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ABSTRACT

BACKGROUND: Enterococcus species account for most of the human enterococcal HAI and multidrug-
resistant infections and have become a major threat to modern public health. We examine the rise in

the number of vancomycin resistant E. faecium blood stream and urinary tract infections in a COVID-19
department during an epidemiologic outbreak investigation to detect and eliminate nosocomial clusters of the

bacteria.

METHODS: Strain identification was performed by classical isolation and biochemical and cultivation
methods. Antibiotic testing results were interpreted according to European committee on antimicrobial
susceptibility testing (EUCAST) guidelines. Six isolated samples underwent the whole genome sequencing
(WGS) during the outbreak investigation. Isolate relatedness was determined using the core genome multi-

locus sequence typing.

RESULTS: WGS revealed two genotypically distinct VRE clusters, one of which had genetically closely
related patients and environmental isolates. The cluster was terminated by enhanced infection control

strategies.

CONCLUSIONS: This study provides the first description of an outbreak caused by vanB-ST117 and vanA-
ST17 E. faecium strains among COVID-19 patients in Slovakia. This study can help to raise the awareness
about the need for strict adherence to infection control measures and the implementation of rational

antimicrobial stewardship as a routine part of COVID-19 management (Tab. 3, Fig. 3, Ref. 27). Text in PDF

www.elis.sk
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Introduction

Emergence of the COVID-19 pandemic exerted an immense
pressure on health care systems worldwide (1). Diverting signifi-
cant staff and financial resources and repurposing of hospital de-
partments to face the critical lack of viable space for isolating the
ever-rising number of infected patients to attempt to manage and
overcome the pandemic, raised concerns among the epidemiology
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and infection control communities about the potential for a reduced
adherence to long-established measures for the prevention of health
associated infections (HAI). Although effects of such changes are
uncertain (2, 3), current reports of increases in the occurrence of
nosocomial bacterial infections within COVID-19 dedicated de-
partments are alarming (2). However, the real extent of this issue
is poorly known due to a lack of studies (3).

Although enterococcus species (namely E. faecalis and to a
lesser extent E. faecium) are abundant as a commensal of the hu-
man intestine microbiome, in immunocompromised hosts, they
can act as an opportunistic pathogens and cause life-threatening
infections such as: sepsis, endocarditis, and urinary tract infections
(4, 5). E. faecalis and E. faecium are the most common cause of
human enterococcal health-associated and multidrug-resistant
infections and due to their natural intrinsic resistance to several
antimicrobials, including last resort antibiotics, and their capacity
to acquire virulence, are recognized as major nosocomial patho-
gens (5). Since the first reported cases in the 1980s, vancomycin-
resistant enterococcus (VRE) strains have become a major modern
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public health threat. In the European Union (EU), VRE populated-
proportions of infection significantly increased in the past 5 years
without geographic differences (6).

Surveillance and comparison of VVRE infection cases before
and during the pandemic (after repurposing of our Department
of Internal Medicine into a Department for Critically ill patients
with COVID-19), showed a significant rise in the number of
vancomycin resistant E. faecium blood stream and urinary tract
infections. Here we describe an outbreak of VRE infection and
its management in COVID-19 positive patients during January
to April 2021.

Methods

Clinical setting and infection control measures

5% Department of Internal medicine of the University Hospital
in Bratislava as the largest department in this field in the capital
city of Slovakia, was repurposed for the treatment of critically ill,
COVID-19 positive patients with internal disease co-morbidities,
during the peak of the second wave of COVID-19 pandemic (De-
cember 2020) in the country. From the beginning of December
2020 until the end of April 2021, 395 patients with COVID-19
were hospitalised in two separate isolation wards (ward A and
ward B, with a capacity of 40 beds in total) and one isolation ICU
(with a capacity of 8 beds) in the department. Enhanced infection
control measures were applied for the isolation areas (isolation
red zones), including use of personal protective equipment (PPE)
with the biosafety level 3 (BSL-3).

The general internal surveillance program of drug-resistant
bacteria in the department flagged a considerable increase in the
number of positive VRE cases (all caused by E. faecium) in CO-
VID-19 positive patients in December 2020 (a 60 % increase in
comparison to the previous three months, (6 positive cases were
diagnosed for the period of three months between September to No-
vember 2020 versus 8 positive diagnosed cases during December
2020), as well as in comparison to the same period in the previous
year cases (2 positive diagnosed cases during December 2019 in
comparison to 8 positive diagnosed cases in December 2020).
However, since most of the hospitalized patients were transferred
from other clinics, hospitals, or nursing homes, the positive VRE
cases were considered possible imported cases rather than part of
an in-department outbreak. After a change in antibiotic treatment
and physical isolation, these patients were only followed until
January 2021 and not included in this study.

In January 2021, we continued to record positive VRE and
initiated the epidemiological investigation following the imple-
mentation of strategies for terminating the VRE outbreak. These
strategies included:

1) implementing a new antibiotic therapy algorithm for treat-
ing bacterial super-infections and minimizing inappropriate ini-
tiation of antibiotic therapy (specifically, the use of cephalospo-
rins). A combination of Augmentin and Clarithromycin was used
for treating community-acquired pneumonia and Tazocin with an
aminoglycoside was used for hospital-acquired pneumonia, until
antibiotic susceptibility testing results were obtained. For posi-
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tive cases of VRE, a combination of linezolid with doxycycline
was used.

2) We implemented a point prevalence screening on all the
patients upon admission and once a week thereafter.

3) We intensified the frequency of surface disinfection (from
once a day to twice a day every 12 hours) of all surface areas
and used instruments in red and green zones (green zone are
areas outside of red zones within the ward in which BSL 2 or
lower was required). For disinfection, we used Incidin Oxyfoam
S (Ecolab, Deutschland GmbH, Monheim am Rhein), Meliseptol
Foam pure (B. Braun Melsungen AG, Germany) and Chloramine
0.2 %/L solution.

4) The patients diagnosed with VRE were accommodated in
the same room (designated with a VRE positive sign), which had
separated toilets or bedside toilets and higher hygienic precau-
tions, and dedicated examination instruments. Complete isolation
of VRE patients (one patient per room) was not possible during
the peak of the pandemic. As VRE positive cases continued to
emerge throughout February 2021 (although with a mild decrease
in number; 7 cases in December 2020, 6 cases in January 2021,
and 4 cases in February 2021), we performed an environmental
sampling for detection of VRE contaminations in red and green
zones and all the samples from diagnosed patients underwent a
further genetic examination for the epidemiological mapping of
transmission routes.

Data and demographical information, inclusion, and exclusion
criteria

Data used in this study was gathered from all the patients
hospitalised in the red zone during the period of 4 months (be-
ginning of January 2021 until the end of April 2021). All the pa-
tients included in this study had a confirmed infection of SARS-
CoV-2 based on a RT-PCR test. We recorded the demographical
data for each patient including the age and gender, and collected
information on the duration of hospitalisation, place of sampling,
antimicrobial susceptibility, type of acquired infection (HAI, or
non-healthcare associated infection, NHAI), whether the patient
was dismissed or died during our monitoring, and the duration
of hospitalisation before diagnosis of VRE infection. Other than
positive COVID-19 PCR test and clinically relevant diagnosis of
and VRE (positive samples from the urinary tract, haemoculture,
decubitus, or sputum in patients with a high likelihood of bacte-
rial infectious process such as elevated CRP and procalcitonin),
no other inclusion or exclusion criteria were used in this study.

Environmental sampling, patient sampling, and testing methods

In accordance with the internal guidelines of the department,
sterile swab samples of the tonsils and nose, and samples of spu-
tum and mid-stream urine, were collected for microbiological
investigation from all the patients upon admission. Other specific
microbiological sampling (haemoculture, stool culture, etc.) were
performed as deemed necessary by the patient’s physician. After
detection of the VRE outbreak and implementation of stricter
hygienic measures, we performed anal swab sampling for all the
patients in red zones at the time of admission and once a week
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thereafter. Blood sampling was performed using peripheral intra-
venous puncture. Urine was collected by mid-stream urine sam-
pling or via urinary catheter.

Environmental sampling was conducted twice during February
2020 in both green and red zones. Sampling was performed using
sterile swab samples of surfaces and examination instruments. We
collected a total of 30 environmental samples (20 from the red
zone and 10 from the green zone).

Patient samples and environmental samples were processed by
conventional methods approved by the Slovak Ministry of Health.
Bacterial identification was performed by standard bacterial cul-
ture from biological specimens (urine, swabs, etc.) — growth on
solid media using Columbia blood agar with 7 % sheep blood
(EnviroLab), and Uriselect 4 chromogenic agar (EnviroLab) for
urine culture (Medirex a.s.). Strain identification was performed
by matrix-associated laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) (Bruker, Massachusetts,
USA). Antimicrobial susceptibility testing was performed using
the disc diffusion test on Mueller-Hinton agar culture and results
were interpreted according to the EUCAST guideline (European
Committee on Antimicrobial Susceptibility Testing).

DNA extraction, library preparation and sequencing

DNA was extracted from plated samples using the DNeasy
Blood and Tissue Kit (Qiagen, Hilden, Germany) using a protocol
for isolation of gram-positive bacteria following the manufac-
turer’s instructions. DNA libraries were prepared using Nextera
XT DNA Library Prep Kit (Illumina Inc., San Diego, CA, USA)
as described in the protocol, followed by library validation using
Qubit dsDNA high sensitivity assay (LifeTechnologies, Eugene,
OR, USA) and Agilent® HS DNA Chip on Agilent Technolo-
gies 2100 Bioanalyzer (Santa Clara, CA, USA). Finally, DNA
libraries were normalized to a concentration of 4 nM, denatured,
and sequenced on a MiSeq system (lllumina Inc., San Diego,
CA, USA) using MiSeq Reagent kit v3 with paired end of 2x
300 bp reads.

Data analysis

Adapters and low-quality ends of sequenced reads were re-
moved using Trimmomatic version 0.36 (7) based on quality
control statistics generated by FastQC version v0.11.5 (8). After
trimming, fragments without sufficient length of both reads (>
35 bp) were removed from the data set. We used SPAdes ver-
sion 3.10.1 (9) for de novo assembly of the data and Basic Local
Alignment Search Tool (BLAST) software version 2.10.1 (10)
for the classification of sequences. We used Type Genome Server
(TYGS) version 281 (11) for genome-based taxonomy analysis
and visualization (Fig. 1). Samples were mapped with Burrow-
Wheeler Aligner (BWA) against their closest relative according
to Figure 1. Variants were called with Genome Analysis Toolkit
(GATK) version 4.1.4.0 (12) and a consensus sequence was cre-
ated using bcftools version 1.11 (13). Finally, the percentage of
similarity (Table 2) was determined with BLAST (10). To iden-
tify vancomycin-resistant genes, sequences were mapped with
BWA version 0.6 (14) against vancomycin-resistant genes listed

in Table 3. Then we used multilocus Sequence Typing (PubMLST)
(15). Computational analyses were written and executed using the
SnakeL ines framework version 0.11.6 (16, 17).

Results

We diagnosed a total of 10 positive VRE cases during Janu-
ary and February 2021 (6 cases and 4 cases, respectively). After
implementing strict hygienic measures and targeted antibiotic
therapy during these two months (described above), the number
of new cases gradually decreased, and clusters were terminated.
During March and April 2021, no new cases of VRE were reported.

Out of 10 diagnosed cases, 8 cases were isolated from male
patients and 2 cases from female patients. The mean age of posi-
tive VRE diagnosed male patients was 73 years and that of female
patients was 80 years. All the diagnosed cases of VRE were HAL.
The diagnosed patients were hospitalized on average for 14 days
before being diagnosed with VRE infection and were hospitalized
on average for 21 days in total. Out of 10 cases, 3 were isolated
from haemocultures and 7 were isolated from urine. All the pa-
tients diagnosed with urinary tract VRE infection at the time of
diagnosis had urinary catheters. Only one patient included in this
study died during hospitalization. No samples were isolated from
the patients hospitalized in the ICU. None of the patients diag-
nosed with VRE were under pulmonary ventilation (by means of
orotracheal intubation); however, all the patients were under non-
invasive humidified high-flow oxygen therapy (Airvo 2, Ficher &
Paykel Healthcare Limited, New Zealand).

All the isolated cases showed a complete resistance to ampi-
cillin, nitrofurantoin, and vancomycin. Resistance to aminogly-
cosides (gentamycin) was 80%, and all the samples were 100 %
susceptible to linezolid and tigecycline (Fig. 1).

When controlled, all the diagnosed patients were on dual an-
tibiotic therapy for an extended period of time (at least 7 days)

10

AMP | GEN | LZD | TGC | VAN | NIT
[Resistant 10 8 0 0 10 10
[/Susceptible 0 2 10 10 0 0

Fig. 1. Antibiotic resistance profile of isolated cases of E. faeci-
um. AMP — ampicillin, AZM - azithromycin, CAZ - ceftazidime,
CLI - clindamycin, CRO - ceftriaxone, CTX — cefotaxime, GEN —
gentamycin, LZD - linezolid, MTZ — metronidazole, NIT — nitrofu-
rantoin, TGC - tigecycline — VAN —vancomycin, NIT - nitrofurantoin,
TZP - piperacillin-tazobactam.
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Tab. 1. Samples included in whole genome sequencing, their place of
isolation, and van gene differences.

No.l No2 No3 No4 No5 No.6

Isolated samples
Place of sampling

Ward A X X X X

Ward B X X
Sample from patient X X X X
Sample from environment X X
Isolated from urine X X X

Isolated form haemoculture X
Van operons vanA vanA vanB vanA vanA vanB
van operon — operons related to vancomycin resistance in enterococci

LICRO + AZM
ECRO + MTZ
ECTX + AZM
OCAZ + MTZ
UTZP + CLI

Fig. 2. Number of diagnosed cases in relation to antibiotic combination
treatment. AMP —ampicillin, AZM —azithromycin, CAZ - ceftazidime,
CLI - clindamycin, CRO - ceftriaxone, CTX - cefotaxime, GEN —
gentamycin, LZD - linezolid, MTZ — metronidazole, NIT — nitrofu-
rantoin, TGC —tigecycline — VAN - vancomycin, NIT — nitrofurantoin,
TZP - piperacillin-tazobactam.

before being diagnosed with VRE. Most of the patients (7 out of
10) were on dual combination antibiotic therapy, including one 3rd
generation cephalosporin and one macrolide (azithromycin). Two
patients were on dual combination antibiotic therapy including one
3rd generation cephalosporin and metronidazole. This means that
9 out of 10 patients were on at least on one 3rd generation cepha-
losporin before diagnosis (7 patients were on ceftriaxone, one pa-
tient was on cefotaxime and one patient was on ceftazidime). Only
one patient received dual antibiotic therapy that did not include
cephalosporins before diagnosis of VRE (piperacillin-tazobactam
in combination with clindamycin) (Fig. 2).

Four samples from the patients and two environmental samples
from the red zone taken in February 2021 were subjected to whole
genome sequencing (WGS) (minimum, maximum, and mean co-
verage = 80.8, 127.8, 105.8, respectively). The minimum, maxi-
mum, and mean N50 (the length of the sequence of the shortest
contig making up 50 % of the total length of the genome together
with the larger contigs) was 42691, 50654, and 46572, respectively.
The minimum, maximum, and mean L50 (the smallest number of
contigs whose sum of lengths is half the size of the genome) was
18, 20, and 20, respectively.

Samples were numbered 1 to 6 (Tab. 1). Sample No. 1 and
4 were isolated from the patients in ward A, sample No. 3 and 6
from the patients in ward B, and sample No. 2 and 5 were isolated
from the environment in ward A. No environmental samples from
ward B were positive. All the four patient samples were isolated
from male patients. One sample (sample No. 1) was isolated from
haemoculture, while the other three samples were isolated from
urine (Tab. 1).

The analysis of the results showed two clusters of closely
related strains (Fig. 3). Cluster 1 (C1), including sample No. 3

‘Enterococcus faecium' (LR536670.1) [l
0.00118

faecium' (CP040907.1) [l
‘Enterococcus faecium' (LR134095.1) [l

. ;;2::5.:

Enterococcus faecium' (LR135331.1) [
Enterococcus faecium' (CP043865.1) [
‘Enterococcus faecium' (CP012430.1) [l
Enterococcus faecium' (LR135419.1) [l
‘Sample 6' | |
‘Sample 3' ||
‘Enterococcus faecium' (LR135401.1) [
"Enterococcus faecium' (CP046077.1) [l
‘Enterococcus faecium' (CP018065.1) [l
‘Enterococcus faecium' (LR135351.1) [l
‘Enterococcus faecium' (LN999987.1) [l
‘Enterococcus faecium' (CP019970.1) [}
‘Sample 5' O
‘Sample 2' |l
‘Sample 1' ||
‘Sample 4' | |

faecium' (CP038996.1) [l

DN .

Fig. 3. Phylogenetic tree (whole-genome sequence-based) of de novo assembled samples using TYGS (11).
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Tab. 2. Percentage of similarity between consensus sequences of samples determined with BLAST (10).

Similarity % Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6  CP038996.1 LR135419.1 CP019970.1
Sample 1 X 99.99 99.63 100.00 99.98 99.62 99.63 99.62 99.79
Sample 2 99.99 X 99.65 99.99 99.97 99.64 99.62 99.64 99.93
Sample 3 99.63 99.65 X 99.64 99.61 99.99 100.00 100.00 99.99
Sample 4 100.00 99.99 99.64 X 99.98 99.62 99.95 99.62 99.78
Sample 5 99.98 99.97 99.61 99.98 X 99.60 99.95 99.60 99.91
Sample 6 99.62 99.64 99.99 99.62 99.60 X 99.99 99.97 99.98
CP038996.1 99.63 99.62 100.00 99.95 99.95 99.99 X X X
LR135419.1 99.62 99.64 100.00 99.62 99.60 99.97 X X X
CP019970.1 99.79 99.93 99.99 99.78 99.91 99.98 X X X

CP038996.1, LR135419.1, CP019970.1: Known E. faecium reference genomes (12)

Tab. 3. Multilocus sequence typing, van operon genotypes mapped with BWA against van genes references.

Sample1 Sample2 Sample3 Sample4 Sample5 Sample 6

Genomic sequence

NZ_WQKY01000109.1:4393-5424 Enterococcus faecium strain 14S_RHH008 Contig_109,

vanA X X X X
whole genome shotgun sequence
vanA X X % X NG_048325.1 Enterococcus faecium C864 vanA gene for D-alanine--(R)-lactate ligase vanA,
complete CDS
NG_048333.1 Enterococcus faecium TSGH1 vanB gene for D-alanine--(R)-lactate ligase
vanB X X
vanB, complete CDS
NG_048333.1:101-1129 Enterococcus faecium TSGH1 vanB gene for D-alanine--(R)-lactate
vanB2 X X .
ligase vanB, complete CDS
ST 17 17 117 17 17 117
Clonal ccl7  ccl7 ccl7 CCl7 CCl7T CClT
Complex

ST - sequence type, CC — clonal complex

and sample No. 6, were almost identical when their genome was
compared (99.9 % percent similarity) (Tab. 2). Cluster 2 (C2)
comprised of sample numbers 1, 4, 2, and 5 (Fig. 1). Sample No.
1 and 4 were virtually identical (Tab. 2). When compared to the
known sequenced genomes, C1 samples were almost identical to
known sequenced genomes of E. faecium LR135401.1 (99.98 %
similarity) and isolated samples of C2 were similar to the known
genome of E. faecium CP019970.1 (99.62 %) (Tab. 2). Both sam-
ples of C1 were identified as vanB-ST117, whereas all the samples
of C2 were identified as vanA-ST17 (Tab. 3).

Discussion

At least two studies reported a similar rise in VRE cases in
COVID-19 positive patients hospitalized in intensive care units
in Germany and Italy (3, 18). However, it is still not clear if the
increase in VRE cases is directly connected to SARS-CoV-2 infec-
tion and its complications, or whether it is related to a disruption
in vigorous infection control measures, or both.

Significance of antimicrobial stewardship

The role of antimicrobial treatment in the development and
epidemiology of VRE is well documented (19). In the meta-
analysis published by Carmeli et al (20), 3rd generation cephalo-
sporins and parenterally introduced metronidazole, “likely due to
their activity against non-enterococcal aerobic enteric flora”, have
been shown to be highly significant independent risk factors for
VRE infection (20). The same study reports that the risk of VRE

increased regardless of the duration of therapy with these agents.
Other studies confirmed the relation between the use of extended
spectrum cephalosporins and an increased risk of VRE infection
(19). These reports correspond with the results of our study. Nine
out of 10 patients diagnosed with VRE were on one 3rd generation
cephalosporins, 2 of which were at the same time in combination
therapy with parenteral metronidazole. Limiting cephalosporins
administration with a strict antibiotic targeted therapy and using
dual antibiotic treatment (linezolid in combination with doxycy-
cline) for VRE positive patients resulted in a significant drop and
control of positive cases. Hence, understandably, the appropriate
use of cephalosporins only for targeted treatment, and the proper
choice for initiation of antibiotic treatments and choice of antibio-
tics are of immense importance (21).

Significance of environmental hygiene

Given that the surge in the number of VRE positive cases was
initially reported, when many patients were transferred from nurs-
ing homes, other wards, or other hospitals, it is possible that VRE
species were imported into our COVID-19 ward. However, the fact
that new cases emerged in January and February (when the point
prevalence control for colonisation of VRE at time of patient ad-
mission was adopted) suggests a role of VRE transmission within
the wards. Indirect surface contact has been described as a frequent
route for VRE transmission in hospital settings (22). Clonal com-
plex 17 (CC17) is a well-documented global polyclonal cluster
of hospital adapted vancomycin-resistant Enterococcus faecium
(5). So far, several sequence types (ST) have been described for
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their multidrug resistance ability and different levels of virulence
(5, 23, 24). ST17 and ST117 are among the most well-studied
clones involved in in-hospital outbreaks and have been shown to
express high levels of antimicrobial resistance and virulence (4,
5). In recent years, isolates belonging to sequence type 117 are
increasingly identified from clinical isolates in many European
health institutions (4, 5).

In our study, we identified two CC17 clones from ward A and
B. The clone from ward A belonged to the vanA-ST17 lineage.
The study by Si-Ho Kim et al (2021) suggested that ST17 was a
predictor of subsequent bacteraemia (23). One of the two samples
from this clone was isolated from haemoculture, and the patient
with positive haemoculture sample died during the study. Isolated
clones from ward B belonged to the vanB-ST117 lineage; this
clone is known to have caused nosocomial outbreaks in several
European countries (25-27). Due to a lack of information, we
could not evaluate the prevalence of VRE infections caused by
these lineages in Slovakia. WGS analysis showed close genetic
relations between environmental VRE samples and VRE samples
isolated from the patients, which points to the role of transmis-
sion through contaminated surfaces in ward A. Given that we
implemented the point prevalence control at the time of admis-
sion, which rules out colonisation with VRE, we believe that the
lack of environmental isolation from ward B is most likely due to
technical and human errors in sampling. Enhanced infection con-
trols were effective in terminating transmission chains. The sharp
increase in the number of hospitalized patients, incomplete adher-
ence to infection control measures due to lack of medical person-
nel, massive workload pressure, and technical complications of
proper isolation of the patients are important and concerning pa-
rameters in the development of this outbreak and can potentially
lead to similar situations in future.

Long hospitalization durations due to COVID-19 disease com-
plications, as well as urinary catheterization, can be considered sep-
arate risk factors in the development of VRE infection in this study.

Conclusions

This study provides the first description of an outbreak caused
by vanA-ST17 and VanB-ST117 E. faecium strains in Slovakia.

Importing VRE to COVID-19 wards by colonised patients
from nursing homes or other clinics can be a real epidemiologi-
cal and hygienic threat. To help prevent future VRE outbreaks,
anal swab sampling at the time of patient admission (specially
from nursing homes or transfers from other wards/hospitals) and
in-ward temporary isolation until a negative result is confirmed
could be considered.

Extensive and/or inappropriate use of antimicrobials (espe-
cially extended spectrum cephalosporins) and insufficient ad-
herence to infection control measures in immunocompromised/
immune dysregulated COVID-19 patients due to lack of medical
personnel, massive workload pressure, and technical complications
seem to be the likely the drivers of current VRE outbreak. There
is a need to raise awareness about the importance of adhering to
infection control measures along with the implementation of ra-
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tional antimicrobial stewardship to reduce morbidity and mortal-
ity related to healthcare-associated infections as a routine part of
COVID-19 management.
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