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Methods
Setting
The University Hospital Basel (USB) is a tertiary care 
center in the northwestern part of Switzerland with over 
40,000 hospital admissions annually. During the COVID-
19 pandemic, patients with SARS-CoV-2 infection were 
frequently repatriated from institutions abroad and 
transferred between various Swiss hospitals based on the 
availability of hospital resources. At the USB, COVID-19 
patients needing intensive care, were cohorted in a dedi-
cated area of the ICU.

In September 2021, a bronchial sample from one 
patient in this dedicated ICU cohort revealed OXA-
23-producing CRAB. Subsequent outbreak investigation 
included environmental and patient screening, collection 
of epidemiological and clinical data and performance 
of detailed infection prevention and control audits. All 
CRAB derived from patients and environmental samples 
were analyzed using next generation sequencing (NGS) 
to investigate genetic relationship. As a quality assess-
ment project, the Ethics Commission of Northwest-
ern and Central Switzerland (EKNZ) confirmed that no 
approval was required (EKNZ-Request-2023-00647) 

Introduction
Challenges in adhering to infection prevention and 
control guidance and escalation of antimicrobial usage 
during the COVID-19 pandemic led to a surge of hospi-
tal-acquired multidrug-resistant bacteria, including car-
bapenem-resistant Acinetobacter baumannii [1, 2].

In this report, we reveal potential reservoirs and 
transmission routes implicated in an outbreak of OXA-
23-producing carbapenem-resistant A. baumannii 
(CRAB) among intensive care unit (ICU) patients with 
COVID-19.
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Abstract
An outbreak of OXA-23-producing carbapenem-resistant Acinetobacter baumannii amongst ICU-patients with 
COVID-19 likely occurred by transmission through inanimate surfaces, potentially facilitated by a contaminated 
positioning pillow shared between patients. Subsequent rapid spread may have been caused by exposure to 
respiratory secretions contaminating healthcare worker’s gloves and gowns during prone positioning.
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so that the need to provide a consent to participate is 
waived.

Audits
Control audits were performed by the infection preven-
tion and control team and had two main focuses. First, 
the handling of personal protective equipment (PPE) 
by health care workers (HCW), especially during prone 
positioning of the patients in the ICU was audited. Sec-
ondly, the cleaning and disinfection procedures per-
formed by the environmental services staff were looked 
at to uncover any potential breach.

Screening
Upon detection of the outbreak, all patients hospitalized 
on the entire ICU were screened for colonization with 
CRAB. The following body sites were screened to assess 
colonization: wounds, catheter insertion sites, rectum, 
urine, tracheal secretion for ventilated patients and naso-
pharyngeal swabs for non-ventilated patients. Swabing 
was performed using eSwab® (Copan). Thereafter cross-
sectional screenings of all patients in the COVID-19 
cohort were performed on a weekly basis.

Due to the regular exchange of patients between the 
COVID-19 cohorts of the ICU and the general ward, all 
patients hospitalized in the COVID-19 cohort of the gen-
eral ward were screened likewise. Patients were screened 
for colonization with CRAB of the rectum, urine, 
wounds, and puncture sites, as well as the respiratory 
tract if mechanically ventilated.

For outbreak investigation purposes, environmental 
screening swabs of high-touch areas were obtained to 
identify potential transmission sources.

Microbiological analysis
Search of bacterial growth from clinical specimens was 
performed using different agar media according to stan-
dard bacteriological procedures. Samples for screening 
for CRAB from patients as well as environmental samples 
were plated onto selective chromogenic agar plates (chro-
mID® CARBA SMART agar, bioMérieux, Marcy-l’Étoile, 
France). Colorless bacterial colonies were identified by 
MALDI-TOF mass spectrometry (Bruker Daltonics, 
Bremen, Germany). The Vitek 2® system (bioMérieux, 
Marcy-l’Étoile, France) was used for antimicrobial sus-
ceptibility testing of all isolates. Molecular detection of 
CRAB was performed by eazyplex® SuperBug complete A 
kit (AmplexDiagnostics, Gars-Bahnhof, Germany) using 
LAMP technology on a Genie II instrument (AmplexDi-
agnostics) detecting all relevant carbapenemase genes of 
A. baumannii.

Next generation sequencing (NGS)
All CRAB strains were whole genome sequenced. Bac-
terial DNA was extracted with the EZ1 DNA Tissue 
kit (QIAGEN, Hilden, Germany) in the EZ1 advanced 
XL workstation (QIAGEN), according to manufac-
turer’s recommendations. Genomic libraries were pre-
pared using the Illumina DNA Prep kit (Illumina, San 
Diego) and whole genome sequencing was performed 
on the NextSeq500 platform (Illumina, San Diego) 
(read length 2 × 150  bp). Assemblies (unicycler v0.3.0b) 
were analyzed in Ridom Seqsphere + v7.7.5 using the 
published core genome MLST scheme [3, 4]. Whole 
Genome Sequencing read data can be accessed at NCBI 
sequence read archive https://www.ncbi.nlm.nih.gov/
sra/?term=PRJNA977488 [Reviewer Link to be removed 
post acceptance: https://dataview.ncbi.nlm.nih.gov/
object/PRJNA977488?reviewer=mnmrqcmui7n6nv0dqg
rm4lbum3].

Results
From July to October 2021, OXA-23-producing CRAB 
was recovered from six patients hospitalized in the 
COVID-19 cohort-ward of the ICU of the USB. The index 
patient had been repatriated from Serbia in July 2021 due 
to COVID-19 and placed under contact and droplet pre-
cautions in a single room during the entire hospital stay. 
OXA-23-producing CRAB was detected in a screening 
sample collected at admission from the urine and, dur-
ing the course of hospitalization, from clinical respira-
tory tract specimens. Seventy-six days after the index 
patient’s death, massive counts of OXA-23-producing 
CRAB were recovered from a clinical respiratory tract 
specimen of a second COVID-19 patient and subsequent 
screening revealed CRAB colonization of the respiratory 
tract in four additional COVID-19 patients in neighbor-
ing rooms within six days. Figure  1 illustrates the floor 
plan and the location of all affected patients within the 
ICU COVID-19 cohort. Detailed patient characteristics, 
sites of colonization, need for antibiotic treatment due to 
infection with OXA-23-producing CRAB and outcome 
are summarized in supplementary Table 1. In addition, 
supplementary Table 2 details the results of antimicrobial 
resistance testing.

Audits revealed that prone positioning was performed 
by dedicated teams without consistent change of gloves 
and gowns between patients within the cohort. Contami-
nation risk of gloves and gowns is high, due to close body 
contact, and contact with respiratory secretions, espe-
cially while stabilizing the tracheal tube during prone 
positioning. Some of the positioning pillows removed 
during repositioning were stored in non-patient-specific 
areas without immediate disinfection, resulting in poten-
tial contamination of surfaces.
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A total of 100 environmental samples were collected 
from high-touch surfaces and equipment shared between 
patients within the cohort (supplementary Table 3). 
Among those, OXA-23-producing A. baumannii was 
recovered from three samples collected from a cuff pres-
sure manometer, a drawer handle in proximity of the col-
onized patients, as well as from a reprocessed defective 
positioning pillow for the head used for prone position-
ing. Air samples taken in proximity of patients colonized 
with CRAB using an MAS-100 NT air sampling device 
(MBV, Stäfa, Switzerland) remained negative.

The genomes of all CRAB isolates recovered from 
clinical and environmental specimens were identified 
as belonging to Pasteur sequence type 2 and considered 
highly related as they differed by a maximum of one core 
genome allele (indicating a change of some sort, i.e. sin-
gle or multiple single nucleotide polymorphisms) based 
in just one allele on NGS analyses. This sequence type 
had not been identified at our hospital within the previ-
ous four years.

After recognition of the outbreak, patients positive 
with OXA-23-producing CRAB were cohorted within 
the COVID-19 cohort. Reinforced infection prevention 
and control measures were introduced, such as estab-
lishing gloves and gown exchange for HCW between 
patients cohorted within the COVID-19 cohort after 
intense patient contact. When possible, care of patients 
colonized with CRAB was provided by a dedicated team 
to minimize staff turnover between rooms.

Repeated cleaning and disinfection, including UVC 
irradiation of the entire ICU COVID-19 cohort and 

H2O2 disinfection of mobile devices from affected rooms 
was performed. Materials such as positioning pillows 
for prone positioning were disposed of in case of visible 
damage. Washable materials were washed at a minimum 
of 60 °C. Surfaces in the COVID-19 cohort and dedicated 
OXA-23-producing CRAB cohort were disinfected twice 
daily. Cuff pressure manometers were replaced by dispos-
able devices.

After implementation of these measures no further 
cases were detected in weekly cross-sectional screenings 
of patients hospitalized in the COVID-19 cohort of the 
ICU or on the general ward until December 2021 and the 
outbreak was declared terminated. Among 175 patients 
identified as having had either direct contact with one 
of the patients colonized or with the dedicated COVID-
19 cohort on the ICU during the outbreak, 80 patients 
were able to be screened, all of whom tested negative for 
CRAB.

Discussion
We report an outbreak of genetically highly related 
OXA-23-producing CRAB among six patients within 
a COVID-19 ICU cohort. We hypothesize that trans-
mission of a strain of OXA-23-producing CRAB from 
the index patient to the first contact patient occurred 
through inanimate surfaces, potentially facilitated by a 
contaminated positioning pillow shared between patients 
within the COVID-19 cohort. Subsequent rapid spread 
may have been caused by exposure to respiratory secre-
tions contaminating HCW’s gloves and gowns dur-
ing prone positioning. The latter is supported by initial 

Fig. 1  Floor plan of the COVID-19  cohort within the intensive care unit. Red circle: index patient with OXA-23-producing Acinetobacter baumannii in 
07/2021; purple circles: patients with detection of OXA-23-producing A. baumannii throughout the cohort within six days, two months later
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colonization of the respiratory tract with high bacterial 
loads.

During the COVID-19 pandemic, numerous outbreaks 
with multidrug resistant bacteria, especially CRAB were 
reported worldwide [5–8]. In Italy, for example, inci-
dence of CRAB increased from 5.1/100,000 ICU patient 
days pre-pandemic to 26.4/100,000 during pandemic [9]. 
Our outbreak and others support the importance of con-
taminated surfaces and equipment in facilitating ongoing 
transmission.

A. baumannii has been shown to be able to survive for 
prolonged periods on dry surfaces [10] and Gottesmann 
and colleagues [5] showed that inconsistent cleaning and 
disinfection of the surrounding patient area (medication 
room) led to an outbreak with CRAB in their COVID-19 
dedicated hospital, shortly after reopening the COVID-
19 dedicated wards. Low adherence to proper use of PPE, 
especially in times of high workload and low staffing and 
breaches in environmental cleaning, as experienced dur-
ing the COVID-19 pandemic, have all been implicated as 
facilitating the spread of multidrug-resistant organisms 
[11, 12].

The outbreak in our institution was terminated by rein-
forcement of the cleaning and disinfection procedures of 
the patient environment and equipment shared within 
the cohort as well as introduction of consistent changes 
of PPE when moving between patients and within the 
cohort. We acknowledge the limitation of not having per-
formed systematic skin screening to detect colonization 
with A. baumannii and has recently been shown to be the 
most sensitive site for its detection [13]. Colonization of 
the skin was, however, accounted for to a limited degree 
during our outbreak by screening catheter insertion sites 
and wounds.

Conclusion
Positioning pillows shared between patients may serve 
as reservoirs for multidrug-resistant organisms and are 
challenging to reprocess by standard cleaning and dis-
infection regimens. Prone positioning with exposure to 
respiratory secretions may constitute a potential trans-
mission-route within COVID-19-cohorts. Initial coloni-
zation of the respiratory tract with high bacterial loads, 
suggests transmission by contact within proximity of the 
patient’s airway. Screening of the respiratory tract, in 
addition to performance of skin sampling by established 
methods, may be considered during outbreak investiga-
tions involving mechanically ventilated patients.

Screening of the respiratory tract, in addition to per-
formance of skin sampling by established methods, may 
be considered during outbreak investigations involving 
mechanically ventilated patients.
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