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Abstract

Background: Antimicrobial resistance (AMR) increasingly threatens public health. Carbapenem-producing gram-
negative bacteria (CPB) pose the biggest threat. The risk for CPB spread is heightened during the transfer of a CPB-
positive patient between different healthcare institutions or healthcare providers. We aimed to gain insight into the
frequency of CPB-positive patients in the Dutch provinces of Noord-Holland (NH) and Flevoland (FL). Secondly, we
aimed to obtain a deeper understanding of the communication between healthcare providers during transfers of
CPB-positive patients and explore possible communication-related risk situations for CPB spread.

Methods: This mixed-methods study consisted of a quantitative and qualitative section. For the quantitative section,
14 laboratories that provide diagnostics in NH and FL voluntarily reported carbapenem-producing Enterobacteriaceae
(CPE) positive patients between February 2018 and February 2019. Additionally, two laboratories reported carbapenem-
resistant Acinetobacter spp. (CRA) and carbapenem-resistant Pseudomonas aeruginosa (CRP) positive patients. For the
qualitative section, healthcare providers of reported patients were interviewed about information exchange during
patient transfers, precautionary measures and knowledge and beliefs concerning CPB.

Results: In total, 50 CPE-positive, 10 CRA-positive and 4 CRP-positive patients were reported during the inclusion period.
Eighteen index-specific and 2 general interviews were conducted with 20 different care providers of 9 patients. The
interviews revealed that, in most cases, information concerning the patient was transferred timely, but often a standardized
method for sharing the information within and between institutions was lacking. Factors that enhanced care providers’
motivation to adhere to precautionary measures were taking responsibility for the health of other patients, (pregnant)
colleagues and for ones own health. Factors that reduced motivation were not acknowledging the relevance of the
precautionary measures, a perceived negative impact of the measures on patients’ recovery, differences in precautionary
measures between healthcare settings and incomprehension for changes in precautionary measures.
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Conclusions: CPB-positivity occurred more frequently than expected in the Dutch provinces of NH and FL. Standardizing
the transference of information concerning CPB-positive patients, implementing transmural agreements, training personnel
on CPB knowledge and procedures, launching a national website on CPB and assigning one or several designated
employees for CPB within healthcare institutions could improve communication between healthcare providers and thereby
decrease the risk of CPB transmission.

Keywords: Carbapenem producing gram-negative bacteria, Carbapenem producing Enterobacteriaceae, Communication,
Knowledge, Healthcare providers

Background
Antimicrobial resistance (AMR) is a growing worldwide
problem and an increasing public health threat [1]. The
World Health Organization (WHO) warns that new re-
sistance mechanisms are emerging and that our ability
to treat common infections is being threatened [2]. It is
estimated that in 2015, approximately 33,110 deaths at-
tributable to infections with antibiotic-resistant bacteria
occurred in the European Union [3].
The Netherlands belongs to the countries in Europe

with the least infections caused by antibiotic resistant bac-
teria [3, 4]. It is estimated that in 2015, approximately
5000 infections with antibiotic-resistant bacteria occurred
in the Netherlands, which resulted in 206 deaths attribut-
able to AMR [3]. Although there is still room for improve-
ment, the current AMR situation in the Netherlands is
encouraging. Firstly, physicians in the Netherlands are
generally reserved in prescribing antibiotics [5]. Secondly,
the use of antibiotics in livestock has decreased with ap-
proximately 64% between 2009 and 2016 [6]. In addition,
Dutch hospitals actively combat AMR through the Dutch
search and destroy policy for methicillin-resistant
Staphylococcus aureus (MRSA) [7] and the so called ‘A-
teams’ (antimicrobial stewardship teams) for improving
antibiotic stewardship of specialist physicians in hospital
settings. Finally, there are multiple professional guidelines
for preventing spread of AMR for both inpatient and out-
patient settings [8]. Nonetheless, the infection pressure of
resistant bacteria from other countries [9], the environ-
ment, the food chain and within healthcare settings re-
mains, occasionally resulting in outbreaks of resistant
bacteria [10–12]. From April 2012 to May 2018, a total of
212 outbreaks of resistant bacteria that were a threat to
the continuity of care have been reported to the national
early warning and response meeting of hospital-acquired
infections and antimicrobial resistance (SO-ZI/AMR) in
the Netherlands. Of these outbreaks, 44 were reported in
the provinces of NH and FL [13]. These outbreaks high-
light the need for insight into risk situations for the spread
of AMR to prevent increasing morbidity and mortality
due to (further spread of) AMR.
Carbapenem-producing Enterobacteriaceae (CPE),

carbapenem-resistant Acinetobacter spp. (CRA) and

carbapenem-resistant Pseudomonas aeruginosa (CRP)
belong to the group of multidrug-resistant (MDR) bac-
teria and are categorized as priority-1 (CRITICAL) bac-
teria by the WHO [14]. In healthcare, these
carbapenem-producing gram-negative bacteria (CPB) (as
their susceptible analogous) most commonly are directly
transmitted from patient to other patients through con-
taminated hands or through contaminated hands of
healthcare workers due to physical contact with the pa-
tient. In addition, transmission can occur indirectly,
through shared equipment or contaminated environ-
mental surfaces [15]. CPB are prevalent worldwide, how-
ever differences in prevalence exist between and within
continents and countries [16–20]. In the Netherlands,
patients are occasionally diagnosed with CBP, mainly
following hospital admission abroad [21]. However,
based on data submitted by 28 Dutch laboratories to the
Infectious diseases Surveillance System-Antibiotic Re-
sistance (ISIS-AR), the overall prevalence of gradient test
confirmed CPE has slightly increased (from 0.02% in
2014 to 0.05% in 2018 for Escherichia coli and from 0.25
to 0.52% in Klebsiella pneumoniae) [22]. Even though
CPE are still relatively rare in the Netherlands, they pose
the biggest threat to public health, since infections with
these bacteria leave very few therapeutic options [23, 24]
and are often associated with prolonged hospitalization
and increased mortality [25]. Therefore, in April 2018,
the Dutch minister of Health, Welfare and Sports de-
cided that CPE should become mandatory notifiable as a
category C item (to be reported on within one working
day following diagnosis by the head of the laboratory to
the public health service (PHS) in the Netherlands) [26,
27]. This has taken effect as of July 1st 2019.
Various (medical) risk factors exist for CPB acquisition

among hospitalized patients, the most important ones
being the use of medical devices and carbapenem use
[28]. However, a situation in which the risk for the
spread of CPB is also heightened, is during the transfer
of a CPB-positive patient between different healthcare
institutions or healthcare providers. When information
on CPB-positive patients is inadequate or not shared
timely, precautionary measures to prevent the spread of
these bacteria are hampered. For healthcare providers,
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both in the inpatient ‘cure’ settings as in the outpatient
‘care’ settings, actual knowledge of precautionary mea-
sures and existing guidelines for CPB containment is in-
creasingly important. Especially in the context of elderly
living longer at home independently and being dis-
charged sooner from hospitals nowadays. Due to these
developments, the number of CPB-positive patients re-
quiring care in outpatient settings is increasing. It is as-
sumed that a knowledge gap concerning CPB exists in
outpatient settings and that therefore an increase in
knowledge and awareness concerning CPB is required of
healthcare providers in these settings.
Therefore, we firstly aimed to gain insight into the fre-

quency of CPB-positive patients in the Dutch provinces
of Noord-Holland (NH) and Flevoland (FL) between
February 2018 and February 2019 by means of a quanti-
tative study component. Secondly, by means of a qualita-
tive study component, we aimed to obtain a deeper
understanding of the communication process between
healthcare providers during transfers of CPB-positive pa-
tients and explore possible communication-related risk
situations for the spread of CPB. The results of this
study provide insight in the magnitude of diagnosed
CPB-positive patients and the communication between
healthcare providers involved. Therefore, the study could
contribute to the formulation of transmural agreements
between institutions and healthcare providers regarding
AMR and patient transfers in the Netherlands.

Methods
Recruitment and sample
The Dutch provinces of NH and FL are divided into 6
PHS regions, in which a total of 14 laboratories provide
diagnostics. All were approached to participate and
agreed to voluntarily report CPE-positive patients an-
onymously to their regional PHS. Contact persons of the
6 PHS subsequently reported the cases to the research
team of the study. Additionally, two laboratories volun-
tarily reported CRA/CRP-positive patients. During the
recruitment period from February 2018 to February
2019, a total of 64 patients were reported to the research
team. For each reported patient, one of the research
nurses contacted the reporting medical microbiologist of
the laboratory to obtain the name of the responsible
healthcare provider of the patient (the one requesting
the diagnostics from the laboratory and being the formal
responsible for treatment and care). The nurse then con-
tacted this responsible healthcare provider and requested
them to obtain the patient’s informed consent for fol-
lowing the patient’s route in the healthcare system. After
written informed consent was obtained from the patient,
the research nurse planned an interview with the previ-
ously contacted primary responsible healthcare provider
of the patient. Additionally, based on information

obtained from the initial healthcare provider, other
healthcare providers involved in the care of the CBP-
positive patient were contacted by the research nurse
and asked to participate (up to 5 healthcare providers
per patient). Nurses asked when the patient was ex-
pected to leave the healthcare setting (e.g. transferred to
another healthcare organization, or discharged), to be
able to contact potential successive healthcare providers.
To limit healthcare providers’ time investment, verbal
oral consent for participation was obtained at the start
of the telephone interview.

Inclusion criteria
CBP-positive patients that were 18 years or older and re-
ceived care (either in an institution or at home) were eli-
gible for participation in the qualitative data collection.
Healthcare providers were excluded when they were not
able to remember the patient or when the patient was
reported to the regional PHS ≥2 months after the CBP
diagnosis.

Quantitative section
Laboratory detection
All participating laboratories perform CBP diagnostics
according to the guideline of the Dutch Society for Med-
ical Microbiology (in Dutch: Nederlandse Vereniging
voor de Medische Microbiologie (NVMM) [29] and are
ISO 15189 accredited [30]. This prescribes the detection
of carbapenemase production as a two-step procedure,
of which the first step (screening) is performed by the
diagnosing laboratories and the second step (phenotypic
and genotypic confirmation) is mostly performed by the
Dutch national institute for public health and the envir-
onment (RIVM). In short, screening occurs with a se-
lective plate for CBP. When suspicious isolates prove to
have a mean inhibitory concentration (MIC) > 0,25 mg/L
for meropenem, the elevated carbapenem MIC is con-
firmed with antibiotic gradient on a strip method. In
most participating laboratories, when the strip method
confirms a MIC > 0.25 mg/L, a PCR on known carbape-
nemase genes is performed and the strain is sent to the
RIVM for phenotypic and genotypic confirmation. Some
laboratories perform their own phenotypic confirmation
by means of a CIM (carbapenem inactivation method)
test [31].

Quantitative analyses
CBP cases were reported to the local PHS by email. No-
tifications included the name, sex and date of birth of
the patients as well as the detected micro-organism. The
local PHS forwarded the notification to the research
team and KJ and GR processed the information in an
excel sheet with all notifications. An index number was
assigned to each patient and the qualitative data were
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obtained and processed by making use of the same index
number. Descriptive analyses were performed to obtain
the patients’ age at time of reporting and the distribution
of the different types of CBP that were detected. All ana-
lyses were conducted with Stata 13 (StataCorp., College
Station, Texas, USA).

Qualitative section
Interview procedures
Semi-structured interviews were chosen as method of in-
vestigation, as they allow flexibility to explore new themes
and can generate richer thematic data [32]. All interviews
were conducted in Dutch and were performed and con-
ducted by telephone to minimize time investment of the
healthcare providers. Two research nurses (KJ and GR)
with previous qualitative interview experience conducted
the interviews. At the beginning of the interview, the study
was explained, patient and healthcare provider data were
verified and oral informed consent of the healthcare pro-
viders was obtained. The following subjects were ad-
dressed during the interviews: information exchange
during patient transfers (what information was shared, in
what manner, when, by who); precautionary measures
(what measures were taken, on what grounds, were there
barriers in applying these measures); the availability of
guidelines; the healthcare provider’s knowledge concern-
ing CBP and need for more information concerning CBP;
other healthcare providers that were involved in patient
care (to plan additional interviews). An additional file
shows the interview guide that was used (Additional file
1). The main goal of the interviews was to gain insight in
the handlings of CBP in NH and FL and to reveal the in-
formation exchange between healthcare providers of CBP-
positive patients, including barriers and enablers of patient
related communication.

Qualitative analyses
To limit researchers’ time investments, all interview re-
cordings were transcribed by a processing agency. Con-
sequently, the researchers entered the transcripts into a
database using qualitative data analysis software
(MAXQDA 2018). A descriptive content analysis was
performed by two researchers (WV and ED) in an in-
ductive manner. Subsequently, the two researchers dis-
cussed the content of the interviews and reached
consensus on interpretation and important findings.

Ethical framework
This study was approved by the Medical Ethical Com-
mittee of the Academic Medical Centre of Amsterdam,
the Netherlands (W17_384). In order to maximize confi-
dentiality, all possible personal identifiers were removed
from interview transcripts. Interview transcripts were
only accessible to researchers from the research team.

All respondents were able to withdraw consent to par-
ticipate in the study at any time without clarification.

Results
Quantitative section
Reported CBP-positive patients
In total, 50 CPE-positive patients were reported between
February 2018 and February 2019. Additionally, two la-
boratories reported 10 CRA-positive patients and 4
CRP-positive patients. This resulted in a total of 64 pa-
tients, approximately two cases per 100,000 inhabitants
of NH and LF. Fifty-nine patients (92%) were reported
by seven laboratories and five patients were reported by
another Dutch research group working on a CPE study.
Of the reported patients, the majority was male (58%)
and the median age at time of reporting was 69 (IQR
54–76). During the inclusion period of this study, an
outbreak of the CPE Citrobacter freundii occurred,
which resulted in 22 Citrobacter freundii positive pa-
tients from 1 laboratory being included in our study.
Therefore, most patients included in the study were di-
agnosed with Citrobacter freundii (36%), followed by
Escherichia coli (17%) and Klebsiella pneumoniae (16%).
Excluding the 22 outbreak patients, patients were most
often diagnosed with E. coli (11/42, 26%), K. pneumoniae
(10/42, 24%) and Acinetobacter spp. (10/42, 24%).
Of the 64 cases, 35 patients (55%) were not eligible for in-

clusion: 11 patients (17%) were reported at the PHS ≥2
months after diagnosis, nine patients (14%) did not receive
care during their diagnosis, eight patients (13%) were de-
ceased, five patients (8%) lived outside of the NH-FL area
and two patients (3%) were < 18 years of age. Of the 29 eli-
gible patients (62% male, median age at time of reporting
67, IQR 54–75), in 12 patients (41%), care providers could
not be reached within the study timeframe despite at least
five attempts at different days and time periods. Further-
more, one patient (3%) was excluded because the care pro-
vider could not remember the patient, care providers of
another 2 (7%) patients refused to approach the patient for
participation and five patients (17%) did not consent to par-
ticipation. Finally, eight CPE-positive patients and one
CRA-positive patient consented to approach their health-
care providers. Of these nine patients included in the quali-
tative study, six were male (67%) and median age at time of
reporting was 75 (IQR 59–78 years). Figure 1 shows the
flowchart of the inclusion and exclusion of the patients.

Qualitative section
Sample characteristics
In total, 18 index-specific and 2 general interviews
(mean duration 20 min, ranging from 10 to 35 min) were
conducted with 20 different care providers (70% female).
For the index-specific interviews, the time from the pa-
tient being reported to the first interview ranged from
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37 to 100 days. Eight of the 20 interviewees (40%) were
specialist doctors (6 were hospital-based, 2 were general
practitioners and 1 was based in a revalidation center).
Eight interviewees (40%) were registered nurses (1 was
hospital-based, 3 were employed at a revalidation center,
3 were nurses in home-based care and 1 was employed
at a nursing home) (Table 1).

Complex care networks
The personal cascades of care varied considerably be-
tween patients. For all 9 included patients, multiple care
providers within one institution were involved in the
care of the patient. In 70% of the included cases, mul-
tiple care providers within one institution and from dif-
ferent institutions were involved. Furthermore, patients
were often transferred from one institution to another
or discharged from an institution within a short period
of time. Figure 2 provides an example of the complex
care network and the abundance of involved care disci-
plines of one of the included patients, demonstrating the
theoretical potential of spread of CPB within and be-
tween healthcare settings and care providers.

Interview findings

Communication The interviews revealed that, in most
cases, information concerning the CPE/CRA-positive pa-
tient was shared timely (e.g. before the patient was trans-
ferred or immediately after the patient was found to be

CPE/CRA-positive). Three care providers indicated that
information was not accessible in time which resulted in
a state of confusion.
“Yes, I can remember that it [the sharing of informa-

tion] was at a later time point, that I had already been
there [the patient] once [after the patient was diagnosed
with CPE] and that I did not apply contact isolation that
first time.” (respondent number 1, general practitioner).
Methods for the transference of information were

several and differed between and within institutions.
Communication methods entailed transfer letters,
telephone, e-mail, face-to-face conversations, work
meetings and electronic transfer dossier (POINT). For
some patients, multiple methods of information trans-
ference were used (information was shared face-to-
face and through email, information letter and per-
sonal documents of patient). In almost all cases, the
CPE/CRA-positivity of patients was made known by
signs on the door of the patients’ room and by a
pop-up in the electronic patient dossier (EPD). As
mentioned before, most of the healthcare providers
received the information in time and were satisfied
with the information. This was especially true for
healthcare providers in institutional care, since these
institutions often had a designated employee respon-
sible for infection prevention. In these cases, the in-
fection prevention measures in case of a CPE/CRA-
positive patient were known and easily applied ac-
cording to the interviewees.

Fig. 1 Flowchart of inclusion and exclusion of CPE/CRA/CRP-positive patients and their healthcare providers. Abbreviations: NH – Noord-Holland;
FL – Flevoland
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The interviews also uncovered several suboptimal as-
pects of the communication about CPE/CRA-positive pa-
tients. In almost all interviews, the transference of
information proved not to be clearly arranged, since no
standardized method and route for sharing the informa-
tion within and between institutions exist. This resulted in
confusion among care providers and most of them were
not able to reproduce how and when the information con-
cerning the CPE/CRA-positive patient was transferred to
them. Furthermore, sharing information concerning CPE/
CRA-positivity and aligning infection prevention measures
did not routinely include disciplines or departments such
as cleaning and food distribution. For many care pro-
viders, this was the first time they encountered a CPE/
CRA-positive patient in their career. Therefore, in many
cases, care providers felt the need to look up extra infor-
mation on CPE/CRA and infection prevention measures.
In some interviews, a passive attitude towards these infec-
tion prevention measures was observed: care providers did
only acknowledge that precautions had to be taken when
seeing a sign on the door of a patient or when gloves were
placed in the room of a patient.
“The patient told me that the home-based care nurses

wore aprons with gloves, and they [aprons and gloves]
were present there [the patients’ house] so then I used
those during the second visit.” (respondent number 16,
general practitioner).

In extramural care, for instance in home-based care, a
specialized infection prevention employee was often
lacking. So, home-based care nurses had to find out the
necessary infection prevention measures themselves.
Multiple care providers indicated that they would trust
information shared by a specialized employee from the
hospital the most. However, the hospital is not always
involved in diagnostics and care for these patients. In
some interviews, it appeared that care providers were
completely dependent on the information that was
shared with them by specialized employees, whereas the
sender of that information was not always aware of his/
her position and relevance in sharing information.
“By now I know some [resistant bacteria] by heart, but

I don’t know this one [CPE] top of mind. So I completely
rely on the advise of the medical microbiologist and the
infection prevention mostly.” (respondent number 13,
physician hospital).

Motivation for applying infection prevention
measures The interviews showed that the level of mo-
tivation of care providers to adhere to infection preven-
tion measures differed. Factors that increased care
providers motivation to apply infection prevention mea-
sures were taking responsibility for their own health, for
other patients or for (pregnant) colleagues. However,
factors that undermined care providers motivation to

Table 1 Qualitative sample characteristics

Respondent number Type of institution Profession Sex Index number

1. Revalidation center Nurse Female 1

2. Home based care Nurse Female 2

3. Revalidation center Nurse Female 3

4. Revalidation center Physical therapist Female

5. Revalidation center Occupational therapist Male

6. Hospital Physician Male 4

7. Revalidation center Physician Male

8. Home based care Nurse Female

9. Hospital Medical fellow Female 5

10. Nursing home Nurse Female

11. Hospital Nurse Female

12. Hospital Physician Male 6

13. Hospital Physician Female

14. Revalidation center Healthcare assistant Male 7

15. Home based care Nurse Female

16. General practice General practitioner Female

17. Revalidation center Nurse Female 8

18. General practice General practitioner Female 9

19. Hospital Infection prevention specialist Female None

20. Hospital Surgeon Male None
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apply infection prevention measures were also reported.
Some care providers did not see the relevance of the
measures and multiple care providers indicated that the
infection prevention measures negatively impacted the
treatment of patients since they were restricted in mov-
ing around through the institution or in exercising (for
instance in revalidation care). This subsequently lead to
irritation and lack of understanding of measures by
patients.
“It [infection prevention measures] often results in anger, ir-

ritation. We see revalidation programs that turn out different
than normally. Patients can’t always go to the physical ther-
apist when they want to, or exercise themselves or do this or
do that.” (respondent number 7, physician revalidation
center).
Furthermore, multiple respondents indicated that dif-

ferences in infection prevention measures between set-
tings (admitted to hospital vs. outpatient hospital visit),
between care providers and between care providers and
family members caused confusion and lead to incompre-
hension for the advised measures.
“We [care providers of the patient] were surprised that,

according to the infection prevention specialists, this [out-
patient hospital visit] was allowed without isolation pre-
cautions.” (respondent number 12, physician hospital).

Critique among healthcare providers also arose when
different measures were advised for the period a MDR
bacterium was only suspected (for instance when a patient
had recently been hospitalized abroad) and following the
CPE/CRA-positive diagnosis. This could for example re-
sult in the shift from contact isolation to strict isolation
when CPE/CRA-positivity was confirmed. Care providers
did not always seem to realize that part of the infection
prevention measures were instituted to protect other pa-
tients. In a few other cases, care providers expressed con-
cern because they believed that the intensity of infection
prevention measures was too low and they were skeptical
about the effectiveness of the measures.
“I believe that, despite everything we know about why she

[the patient] is in isolation, we should wear protective cloth-
ing at all times … because unconsciously you carry it [CPE]
with you … I think that both nurses and visitors should ad-
here to the same rules, because unconsciously it [CPE] is
present between the sheets and it [CPE] appears every-
where.” (respondent number 1, nurse revalidation center).

Knowledge and beliefs
The interviews revealed a contradiction in the perceived
severity of CPE/CRA-positivity and divergent beliefs on
CPE/CRA. Many care providers seemed to take CPE/

Fig. 2 Example of cascade of care and involved care disciplines. Abbreviations: CPE – Carbapenem-producing Enterobacteriaceae
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CRA-positivity seriously and were motivated to enhance
their knowledge about CPE/CRA prevention. However,
their confidence in measures was limited: multiple re-
spondents indicated that pregnant or vulnerable col-
leagues, and colleagues with small children were
deliberately not involved in the care for CPE/CRA-posi-
tive patients.
“But also fear for if I also have this bacterium and I

am unaware of that, how will that go at home? What do
I get from that? You know, I rather not have that, be-
cause I have a small child at home and I have family
members that are pregnant, you know?” (respondent
number 17, nurse revalidation center).
“Colleagues that feel sick or are vulnerable in terms of

health, or we have a colleague that is pregnant, they are
definitely not employed [in the care for CPE-positive pa-
tients].” (respondent number 2, nurse home- based care).
Additionally, multiple respondents indicated the need

for CPE/CRA-specific guidelines, including specific ad-
vice for the aforementioned pregnant or vulnerable col-
leagues, and colleagues with small children.
“There are no specific guidelines for us [general practi-

tioners], so I think that is a real issue. Mainly for practical
reasons: how do you deal with that [CPE positive patients],
how long does it [CPE positivity] take, is there a limit for
the contact isolation or should it be continued completely?”
(respondent number 16, general practitioner).
Often, there were initiatives of CPE-related training or

education when CPE/CRA-positive patients were admit-
ted to the institution. Some care providers indicated that
the extra attention for and information about CPE/CRA
by means of education was appreciated, took away con-
cern, and that the training matched the expectations and
needs.
“We had clinical training by the hygienists about that [CPE]

… it was very clear why certain measures had to be taken… A
clinical training takes away stress, concern and questions …
They explained it to us in understandable language, for all
levels of personnel that are employed at our institution. So for
individuals working in the kitchen, but also for all nurses.” (re-
spondent number 17, nurse revalidation center).
In some cases, the follow-up policy for a CPE/CRA-

positive patient was clear and in these cases care pro-
viders shared extensive information about the patient,
the procedures and infection prevention advices with
subsequential care providers.
“Yes, I wrote a letter about what happened during the

admission and what the result of the cultures was and
how we deal with that and what the advices are to im-
plement there [at subsequent institution].” (respondent
number 9, medical fellow hospital).
In one case, infection prevention materials were given

to the patient for the home-based care employees to en-
able infection prevention measures.

“We always provide the patient with a few aprons for
the home-based care employees.” (respondent number 14,
healthcare assistant revalidation center).
Several other inadequacies in the CPE/CRA knowledge

of care providers were also observed. Some care pro-
viders thought that CPE/CRA was a virus, others
thought that CPE/CRA is abundantly present on and
around a CPE/CRA-positive patient (for instance on skin
and other body parts, in clothes, between sheets or in
the entire room) and that transmission can occur in nu-
merous ways (for instance when hugging family, shaking
hands or standing in an elevator).
“When such a man [CPE positive patient] comes out-

side, and he carries such a dangerous organism and he is
standing in an elevator … and he goes home and hugs
his wife, to what extent is that dangerous? And I don’t
know much about that in specifically this bacteria
[CPE].” (respondent number 12, physician hospital).
Many care providers were unaware of the follow-up

policy for CPE/CRA-positive patients in terms of both
follow-up testing and sharing of information with simul-
taneously involved or future care providers when a pa-
tient was discharged. Often the CPE/CRA status of the
patient was communicated when transferring the patient
to a subsequent care provider, but advice on how to act
was not.
“I do think there is a clear policy in the hospital. But

what happens when a patient is discharged … Yes, then
you are curious: what about all that?” (respondent num-
ber 12, physician hospital).
“Well, he [the patient] and his wife were able to tell

what was wrong with him very well themselves. Yes, they
talked a lot about the bacterium that he carried, so I am
not sure whether my colleagues called the hospital where
he was also a patient upon discharge, but if we did not
tell them, I can guarantee you that they [the patient and
his wife] would announce it themselves.” (respondent
number 17, nurse revalidation center).
Almost all respondents indicated that guidelines or

protocols for MDR bacteria exist within the
organization. However, specific guidelines and protocols
for CPE/CRA-positivity are often lacking. Even when
guidelines and protocols are present within an
organization, care providers are frequently not certain
where these guidelines can be found. In institutional
care, care providers often indicated to contact infection
prevention specialists when their knowledge concerning
CPE/CRA-positivity and infection prevention measures
was insufficient. Almost all respondents indicated the
need for extra information and education concerning
(the care for) CPE/CRA-positive patients. Some care
providers preferred information solely about the bacteria
and mechanisms of resistance, and others preferred in-
formation merely about the required infection
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prevention precautions (why do measures need to be
taken vs. what measures need to be taken).

Discussion
The purpose of this study was to firstly gain insight into
the frequency of CPB-positive patients in the Dutch prov-
inces of NH and FL by means of a quantitative compo-
nent. Secondly, by means of a qualitative component, we
aimed to obtain a deeper understanding of the communi-
cation process between healthcare providers during trans-
fers of CPB-positive patients and explore possible
communication-related risk situations for the spread of
CPB. For the quantitative section of this study. a total of
64 patients were reported in NH and FL from February
2018 to February 2019. Our study shows that in case of
the 18 healthcare providers included in the qualitative sec-
tion of the study, the information regarding a CPE/CRA-
positive patient being transferred was mostly shared
timely. However, methods for the transference of informa-
tion were diverse and in almost all cases, the transference
of information was not standardized. Many care providers
could not exactly recall how and by who the information
was shared with them. The motivation to adhere to pre-
cautionary measures in case of a CPE/CRA-positive pa-
tient differed between care providers. Factors that
enhance motivation were taking responsibility for the
health of other patients, for (pregnant) colleagues and for
ones own health. Factors that reduce motivation were not
acknowledging the relevance of the precautionary mea-
sures, a perceived negative impact of the precautionary
measures on the patients’ recovery, differences in precau-
tionary measures between healthcare settings and incom-
prehension for the possible shift in previous advised
precautionary measures. Most care providers had not en-
countered CPE/CRA-positive patients before and in the
majority of cases, the follow-up policy for the CPE/CRA-
positive patient was unclear. Almost all care providers in-
dicated that they took CPE/CRA-positivity seriously and
specified that they felt the need to obtain more informa-
tion concerning CPE/CRA-positivity.
Since CPE are still relatively rare in the Netherlands

and other European countries [3, 17, 19, 20, 22], based
on estimates of medical microbiologists we expected to
find 15 to 20 CPE-positive patients in NH and FL in one
year. Even when not taking the 22 related outbreak pa-
tients into account, the total of 28 other CPE-positive
patients that were reported was substantially higher than
expected. As the prevalence of CPE is rising worldwide
[3, 33–35], our findings might suggest that the preva-
lence is also rising in the Netherlands. Indeed, national
surveillance data from ISIS-AR show that confirmed
non-susceptibility in E. coli and K. pneumoniae isolates
was low but slightly increasing over the past 5 years
(0.05 and 0.52% in 2018, respectively) [22].

In line with our expectations, we found that experi-
ence with CPE/CRA-positivity and applicability of pre-
cautionary measures was more present in the ‘cure’
settings, since AMR has been a subject of interest in
these settings for a longer time and consequences of
AMR for the vulnerable (inpatient) population can be
severe. However, in public health, or ‘care’ settings, we
found that healthcare providers have not been con-
fronted with MDR bacteria regularly, so experience with
CPE/CRA and applicability of precautionary measures
was found to be lower. Our study showed that for most
care providers, this was the first time they encountered a
CPE/CRA-positive patient and that the transference of
information regarding a CPE/CRA-positive patient was
not clearly arranged.
Also, adequate knowledge on CPE/CRA was often

lacking. Multiple care providers indicated the need for
more information on CPE/CRA. Often, a single moment
of extra education for healthcare providers was orga-
nized within an institution when a CPE/CRA-positive
patient was encountered. Even though the training met
expectations and needs of care providers, the single mo-
ment of education could lead to a delay in application of
adequate measures by the care providers from the mo-
ment a CPE/CRA-positive patient was diagnosed. These
findings advocate the need for structurally training med-
ical staff on CPE/CRA. To maximize understanding and
optimize compliance with infection prevention mea-
sures, the training should emphasize the substantiated
and consciously formulated differences between guide-
lines for different healthcare settings. Training on CPE/
CRA could actively involve care providers, for instance
through e-learnings on CPE/CRA. E-learnings are ac-
cessible at all times and can reduce delay in education
when a CPE/CRA-positive patient is admitted or en-
countered. Also, to guarantee sufficient knowledge is
present within an institution at all times, we suggest to
appoint one or several designated individuals within
healthcare institutions that possess knowledge on CPE/
CRA and who actively inform others within the institu-
tion in case of CPE/CRA-positive patients. Our findings
on the importance of adequate knowledge and perceived
severity among healthcare providers correlate with find-
ings from a study exploring barriers and enablers to
MRSA admission screening in hospitals [36] and a study
into the acceptability of screening for CPE [37].
Furthermore, it is advised to standardize patient trans-

fer information (for instance through electronic transfer
dossier) in which it is obliged to indicate whether or not
a patient carries a resistant bacterium. Finally, these
findings indicate the need for uniform, transmural agree-
ments concerning CPE/CRA-positive patients. Constitut-
ing transmural agreements has been described as one of
the tasks for the 10 regional antimicrobial resistance
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networks in the Netherlands. These networks were
commissioned by the Dutch Ministry of Health, Welfare
and Sport in 2016 and have been formally implemented
in May 2017.
Various care providers specified the need for the de-

velopment of a CPE/CRA-specific guideline by the
Dutch General Practitioner Society (in Dutch: Neder-
landse Huisartsen Genootschap (NHG)) to help general
practitioners in optimizing care for CPE/CRA-positive
patients. However, since NHG guidelines are specifically
for general practitioners, we additionally advocate for
the expansion of the multidisciplinary guideline on
highly resistant microorganisms by the National Coord-
ination of Infectious Disease Control (in Dutch: Lande-
lijke Coördinatie Infectieziektebestrijding (LCI)) which is
applicable for all care providers. This guideline should
include information and hands-on advise for care pro-
viders on the diagnosis, treatment and care for CPE/
CRA-positive patients and their families. The guideline
should emphasize why differences in infection preven-
tion measures exist between settings and bacteria since
incomprehension might lead to non compliance.
Moreover, we believe that an integrated national web-

site on CPE/CRA should be developed. This website
should include clear patient information folders and a
realistic risk assessment about the severity of CPE/CRA-
positivity and infections for both patients, household
contacts/visitors, and care providers. The information on
the website should be comprehensible for patients of all
educational levels. This recommendation correlates with
findings from a recent study into patient experiences
concerning hospital screening for CPE, which
highlighted the need for access to clear patient informa-
tion on CPE [38].
We believe that the major strength of our study is the

mixed-methods design. This has allowed us to both pro-
vide insight into the number of CPB-positive patients
within the provinces of NH and FL and explore themes
within communication of healthcare providers that
could potentially influence the transmission of CPB
within and between healthcare institutions. However,
our study also had several limitations. Firstly, the diag-
nosing laboratories of NH and FL voluntarily reported
CPE-positive patients. Only one participating laboratory
automated the reporting of CPE-positive patients, all
other laboratories manually reported CPE-positive pa-
tients to the research team. This might have resulted in
not all diagnosed patients being reported to the research
team and an underestimation of the true number of
CPE-positive patients in NH and FL. However, the num-
ber of patients reported to the research team did not
substantially deviate from the number of patients re-
ported from the same laboratories to the National Insti-
tute for the Public Health and the Environment (RIVM)

for surveillance for those regions. Nonetheless, reporting
of CPE-positive patients to the RIVM is also on a volun-
tary basis and not all laboratories that provide diagnos-
tics for the NH and FL region participate in this
surveillance. It is therefore likely that underreporting
and thereby an underestimation of the true number of
CPE-positive patients in NH and FL has actually oc-
curred. An underestimation of the true number of CRA
and CRP patients has most likely occurred, since only
two laboratories reported these bacteria and they are in-
cluded in the study as an additional finding. Also, we
were unable to include 20 out of 29 patients that were
eligible for inclusion in the qualitative section. The 20
patients that were eligible but were not included were
more often female and were younger compared to the
eligible patients that were included, which could have
lead to participation bias. However, we do not believe
that the care for the eligible, not included patients differs
from the care for the eligible, included patients and
therefore the effect of the participation bias on the study
results is expected to be negligible. Furthermore, partly
due to the limited inclusion period, we were only able to
include healthcare providers of 9 patients in the qualita-
tive section of the study and we were unable to include
multiple healthcare providers for 4 patients. However,
we do believe that the 20 interviews concerning the 9 in-
cluded patients provided us with valuable insights into
communication of care providers concerning CPE/CRA-
positive patients. It is expected that healthcare providers
will be more inclined to participate in comparable stud-
ies since CPE-positivity became mandatory notifiable on
July 1st 2019. Also, the time interval for reporting CPE-
positive patients will decrease from July 1st 2019 because
the accepted period of reporting has been legally maxi-
mized at one working day. Moreover, mainly due to the
mixed-methods design of the study and the limited in-
clusion period, a relatively limited content analysis of
the qualitative data was performed resulting in limited
conceptual interpretation. However, we do believe that
valuable information was derived from the interviews
with the healthcare providers. Future strongly designed
qualitative studies could be performed to confirm and
validate our findings. Due to the semi-structured charac-
ter of the interviews, we cannot exclude interperson
variability in the interviews. However, we tried to
minimize variability by simultaneously providing both
research nurses with interview instructions, during
which questions were addressed and uncertainties were
resolved. Furthermore, both nurses made use of the
same interview guide.

Conclusions
CPE-positivity occurred more frequently than expected
in the Dutch provinces of NH and FL. Most care
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providers are not used to caring for CPE/CRA-positive
patients and adequate knowledge concerning CPE/CRA
is often lacking. Standardizing the transference of infor-
mation concerning CPE/CRA-positive patients could im-
prove communication between healthcare providers and
thereby decrease the risk of CPE/CRA transmission dur-
ing patient transfers. This would ideally include at least
automated timely data exchange (among others of the
CPE/CRA status and easily accessible information on ne-
cessary precautionary measures) between institutions be-
fore transfer actually takes place. Furthermore, formal
and mutually consented transmural agreements could
contribute to optimizing communication about CPE/
CRA-positive patients. Additionally, care providers’
knowledge about CPE/CRA and advised precautionary
measures could be enhanced by means of E-learnings,
and a national website on CPE/CRA could offer infor-
mation to both care providers and CPE/CRA-positive
patients. Finally, one or several designated employees for
CPB or MDR bacteria in general within an institution
should be responsible for maintaining and sharing
knowledge (also during MDR cases or outbreaks) within
the institution. In our opinion, the findings of our study
are transferable to other regions of the Netherlands.
Transferability to other countries is dependent on the
healthcare infrastructure (for instance whether cure and
care domains are separated as is the case in the
Netherlands). Future qualitative studies could deepen
our understanding of the importance of communication
between healthcare providers in battling AMR world-
wide. Furthermore, future studies should focus on the
feasibility of the implementation of proposed recom-
mendations (drivers and barriers) in various healthcare
settings and institutions.
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