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ABSTRACT

Objectives: This study aims to investigate the association between oral vancomycin consumption and
intestinal vancomycin-resistant Enterococcus carriage in the pre- and COVID era in the clinical centre of
the University of Szeged, Hungary.
Methods: This retrospective microbiological examination was carried out using electronically collected
data, corresponding to the period between 1 January 2018 and 31 December 2022, at the Department
of Medical Microbiology. Data included isolated species and the according antimicrobial susceptibility
patterns. Annual consumption data for oral vancomycin consumption were exported from the database
of the central pharmacy of the clinical centre. As a strain typing procedure, Fourier transform infrared
spectroscopy analysis was used.
Results: There was a significant increase in the number of faecal vancomycin-resistant Enterococcus iso-
lates throughout the study. The prevalence increased significantly during the years of the pandemic. The
use of orally administered vancomycin in the clinical centre increased significantly. A strong positive cor-
relation existed between the two phenomena. Several strains with different resistance patterns spread in
the clinical centre. Two of these occurred in greater numbers, differing in their high-level aminoglycoside
resistance. However, the overall resistance of these strains was stagnating. FTIR analysis revealed that 59
of the 62 strains were also divided into 2 large clusters differing partially in their high-level aminoglyco-
side resistance.
Conclusions: During the pandemic, intestinal VRE carriage among clinical centre patients increased signif-
icantly, linked to increased oral vancomycin use. Different strains spread, with aminoglycoside resistance
being the primary distinction. This highlights the negative impact of the pandemic on VRE carriage.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial
Chemotherapy.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

resistant Enterococcus spp. (VRE) has gained prominence because
of its ability to cause a wide range of infections and its high level

In recent years, antibiotic resistance has become a global health
concern, with increasing attention directed toward multidrug-
resistant bacteria [1]. Among these pathogens, vancomycin-

Abbreviations: ARI, antibiotic resistance index; CDI, Clostridioides difficile infec-
tion; EUCAST, European Committee on Antimicrobial Susceptibility Testing; FTIR,
Fourier transform infrared; VRE, vancomycin-resistant Enterococcus.
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of resistance to many commonly used antibiotics [2]. Enterococcus
species are commensal bacteria that inhabit the gastrointestinal
tract of humans and animals. They can also colonize other body
sites, including the urinary tract, skin, and wounds [3]. Although
Enterococcus faecalis and E. faecium are the most common species
associated with human infections, VRE is predominantly E. faecium
[3]. Transmission of VRE occurs mainly through person-to-person
contact, healthcare workers, contaminated surfaces, and medical
devices [4]. The incidence of VRE infections has increased through-
out the world, posing a substantial burden on healthcare systems

[5].
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The COVID-19 pandemic has disrupted healthcare systems
around the world, particularly in the management of VRE [6]. Pri-
oritizing infection control measures to prevent SARS-CoV-2 trans-
mission has compromised routine practices, leading to increased
VRE transmission and increased incidence [7]. The increase in cases
has strained resources, causing difficulties in the management of
patients with VRE infections, leading to delayed diagnosis, inade-
quate treatment, and higher mortality rates [7]. The increased use
of antibiotics has accelerated the evolution and dissemination of
VRE strains within healthcare settings [7].

The COVID-19 pandemic has significantly affected Clostridioides
difficile infection (CDI), a major cause of healthcare-associated di-
arrhoea [8]. The increased use of antibiotics has disrupted the in-
testinal microbiota, which is crucial for the development of CDI
[8,9]. The interaction between antibiotic use, CDI, and oral van-
comycin therapy deserves attention during the pandemic [8]. For
this reason and due to the limited data available on this topic in
Hungary, we investigated the association between oral vancomycin
consumption and faecal VRE carriage in the pre- and COVID era in
the clinical centre of the University of Szeged.

2. Materials and methods
2.1. Study setting

The present retrospective microbiological study was carried out
using collected data, corresponding to the period between 1 Jan-
uary 2018 and 31 December 2022, at the Department of Medical
Microbiology, University of Szeged, Hungary. This clinical micro-
biology laboratory serves the Albert Szent-Gyorgyi Clinical Centre,
which is an 1800-bed primary and tertiary care teaching hospital
in the southern Great Plain of Hungary. Data collection was carried
out electronically, in the laboratory information system records,
corresponding to faecal samples positive for VRE.

2.2. Microbiological data set

This study was carried out using local data that were ex-
ported from the laboratory clinical microbiology information sys-
tem (MedBakter, Asseco Central Europe Ltd., Hungary) and was re-
ported in a customized database. Data included isolated species
and the according antimicrobial susceptibility patterns. The results
of the antimicrobial susceptibility tests were determined and inter-
preted according to EUCAST breakpoints.

The study was conducted in accordance with the Declaration of
Helsinki, and approved by the Institutional Review Board (or Ethics
Committee) of the University of Szeged (protocol code 8/2021-SZTE
RKEB; 25 January 2021).

2.3. Data analysis

The data were exported from the laboratory information system
into the MS Excel 2016 (Microsoft Corp., Redmond, WA, USA) and
GraphPad Prism version 8 (GraphPad Software, San Diego, CA, USA)
software. MS Excel 2016 was used to store the data and to deter-
mine the different antibiotic resistance index (ARI) curves. Graph-
Pad Prism 8 was used for statistical analysis and plotting. All val-
ues are expressed as means and ranges, where appropriate. An un-
paired, two-tailed t-test was used to compare the data from pre-
COVID era and COVID era years and between clusters. The P values
<0.05 were considered statistically significant. The Spearman cor-
relation function of the GraphPad Prism 8 was used to determine
the correlation between the amounts of oral vancomycin consump-
tion (mg) and the number of faecal VRE-positive patients. Annual
consumption data for oral vancomycin consumption were exported
from the database of the central pharmacy of the clinical centre.
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2.4. Calculating antibiotic resistance index

To calculate the ARI, the model for measuring antibiotic resis-
tance used by De Socio et al. was followed [10]. Briefly, for each
antibiotic tested, a score of 0 for susceptibility, 0.5 for intermedi-
ate resistance, or 1 for resistance was assigned, and the ARI was
calculated by dividing the sum of these scores by the number of
antibiotics tested, giving a maximum score of 1.

2.5. Strain typing by Fourier transform infrared spectroscopy

To confirm the differences found in the antibiotic resistance
pattern with other typing methods, an advanced methodology, In-
fraRed Biotyper® (Bruker Daltonics GmbH & Co. KG, Bremen, Ger-
many), was used. The IR Biotyper® analyses characteristic molec-
ular vibrations induced by infrared light absorption. The absorp-
tion bands are assigned to specific chemical structures, whereas
the wavelength range of the carbohydrates plays the most impor-
tant role or contributes the most to strain differentiation. The anal-
ysis is based on Fourier transform infrared (FTIR) spectroscopy. The
FTIR technique is used to obtain the absorption or emission spec-
trum of a solid, liquid, or gas. During these tests, we had the op-
portunity to analyse 62 VRE strains from the period under study.
All typed isolates were cultured at 37 °C for 24 h on Mueller-
Hinton Agar (MHA; Bio-Rad, Hercules, CA, USA). The first step was
to collect a loopful of bacterial culture (~1 pL) and suspend it in
50 pL of 70% ethanol in a 1.5 mL microcentrifuge tube with ster-
ile metal rods provided by the kit manufacturer. Using a vortexer, a
uniform suspension was achieved. 50 pL of sterile water was added
after 1 min of vortexing, and the remaining 100 pL of the solution
was vortexed again for 1 min. Then, 12 pL of the two infrared (IR)
test standard 1 (IRTS1) and IR test standard 2 (IRTS2) suspensions
were spotted onto the IRBT silicon plate with 15 pL of the bacterial
suspension and dried at 37 °C for 30 min, until a film was formed
from the drops. The dried silicon plate was then put into the IRBT
spectrometer (Bruker Daltonics GmbH & Co. KG, Bremen, Germany)
with the analytical parameters at their defaults. OPUS 7.5 software
was used to collect the isolates’ spectra (Bruker Daltonics GmbH &
Co. KG, Bremen, Germany). The spectra that met the default qual-
ity criteria of absorption [0.4 arbitrary unit (AU) < D value < 2
AUJ, signal/noise (<150 x 10-6 AU), signal/water (<300 x 10-6
AU), and fringes (<100 x 10-% AU) were determined as ‘quality
pass’ in the IRBT analysis. To create the 2D scatter plots and den-
drograms, the spectra acquired with ‘quality pass’ were used. The
software includes a function that automatically suggests a cut-off
value that establishes the minimum distance at which two spectra
are regarded as belonging to the same cluster.

3. Results
3.1. A significant increase in the number of faecal VRE isolates

As a first step in the cautery, we looked at how the number of
VRE strains isolated from faeces evolved each year. Fig. 1A clearly
shows that there was a marked increase from year to year over
the period studied. The rate of increase is particularly remarkable
since 2020. To analyse the impact of the pandemic, the years in
question were divided into two periods: 2018 and 2019 were the
pre-COVID era, while 2020-2022 were the COVID era. In this com-
parison, there is a significant difference between the two periods
in favour of the COVID era (Fig. 1B). These data suggest that the
pandemic has had a significant impact on the spread of VRE in the
clinical centre.
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Fig. 1. Trends in the number of patients carrying intestinal VRE between 2018 and
2022. (A) The number of VRE carrier patients per year between 2018 and 2022. (B)
VRE-positive patients prior to and during the COVID era.

3.2. Strong positive correlation between VRE incidence and oral
vancomycin consumption

Then the association between the consumption of oral van-
comycin in the treatment of CDIs and the number of patients
with VRE in their faeces was investigated. Oral vancomycin use in-
creased significantly in 2020, followed by an increase in the num-
ber of VRE-positive patients (Fig. 2). The correlation between the
subsamples of the two parameters was determined using Spear-
man’s method. The correlation coefficient® is 0.8, which indicates
a strong positive correlation (Fig. 2). All these data suggest that in-
creased oral vancomycin use is closely related to the prevalence of
VRE in the clinical centre.

3.3. Several VRE strains with different resistance patterns spread in
the clinical centre

To better understand the spread of different VRE strains, the
diverse resistance patterns that occurred during the study period
were analysed. To this end, a new approach was used whereby the
sensitivity results for each antibiotic were replaced by ARI values
and then merged into a single cell using the CONCAT function in
MS Excel (resistance profile analysis — a precise description of the
method is submitted for publication in another journal). This se-
ries represents the resistance pattern for each strain. The preva-
lence of the five most common VRE strains with resistance pat-
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terns was then plotted by year (Fig. 3A). The two most common
strains have a significantly higher prevalence than the others. The
only difference between the two resistance patterns was high-level
gentamicin susceptibility (Fig. 3A). Plotting the percentage preva-
lence of the different resistance profiles by year, the occurrence
of high-level gentamicin-resistant strains decreased in the years of
the COVID era, while the sensitive strain increased (Fig. 3B). All
these data show that in aminoglycoside resistance two different
VRE strains dominated, with the sensitive one prevailing.

3.4. Resistance to different VRE strains is stagnating

In the next part of our investigation, the ARI values of VRE
strains with different resistance profiles were examined. By plot-
ting the mean ARI values of the five most common susceptibility
patterns, a trend line can be created for the scores using linear re-
gression (Fig. 4). From the equation of the trendline, the slope was
determined by using the linear regression calculator of GraphPad
(https://www.graphpad.com/quickcalcs/linear1/). Its value is 0.009,
which indicates that the trend line is slightly emasculated towards
the less frequent VRE strains (Fig. 4). It can be concluded that the
resistance decreases very slightly, almost negligibly, with the oc-
currence of the strains (e.g., aminoglycoside resistance disappears
for the first two strains). In other words, the resistance of VRE
strains is roughly constant, stagnating.

3.5. The results of the resistance profile analysis were partially
confirmed by FTIR

In the next part of the work, 62 VRE strains were typed using IR
Biotyper to reproduce the results of the resistance profile analysis
with other typing methods. As a result of the FTIR analysis, 59 of
the 62 strains were divided into two large clusters (Fig. 5). Cluster
#1 contains 34 strains, whereas cluster #2 comprises 25. In terms
of antibiotic susceptibility, the only remarkable difference between
the two groups is high-level gentamicin resistance. This rate is 30%
for cluster 1, whereas it is 0% for cluster 2 (Fig. 5).

Comparing the ARI values of the two clusters reveals that clus-
ter 1 is substantially more resistant (Fig. 6). The disparity is pri-
marily due to high-level aminoglycoside susceptibility. The results
of the resistance profile analysis were partially supported by the
FTIR method based on all these data.

4. Discussion

This study, which aimed to analyse VRE strains isolated from
faeces at the clinical centre of the University of Szeged, revealed
that the prevalence of these strains increased between 2018 and
2022 (Fig. 1A). There was a substantial distinction between the
pre-COVID era and the COVID era (Fig. 1B). Following the findings
of other researchers, the prevalence of VRE is increasing globally,
as demonstrated by the current findings [11,12]. Even though many
publications address the issue of intestinal VRE carriage, only a
small number of studies examine the effect of pandemic measures
on this parameter.

Since the number of CDIs increased markedly during the pan-
demic [8], the effect of oral vancomycin therapy on intestinal VRE
carriage was investigated. During the years of the pandemic, the
use of orally administered vancomycin in the clinical centre in-
creased dramatically, as did the prevalence of intestinal VRE car-
riage (Fig. 2). The coefficient of Spearman correlation between the
two data series is 0.80, indicating an intensely positive relation-
ship (Fig. 2). Even though the relationship between the two fac-
tors appears logical, the literature provides contradictory evalua-
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tions. According to some authors, oral vancomycin therapy or other
antibiotic use, including anti-anaerobic therapy, may not be a sub-
stantial independent risk factor for patients who have never been
exposed to VRE to develop a culture-positive infection [13]. That
study suggests that oral vancomycin is unlikely to induce VRE cul-
ture positivity in patients who have not yet been exposed to VRE;
rather, it may merely exacerbate previously undetectable coloniza-
tion [13]. One of the limitations of the present study is that it did
not examine this topic from this perspective, but it can be pre-
sumed that the VRE strains detected as intestinal invaders have
spread throughout the clinical centre and that the inpatients have
become colonized with them.

To characterize the faecal VRE isolates, a method that is pend-
ing publication, resistance profile analysis was used. Consequently,
it was determined that the isolates can primarily be categorized
into two larger groups with distinct resistance patterns (Fig. 3A).
The high-level gentamicin resistance was the only difference be-
tween these strains. The dynamics of the two groups can be ob-
served more clearly if their annual occurrence percentages are
plotted (Fig. 3B). During the outbreak years, the prevalence of
gentamicin-sensitive strains with resistance profile #1 increased,
while the prevalence of gentamicin-resistant strains decreased. To
the best of the author’s knowledge, this method has not previously
been used to characterize VRE strains.

To further characterize the strains having different resistance
profiles, the distinct ARI values were determined. This analysis re-
vealed that the ARI values of the various strains are quite com-
parable (Fig. 4). To analyse the resistance trend, a trend line was
fitted to the values using linear regression. The line had a slope
that, despite being insignificant, increased in the direction of the
rarer isolates (Fig. 4). All of this may suggest that the resistance
of the strains decreases slightly as they become more widespread.
In the case of the two most prevalent isolates, this is exemplified
by the loss of high-level aminoglycoside resistance. Although this
argument is somewhat speculative, there are known instances of
resistance decreasing as strain frequency increases [14].

To support this claim, 62 VRE isolates were analysed using a
contemporary typing method. The FTIR analysis confirmed that
the VRE population is divided into two clusters (Fig. 5). Exam-
ining the difference between the two groups regarding antibiotic
resistance, it can be concluded that they differ only in terms of
the high-level aminoglycoside resistance (Fig. 5). It is important to
note that this difference is only partial, as the aforementioned re-
sistance trait is only detectable in 30% of cluster #1. Since high-
level aminoglycoside resistance in enterococci is primarily based
on the production of intracellular enzymes and FTIR examines cell
surface structures, a plausible explanation for this issue requires
additional research. Nevertheless, a significant advancement in re-
cent years is the growing body of literature that validates the oc-
currence of membrane vesicle production in Gram-positive bacte-
ria [15]. Enterococci have also been shown to have aminoglyco-
side resistance enzymes inside these membrane vesicles [16,17].
One of the proteins that provide resistance to aminoglycosides,
such as gentamicin, is Aac6’-le-Aph2’’-la, which is a bifunctional
protein with broad-spectrum activity [17,18]. This indicates that
the distinction between the two groups may originate from the
manifestation of membrane vesicles that are observable on their
external surface and in some instances provide aminoglycoside
resistance.

The ARI values of the two clusters were also compared statisti-
cally to corroborate that the difference was not coincidental. This
analysis demonstrated that the difference between the two groups
is statistically significant and cannot be explained by chance alone
(Fig. 6). Since the only difference between the two groups was
high-level aminoglycoside resistance, this demonstrates the valid-
ity of the FTIR results.
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5. Conclusion

In conclusion, during the pandemic years, the prevalence of in-
testinal VRE carriage among the patients of the clinical centre in-
creased substantially. This phenomenon has a close relationship
with the increased use of oral vancomycin. Diverse VRE strains
with varying resistance profiles have spread, with aminoglycoside
resistance being the primary distinction. Additionally, this was par-
tially confirmed using a modern typing method. All of this draws
attention to the negative impact of the pandemic in terms of the
transmission and intestinal carriage of VRE, which can lead to life-
threatening infections later on.
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