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Abstract: Broad-spectrum antibiotics administered to patients with severe COVID-19 pneumonia
pose a risk of infection caused by Clostridioides difficile. This risk is reduced mainly by strict hygiene
measures and early de-escalation of antibiotic therapy. Recently, oral vancomycin prophylaxis (OVP)
has also been discussed. This retrospective study aimed to assess the prevalence of C. difficile in
critical COVID-19 patients staying in an intensive care unit of a tertiary hospital department of
anesthesiology, resuscitation, and intensive care from November 2020 to May 2021 and the rates
of vancomycin-resistant enterococci (VRE) after the introduction of OVP and to compare the data
with those from controls in the pre-pandemic period (November 2018 to May 2019). During the
COVID-19 pandemic, there was a significant increase in toxigenic C. difficile rates to 12.4% of patients,
as compared with 1.6% in controls. The peak rates were noted in February 2021 (25% of patients),
immediately followed by initiation of OVP, changes to hygiene precautions, and more rapid de-
escalation of antibiotic therapy. Subsequently, toxigenic C. difficile detection rates started to fall. There
was a nonsignificant increase in VRE detected in non-gastrointestinal tract samples to 8.9% in the
COVID-19 group, as compared to 5.3% in the control group. Molecular analysis confirmed mainly
clonal spread of VRE.

Keywords: COVID-19; Clostridioides difficile; oral vancomycin prophylaxis; vancomycin-resistant
enterococci; molecular typing of VRE; ICU

1. Introduction

For coronavirus disease 2019 (COVID-19) patients with critical pneumonia requiring
high-flow oxygen therapy (HFOT), mechanical ventilation, or even extracorporeal mem-
brane oxygenation (ECMO), broad-spectrum antibiotic therapy is recommended by the
World Health Organization (WHO) [1]. However, the role of antibiotic therapy in these
most severe patients remains unclear. Studies published so far suggest that the incidence
of secondary bacterial infections is lower than originally expected based on previous res-
piratory disease epidemics (severe acute respiratory syndrome, Middle East respiratory
syndrome, HIN1 influenza) [2,3]. Questions persist as to whether antibacterial therapy
should be immediately initiated in COVID-19 inpatients requiring invasive oxygen therapy,
mechanical ventilation, or ECMO.

Administration of broad-spectrum antibiotics, often necessary in critical COVID-19
patients suspected of bacterial superinfection, poses a high risk for Clostridioides diffi-
cile infection (CDI), with some antibiotic classes being more strongly associated with

Life 2021, 11, 1127. https:/ /doi.org/10.3390/1ife11111127

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


https://www.mdpi.com/journal/life
https://www.mdpi.com
https://orcid.org/0000-0001-5354-8684
https://orcid.org/0000-0002-9719-9989
https://orcid.org/0000-0002-9298-3096
https://orcid.org/0000-0003-4621-8868
https://doi.org/10.3390/life11111127
https://doi.org/10.3390/life11111127
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/life11111127
https://www.mdpi.com/journal/life
https://www.mdpi.com/article/10.3390/life11111127?type=check_update&version=3

Life 2021, 11, 1127

20f 15

CDI [4]. Several reports have already been published concerning CDI occurrence dur-
ing the COVID-19 pandemic with contradictory findings: a decrease or stable number of
cases [5-9] as opposed to a minor [10] or significant [11] increase in the incidence of CDIL
Some authors also admitted or warned against the possibility of underdiagnosing CDI
during the COVID-19 pandemic, as the gastrointestinal symptoms and diarrhea typical for
CDI could have been attributed to COVID-19 [8,11].

CDI is growing in incidence in Europe and USA and contributes to morbidity and
mortality [12,13] despite the efforts to reduce this healthcare-associated infection, mostly
by effective antimicrobial stewardship and strategies that are necessary to prevent the
spread of bacterial spores. However, the main CDI risk factor, administration of antibiotics,
remains necessary for patient treatment. Another possible strategy for preventing CDI,
antibiotic prophylaxis such as the application of oral vancomycin, has been evaluated
in several studies with mixed results [14]. The use of oral vancomycin prophylaxis may
also be seen as controversial, as it can potentially lead to the selection of vancomycin-
resistant enterococci (VRE) and gut dysmicrobia that by itself increases the risk of C. difficile
and other multidrug-resistant (MDR) bacteria colonization even weeks after vancomycin
administration [15].

The present study aimed to analyze detection of C. difficile and VRE in hospital patients
with severe COVID-19 requiring HFOT or mechanical ventilation.

2. Materials and Methods
2.1. Study Design, Population and Setting

The study was designed as observational and retrospective and performed in the inten-
sive care unit (ICU) of the Department of Anesthesiology, Resuscitation and Intensive Care
(KARIM), University Hospital Olomouc and Faculty of Medicine and Dentistry, Palacky
University Olomouc. The study group comprised patients hospitalized over a 7-month
period during the COVID-19 pandemic. Individuals staying in KARIM ICU over the same
seven months before the pandemic were used as controls. Ethics committee approval was
not needed as all patients underwent standard diagnostic and therapeutic procedures.

The University Hospital Olomouc is a 1200-bed tertiary medical center with a 10-bed
general KARIM ICU providing the highest level of intensive care. The unit consists
of one suite with four private beds and six in an open space. During the COVID-19
pandemic, the capacity of the department was extended to as many as 4 to 5 adjacent
suites with up to 35 beds (350% of the normal capacity), mostly (approximately 70%) in
the open-space arrangement, connected by doors or hallways with shared staff changing
and equipment rooms.

2.2. Inclusion Criteria

The study group comprised patients admitted to KARIM ICU between 1 November
2020 and 31 May 2021 for critical COVID-19 with acute respiratory failure and need for
HFOT or mechanical ventilation, receiving initial antibiotic treatment based on combination
cefotaxime or amoxicillin/clavulanic acid with clarithromycin. The control group included
patients with acute respiratory failure and need for HFOT or mechanical ventilation
admitted to KARIM ICU between 1 November 2018 and 31 May 2019, that is, before the
COVID-19 pandemic. Patient data were obtained from electronic medical records.

2.3. Detection of C. difficile (Positive Cases)

Stool samples, or deep rectal swabs in the case of patients with gastrointestinal tract
(GIT) paralysis, were tested for C. difficile antigen (glutamate dehydrogenase) and toxins
A/B (Rapid-VIDITEST, Vidia, Vestec, Czech Republic). Positive cases were patients with
positive C. difficile antigen and/or toxin. Due to the increasing frequency of positive cases,
most ICU patients were tested for the presence of C. difficile after 1 March 2021.
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2.4. Isolation of VRE

Clinical samples (tracheal aspirate, urine, blood) were collected from all patients
staying in KARIM ICU to isolate potential pathogens, including VRE. All samples were
inoculated onto culture agar plates (TRIOS, Praha, Czech Republic) and processed by
standard procedures. Starting from April 2021, patients tested for C. difficile were parallelly
tested for VRE colonization. Stool and rectal swab samples were collected and inoculated
onto selective media for the isolation of VRE (Brilliance VRE Agar, Oxoid, Brno, Czech
Republic). Species identification of isolates was carried out by MALDI-TOF MS (Biotyper
Microflex, Bruker Daltonics, Billerica, MA, USA). From each patient, only one isolate
identified as the first one from one type of clinical sample was included. Resistance to
vancomycin was detected by the microdilution method according to the European Com-
mittee on Antimicrobial Susceptibility Testing (EUCAST). Enterococcus faecalis ATCC 29212
reference strain was used for quality control. Resistance to vancomycin was confirmed by
detecting the relevant resistance genes as described by Hricova et al. [16]. Isolated strains
were stored in cryotubes at —80 °C (Cryobank B, ITEST, Hradec Kralove, Czech Republic).

2.5. Molecular Typing of VRE

Molecular typing of all isolated VRE was performed using pulsed-field gel elec-
trophoresis (PFGE) as described by Hricova et al. [16]. The coefficient of similarity (CS)
was calculated using the Dice algorithm. Individual clusters were analyzed with the
unweighted pair group method with arithmetic mean algorithm and the results were inter-
preted using criteria defined by Tenover et al. [17]. Optimization and band matching toler-
ance was set at 1.5%. Restriction profiles reaching 95% similarity were considered identical.

2.6. Vancomycin Consumption Assessment

For the two study periods, the data on vancomycin use were extracted from hospital
electronic records. Data are expressed as defined daily doses (DDDarg) according to
the criteria of the WHO Collaboration Centre for Drug Statistics Methodology—the 2020
ATC/DDD system [18] (WHO).

2.7. Statistical Analysis

Qualitative data were compared using the x? test. The Mann-Whitney U-test was
used to compare ages in the groups. Statistical analyses were performed with IBM SPSS
Statistics for Windows, version 23.0 (Armonk, NY, USA: IBM Corp.).

3. Results
3.1. Patient Data Analysis—The Study and Control Groups

During the COVID-19 pandemic, the number of patients staying in KARIM ICU was
nearly double (196.8%) the average. There were no statistically significant differences in
age, gender, primary and secondary admissions, or mortality between the COVID-19 group
(2020-2021) and pre-pandemic controls (2018-2019). The characteristics of both groups
including statistical data are shown in Table 1.

Table 1. Characteristics and statistical analysis of the pre-pandemic and COVID-19 groups.

Variable Control Group COVID-19 Group

2018-2019 (n = 189) 2020-2021 (n = 372) p-Value

Gender—males (%)

136 (72) 241 (64.2) 0.087

Age (median, range, IQR) 65,18-97, 20 67,22-90, 16 0.753
Admission up to 48 h after admission to hospital (%) 82 (43.4) 186 (50) 0.138
Transfer from another hospital or department 107 (56.6) 186 (50) 0.138
No. of patients on mechanical ventilation only 180 (95.2) 78 (21.0) <0.0001
No. of patients on HFOT only 3(1.6) 112 (30.1) <0.0001
No. of patient on both mechanical ventilation and HFOT 6(3.2) 182 (48.9) <0.0001
No. of patients on ECMO 0(0.0) 24 (6.5) 0.004
ICU mortality 74 (39.2) 158 (42.5) 0.450

HFOT: high-flow oxygen therapy; ECMO: extracorporeal membrane oxygenation; IQR: interquartile range.
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3.2. C. difficile Detection

The results of C. difficile detection and statistical analysis are shown in Table 2 and
Figure 1, respectively. Over the pre-pandemic period (1 November 2018 to 31 May 2019),
CDI was clinically suspected and tested in 20 out of 189 hospitalized patients (10.6%).
In five cases (2.6%), the presence of C. difficile was confirmed and toxin production was
found in three patients (1.6%). There was a significant increase in the number of C. difficile
detection tests performed (p < 0.0001) during the pandemic (1 November 2020 to 31 May
2021)—192 out of 372 patients (51.6%) were tested for the presence of C. difficile, with
102 cases (27.4%) being positive. Toxin production was detected in 46 patients (12.4%).
Both positive cases of C. difficile detection and toxin detection were significantly higher
compared to the control group (p < 0.0001). Taking into consideration all risk factors and
the possibility of higher exogenous spread of bacterial spores, the frequency of C. difficile
examination increased considerably. The proportion of patients tested rose to 62.5% in
February and more than 80% in the following months (March to May 2021). A time analysis
(Table 2) revealed that the detection rates of toxigenic C. difficile started to elevate in January
(14.4% of patients) and peaked in February 2021 (25% of patients).

Table 2. C. difficile antigen and toxin detection and number of tests performed before and during the COVID-19 pandemic.

Control Group 2018-2019

COVID-19 Group 2020-2021

No. (%) of No. (%) of CD No. (%) of No. (%) of CD
Month No. of No. (%) of CD-Positive Toxin-Positive No. of No. (%) of CD-Positive Toxin-Positive
Admitted CD-Tested Cases among Cases among Admitted CD-Tested Cases among Cases among
Patients Patients Admitted Admitted Patients Patients Admitted Admitted
Patients Patients Patients Patients
November 23 2(87) 0 0 55 8 (14.5) 3 (5.5) 2(3.6)
December 28 2 (7.14) 0 0 56 7 (12.5) 5(8.9) 3(54)
January 30 4(13.3) 1(3.3) 1(3.3) 64 20 (31.2) 15 (23.4) 9 (14.1)
February 35 5 (14.3) 1(2.9) 1(29) 40 25 (62.5) 16 (40) 10 (25)
March 28 3(10.7) 1(3.6) 0 84 71 (84.5) 40 (47.6) 13 (15.5)
April 22 2(9.1) 2(9.1) 1(4.5) 52 44 (84.6) 16 (30.8) 7 (13.5)
May 23 2(8.7) 0 0 21 17 (81) 7(33.3) 2(9.5)
Total 189 20 (10.6) 5 (2.6) 3(1.6) 372 192 (51.6) 102 (27.4) 46 (12.4)
CD: Clostridioides difficile.
60 p <0.0001
50
40
2 p <0.0001
EEL
=
20 p <0.0001

10

CD-tested patients

F—_TI

CD-positive cases among admitted
patients

B Control group W COVID-19 group

B

CD toxin-positive cases among admitted
patients

Figure 1. C. difficile statistical analysis. We compared the numbers of performed C. difficile detection tests and the numbers
C. difficile positive cases (antigen-positive) and C. difficile-toxin positive cases among hospitalized patients. We detected a

significant increase (p < 0.0005) in COVID-19 compared to the control group in all three aspects (number of performed tests,
number of CD positive cases, and number of positive CD-toxins). CD: Clostridioides difficile.
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As a result, apart from therapeutic doses of oral vancomycin 125 mg four times daily
(also occasionally combined with metronidazole 500 mg three times daily intravenously)
given to patients positive for C. difficile toxin or suspected of CDI, prophylactic doses of
oral vancomycin 125 mg once daily were administered to the other hospitalized patients.
Moreover, organizational precautions were implemented in the department and initial
broad-spectrum antibiotics were more rapidly de-escalated as suggested by newly devel-
oped guidelines on antibiotic therapy of COVID-19 patients. Subsequently, the C. difficile
rates dropped to 30.8% in April and 33.3% in May 2021. Similarly, the percentages of
toxigenic strains decreased to 13.5% and 9.5%, respectively.

3.3. VRE Detection

Table 3 documents the development over time of the frequency of VRE detected in
various clinical samples obtained from critical COVID-19 patients compared to the pre-
pandemic period, without VRE isolated from the GIT. Figure 3 shows statistical analysis. If
VRE were detected in various clinical samples collected from a single patient, that patient
was counted as one only.

Table 3. VRE detected in various clinical samples, excluding GIT samples, collected from the pre-pandemic and COVID-19

groups. The absolute numbers do not include repeatedly detected VRE (VRE detected in multiple clinical samples from a

single patient were counted as one only).

Control Group 2018-2019 COVID-19 Group 2020-2021
No. of No. of Absolute no. No. of No. of Absolute no.
Month Admit-  No- of VRE in No. of (%) of Admit- o of VRE in No. of (%) of
VRE in VRE in ‘e VRE in VRE in T
ted ETA Blood Urine VRE-Positive ted ETA Blood Urine VRE-Positive
Patients Cultures Patients Patients Cultures Patients
November 23 2 0 1 3(13.1) 55 2 0 1 3(5.5)
December 28 0 0 0 0 56 1 0 0 1(1.8)
January 30 1 1 0 2(6.7) 64 0 0 1 1(1.6)
February 35 0 0 0 0 40 0 0 1 1(2.5)
March 28 3 1 0 4(14.3) 84 5 0 5 10 (11.9)
April 22 0 0 0 0 52 6 1 4 11 (21.2)
May 23 0 1 0 1(4.3) 21 4 0 2 6 (28.6)
Total 189 6 2 1 10 (5.3) 372 18 1 14 33(8.9)

VRE: vancomycin-resistant enterococci; ETA: endotracheal aspirate.

In the pre-pandemic period, a total of 10 VRE were isolated from endotracheal aspirate,
urine, and positive blood cultures (Table 3). During the COVID-19 pandemic, 33 VRE
were detected in non-GIT samples and 25 in samples obtained from the GIT (Table 3 and
Figure 2). From November 2020 to March 2021, the positive VRE detection was mainly from
endotracheal aspirate and urine. In March 2021, the rate of VRE detection was considerably
higher than in the previous months. Therefore, a decision was made to start active VRE
screening using patient stool and rectal swab samples during April and May 2021. The
increase in VRE detection in April and May was mainly attributable to positive samples
from the GIT. However, even after excluding the GIT-VRE positivity, the proportion of
VRE-positive patients was 21.2% and 28.6% in April and May, respectively. Only 7 out of
21 patients admitted in May were not infected or colonized with VRE.

Because VRE screening was not performed in the control group, only non-GIT VRE-
positive cases were compared to the COVID-19 group and statistically evaluated (Figure 3).
There was a slight, nonsignificant increase in VRE incidence between the control and
COVD-19 groups (p = 0.132).
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Figure 2. VRE cases between 1 November 2020 and 31 May 2021. For April and May, when the VRE screening was
performed, the total number of detected VRE is shown, including VRE detected in both GIT and non-GIT samples collected
from the same patient.

Number of VRE in ETA, blood cultures and urine

p=0.132
10

% of patients

Control group COVID-19 group

Figure 3. Vancomycin-resistant enterococci (VRE) statistical analysis. We performed the statistical analysis of VRE detected
in non-GIT: endotracheal aspirate, blood cultures, and urine. According to our findings, there was no statistically significant
increase in the COVID-19 group compared to the control group (p = 0.132). VRE: vancomycin-resistant enterococci; ETA:
endotracheal aspirate.
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3.4. Molecular Typing of VRE

VRE for molecular typing were collected from January to May 2021. In all VRE-
positive patients hospitalized during the COVID-19 pandemic, a strain of Enterococcus
faecium was isolated; the vanA gene was found in all isolates while the vanB gene was not
detected. Similarity or identity was assessed in 50 isolates of VRE; three isolates could
not be cultured again. Comparison of whole-genome DNA restriction profiles revealed
identical or very similar restriction profiles, suggestive of clonal spread. In five patients,
identical VRE isolated were obtained from various samples; therefore, only one isolate
from each patient was included. In one case, a VRE strain isolated from a rectal swab
was different from that detected in sputum so both were included. Only six (12%) out of
50 isolates had unique restriction profiles; the remaining 44 were divided into five groups
based on comparison of their macrorestriction profiles. PFGE revealed various sizes of
the clonal groups, with 12, 12, 11, 6, and 3 isolates. The results of strain comparison by
PFGE are shown in Figure 4. Twelve, six, and three identical isolates showed a CS of 100%,
whereas 12 and 11 isolates showed a CS exceeding 95% and were thus considered identical
as well. The timeline of the prevalence of VRE clones throughout the study duration is
shown in Figure 5.

VRE 7 14.4.2021
VRE20 6.4.2021
—‘ VRE56  17.5.2021
VRE26  8.2.2021
VRE 9 12.4.2021
VRE22 18.4.2021
VRE29  224.2021
VRE37  10.5.2021
VRE 41 26.4.2021
VRE 53  16.5.2021
VRES52  17.5.2021
— VRE 3 11.3.2021
VRE 13 25.3.2021
VRE25  4.3.2021
VRE 16  22.3.2021
VRE 2 11.3.2021
VRE 4 12.4.2021
VRE 11 29.3.2021
VRE 14 25.3.2021
VRE 12 29.3.2021
VRE 17 12.4.2021
VRE19  12.4.2021
VRE 18 12.4.2021
VRE 38  3.5.2021
VRE 47  10.5.2021
VRES5  17.5.2021
VRE32 6.5.2021
VRE 5 12.4.2021
VRE 15  29.3.2021
VRE30 224.2021
VRE35 6.5.2021
VRE 34  6.5.2021
~ VRE44  1.5.2021
VRE 1 18.3.2021
VRE 27  19.4.2021
VRE 31  26.4.2021
VRE33 6.5.2021
VRE39 3.5.2021
VRE45  1.5.2021
VRE21  15.4.2021
VRE24  22.1.2021
VRE 10  12.4.2021
VRE43  3.5.2021
VRE 42  26.4.2021
VRE 51  3.5.2021
VRES50  6.5.2021
VRE 57  17.5.2021
VRE23  18.1.2021

VRE 48  10.5.2021

1 VRE36 652021

—— o0

Figure 4. Dendrogram of 50 vancomycin-resistant Enterococcus faecium isolates.
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3.5. Vancomycin Consumption

Vancomycin consumption was shown to increase from 103 DDDtp in the pre-
pandemic period to 169 DDD stp during the COVID-19 pandemic. However, the percentage
of vancomycin among all antibacterials administered remained roughly the same (2.9%
and 2.3%, respectively).

4. Discussion

Intensive care patients have several risk factors for the development of CDI, namely
antibiotic therapy, intestinal dysmotility, immobility, older age, stress ulcer prophylaxis
with proton pump inhibitors resulting in low stomach acid, and comorbidities. Their level
of mucosal immunity may also play a role [19]. According to Zuo et al. [20] SARS-CoV-2
infection results in gut microbiome disruption with an increase in opportunistic pathogens
and depletion of beneficial commensals persisting even after clearance of virus.

The present study aimed to analyze the presence of C. difficile and VRE in patients
with severe COVID-19. Compared with pre-pandemic controls, there was a significant
increase in detection of C. difficile that started in January 2021 and peaked in February
(40% of patients) and March 2021 (47.6% of patients). Toxigenic strains of C. difficile were
detected in 25% and 13.3% of patients in February and March 2021, respectively. In the
following months, C. difficile rates slowly decreased; at the end of the study in May 2021,
the toxin was confirmed in 9.5% of patients. With the increasing prevalence of C. difficile,
numerous measures were implemented in the department, namely faster de-escalation of
antibiotic therapy, hygiene measures, and primary prophylaxis with oral vancomycin at a
dose of 125 mg once daily.

Infections caused by C. difficile during the COVID-19 pandemic have been investigated
by many authors [5-11,21]. Some, for example, Allegretti et al. [9] and Hazel et al. [21],
reported lower rates of CDI, attributing them to the implementation of strict hygiene
precautions as well as to the isolation of patients with CDI, which was impossible in
our department during the COVID-19 pandemic. A study by Lewandowski et al. [11]
is one of few to describe a significant increase in CDI, stressing that the disease may be
underdiagnosed. In the aforementioned studies, CDI tests were performed due to repeated
diarrhea. However, gastrointestinal symptoms are also present in COVID-19 and CDI may
not always have been suspected.

While most symptomatic COVID-19 patients present with fever, cough, shortness
of breath, and/or loss of the sensation of taste and smell, according to Up-To-Date [22],
up to one-third of patients present with gastrointestinal complaints, including critical
patients with acute respiratory distress syndrome (ARDS) requiring intensive care. Pub-
lished systematic reviews suggest that diarrhea is seen in 11.5% to 12.5% of COVID-19
patients [23,24]. Another systematic review found high variability of diarrhea prevalence
in COVID-19 patients, ranging from 2% to 50% [25].
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Although the most prominent and frequent clinical sign of CDI is diarrhea, the symp-
toms may range from mild gastrointestinal discomfort to severe pseudomembranous colitis
and to toxic megacolon with paralytic ileus [26]. Gastrointestinal motility disorders which
include gastroparesis, ileus, and acute colonic pseudo-obstruction are common in critically
ill ICU patients [27], another possible reason for CDI underdiagnosis among these patients.
The issue of underdiagnosing C. difficile was highlighted by Davies et al. [28]. As in the
present study, GIT paralysis was found in the majority of patients, the diagnosis of CDI
could not rely on the presence of diarrhea as the main symptom of the disease; on the
contrary, paralysis had to be considered as a potential symptom and these patients had to
be examined. This was also one of the reasons for an increase in the number of tests per-
formed (over 80% in the last three months of the study). From patients with GIT paralysis,
samples were collected by deep rectal swabs. We must admit that more frequent detection
of C. difficile resulted from the greater numbers of tests.

A known risk factor for the development of CDI is the use of broad-spectrum antibi-
otics. In COVID-19 patients, it is recommended to administer antibiotics when bacterial
coinfection is suspected and then de-escalate antibiotic therapy as early as possible based
on microbiology tests [29,30]. This approach stems from concerns about delayed antibiotic
therapy with potentially serious consequences including the development of sepsis and
death [31-33].

Opinions on antibiotic therapy in patients with critical COVID-19, that is, with ARDS
or sepsis or septic shock, have gradually developed. However, according to recent data,
only 3% to 7% of patients with COVID-19 staying in general wards have community-
acquired bacterial coinfections [34-39]. In ICUs, the proportion is reported to be higher,
ranging from 14% to 28% [40,41]. It seems that while community-acquired coinfections are
not so common in critical COVID-19 patients, the risk for bacterial nosocomial superin-
fection is increased due to many factors (prolonged hospital stay, mechanical ventilation,
inserted invasive devices, but also immunosuppression with frequent lymphopenia).

Despite these results, many studies have documented the administration of antibiotics
to more than 50% of hospitalized patients. The lowest proportion (43%) was reported by
Aggarwal et al. [42]. Most studies, however, state that antibiotics are administered to 60%
to 90% of patients [43—48] or even all patients [49-51]. Two meta-analyses [35,36] found
that on average, 72% of patients received antibiotics. The duration of antibiotic therapy is
rarely specified in studies [49,52,53]. The above studies mention the use of cephalosporins,
fluoroquinolones including moxifloxacin and macrolides, mostly azithromycin. Other
antibiotics were less frequently administered.

Recommendations from both international and national societies are rather general.
For example, the Surviving Sepsis Campaign statement entitled “Guidelines on the manage-
ment of critically ill adults with Coronavirus Disease 2019 (COVID-19)” [54] recommends
that in mechanically ventilated patients with COVID-19 and respiratory failure, empiric
antimicrobials/antibacterial agents should only be administered if bacterial coinfection is
suspected. However, no specific antibiotic regimen is stated there. According to German
National Guidelines, empiric broad-spectrum antibiotic therapy should be started as soon
as possible in patients suspected to have bacterial superinfection [55]. Some national soci-
eties suggest that the approach should be identical to that in common community-acquired
pneumonia [29,30].

In the present study, the group of critical COVID-19 patients comprised 50% of pri-
mary admissions (hospital stay of less than 48 h). Here, a small proportion of bacterial
coinfections could surely be expected. In these clinically very complicated cases, however,
intensive care clinicians have a very hard time initially recognizing whether bacterial
superinfection is present, without knowing microbiology test results. In that situation, the
recommendations are consistent. Antibiotic therapy is initiated when bacterial pneumo-
nia is clinically suspected and discontinued if microbiology tests yield negative results.
Therefore, nearly all our patients were initially treated with antibiotics. This could have
been one of the factors contributing to the increased detection of C. difficile. In this group
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of patients, the incidence of common bacterial pathogens was low but atypical pathogens
were more frequent. The other half of the patients, those transferred to our department
after staying in another department or hospital for more than 48 h, were already at risk
for healthcare-associated pneumonia and thus received appropriate care. Changes in the
spectrum of pathogens causing healthcare-associated pneumonia and their resistance to
antibiotics in critical COVID-19 patients are addressed in another original article.

Recommendations for initial therapy of COVID-19 patients including critically ill
individuals in ICUs were gradually updated as more evidence was available. This resulted
in, among others, shorter duration of antibiotic therapy and earlier de-escalation which
may have contributed to the later decrease in C. difficile rates.

Another important factor contributing to increased detection of C. difficile was the
overall situation in the KARIM ICU and hospital alike. During the COVID-19 pandemic,
bed transformation was performed at all levels of care. The capacity of ICU beds was
increased, partly by transforming other wards and units and partly by creating new ones.
Day-to-day adjustments to the construction and equipment of the units could not be made
so it was impossible to provide enough private beds necessary for the isolation of patients
with C. difficile. The staff of the extended ICU consisted of professionals working in ICUs,
an emergency department, or general wards, as well as medical students and temporary
external workers. During the pandemic, the number of KARIM ICU beds rose 3.5-fold
compared to the usual capacity. At that time, the situation was unique in that all patients
were admitted for coronavirus positivity and the overwhelming majority (97.5%) were
those with critical COVID-19 manifestations as defined by the WHO [1], that is, severe
course of the disease with clinical manifestations of ARDS, sepsis, or septic shock.

The higher numbers of both patients and staff members meant increased movement of
people throughout the department. The staff comprised workers from other departments
not completely acquainted with their new workplace. Working in protective equipment
was considerably more difficult, potentially leading to unnoticed contamination of coveralls
or other aids. Under such circumstances, sterility is difficult to maintain during all invasive
procedures, infusion preparation, and other activities. Moreover, one of the key therapeutic
procedures provided to patients with critical COVID-19 pneumonia is regular prone and
supine positioning. This maneuver is performed twice daily and requires approximately
six health workers directly touching the patient and devices.

Once the rise of C. difficile positive cases was noticed, an inspection was performed by
workers from the hospital hygiene department and the regional public health authority,
followed by implementation of the following measures. Efforts were made to reserve one
unit for this group of patients due to a lack of cubicles. All premises were treated with
sporicidal agents. The staff were re-trained in hygiene issues, focusing on the prevention
of C. difficile transmission. The workers wore an additional piece of protective clothing, a
disposable plastic apron. The frequency of surface cleaning was increased, and disinfectants
were replaced with agents active against C. difficile spores. After contact with each patient,
the staff wiped their coveralls with soapy water and dried them thoroughly, as stated in
general recommendations [56].

Given the significant increase in toxigenic strains of C. difficile in February (25%),
primary oral vancomycin prophylaxis (OVP) was implemented in the department, with a
dose of 125 mg once daily being administered to all patients not receiving oral vancomycin
at a therapeutic dose of 125 mg four times daily or other anti-C. difficile antibiotics. The
administration of OVP has been investigated in numerous studies. It was reported as
effective by Johnson et al. [57] and Ganetsky et al. [58]. In those two retrospective studies,
no CDI was detected in patients receiving OVP. Similarly, a meta-analysis by Babar et al. [59]
documented a reduction in CDI in high-risk patients following OVP administration. In
their meta-analysis, Tariq et al. [14] suggested a positive effect of vancomycin to prevent
CDI recurrence (secondary prophylaxis). However, there was no benefit for primary
prevention. Another issue is the dosage of OVP; the most common dose was 125 mg
twice daily, but doses of 125-250 mg four times daily or 125 mg once a day were also
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administered [57,58,60-65]. Our decision was to administer 125 mg once daily, assuming
that the dose would ensure sufficient vancomycin concentration in stools, with minimum
damage to the intestinal flora and subsequent reduction of the resistance of the GIT to
colonization with multidrug-resistant bacteria including C. difficile [66-71].

We were aware of the risk of selection pressure affecting the prevalence of VRE. Prior
to the initiation of OVP, we detected six VRE strains in endotracheal aspirate and urine
samples, a rate similar to that in the pre-pandemic period (5 VRE strains). In March 2021,
when OVP administration was started, slightly more VRE (10 strains) were detected in
extra-intestinal samples, which prompted active screening for VRE in samples collected
from the GIT. In April and May, 17 and 23 VRE were detected in non-GIT and GIT samples,
respectively. When compared to the control group, the VRE numbers in non-GIT materials
were slightly, but not significantly, elevated in the COVID-19 group. Similarly, three of the
above studies on OVP monitored newly detected VRE but none reported their significant
increase [57,58,64].

It may be stated that the present study found an increase in VanA phenotype VRE of
Enterococcus faecium, particularly in GIT samples. When calculating isolates obtained from
the GIT only, as many as 66.7% of patients were identified as VRE carriers in May 2021.
However, this was mainly due to the clonal spread of VRE. PFGE revealed several groups
of isolates with identical profiles or very high coefficients of similarity (>95%), suggesting
very likely clonal spread and transmission of VRE among patients. As the difference in
restriction profiles between the tree largest clusters was very small (CS > 91%), isolates in
these groups may be assumed to be closely related, similar to a study by Tenover et al. [17].
Genetically related VRE isolates in COVID-19 patients in the ICU were also reported
by Kampmeier et al. [72]. Their study describes the genetic relationship of VRE isolates
collected from patients and several strains isolated from the environment, stressing possible
surface contamination. The important role played by the environment in VRE transmission
in hospitals was noted by Correa-Martinez [73] and others.

There are several limitations to our work. The character of the study is retrospec-
tive. There was considerable heterogeneity between the control and COVID-19 groups
of patients. As already mentioned, the situation in KARIM ICU was constantly evolving
during the COVID-19 pandemic, including changes in antibiotic therapy, hygiene strategies,
and frequency of C. difficile and VRE detection tests performed, so the conditions of the
study were highly variable. We were also unable to perform any kind of VRE follow-up
of discharged patients. This could have led to an underestimation of VRE colonization.
Moreover, only the number of VRE detected in non-GIT samples in the COVID-19 group
could be weighed against the control group because of the absence of screening performed
at that time. In the case of C. difficile, we did not isolate the bacterial strains for molecular
typing to further investigate clonal similarities, which could have possibly allowed us
to assess whether the source of C. difficile infection/colonization was mainly exogenous
or endogenous.

5. Conclusions

During the COVID-19 pandemic, there was a significant increase in C. difficile in
KARIM ICU. This was likely due to not only the initial administration of broad-spectrum
antibiotic agents but also, unfortunately, the limited possibility to adhere to strict hygiene
measures in that situation. The highest rates of toxigenic C. difficile, noticed in February 2021,
started to decline in March. This may be attributed to several factors: earlier diagnosis of C.
difficile (screening), adjustments and adherence to hygiene and epidemiological measures,
earlier de-escalation of broad-spectrum antibiotic therapy, and prophylactic administration
of vancomycin. The exact contribution of individual measures to C. difficile reduction cannot
be defined accurately. During the administration of oral vancomycin prophylaxis, higher
VRE rates were noted, mainly due to the clonal spread of these strains. It may be assumed
that vancomycin prophylaxis caused the selection of VRE already present in the GIT and
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their subsequent clonal spread. However, it cannot be definitely concluded that vancomycin
prophylaxis alone results in an increased prevalence of vancomycin-resistant enterococci.

Author Contributions: Conceptualization: K.B., M.K. and L.D.; methodology: M.K., K.B., L.D. and
V.P; validation: M.K,, K.B., L.D. and V.P;; formal analysis: K.L.; investigation: K.B., I.V,, L.D., ].P,,
R.U., K.H.,, V.P, M.R. and K.L.; resources: K.B., L.D., ].P. and V.P,; data curation: L.D., K.B., L.V., V..
and K.L.; writing—original draft preparation: M.K., K.B., L.D. and V.P; writing—review and editing:
MK, KB, LD, VP,].P,RU. and L.V, visualization: K.B., L.D. and V.P.; supervision: M.K; project
administration: M.K., K.B. and L.D.; funding acquisition: M.K. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by the Czech Health Research Council (project no. NV18-05-
00340), project IGA_LF_2021_022 and by MH CZ—DRO (FNOL, 00098892).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data presented in this study are included in this article.
Acknowledgments: The authors thank to Pavel Kurfiirst for English editing.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1.

10.

11.

12.

13.

World Health Organization. Clinical Management of COVID-19: Interim Guidance, 27 May 2020. Available online: https:
/ /apps.who.int/iris/handle/10665/332196 (accessed on 29 August 2021).

Martin-Loeches, I.; Sanchez-Corral, A.; Diaz, E.; Granada, R.; Zaragoza, R.; Villavicencio, C.; Albaya, A.; Cerd4, E.; Catalan, R;;
Luque, P; et al. Community-Acquired Respiratory Coinfection in Critically Ill Patients with Pandemic 2009 Influenza A(HIN1).
Virus. Chest. 2011, 139, 555-562. [CrossRef] [PubMed]

Manohar, P,; Loh, B.; Nachimuthu, R.; Hua, X.; Welburn, S.; Leptihn, S. Secondary Bacterial Infections in Patients with Viral
Pneu-monia. Front. Med. 2020, 7, 420. [CrossRef]

Brown, K,; Langford, B.; Schwartz, K.; Diong, C.; Garber, G.; Daneman, N. Antibiotic Prescribing Choices and Their Comparative
C. Difficile Infection Risks: A Longitudinal Case-Cohort Study. Clin. Infect. Dis. 2021, 72, 836-844. [CrossRef]

Ponce-Alonso, M.; Sdez de la Fuente, J.; Rincon-Carlavilla, A.; Moreno-Nunez, P.; Martinez-Garcia, L.; Escudero-Sanchez,
R.; Pintor, R.; Garcia-Fernandez, S.; Cobo, J. Impact of the coronavirus disease 2019 (COVID-19) pandemic on nosocomial
Clostridioides difficile infection. Infect. Control. Hosp. Epidemiol. 2021, 42, 406-410. [CrossRef] [PubMed]

Bentivegna, E.; Alessio, G.; Spuntarelli, V.; Luciani, M.; Santino, I.; Simmaco, M.; Martelletti, P. Impact of COVID-19 prevention
measures on risk of health care-associated Clostridium difficile infection. Am. J. Infect. Control 2021, 49, 640-642. [CrossRef]
Ochoa-Hein, E.; Rajme-Lopez, S.; Rodriguez-Aldama, J.; Huertas-Jiménez, M.; Chavez-Rios, A.; de Paz-Garcia, R.; Haro-Osnaya,
A.; Gonzélez-Colin, K.; Gonzalez-Gonzalez, R.; Gonzélez-Lara, M.; et al. Substantial reduction of healthcare facility-onset
Clostridioides difficile infection (HO-CDI) rates after conversion of a hospital for exclusive treatment of COVID-19 patients. Am.
J. Infect. Control 2021, 49, 966-968. [CrossRef]

Luo, Y,; Grinspan, L.; Fu, Y.; Adams-Sommer, V.; Willey, D.; Patel, G.; Grinspan, A. Hospital-onset Clostridioides difficile infections
during the COVID-19 pandemic. Infect. Control Hosp. Epidemiol. 2020, 1-2. [CrossRef]

Allegretti, J.; Nije, C.; McClure, E.; Redd, W.; Wong, D.; Zhou, J.; Bazarbashi, A.; McCarty, T.; Hathorn, K.; Shen, L.; et al.
Prevalence and impact of Clostridioides difficile infection among hospitalized patients with coranavirus disease 201 9. JGH Open
2021, 5, 622-625. [CrossRef]

Sandhu, A.; Tillotson, G.; Polistico, ].; Salimnia, H.; Cranis, M.; Moshos, J.; Cullen, L.; Jabbo, L.; Diebel, L.; Chopra, T. Clostridioides
difficile in COVID-19 Patients, Detroit, Michigan, USA, March—-April 2020. Emerg. Infect. Dis. 2020, 26, 2272-2274. [CrossRef]
[PubMed]

Lewandowski, K.; Rosotowski, M.; Kaniewska, M.; Kucha, P.; Meler, A.; Wierzba, W.; Rydzewska, G. Clostridioides difficile infection
in coronavirus disease 2019: An underestimated problem? Pol. Arch. Intern. Med. 2020, 131, 121-127. [CrossRef]

European Centre for Disease Prevention and Control. Healthcare-associated infections: Clostridium difficile. In ECDC Annual
Epidemiological Report for 2016; ECDC: Stockholm, Sweden, 2018. Available online: https://www.ecdc.europa.eu/en/publications-
data/healthcare-associated-infections-clostridium-difficile-infections-annual (accessed on 29 August 2021).

Lessa, F.; Mu, Y.; Bamberg, W.; Beldavs, Z.; Dumyati, G.; Dunn, J.; Farley, M.; Holzbauer, S.; Meek, J.; Phipps, E.; et al. Burden of
Clostridium difficile Infection in the United States. N. Engl. |. Med. 2015, 372, 825-834. [CrossRef]


https://apps.who.int/iris/handle/10665/332196
https://apps.who.int/iris/handle/10665/332196
http://doi.org/10.1378/chest.10-1396
http://www.ncbi.nlm.nih.gov/pubmed/20930007
http://doi.org/10.3389/fmed.2020.00420
http://doi.org/10.1093/cid/ciaa124
http://doi.org/10.1017/ice.2020.454
http://www.ncbi.nlm.nih.gov/pubmed/32895065
http://doi.org/10.1016/j.ajic.2020.09.010
http://doi.org/10.1016/j.ajic.2020.12.008
http://doi.org/10.1017/ice.2020.1223
http://doi.org/10.1002/jgh3.12497
http://doi.org/10.3201/eid2609.202126
http://www.ncbi.nlm.nih.gov/pubmed/32441243
http://doi.org/10.20452/pamw.15715
https://www.ecdc.europa.eu/en/publications-data/healthcare-associated-infections-clostridium-difficile-infections-annual
https://www.ecdc.europa.eu/en/publications-data/healthcare-associated-infections-clostridium-difficile-infections-annual
http://doi.org/10.1056/NEJMoa1408913

Life 2021, 11, 1127 13 of 15

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Tariq, R.; Laguio-Vila, M.; Tahir, M.; Orenstein, R.; Pardi, D.; Khanna, S. Efficacy of oral vancomycin prophylaxis for prevention of
Clostridioides difficile infection: A systematic review and meta-analysis. Ther. Adv. Gastroenterol. 2021, 23, 1756284821994046.
[CrossRef]

Isaac, S.; Scher, J.; Djukovic, A.; Jiménez, N.; Littman, D.; Abramson, S.; Pamer, E.; Ubeda, C. Short- and long-term effects of oral
van-comycin on the human intestinal microbiota. J. Antimicrob. Chemother. 2016, 72, 128-136. [CrossRef] [PubMed]

Hricovd, K.; Stosovd, T.; Kucova, P; Fiserova, K.; Bardon, J.; Kold¥, M. Analysis of Vancomycin-Resistant Enterococci in
Hemato-Oncological Patients. Antibiotics 2020, 9, 785. [CrossRef]

Tenover, F,; Arbeit, R.; Goering, R.; Mickelsen, P.; Murray, B.; Persing, D.; Swaminathan, B. Interpreting chromosomal DNA
restriction patterns produced by pulsed-field gel electrophoresis: Criteria for bacterial strain typing. J. Clin. Microbiol. 1995, 33,
2233-2239. [CrossRef]

WHO Collaborating Centre for Drug Statistics Methodology. ATC Classification Index with DDDs, 2021; WHO Collaborating
Centre for Drug Statistics Methodology: Oslo, Norway, 2020.

Yacyshyn, B. Pathophysiology of Clostridium difficile-Associated Diarrhea. Gastroenterol. Hepatol. 2016, 12, 558-560. Available
online: https:/ /pubmed.ncbi.nlm.nih.gov /27917094 (accessed on 29 August 2021).

Zuo, T.; Zhang, F,; Lui, G.C,; Yeoh, YK, Li, A.Y,; Zhan, H.; Wan, Y.; Chung, A.C.; Cheung, C.P.; Chen, N.; et al. Alterations in
Gut Microbiota of Patients With COVID-19 During Time of Hospitalization. Gastroenterology 2020, 159, 944-955.e8. [CrossRef]
[PubMed]

Hazel, K.; Skally, M.; Glynn, E.; Foley, M.; Burns, K.; O’Toole, A.; Boland, K.; Fitzpatrick, F. The other ‘C’": Hospital-acquired
Clos-tridioides difficile infection during the coronavirus disease 2019 (COVID-19) pandemic. Infect. Control Hosp. Epidemiol. 2021,
1-2,1-2. [CrossRef]

Kaafarani, H.M. COVID-19: Gastrointestinal Symptoms and Complications. Available online: https://www.uptodate.com/
contents/covid-19-gastrointestinal-symptoms-and-complications/print (accessed on 4 August 2021).

Cheung, K.; Hung, I; Chan, P; Lung, K;; Tso, E.; Liu, R.; Ng, Y.; Chu, M.; Chung, T.; Tam, A ; et al. Gastrointestinal Manifestations
of SARS-CoV-2 Infection and Virus Load in Fecal Samples from a Hong Kong Cohort: Systematic Review and Meta-analysis.
Gastroenterology 2020, 159, 81-95. [CrossRef]

Silva, F; Brito, B.; Santos, M.; Marques, H.; Silva Junior, R.; Carvalho, L.; Vieira, E.; Oliveira, M.; Melo, F. COVID-19 gastrointestinal
manifestations: A systematic review. Rev. Da Soc. Bras. De Med. Trop. 2020, 53. [CrossRef]

D’Amico, E; Baumgart, D.; Danese, S.; Peyrin-Biroulet, L. Diarrhea during COVID-19 Infection: Pathogenesis, Epidemiology,
Prevention, and Management. Clin. Gastroenterol. Hepatol. 2020, 18, 1663-1672. [CrossRef] [PubMed]

Norén, T. Clostridium Difficile and the Disease it Causes. Clostridium Difficile; Humana Press: Totowa, NJ, USA, 2010; Volume 646,
pp. 9-35. [CrossRef]

Govil, D.; Pal, D. Gastrointestinal Motility Disorders in Critically Ill. Indian J. Crit. Care Med. 2020, 24, S179-5182. [CrossRef]
[PubMed]

Davies, K.; Longshaw, C.; Davis, G.; Bouza, E.; Barbut, F,; Barna, Z.; Delmée, M.; Fitzpatrick, F; Ivanova, K.; Kuijper, E.; et al.
Underdiagnosis of Clostridium difficile across Europe: The European, multicentre, prospective, biannual, point-prevalence
study of Clostridium difficile infection in hospitalised patients with diarrhoea (EUCLID). Lancet Infect. Dis. 2014, 14, 1208-1219.
[CrossRef]

Sieswerda, E.; de Boer, M.; Bonten, M.; Boersma, W.; Jonkers, R.; Aleva, R.; Kullberg, B.; Schouten, J.; van de Garde, E.; Verheij, T.;
et al. Recommendations for antibacterial therapy in adults with COVID-19—An evidence based guideline. Clin. Microbiol. Infect.
2021, 27, 61-66. [CrossRef]

National Institutes of Health (NIH) COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment
Guidelines. Available online: https:/ /www.covid19treatmentguidelines.nih.gov/ (accessed on 1 August 2021).

Kalil, A.; Metersky, M.; Klompas, M.; Muscedere, ].; Sweeney, D.; Palmer, L.; Napolitano, L.; O’Grady, N.; Bartlett, J.; Carratala, J.;
et al. Management of Adults with Hospi-tal-acquired and Ventilator-associated Pneumonia: 2016 Clinical Practice Guidelines by
the Infectious Diseases Society of America and the American Thoracic Society. Clin. Infect. Dis. 2016, 63, e61—-e111. [CrossRef]
[PubMed]

Uvizl, R.; Adamus, M.; Cerny, V.; Dusek, L.; Jarkovsky, J.; Sramek, V.; Matejovic, M.; Stourac, P.; Kula, R.; Malaska, J.; et al.
Patient survival, predictive factors and disease course of severe sepsis in Czech intensive care units: A multicentre, retrospective,
observational study. Biomed. Pap. 2016, 160, 287-297. [CrossRef] [PubMed]

Herkel, T.; Uvizl, R.; Doubravska, L.; Adamus, M.; Gabrhelik, T.; Sedlakova, M.H.; Kola¥, M.; Hanulik, V.; Pudova, V.; Langova,
K.; et al. Epidemiology of hospital-acquired pneumonia: Results of a Central European multicenter, prospective, observational
study compared with data from the European region. Biomed. Pap. ]. Fac. Med. Dent. Palacky Univ. Olomouc 2016, 160, 448—455.
Available online: http:/ /www.medvik.cz/link/bmc16028823 (accessed on 29 August 2021). [CrossRef]

Rawson, T.; Moore, L.; Zhu, N.; Ranganathan, N.; Skolimowska, K.; Gilchrist, M.; Satta, G.; Cooke, G.; Holmes, A. Bacterial and
Fungal Coinfection in Individuals With Coronavirus: A Rapid Review To Support COVID-19 Antimicrobial Prescribing. Clin.
Infect. Dis. 2020, 71, 2459-2468. [CrossRef]

Langford, B.; So, M.; Raybardhan, S.; Leung, V.; Westwood, D.; MacFadden, D.; Soucy, J.; Daneman, N. Bacterial co-infection
and sec-ondary infection in patients with COVID-19: A living rapid review and meta-analysis: A living rapid review and
meta-analysis. Clin. Microbiol. Infect. 2020, 26, 1622-1629. [CrossRef]


http://doi.org/10.1016/S0016-5085(19)39215-7
http://doi.org/10.1093/jac/dkw383
http://www.ncbi.nlm.nih.gov/pubmed/27707993
http://doi.org/10.3390/antibiotics9110785
http://doi.org/10.1128/jcm.33.9.2233-2239.1995
https://pubmed.ncbi.nlm.nih.gov/27917094
http://doi.org/10.1053/j.gastro.2020.05.048
http://www.ncbi.nlm.nih.gov/pubmed/32442562
http://doi.org/10.1017/ice.2021.3
https://www.uptodate.com/contents/covid-19-gastrointestinal-symptoms-and-complications/print
https://www.uptodate.com/contents/covid-19-gastrointestinal-symptoms-and-complications/print
http://doi.org/10.1053/j.gastro.2020.03.065
http://doi.org/10.1590/0037-8682-0714-2020
http://doi.org/10.1016/j.cgh.2020.04.001
http://www.ncbi.nlm.nih.gov/pubmed/32278065
http://doi.org/10.1007/978-1-60327-365-7_2
http://doi.org/10.5005/jp-journals-10071-23614
http://www.ncbi.nlm.nih.gov/pubmed/33354038
http://doi.org/10.1016/S1473-3099(14)70991-0
http://doi.org/10.1016/j.cmi.2020.09.041
https://www.covid19treatmentguidelines.nih.gov/
http://doi.org/10.1093/cid/ciw353
http://www.ncbi.nlm.nih.gov/pubmed/27418577
http://doi.org/10.5507/bp.2015.052
http://www.ncbi.nlm.nih.gov/pubmed/26526190
http://www.medvik.cz/link/bmc16028823
http://doi.org/10.5507/bp.2016.014
http://doi.org/10.1093/cid/ciaa530
http://doi.org/10.1016/j.cmi.2020.07.016

Life 2021, 11, 1127 14 of 15

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Lansbury, L.; Lim, B.; Baskaran, V.; Lim, W. Co-infections in people with COVID-19: A systematic review and meta-analysis: A
systematic review and meta-analysis. ]. Infect. 2020, 81, 266-275. [CrossRef]

Hughes, S.; Troise, O.; Donaldson, H.; Mughal, N.; Moore, L. Bacterial and fungal coinfection among hospitalized patients with
COVID-19: A retrospective cohort study in a UK secondary-care setting. Clin. Microbiol. Infect. 2020, 26, 1395-1399. [CrossRef]
[PubMed]

Garcia-Vidal, C.; Sanjuan, G.; Moreno-Garcia, E.; Puerta-Alcalde, P.; Garcia-Pouton, N.; Chumbita, M.; Fernandez-Pittol, M.;
Pitart, C.; Inciarte, A.; Bodro, M.; et al. Incidence of co-infections and superinfections in hospitalised patients with COVID-19: A
retrospective cohort study. Clin. Microbiol. Infect. 2021, 27, 83-88. [CrossRef]

Vaughn, V.; Gandhi, T,; Petty, L.; Patel, P.; Prescott, H.; Malani, A.; Ratz, D.; McLaughlin, E.; Chopra, V.; Flanders, S. Empiric
Antibacterial Therapy and Community-onset Bacterial Coinfection in Patients Hospitalized with Coronavirus Disease 2019
(COVID-19): A Multi-hospital Cohort Study. Clin. Infect. Dis. 2021, 72, €533-e541. [CrossRef]

Youngs, J.; Wyncoll, D.; Hopkins, P.; Arnold, A.; Ball, J.; Bicanic, T. Improving antibiotic stewardship in COVID-19: Bacterial
co-infection is less common than with influenza. J. Infect. 2020, 81, e55-e57. [CrossRef]

Clancy, C.; Nguyen, M. Coronavirus Disease 2019, Superinfections, and Antimicrobial Development: What Can We Expect? Clin.
Infect. Dis. 2020, 71, 2736-2743. [CrossRef] [PubMed]

Aggarwal, S.; Garcia-Telles, N.; Aggarwal, G.; Lavie, C.; Lippi, G.; Henry, B. Clinical features, laboratory characteristics, and
outcomes of patients hospitalized with coronavirus disease 2019 (COVID-19): Early report from the United States. Diagnosis 2020,
7,91-96. [CrossRef]

Guan, W.; Ni, Z,; Hu, Y,; Liang, W.; Ou, C.; He, J.; Liu, L.; Shan, H.; Lei, C.; Hui, D.; et al. Clinical Characteristics of Coronavirus
Disease 2019 in China. N. Engl. J. Med. 2020, 382, 1708-1720. [CrossRef]

Pan, L.; Mu, M,; Yang, P,; Sun, Y.; Wang, R.; Yan, J.; Li, P.; Hu, B.; Wang, J.; Hu, C; et al. Clinical Characteristics of COVID-19
Patients with Digestive Symptoms in Hubei, China: A Descriptive, Cross-Sectional, Multicenter Study. Am. ]. Gastroenterol. 2020,
115, 766-773. [CrossRef] [PubMed]

Cao, B.; Wang, Y.; Wen, D.; Liu, W.; Wang, J.; Fan, G.; Ruan, L.; Song, B.; Cai, Y.; Wei, M.; et al. A Trial of Lopinavir-Ritonavir in
Adults Hospitalized with Severe COVID-19. N. Engl. ]. Med. 2020, 382, 1787-1799. [CrossRef]

Chen, T.; Wu, D.; Chen, H.; Yan, W.; Yang, D.; Chen, G.; Ma, K.; Xu, D.; Yu, H.; Wang, H.; et al. Clinical characteristics of 113
deceased patients with coronavirus disease 2019: Retro-spective study. BMJ 2020, 368, m1091. [CrossRef] [PubMed]

Zhou, E; Yu, T.; Du, R; Fan, G,; Liu, Y.; Liu, Z,; Xiang, ]J.; Wang, Y.; Song, B.; Gu, X,; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054-1062.
[CrossRef]

Wang, Z.; Yang, B.; Li, Q.; Wen, L.; Zhang, R. Clinical Features of 69 Cases with Coronavirus Disease 2019 in Wuhan, China. Clin.
Infect. Dis. 2020, 71, 769-777. [CrossRef]

Borba, M.; Val, F.; Sampaio, V.; Alexandre, M.; Melo, G.; Brito, M.; Mourao, M.; Brito-Sousa, J.; Baia-da-Silva, D.; Guerra, M.; et al.
Effect of High vs Low Doses of Chloroquine Diphosphate as Adjunctive Therapy for Patients Hospitalized with Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection. Jama Netw. Open 2020, 3, €208857. [CrossRef]

Huang, C.; Wang, Y,; Li, X,; Ren, L.; Zhao, J.; Hu, Y;; Zhang, L.; Fan, G.; Xu, J.; Gu, X,; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. [CrossRef]

Zhao, X.; Xu, X,; Yin, H.; Hu, Q.; Xiong, T.; Tang, Y.; Yang, A.; Yu, B.; Huang, Z. Clinical characteristics of patients with 2019
coronavirus disease in a non-Wuhan area of Hubei Province, China: A retrospective study. BMC Infect. Dis. 2020, 20, 311.
[CrossRef] [PubMed]

Chen, N.; Zhou, M,; Dong, X.; Qu, J.; Gong, F; Han, Y,; Qiu, Y,; Wang, J.; Liu, Y.; Wei, Y.; et al. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: A descriptive study. Lancet 2020, 395, 507-513.
[CrossRef]

Pedersen, H.P.; Hildebrandt, T.; Poulsen, A.; Uslu, B.; Knudsen, H.H.; Roed, J.; Poulsen, T.D.; Nielsen, H.B. Initial experiences
from patients with COVID-19 on ventilatory support in Denmark. Dan. Med. ]. 2020, 67, A04200232. [PubMed]

Alhazzani, W.; Meller, M.; Arabi, Y.; Loeb, M.; Gong, M.; Fan, E.; Oczkowski, S.; Levy, M.; Derde, L.; Dzierba, A.; et al. Surviving
Sepsis Campaign: Guidelines on the management of critically ill adults with Coronavirus Disease 2019 (COVID-19): Guidelines
on the management of critically ill adults with Coronavirus Disease 2019 (COVID-19). Intensive Care Med. 2020, 46, 854-887.
[CrossRef]

Kluge, S.; Janssens, U.; Welte, T.; Weber-Carstens, S.; Marx, G.; Karagiannidis, C. German recommendations for critically ill
patients with COVID 19. Med. Klin.—Intensivmed. Und Notfallmedizin. 2020, 115, 111-114. [CrossRef] [PubMed]

Strategies to Prevent Clostridioides difficile Infection in Acute Care Facilities. Available online: https://www.cdc.gov/hai/
prevent/cdi-prevention-strategies.html (accessed on 29 August 2021).

Johnson, S.; Brown, S.; Priest, D. Effectiveness of Oral Vancomycin for Prevention of Healthcare Facility—-Onset Clostridioides
difficile Infection in Targeted Patients during Systemic Antibiotic Exposure. Clin. Infect. Dis. 2020, 71, 1133-1139. [CrossRef]
Ganetsky, A.; Han, J.; Hughes, M.; Babushok, D.; Frey, N.; Gill, S.; Hexner, E.; Loren, A.; Luger, S.; Mangan, J.; et al. Oral
Vancomycin Prophylaxis Is Highly Effective in Preventing Clostridium difficile Infection in Allogeneic Hematopoietic Cell
Transplant Recipients. Clin. Infect. Dis. 2019, 68, 2003-2009. [CrossRef]


http://doi.org/10.1016/j.jinf.2020.05.046
http://doi.org/10.1016/j.cmi.2020.06.025
http://www.ncbi.nlm.nih.gov/pubmed/32603803
http://doi.org/10.1016/j.cmi.2020.07.041
http://doi.org/10.1093/cid/ciaa1239
http://doi.org/10.1016/j.jinf.2020.06.056
http://doi.org/10.1093/cid/ciaa524
http://www.ncbi.nlm.nih.gov/pubmed/32361747
http://doi.org/10.1515/dx-2020-0046
http://doi.org/10.1056/NEJMoa2002032
http://doi.org/10.14309/ajg.0000000000000620
http://www.ncbi.nlm.nih.gov/pubmed/32287140
http://doi.org/10.1056/NEJMoa2001282
http://doi.org/10.1136/bmj.m1091
http://www.ncbi.nlm.nih.gov/pubmed/32217556
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1093/cid/ciaa272
http://doi.org/10.1001/jamanetworkopen.2020.8857
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1186/s12879-020-05010-w
http://www.ncbi.nlm.nih.gov/pubmed/32345226
http://doi.org/10.1016/S0140-6736(20)30211-7
http://www.ncbi.nlm.nih.gov/pubmed/32351196
http://doi.org/10.1007/s00134-020-06022-5
http://doi.org/10.1007/s00063-020-00689-w
http://www.ncbi.nlm.nih.gov/pubmed/32291505
https://www.cdc.gov/hai/prevent/cdi-prevention-strategies.html
https://www.cdc.gov/hai/prevent/cdi-prevention-strategies.html
http://doi.org/10.1093/cid/ciz966
http://doi.org/10.1093/cid/ciy822

Life 2021, 11, 1127 15 of 15

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Babar, S.; El Kurdi, B.; El Iskandarani, M.; Haddad, L.; Imam, Z.; Alomari, M.; Myers, J.; Moorman, ]. Oral vancomycin prophylaxis
for the prevention of Clostridium difficile infection: A systematic review and meta-analysis. Infect Control Hosp Epidemiol. 2020,
41,1302-1309. [CrossRef]

Van Hise, N.; Bryant, A.; Hennessey, E.; Crannage, A.; Khoury, J.; Manian, F. Efficacy of Oral Vancomycin in Preventing Recurrent
Clostridium difficile Infection in Patients Treated With Systemic Antimicrobial Agents: Table 1. Clin. Infect. Dis. 2016, 63, 651-653.
[CrossRef] [PubMed]

Carignan, A.; Poulin, S.; Martin, P.; Labbé, A.; Valiquette, L.; Al-Bachari, H.; Montpetit, L.; Pépin, ]. Efficacy of Secondary
Prophylaxis with Vancomycin for Preventing Recurrent Clostridium difficile Infections. Am. J. Gastroenterol. 2016, 111, 1834-1840.
[CrossRef] [PubMed]

Splinter, L.; Kerstenetzky, L.; Jorgenson, M.; Descourouez, J.; Leverson, G.; Saddler, C.; Smith, J.; Safdar, N.; Redfield, R.
Vancomycin Prophylaxis for Prevention of Clostridium difficile Infection Recurrence in Renal Transplant Patients. Ann. Pharma-
Cotherapy 2017, 52, 113-119. [CrossRef]

Papic, N.; Maric, L.; Vince, A. Efficacy of oral vancomycin in primary prevention of Clostridium Difficile infection in elderly
patients treated with systemic antibiotic therapy. Infect. Dis. 2018, 50, 483-486. [CrossRef]

Morrisette, T.; Van Matre, A.; Miller, M.; Mueller, S.; Bajrovic, V.; Abidi, M.; Benamu, E.; Kaiser, J.; Barber, G.; Chase, S.; et al.
Oral Vancomycin Prophylaxis as Secondary Prevention Against Clostridioides difficile Infection in the Hemato-poietic Stem
Cell Transplantation and Hematologic Malignancy Population. Biol. Blood Marrow Transplant. 2019, 25, 2091-2097. [CrossRef]
[PubMed]

Knight, E.; Schiller, D.; Fulman, M.; Rastogi, R. Long-Term Efficacy of Oral Vancomycin Prophylaxis for the Prevention of
Clos-tridium difficile Recurrence. J. Pharm. Pract. 2020, 33, 633-639. [CrossRef]

McDonald, L.; Gerding, D.; Johnson, S.; Bakken, J.; Carroll, K.; Coffin, S.; Dubberke, E.; Garey, K.; Gould, C.; 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]

Gonzales, M.; Pepin, |.; Frost, E.; Carrier, |.; Sirard, S.; Fortier, L.; Valiquette, L. Faecal pharmacokinetics of orally administered
vancomycin in patients with suspected Clostridium difficile infection. BMC Infect. Dis. 2010, 10, 363. [CrossRef]

Johnson, S. Editorial Commentary: Potential Risks and Rewards with Prophylaxis for Clostridium difficile Infection. Clin. Infect.
Dis. 2016, 63, 654-655. [CrossRef] [PubMed]

Abujamel, T.; Cadnum, J; Jury, L.; Sunkesula, V.; Kundrapu, S.; Jump, R.; Stintzi, A.; Donskey, C.; Paredes-Sabja, D. Defining the
Vul-nerable Period for Re-Establishment of Clostridium difficile Colonization after Treatment of C. difficile Infection with Oral
Vancomycin or Metronidazole. PLoS ONE 2013, 8, €76269. [CrossRef]

Lewis, B.; Buffie, C.; Carter, R.; Leiner, I.; Toussaint, N.; Miller, L.; Gobourne, A.; Ling, L.; Pamer, E. Loss of Microbiota-Mediated
Colonization Resistance to Clostridium difficile Infection with Oral Vancomycin Compared with Metronidazole. J. Infect. Dis.
2015, 212, 1656-1665. [CrossRef]

Johnson, S. Treatment of Asymptomatic Clostridium difficile Carriers (Fecal Excretors) with Vancomycin or Metronidazole. Ann.
Intern. Med. 1992, 117, 297-302. [CrossRef]

Kampmeier, S.; Ténnies, H.; Correa-Martinez, C.; Mellmann, A.; Schwierzeck, V. A nosocomial cluster of vancomyecin resistant
enterococci among COVID-19 patients in an intensive care unit. Antimicrob. Resist. Infect. Control. 2020, 9, 154. [CrossRef]
[PubMed]

Correa-Martinez, C.L.; Stollenwerk, V.B.; Kossow, A.; Schaumburg, F.; Mellmann, A.; Kampmeier, S. Risk Factors for Long-Term
Vancomycin-Resistant Enterococci Persistence—A Prospective Longitudinal Study. Microorganisms 2019, 7, 400. [CrossRef]
[PubMed]


http://doi.org/10.1017/ice.2020.277
http://doi.org/10.1093/cid/ciw401
http://www.ncbi.nlm.nih.gov/pubmed/27318333
http://doi.org/10.1038/ajg.2016.417
http://www.ncbi.nlm.nih.gov/pubmed/27619835
http://doi.org/10.1177/1060028017727756
http://doi.org/10.1080/23744235.2018.1425551
http://doi.org/10.1016/j.bbmt.2019.06.021
http://www.ncbi.nlm.nih.gov/pubmed/31255741
http://doi.org/10.1177/0897190019825994
http://doi.org/10.1093/cid/cix1085
http://www.ncbi.nlm.nih.gov/pubmed/29462280
http://doi.org/10.1186/1471-2334-10-363
http://doi.org/10.1093/cid/ciw424
http://www.ncbi.nlm.nih.gov/pubmed/27358349
http://doi.org/10.1371/journal.pone.0076269
http://doi.org/10.1093/infdis/jiv256
http://doi.org/10.7326/0003-4819-117-4-297
http://doi.org/10.1186/s13756-020-00820-8
http://www.ncbi.nlm.nih.gov/pubmed/32962759
http://doi.org/10.3390/microorganisms7100400
http://www.ncbi.nlm.nih.gov/pubmed/31561632

	Introduction 
	Materials and Methods 
	Study Design, Population and Setting 
	Inclusion Criteria 
	Detection of C. difficile (Positive Cases) 
	Isolation of VRE 
	Molecular Typing of VRE 
	Vancomycin Consumption Assessment 
	Statistical Analysis 

	Results 
	Patient Data Analysis—The Study and Control Groups 
	C. difficile Detection 
	VRE Detection 
	Molecular Typing of VRE 
	Vancomycin Consumption 

	Discussion 
	Conclusions 
	References

