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Abstract
Hematopoietic stem cell transplantation (HSCT) represents the only crative treatment option for many hematological con-
ditions but results in a profound T-cell deficiency in the post-HSCT period. Infections account for a significant proportion
of non-relapse morbidity and mortality, and infections with multiple organisms either simultaneously or at different times
after transplant are common. Adoptive cellular therapy (ACT) with prophylactic or therapeutic infusion of donor derived
or third-party, pathogen-specific T-cells represents a novel methodology to rapidly reconstitute T-cell mediated immunity
in this context. For cytomegalovirus (CMV) and Epstein-Barr virus (EBV) infection, clear evidence of efficacy with limited
toxicity has been observed, with response rates up to 90%. Infusion of third-party, partially human leukocyte antigen–
matched pathogen-specific T-cells have also demonstrated remarkable efficacy with responses seen in up to 70% of patients
with resistant CMV, EBV and adenoviral infection. This review addresses the nature of post-HSCT immune deficiency,
the common infections that occur in the post-HSCT period and how advances in ACT manufacturing methodologies is
allowing for wider implementation of T-cell therapies targeting multiple pathogens in HSCT recipients.
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Introduction

Allogeneic hematopoietic stem cell transplant (HSCT)
remains the only curative option for most relapsed/
refractory hematological malignancies and for bone
marrow failure syndromes. The use of conditioning
chemotherapy before transplant results in a complex
immunocompromised state, consisting of an initial pro-
found innate immune deficiency followed by B- and
T-lymphopenia that can persist for several years. Con-
sequently, infections are a significant clinical problem
and are among the leading causes of non-relapse mor-
tality, accounting for up to 48% of cases in some series
[1]. Infection with more than one pathogen either si-
multaneously or at different times occurs with moderate
frequency and increases the non-relapse mortality risk
associated with HSCT [2].

Current treatments for opportunistic pathogens
occurring post-HSCT are far from perfect. For cy-
tomegalovirus (CMV), preemptive pharmacologic
therapy is effective in reducing early onset end organ
disease but has no effect on the incidence or mortal-
ity associated with late onset infections [3]. If used long-
term, antimicrobials can result in the emergence of

resistant organisms and cause drug toxicity. Further-
more, there are several pathogens for which no effective
pharmacological therapy exists. Above all, pharma-
cological control of infection fails to repair the immune
deficits that predispose to infection in the first in-
stance, increasing the chance of recurrence with the
original or another pathogen [4].

Adoptive cell therapy (ACT) through the trans-
fer ofT-cells from donor to recipient has been explored
as a strategy to restore the underlying immunologi-
cal defects occurring post-HSCT. ACT offers potential
benefits over pharmacotherapy.These include patho-
gen specificity and the establishment of long-term
immunological memory. Nonspecific ACT in the form
of donor lymphocyte infusion (DLI) is effective in re-
storing pathogen-specific immunity but carries the risk
of graft versus host disease (GVHD) [5]. Advances
in isolation and/or expansion of antigen-specificT-cells
have facilitated the development of pathogen-specific
allogeneic therapies.The clinical efficacy of these thera-
pies in small phase I and II trials has led to expansion
of research into the generation of specific T-cell thera-
pies against a number of opportunistic pathogens to
more rapidly reconstitute a broad spectrum T-cell
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immune response following HSCT.The perceived re-
quirement for a rapidly available, “off-the-shelf ”
product has also resulted in the development of im-
mediately available third-party donor-derived banks
of cryopreserved pathogen-specific T-cells that do not
require full human leukocyte antigen (HLA) match-
ing between product and recipient for antiviral efficacy.

In this review, we summarize the common patho-
gens and co-infections currently recognized as
important in the period following HSCT, the primary
manufacturing methods used to generate pathogen-
specificT-cells against them including those recognizing
multiple pathogens and we review the results of clin-
ical trials assessing their safety and efficacy.

Immune deficiency after HSCT

Allogeneic HSCT requires pre-transplantation che-
motherapy to assist in providing disease control and
facilitate donor stem cell engraftment.This results in
profound immunosuppression affecting both the innate
and adaptive immune systems.The kinetics of immune
recovery are influenced by multiple clinical variables
with cord blood donor stem cell source, older recip-
ient age, use of in vivo or ex vivo T-cell depletion and
development of GVHD all associated with a delay in
immune recovery [6].

Figure 1 illustrates immune recovery over the first
year post-HSCT.The recovery of the innate immune
system involves establishing normal numbers of neu-
trophils (usually 2–3 weeks after stem cell infusion),
whereas natural killer (NK) cells, monocytes and ba-
sophils normalize by 1 month [7]. Quantitative recovery

in circulating dendritic cells (both myeloid and plas-
macytoid) is achieved by 1 month with the majority
being of donor origin, but tissue dendritic cells are still
70% recipient by day 14, and a proportion can remain
recipient for up to 1 year [8].

The adaptive immune system takes much longer
to recover on both quantitative and qualitative levels.
B-cells recover to normal numbers by 1–2 years after
HSCT, whereas maturation of antibody responses to
generate a diverse immunoglobulin subtype reser-
voir takes longer. Initial Ig M recovery occurs at 2–6
months, with class switching to IgG occurring at 3–18
months with a final delayed IgA recovery at the 3-year
mark [8]. This is most likely because class switching
requires concurrent CD4+ T-cell support, hence B-cell
functional recovery is inherently linked to T-cell re-
covery [9].

Recovery of T-cell immunity after transplant can
be mediated by two processes. The first is expansion
of mature T-cells that are infused within the donor
product. Their expansion is aided by high endog-
enous interleukin-7 levels in the recipient following
conditioning chemotherapy [8,10] resulting in an in-
crease in memoryT-cells (usually CD8+) with a limited
T-cell receptor (TCR) repertoire, the breadth of which
is determined by the exposure of the donor immune
system to different antigens.The second T-cell recov-
ery process occurs through generation of naive T-cells
from donor stem cells transferred in the graft and their
subsequent education in the thymus. This results in
the development of a wider TCR repertoire [11], in-
creased numbers of CD4+T-cells, removal of potentially
alloreactive T-cells and development of a functional

Figure 1. Immune reconstitution post-HSCT and the associated risks of opportunistic infection. The risk of opportunistic infection post-
transplant is closely linked to the phases of immunological reconstitution. Bacterial and Candida infections are common before recovery
of innate immune function (neutrophils, monocytes and NK cells) in the first few weeks after stem cell infusion. Adaptive immune func-
tion recovers over months or years, and viral and non-candidal mold infections occur in this period. Clinical factors such as conditioning,
donor source and post-transplant events such as GVHD and immune suppression affect the immune recovery process and therefore mod-
ulate infectious risks.
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