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Abstract
Factors contributing to infection risk following cord blood transplantation (CBT) include the use
of anti-thymocyte globulin (ATG), prolonged neutropenia, and failure to transfer immunity. To
potentially reduce the infection risk we have investigated double unit CBT without ATG, and have
evaluated the nature of serious infections in the first year after CBT using this approach. Seventy-
two predominantly adult patients were transplanted for hematologic malignancies; 52 patients
received myeloablative and 20 had non-myeloablative conditioning. The peak incidence of
bacterial infections, fungal infections, or bacterial/ fungal pneumonias was in the first 30 days
post-transplant and affected 32%, 14%, and 10% of patients, respectively. Three such infections
contributed to early mortality. The peak incidence of viral infections was 31-60 days post-
transplant affecting 30% of patients. Cytomegalovirus (CMV) was the most common viral
infection. CMV infections prior to day 120 (n = 23) had no relationship with graft-versus-host
disease (GVHD), whereas CMV infections after day 120 (n = 5), and all Epstein-Barr virus
viremia (EBV, n = 5) and adeno-viral enteritis (n = 2) occurred exclusively in the context of
GVHD therapy or corticosteroid use for another indication. Viral infections had the highest
lethality: 2 were a direct cause of death and 3 contributed to death. Patients exhibited steady
immune recovery achieving a median CD3+4+ T-cell count > 200 cells/microL by day 120, and
after day 120 there were no infection-related deaths. Our results suggest that double unit CBT
without ATG is associated with prompt T-cell recovery, and unlike CBT incorporating ATG,
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infection is rarely a primary cause of death. However, CBT without ATG is associated with a
significant risk of GVHD and serious infections remain a burden, especially in the setting of
GVHD. New strategies are required to further reduce infectious complications after CBT and will
require earlier neutrophil recovery and more effective prevention of GVHD, ideally without the
profound T-cell depletion associated with ATG.

Introduction
As single unit cord blood (CB) transplantation (CBT) has been associated with a high risk of
delayed or failed engraftment, the risk of bacterial and fungal infections in the pre-
engraftment period has been substantial and has received much emphasis. In recent years,
however, strategies to ensure a sustained donor engraftment incidence of over 90% after
CBT1,2, along with improved methods to prevent, detect, and treat infectious complications
in allograft recipients, have been effective in decreasing the incidence and lethality of
bacterial and fungal3 infections. Viral infections are a particular challenge following CBT
due to failure to transfer memory immunity4, and the inadequacy and/or toxicity of currently
available anti-viral therapies. Further, viral infection risk can be exacerbated by inclusion of
anti-thymocyte globulin (ATG) in the preparative regimen5-9. We, therefore, are
investigating double unit CBT without ATG in all CBT recipients with hematologic
malignancies at Memorial Sloan-Kettering Cancer Center (MSKCC) in an effort to both
augment engraftment and reduce the risk of lethal infections. This study reports the
frequency and nature of serious infections in the first year after double unit CBT without
ATG, as well as the immune recovery as measured by absolute lymphocyte counts, CD3+4+
and CD3+8+ T-cell counts, and PHA responses.

Methods
Patient and Graft Characteristics

This analysis included all consecutive recipients of first allograft transplanted at MSKCC for
the treatment of hematologic malignancies between October 1, 2005 and May 31, 2009
using CB as a stem cell source (n = 72). Patients provided Institutional Review Board
approved informed consent for analysis of transplant outcomes. The median follow-up
among survivors was 20 months (range 4-48 months). Patient and graft characteristics are
summarized in Table 1. Patients had diagnoses of high-risk or advanced hematologic
malignancies with a median age of 36 years (range 1-66). They received fludarabine-based
conditioning as previously described2 (with the exception of 4 patients in whom the
fludarabine was substituted with clofarabine). Thirty-four patients received high-dose
myeloablative conditioning that was either hyperfractionated total body irradiation (TBI)-
based (n = 30), or used clofarabine, melphalan, and thiotepa (n = 4). Eighteen patients
received reduced intensity but myeloablative conditioning with either cyclophosphamide 50
mg/kg, fludarabine 150 mg/m2, thiotepa 10 mg/kg, and TBI 400 cGy (n = 11), or melphalan
140 mg/m2, fludarabine 150 mg/m2 (n = 7). Twenty patients received non-myeloablative
conditioning with cyclophosphamide 50 mg/kg, fludarabine 150 mg/m2, and 200 cGy TBI.
No patient received ATG. All patients received calcineurin inhibitor (CNI)- based graft-
versus-host disease (GVHD) prophylaxis (predominantly with cyclosporine-A aiming for a
therapeutic level of 200-400 ng/ml) with mycophenolate mofetil beginning on day −3.
Mycophenolate mofetil was stopped after day 45 or tapered over approximately 2 months
according to protocol in the absence of GVHD. CNI was continued at least 3 months post-
CBT with subsequent taper in the absence of GVHD. All patients received granulocyte-
colony stimulating factor support post-CBT. Double unit grafts were used to enhance
engraftment in all patients.
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Prevention and Treatment of Infection
Patients were nursed in single high-efficiency particulate air filtered rooms. Patients
received quinolone-based prophylaxis for neutropenia. Febrile neutropenia was treated with
vancomycin, piperacillin/ tazobactam, and either a quinolone or an aminoglycoside, unless
colonized with vancomycin-resistant enterococcus (VRE) in which case vancomycin was
substituted with linezolid until the results of blood cultures were known10. During the study
period, prophylaxis with vancomycin from day −2 to at least day 7 was instituted in
recipients of myeloablative conditioning to prevent Streptococcus viridans sepsis11. All
patients received micafungin for fungal prophylaxis during conditioning. Following
transplantation, this was switched to a mold active azole (voriconazole or posaconazole) in
adults, whereas in pediatric patients micafungin was continued. Patients who developed a
fever unresponsive to antibiotics, or had symptoms or signs suggestive of a fungal infection,
were treated with a mold active azole or liposomal amphotericin. Mold active fungal
prophylaxis was given to all patients with active GVHD requiring systemic corticosteroids.

Prophylaxis against Herpes simplex virus (HSV) consisted of intravenous acyclovir 250 mg/
m2 every 8 hours, which was continued orally at discharge. Patients did not receive routine
prophylaxis against cytomegalovirus (CMV) but were monitored for CMV viremia by either
antigenemia assay or polymerase chain reaction (PCR) and treated preemptively.
Pneumocystis jirovecii prophylaxis was with sulfamethoxazole/ trimethoprim or intravenous
pentamidine during conditioning, and aerosolized pentamidine or atovaquone was restarted
approximately one month post-transplant. Patients routinely received intravenous
immunoglobulin monthly for approximately 3 month starting at around day 30. Thereafter,
replacement was guided by IgG levels and was triggered by a total IgG < 500 mg/dl.
Acyclovir and Pneumocystis prophylaxis were continued for at least 9 months in children,
and one year in adults.

Definitions of Infection
Serious infections were collected prospectively for each patient during the first year post-
transplant. They were classified as previously described12 with the exception that probable
and possible fungal pneumonias without clinical compromise were not automatically life-
threatening by definition given the improved prognosis of these infections with extended
spectrum azole therapy. Thus, severe infections were those requiring intravenous therapy
and/or hospitalization. Life-threatening infections required vasopressors or mechanical
ventilation, and also included any viral pneumonias, central nervous system human herpes
virus 6 (HHV6), or Toxoplasmosis gondii infections. Lethal infections either caused or
contributed to death, whereas the primary cause of death was defined according to the
algorithm of Copelan et al13. Mild or moderate infections, and positive blood cultures with
coagulase negative Staphylococcus thought to be a contaminant were excluded. Clostridium
difficile infections were also excluded unless they were life-threatening or contributed to
death. Bacterial infections were either proven or were presumed based on the combination
of clinical presentation plus treatment response to anti-bacterial antibiotics. Fungal
infections were defined as proven, probable, or possible according to previously reported
criteria14. An additional category of “Pneumonia” was included in order to capture patients
with fever and pulmonary infiltrates on chest CT scan consistent with either a bacterial or
fungal infection. These patients were treated with combined anti-bacterial and anti-fungal
therapy and had no evidence of a viral infection but a specific etiology could not be
determined. HHV6 viremia was only counted if the patient received specific anti-viral
therapy for HHV6. Recurrence intervals were defined for viruses and molds as previously
described12. Patients were censored from analysis of infections after day 30 if they had graft
failure, and at the time of relapse or disease progression, whereas surviving patients were
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only included in the analysis of infections in a particular time-period if they had follow-up
for the entire time-period.

Measurements of Immune Recovery
Absolute lymphocyte counts (ALC) were measured from day 30 (±7) post-transplant, and
ALC, circulating lymphocyte subsets, T-cell phytohemagglutinin-P (PHA) proliferative
responses, and CMV CF antigen responses (measured by thymidine incorporation using
standard methodology) were measured at 60 (±7), 120 (±15), 180 (±21) days, and 1 year
(±45 days) post-transplant as previously described15. PHA responses were analyzed as the
percentage of the lower limit of normal (LLN).

Statistical Analysis
The probability of neutrophil and platelet engraftment, acute GVHD, and transplant-related
mortality (TRM) were computed using the cumulative incidence function. For neutrophil
engraftment and acute GVHD, early death was the competing event, whereas for TRM death
from relapse or disease progression was the competing event. Overall survival and
progression-free survival were calculated using Kaplan-Meier methodology. The times to
first bacterial/ fungal infection or viral infection were calculated separately using a
competing risk analysis with early death as the competing event. A univariate cause-specific
hazard Cox model was employed to analyze the association between potential risk factors
and infection risk. Exposure to systemic corticosteroids was analyzed as a potential risk
factor for infection, and was defined as treatment with at least 0.5 mg/kg
methylprednisolone or prednisone, or 9 mg/day budesonide, for greater than or equal to 7
consecutive days in the first post-transplant year. The infection risk factors of neutrophil
recovery, acute GVHD, corticosteroid exposure and ALC/ CD3+4+ T-cell recovery were
assessed using a time-dependent covariate cause-specific hazard Cox model. Due to the
small number of patients having more than one infection, a multivariate analysis to assess
the total infection burden was not performed. The Cochran-Armitage trend test using the
exact method was utilized to assess whether CMV reactivation was associated with a higher
T-cell response to CMV.

Results
Transplant Outcomes

The cumulative incidence of sustained donor engraftment by day 45 was 94% (95%CI:
85-100) with 4 patients having graft failure. The donor-recipient HLA-A, -B antigen and -
DRB1 allele match of the unit dominating in engraftment in the 68 patients with sustained
donor engraftment was 6/6 (n = 1), 5/6 (n = 38), and 4/6 (n = 29), and it had a median
infused TNC dose of 2.14 × 107/kg (range 0.91-11.33). The median time to neutrophil
recovery was 23 days (range 11-43) in myeloablative, and 11 days (range 7-36) in non-
myeloablative CBT recipients. The cumulative incidence of grade II-IV acute GVHD at day
100 was 43% (95%CI: 33-56), with 12 patients having grade II, 15 patients having grade III,
and 4 patients having grade IV acute GVHD. After day 100, 20 of 60 (33%) evaluable
patients had ongoing active late acute GVHD requiring therapy, chronic GVHD, or overlap
syndromes. The day 180 TRM was 21% (95%CI: 13-33). The Kaplan-Meier estimate of
overall survival and progression-free survival at one-year were 68% (95%CI: 57-79) and
59% (95%CI: 48-71), respectively. The primary causes of death13 were relapse (n = 7), graft
failure (n = 3), GVHD (n = 6), organ failure (n = 7), and infection (n = 2, both viral).
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Nature and Incidence of Serious Infections
The incidences of serious infections by type and time period are summarized in Figure 1.
There were no infections due to Pneumocystis or Toxoplasmosis. Nearly three-quarters
(72%) of infections occurred in the first 60 days. Sixty-one percent of patients had one or
more infections in the first 30 days, 43% had one or more infections between days 31-60,
and 25% had one or more infections between days 61-120 post-transplant. Only 2 infections
(both viral) directly caused death according to the criteria of Copelan et al13, but 6
contributed to death with the primary causes of death being subsequent graft failure (n = 2),
GVHD (n = 3), and organ failure (n = 1). Thus, 3 of the 6 patients who died of GVHD had
bacterial (n = 1) or viral (n = 2) infections contributing to their death. All lethal infections
were limited to the first four months post-transplant. After day 120, serious infections were
uncommon with 75% of patients being free of serious infections after this time.

Bacterial and Fungal Infections
Forty-seven patients had 75 bacterial or fungal infections, or bacterial/ fungal pneumonias.
Of these 47 patients, 28 patients had one infection (60%), 13 (28%) had 2 infections, and 6
(13%) had greater than 2 infections. The time to onset of the first bacterial or fungal
infection is shown in Figure 2.

The peak incidence of bacterial infections was in the first 30 days post-transplant (Figure 1).
Specific details of bacterial infections are summarized in Table 2 and Figure 3. Only 32
(59%) of infections classified as bacterial had a documented organism. These consisted
predominantly of bacteremias (19 gram positive and 10 gram negative) with the most
frequent being due to VRE. Of 8 patients with VRE bacteremia, 6 were known to be
colonized with VRE whereas 1 was not and 1 was not tested. The majority (n = 11, 92%) of
presumed bacterial pneumonias had no organism identified, but all were treated successfully
with anti-bacterial antibiotics. Most bacterial infections were classified as severe, and only 2
bacterial infections contributed to death: one patient with Staphylococcus aureus septicemia
(onset day 7) with subsequent graft failure and veno-occlusive disease, and one patient with
grade IV acute GVHD of the gut who died in the setting of fulminant Clostridium difficile
colitis.

The majority (10/13, 77%) of fungal infections occurred in the first 30 days post-transplant
for an incidence of 14% of patients during this time period (Figure 1). All fungal infections
were pneumonias and categorized as severe. In only one patient was there a proven
organism (Saccharomyces cerevisiae pneumonia and fungemia). The remaining infections
classified as fungal based on clinical presentation and response to therapy were probable in
2 patients, and possible in 10 patients as per published criteria14. The Saccharomyces
cerevisiae infection resolved with micafungin and voriconazole, and all remaining patients
were treated successfully with mold-active therapy.

Pneumonias that Were Either Bacterial or Fungal
Eight additional patients had pneumonias that responded to combined anti-bacterial and anti-
fungal therapy. Seven of the 8 (88%) infections occurred in the first 30 days post-transplant
for an incidence of 10% (Figure 1). Seven were severe, and one contributed to death in a
patient who subsequently died of organ failure. When combining these 8 cases of bacterial/
fungal pneumonia, with those pneumonias that were classified specifically as either bacterial
(n = 12) or fungal (n = 13) in nature, there was a total of 33 bacterial/ fungal pneumonias.
Seven cases (21%) underwent diagnostic bronchoscopy, but an organism was identified in
only 2 cases. However, all cases but one were successfully treated with anti-bacterial and/or
anti-fungal therapy.
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Viral Infections
Forty-one patients had 62 viral infections (Table 3 and Figure 4). Twenty-four of these 41
patients (59%) had one infection, 15 (37%) had 2 infections, and 2 (17%) patients had 4
separate viral infection episodes. In contrast to bacterial/ fungal infections that diminished
after day 30, the incidence of viral infections increased in the early post-engraftment period
(Table 3, Figures 1, 2 and 4) with 30% of patients having one or more serious viral
infections between days 31-60. Viral infections had the highest lethality with 2 viral
infections (1 CMV pneumonia and 1 HHV6 encephalitis) directly causing death, and 3
contributing to death (Table 3). However, the 5 lethal viral infections occurred exclusively
in the first 120 days after transplant. After this time the incidence of viral infections
decreased, although non-lethal infections remained a burden during the first year post-
transplant affecting 13% of patients between days 121-180 and 17% between days 180-1
year post-transplant. The infectious agent was demonstrated in all viral infections with the
exception of 2 clinical diagnoses of shingles due to varicella-zoster virus (VZV).

Twenty-three patients had 28 episodes of CMV infection. CMV accounted for 28 of the 62
(45%) serious viral infections and was therefore the most common viral infection in the
study. CMV reactivation occurred at a median of 46 days (range 15-274) post-transplant. It
was observed exclusively in CMV sero-positive recipients with 23/39 (59%) of sero-positive
CBT recipients reactivating CMV. Eighteen patients had CMV viremia alone (23 infection
episodes), 4 patients had CMV disease (2 pneumonias and 2 enteritis/ colitis), and one
patient had upper respiratory tract infection. Thus, 4/39 (10%) CMV sero-positive patients
developed end-organ CMV disease of the lung or gastro-intestinal tract. Twenty-six CMV
infections were treated successfully in 21 patients (91% of patients with CMV infection)
with induction therapy of ganciclovir (n = 1), oral valganciclovir (n = 13), or foscarnet (n =
12), whereas CMV disease caused or contributed to death in both cases with pneumonia.

The next most common viral infection (n = 11) was human herpes virus 6 (HHV6). Viremia
was treated successfully in 9 patients with foscarnet, whereas one patient had secondary
graft failure possibly related to this infection and/ or its therapy, and another had lethal
HHV6 encephalitis. Eight patients had BK virus-associated hemorrhagic cystitis; 4 had
grade II (macroscopic hematuria) and 4 had grade III (hematuria with clots) disease16. The
cystitis spontaneously resolved in all patients. Both HHV6 and BK virus infections were
limited to the first 60 days post-transplant.

Five patients (8% of sero-positive patients) reactivated Epstein-Barr virus (EBV) at a
median of 215 days (range 104-314) post-transplant. Four had viremia and one had
widespread EBV-related post-transplant lymphoproliferative disease. All 4 cases of isolated
EBV viremia were successfully treated with rituximab, whereas the patient with lymphoma
failed rituximab but was treated successfully with third-party EBV-specific cytotoxic T-
lymphocytes17.

Three patients developed adenovirus infections, one with a urinary tract infection and 2 with
enteritis/ colitis. Adenovirus contributed to death in both cases of gastro-intestinal disease.
The incidences of HSV or VZV infections were low in the first post-transplant year, as was
the incidence of lower respiratory tract infections with seasonal viruses.

Immune Recovery
The recovery of the ALC, CD3+4+ and CD3+8+ T-lymphocytes, and PHA responses for all
patients are shown in Figure 5. Some patients had sustained low lymphocyte levels and low
PHA responses for at least one year. However, the median ALC of 800 cells/microL (range
100-14,200) was within the normal range (500-5,300 cells/microL) by day 60. Moreover,
the median CD3+4+ T-cell count of 268 cell/microL (range 20-753) was over 200 by day

Sauter et al. Page 6

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



120, and was at the lower limit of the normal range (359-1570 cells/microL) by day 180.
The median CD3+8+ T-cell count of 92 cells/microL (range 8-2911) was approaching the
lower limit of the normal range (98-1217 cells/microL) by day 180. The median PHA
response was 80% the LLN (range 3-236) by day 120. Progressive immune recovery was
seen in both adult and pediatric patients (Figure 6).

CMV specific immunity was investigated as a measure of functional lymphocyte responses
in 58 patients starting at day 60. T-cell responses to CMV were seen as early as 60 days after
transplant. While it was not possible to show that the T-cell responses were protective, there
was a highly significant association between CMV reactivation and development of CMV-
specific T-cell responses (p < 0.0001, Table 4).

Risk Factors for Developing the First Infection
Univariate analysis demonstrated no correlation between the time to first bacterial or fungal
infection (including bacterial/ fungal pneumonias) and patient age, cell dose (infused TNC/
kg or CD34+ cell/kg dose of the unit dominating in engraftment), donor-recipient HLA-
match (dominating unit 5-6/6 versus 4/6 HLA-match), time to neutrophil recovery ≥ 0.5 ×
109/L, acute GVHD (grade 0-I versus II-IV), time to ALC ≥ 500/microL, time to CD3+4+
T-cell count ≥ 200 cells/microL, or exposure to systemic corticosteroids (Table 5).
However, univariate analysis identified a delayed time to developing a bacterial/ fungal
infection in recipients of non-myeloablative conditioning [hazard-ratio (HR) 0.25 (95%CI:
0.11-0.57) (p = 0.001)], which was also significant (p = 0.007) in multivariate analysis.
Univariate analysis for the first viral infection (predominantly CMV viremia) showed no
relationship with conditioning intensity (Table 5). Univariate analyses identified recipient
age and CMV sero-positivity as significant risk factors for the first viral infection, but only
CMV sero-positivity was confirmed on multivariate analysis [HR 3.97 (95% CI: 1.75-9.02)
(p = 0.001)].

Relationship Between Infection and GVHD or Corticosteroid Exposure for Another
Indication

Before day 120, 37/67 (55%) of serious bacterial/ fungal infections (including pneumonias)
occurred in patients with grade II-IV acute GVHD or who received systemic corticosteroids
for another indication. From day 120-1 year, a similar number (5/8, 63%) of such infections
occurred in this context. For serious viral infections, 29/50 (58%) occurred in patients with
GVHD or who received corticosteroids before day 120. However, 11/12 (92%) viral
infections occurred in this setting from day 120-1 year. Specifically, while only 11/23 (48%)
early CMV infections before day 120 occurred in patients with GVHD or receiving
corticosteroids, all (5/5, 100%) late CMV infections after day 120 occurred in this setting.
All 5 cases of EBV occurred in the context of treatment for GVHD (n = 3) or corticosteroid
therapy for another indication (n = 2). Similarly, both cases of gastro-intestinal infection
with adenovirus occurred in patients with severe GVHD.

Discussion
Despite CBT being practiced for 2 decades, relatively little is known about the infection risk
and immune recovery post-transplant. High rates of infection have been reported with single
unit CBT18-20, and use of ATG has been linked to a high risk of viral infections5-9. Further,
there is little data available concerning the infection risk and immune recovery after double
unit CBT. Improved understanding of infection risk and immune recovery is critical to the
implementation of more effective prophylactic and therapeutic anti-microbial strategies.
Moreover, immune recovery is of particular interest not only from the standpoint of
infection risk, but also given Parkman and colleagues have demonstrated an association
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between decreased leukemic relapse and successful recovery of immune responses against
Herpes viruses after CBT21.

Our study is the first detailed analysis of infection risk after double unit CBT without ATG.
We demonstrate that serious opportunistic infections remain a major problem. However,
while bacterial and fungal infections were frequent, mortality from such infections was rare.
This is likely due to aggressive management of febrile neutropenia, prophylaxis against and
coverage of mold infections, and possibly by improved engraftment with double unit grafts.
The only risk factor we identified for the development of these early infections was
conditioning intensity. Non-myeloablative conditioning was associated with a delayed time
to bacterial/ fungal infections, similar to transplantation of other hematopoietic stem cell
(HSC) sources22. Additionally, there were no cases of Pneumocystis jirovecii pneumonia or
Toxoplasmosis gondii infection. While this success is important, bacterial and fungal
infections (including pneumonias) remain a significant burden, especially after
myeloablative conditioning. More rapid neutrophil recovery after double unit CBT would be
beneficial and will require a larger CB inventory, ex vivo expansion, or other strategies23.
Currently, the best prophylaxis for bacterial infections is unclear given the emergence of
gram negative organisms resistant to quinolones, and the increasing incidence of other
antibiotic resistant organisms such as VRE. Clinical care would also be considerably
enhanced with the implementation of improved methods to establish the causative organism
for clinical pneumonias, and strategies to prevent VRE bacteremia in colonized patients.

Viral infections, by contrast, were more likely to cause or contribute to death. While HSV
and VZV infections were effectively prevented by acyclovir as reported with other HSC
sources24,25, CMV infections posed a challenge. Consequently, close monitoring for CMV
reactivation is imperative in order to rapidly institute pre-emptive therapy. We found a
similar incidence of CMV viremia and disease as previously reported after CBT26-29

indicating that CMV represents a significant risk after double unit CBT despite omission of
ATG. Our observation that early CMV infection was not prevented by avoidance of ATG,
and had no relationship with GVHD, is consistent with the report of Beck et al29. Further,
while CMV-specific T-cell responses developed as early as day 60, CMV contributed to
early deaths in 2 patients. Our center does not routinely prescribe CMV prophylaxis given
the risk of myelosuppression from ganciclovir/ valganciclovir and the nephrotoxicity of
foscarnet. Thus, while our data support the findings of Cohen et al that naïve CB
lymphocytes can relatively rapidly generate antigen specific responses30, more effective and
less toxic CMV prophylaxis and treatment are needed31. In addition, our CMV CF antigen
response is only a semi-quantitative proliferation assay primarily evaluating CD4+ T-cell
responses without assessing the cytolytic function of cytotoxic T-cell responses. More
sophisticated measures of CMV-specific T-cell responses such as intracellular cytokine-
based assays32 would be of interest to more accurately assess CD4+ and CD8+ CMV-
specific T-cell recovery, especially comparing CBT with different methods of GVHD
prophylaxis.

The incidence of HHV6 viremia at our institution33 was higher than we report in this study,
but here only symptomatic patients or those with rapidly rising viral load who received
HHV6 therapy were included. High rates of HHV6 viremia have been observed after
CBT34-36, and the uncertainty of its significance is extremely problematic. While one of our
patients developed graft failure possibly related to HHV6 viremia as reported by
Chevallier36, and another died of HHV6 encephalitis37,38, some asymptomatic viremia
resolved without therapy. A better understanding of the clinical course of HHV6 is required
to differentiate patients that may derive benefit from potentially toxic anti-viral therapy, and
those who may be safely observed.
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Our incidences of infections with adenovirus4,7 and EBV6,9 appear lower than previously
reported after CBT, possibly due to our omission of ATG from the conditioning. Notably, in
our study both cases of adenovirus enteritis, and all cases of EBV, occurred exclusively in
the context of systemic GVHD therapy or corticosteroid administration for another
indication. Monitoring for EBV reactivation is thus warranted in any CBT recipient
receiving systemic immunosuppressive treatment for GVHD or corticosteroids for another
reason to facilitate immediate pre-emptive therapy. While EBV viremia resolved with
rituximab in 4 patients, the single patient with EBV lymphoma required third-party EBV-
specific cytotoxic T-lymphocytes17. Both patients with adenovirus gut disease died, and,
although the primary cause of death was GVHD, these viral infections contributed to death.

While we were unable to identify any significant predisposing factors to development of the
first viral infection other than recipient CMV sero-positivity, it is notable that mortality from
all infections, including viruses, was limited to the first 4 months post-transplant, suggesting
the development of immune reconstitution sufficient to prevent serious infections even in
patients with ongoing GVHD. We examined ALC and CD3+4+ T-cell counts as simple
measures of immune recovery given CD3+4+ T-cell recovery is protective against
opportunistic infections15,39. We observed more rapid CD3+4+ T-cell recovery than two
early reports of ATG-based single unit CBT40,41, and two more recent CBT series of single
or double unit CBT in 32 patients each8,9. Komanduri et al reported a median 6 month
CD3+4+ T-cell recovery of approximately 100 cells/microL after single unit ATG-based
CBT8 as compared with 356 cells/microL in our study. Brown et al found a similarly low
median 6 month CD3+4+ T-cell count of approximately 100 cells/microL in adult reduced
intensity ATG-based double unit CBT recipients9. Further, the PHA responses in our
patients (median 80% LLN by day 120) exceed those previously reported in a single unit
ATG-based CBT series (median <50% LLN by 6 months)40,41. While such retrospective
comparisons to published series is limited by the confounding factors of potentially differing
patient populations and conditioning regimens, differences in immune recovery in the
absence of ATG are suggested. Interestingly, while omission of ATG did not prevent early
CMV, a benefit was manifest in the risk of later infections such as EBV or adenovirus or
late CMV given patients not exposed to GVHD therapy or corticosteroids for another
indication were not at risk for EBV, adeno-viral gut disease, or late CMV at all. By contrast,
patients with GVHD or corticosteroid therapy had a significant infection risk, with 92% of
late viral infections after day 120 occurring in this context.

In summary, the mortality risk from bacterial and fungal infections has been significantly
abrogated by anti-microbial agents to prevent and treat infection, and possibly by the use of
double unit grafts. While the bacterial/ fungal infection risk of myeloablative conditioning is
increased compared with non-myeloablative conditioning, such infections were unlikely to
be lethal. Viral infections, especially early CMV infections, remain challenging. However,
we show a reduced incidence of EBV and adenovirus infections compared to published
literature, possibly due to our omission of ATG. Without ATG we have achieved a high rate
of sustained engraftment. Our incidences of GVHD are not prohibitive, although it should be
acknowledged that a significant minority of patients will develop severe GVHD. Further, the
mortality risk from infection was restricted to the first 4 months post-transplant, with the
reduced risk coincident with recovery of ALC, CD3+4+ and CD3+8+ T-cells, and PHA
responses. Nonetheless, further improvement is indicated. This will require more rapid
neutrophil recovery and more effective prevention of GVHD, ideally without the profoundly
T-cell depleting effects of ATG. Improved anti-viral agents and investigation of cellular
therapy to augment anti-viral immunity should also be a major priority in CBT. The
investigation of more sophisticated measures of immune recovery such as T-cell receptor
rearrangement excision circles 8,9, T-cell differentiation8 and T-cell repertoire41 will also be
of great interest in ATG-free double unit CBT recipients, although the absence of lethal
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infections after 4 months post-transplant is the most powerful surrogate marker of immune
recovery4. These findings support double unit CBT without ATG, and will act as a baseline
for the investigation of new strategies to further prevent infection and augment immune
recovery.
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Figure 1. Incidence of serious infections by type and time period in the first year post-transplant:
there was a marked decrease after day 60 although a low but persistent viral infection risk
persisted during the first post-transplant year
Pneumonias due to a specific organism, or diagnosed as due to a specific infection type
(based on the clinical presentation, course, and response to therapy) are included under the
bacterial, fungal and viral categories. The category of “Pneumonias” had no organism
identified, responded to combined anti-bacterial and anti-fungal therapy, but a specific
infection category could not be determined. The fall in patient number is due to lack of
complete follow-up or patient death.
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Figure 2.
Cumulative incidence of first infection by etiology: bacterial and fungal infections had an
earlier onset than viral infections.
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Figure 3.
Type and number of bacterial infections: serious bacterial infections markedly decreased
after day 30.
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Figure 4. Type and number of viral infections: serious viral infections markedly decreased after
day 60
Notably, however, the incidence remained stable during time periods day 61-1 year (see
Figure 1), although mortality from viral infections was limited to the first 120 days.
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Figure 5. ALC recovery (5A), CD3+4+ T-cell recovery (5B), CD3+8+ T-cell recovery (5C), and
PHA response (5D) after double unit CBT: median ALC counts were within the normal range by
day 60, the median CD3+4+ T-lymphocyte counts were over 200, and PHA responses at 80% the
LLN by day 120 post-transplant, respectively
The dotted lines (---) represent the normal ranges. The boxes represent the interquartile
range, and the solid lines within the boxes represent the median value. The closed circles (•)
represent outlier values > 1.5 the interquartile range.
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Figure 6.
The median ALC recovery (6A), CD3+4+ T-cell recovery (6B), CD3+8+ T-cell recovery
(6C), and PHA response (6D) after double unit CBT according to age: progressive immune
recovery is seen in both adult and pediatric patients.
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Table 1

Patient and graft characteristics.

Characteristics

N 72

N (%) Male 41 (56%)

Median (range) Age 36 years (1-66)

Median (range) Weight 68 kg (7-109)

N (%) Diagnosis

Acute leukemia 37 (51%)

MDS/ CML 3 (4%)

NHL/ CLL 22 (31%)

HL 10 (14%)

N (%) Conditioning

Myeloablative 52 (72%)

Non-myeloablative 20 (28%)

N (%) Prior Autologous Transplant 14 (19%)

N (%) Recipient CMV+ 39 (54%)

N (%) Recipient EBV+ 63 (88%)

N (%) HLA-A,-B Antigen, -DRB1 Allele Match

6/6 5 (4%)

5/6 75 (52%)

4/6 64 (44%)

Median (range) Infused TNC × 107/kg

Larger unit 2.56 (1.42-11.33)

Smaller unit 1.94 (0.91-7.09)

Abbreviations: MDS, myelodysplastic syndrome; CML, chronic myelogenous leukemia; NHL, non-Hodgkin lymphoma; CLL, chronic
lymphocytic leukemia; HL, Hodgkin lymphoma; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HLA, human leukocyte antigen; TNC, total
nucleated cell.
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Table 2

Number, type and incidence of serious bacterial infections by post-transplant time period: 72% occurred in the
first 60 days, the peak incidence was in the first 30 days, VRE bacteremia was the most common, and only
two infections contributed to death.

Time
Period
( N
Patients
at Risk)

N
Infections//
N (%)
Patients
with One
or More
Infection

Type Severity

Admit-30
(N=72)

27
infections//
23/72 (32%)
of patients.

11 Gram+ bacteremia: 5 VRE; 3 Strep. viridans; 2
 Staph. aureus; 1 Bacillus species.

10 severe; 1 lethal*.

5 Gram- bacteremia: 2 E. coli; 1 Klebsiella species; 1
 Pseudomonas aeruginosa; 1 Stenotrophomonas
 maltophilia.

5 severe.

1 Gardnerella vaginalis UTI. 1 severe.

10 Organisms unknown: 6 pneumonia; 3 sinusitis; 1
 typhlitis.

10 severe.

31-60
(N=67)

12
infections//
10/67 (15%)
of patients.

4 Gram+ bacteremia: 1 Enterococcus species (not
 VRE); 1 VRE; 1 Bacillus species; 1 Micrococcus
 species.

4 severe.

1 Gram- bacteremia: 1 Stenotrophomonas maltophilia. 1 severe.

1 Mycobacterium (non-TB) pneumonia. 1 life-threatening.

6 Organisms unknown: 3 pneumonia; 2 sinusitis; 1
 typhlitis.

6 severe.

61-120
(N=65)

7
infections//
7/65 (11%)
of patients.

2 Gram+ bacteremia: 1 VRE, 1 Staph. aureus. 2 severe.

2 Gram- bacteremia: 2 Stenotrophomonas maltophilia. 2 severe.

1 C. Difficile colitis. 1 lethal*.

2 Organisms unknown: 1 tonsillitis; 1 pharyngitis. 2 severe.

121-180
(N=47)

5
infections//
5/47 (11%)
of patients.

2 Gram+ bacteremia: 1VRE; 1 Coagulase negative
 Staphylococcus.

2 severe.

2 Gram- bacteremia: 1 E. coli; 1 Haemophilus species. 2 severe.

1 Organisms unknown: 1 sinusitis. 1 severe.

180-1
year
(N=36)

3
infections//
3/36 (8%)
of patients.

3 Organisms unknown: 2 pneumonia; 1 sinusitis. 3 severe.

*
Infection contributed to death in 1 patient with Staphylococcus aureus septicemia (onset day 7) with subsequent graft failure and veno-occlusive

disease, and one patient with grade IV acute GVHD of the gut who died in the setting of fulminant Clostridium difficile colitis.

Abbreviations: N, number; VRE; vancomycin resistant Enterococcus faecium; Strep, streptococcus; Staph, staphylococcus; UTI, urinary tract
infection; TB, tuberculosis.
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Table 3

Number, type and incidence of serious viral infections by time period: the peak incidence was during 31-60
days post-transplant, CMV was the most common infection, and lethal infections were limited to the first 120
days post-transplant.

Time
Period
(N Patients
at Risk)

N
Infections//
N (%)
Patients with
One or More
Infection

Type Severity

Admit-30
(N=72)

19 infections//
15/72 (21%)
of patients.

4 CMV: 2 viremia, 1 pneumonia*,
 1 enteritis/ colitis*.

2 severe, 1 life-threatening,
 1 lethal**.

10 HHV6: 9 viremia, 1 encephalitis. 9 severe; 1 lethal**.

4 BK hemorrhagic cystitis. 4 severe.

1 Adenovirus UTI. 1 severe.

31-60
(N=67)

21 infections//
20/67 (30%)
of patients.

15 CMV: 12 viremia, 1 pneumonia*,
1 enteritis/ colitis*, 1 URI.

13 severe, 1 life-threatening,
 1 lethal**.

1 HHV6 viremia. 1 severe.

4 BK hemorrhagic cystitis. 4 severe.

1 Adenovirus enteritis/ colitis*. 1 lethal**.

61-120
(N=65)

10 infections//
10/65 (15%)
of patients.

4 CMV viremia. 4 severe.

1 Adenovirus enteritis/ colitis*. 1 lethal**.

1 RSV URI. 1 severe.

1 Influenza URI. 1 severe.

2 Herpes Zoster (single dermatome). 2 severe.

1 HSV mucositis. 1 severe.

121-180
(N=47)

6 infections//
6/47 (13%)
of patients.

3 CMV viremia. 3 severe.

1 EBV viremia. 1 severe.

1 RSV pneumonia. 1 life-threatening.

1 Influenza URI. 1 severe.

180-1 year
(N=36)

6 infections//
6/36 (17%)
of patients.

2 CMV viremia. 2 severe.

4 EBV: 3 viremia, 1 NHL. 4 severe.

*
Patients with pneumonia or gut disease also had viremia.

**
Five patients had lethal viral infections: 1 CMV pneumonia and 1 HHV6 encephalitis directly contributed to death whereas in 3 patients viral

infections contributed to death (1 patient with early onset CMV infection who subsequently had graft failure and 2 with adenovirus whose primary
cause of death was GVHD).

Abbreviations: CMV, cytomegalovirus; HHV6, human herpes virus 6; UTI, urinary tract infection; URI, upper respiratory tract infection; RSV,
respiratory syncytial virus; HSV, herpes simplex virus; EBV, Epstein-Barr virus; NHL, Non-Hodgkin lymphoma.
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Table 4

T-cell response to CMV: there was a strong association between recipient CMV reactivation and development
of a CMV-specific T-cell response.

N Tested According to Recipient
Serostatus & CMV Reactivation

Positive T-cell Response
to CMV /

First Time Detected
Post-Transplant

P value

CMV sero-negative
(N = 27)

2 (7%) /
Days 180 & 270.

P <
0.0001

CMV sero-positive,
no reactivation

(N = 12)

6 (50%) /
Days 60 (n = 2), 120 (n =

2), & 270 (n = 2)

CMV sero-positive,
reactivation

(N = 19)

15 (79%) /
Days 60 (n = 3), 120 (n =
7), 180 (n = 2), 270 (n =

1), & 1 year (n = 2).

Abbreviations: CMV, cytomegalovirus.
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