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<0.01–5.9). Significant group differences between PTS and taxi drivers,
with respect to potential risk factors for MRSA colonization, were iden-
tified as inpatient treatment (p=0.09), chronic respiratory illnesses
(p=0.01), and knowingly transporting patients/passengers with MRSA
(p=0.03).
Conclusion: This study is the first to make data on the MRSA risk of
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are low in all areas and indicate a somewhat low risk of infection. A
good infection control at the facilities is highly recommendable and the
employees should acquire in-depth knowledge of infection prevention
to improve compliance with personal protective measures.
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Zusammenfassung
Einleitung:Beschäftigte imKrankentransport kommen häufig in Kontakt
mit Krankheitserregern und haben durch ihre berufliche Tätigkeit ein
erhöhtes Infektionsrisiko im Vergleich zur Allgemeinbevölkerung. Multi-
resistente Erreger (MRE) stellen für das Personal von Krankentransport-
unternehmen eine besondere Herausforderung dar, da Krankheitserre-
ger durch die Patiententransporte über weite Strecken verbreitet werden
können. Bislang ist wenig über das berufsbedingte Infektionsrisiko bei
Beschäftigten im Krankentransport bekannt.
Methode: In einer Querschnittstudie wurden die MRSA-Prävalenz und
mögliche Risikofaktoren für eine Besiedlung bei Beschäftigten im
Krankentransport (KTP) einschließlich Taxifahrern untersucht. Das
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Screening erfolgte durch Nasenabstriche. Bei einempositiven Testergeb-
nis wurde ein Kontrollabstrich angeboten, bei erneut positivem Test
eine Dekolonisationsmaßnahme. Bei positiven Proben erfolgte eine
Genotypisierung.
Ergebnisse: Insgesamt wurden 222 Beschäftigte aus Krankentransport-
unternehmen untersucht; bei 7 fand sich ein positives Ergebnis. Das
entspricht einer MRSA-Prävalenz von 3,3%. Signifikante Risikofaktoren
für eine Besiedlung waren die Einnahmen von Antibiotika (OR 11,9,
95% KI 1,8–78,4) und ein vorheriger Krankenhausaufenthalt (OR 6,9,
95% KI 1,1–45,9). Bei 102 Taxifahrern, die Krankenfahrten durchführ-
ten, betrug dieMRSA-Prävalenz 0,98% (n=1). Signifikante Unterschiede
von Risikofaktoren für eine Besiedlung zwischen den beiden Gruppen
fanden sich für Krankenbehandlung (p=0,09), chronische Atemwegser-
krankungen (p=0,01) und wissentliche Transporte von Patienten/Fahr-
gästen mit MRSA (p=0,03).
Schlussfolgerung:DieMRSA-Prävalenz beim KTP ist niedrig und spricht
eher für ein geringes Infektionsrisiko. Wichtig ist ein gutes Hygiene-
management, ein fundiertesWissen der Beschäftigten über das Thema
Infektionsschutz sowie Informationen und Kommunikation zum Infekti-
onsstatus des Patienten, um geeignete Schutzmaßnahmen treffen zu
können.

Schlüsselwörter: Krankentransport, MRSA, Kolonisation,
Infektionsprävention

Introduction
Patient transport employees frequently come into contact
with pathogens and therefore are at a greater risk of in-
fection than the general population due to their occupa-
tion. Multidrug-resistant organisms (MDROs) are increas-
ingly becoming a public health problem.Methicillin-resist-
ant Staphylococcus aureus (MRSA), which is prevalent
around the world, is the best knownMDRO. This pathogen
also poses a significant challenge for the employees of
patient transport services since it can spread over long
distances through patient transport [1].
Analyses conducted by the Statutory Accident Insurance
and Prevention in the Health andWelfare Services (BGW)
show that the risk of MRSA infection is relevant to
healthcare workers. Between 2010 and 2014, a total of
263 suspected cases of occupational illness caused by
MRSA were reported. In the same period, 39 cases were
confirmed. Only MRSA infections contracted during
activity that is associated with an increased risk of infec-
tion are recognized as an occupational disease [2].
Patient transportation services play an important role in
transferring patients and represent an important link
between the various healthcare facilities. A distinction is
made between qualified and non-qualified patient trans-
port. For qualified patient transport, there are guidelines
for good hygiene to prevent the spread of infection which
are established by the laws pertaining to rescue services
in the individual German states. Data on the prevalence
of MRSA among paramedics in Germany are not known.
The existing data were collected in the US. In Ohio, a
prevalence rate of 4.6% was found among patient trans-
port staff [3]. Studies in Germany deal with the microbial

load of vehicles and medical devices; the employees
themselves have not been tested until now [4], [5].
Despite the occupational risk posed by MRSA to patient
transport employees, patient transport has not been
systematically included inmonitoring until now. Routinely
collected data would be required in order to better assess
the exposure risk of employees.
This cross-sectional study was conducted to examine the
prevalence of MRSA in patient transport staff (PTS) and
the potential risk factors for MRSA colonization in Ham-
burg.

Methods
In order to describe the contamination situation of MRSA
among paramedics and taxi operators providing patient
transport, a cross-sectional study on the point prevalence
of MRSA colonization was carried out in Hamburg in
2016. A total of 18 facilities, companies, and organisa-
tions that provide qualified and non-qualified patient
transport services, as well as seven companies that only
provide non-qualified patient transport, were contacted.
Initial contact wasmade via email and letter. The facilities
that did not respond to the email/letter campaign were
then contacted via telephone. The goal was to recruit as
many facilities as possible for MRSA screenings of the
employees in their local departments. In addition, flyers
were distributed announcing dates at the University
Medical Center Hamburg-Eppendorf (UKE) when patient
transport staff could participate independent of the dates
for their departments. The participating taxi drivers were
recruited in cooperation with the German Social Accident
Insurance Institution for Commercial Transport, Postal
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Table 1: Description of the study population (patient transport n=222, taxi n=102)

Logistics and Telecommunication (BG Verkehr). BG
Verkehr employees directly contacted the respective taxi
firms and control centers that they supervise. Here, the
goal was also to conduct the screenings on-site at the
companies where possible. Flyers were used to advertise
the additional dates for the swab tests at the UKE.
Swabs from the nasal vestibules of the employees were
taken for the purpose of this screening. Potential risk
factors for MRSA colonization were identified using a
questionnaire. Occupational risk factors, such as the
nature and duration of their work and contact with MRSA
patients, as well as other influences, such as taking anti-
biotics, their own hospital stays, and contact with animals,
were explored alongside socio-demographic data. Being
older than 18 years of age was set as an inclusion cri-
terion. MRSA diagnosis was performed by testing for
S. aureus and specific MRSA resistance to methicillin. In
the case of positive samples, amolecular biological typing
procedure was performed (S. aureus protein A gene (spa)
typing). All analyses were performed in accordance with
the available quality standards. If MRSA findings were
positive, the employees were first given the option of a
control swab. If the result from this control swab was still
positive, decolonization measures were taken. Decolon-
ization kits were provided to those affected. A further
control swab was offered to check whether the decolon-
ization efforts had been successful. The study was con-
ducted in accordance with the requirements of data pro-

tection legislation. The Hamburg Ethics Commission gave
its approval.
The univariate analyses were performed using Pearson’s
chi-square tests or if cell frequency was low using Fisher’s
exact test. Persons who tested positive for MRSA were
compared against persons who tested negative. For the
multivariate analysis, logistic regression was applied. The
analyses were performed using IBM SPSS Statistics 23.

Results

Patient transport

A total of 222 emergency medical service workers were
screened and 7 employees tested positive, resulting in
an MRSA prevalence of 3.2% (95% CI 1.4–6.5) (Table 1).
Trained rescue workers made up 6.3% of the employees,
assistant paramedics constituted 27.5% and paramedics
comprised the largest share, with 46.8%. Additional occu-
pations mentioned were emergency paramedics (6.8%),
interns/trainees (5.9%), and other professions (6.8%).
When stating their workplace, 68% said that they worked
in an ambulance, followed by patient transport (30.2%),
transport services for people with disabilities (3.6%), in-
tensive care transport (2.3%), and ambulance (5.9%).
The age of the youngest employee was 18 years and the
oldest was 67. The median age was 32. The proportion
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Figure 1: Questions about occupational safety in patient transport

of womenwas 21.4% (n=47). When asked about potential
risk factors, 6.8% of the participants cited their own
hospitalization within the last 12months and 19.4% cited
the use of antibiotics within the last 6 months. Other po-
tential risk factors are listed in Table 1.
The opportunity to obtain a control swab was taken by 6
of the 7 subjects who tested positive. These control swabs
yielded 3 positive results and 3 negative results. The
3 participants who tested positive after the control swab
underwent decolonization treatment, which was not
successful for one employee. This employee was referred
to the responsible occupational physician.
87.4% of PTS personnel reported being familiar with work
instructions on how to deal withMRSA/MDRO and 75.2%
knowingly transported patients with MRSA in the past
year (see Table 1). In response to other questions regard-
ing occupational safety, 97% of the employees said that
they disinfect their hands after patient contact. 85% dis-
infected their hands after contamination. Work instruc-
tions regarding changing clothes were known to 63.5%
of the employees (Figure 1).
Significant risk factors among PTS personnel for testing
positive were the use of antibiotics (OR 11.9; 95% CI
1.8–78.4) and hospital admission (OR 6.9; 95% CI
1.1–45.9) (Table 2).

Table 2: Frequencies and adjusted odds ratios (OR) including
95% confidence intervals (95% CI) for covariates associated

with positive MRSA test

Taxis

MRSA swabs were performed in a total of 102 taxi drivers
who provide patient transport services. TheMRSA preval-
ence was 0.98 (95% CI < 0.01–5.9). The median age of
the taxi drivers was 53 years. The youngest participant
was 23 years old and the oldest was 74. The proportion
of women was 19.2%. 51% of the taxi drivers had been
working in the profession for more than 10 years. 97%
said that they had knowingly transported clients with
MRSA, but only 6.9% (n=7) reported that there were in-
structions in their company for the transport of passen-
gers with MRSA (Table 1).
When asked about potential risk factors for a positive
MRSA swab, 12.7% (n=13) of the taxi drivers reported
having been hospitalized for treatment in the last
12 months and 14.7% had been given antibiotics in the
last 6 months. A total of 3 taxi drivers cared for relatives
in their home or for relatives/retirement home residents
as an additional occupation or worked at the volunteer
fire department. To the question of whether they disinfect
their hands before or after transporting passengers,
30.4% of the participants answered yes, 46.1% answered
no, and 20.6% only did this if they knew the passenger
had an illness (data not shown).
With respect to potential risk factors for MRSA coloniza-
tion, significant group differences between emergency
medical service workers and taxi drivers were identified
as inpatient treatment (p=0.089), chronic respiratory ill-
nesses (p=0.002) and knowingly transporting patients/
passengers with MRSA (p=0.028) (Table 1).

Genotyping

The genotyping of MRSA samples showed widespread
MRSA strains, particularly in Germany and Europe. The
Barnim epidemic strain (t032) and the Rhine-Hesse strain
(t002) as well as t768, t6406 and t10973 were found.
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In two PTS workers, animal-associated MRSA strains
(t034) were found even though the participants had re-
ported no animal contact on the questionnaire. Com-
munity-associated MRSA was not identified.

Discussion
Our study on the occupational risk of exposure of PTS
and taxi drivers who provide patient transport services is
the first to provide data on the prevalence of MRSA in
these professions in the greater Hamburg area. The re-
ported results of 3.2% and 0.98% indicate low prevalence
rates. No comparative data from Germany are available.
Two studies on the prevalence of MRSA in PTS were car-
ried out in the US. In their cross-sectional study, Orellana
et al. [3] examined PTS in Ohio as well as potential risk
factors. The MRSA prevalence was 4.6% (13/280). The
risk factors they found were insufficient hand disinfection
after glove use (OR 10.51; 95% CI 2.54–43.45) and low
frequency of hand washing (<8 times per shift) (OR 4.20;
95% CI 1.02–17.27). In another study, Miramonti et al.
[6] investigated and compared PTS with more than
6 months of experience and trainees with less than
2 months of training. Contrary to expectations, no signi-
ficant differences in MRSA prevalence were found. The
rate was 5.3% for the trainees and 4.5% for the PTS.
Authors from Germany evaluated the pathogen load in
vehicles and on medical devices [4], [5]. They found that
the pathogen load in the vehicles for non-qualified patient
transport was higher than in the qualified patient trans-
port. For example, more cocci pathogens were found on
straps, headrests and door handles. NoMRSAwas found
in the vehicles that provided qualified patient transport.
However, in every fourth vehicle of the non-qualified pa-
tient transport, MRSA was detected on the straps, door
handles, and headrests. However, this is limited by the
fact that only non-qualified transport services are used
for MRSA patients in Frankfurt, where the study was
conducted. Guidelines for good hygiene to prevent the
spread of infection are included in the legislation for
rescue services in the individual German states. However,
no such guidelines exist for non-qualified patient transport
services [4].
In the SEKURE study carried out in the Ulm area, the
pathogen load of ambulances and patient transport ser-
vices was also investigated. Tests using contact slides
were carried out onmedical devices such as ECGs, oxygen
saturation clips, and blood pressure cuffs as well as on
patient stretchers, handles, etc. MRSAwas presentmore
often in emergency service ambulances 1.1% (n=16/
1.502) than in patient transport vehicles 0.3% (n=2/634)
[5].
Eibicht and Vogel investigated the pathogen load in the
vehicles after the transport of MRSA patients. Contamin-
ation was found on surfaces that were in direct contact
with the patient, such as the headrest and handles of the
stretcher. Other surfaces were not affected. Transport
time had no effect on contamination [7].

Due to the pathogen load in the vehicles, no immediate
conclusions can be drawn about the risk of infection for
employees and patients. However, it does show the ne-
cessity of cleaning/disinfection measures for surfaces.
This applies to patient transport as a whole [4], [8] be-
cause transmission can also occur via contaminated
surfaces as a study from England shows [9]. In our study,
97% of the employees of the qualified patient transport
said that they disinfect their hands after patient contact.
Work clothes as potential sources of spreading pathogens
are often changed at the end of a work shift or in the
event of contamination. Questions about the use of the
vehicles and the handling of medical devices were not
asked.
The KRINKO recommendations for emergency medical
services and patient transport deal with basic hygiene
measures and stress the importance of strict adherence
while transporting MRSA patients in order to prevent
transmission to personnel. This includes personnel disin-
fecting their hands, the cleaning and disinfection of con-
tact surfaces, proper preparation of medical devices and
proper waste disposal [8]. In addition, it recommends
further measures, such as sharing information on infec-
tion status, wearing a face mask when working with the
patient, wearing a protective gown, etc.
MRSA prevalence among qualified patient transport ser-
vices is somewhat higher than that of the outpatient and
inpatient elderly care sector [10]. This may be due to
missing information about MDRO colonization in patients
who are to be transported. Employees are often not aware
of the infection status of the patient and as a result, ad-
equate safety precautions cannot be taken. In terms of
infection prevention, however, sharing information about
multidrug-resistant organisms is important for everyone
concerned in order to ensure optimal patient care and
employee protection. In 2005, KRINKO recommended
that appropriate instructions should be communicated
with regard to the transfer and transport of patients so
that adequate protective and hygiene measures can be
taken [11]. In order to improve the sharing of information,
MDRO information sheets are now being used in some
German states. This step, together with the hygiene
measures, can help to reduce the risk of infection during
patient transport.
There are no hygiene regulations that govern non-qualified
patient transport. However, increasing awareness of the
potential infection risks and associated protective
measures among drivers should be considered as well
as having hand disinfectant in the car if necessary.
Clear regulations regarding MDROs are important for
employees who deal with patients or infectious material.
For the prevention of transmission of pathogens from
patient to employee, such regulations are defined by
section 5 of the German Occupational Health and Safety
Act, which contains the employers’ duties to provide a
safe and healthy workplace. Further specifications regard-
ing these risk assessments are listed in the German
Technical Rules for Biological Agents (TRBA). For the
healthcare sector, the TRBA 250 contains protective
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measures with regard to the risk of infection, such as
hygienic hand disinfection, protective clothing, and sur-
face disinfection [12].

Limitations

There was an ongoing problem in this study regarding
willingness to participate. This was especially evident
when recruiting organisations and/or facilities. Despite
written and telephone contact, flyer distribution and
sharing information via the MRE-Netzwerk Hamburg,
motivating the personnel in charge to participate was
difficult. However, we can only speculate about the rea-
sons. The reluctance of employers to agree to MRSA
screening is mainly due to the fear of numerous positive
results. The worry that MRSA-positive employees would
increasingly take sick leave underscores the concern over
the pre-existing shortage of personnel in this sector. Un-
certainty regarding the proper handling ofMRSA-colonized
employees and the consequences in terms of the vehicles
used for patient transport, for example, may also be
contributing factors. In addition, the fear of greater organ-
izational effort required might also be partly responsible
for the refusal to participate. It is therefore likely that the
results were distorted due to a selection bias. Coupled
with low participation rates, an underestimation of the
actual MRSA risk cannot be ruled out.

Conclusions
Until now, little was known about the risk of occupational
exposure to MRSA colonization among PTS personnel.
This studymade it possible to successfully determine the
rate of MRSA among EMS personnel and taxi drivers
providing patient transport services in Hamburg and to
obtain a good picture of the situation concerning occupa-
tional MRSA contamination. The prevalence data are low
in all areas and indicate a rather low risk of infection.
Statements on the success of decolonization are unreli-
able due to the small number of cases. A good infection
control at the facilities is highly recommendable and the
employees should acquire in-depth knowledge of infection
prevention to improve the compliance with basic hygiene
measures such as hand disinfection and personal protect-
ive measures. In patient transport, information and
communication about the infection status of the patient
are important in order to take suitable protective meas-
ures. There is room for improvement in this area. The use
of a transfer form containing all relevant information is
an important step for the prevention of occupational in-
fections during patient transport.
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