positive
via PCR for at least one bacterial or viral pathogen. The median time to report PCR results was
6.17 h compared to 57.28 h for culture results for bacterial pathogens. The most common pathogen
was Clostridioides difficile (n = 20, 15%). In total, 14 of the 20 C. difficile-positive patients were aged
>65 years and 17 of the 20 patients (85%) were diagnosed with a clinically relevant infection based on
typical symptoms and laboratory values. They received antibiotics, mostly oral vancomycin, starting
a median of 11.37 h after ED admission. The introduction of PCR for the diagnosis of AGE infection
in patients presenting to the ED may have the greatest impact on the rapid identification of C. difficile
and the timely administration of antibiotics if necessary.
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1. Introduction

Multiplex PCR is being increasingly used for the diagnosis of acute gastroenteritis
(AGE), not only to increase diagnostic sensitivity but also to provide timely diagnosis
compared to bacterial culture and conventional stepwise diagnostics [1,2]. However,
PCR cannot replace the isolation of bacterial pathogens by culture, which is required
for serotyping and accurate characterisation of different pathotypes, e.g., Shiga toxin-
producing E. coli (STEC) and Salmonella. PCR causes additional laboratory costs, and the
clinical impact in terms of specific therapy is limited [1]. In the outpatient setting, testing
for viruses is not indicated because the results have no impact on the treatment of the
patient [3]. However, identification of the bacterial pathogen may be helpful in deciding
whether to use an antibiotic, for example, in cases of Shigellosis, prolonged Campylobacter
infection, severe symptoms, or underlying chronic disease [3,4]. In the hospital setting, PCR
testing for viruses and bacteria could also improve patient hygiene management. However,
broad-spectrum multiplex PCR testing is not recommended for patients who have been
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hospitalised for more than 48 h because infectious hospital-associated AGE is associated
with a small spectrum of pathogens, mainly norovirus and Clostridioides difficile [3].

The emergency department (ED) is a critical interface for timely diagnostics in a
tertiary hospital. Immediate testing of patients presenting with AGE in the ED may help
to improve patient management, as they need to be isolated when admitted to a ward
and this may be important for timely therapeutic decisions. Many patients presenting
to the ED with severe illness belong to vulnerable populations, such as the elderly or
immunocompromised. For these patient groups, broad panel testing for AGE pathogens
may be most relevant. This also includes children, who are known to have an increased
incidence of AGE [1,5]. As there is a large overlap in clinical symptoms caused by different
pathogens, it is challenging to differentiate patients for more individualized testing to avoid
delays in diagnostic reporting and to simplify the workflow for the emergency department
staff. This problem also applies to testing for C. difficile, which can cause mild disease as
well as severe pseudomembranous colitis [6].

Here we report the results of an observational study on the testing of ED patients
with AGE using the enteric viral panel (EVP), enteric bacterial panel (EBP), and Cdiff
PCR assays of the automated BD MAX'" system (BD, Heidelberg, Germany). All assays
were performed in parallel from the same sample, including the PCR assay as a one-step
diagnostic strategy for C. difficile infection (CDI).

2. Results
2.1. BD MAX PCR Testing

During the study period, a total of 133 patients admitted to the ED and presenting
with diarrhea were tested with the BD MAX'" enteric assays. Data analysis included both
adults and children <18 years of age. The median age of the patients was 60 years (IQR
10-80). Of the patients, 68 were female (51.13%) and 65 were male (48.87%). Sixty-two
patients were >65 years of age (46.62%). Overall, 56 patients (42.1%) tested positive for at
least one pathogen (Table 1). For pathogens that were tested using both PCR and culture in
19 out of 21 PCR-positive samples (90.48%), the corresponding pathogen could be isolated
(Campylobacter spp. 9/10: C. jejuni (n = 8) and C. coli (n = 1); Salmonella spp. 8/8: S.
Enteritidis (n = 4), S. Typhimurium (n = 2), S. Goldcoast (n = 1), and S. Infantis (n = 1); STEC
1/2: STX-1-positive E. coli; Shigella spp. 1/1: S. sonnei). The median time from the laboratory
request to the reporting of PCR results was 6.17 h (IQR 4.07-15.25) compared to a median
time of 57.28 h (IQR 44.25-64.87) for the reporting of bacterial culture results (p < 0.001,
Mann-Whitney U test). The median length of stay in the ED before transfer to a ward was
5.65 h (IQR 3.37-8.83).

Table 1. BD MAX PCR results.

Patient Group

Pathogens —
Pediatric (<18) Adults (18-65) Elderly (>65)
Number of positive
patients/total number of patients 15/36 (41.67) 15/35 (42.85) 26/62 (41.9)
No. of positive PCR results 19 16 26
Campylobacter spp. 3 2 5
Salmonella spp. 4 1 3
STEC 0 2 0
Shigella spp. 0 1 0
C. difficile 3 3 14
Norovirus 5 5 4
Rotavirus 1 1 0
Astrovirus 2 1 0
Co-infections 33 1b 0

a Campylobacter spp., norovirus; norovirus, STEC; norovirus and astrovirus, C. difficile. ® Astrovirus, C. difficile.
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2.2. Hygiene Management

Our hospital hygiene management requires the isolation of patients with diarrhea
until a completely negative diagnostic result has been obtained. There were two cases of
patients in whom a pathogen not included in the PCR panels used here was subsequently
identified. In one of these cases, Yersinia enterocolitica was isolated from the same sample
and another patient tested positive for Cryptosporidium parvum in a second sample. Of
note, additional BD Max PCR panels covering both pathogens are available but were not
used for the initial testing due to the low incidence of these pathogens to reduce diagnostic
costs. In total, 85 out of 133 patients were admitted to a hospital ward. While there was no
significant difference in the length of hospital stay between PCR-negative and PCR-positive
patients, the latter spent more time in single-room isolation (Table 2). This was because 24%
of the hospitalized patients with a negative PCR result (12/50) but only 2.9% of patients
with a positive PCR result (1/35) were initially not correctly isolated after transfer to a
ward (p = 0.027, Fisher’s exact test).

Table 2. Isolation of hospitalized patients.

Median Time of Isolation (IQR), h

- — p-Value
PCR-Negative (n =50)  PCR-Positive (1 = 35)
Hospital length of stay 156.75 (114.33-261.51) 143 (112.5-259) 0.608
Single-room isolation 104 (22.75-156.75) 139.75 (67-245.5) 0.039

2.3. C. difficile

The most common pathogen detected was C. difficile, with 20 cases out of 133 patients
(15%), and as expected, the majority of cases were in the older patient group (Table 3). A
total of 18 out of 20 patients (90%) were hospitalized. Therefore, further data analysis on
antibiotic treatment decisions focused on these cases. According to international guidelines,
the diagnosis of CDI was based on the criteria of a positive laboratory test in the presence
of diarrhea and/or pseudomembranous colitis, taking into account additional parameters
such as fever, elevated white blood cell (WBC) count, and a 50% increase in serum creatinine
level. In three patients (15%), including two children, the positive PCR result was not
clinically relevant due to the absence of characteristic symptoms or symptoms of other
causes (Table 3). Eleven patients (55%) were diagnosed with CDI for the first time. PCR
Ct values showed a wide variation in cases of clinical relevance and did not correlate
with WBC or creatinine laboratory parameters (Table 3). Specific antibiotic treatment
was preferentially initiated with vancomycin, as recommended (Table 3). For cases for
which the time of initiation of antibiotic therapy was available in the hospital information
system, the median time from ED presentation to antibiotic administration was 11.37 h
(IQR 7.22-15.25) and the median time to report a positive C. difficile toxB PCR result was
8.9 h (IOR 4.83-13.75). It should be noted that, in several cases, vancomycin was given
before the PCR result was obtained. One of the hospitalized C. difficile-positive patients was
not correctly isolated as recommended. For the other patients, the median time of isolation
was 182.33 h (IQR 140.44-235) compared to a median hospital length of stay of 193.98 h
(IQR 143.06-264.16). Fulminant cases of CDI were not observed in this study.
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Table 3. C. difficile PCR-positive cases.

CDI Diagnosis

Length of Recurrence Start of Hospital
Underlyin, Time to PCR > o (R), First Antibiotic .
No. Diseayse 8 Symptoms Age Sex Result (h) St;}]’)ll(l ht)he Hospitalization PCR Ct WBC! Creatinine 1 Diagnosis Trea.tm.ent after Iso—{.ha)tlon Lg?gtl(lh(;f
Value (Gpt/mL) (mmol/L) (F), or non Admission to the ay
Relevant ED (h)
(N)
Diarthea Vancomycin and
1 Stroke condition 74 f 4.83 11.5 No 2 26.3 24.8 88 R metronidazole
and fever
(7.22)
Diarrhea,
COPD 3, Crohn’s kidney Vancomycin (5.1)
2 disease, recurrent failure, and 73 m 4.25 6.77 Yes 24.7 12.6 246 F and piperacillin— 161.75 168.5
UTI*, and CHD ® metabolic tazobactam (5.75)
acidosis
Alzheimer’s
3 disease and Diarrhea 96 f 3.68 10.17 Yes 25.1 224 113 F None 259 269.32
recurrent UTI *
4 Diabetes Diarrhea 93 f 4.14 N.D. No 2 31.1 13.8 69 F Metronidazole
Kidney disease Abdominal
5 with dialysis and pain, nausea, 78 m 125 4.48 Yes 24.3 8.1 349 R None 2545 259
diabetes and fever
Hirschsprung’s Obstipation
6 [SPTHng and 1 m 401 <1 Yes 27.7 14.3 20 N None 47 47.15
disease i
vomiting
Diarrhea for Vancomycin
7 Alcoholism one week 69 f 3.63 11.67 Yes 20.9 5.6 60 F (tn %) 182.33 193.98
and cachexia .n.a.
Rheumatoid Diarrhea for
8 arthritis and one week 94 m 15.3 293 Yes 21.9 241 184 R Vancomycin 331.25 334.17
chronic renal and (19.17)
failure exsiccosis
. Tleus,
Rectal carcinoma bdominal Metronidazol
9 and chronic renal ~ 2oGomina 83 m 13.75 41 Yes 317 15.4 106 N etromcazole 07 280.25
failure pain, and (15.5)
weight loss
Ulcerative colitis Diarrh Vancomycin,
10 and chronic renal rarrhea 90 f 12.75 5.87 Yes 235 11.3 110 R metronidazole 204 209.82

failure and fever 9.5)
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Table 3. Cont.
CDI Diagnosis
Length of Start of Hospital
. . ength o Antibiotic ospita
Underlyin; Time to PCR A e s s .
No. Diseayse 8 Symptoms Age Sex Result (h) St;}]’)ll(l ht)he Hospitalization PCR Ct WEBC1! Creatinine ! Trea.tm.ent after Iso-:i‘a)tlon Lg?gtl(lh(;f
Value (Gpt/mL) (mmol/L) Admission to the ay
ED (h)
Granulomatosis,
monoclonal Vancomycin
; 6
11 gammopathy, Diarrhea 85 f 18 6.84 Yes 36.8 27 285 (tna. ®) and 2155 577.23
diabetes, and fever piperacillin—
dementia, UTI 4, tazobactam (2)
and sepsis
CHD %, asthma,
and ) Diarrhea for Vancomycin
12 osteosynthesis more than 85 f 19.6 522 Yes 28.3 15.1 132 (tn.a. ©) 143 148.25
after femur one week T
fracture
Chronic venous
insulfficiency, Diarrhea, Vancomvein
13 recurrent UTI 4, exsiccosis, 80 m 8.1 3.85 Yes 23.3 31 63 Z 114.5 129.78
(tn.a®)
and abscessed and fever
symphysis
Vancomyecin.
. . Metronidazole
14 Stroke condition,  Diarrhea 75 f 26 425 Yes ® 222 219 80 (tn.a. %) and tna. 6 tna. 6
adipositas, sepsis and fever ; i
piperacillin—
tazobactam (0.7)
. . Vancomycin and
15 Malignant Diarrhea 46 m 1243 2.75 Yes 26.3 49 39 ampicillin- 417 420.03
melanoma and fever sulbactam (13.23)
16 Hirschsprung’s  Diarrhea < f 13.6 <1 Yes 23.2 184 N.D. Metronidazole 137.88 137.88
disease and fever (14)
Diarrhea,
Pancreatic EXSICCOSLS, Vancomycin
17 X and 59 m 5.38 10.37 Yes 31.6 15 60 125.25 135.67
carcinoma . (15.25)
abdominal
pain
Alzheimer’s
disease, CHD ®, Vancomycin and
18 diabetes, and Diarrhea 83 f 3.07 8.17 Yes 26 4.7 168 metronidazole 151.5 159.6
chronic renal (6.1)

failure
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Table 3. Cont.
CDI Diagnosis
Recurrence Start of
. . Length of X Antibioti Hospital
Underlyin Time to PCR > N (R), First ntibiotic .
No. Diseayse 8 Symptoms Age Sex Result (h) St;}]f)m hthe Hospitalization PCR Ct WBC! Creatinine ! Diagnosis Trea.tm.ent after Iso—}ha)tlon L;ngthhof
LY Value (Gpt/mL) (mmol/L) (F), or non Admission to the tay (h)
Relevant ED (h)
(N)
Hodgkrs bt Vo
19 diti ! ft and 60 m 5.08 8.97 Yes 28.4 21.4 103 R ' 188.5 197.52
conditions after vomiting meropenem
CDI, and sepsis (4.75)
Short bowel Abdominal
20 syndrome, o oo 12 m 55 4 No?® 29.4 6 41 N None
ileostomy pain, tever

1 Reference ranges: white blood cells (WBC) 4.5-11.3 Gpt/L and creatinine 44-80 pmol/L. 2 Nursing home. 3 COPD: chronic obstructive pulmonary disease. * UTI: urinary tract
infection. > CHD: coronary heart disease. ® t.n.a.: time not available. 7 Hygiene management error. & Transfer into another hospital. ° No clinical relevance.
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3. Discussion

The implementation of PCR into the diagnostic workflow of AGE may result in a
benefit for optimizing patient management [1,4,7]. In this study, the value of PCR for testing
ED patients was examined. For bacterial pathogens that are conventionally diagnosed by
culture, the detection rate was slightly increased and the main advantage of PCR testing
was a shorter time to report positive test results. As expected, the most commonly detected
enteric virus was norovirus, an important pathogen often associated with transmission
between patients in close contact in hospitals leading to nosocomial infections [3]. Timely
diagnosis of AGE may have a therapeutic benefit by both reducing unnecessarily prescribed
antibiotics and targeting a more specific therapy when needed but the impact of rapid
multiplex PCR on patient hygiene management should not be overestimated [1,3,8]. As
PCR cannot exclude all pathogens, patients with AGE but a negative screening PCR result
are isolated upon admission to a ward until all diagnostic test results are available or until
48 h after suspending diarrhea. However, errors in hygiene management, as also observed
in this study, may occur, and it can be argued that staff will be better sensitized to isolate
the patient for whom a positive PCR test is reported in a timely manner.

The most common pathogen detected in ED patients was C. difficile, which, as expected,
was detected in higher numbers in the older patient group [6]. We included PCR testing for
C. difficile as a one-step diagnostic in the workflow. This did not strictly follow the preferred
workflow in the diagnostic guidelines of the European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) and the Infectious Diseases Society of America (IDSA) which
recommend a two-step diagnostic algorithm consisting of a sensitive screening test and a
less sensitive confirmatory C. difficile toxin assay [9,10]. The use of a PCR test alone is only
a weak recommendation when there are specific institutional criteria for the submission of
patient stool samples [10]. Confirmatory testing with a second assay is suggested to reduce
the number of clinically irrelevant results, thereby reducing overdiagnosis of CDI [11]. C.
difficile can cause only colonization or disease with a wide variety of symptoms, ranging
from diarrhea, vomiting, fever, and abdominal pain to severe pseudomembranous colitis
and even septic shock [6]. The use of PCR as a stand-alone test has not been defined as an
optimal approach to differentiate between colonization and infection [9]. On the other hand,
there are studies in which the use of one-step PCR testing results in more patients being
accurately diagnosed and fewer deaths, indicating that suboptimal analytical sensitivity
in two-step algorithms may miss cases that should be treated [12-14]. It has been shown
that about 70% of PCR-positive but toxin antigen-negative patients were found to have
probable or possible CDI [13]. It is therefore not surprising that the guidelines also state
that a positive PCR screening test in combination with a negative toxin antigen test needs
to be clinically evaluated. However, this strategy may lead to excessive repeat testing.
In this study, the decision was made to include C. difficile in the PCR panel as a one-step
testing strategy in order to reduce the workload and spare time. C. difficile testing is not
routinely recommended for children as standard diagnostics but was included in this study
in order to simplify the workflow [10,15]. Although low PCR Ct values have been reported
to be associated with clinically relevant infections, no Ct cut-off values can be defined to
distinguish colonization from infection [16,17]. In addition to clinical symptoms, elevated
WBC count and serum creatinine levels may be considered in the diagnosis of CDI as
they may indicate the development of severe infection [18]. In this study, there was no
correlation between low PCR Ct values and both WBC count and serum creatinine, and all
parameters should be used together to assess clinical relevance.

The ED is critical for the early identification of CDI in patients presenting with
AGE [18,19]. Reassessment of admitted patients in the following days may not be the
optimal method for CDI diagnosis and the timely initiation of antibiotic treatment to pre-
vent the development of severe or fulminant disease [18]. As shown here, the majority
of ED patients with a positive PCR test result were diagnosed with a clinically relevant
infection that required treatment. Based on the information available in the patient records,
approximately 69% of the patients had no recent history of CDI and the result was inter-
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preted as a first diagnosis. The most commonly used antibiotic was oral vancomycin [20].
In our hospital-specific guidelines, fidaxomicin is preferentially recommended for the
treatment of patients at high risk of recurrent infection [20].

In conclusion, this study shows that the implementation of PCR testing for ED patients
with AGE has the greatest impact on the early detection of CDI in the elderly patient
population. As CDI can result in severe disease associated with high mortality and the
risk of readmission in patients with underlying disease or high age, C. difficile diagnosis
based on PCR testing alone in the context of clinical symptoms is acceptable for therapeutic
decisions. Timely reporting of positive PCR results may also increase attention to basic
hygiene measures like hand hygiene and pathogen-specific measures such as isolation and
personal protective equipment.

4. Materials and Methods
4.1. PCR Testing and Microbiology Diagnostic Workflows

The samples were unpreserved stool samples collected from patients with acute
gastroenteritis who presented to the ED of the Jena University Hospital between July
2019 and January 2022. Samples were transported to the microbiology laboratory via the
central pneumatic tube system and immediately tested with the BD MAX® EBP, EVP, and
Cdiff assays during the normal working day between 7 a.m. and 5 p.m. Samples arriving
after 5 p.m. were analyzed in the morning of the next day. Test results were reported by
telephone to the ED as soon as possible between 7 a.m. and 8 p.m.

The BD MAX"" EBP detects Salmonella spp., Shigella spp./EIEC, Campylobacter jejuni
and C. coli, and stx (indicative of STEC) without distinguishing between stx1 and stx2.
The BD MAX™ EVP includes targets for norovirus (genogroups I and II), rotavirus A,
adenovirus (types F40 and F41), sapovirus (genogroups I, II, IV, and V), and human
astrovirus. The BD MAX™ Cdiff assay targets the toxin B gene (tcdB) of C. difficile.

For bacterial cultures, samples were inoculated on Hektoen agar, salmonella—shigella
agar, Butzler agar (Thermo Fisher Scientific, Wesel, Germany), a selenite broth (BD) at
37 °C, and a second selenite broth at 30 °C. Cultures were incubated for two days with
daily visits for the growth of suspect colonies. Brilliance E. coli/coliform chromogenic
agar (Thermo Fischer Scientific, Wesel, Germany) and GN broth (BD) were used for the
isolation of STEC. Diagnosis on Y. enterocolitica, which is not included as a target in the BD
MAX™ EBP, was performed through inoculation on CIN (Thermo Fisher Scientific) agar
incubated at 30 °C. The following methods were used to identify bacterial pathogens in the
culture: Vitek MS (bioMeriéux, Niirtingen, Germany), eazyplex® SalmoTyper LAMP assay
(Amplex Diagnostics, Gars-Bahnhof, Germany), and seroagglutination (Sifin Diagnostics,
Berlin, Germany) for Salmonella spp.; AP1 E (bioMeriéux) and seroagglutination for Shigella
spp.; eazyplex® EHEC complete LAMP assay (Amplex Diagnostics) for STEC; Vitek MS for
Campylobacter spp.; and Vitek MS and seroagglutination for Y. entercolitica.

All assays were performed according to the manufacturer’s protocols.

4.2. Data Analysis

The turnaround times of PCR and culture microbiology diagnosis were calculated
using the times recorded in the laboratory information system when sample testing was
requested, and the results were reported to the ED. Laboratory data (WBC and crea-
tinine) of patients who tested positive for C. difficile were obtained from the laboratory
information systems. Medical records were reviewed to identify patients’ symptoms and co-
morbidities, to determine when antibiotic therapy was changed or started after admission,
and to calculate the duration of single-room isolation. Fisher’s exact and Mann-Whitney
U tests for statistical analysis were performed using the Statistics Kingdom online tool
(www.statskingdom.com).


www.statskingdom.com

Antibiotics 2024, 13, 243 90f 10

Author Contributions: Conceptualization: J.R., J.-C.L., S.H. and M.H.; methodology: J.R. and B.E.;
investigation: A.I, M.Z., B.E. and ].R; data curation and formal analysis: A.I, M.Z. and J.R.; funding
acquisition: J.R.; project administration: B.L. and J.R.; resources: B.L.; writing-original draft: J.R. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received financial support from Becton Dickinson (Protocol BDMAX_USE, 18
June 2019).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Jena University Hospital (2019-1386, 18
April 2019).

Informed Consent Statement: The study was conducted in the context of routine diagnostics. Patient
consent was waived because collected clinical data were anonymized.

Data Availability Statement: The dataset analyzed in this study is available from the corresponding
author upon reasonable request.

Acknowledgments: We thank the staff of the routine laboratory at the Institute of Medical Microbiol-
ogy, Jena University Hospital, for their daily technical assistance.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

Ferrer, J.; Giménez, E.; Carretero, D.; Buesa, ].; Morillas, F.; Granell, R.; Fuenmayor, A.; Navarro, D.; Albert, E. BD MAX enteric
bacterial, bacterial plus and virus panels for diagnosis of acute infectious gastroenteritis: A cost-benefit analysis. Microbiol. Spectr.
2022, 10, e0088022. [CrossRef] [PubMed]

Valledor, S.; Valledor, I.; Gil-Rodriguez, M.C; Seral, C.; Castillo, J. Comparison of several real-time PCR kits versus a culture-
dependent algorithm to identify enteropathogens in stool samples. Sci. Rep. 2020, 10, 4301. [CrossRef] [PubMed]

Powell, E.A.; Hata, D.J.; Starolis, M.W. Viral pathogen detection using multiplex gastrointestinal molecular panels: The pros and
cons of viral target inclusion. J. Clin. Virol. 2023, 169, 105612. [CrossRef] [PubMed]

Truong, J.; Cointe, A.; Le Roux, E.; Bidet, P.; Michel, M.; Boize, ].; Mariani-Kurkdjian, P.; Caseris, M.; Hobson, C.A.; Desmarest, M.;
et al. Clinical impact of a gastrointestinal PCR panel in children with infectious diarrhoea. Arch. Dis. Child. 2022, 107, 601-605.
[CrossRef] [PubMed]

Kanwar, N.; Jackson, J.; Bardsley, T.; Pavia, A.; Bourzac, K.M.; Holmberg, K.; Selvarangan, R. Impact of rapid molecular multiplex
gastrointestinal pathogen testing in management of children during a Shigella outbreak. J. Clin. Microbiol. 2023, 61, e0165222.
[CrossRef] [PubMed]

Carius, B.M,; Liang, S.Y.; Koyfman, A.; Long, B. Clostridioides difficile infection evaluation and management in the emergency
department. Am. |. Emerg. Med. 2020, 38, 2203-2208. [CrossRef] [PubMed]

Brendish, N.J.; Beard, K.R.; Malachira, A.K.; Tanner, A.R.; Sanga-Nyirongo, L.; Gwiggner, M.; Cummings, ].R.E; Moyses, H.E.;
Clark, T.W. Clinical impact of syndromic molecular point-of-care testing for gastrointestinal pathogens in adults hospitalised
with suspected gastroenteritis (GastroPOC): A pragmatic, open-label, randomised controlled trial. Lancet Infect. Dis. 2023, 23,
945-955. [CrossRef] [PubMed]

DiDiodato, G.; Allen, A.; Bradbury, N.; Brown, J.; Cruise, K.; Jedrzejko, C.; MacDonald, V.; Pigeon, J.; Sturgeon, A.; Yellenik, D.
The efficacy of the BioFire FilmArray gastrointestinal panel to reduce hospital costs associated with contact isolation: A pragmatic
randomized controlled trial. Cureus 2022, 14, €27931. [CrossRef] [PubMed]

Crobach, M.].; Planche, T.; Eckert, C.; Barbut, F.; Terveer, E.M.; Dekkers, O.M.; Wilcox, M.H.; Kuijper, E.J. European Society of
Clinical Microbiology and Infectious Diseases: Update of the diagnostic guidance document for Clostridium difficile infection.
Clin. Microbiol. Infect. 2016, 22, S63-S81. [CrossRef] [PubMed]

McDonald, L.C.; Gerding, D.N.; Johnson, S.; Bakken, ].S.; Carroll, K.C.; Coffin, S.E.; Dubberke, E.R.; Garey, K.W.; Gould, C.V,;
Kelly, C.; et al. Clinical practice guidelines for Clostridium difficile infection in adults and children: 2017 update by the Infectious
Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of America (SHEA). Clin. Infect. Dis. 2018, 66,
el-e48. [CrossRef] [PubMed]

Dbeibo, L.; Lucky, C.W.; Fadel, W.E,; Sadowski, J.; Beeler, C.; Kelley, K.; Williams, J.; Webb, D.; Kara, A. Two-step algorithm-based
Clostridioides difficile testing as a tool for antibiotic stewardship Clin. Microbiol. Infect. 2023, 29, e1-e798. [CrossRef]

Bettger, C.C.; Giancola, S.E.; Cybulski, R.J., Jr.; Okulicz, J.F,; Barsoumian, A.E. Evaluation of a two step testing algorithm to
improve diagnostic accuracy and stewardship of Clostridioides difficile infections BMC Res. Notes 2023, 16, 172. [CrossRef]
Hecker, M.T.; Son, A.H.; Zuccaro, P.; Conti, J.; Donskey, C.J. Real-world evaluation of a two-step testing algorithm for Clostrid-
ioides difficile infection. Infect. Control. Hosp. Epidemiol. 2023, 44, 1494-1496. [CrossRef] [PubMed]

Lim, VW,; Tomaru, T.; Chua, B.; Ma, Y.; Yanagihara, K. Budget impact analysis of adopting a one-step nucleic acid amplification
testing (NAAT) alone diagnostic pathway for Clostridioides difficile in Japan compared to a two-step algorithm with glutamate
dehydrogenase/toxin followed by NAAT. Diagnostics 2023, 13, 1463. [CrossRef] [PubMed]


https://doi.org/10.1128/spectrum.00880-22
https://www.ncbi.nlm.nih.gov/pubmed/36069590
https://doi.org/10.1038/s41598-020-61202-z
https://www.ncbi.nlm.nih.gov/pubmed/32152417
https://doi.org/10.1016/j.jcv.2023.105612
https://www.ncbi.nlm.nih.gov/pubmed/37866093
https://doi.org/10.1136/archdischild-2021-322465
https://www.ncbi.nlm.nih.gov/pubmed/34921002
https://doi.org/10.1128/jcm.01652-22
https://www.ncbi.nlm.nih.gov/pubmed/36853032
https://doi.org/10.1016/j.ajem.2020.06.083
https://www.ncbi.nlm.nih.gov/pubmed/33071079
https://doi.org/10.1016/S1473-3099(23)00066-X
https://www.ncbi.nlm.nih.gov/pubmed/37116527
https://doi.org/10.7759/cureus.27931
https://www.ncbi.nlm.nih.gov/pubmed/36120274
https://doi.org/10.1016/j.cmi.2016.03.010
https://www.ncbi.nlm.nih.gov/pubmed/27460910
https://doi.org/10.1093/cid/cix1085
https://www.ncbi.nlm.nih.gov/pubmed/29462280
https://doi.org/10.1016/j.cmi.2023.02.008
https://doi.org/10.1186/s13104-023-06398-9
https://doi.org/10.1017/ice.2022.313
https://www.ncbi.nlm.nih.gov/pubmed/36750229
https://doi.org/10.3390/diagnostics13081463
https://www.ncbi.nlm.nih.gov/pubmed/37189564

Antibiotics 2024, 13, 243 10 of 10

15.

16.

17.

18.

19.

20.

Shirley, D.A.; Tornel, W.; Warren, C.A.; Moonah, S. Clostridioides difficile infection in children: Recent updates on epidemiology,
diagnosis, therapy. Pediatrics 2023, 152, €2023062307. [CrossRef] [PubMed]

Doolan, C.P; Louie, T,; Lata, C.; Larios, O.E.; Stokes, W.; Kim, J.; Brown, K; Beck, P.; Deardon, R.; Pillai, D.R. Latent class analysis
for the diagnosis of Clostridioides difficile infection. Clin. Infect. Dis. 2021, 73, €2673-€2679. [CrossRef] [PubMed]

Mah, R.; Locher, K.; Steiner, T.S.; Stefanovic, A. Clostridioides difficile PCR Tedb cycle threshold predicts toxin EIA positivity but
not severity of infection. Anaerobe 2023, 82, 102755. [CrossRef] [PubMed]

Covino, M.; Gallo, A.; Pero, E.; Simeoni, B.; Macerola, N.; Murace, C.A ; Ibba, F; Landi, F.; Franceschi, F.; Montalto, M. Early
prognostic stratification of Clostridioides difficile infection in the emergency department: The role of age and comorbidities. J.
Pers. Med. 2022, 12, 1573. [CrossRef] [PubMed]

Skjet-Arkil, H.; Rune Nanthan, K.; Chen, M.; Rosenvinge, F.S. Carrier prevalence of Clostridioides difficile in emergency
departments and the association of prior antibiotic consumption: A combined cross-sectional and nested case-control study. J.
Antimicrob. Chemother. 2023, 78, 2089-2096. [CrossRef] [PubMed]

van Prehn, J.; Reigadas, E.; Vogelzang, E.H.; Bouza, E.; Hristea, A.; Guery, B.; Krutova, M.; Norén, T.; Allerberger, F; Guideline
Committee of the European Study Group on Clostridioides difficile. European Society of Clinical Microbiology and Infectious
Diseases: 2021 update on the treatment guidance document for Clostridioides difficile infection in adults. Clin. Microbiol. Infect.
2021, 27, S1-S21. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1542/peds.2023-062307
https://www.ncbi.nlm.nih.gov/pubmed/37560802
https://doi.org/10.1093/cid/ciaa1553
https://www.ncbi.nlm.nih.gov/pubmed/33053174
https://doi.org/10.1016/j.anaerobe.2023.102755
https://www.ncbi.nlm.nih.gov/pubmed/37406762
https://doi.org/10.3390/jpm12101573
https://www.ncbi.nlm.nih.gov/pubmed/36294712
https://doi.org/10.1093/jac/dkad213
https://www.ncbi.nlm.nih.gov/pubmed/37409612
https://doi.org/10.1016/j.cmi.2021.09.038
https://www.ncbi.nlm.nih.gov/pubmed/34678515

	Introduction 
	Results 
	BD MAX PCR Testing 
	Hygiene Management 
	C. difficile 

	Discussion 
	Materials and Methods 
	PCR Testing and Microbiology Diagnostic Workflows 
	Data Analysis 

	References

