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Abstract
Infections are frequently experienced complications for patients undergoing haematopoietic cell transplant (HCT). To
assess current infection prevention strategies, an international survey among HCT nurses was conducted by the Nurses
Group and IDWP of the EBMT. Nurse representatives from all EBMT transplant centres were invited to complete an
online questionnaire on protective environment in adult and paediatric HCT units. A total of 141 complete
questionnaires were returned for the isolation section and 26 for the paediatric section, the majority of respondents
(89.4%) being nurses. A small number of centres (7.1%) reported not allowing visitors, the rest have rules for entering
patient rooms. Most HCT units (99.3%) indicated that nurses play a critical role in infection prevention and measures
differed between bacterial infections and viral infections. Many of the paediatric units (57.7%) had a play area, applying
rules of entry. To our knowledge, this is the first survey on protective environment directed at nurses within HCT
centres. Despite having different practices, most HCT units tend to decrease isolation procedures and the use of PPE for
multi-drug resistant organisms. This must concur with an increase of hand hygiene compliance, for which our data show
that there is still room for improvement.

Introduction

One of the most frequently experienced complication for
patients undergoing haematopoietic cell transplant (HCT)
are infections [1–3]. General guidelines for preventing
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healthcare-associated infections published by Centres for
Disease Control and Prevention are valid for all HCTs,
with the most important related to hand hygiene [4–6]. A
systematic review and meta-analysis by Schlesinger et al.
summarised that infection control interventions, including
protective isolation, hand hygiene, low bacterial or sterile
diet, barrier isolation (use of gloves, gown and mask) and
prophylactic antibiotics, were all associated with a sig-
nificant decrease of all-cause mortality [7].

Specific international HCT recommendations relating
to isolation procedures and infection control issues were
published in 2009 [1, 8]. To date, there is no universal
standard of practice for infection prevention within the
field of HCT and the measures taken to reduce risk are
diverse [9]. As nurses are real-life hosts of a transplant
ward, their role in ensuring a protective environment is
crucial. Through this international survey, the Nurses
Group and Infectious Diseases Working Party (IDWP) of
the EBMT aim to provide an overview of the infection
prevention strategies used among member centres in dif-
ferent countries.

Methods

Study design, sample and setting

In April 2019, 638 principal nurses of European
Society for Blood and Marrow Transplantation (EBMT)
transplant centres were invited to complete an online
SurveyMonkey by July 2019. Three reminders were sent
out from EBMT Leiden Data Office, one every three
weeks and some centres were contacted per email per-
sonally by the study coordinator in order to achieve
complete submissions.

The survey

The objective of this survey is to assess current infection
prevention strategies in EBMT centres. The content of the
survey was devised by an expert panel of nurses and expert
physicians of the IDWP. The survey, available only in
English, consisted of 87 questions, which were divided into
five main sections for a total of 87 questions (Supplemen-
tary File 1): (1) general information about the HCT centre,
(2) isolation practices, (3) outpatients settings, (4) cleaning
procedures, (5) protective measures specific to paediatric
units. In the current manuscript, only data relating to
modules 1, 2 and 5 have been reported. The choice to
include these three sections has been taken on size and
similarity of the data. Content relating to management of
outpatients and cleaning procedures will be analysed
separately.

Definitions

Five moments of hand hygiene as defined by the World
Health Organization: moment (1) before touching a patient,
moment (2) before doing a clean/aseptic procedure, moment
(3) after having had body fluid exposure risk, moment (4)
after touching a patient, and moment (5) after touching the
patient surroundings [5].

High efficiency particulate air (HEPA) filter: a system of
mechanical air filtration that retains small particles whose
diameter is ≧ to 0.3 micrometre.

Multidrug-resistant (MDR) bacteria included methicillin-
resistant Staphylococcus aureus (MRSA), vancomycin-
resistant enterococci (VRE), extended spectrum beta lacta-
mase (ESBL) and carbapenem-resistant Enterobacteriaceae
(CRE) [10].

Apron: plastic disposable piece of protective equipment
worn to protect healthcare uniforms when there is a mod-
erate risk of contamination by blood, body fluids, excretions
or secretions.

Gown: full length body fluid-repellent gown, to be worn
when the risk of splashing of body fluids or when the risk of
the uniform’s contamination is extensive.

Contact precautions: measures undertaken in addition to
transmission-based precautions; key elements are single
room, hand hygiene, personal protective equipment (PPE) as
disposable aprons and gloves, dedicated equipment (personal
stethoscope, blood pressure cuff, oximeter, thermometer,
torch, weighing scale), information to visitors, cohorting of
patients if single room is not available and cohorting of staff.

Enhanced contact precautions: the use of gown is recom-
mended in addition to other measures of contact precautions.

Droplet precautions: measures undertaken to prevent the
spread of pathogens through respiratory or mucous mem-
brane contact. Recommended PPE are surgical masks or
respirators, single room, dedicated equipment, spatial
separation of more than one metre [11].

Statistical analysis

Data were analysed using frequency tables of the multiple-
choice questions, and listings of the open-ended questions. The
frequency of each multiple-choice answer is presented as a
proportion of all non-missing answers. All analyses were done
using the open source statistical software R, version 3.6.2.

Results

Characteristics of respondents

Of the 638 centres contacted, 141 complete questionnaires
were returned for the isolation section and 26 for the
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paediatric section, leading to a response rate of 22.1%.
These 141 centres were located in 30 countries (median
number of responding centres per country: Europe (n= 23),
Africa (n= 2), Canada (n= 1), Asia (n= 4)). Character-
istics of respondents are presented in Table 1, each single
HCT centre is defined as respondent.

Visitors policy

With respect to age of allowed visitors, 35% of centres do
not apply a limit; 7.1% of centres do not allow any visi-
tors, and in 51.9% of HCT units age limits are used. In
25% of centres visitors only above 12 years of age are
allowed, in 7.9% the age limit is 14 years and in 9.3% of
HCT units it is of 18 years. Other requirements are spe-
cific for single units, as for one paediatric centre, the
parents are asked to provide a list of six persons who are
allowed to visit the patient. The majority of centres (89%)
forbid entry of visitors with signs or symptoms of infec-
tions and some centres have vaccination requirements for
visitors (Table 2).

In 44% of centres, visitors have to change into hospital
clothes before entering the patient’s room and wear PPE.

The most frequently used PPE was a facemask, followed by
gowns, gloves and aprons (Table 2).

Room’s air filtration and ventilation

HEPA filtration are employed at 91.3% and positive air
pressure relative to the corridor are present in 85.2% of
the centres. Twelve air changes/hour are in place in 73.2%
of HCT units and directed room airflow in 54.2%. A rate
of 79.1% of centres stated that they do not have regular
rooms without any air filtration. According to Centers for
Disease Control and Prevention (CDC) the air quality for
HCT units is improved by a combination of controls,
which include also prohibiting dried and fresh flowers to
enter the room: this is in place in 96.3% of centres and
having strategies to minimise dust is observed by 92.6%
of HCT units.

Nurses practices

Respondents indicated that the education on infection
control measures of visitors is important, where
nursing staff play a significant role in education provision
(in 99.3% of centres this education is performed by nurses
vs. doctors in 0.7% centres) providing face-to-face
instructions (97.1% face-to-face meeting vs. 2.9% bro-
chure/leaflets/poster).

In preparation for a shift on the HCT unit involving
direct patient care, we asked if nurses remove jewellery as
an infection control practice. The majority replied that rings

Table 1 Characteristics of 141 respondents.

Characteristics N (%)

Place of work

• General hospital 66 (46.8)

• University hospital 75 (53.2)

Role

• Registered nurse 59 (41.8)

• Clinical nurse manager 21 (1.9)

• Quality manager 16 (11.3)

• Physician 15 (10.6)

• Clinical nurse specialist 10 (7.1)

• Research nurse 9 (6.4)

• HCT coordinator 7 (5.0)

• Advanced nurse practitioner 4 (2.8)

Type of centre

• Adult 98 (69.5)

• Paediatric 28 (19.9)

• Both 15 (1.6)

Type of HSCT performed

• Autologous 21 (14.9)

• Allogeneic 11 (7.8)

• Both 109 (77.3)

JACIE accredited centre

• Yes 92 (65.2)

• No 24 (17.0)

• In process/pending 25 (17.8)

Table 2 Criteria and personal protective equipment for visitors.

Visitors policy N (%)

Criteria evaluated as screening before entering the unit

• Seasonal vaccination status for influenza 30 (22.6)

• Presence of immunity against varicella, Measles,
Mumps, Rubella

28 (21.2)

• Signs or symptoms of infections 123 (89.1)

• Age limits 68 (51.9)

• Othera 10 (7.0)

Personal protective equipment for visitors

• Change into different clothes as their ordinary before
entering the hospital room

62 (44.0)

• Wear protective equipment:

• Masks 94 (66.7)

• Gowns 64 (45.4)

• Gloves 57 (40.4)

• Aprons 55 (39.0)

aCold sores or contact with infected people (n= 4), pregnancy (n= 2),
required level of education (n= 1), conforming to the guidelines of
uniform and hair (n= 1), vaccination status for hepatitis B (n= 1),
they need to be on the parent’s list - 6 persons (n= 1).
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(93.5%), followed by watches (86%) and bandages/dres-
sings/plasters (80.1%), wedding ring (66.4%) and earrings
(25.8%) are removed. In almost half of the centres (43.7%),
nurses take off all jewellery.

Almost all HCT units state that hand washing with soap
and water is standard practice at the beginning (86.1%) and
end of the shift (81.8%) and additionally performed when
dirty (99·3%), soiled with body fluids (96·4%) or the patient
is infected with Clostridium difficile (87.6%). Besides hand
washing, the use of alcohol gel was evaluated according to
the five moments for hand hygiene promoted by the WHO:
[5] moment 1 and moment 4 were most frequently fol-
lowed, while moment 3 has the lowest percentage of
compliance (Fig. 1).

In case patients need to be isolated on contact-, enhanced
contact- or droplet isolation, the PPE used for the different
types of isolation are gloves, surgical mask and gown
(Fig. 2). Further applied PPE are apron, shoe covers, cuff
and eye protection. Facial protector type N95 (FFP2) is
worn mostly in case of droplet isolation (47.4%), followed
by enhanced contact isolation (32.1%) and contact precau-
tions (9.8%).

Personal protective equipment in case of specific
bacterial infections

In the majority (90%) of centres, patients infected with
MDR bacteria or Clostridium difficile are hospitalised in
single room isolation, information to visitors is provided
and dedicated equipment is present in the room for each
single patient (Fig. 3). Enhanced contact precautions are
more common in case of ESBL and carbapenem-resistant
Gram-negative organisms (79%), followed by MRSA and
VRE (78.8%) and Clostridium difficile toxin positive
patients (77.2%).

Personal protective equipment for patients with
viral and Pneumocystiis jirovecii diseases

For community respiratory viruses, the majority of respon-
dents indicated single room isolation (91.7%), followed by
droplet precautions (83.2%), surgical mask (72.9%), contact
precautions (70.0%), N95 facial protector (47.1%) and
enhanced contact precautions (45.4%) in HCT units. Mea-
sures applied for patients with Norovirus, Adenovirus and

91.30%

95.70%

81.80%

93.50%

96.40%

96.40%

99.30%

0% 20% 40% 60% 80% 100%

After touching the patient surroundings (moment
5)

After touching a patient (moment 4)

After having had body fluid exposure risk (moment
3)

Before doing a clean/aseptic procedure (moment 2)

Before touching a patient (moment 1)

Hands are soiled with blood or body fluids

Hands are visibly dirty

Fig. 1 Hand hygiene compliance by nurses in HCT centres.
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Pneumocystiis jirovecii included single room isolation (used
in >80.0% of centres for all three organisms), followed by
wearing a surgical mask, contact precautions and droplet
isolation (Fig. 4).

Paediatric setting

Twenty-six EBMT centres from 12 European countries and
one Asian country replied to this part of the survey. The
majority of respondents were nurses in various positions
(84.5% registered nurse, research nurse, clinical nurse
specialist, clinical nurse manager, HCT coordinator and
advanced nurse practitioner), followed by quality managers
(11.5%) and physicians (3.8%).

Different from the adult setting, some questions dealt
with the patient possibility to exit the room and join a play
area. In order to join the play area safely, rules were applied
as to when paediatric patients can enter the play area: A

percentage of 26.9 of centres allow patients only during the
conditioning period, the same percentage at any time with a
mask, and in 30.8% of centres patients with neutropenia can
go in the play area. In isolation rooms, less than half of the
centres allow entry of teaching personnel, fur toys, exclu-
sively new toys, and bath toys (Table 3).

Discussion

To our knowledge, this is the first survey on protective
environment and isolation practices directed predominantly
to nurses who work in HCT. Historically, to minimise the
risk of infection during neutropaenia, the goal was to
achieve a “germ-free” environment for a “germ-free”
patient. Attention was focused on external factors such as
sterile food and gowns for all healthcare personnel who had
contact with the patient. The “germ-free” patient was not
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Fig. 3 Characteristics of
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47.1

17.2 16.1

21.1

45.4
42.4

60.6

30.9

83.2

55.2

50.0
45.7

70.0 69.2

78.7

61.8

72.9
75.0

68.4 67.9

91.7

84.4

89.6

81.3

0

10

20

30

40

50

60

70

80

90

100

Respiratory virus Adenovirus Norovirus Pneumocystiis jirovecii

P
o

si
ti

ve
 r

es
p

o
n

se
s 

(%
)

Facial protector N95 (FFP2) Enhanced contact precautions Droplet isolation

Contact precautions Surgical mask Single room isolation

Fig. 4 Characteristics of
protective environment for
viruses and Pneumocystiis
jirovecii infections in HCT units.

Contribution of nurses to protective environment in haematopoietic cell transplant setting: an. . . 1437



realistic; working in an isolator (plastic tent with sleeves)
was difficult for staff and unpleasant for the patient. Fenelon
proposed that endogenous sources of infection (e.g. the
gastrointestinal tract) were considered a more significant
source of pathogens than exogenous ones. These findings
ushered in a “post-isolation” period, when the use of pro-
tective isolation and gowns was limited and restrictions on
visitors relaxed unless they were ill and could be a source of
infection [12]. Allowing visitors to the HCT unit is funda-
mental [13] for the patient’s psychological wellbeing,
helping to avoid feelings of loneliness, and experience a
sense of being cut out from the external world during pro-
longed hospitalisations accompanying transplantation [14].
On the other hand, visitors can contribute to organism
transmission which can be minimised by forbidding visits to
sick patients, vaccination practices and following certain
precautions. Our results suggest only a small number of
units do not allow any visitors. The majority, however,
applies a visitor’s policy. The Society for Healthcare Epi-
demiology of America (SHEA) guidelines [15] recommend
that visitors of immunocompromised patients wear gloves,
gown, surgical masks or N95 facial protector. Our survey
demonstrates that nearly half of HCT centres require visi-
tors to change into different clothes before entering the
hospital room and wear protective equipment. SHEA
guidelines point out on the importance of visitors’ education
on hand hygiene and different types of precautions provided
by nurses. We demonstrate that nurses play a critical role in
the education of visitors, family members and patients.
Although a bias is possible, as mainly nurses responded to

the survey, still in the nurse’s opinion, delivering con-
tinuous face-to-face education should be their task.

Stoll et al. undertook a study in which an intervention
group of neutropaenic patients were nursed on a ward where
rooms were equipped with protective environment; the
control group were admitted to any other ward. The authors
observed a decrease in fungal infections within the inter-
ventional group. These results were explained as being due
to a high adherence to hand hygiene and better air filtration
systems (including HEPA filters, positive air pressure and
rooms with good sealing) in the protective environment
ward [16]. Based on our survey results, although the
respondents knew exactly the minimal air changes per hour
in their unit, from a nursing point of view, rules on prohi-
biting the entrance of dried and fresh flowers and strategies
to minimise the dust are more rooted than paying attention
to the characteristics of air filtration systems. HEPA
filtration and positive air pressure showed a presence of
91.3% and 85.2%, respectively. Compared to a previous
survey performed by the IDWP among EBMT centres in
2012, respondents stated that 99.4% of the rooms were
equipped with HEPA filters [17]. Although both studies did
not have the same respondents, this difference can imply
that nurses concentrate on practical issues rather than the
structural facilities and types of ventilation at their unit.

Hand hygiene is the most important measure to prevent
infections in HCT patients. Mank et al. demonstrated
no increase in infection rate or mortality following the
change of strategy, when strict protective isolation was
abandoned but intensive campaign on hand hygiene was
performed [18].

Our results suggest that HCT nurses perform hand
hygiene more often after leaving the healthcare zone
(moments 4 and 5 in 93.5%) compared to patient zone
(moments 1, 2, 3 in 90.6%). This is different from the lit-
erature, where moment three is generally the most adhered
to in practice in critical patients [19]. Additionally, our
survey responses imply higher rates of hand hygiene as
compared to another study carried out in high-risk settings
as an intensive care unit [20]. The compliance rate reported
by direct observation is lower for hand hygiene [21]. This
difference might be explained by the chosen mode of
questionnaire administration (self-administration), however,
direct observation can lead to overestimation due to the
Hawthorne effect [22].

According to WHO guidelines on hand hygiene pub-
lished in 2009 [5], the consensus recommendation is to
strongly discourage the wearing of rings or other jewellery
during health care. If religious or cultural influences
strongly condition the healthcare-worker’s attitude, the
wearing of a simple wedding ring (band) during routine care
may be acceptable, but in high-risk settings, all rings or
other jewellery should be removed [5]. In compliance to this

Table 3 Paediatric management practices.

Characteristicsa N (%)

Is there a play area in the HCT unit?

• Yes 15 (57.7)

• No 11 (42.3)

When can patients enter the play area?

• Any time during transplant, mask is not required 5 (19.2)

• Any time with a mask 7 (26.9)

• Only during conditioning 7 (26.9)

• During neutropenic period 8 (30.8)

Who/what is allowed in the patient’s room

• Teaching personnel 13 (50.0)

• Only new toys 11 (42.3)

• Any kind of toys (washed and cleaned before) 23 (88.5)

• Fur toys 5 (19.2)

• Cloth or plush toys (need to be washed before) 18 (69.2)

• Bath toys 13 (50.0)

• Books 21 (80.8)

aA total of 26 EBMT centres from 12 European countries and one
Asian country replied to this part of the survey.
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consensus recommendation, HCT units are considered high-
risk settings; therefore, it would be advisable to remove
wedding rings. In our survey, however, in less than half
centres, nurses take off all jewellery; specifically wedding
ring and earrings are removed in 66.4% and 25.8% of
centres, respectively. Education is needed to improve the
compliance with these recommendations for healthcare-
workers working in HCT.

Finally, nurses have an essential role in protecting
patients from specific contagious pathogens by the correct
application of isolation types and surveillance of application
by others. Wearing the appropriate PPE is imperative to
minimise spread of these organisms. The heterogeneity of
wards in the number of centres is huge and the recom-
mendations in literature is various, particularly on specific
single bacteria in non-critical wards [23, 24]. Our results
indicate that measures including contact precautions,
enhanced contact precautions, single room isolation, dedi-
cated equipment and information for visitors were most
often applied in caring for patients with resistant bacterial
infections, with rates which vary from 70 to 97%. Single
room isolation, droplet isolation together with contact iso-
lation, and the usage of surgical mask are most often applied
in caring for patients with viral or fungal infections
(45–91%). Our data point out that although the usage of
surgical masks is implied in the type of droplet isolation for
respiratory viruses, the rates of the application of contact
precautions for this type of isolation is related to the use of
surgical masks and equal, a lower percentage of enhanced
contact precautions is similar to that of facial protector. We
did not find any specific literature that indicates which kind
of PPE is recommended for HCT patients, but from our
findings, with regards to respiratory viruses, there are two
main attitudes: contact precautions with surgical mask and
enhanced contact precautions with facial protector N95
(FFP2). Previous study did not demonstrate any difference
in the rate of laboratory-confirmed influenza in healthcare
personnel working in outpatient setting when surgical
masks versus N95 facial protector were used [25].

Current guidelines [1] recommend that in paediatric
settings, play areas are allowed to be attended by patients
undergoing conditioning regimen, when at least daily
cleaning and disinfection can be provided. More than half
of the paediatric HCT units in our survey had a play area,
and different rules were applied to join it safely, among
them wearing masks in certain settings. Regarding toys,
books and other playthings (washed and cleaned before
entry), compliance with the current guidelines was reported
in only 70% of centres and merits attention.

Unfortunately, it was not possible to compare data from
type of HCT performed (autologous and allogeneic) since
centres performing only autologous transplants were 7.8%
of the total and the rest of the centres undertake both. The

small number of respondent paediatric centres (n= 26) over
the adult centres (n= 115) prohibited comparison. Another
limitation was the inability to geographically compare
centres, since the vast majority of responding centres were
from South and Western Europe. The survey was addressed
to nurses, but 10.6% were physicians; the authors
acknowledge this as a further limitation as no subgroup
analysis has been undertaken and the answers were not
excluded. The survey was conducted in 2019 from April to
July, in a time in which COVID-19 pandemic was
unforeseen.

Infections and nurses have a common denominator, they
are there for the patient 24 h a day, seven days a week and
both are fighting to win. Nurses are hosts of transplant
wards and are mostly responsible for creating safe condi-
tions and protective environment for patients. The educa-
tional role starts from admission of the patient, involves also
caregivers, family and visitors and continues until dis-
charge. The main areas of education are on the correct way
of wearing PPE and showing good knowledge of which
type of personal protective equipment is the safest for the
patient and for healthcare personnel. Despite HCT centres
having different practices, hand hygiene is extremely
important and our data show that there is still room for
improvement, for example setting rules on wearing wedding
rings. In most centres there is the tendency to decrease the
use of PPE in isolation procedures for multi-drug resistant
organisms, but this must go hand in hand with an increase
of hand hygiene compliance.

HCT patients are a vulnerable category, if nurses
adopt poor infection control procedures or are not compliant
to the common practices, they contribute to transmission of
contagious pathogens to the patients. More attention to
appropriate protective environment choosing the right
equipment could achieve less possibility for infections for
patients.

In conclusion, our results provide an overview of the
main common practices among nurses in HCT centres. In
order to create recommendations, further research in dif-
ferent and specific areas as stopping infected people visiting
HCT patients, more compliance on hand hygiene and
wearing of jewellery, allowance to the play area for pae-
diatric HCT patients is needed.
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