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ABSTRACT
Infants with severe combined immune deficiency (SCID) typically present in the first few months of life with
severe, recurrent, opportunistic infections, and without definitive treatment the condition is invariably fatal (Gas-
par et al. 2013). Many centres believe that protective isolation is required for treatment of SCID patients once
diagnosed, and the isolation protocol varies across institutions. This paper describes the isolation protocol for
SCID requiring hematopoietic stem cell transplant (HSCT) that has been utilized at our institution for over the
last 25 years. We believe that the profound immunodeficiency in SCID patients warrants a more restrictive treat-
ment to limit the morbidity and mortality associated with HSCT. With this protocol, we have seen a very low infec-
tion rate in and have a very good survival rate for our SCID population.

Introduction

Infants with severe combined immune deficiency
(SCID), who are not identified through newborn
screening, typically present in the first few months of
life with severe, recurrent, opportunistic infections,
and without definitive treatment the condition is invari-
ably fatal (Gaspar et al. 2013). The isolation protocol for
SCID requiring hematopoietic stem cell transplant
(HSCT) that has been utilized at our institution for
more than the last 25 years involves treating patients
in reverse isolation rooms with HEPA filtration and
laminar air flow (LAF). Prior to entering the room, staff
and visitors are required to wear clean hair covers,
masks and shoe covers, sterile gowns and gloves, and
perform a surgical hand wash (Patient Care Committee
2010). We also limit visitors to the patient room to
parents and 1–2 designated alternative caregivers. Our
isolation protocol for SCID is more restrictive than for
other patients undergoing HSCT for other indications
at our centre. The literature uses the terms reverse

isolation and protective isolation interchangeably, but
at our centre we use the term reverse isolation for
SCID patients and use protective isolation for all other
bone marrow transplant (BMT) patients. We believe
that the profound immunodeficiency in SCID patients
warrants a more restrictive treatment to limit the mor-
bidity and mortality associated with HSCT. Our survival
rate post HSCT for SCID patients with minimal infec-
tious complications provides compelling support for
this isolation protocol for SCID patients (Dalal et al.
2000; Grunebaum et al. 2006).

Description of isolation protocol

LAF rooms

The isolation rooms are set-up with a shared ante-
room between 2 patient rooms. The anteroom is a dedi-
cated clean space between the hallway and patient
isolation room that is used to prepare for patient care.
The anteroom is where staff and visitors prepare to
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enter the patient room and it includes a medication
fridge and other necessary supplies for each of the 2
patient rooms.

Each room is equipped with a dual control system
and dual motors to enable continued operation of fans
at all times. At no time is the fan to be shut off while
a patient is in the room. The direction of airflow is
from the HEPA filter panel at the head of the patient’s
bed to over the patient and out the door. Patients are
required to move rooms after 3 months of continued
use for scheduled maintenance (BMT Steering Commit-
tee 2013).

There is a policy regarding preventative maintenance
of the rooms that involves: monthly visual/audio inspec-
tion of supply air/exhaust fans and servicing if necessary
in each room; semi-annual millwright fan inspection;
patient room electrical and mechanical maintenance
after 3 months of continued use; quarterly air audits of
rooms and anterooms; annual inspection of HEPA fil-
ters; and air particulate concentration analysis of empty
rooms and replacement of HEPA filters as required in
empty rooms. The records of maintenance are kept by
the hospital Plant and Engineering department for a
minimum of 10 years in accordance with our hospital’s
record retention policy, and the Unit Manager is
responsible for keeping a log of scheduled maintenance
for each room. Any substandard findings result in a
report that is sent to the Unit Clinical Manager, the
responsible Administrative Director, the Medical Direc-
tor for BMT, and the manager of Plant and Operations
(BMT Steering Committee 2014).

Protocol for entering the room

All staff and visitors entering the anteroom are
instructed to wash their hands immediately upon entry.
To prepare to enter the SCID patient’s LAF room the
caregiver then opens a sterile gown package and adds
the appropriately sized sterile gloves to the pack, dons
the hair cover, the mask, and lastly the shoe covers.
Once ready, a thorough hand washing is done, and
the gown is put on by holding it by the neck edges
and tying the gown at the neck. Next, gloves are put
on and pulled over the cuffs of the sterile gown. The
caregiver can then tie the gown at the waist and enter
the patient room. Hand washing using alcohol-based
hand solution and changing of sterile gloves is done in
the patient room if gloves become soiled such as after
diaper changes, after the use of antineoplastic agents,
and prior to sterile procedures. Caregivers may leave

the LAF room once garbed to retrieve medication or
supplies from the anteroom provided they wash their
hands and change gloves prior to re-entry into the
patient LAF room. Isolation protective gear is removed
in the anteroom when ready to leave the room and
hands are washed again after taking all protective gear
off (BMT Steering Committee 2013).

Other considerations in the LAF room to maintain
the isolation include caregivers avoiding touching
themselves above their shoulders or below their waist
and not sitting on the patient’s bed. If items fall to the
floor they should not be picked up, but rather should
be swept into the anteroom either with the foot or
picked up while exiting the patient room. If the item
needs to go back into the LAF room it should be cleaned
with the hospital-approved low level disinfectant. Dia-
pers should be promptly removed from the patient
LAF room and anteroom. We use dedicated medical
equipment whenever possible, and if equipment needs
to be shared between patients it is cleaned with the hos-
pital-approved low level disinfectant (BMT Steering
Committee 2013).

To minimize the risk of infection, we do not allow
plants or fresh flowers on the BMT unit. Caregivers
are discouraged from eating in the rooms and patient
food that has been at room temperature for more than
2 h is discarded. Wet linens are removed immediately
to prevent bacterial growth, the sinks in the reverse iso-
lation room have their regulators turned off, we use
sterile water for bathing, and sterile linens are used
(BMT Steering Committee 2013).

Visiting policy

Our hospital has an open visiting policy for parents
and legal guardians or other designated caregivers, and
they may visit their child 24 h a day, 7 days a week.
However, the unique infectious risks for SCID patients
undergoing BMT have resulted in a more restrictive
policy for other visitors. Siblings are not allowed to visit
the unit (BMT Steering Committee 2013).

Diagnostic tests and procedures

Transporting patients in reverse isolation to areas of
the hospital less familiar with the SCID population can
be a stressor for patients/families and health care profes-
sionals. The reverse isolation policy and procedure is
published in our hospital Policy and Procedure Data-
base that is available for all staff to facilitate reverse
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isolation practices. Whenever possible, we perform
diagnostic tests in the patient room i.e., portable
X-rays, ultrasounds, blood draws. If the patient needs
to leave the room, the Manager of the unit notifies the
Manager of the care area of the patient’s isolation
requirements prior to transport. Transportation of the
patient is done with the patient in a respiratory hood
connected either to an air or oxygen tank as indicated.
If patients do not require oxygen, the airflow to the
hood must be at 10 L/min. There is a designated hood
used only in our unit for transportation of SCID
patients, and it is cleaned with disinfectant after use.
Transportation routes to procedural areas are chosen
to minimize contact with other patients during trans-
port and to avoid areas of the hospital under construc-
tion. If construction areas are unavoidable the patient
must wear an N95 respirator mask during transport
(BMT Steering Committee 2013).

Surgical procedures

Precautions are in place to maintain the reverse isola-
tion status for SCID patients requiring the operating
room services. Patients are booked as either the first or
last case of the day. The isolation status is confirmed
between the Unit manager and the OR manager prior
to the procedure. The anesthesia assessment is ideally
performed in the patient’s room prior to going to the
OR, but it may be done in the OR in the OR positive
pressure waiting room if it is unable to be completed
on the ward. When the patient is ready for transfer to
the OR, the patient is transferred in the same way as
for other procedures with the patient’s assigned nurse
from the ward; if already assessed by anesthesia, the
patient goes directly into the OR theatre. Post-surgery
patients are transferred to the Post Anesthetic Recovery
Unit (PACU). In the PACU patients are nursed in a
positive pressure recover isolation room using the
same isolation practices as on the unit (BMT Steering
Committee 2013).

Discussion

There are documented benefits from sterile gloves
and gown; clean hair covers, masks, and boots; surgical
hand washing techniques; and LAF in reducing surgical
infections (Hubble et al. 1996; American Association of
Nurse Anesthetists 2013). Moreover, bacterial isolates
are increased when LAF is interrupted in an OR by fre-
quent opening of the doors (Smith et al. 2013). Main-
taining sterility of the surgical environment is viewed
as even more critical when you have a significantly

immunocompromised patient involved (Castro 2008).
The ward setting provides unique challenges regarding
transmission of infections to SCID patients, as health
care providers attend to multiple patients with the
potential for transmitting virulent organisms that are
“antimicrobial resistant” (Centers for Disease Control
and Prevention [CDC] 2014). Vigilant reverse isolation
of SCID patients in LAF can help minimize the risk of
hospital-acquired infections. In our first publication of
results for unrelated donor transplants for SCID, we
reported only 5 episodes of bacterial sepsis in 16
patients undergoing matched unrelated donor BMT
with our protocol (Dalal et al. 2000).

There have been few studies and reviews that have
questioned the benefit of strict isolation for patients
undergoing HSCT (Centers for Disease Control and
Prevention; Infectious Disease Society of America; and
American Society of Blood and Marrow Transplanta-
tion 2000; Sullivan et al. 2001; Yokoe et al. 2009). A
recent survey found that even among patients with
communicable diseases undergoing HSCT that isolation
precautions were not used at many centres (Hicheri et al.
2013). However, careful analysis of these studies and
reviews suggests that the lack of advantage from isola-
tion was based on a lack of survival advantage for adult
patients with malignancy undergoing HSCT, and the lit-
erature did not look at infectious morbidity. In adults, at
least 85% of infections are caused by reactivation of the
infection in the host rather than by acquired pathogens
(van Kraaij et al. 2002). In contrast, for infants, acquired
infections such as EBV, CMV, adenovirus, and varicella
are usually transferred to the infant from their care-
givers, rather than being host in origin. This factor sug-
gests that more vigilant control of infectious exposure
is required for infants, particularly for those with pro-
found cellular immunodeficiencies.

The survival of cancer patients undergoing HSCT is
impacted by factors such as disease recurrence and
treatment-related morbidity, but these factors are not
relevant for patients with nonmalignant diseases. A
large study in aplastic anemia, using an isolation proto-
col similar to ours, demonstrated the importance of the
use of a protective environment in reducing mortality
(Storb et al. 1983). Isolation has also been shown to ben-
efit HSCT patients by reducing the incidence of nosoco-
mial respiratory viruses (Raad et al. 1997). The benefit
of reverse isolation in protecting SCID patients from
infections is best evidenced by David, who lived in a
“bubble” for 12 years and remained free from severe
infections (Guerra and Shearer 1986). It has also been
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shown that despite normal colonization of the gut and
skin for an infant with SCID born by C-section and
placed immediately in reverse isolation, the infant
remained disease free for a 5-year period; this supports
the importance of LAF and reverse isolation techniques
in preventing significant infections in SCID patients
(Taylor et al. 1978).

A protective environment has also been associated
with delayed onset and reduced acute graft versus host
disease (GVHD) frequency and severity, as infections
may be a trigger for the development of GVHD (Storb
et al. 1983). Preventing infections and immune stimula-
tion is particularly important for SCID patients receiv-
ing HSCT, because of their increased risk for GVHD
reported at >70% in a large multicentre study (Grune-
baum et al. 2006). This study found that GVHD and
infections were the main cause of morbidity and mortal-
ity among these patients. The increased risk for severe
and lethal GVHD is not surprising, as patients with
immune deficiency have an abnormal/immature
immune system with limited “negative selection” capa-
city (i.e., the ability to remove “auto-reactive” immune
cells). Peripheral blood from SCID patients has revealed
that they have markedly reduced levels of thymic
dendritic and regulatory T cells (Treg), which are
critical cells for immune regulation (Poliani et al. 2009;
Somech et al. 2009). Treg are not expected to return
to normal until after recovery of the thymus in patients
with SCID, which occurs months after HSCT and may
be even longer if prolonged immunosuppression is
required to control GVHD (Cavazzana-Calvo
et al. 2007).

The high financial cost of reverse isolation and LAF
rooms has been used as an argument for not caring
for SCID patients in this environment. A theoretical
analysis of the nursing time spent preparing to enter
patients’ rooms (2 min hand scrub, mask, gown, and
glove) in a 9-bed HSCT unit suggested an annual cost
of USD $7000/patient (Hayes-Lattin et al. 2005). How-
ever, when costs of providing isolation are offset against
the financial cost of increased morbidity from GVHD
and added in-patient hospital days the cost of reverse
isolation is not so prohibitive.

It has also been argued that reverse isolation might
have significant neurobehavioral effects on infants
with SCID. Evidence from case reports of patients raised
in reverse isolation for 28–52 months, and from David
who lived in a bubble for 12 years, has shown no evi-
dence of neurobehavioural problems in these children

(Freedman et al. 1976; Dalton 1981; Mueller 2011).
From our unpublished observations of more than 25
years, we have not demonstrated impaired develop-
ment, beyond that expected from the underlying dis-
ease, particularly when adequate social interventions
and support are provided. However, the impact of the
transplant experience on the development of young
infants with SCID still requires further study.

Although studies assessing the effectiveness of a parti-
cular isolation protocol for SCID patients are lacking, it
is also inappropriate to make deductions regarding
required isolation for SCID patients from other patients
who are secondarily immunosuppressed undergoing
BMT. The unique immunological abnormalities and
defective immune selection among patients with SCID
supports the need to protect these patients from infec-
tions to reduce the morbidity and mortality from infec-
tions and GVHD. Our SCID reverse isolation protocol
has been shown to have a low infection rate, and it has
one of the best outcomes in the world for SCID patients
undergoing HSCT.
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