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PREFACE

"This report, cosponsored by the Center for Inter-
national Blood and Marrow Transplant Research
(CIBMTR), National Marrow Donor Program
(NMDP), European Blood and Marrow Transplant
Group (EBMT), American Society for Blood and
Marrow Transplant (ASBMT), Canadian Blood and
Marrow Transplant Group (CBMTG), Infectious
Diseases Society of America (IDSA), Society for
Healthcare Epidemiology of America (SHEA), Associ-
ation of Medical Microbiology and Infectious Diseases
(AMM]I), the Center for Disease Control and Preven-
tion (CDC), and the Health Resources and Services
Administration, represents an update of the guidelines
published in 2000 for preventing infections among
hematopoietic cell transplantion (HCT) recipients
[1]. An international group of experts in infectious dis-
eases, HCT, and public health worked together to
compile this document with 4 goals in mind: (1) to sum-
marize the current available data in the field, (2) to pro-
vide evidence-based recommendations regarding

prevention of infectious complications among HCT
patients, (3) to serve as a reference for health care pro-
viders worldwide who care for HCT recipients, and (4)
to serve as a reference for HCT recipients and their
nonmedical caregivers. In updating these guidelines,
the committee sought to summarize the currently
available data and present them as concisely as possible
in an evidence-based fashion.

Significant changes in the field of HCT since the
publication of the original guidelines necessitated
this update. These changes include new antimicrobial
agents, broader use of reduced-intensity conditioning
(RIC), the increasing age of HCT recipients, and
more frequent use of alternative donor stem cell sour-
ces such as haploidentical donors and umbilical cord
blood. Furthermore, as with any field of medicine,
published studies continue to add to the evidence
regarding supportive medical care. Despite—or per-
haps because of—these changes, infections still occur
with increased frequency or severity among HCT
recipients as a patient population.

In presenting these guidelines, the committee is not
intending to dictate standards of practice. Although con-
siderable effort has gone into ensuring that the guide-
lines have a global perspective based on the currently
available medical evidence, adherence to a particular
recommendation may be inconsistent with national or
regional guidelines, the availability of specific proce-
dures or medications, or local epidemiological condi-
tions. Individual clinicians may follow practice
patterns that, although deviating from these recommen-
dations, are nevertheless effective and sound.

USING THESE GUIDELINES

For the purposes of this report, HCT is defined as
transplantation of any blood- or marrow-derived
hematopoietic stem cells (HSCs), regardless of trans-
plant type (ie, allogeneic or autologous) or cell source
(ie, bone marrow [BM], peripheral blood [PB], or um-
bilical cord blood [UCB]). The definition of immune
competence following transplant is loosely defined by
the ability of the HCT recipient to receive live vaccine
following recovery from transplant. Conventionally,
this is thought to occur at approximately 24 months fol-
lowing HCT in patients who are not receiving immu-
nosuppressive therapy and do not have active graft-
versus-host disease (GVHD) [1]. For patients with
on-going GVHD or continued use of immunosuppres-
sive therapy, it is recommended to consider the patient
as immune deficient and still at risk for significant
infectious complications.

Unless otherwise noted, the recommendations pre-
sented in this report address allogeneic and autologous
and pediatric and adult HCT recipients. These recom-
mendations are intended for use by the recipients, their
household and other close contacts, transplant and
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Table |. Evidence-Based Rating System Used in the Hematopoietic Cell Transplantation (HCT) Guidelines [2]

Strength of Recommendation

Category Definition
A Both strong evidence for efficacy and substantial clinical benefit support recommendation for use. Should always be offered.
B Moderate evidence for efficacy—or strong evidence for efficacy, but only limited clinical benefit—supports recommendation for

use. Should generally be offered.
C Evidence for efficacy is insufficient to support a recommendation for or against use, or evidence for efficacy might not

outweigh adverse consequences (eg, drug toxicity, drug interactions), or cost of the chemoprophylaxis or alternative approaches. Optional.
D Moderate evidence for lack of efficacy or for adverse outcome supports a recommendation against use. Should generally not be offered.
E Good evidence for lack of efficacy or for adverse outcome supports a recommendation against use. Should never be offered.

Quality of Evidence Supporting the Recommendation

Category Definition

| Evidence from at least one well-executed randomized, controlled trial

Il Evidence from at least one well-designed clinical trial without randomization; cohort or case-controlled analytic studies (preferably
from more than one center); multiple time-series studies; or dramatic results from uncontrolled experiments

1] Evidence from opinions of respected authorities based on clinical experience, descriptive studies, or reports of expert committees

infectious diseases specialists, HCT center personnel,
and public health professionals. For most recommen-
dations, prevention strategies are rated by the strength
of the recommendation and the quality of the evidence
supporting the recommendation (Table 1). The princi-
ples of this rating system were developed by the IDSA
and the U.S. Public Health Service for use in guidelines
for preventing opportunistic infections among HIV-
infected persons [2]. This rating system allows assess-
ments of the strength of recommendations.

EXECUTIVE SUMMARY

In the past decade, modifications in HCT manage-
ment and supportive care have resulted in changes in
recommendations for the prevention of infection in
HCT patients. These changes are fueled by new
antimicrobial agents, increased knowledge of immune
reconstitution, and expanded conditioning regimens
and patient populations eligible for HCT. Despite
these advances, infection is reported as the primary
cause of death in 8% of autologous HCT patients and
17% to 20% of allogeneic HCT recipients [3]. The
major changes in this document, including changes in
recommendation ratings, are summarized here.

The organization of this document is similar to the
previous guidelines. Specifically, the prevention of
exposure and disease among pediatric and adult autolo-
gous and allogeneic HCT recipients is discussed. The
current recommendations consider myeloablative
(MA) conditioning and RIC for allogeneic HCT
similarly, because data on infectious complications fol-
lowing RIC compared to MA conditioning are sparse
[4-7]. However, increased information regarding post-
transplant immune recovery highlighting differences
between MA and RIC HCT are included.

The sections of the document have been rear-
ranged in an attempt to follow the time course of

potential infectious risks for patients receiving HCT.
Following the background section, information on he-
matopoietic cell product safety is provided. The subse-
quent sections discuss prevention of infection by
specific microorganisms. Following organism-specific
information, the sections then discuss means of pre-
venting nosocomial infections as well as “dos and
don’ts” for patients following discharge posttrans-
plant. Finally, information on vaccinations is provided.
"This will hopefully allow the reader to follow the pre-
vention practices needed from the time a donor is
selected until the patient regains immune competence.

Several topics are new or expanded from the prior
document (Table 2). These include information on
multiple organisms that were previously not discussed,
but have seemingly become more clinically relevant in
HCT patients over the past decade. Data, and where
possible, recommendations, are provided regarding
the following organisms that were not included in
the previous document: Bordetella pertussis; the polyo-
maviruses BK and JC; hepatitis A, B, and C viruses
(HAV, HBV, HCV); human herpesviruses (HHV) 6,
7, and 8; human metapneumovirus; human immuno-
deficiency virus (HIV); tuberculosis; nocardiosis; ma-
laria; and leishmaniasis. In recognition of our global
society, several organisms are discussed that may be
limited to certain regions of the world. Included in
that section are also those infections that may be ubiq-
uitous but occur infrequently, such as Preurmocystis jir-
oveci and Nocardia.

Several other changes should be noted. For bacte-
rial infections, these guidelines now recommend qui-
nolone prophylaxis for patients with neutropenia
expected to last as least 7 days (BI). Additionally, the
recommendations for contact precautions (Alll), vacci-
nation (BI), and prophylaxis for patients with GVHD
(AIIl) against Streprococcus pneumonime have been
strengthened. The subsection on central line-associated
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Table 2. Summary of Changes Compared to the Guidelines Published in 2000 [1]

Major Changes

Starting Page

Updated background on immune recovery following HCT including differences based on conditioning regimen and stem cell sources 7
Changes to the Bacterial Section
1) Quinolone prophylaxis is recommended for patients with neutropenia expected to last =7 days (Bl) 14
2) Added recommendations regarding Central Line-Associated Bloodstream Infections (CLABSI) (in addition to the section in Infection 15
Prevetion and Control)
3) Streptococcus pneumoniae 15
a) Contact precautions now an Alll (prior Blll)
b) Antimicrobial prophylaxis in patients with GVHD now an Alll (prior Blll)
) Vaccination with PCV now a Bl recommendation (prior BIII)
Changes to the Fungal Section
1) Micafungin is an alternative for prevention of candidiasis during preengraftment (Bl) 32
2) Voriconazole and Posaconazole may be used for prevention of candidiasis postengraftment (Bl) 33
3) Itraconazole oral solution as prevention of mold infections (Bl—prior, no data) 34
4) Posaconazole for prevention of mold infections in patients with GVHD (BI) 34
PCR screening for Toxoplama gondii can be considered in high-risk patients when unable to tolerate prophylaxis (Bll) 37
Changes in Vaccination Recommendations
1) Pneumococcal Vaccine: Use PCV vaccine and start 3-6 months post-HCT 63
2) Optional to use acellular pertussis vaccine in all patients 64
3) Varicella vaccine (Varivax) is optional. Zostavax is contraindicated 64
4) Vaccinations with inactivated vaccines may be started as early as 6 months post-HCT (and earlier for PCV and influenza) 31
5) Information regarding use of HPV vaccine 32
Sections added to the Infection Prevention and Control Section
1) Recommendations regarding multiply drug-resistant Gram-negative bacilli 49
2) Recommendations regarding adenovirus 52
3) Recommendation regarding viral gastroenteritis 52
Section added to the Safe Living after Hematopoietic Cell Transplantation 55
Recommendations regarding household contacts who receive live-attenuated vaccines
Appendix | (Dosing) changes
1) Alternative CMV prophylaxis/treatment: Foscarnet now Al (prior Clll) and added Valganciclovir and Cidofovir 89
2) EBV prophylaxis/treatment with Rituximab 89
3) VZV: added alternatives to VZIG for exposure and new information on prophylaxis 90
4) Influenza: added dosing information for Oseltamivir and Zanamivir 9l
5) RSV: Added dosing information 91
6) Split the fungal section into data for standard-risk and high-risk patients 92
7) Added dosing information for Micafungin, Posaconazole, and Voriconazole 92
8) Alternative PCP prophylaxis: Added atovaquone and changed aerosolized Pentamidine to ClI (prior ClIl) 92
New Organisms
Bordatella pertussis 16
Human Metapneumovirus 23
Polyomaviruses BK and JC 24
Hepatitis A 25
Hepatitis B 25
Hepatitis C 26
Human Herpes Virus 6 and 7 27
Human Herpes Virus 8 28
Human Immunodeficiency Virus 28
Mycobacterium tuberculosis 34
Nocardia 38
Leishmania 39
Malaria 39

GVHD indicates graft-versus-host disease; HCT, hematopoietic cell transplantation; CVM, cytomegalovirus; EBV, Epstein-Barr virus; VZV, varicella zos-

ter virus; PCP, Pneumocystis jiroveci pneumonia; RSV, respiratory syncytial virus; VZIG, varicella-zoster immunoglobulin.

blood stream infections is now in the bacterial section.
The vaccination section has been dramatically ex-
panded. Changes include the recommendations for
pneumococcal conjugate vaccine (PCV) rather than
polysaccharide vaccine (PPSV-23) for pneumococcal
vaccination, starting some vaccinations earlier post-
transplant, and the addition of recommendations for
Varivax, HPV vaccine, and (the nonuse of) Zostavax
vaccine are included. Two additional appendices were
added to provide information on desensitization to
sulfa drugs and visitor screening questionnaires. Fi-
nally, the dosing appendix has merged both adult and
pediatric dosing, and provides recommendations for

several newer antimicrobial agents that were not previ-
ously available.

In summary, the changes and expansion
to this document reflect the growing body of
literature detailing infectious complications in
HCT patients.

BACKGROUND TO HCT, INCLUDING
POSTTRANSPLANT IMMUNE RECOVERY

C. Mackall, T. Fry, R. Gress, K. Peggs, 7. Storek, A.
Toubert
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Hematopoietic cell transplantation (HCT) can be
defined as the transfer of hematopoietic stem cells
(HSCs) from 1 individual to another (allogeneic
HCT) or the return of previously harvested cells to
the same individual (autologous HCT) after manipula-
tion of the cells and/or the recipient. The goal of HCT
is lifelong engraftment of the administered cells, re-
sulting in some or all of the recipient’s lymphohemato-
poietic system being derived from the HCT graft. Full
donor engraftment occurs when the recipient lympho-
hematopoietic system is fully replaced by progeny of
the HCT graft. This is the ultimate goal of many
HCT protocols, especially for achieving optimal
graft-versus-tumor (GVT) activity in patients with
malignant disease [8-10]. In some clinical settings,
however, a state of “mixed chimerism,” wherein ele-
ments of both the donor and recipient lymphohemato-
poietic system survive, may be sufficient to cure the
underlying condition [11,12].

Allogeneic HCT can cure or improve outcome in
a wide variety of diseases, including leukemia,
lymphoma, myeloproliferative disorders, myelodysplas-
tic syndrome (MDS), bone marrow (BM) failure syn-
dromes, congenital immunodeficiencies, enzyme
deficiencies, and hemoglobinopathies [13-17]. How-
ever, because allogeneic HCT is associated with signifi-
cant morbidity and mortality because of regimen-related
toxicity (RRT) [18], infection [19], and graft versus host
disease (GVHD) [20], a recommendation regarding
transplantation for the individual patientrequires careful
risk assessment that takes into account disease status
[21], comorbidities, previous therapies, other standard
therapies available for the underlying disease [22], donor
stem cell source [23], and histoincompatibility [24].
Autologous HCT can improve outcomes in neoplastic
diseases [25] and autoimmune conditions [26], and con-
tinues to be investigated as a platform for gene therapy
[27]. RRT and infections contribute to the morbidity
and mortality associated with autologous HCT; how-
ever, morbidity because of GVHD generally does not
occur after this procedure.

Substantial progress has been made in allogeneic
HCT during the past 15 years as a result of improve-
ments in 4 distinct, but interrelated, areas. First,
improvements in the supportive care of patients with
severe immunosuppression and myelosuppression
have diminished morbidity and mortality because of
infection [19,28,29]. Second, the critical contribution
of immune-mediated GV'T effects toward eradicating
malignant disease and facilitating engraftment is now
well established, and factors prominently in the design
of individual HCT regimens [21]. Third, alternative do-
nor (nonsibling) transplants and new stem cell sources
now provide HCT options for a larger percentage of po-
tential candidates [23,30,31]. Fourth, newer, less toxic
preparative regimens have been developed that allow
reliable engraftment with a lower risk for treatment-

Biol Blood Marrow Transplant 15:1143-1238, 2009

related mortality (TRM) and long-term adverse effects
[18,32].

Classically, transfer of the hematopoietic cell
graft was seen as a means to rescue the recipient’s
lymphohematopoietic system from an otherwise lethal
myeloablative (MA) preparative regimen. In this
model, the preparative regimen was used as the pri-
mary tool to eradicate malignant disease, or to eradi-
cate the recipient’s immune system when HCT was
used to treat benign diseases. However, careful clinical
studies over the last 4 decades have revealed that the ef-
fectiveness of allogeneic HCT in eradicating malig-
nant disease is intimately linked to the activity of
immunoreactive cells in the graft, most notably T cells
and, in some cases, natural killer (NK) cells [24,33,34].
Indirect demonstration of this graft-versus-leukemia
(GVL) effect comes from reports of increased leuke-
mic relapse following syngeneic (identical twin)
HCT and increased leukemia relapse following T
cell-depleted HCT. Direct demonstration has been
provided by the ability of donor lymphocyte infusions
(DLIs) to induce remission in substantial numbers of
patients with chronic myelogenous leukemia (CML)
[35]. Evidence for a GVT effect also exists for other
malignancies [36], but the effect appears to be less po-
tent than that observed in CML. Furthermore, even
when HCT is performed for benign diseases, the rate
and degree of donor engraftment can be enhanced
with the use of donor leukocyte infusions, demonstrat-
ing that immune cells also contribute to the engraft-
ment process. Thus, HCT has evolved from
a therapy designed primarily to provide lymphohema-
topoietic rescue after MA conditioning to a form of
immunotherapy wherein mature immune cells con-
tained within the graft and/or reconstituted from do-
nor progenitors play an active role in eradicating the
underlying neoplastic disease and in facilitating donor
engraftment.

Expansion of graft sources has contributed to sub-
stantial progress in allogeneic HCT. Traditionally,
allogeneic HCT involved transfer of marrow grafts
harvested from HLA-matched sibling donors, in
which case histoincompatibility was limited to minor
antigens, for which reliable typing is not routinely
available. Approximately 25% to 30% of potential
HCT recipients will have a matched sibling donor
available. Through the efforts of the NMDP in the
United States and donor registries throughout the
world, approximately 12 million individuals have
undergone preliminary HLA typing over the last 20
years, and as a result, 75% of Caucasian individuals
will find a suitably matched unrelated donor (URD).
For other racial or ethnic groups, however, the chance
of finding a suitable donor using existent registries is
substantially less. Recent studies have demonstrated
that with proper HLA matching, outcomes following
matched URD HCT approach those reported for
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matched sibling transplants. Umbilical cord blood
(UCB) transplants have also shown promise. The
benefits of UCB as a stem cell source are ready acces-
sibility and the ability to cross HLA barriers
[23,31,37,38]. Mismatched related and haploidentical
donor grafts also continue to have a role in clinical
HCT, especially for patients with congenital immuno-
deficiency [39] and in specialized centers where this
approach continues to be optimized [40,41]. Beyond
the multitude of choices regarding donor source,
progress during the last 15 years has also demonstrated
that granulocyte colony-stimulating factor (G-CSF)-
mobilized peripheral blood stem cell (PBSC) allografts
provide a reliable source for engraftment, and offer the
advantage of improved myelogenous and T cell recov-
ery [30,42] than with traditional marrow grafts and
thus fewer infections. However, G-CSF-mobilized
blood grafts also appear to carry a greater risk for
chronic GVHD (¢cGVHD) compared with marrow
grafts [23,43,44].

New approaches have been developed to minimize
the likelihood of graft failure, conditioning toxicity,
GVHD, and infections [45-48]. The addition of T
cell-depleting agents (eg, antithymocyte globulin
[ATG] or alemtuzumab) to conditioning regimens
has been associated with a reduced incidence of
GVHD and diminished graft rejection, but may delay
immune recovery. Nonmyeloablative (NMA) prepara-
tive regimens that use cytotoxic drugs or low-dose
total body irradiation (TBI) in conditioning regimens
have been associated with reduced nonrelapse mortal-
ity NRM), and have provided new options for HCT
among the elderly and in patients with substantial co-
morbidities. The choice of preparative regimen and
the decision regarding the relative merit of an MA ver-
sus an NMA regimen is complex and should involve
a risk-adapted strategy that takes into account the
underlying disease, patient age, comorbidities, stem
cell source, histoincompatibility, and other relevant
factors.

In summary, HCT plays a central role in the
treatment of a variety of benign and malignant dis-
eases and the field continues to evolve rapidly, with
new options for donor sources and preparative regi-
mens. At the same time, standard treatments for
many of the diseases wherein HCT historically pro-
vided the mainstay of therapy have also evolved, ren-
dering the decision of whether, when, and how to
proceed to HCT highly complex and requiring care-
ful consideration of the individual case in light of ev-
idence-based data. For patients who undergo HCT,
the major causes of early morbidity and mortality
are disease relapse, acute GVHD (aGVHD), infec-
tion, RRT, and graft failure. Long-term survivors of
HCT are at risk for a variety of long-term adverse ef-
tects, including cGVHD, infections, hypothyroidism,
sterility, growth failure and other endocrine distur-

bances, cataracts, avascular necrosis, disease relapse,
and second malignancy. The incidence of each of
those adverse effects varies greatly with differing pre-
parative regimens, comorbidities, age at transplanta-
tion, and whether the individual experiences

cGVHD [49].

Immune System Recovery following HCT

Following MA conditioning, HCT recipients typ-
ically experience a period of profound pancytopenia
spanning days to weeks depending upon the donor
source. The rapidity of neutrophil recovery varies
with the type of graft: approximate recovery time is 2
weeks with G-CSF-mobilized PBSC grafts, 3 weeks
with marrow grafts, and 4 weeks with UCB grafts.
Neutrophil, monocyte, and NK-cell recovery is fol-
lowed by platelet and red cell recovery, which is fol-
lowed by B and T «cell recovery (Figure 1).
Simultaneously, MA regimens damage mucosal sur-
faces and thereby provide a source for bloodstream
seeding of commensal pathogens that inhabit the gas-
trointestinal tract. As a result, infectious complications
in the immediate posttransplant period usually present
as febrile neutropenia, with the severity of risk related
to the depth and duration of neutropenia and the de-
gree of mucosal damage induced.

Recipients of NMA allogeneic transplants exhibit
substantial heterogeneity in the depth and duration
of pancytopenia, with some regimens accomplishing
reliable engraftment without clinically significant
myelosuppression. In regimens with minimal myelo-
suppression and minimal mucosal toxicity, the risk
for infection in the immediate posttransplant period
is reduced. In fact, regimens based on low-dose TBI
and fludarabine (Flu) can sometimes be performed in
the outpatient setting, with a virtual elimination of
neutropenic complications.

Although the degree of myelosuppression is milder
following NMA regimens, the depth and extent of lym-
phodepletion tends to be similar, with prolonged pe-
riods of immune incompetence observed in recipients
of both MA and NMA regimens. This is because en-
graftment of allogeneic hematopoietic progenitor cells
requires significant recipient immunosuppression to
prevent graft rejection, even in the context of full
HLA matching. With some regimens, essentially com-
plete eradication of recipient lymphocytes is accom-
plished by the preparative regimen itself. However,
with other regimens, depletion of recipient lympho-
cytes occurs more gradually via the use of donor leuko-
cyte infusions following transplant. In both cases, the
vast majority of HCT recipients experience near-total
lymphocyte depletion, and thus must undergo lym-
phoid reconstitution via mature lymphocytes and lym-
phoid progenitors contained in the graft. Furthermore,
except when T cell-depleted HCT grafts are
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Figure |. Approximate immune cell counts (expressed as percentage of normal counts) peri- and post-MA HCT. Nadirs are higher and occur later after
NMA than MA transplantation, as recipient cells persist after NMA transplant for several weeks to months (in the presence of GVHD) or longer (in the
absence of GVHD). The orange line represents the innate immune cells (eg, neutrophils, monocytes, and natural killer [NK] cells), the recovery of which
is influenced by the graft type (fastest with filgrastim-mobilized blood stem cells, intermediate with marrow, and slowest with UCB). The green line
represents the recovery of CD8" T cells and B cells, the counts of which may transiently become supranormal. B cell recovery is influenced by graft
type (fastest after CB transplant), and is delayed by GVHD and/or its treatment. The blue line represents the recovery of relatively radiotherapy/che-
motherapy-resistant cells such as plasma cells, tissue dendritic cells (eg, Langerhans cells) and, perhaps, tissue macrophages/microglia. The nadir of these
cells may be lower in patients with aGVHD because of graft-versus-host plasma cell/Langerhans cell effect. The red line represents CD4™" T cells, the
recovery of which is influenced primarily by T cell content of the graft and patient age (faster in children than adults). From Storek J. Immunological
reconstitution after hematopoietic cell transplantation—its relation to the contents of the graft. Expert Opin Biol Ther (Informa). 2008;8:583-597.

administered, all allogeneic HCT recipients must also
receive some form of immunosuppression to prevent
GVHD, further limiting immune competence.

Unlike recovery of other hematopoietic lineages,
which typically occurs over the course of weeks follow-
ing HCT, lymphocyte recovery is a prolonged process.
Reestablishment of immunocompetence requires at
least several months, and some patients continue to
demonstrate immune deficits for several years after
HCT.In general, NK cells are the first lymphocyte sub-
set to recover, followed by CD8" T cells, which often
reach supranormal levels within 2 to 8 months after
HCT. Subsequently, B cells and ultimately CD4" T
cells recover. The pace and extent of recovery of each
lymphocyte subset is highly dependent upon several fac-
tors, which ultimately determine the degree, extent, and
duration of immune incompetence experienced by the
individual HCT recipient (Figure 1).

Regeneration of lymphocytes in humans is an inef-
ficient process, which primarily involves 2 distinct
pathways. In the first pathway, lymphocytes regenerate
from bone marrow (BM) lymphoid progenitors, thus
recapitulating ontogeny and regenerating a naive im-
mune system, similar to that found in a newborn child
[50]. NK cell recovery uses this pathway exclusively.
Full recovery of NK cell counts is typically achieved
within 1 to 2 months following HCT. B cells are also
primarily regenerated from lymphoid progenitor cells,
as evidenced by the appearance of primitive B cell sub-
sets as the harbinger of B cell immune reconstitution
[51]. Unlike NK cell recovery, however, B cell lympho-
poiesis is highly dependent upon a specialized marrow
microenvironment termed the “bursal equivalent,”
which is susceptible to damage by the preparative

regimen and is exquisitely sensitive to the toxic effects
of GVHD and/or its treatment. Indeed, patients who
experience even a limited episode of steroid-responsive
GVHD show significantly diminished B cell reconsti-
tution in the long term, compared with patients who
do not experience GVHD [52]. Although recent data
have demonstrated that mature B cells can also contrib-
ute to B cell reconstitution via homeostatic expansion,
this pathway appears to be minor compared with the
marrow-derived pathway for B cell regeneration.
Restoration of full humoral immune competence
following HCT requires reconstitution not only of
naive B cells, but of a memory B cell pool as well.
The latter occurs as a result of environmental or vac-
cine-based exposure to common pathogens and also
requires help from CD4" T cells. Therefore, even
HCT recipients who do not experience GVHD and
who demonstrate recovery of total B cell numbers
within 6 months posttransplant should not be consid-
ered to have regained full humoral immunocompe-
tence by this time. For at least 1 year following
transplantation, essentially all HCT recipients remain
predisposed to infections from encapsulated bacteria
and viruses, against which neutralizing antibodies
provide a first line of defense. Serum IgG levels pro-
vide little insight into B cell reconstitution, because
long-lived, radioresistant plasma cells survive many
preparative regimens [53] and can produce substantial
circulating IgG without providing humoral responses
to specific pathogens. The only reliable means by
which one can assess humoral immune competence
following transplantation is by documenting clinically
significant rises in antigen-specific antibodies follow-
ing vaccination or infection. Indeed, some medical
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centers use a rise in antibody levels in response to
administration of a killed vaccine as a prerequisite for
use of live-attenuated vaccines.

T cell regeneration is predominantly driven by a thy-
mic-independent pathway, termed homeostatic periph-
eral expansion. Here, mature T cells contained within
the graft dramatically expand in vivo in response to T
cell lymphopenia. This process is driven by a combina-
tion of factors, among which are increased availability
of homeostatic cytokines, including interleukin (IL)-7
and IL-15, which accumulate during lymphopenia; in-
flammatory cytokines associated with tissue damage in-
duced by the preparative regimen; and exposure to viral
antigens (either environmentally or via reactivation)
during the period of profound lymphopenia. Peripheral
homoeostatic expansion is much more efficient for
CD8" T cells than for CD4" T cells [54], resulting in
chronically reduced CD4/CDS8 ratios in HCT recipi-
ents for several months following HCT. Memory T cells
are the first to expand after HCT, and may be either of
donor origin, in the case of non-T cell-depleted HCT,
ororiginate from host T cells that have survived the con-
ditioning regimen, in the case of T cell-depleted HCT
[55]. Memory T cells respond quickly to previously
encountered pathogens such as herpesviruses.

Of all factors analyzed thus far, CD4" counts may
provide the most readily available and predictive
marker of the restoration of immune competence
following HCT. Although the predictive value of low
CD4" counts has not been as extensively studied in re-
cipients of HCT as they have in HIV infection, several
studies have demonstrated that CD4 " recovery is asso-
ciated with diminished infectious risk and improved
transplant outcomes [56-59]. When T cell regenera-
tion occurs via the ontogenic or thymic-dependent
pathway, there is a substantial rise in CD4" T cell
numbers, with recovery of naive CD4" and CD8" T
cells and diversification of the T cell repertoire [60].
However, because the microenvironment of the thy-
mus is highly susceptible to damage from age, therapy,
and GVHD, many adult HCT recipients show little or
no thymic-dependent T cell regeneration for months
to years following HCT [61-63]. A study of adult
recipients of autologous HCT for breast cancer
revealed that with each advancing decade of patient
age between 30 and 60 years, a decreasing percentage
of patients achieved effective CD4 " immune reconsti-
tution after 2 years of follow-up [64].

Beyond the general rule that all HCT recipients
experience profound immunosuppression at some
point, the degree of immunosuppression experienced
by individual patients varies greatly and is influenced
by several factors. First and foremost is the profound
adverse effect of GVHD on the overall process. In
essentially every series, GVHD severity correlates
with the degree of immunosuppression and infectious
complications. This correlation is because of a variety

of factors that compound one another, including dam-
age to lymphoid microenvironments, adverse effects of
GVHD on homeostatic peripheral expansion, as well
as the obvious impact that chronic immunosuppres-
sion has on a reconstituting immune system. Second,
recipient factors such as age, comorbidities, and infec-
tious exposure prior to transplant contribute substan-
tally to the risk for posttransplant infectious
complications. This is illustrated in studies of severe
combined immunodeficiency (SCID) patients,
wherein outcomes are most successful in children
who undergo transplantation before experiencing se-
vere, life-threatening infection [65]. Third, graft-asso-
ciated factors also play an important role. Recent
studies have suggested that PBSC graft recipients
show more rapid immune reconstitution, as measured
by lymphocyte subsets [42], whereas UCB transplanta-
tion in adults [66,67] and transplantation of pro-
foundly T cell-depleted haploidentical grafts result in
poor immune reconstitution and high rates of infec-
tious complications. CD34 dose is crucial and levels
of 3 x10° CD34" cells/kg or more are associated
with an improved hematopoietic recovery, a decreased
incidence of fungal infections, and improved overall
survival (OS) in recipients of unmanipulated BM trans-
plants from HLA-identical sibling donors [68].
Models that distinguish between infectious com-
plications occurring during different posttransplanta-
tion phases have been put forth, based largely upon
an MA paradigm. Such a model is shown in Figure 2,
in which phase I is the preengraftment phase (<15-
45 days after HCT); phase II, the postengraftment
phase (30-100 days after HCT); and phase III, the
late phase (>100 days after HCT). During phase I,
prolonged neutropenia and breaks in the mucocutane-
ous barrier result in substantial risk for bacteremia and
fungal infections involving Candida species and, as
neutropenia continues, Aspergillus species. Addition-
ally, herpes simplex virus (HSV) reactivation occurs
during this phase. During phase II, infections relate
primarily to impaired cell-mediated immunity. The
scope and impact of this defect is determined by the ex-
tent of GVHD and immunosuppressive therapy for it.
Herpesviruses, particularly cytomegalovirus (CMV),
are common infectious agents during this period.
Other dominant pathogens during this phase include
Pneumocystis jiroveci and Aspergillus species. During
phase III, persons with cGVHD and recipients of al-
ternate-donor allogeneic transplants remain most at
risk for infection. Common pathogens include CMV,
varicella-zoster virus (VZV), and infections with en-
capsulated bacteria (eg, Streptococcus pneumoniae). The
relative risk for these infections is approximately pro-
portional to the severity of the patient’s GVHD during
phases II and III. For recipients of NMA grafts, sub-
stantial differences may be observed during phase I,
but the susceptibility to infections during phases II
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Figure 2. Phases of opportunistic infections among allogeneic HCT recipients Abbreviations: EBV, Epstein-Barr virus; HHV6, human herpesvirus 6;

PTLD, posttransplant lymphoproliferative disease.

and III are largely similar, and driven primarily by the
status of the underlying disease, a history of GVHD,
and/or the need for ongoing immunosuppression.
The risk of disease from community-acquired respira-
tory viruses (CRV) is elevated during all 3 phases; in
phase III, however, the outpatient status of HCT re-
cipients can complicate efforts to reduce exposure
and provide timely intervention.

Thus, the risk of infection is primarily determined
by the time from transplant and the presence or
absence of GVHD. Other factors include donor/host
histocompatibility, disease status, graft type, graft con-

Table 3. Factors Affecting the Risk of Infection

tents, conditioning intensity, and neutrophil engraft-
ment (Table 3) [6,7,52,69-74]. Unfortunately, there
is currently no definitive laboratory marker of immune
reconstitution that would predict infectious risk that
could be used to tailor infection prophylaxis. Itis likely
that the degree of immune recovery measured by
various assays is associated with clinical outcomes
including infection rates, based on retrospective stud-
ies that included relatively small numbers of patients
(Table 4). However, a rigorous proof of the association
is lacking. Moreover, most of the published studies
have focused on the association of immune assay

Factor

Risk of Infection

Type of transplant

Higher risk with allogeneic, lower risk with autologous or syngeneic, depending on graft manipulation and clinical

setting, including previous therapies

Time from transplant
Pretransplant factors

Lower risk with more time elapsed from transplant

GVHD

HLA match

Disease (eg, leukemia) status
Donor type

Graft type

Immunosuppression after transplant
Conditioning intensity
Neutrophil engraftment

Higher risk with extensive pretransplant immunosuppressive therapy (eg, fludarabine, clofaribine), prolonged
pretransplant neutropenia, or pretransplant infection

Higher risk with grade lI-IV acute GVHD or extensive chronic GVHD

Higher risk with HLA-mismatched donors, particularly with haploidentical donors

Higher risk with more advanced disease at the time of transplant

Higher risk with marrow unrelated donor than with a fully matching sibling donor

Highest risk with cord blood, intermediate risk with bone marrow and lowest risk with colony stimulating
factor-mobilized blood stem cells. Higher risk with T cell-depleted grafts (depending upon method used)

Higher with immunosuppressive drugs, in particular with corticosteroids, antithymocyte globulin, alemtuzumab

Lower risk in the first -3 months posttransplant with low-dose chemo/radiotherapy

Higher risk with delayed engraftment/nonengraftment

GVHD indicates graft-versus-host disease.
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Table 4. Parameters Reported to Correlate with Clinical Outcomes after HCT

Parameter (Ref.) Timing Result Outcome Multivariate Analysis

Lymphocyte count Day 15 <500/uL Decreased OS and Yes

[814,815] PFS (autologous HCT)
Lymphocyte count Day 30 <300/puL Decreased OS and LFS, Increased Yes

[816,817] NRM (allogeneic HCT)
B cells and Day 80 Low (cutoff value not given) Increased infections Yes

monocyte counts [818]
CD4 T cell count [59] 3 months <200/uL Decreased OS, Increased Yes (OS and NRM),

NRM and infections No (infections)

CD8 T celland B 6 months Low (cutoff value not given) Increased treatment failure No

cell counts [819]

(death, relapse or graft failure)

CMV peptide—specific Every 2 weeks <7 cells/mL in all samples Increased risk of recurrent Not specified
CD8 T cell counts* during days 0 to 65 or persistent CMV reactivation
[820]
CMV-specific 4 months Undetectable proliferation Increased late CMV disease No
lymphoproliferation [248]
NK-cell chimerism [817] First 100 days Incomplete chimerism Decreased RFS Yes

NK-cell count [821] Day I5 <80/uL

CD56"e" Day 14 <7lult
NK-cell count [822]

Non-HLA Pretransplant At risk allele in

genetics [823-826]

donor or recipient

Decreased OS and PFS (autologous HCT)  Yes

Decreased OS, increased NRM Yes (OS),
No (NRM)
Increased infections, survival No

OS indicates overall survival; PFS, progression-free survival; LFS, leukemia-free survival; NRM, nonrelapse mortality; CMV, cytomegalovirus; HCT, he-

matopoietic cell transplant.

Adapted from Geddes et al. [81 |] with publisher’s permission. Additional studies are needed before any one of the immune tests presented here can be

recommended for use in decision making on infection prophylaxis (see text).

*Assay measuring the quantity but not quality of CMV-specific T cells.

TPatients were split into low, intermediate, and high groups with cutoffs of 4/uL and 9/uL.

results with outcomes that can be clearly defined and
captured (eg, survival or NRM) rather than with infec-
tions. Additionally, information from the published
studies is limited because of publication bias (ie, there
is a tendency to publish studies that find an association
rather than negative studies). Tools are now available
to precisely monitor viral-specific (Epstein-Barr virus
[EBV], CMV) immune responses (HLA tetramers, in-
terferon-y production assays), and may help in under-
standing this issue [75]. Large (ideally, prospective)
studies are needed, first to conclusively determine
what immune monitoring test has prognostic value
and ultimately to determine whether outcomes would
improve if such a test were used to tailor infection pro-
phylaxis.

In summary, HCT is characterized by a variable
period of early infectious complications caused largely
by neutropenia and mucosal damage because of the
preparative regimen, and such complications are read-
ily predictable based upon clinical findings of mucosi-
tis and absolute neutrophil count (ANC). In addition,
essentially all HCT recipients experience a prolonged
period of immunosuppression characterized by pro-
found defects in cell-mediated and humoral immunity.
Unfortunately, there are no readily available surrogate
markers to accurately measure the relative risk for
individual patients. Consequently, these patients
must be monitored carefully and receive early inter-
vention for signs or symptoms of an infectious disease.
In most patients, immunocompetence improves pro-
gressively with increasing time after transplant, an

observation that has led to the current recommenda-
tions for revaccination at 6 to 24 months, including
with some live vaccines at ~24 months for patients
who are no longer receiving immunosuppression and
show no signs of GVHD. However, it is important
to realize that many HCT recipients remain immuno-
compromised far beyond 2 years after transplant—es-
pecially individuals with cGVHD, for whom infection
remains the most important cause of morbidity and
mortality. Future work is needed to augment the de-
gree of immune reconstitution toward pathogens and
malignancy and to identify accurate surrogate markers
of immunocompetence to guide the long-term
management of this high-risk population.

HEMATOPOIETIC CELL GRAFT SAFETY

D. Confer, R. Gress, M. Tomblyn, G. Ebninger

With allogeneic HCT, the life of the recipient
may depend on the timely selection of an acceptable
HLA-matched donor. Only a limited number of HLA-
matched donors might be identified. Hence, the trans-
plant physician may have to accept a higher risk for
transmission of an infectious agent through HCT
than would be permitted for routine blood transfusion.
This section provides strategies for the HCT physician
to minimize transmission of infectious diseases, when-
ever possible, from donors to recipients. In general,
these strategies are dictated by national regulations,
and, therefore, ratings are not included.
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In addition to recipient safety, clinicians must
recognize the donor role and the potential impact
upon the donor of the product safety determination
[76-79]. Assessment of the donor should include
elements related to safety for the donor (eg, uncon-
trolled hypertension, diabetes mellitus, and coronary
artery disease) in addition to determination of
product safety. A donor may be cleared to donate
from a product safety perspective, but be unsuitable
because of medical conditions that render the dona-
tion unsafe [76-78]. Because of these potential risks,
individuals who donate must provide informed
consent.

Assessment of product safety is complicated by the
high frequency of international exchange. A survey by
the World Marrow Donor Association found that, in
2006, 3269 (39%) adult products and 829 (40%)
UCB units were shipped from 1 country to transplant
centers in another country. This robust international
activity creates further challenges for ensuring product
safety related to regional differences in disease risks,
regulatory structures, and medical practices.

The desire for HLA tissue matching (which pre-
sumably underlies much of the international exchange),
results in the potential need to recruit in poorly repre-
sented populations. For any given individual, outside
of the immediate family, the highest likelihood of an
HLA match occurs among persons of the same or sim-
ilar ethnicity. There is a strong ethical impetus for par-
ity in the likelihood of HLA matching, regardless of the
patient’s ethnic origins. This may necessitate recruit-
ment of HCT donors from geographic regions where
endemic conditions would make the residents unsuit-
able as routine blood or tissue donors.

Regulations

In the United States, the FDA issues regulations
covering product safety and donor eligibility, includ-
ing screening for the relevant communicable disease
agents and disease, as well as laboratory and test kit
requirements [80]. FDA Guidance documents on
these topics can be found at http://www.fda.gov/
cber/index.html. In the European Union, general re-
quirements are defined in the European Commission
Directive 2004/23/EC [81], and donor eligibility
defined in Commission Directive 2006/17/EC [82].
Requirements similar to those of the FDA and
European Union have been or are being developed
in Canada (http://www.hc-sc.ge.ca/dhp-mps/brgtherap/
reg-init/cell/cto_draft_gd-cto_ebauche_ld-eng.php),
Australia, Japan, and elsewhere.

Donor Conditions Affecting Product Safety

Disorders pertinent to HCT can be categorized
according to prevalence and severity. Prevalence
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concerns the likelihood of the disorder within the po-
tential donor population and may be highly dependent
upon the donor’s geographic location. Severity refers
to both the usual consequences of the disorder and
the ease of managing those consequences. Highly
pertinent disorders [76-78,80,82,83] include infections
caused by HIV, hepatitis B virus (HBV), hepatitis
C virus (HCV), human T cell leukemia viruses type I
and II (HTLV-I and HTLV-II), and West Nile virus
[84-90]. Other pertinent disorders [76-78,82,83,91]
include transmissible spongiform encephalopathy
(TSE) [92-95], CMV infection [96,97], EBV infection,
syphilis, toxoplasmosis [98,99], and vaccinia [80], as
well as viruses used in other live-attenuated vaccines.

Persons acutely infected with CMV or EBV should
not donate. Similarly, those with acute toxoplasmosis
should not donate until the acute illness has resolved.
However, physicians should be aware thatin rare cases,
persons who are asymptomatically seropositive for
Toxoplasma  gondii might transmit this infection
through HCT [100].

Uncommon disorders include malaria [101-108]
and tick-borne diseases such as Rocky Mountain spot-
ted fever, babesiosis, Q fever (infection caused by Cox-
iella species), and Colorado tick fever [99,109-114].
Prospective HCT donors who reside in or have trav-
eled to areas endemic for rickettsia or other tick-borne
pathogens and who are suspected of having an acute
tick-borne infection should be temporarily deferred
as donors until infection with these pathogens is
excluded. Blood banking standards strongly recom-
mend deferral for a past history of Q fever or babesiosis
because these infections can be chronic and Babesia
parasites might persist despite appropriate therapy
[115]. Additionally, researchers have recommended
deferring persons with acute human ehrlichiosis (eg,
active human granulocytic anaplasmosis [116], human
monocytic ehrlichiosis, as well as any infections from
species within the genus Ebrlichia) from HCT
donation.

Chagas disease is transmissible by transfusion
[99,117-119]. Potential donors who reside in or have
emigrated from endemic areas should be screened
serologically for Trypanosoma cruzi infection.
Researchers also recommend deferral of HCT dona-
tion if a past history exists because the parasite can per-
sist despite therapy [115,120-122].

Prospective donors with symptoms of active tuber-
culosis (TB) should be evaluated for that disease
[123,124], and those with active TB 