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Multidrug-resistant organisms (MDROs) pose a growing threat in healthcare settings. Timely detection
through active surveillance is essential for infection prevention and antimicrobial stewardship.

This study investigated the prevalence and microbiological profile of MDRO colonization among
hospitalized patients at AHEPA University Hospital in Thessaloniki, Greece. A prospective surveillance
study was conducted from October 2024 to January 2025 across multiple hospital wards. Screening
swabs from the rectum, groin, and nares were obtained upon admission or during hospitalization.
Microbiological analysis targeted key MDROs, including Klebsiella pneumoniae, Pseudomonas
aeruginosa, vancomycin-resistant enterococci (VRE), Candida auris, and methicillin-resistant
Staphylococcus aureus (MRSA). Among 1206 patients screened, 308 (25.5%) tested positive for at least
one MDRO. Rectal swabs yielded the highest detection rates, predominantly identifying K. pneumoniae
and VRE. Candida auris was most frequently isolated from groin swabs, while nasal swabs rarely
detected MDROs. Internal medicine wards exhibited the highest colonization burden. Contact tracing
and prolonged hospitalization were the most common indications for screening. This study highlights
the high prevalence and diverse spectrum of MDRO colonization in a Greek tertiary hospital. Targeted
screening- especially of rectal and groin sites-facilitates early detection and effective infection control.
Continued surveillance is essential to mitigate MDRO transmission.
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The global rise in multidrug-resistant organisms (MDROs) has become a major public health concern,
particularly within healthcare facilities where vulnerable patient populations are at increased risk of colonization
and subsequent infection. Colonization by MDROs such as Klebsiella pneumoniae, Pseudomonas aeruginosa,
Candida auris, vancomycin-resistant enterococci (VRE), and methicillin-resistant Staphylococcus aureus (MRSA)
can lead to invasive infections, prolonged hospitalizations, and increased mortality!~>.

Surveillance of colonization is a key component of infection prevention and control (IPC) strategies. Active
screening upon admission or during hospitalization enables timely identification of colonized individuals,
initiation of contact precautions, and implementation of antimicrobial stewardship protocols*®. The
recent emergence of Candida auris has added urgency to routine screening due to its multidrug resistance,
environmental persistence, and association with healthcare outbreaks®”.

In Greece, the burden of MDROs remains disproportionately high, with recurrent hospital outbreaks and
evidence of endemic transmission in tertiary care settings®®. Several studies have documented the overall
prevalence and clinical impact of MDROs nationwide; however, there is limited evidence on colonization
dynamics in large academic hospitals in Northern Greece, particularly from systematic active surveillance
programs. Understanding ward-specific and anatomical site-specific colonization patterns in this regional
context is critical, as it can inform infection prevention strategies tailored to high-risk hospital environments.

This study aimed to determine the prevalence and distribution of MDRO colonization among hospitalized
patients in a Greek tertiary hospital. Special emphasis was placed on the anatomical sites of colonization, ward-
specific differences, and the detection of emerging pathogens such as Candida auris. Through systematic active
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screening and microbiological analysis, we sought to generate data that could inform IPC strategies and reinforce
hospital-level surveillance practices.

Materials and methods

Study design and setting

We conducted a prospective surveillance study at AHEPA University Hospital, a tertiary academic hospital in
Thessaloniki, Northern Greece, between October 2024 and January 2025. The study included patients admitted
to internal medicine, neurology, neurosurgery, and surgical wards.

Inclusion criteria
Patients were eligible for screening if they met at least one of the following criteria:

« Hospitalization for more than 7 days (prolonged hospitalization),

o Transfer from another healthcare facility or long-term care center,

+ Recent exposure to a confirmed MDRO-positive patient (contact tracing). Contact tracing was initiated fol-
lowing laboratory confirmation of MDRO colonization in a patient sharing the same ward or room within
the previous 7 days.

o Admission to a high-risk ward (e.g., intensive care unit, hematology),

« History of prior colonization or infection with an MDRO, based on available microbiological records in the
hospital database.

Sample collection
Sampling was performed by trained nursing staff using standard sterile technique. Not all patients were sampled
at all sites. The anatomical sites and corresponding targets were:

o Rectum—detection of Gram-negative bacilli and vancomycin-resistant enterococci (VRE),
« Groin (inguinal region)—detection of Candida auris and other MDROs,
o Nares—detection of Staphylococcus aureus, including MRSA.

Patients contributed more than one specimen when clinical risk factors indicated multi-site sampling. Specifically,
additional sampling was performed in patients with: indwelling urinary or central venous catheters, recent or
ongoing broad-spectrum antimicrobial therapy, chronic wounds or pressure ulcers, prior history of MDRO
colonization or infection, or admission to a high-risk ward (e.g., intensive care, hematology).

Samples were transported immediately to the microbiology laboratory for processing. All specimens were
collected using sterile eSwab™ collection systems (Copan Diagnostics, Italy), which include flocked swabs and
liquid Amies transport medium. The same swab system was used across all anatomical sites to ensure consistency.

Microbiological analysis

All samples were cultured on appropriate selective media in accordance with standard microbiological protocols.
Selective chromogenic media included: CHROMagar™ ESBL (CHROMagar, France) for extended-spectrum
B-lactamase (ESBL)-producing Enterobacterales, CHROMagar™ VRE for vancomycin-resistant enterococci,
CHROMagar™ MRSA for methicillin-resistant Staphylococcus aureus, and CHROMagar™ Candida Plus for
Candida auris.

Identification of all isolates was performed using MALDI-TOF mass spectrometry (Bruker Biotyper).
Antimicrobial susceptibility testing was conducted using the VITEK® 2 automated system (bioMérieux), and
results were interpreted according to EUCAST guidelines (version 2024).

MDROs were defined as organisms demonstrating phenotypic resistance to at least one agent in three or
more antimicrobial classes.

Isolates growing on selective chromogenic media but not meeting the predefined MDRO definition (i.e.,
resistance to >3 antimicrobial classes) were excluded from the analysis. Such instances were rare (<2% of total
isolates) and primarily involved Enterobacterales producing extended-spectrum {-lactamases (ESBL) without
additional resistance mechanisms. By restricting analyses to organisms fulfilling the>3 class criterion, we
ensured consistent classification across all pathogens.

Data collection
For each screened patient, the following information was recorded:

« Demographic data: age and sex,

o Admission details: hospital ward and type of admission (e.g., emergency, scheduled),
« Indication for screening: such as contact tracing or prolonged hospitalization,

« Microbiological findings: identified species and resistance phenotype.

Ethical considerations

This study was conducted as part of the hospital’s routine infection control surveillance program. Patient data
were fully anonymized, and no interventions were performed. The study protocol was reviewed and approved
by the Scientific Committee of AHEPA University General Hospital. Informed consent was obtained from all
subjects or their legal guardians prior to screening, in accordance with the approved hospital infection control
protocol.
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Clinical risk factor Additional sampling site(s)
Indwelling urinary catheter Rectum
Central venous catheter Groin

Broad-spectrum antimicrobial therapy (>7 days) | Rectum, groin

Chronic wounds/pressure ulcers Groin
Prior history of MDRO colonization/infection Rectum, groin, nares
Admission to ICU/hematology Rectum, groin, nares

Table 1. Clinical risk factors guiding site-specific screening swabs.

Indication for screening n (%)
Contact tracing 406 (52.5)
Prolonged hospitalization (>7 days) 276 (35.4)
Transfer from another facility 62 (8.0)
High-risk ward admission (ICU/hematology) | 31 (4.0)
Prior MDRO history 17 (2.2)
Total 792*

Table 2. Indications for MDRO screening. *Data available for 792/1100 patients (71.9%); the remainder lacked
complete documentation.

Characteristic MDRO +(n=308) | MDRO - (n=898) | p-value
Median age (IQR) 71 (63-79) 69 (60-77) 0.08
Male sex (%) 171 (55.5%) 482 (53.7%) 0.61
Internal Medicine ward (%) 201 (65.3%) 312 (34.7%) <0.001
Contact tracing (%) 158 (51.3%) 248 (27.6%) <0.001
Prolonged hospitalization (%) | 124 (40.3%) 376 (41.9%) 0.65

Table 3. Baseline characteristics of screened patients stratified by MDRO colonization status (swab-level
analysis, n=1206).

Statistical analysis

Categorical variables—including colonization status, hospital ward, anatomical sampling site, and reason for
screening—were summarized as counts and percentages. Continuous variables, such as age, were reported
as medians with interquartile ranges (IQR) due to non-normal distribution. Comparisons between MDRO-
colonized and non-colonized patients were conducted using the chi-square test or Fisher’s exact test for
categorical variables, and the Mann-Whitney U test for continuous variables. Associations between MDRO
colonization and clinical variables—including hospital ward, anatomical sampling site (e.g., rectal vs. groin),
and reason for screening—were assessed using contingency tables and chi-square or Fisher’s exact tests, as
appropriate. Descriptive and comparative analyses were performed using IBM SPSS Statistics (version 28.0),
while R (version 4.3.1) was used for data visualization. A two-tailed p-value <0.05 was considered statistically
significant. No correction for multiple comparisons was applied, as analyses were exploratory.

Results

Study population and sample distribution

A total of 1206 screening swabs were obtained from hospitalized patients at AHEPA University Hospital
between October 2024 and January 2025. Samples were primarily collected from the rectum (n=614), groin
(n=584), and nares (n=1) as part of active surveillance for MDRO colonization. These swabs corresponded to
approximately 1100 unique patients. Among them, 312 individuals (28.3%) contributed specimens from more
than one anatomical site, most frequently rectum and groin.

The clinical risk factors guiding site-specific sampling are summarized in Table 1.

The main indications for screening were contact tracing (n=406, 52.5%), prolonged hospitalization >7 days
(n=276, 35.4%), transfer from another healthcare facility (n=62, 8.0%), admission to a high-risk ward (n=31,
4.0%), and prior MDRO history (n=17, 2.2%). A detailed breakdown is provided in Table 2.

Due to incomplete documentation, indication data were available for 792 of 1100 patients (71.9%).

Baseline characteristics of screened patients stratified by MDRO colonization status are summarized in Table 3.
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MDRO Rectal swabs (n=614) Groin swabs (n=>584) Nasal swabs (n=1) | Total positive (n) | Overall positivity rate (%)
K. pneumoniae 92 (15.0%) 4(0.7%) 0 96 7.9

P. aeruginosa 46 (7.5%) 23 (3.9%) 0 69 5.7

VRE 59 (9.6%) 0 0 59 49

Acinetobacter spp. | Data split not fully available | Data split not fully available | 0 33 2.7

C. auris 3 (0.5%) 24 (4.1%) 0 27 22

MRSA 0 1(0.2%) 0 1 0.08

Table 4. Colonization rates by MDRO and anatomical site.
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Fig. 1. Temporal distribution of MDRO screening and positive results from October 2024 to January 2025.
The chart illustrates the number of total screening samples and MDRO-positive samples collected each month,
highlighting increased screening activity in November.

Overall colonization rates
Out of 1206 screening swabs collected, 308 (25.5%) tested positive for colonization with at least one MDRO,
while 898 (74.5%) were negative (Supplementary Fig. 1).

At the patient level, 308 of approximately 1100 screened individuals (28.0%) were colonized with at least
one MDRO. At the swab level, 308 of 1206 collected swabs (25.5%) were positive. Colonization rates therefore
differed slightly depending on the denominator (patient vs. swab).

Among colonized individuals, 47 (15.3%) were co-colonized with two or more different MDRO species.

The most frequently identified organisms were Klebsiella pneumoniae (n=96), Pseudomonas aeruginosa
(n=69), vancomycin-resistant enterococci (VRE; n=59), Acinetobacter spp. (n=33), and Candida auris (n=27)
(Supplementary Fig. 2).

Detailed positivity rates per MDRO and anatomical site are presented in Table 4.

Positivity rate calculated as number of positive swabs/number of swabs tested per site. For Acinetobacter
spp., site-level breakdown was incomplete in the dataset.

Temporal distribution of screening activity
As shown in Fig. 1, the number of screening samples and MDRO-positive results varied by month during
the surveillance period (October 2024 to January 2025). In October, 250 samples were collected, of which 62
(24.8%) were positive. Screening activity peaked in November with 430 samples and 112 (26.0%) positive results,
coinciding with internal infection control alerts. In December, 310 samples were obtained, with 88 (28.4%)
testing positive. By January, sample volume decreased to 216, with 46 (21.3%) MDRO-positive cases.

These monthly fluctuations reflect variable screening intensity and underscore the sustained burden of
MDRO colonization throughout the study period.

MDROs by sample type
Rectal swabs accounted for the majority of MDRO isolations. Specifically, they yielded 92 of 96 K. pneumoniae
cases, all 59 VRE, and 46 of 69 P. aeruginosa isolates. Groin swabs were the primary source for C. auris,

Scientific Reports|  (2025) 15:40280 | https://doi.org/10.1038/s41598-025-24140-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Ward Total swabs (n) | Positive swabs (n, %) | Predominant MDROs

Internal medicine 652 201 (30.8%) K. pneumoniae, VRE, P. aeruginosa
Neurology 112 12 (10.7%) K. pneumoniae, P. aeruginosa
Neurosurgery 98 8 (8.2%) P. aeruginosa

Surgery 86 3(3.5%) MRSA (n=1), C. auris (n=2)
Other/missing assignment | 258 84 (32.6%) Mixed

Total 1206 308 (25.5%) —

Table 5. Swab distribution and MDRO positivity by hospital ward.

accounting for 24 of 27 cases. Acinetobacter spp. was detected in both rectal and groin swabs, while nasal swabs
rarely yielded MDROs. Only one nasal swab was collected during the study period, and no MRSA isolates were
recovered (Supplementary Fig. 3).

MDROs by ward type

Colonization rates varied across hospital departments (Supplementary Fig. 4). The Internal Medicine wards
recorded the highest number of MDRO isolates (201 positive swabs, 30.8%), with predominant species including
K. pneumoniae (n=29), VRE (n=37), and P, aeruginosa (n=20).

In contrast, the Neurology and Neurosurgery wards demonstrated lower colonization frequencies, with
12/112 (10.7%) and 8/98 (8.2%) swabs positive, respectively. In the Surgical ward, MDRO detection was rare,
with only three positive swabs (3.5%), including one MRSA and two C. auris isolates.

Approximately one quarter of swabs (n=258, 21.4%) lacked complete ward assignment; of these, 84 (32.6%)
were positive. These distributions are summarized in Table 5.

Summary

Approximately 25% of samples lacked complete ward assignment data and were therefore classified as “Other,
which limited the ability to fully assess ward-specific colonization trends. This accounts for the low or absent
counts in certain categories within Supplementary Fig. 4.

Despite these limitations, the findings highlight a substantial MDRO colonization burden among internal
medicine patients and reinforce the value of targeted anatomical screening—particularly rectal and groin
swabs—for the detection of key MDROs such as K. pneumoniae, VRE, and C. auris. Focused sampling strategies
proved effective for pathogen-specific surveillance and enabled ward-level epidemiological insights.

Discussion

The overall MDRO colonization rate observed in our study (25.5%) aligns with previous reports from Greek
tertiary hospitals, where rates range between 20 and 30%, depending on patient population and screening
practices®. This supports the ongoing endemicity of MDROs in the Greek healthcare setting.

Similar colonization trends have also been reported in other high-prevalence European countries, such as
Italy, Spain, and the United Kingdom—particularly for carbapenem-resistant Enterobacteriaceae and Candida
auris'®12, These international parallels highlight the shared burden of antimicrobial resistance (AMR) across
Southern and Eastern Europe.

In this prospective observational study conducted at AHEPA University Hospital, we analyzed MDRO
colonization patterns across multiple clinical wards. The most frequently isolated organisms were Klebsiella
pneumoniae, Pseudomonas aeruginosa, and vancomycin-resistant enterococci (VRE), consistent with prior
studies identifying these pathogens as endemic in Greek hospitals'>!%. Many of these strains harbor resistance
mechanisms such as KPC, NDM, or VIM carbapenemases, which are especially prevalent in the Balkan region'.

A notable finding was the detection of Candida auris, primarily from groin swabs. As an emerging fungal
pathogen with multidrug resistance and environmental persistence, C. auris poses a unique infection control
challenge!®'’. Its inclusion in surveillance programs is increasingly supported by recent outbreaks in Italy, Spain,
and the UK!%!2, Our results underscore the utility of targeted groin sampling, especially in contact tracing
scenarios.

Rectal swabs yielded the highest number of positive cultures, particularly for Gram-negative organisms.
This observation supports existing literature that identifies gastrointestinal colonization as a major reservoir for
MDROs and a strong predictor of subsequent infection'®!°. In our study, 95.8% of K. pneumoniae and all VRE
cases were detected via rectal screening, reinforcing its diagnostic value?*?!.

Ward-specific analysis revealed that internal medicine units had the highest MDRO colonization rates,
followed by neurosurgery and neurology. This trend may reflect longer hospital stays, frequent antimicrobial
exposure, greater patient complexity, and increased use of invasive devices in these wards?>?3. Conversely,
surgical wards exhibited relatively low MDRO prevalence, although sporadic cases of MRSA and C. auris were
observed. These findings support the implementation of unit-specific risk assessments and tailored surveillance
strategies.

Our results are particularly relevant in light of recent warnings from the European Centre for Disease
Prevention and Control (ECDC) and the World Health Organization (WHO) regarding the rising AMR burden
in Burope, particularly in Southern and Eastern regions*»?°. The high colonization rates observed here highlight
the importance of integrating microbiological surveillance with antimicrobial stewardship programs (ASPs),
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environmental decontamination protocols, and continuous staff education. In addition, regular feedback of

surveillance data to clinical teams is critical to maintaining adherence to infection prevention and control (IPC)
s 026

practices®.

Strengths and limitations
A key strength of this study is its real-world applicability, as it reflects routine surveillance practices across
multiple wards in a high-risk tertiary care hospital. The use of standard microbiological techniques enhances
the external validity and reproducibility of the findings, supporting their relevance to similar healthcare settings.
However, several limitations should be acknowledged. First, the absence of molecular typing or resistance gene
characterization limits our ability to investigate transmission dynamics or underlying resistance mechanisms.
Second, approximately 25% of samples lacked specific ward assignment and were grouped under “Other;” which
reduced the granularity of ward-level analyses and may explain low or missing counts in certain categories.
Third, clinical outcomes of colonized patients—such as infection progression or mortality—were not assessed
and represent a key area for future research. Lastly, nasal screening was notably underrepresented, highlighting
the need for more balanced anatomical site sampling in future surveillance protocols.

Conclusion

This study underscores the substantial burden of MDRO colonization in hospitalized patients at a tertiary
care hospital in Northern Greece. Active surveillance revealed high rates of colonization, particularly with
multidrug-resistant Klebsiella pneumoniae, Pseudomonas aeruginosa, vancomycin-resistant enterococci (VRE),
and the emerging pathogen Candida auris. Rectal and groin sampling proved most effective, highlighting the
importance of targeted, site-specific screening strategies.

Our findings support the continued integration of MDRO surveillance into routine infection prevention and
control (IPC) practices, especially in internal medicine and other high-risk wards. Alignment with antimicrobial
stewardship programs, staff training, and environmental decontamination is essential to minimize transmission.

Future research incorporating molecular diagnostics, clinical outcome tracking, and cost-effectiveness
evaluations is needed to optimize surveillance protocols and guide data-driven interventions.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available due to institutional
data protection policies and patient confidentiality regulations but are available from the corresponding author
on reasonable request.
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