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Abstract

Background: Pediatric hematopoietic stem cell transplant (pHSCT) 
patients are at risk for many life-threatening post-transplant compli-
cations, notably relapse, graft-versus-host disease (GvHD), and infec-
tion.

Methods: This retrospective study reviewed 10 years of pHSCT at 
a single institution, assessing for risk factors for post-transplantation 
viral infections (herpes simplex virus (HSV), varicella-zoster virus 
(VZV), Epstein-Barr virus (EBV), cytomegalovirus (CMV), human 
herpes virus 6 (HHV6), adenovirus (ADNV), and human polyoma 
virus 1 (BK virus)), and characterizing adverse infectious outcomes.

Results: Overall, 139 patients received 151 transplants. With respect 
to graft source: 73 (48.3%) were bone marrow, 67 (44.4%) umbili-
cal cord blood (UCB), and 11 (7.2%) peripheral blood stem cells 
(PBSCs). Forty-one deaths occurred, for an overall mortality rate 
of 29.5%. The overall incidence of post-transplant viral infections 
was 47.7% (n = 72). Incidence of post-transplant infection varied 
by virus type: 3.97% HSV, 0.67% VZV, 3.97% EBV, 24.5% CMV, 
14.5% HHV6, 12.6% ADNV, and 12.6% BK virus. Viral encepha-
litis, though relatively uncommon, was primarily caused by HHV6 
and more common in UCB transplants. Overall, cell source and donor 
source were identified with statistically significant correlation to both 
risk of infection and mortality.

Conclusions: Post-transplant viral infection remains as a serious ad-
verse event in pediatric patients, and thus prospective studies should 
be performed to implement early intervention and more aggressive 

treatment in select high-risk patients. More studies specifically ad-
dressing infection risks in cord blood transplants and risk factors for 
post-transplant viral encephalitis are warranted.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is utilized as 
a potentially curative therapy for many types of childhood dis-
eases, including malignancies, hemoglobinopathies, primary 
immune deficiencies, inborn errors of metabolism, and marrow 
failure syndromes. In the peri- and post-transplant periods, an 
HSCT patient may encounter any number of serious transplant-
related complications, such as engraftment syndrome, acute 
graft-versus-host disease (aGvHD), organ failure, and most no-
tably, bacterial/fungal/viral infections. Viral infection and reac-
tivation remain as major contributors to short- and long-term 
morbidity and mortality in pediatric HSCT (pHSCT) patients. 
In this population, the incidence of viral infection in allogeneic 
HSCT is estimated to be 55-89% [1-6].

In the pre-transplant conditioning phase, high doses of 
radiation, chemotherapy, and serotherapy are utilized to elimi-
nate residual disease, creating a niche for the arriving graft and 
prevent graft rejection. In the post-transplant period, immuno-
suppressants, most commonly corticosteroids and calcineurin/
mammalian target of rapamycin (mTOR) inhibitors, are given 
as prophylaxis against engraftment syndrome and aGvHD. This 
profound immunosuppression leaves patients susceptible to in-
fection in addition to the nascent immune reconstitution [7, 8].

The herpesviruses are the main pathogens contributing to 
viral infection in the post-transplant period. Herpes simplex 
virus (HSV), cytomegalovirus (CMV), varicella-zoster vi-
rus (VZV), Epstein-Barr virus (EBV), human herpes virus 6 
(HHV6), and adenovirus (ADNV) are all commonly acquired 
in childhood, establish latency within the host, and remain sup-
pressed by a healthy immune system. In the periods of pro-
found immunosuppression and dysfunction, these viruses can 
reactivate and cause serious complications including hepatitis, 
colitis, pneumonitis, encephalitis, marrow suppression, and 
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secondary malignancy [3, 9]. Moreover, peri-transplant viral 
reactivations can trigger serious HSCT complications, such 
as GvHD and graft failure. These reactivations can even have 
a negative effect on short- and long-term immune reconstitu-
tion [7]. Both prophylaxis and treatment with antivirals such 
as acyclovir, ganciclovir, cidofovir, and foscarnet have been 
utilized for the management of viral reactivations. HSV and 
CMV seropositive pediatric patients commonly receive acy-
clovir, ganciclovir or letermovir prophylaxis, respectively. 
Cidofovir and foscarnet are generally reserved for treating 
severe/symptomatic viremia. The utilization of these medica-
tions presents their own risks, including nephrotoxicity, hepa-
totoxicity, and marrow toxicity.

This 10-year, single-center retrospective study evaluates the 
rates of viral reactivation across several epidemiologic and clini-
cal outcome variables. The goal of this work was to characterize 
post-transplant viral reactivations in the pHSCT population, and 
to identify clinical risk factors for the development of serious 
viral infection or reactivation to better guide and tailor viral sur-
veillance, treatment, and management in this population.

Materials and Methods

We conducted a retrospective assessment of all pediatric stem 
cell transplants performed at UCLA Mattel Children’s Hospi-
tal from January 2008 to December 2017.

Viral infections or reactivations, antiviral prophylaxis and 
treatment were documented. More detailed analyses were per-
formed of patients who died, with regard to causes of death 
as well as any contributing active viral infections at time of 
death. Patients who received any autologous transplants were 
excluded from analysis, and so were those who were cared for 
outside of UCLA during the immediate post-transplant period. 
Transplant follow-up time was defined as the period from the 
day of transplant until a full year of follow-up for the last trans-
planted patient in the cohort.

Transplantation methods

Conditioning regimens varied based on primary diagnosis, 
disease status, and other individual factors. Cell sources in-
cluded umbilical cord blood (UCB), peripheral blood stem 
cells (PBSCs), and bone marrow (BM). Donor sources were 
classified as autologous, matched related, matched unrelated, 
and related haploidentical donors. The standard approach at 
UCLA Pediatrics has been to perform myeloablative condi-
tioning regimen for malignancies or genetic disorders, ex-
cluding juvenile myelomonocytic leukemia (JMML) and 
hemophagocytic lymphohistiocytosis (HLH). Preference was 
generally given to the use of BM as a cell source, to decrease 
risk of aGvHD and favor engraftment, even for patients re-
ceiving human leukocyte antigen (HLA)-matched sibling do-
nor or related haploidentical transplants. UCB was considered 
for patients for whom a minimal cell dose of 3.5 - 5.0 × 107 
total nucleated cell (TNC)/kg could be assured. Mobilized 
PBSCs were used as last option, in the case of reluctant or 

smaller/younger donors. GvHD prophylaxis followed institu-
tional protocols for all transplant patients in the study period. 
Recipients of UCB transplants received cyclosporine and ster-
oid (methylprednisolone or prednisolone at 0.5 mg/kg/day). 
Recipients of sibling donor transplants received single drug 
prophylaxis with tacrolimus. Recipients of matched unrelated 
donor grafts (BM or PBSC) received two-drug prophylaxis 
with tacrolimus and methotrexate 15 mg/m2 on day +1 and 10 
mg/m2 on days +3, +6 and +11. Recipients of haploidentical 
transplants received tacrolimus and mycophenolate mofetil. 
Time to engraftment was divided into three periods (under 
28 days, 28 - 42 days, longer than 42 days) or graft failure, 
defined as a failure to achieve an absolute neutrophil count 
(ANC) > 200 × 106/L by day +28.

Viral screening and prophylaxis

Pre-transplant screening included recipient serologies for 
CMV, HSV, EBV, HIV, and hepatitis viruses. VZV, HHV6, 
BK, and ADNV were not routinely screened prior to transplant 
in the study period, as there are no standard prophylaxis meas-
ures to prevent infection. Per institutional standard operating 
procedures, prophylaxis should be administered to all patients 
seropositive for CMV and HSV, consisting of ganciclovir 6 
mg/kg over days -7 to -2, for CMV seropositive patients, and 
acyclovir 10 - 20 mg/kg/dose BID or TID from day 0 to +100, 
for HSV seropositive patients. Letermovir was not used at our 
institution for CMV prophylaxis in the study period. Twice-
a-week polymerase chain reaction (PCR) viral titers in blood 
for CMV and EBV were performed for all transplant recipi-
ents. PCR and antibody studies for ADNV (blood, stools, and 
cerebrospinal fluid (CSF)), BK virus (blood and urine), VZV 
(blood), HHV6 (blood and CSF), and respiratory viruses (naso-
pharyngeal aspirate) were performed in symptomatic patients 
at the physicians’ discretion. Viral infections were defined by 
detection of antibody titers > 1:20 or PCR > 500 copies/mL, 
with or without signs or symptoms. Viral reactivations were 
defined by rising PCR titers in patients with positive pre-trans-
plant serology. CMV disease was identified by rising viremia 
titers in symptomatic patients, or biopsy-proven tissue speci-
mens. Viral infections were reported at the first documented 
date of viremia, divided into occurrence from days 0 - 30, 31 
- 100, or > 101 post-transplantation phases.

Statistical analysis

Patient demographic and clinical characteristics were summa-
rized using frequencies and percentages. To determine factors 
associated with infection post-transplant, a mixed effects lo-
gistic regression model was used with a fixed effect for each 
patient factor individually with a random effect for patient to 
account for multiple transplant events. To assess factors that 
were associated with survival after transplant, a Fine-Grey sur-
vival model was used assessing time to death post-first trans-
plant with a competing event for a transplant, assuming that an 
additional transplant modifies the hazard of survival. A mul-
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tivariate survival model was then constructed using variables 
which were significant in the univariate analyses of infection 
and time to death as well as variables of clinical interest. All 
analyses were conducted in SAS version 9.4 (SAS Institute, 
Cary, NC). P values < 0.05 were considered statistically sig-
nificant.

Ethical compliance with human/animal study

All information was collected from the medical records. In-
formed consent for data collection and analysis was routinely 
obtained from all patients receiving HSCT at UCLA, accord-
ing to a protocol approved by the Institutional Review Board 
(IRB), following the standards set by the Center for Interna-
tional Blood and Marrow Transplant Research (CIBMTR).

Results

Patient characteristics

We report 151 transplants in 139 patients (median age of 9.58, 
range 0 - 22) performed on the study period. Patient character-
istics are summarized in Table 1. Median age at transplant was 
9 years and the median follow-up time was 853 days (range 
0 - 4,022 days). With respect to graft source, 73 (48.3%) used 
BM, 67 (44.4%) UCB, and 11 (7.2%) PBSCs. In terms of HLA-
match status, 46 (30.4%) were from matched related donors, 95 
(62.3%) were from matched unrelated donors, and 10 (6.6%) 
were from related haploidentical. In the study period, all haploi-
dentical transplants were from related donors. Most transplants 
were conducted to treat malignant diagnoses (n = 99, 65.5%), 
with the most common malignancy being acute leukemia (n 
= 86, 56.9%), followed by chronic leukemia (n = 17, 11.3%), 
and lymphoma (n = 4, 2.6%). Of the non-malignant diagnosis, 
primary immunodeficiencies (n = 17, 11.3%) and bone marrow 
failure syndromes (n = 17, 11.3%) were the most common.

Outcomes

One hundred and twelve transplants (74.1%) successfully en-
grafted neutrophils before day +28. Engraftment failure oc-
curred in 15 (9.9%) of cases; five of such failures were res-
cued by a second transplant within 30 days. Thirty-three of 67 
(49.3%) UCB patients and 39 of 73 (53.4%) marrow patients 
developed viral infections.

Viral infections: a broad overview

Viral infection occurred in 72 post-transplant courses (48.3%). 
Among the three post-transplantation phases, there were 46 in-
fections from post-transplant day 0 - 30, 49 infections from day 
31- 100, and 15 infections from day > 101 (Fig. 1). Incidence of 
initial viral infection in each of the post-transplantation phases 
was calculated as follows. Thirty-five initial infections were 

documented in post-transplantation days +0 to 30 (incidence 
25.2%). In the day +31 to 100 phase, 29 initial infections were 
documented (incidence 21.0%, cumulative incidence 28.1%, and 
prevalence 46.4%). In the post-transplant day +100 phase, three 
initial infections were documented (incidence 2.48%, cumula-
tive incidence 5.26%, and prevalence 55.4%) (Fig. 1). Overall, 
across 139 first transplant patients, 67 experienced a viral in-
fection, for an overall incidence of 48.2%. In 30 cases (19.9%), 
the patients developed multiple viral infections: 23 patients ex-
perienced two infections, six patients experienced three infec-
tions, and one patient experienced four infections. The overall 
incidence of specific viral infection is as follows: HSV (3.97%), 
VZV (0.67%), EBV (3.97%), CMV (24.5%), HHV6 (14.5%), 
BK (12.6%). aGvHD occurred in 48.9% of patients, with grades 
1 - 2 occurring in 25.9% and grades 3 - 4 occurring in 23%. 
There was no association between GvHD and viral infection (P 
= 0.2737) or GvHD grading and viral infection (P = 0.4051).

Forty-one deaths occurred in 139 patients, with 60.5% of 
patient deaths with GvHD, and viral infection was present in 
62.8% of all deaths. There was no statistical correlation between 
viral infections at death and presence of aGvHD (P = 0.6634) or 
viral infections at death and GvHD grading (P = 0.6954).

HSV infection

Pre-transplant serology demonstrated 81 seropositive patients, 
for an HSV prevalence of 53.6% (Table 1). With respect to 
prophylaxis, 75 of 81 seropositive cases received pre-trans-
plant acyclovir, and six did not. We documented six HSV in-
fections (overall incidence of 3.97%); two occurred < 30 days 
after transplant, two occurred 31 - 100 days after transplant, 
and two occurred > 101 days after transplant (Fig. 1). Five of 
these infections (83.3%) were reactivations for pre-transplant 
seropositive patients, and one seronegative patient developed 
HSV infection late in their post-transplant course (> 101 days). 
Out of the 75 seropositive patients who received acyclovir 
prophylaxis, five (6.67%) developed an HSV reactivation, all 
within the first 100 days of transplant. Of the six seropositive 
patients who did not receive acyclovir prophylaxis, none de-
veloped HSV reactivation.

VZV infection

Varicella antibody titers were not routinely checked as part 
of the pre-transplant virology panel during the study period. 
In this retrospective study cohort, we report 28 seropositive, 
12 seronegative, and 99 patients who did not receive VZV 
serology testing. Post-transplant VZV infection was rare in 
this cohort, with only one case of infection (0.67%), which 
occurred > 101 days after transplant in a cord transplant re-
cipient (Fig. 1).

EBV infection

No patients who were EBV seronegative prior to transplant 



Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   https://jh.elmerpub.com4

Viral Infections and Complications in pHSCT J Hematol. 2025;14(1):1-13

Table 1.  Demographics of Study Patients

Demographic variables
Age

P-value0 - 2 years old  
(n = 30)

2 - 12 years old  
(n = 58)a

12 - 16 years old  
(n = 29)b

16 - 21 years old  
(n = 34)

Sex 0.1018
    Female 12 22 4 12
    Male 18 36 25 22
Ethnicity 0.6918
    Hispanic 19 36 20 21
    White 6 15 5 8
    Middle Eastern 4 6 2 2
    Asian 1 1 1 3
    NOS 0 0 1 0
Primary disease 0.0093
    Malignant 13 37 21 28
    Non-malignant 17 21 8 6
Disease classification 3.6835 

× 10-5

    Acute leukemia 9 35 13 24
    MDS/MPL 1 1 0 0
    Primary immunodeficiency 11 5 0 1
    IDM 0 1 1 0
    Histiocytic disorder 3 2 1 0
    Chronic leukemia 0 6 6 5
    Bone marrow failure 2 6 1 0
    Hemoglobinopathy 4 2 6 1
    PTLD 0 0 1 0
    Lymphoma 0 1 0 3
    Solid tumor 0 0 1 0
Disease status 0.2248
    CR1 9 17 12 16
    CR1/MRD+ 1 2 0 0
    CR2 1 15 6 11
    CR2/MRD+ 0 1 0 0
    CR3 1 3 1 1
    CR4 0 2 0 0
    PR 3 2 0 0
    Aplastic 0 1 0 0
    Active disease 1 0 1 1
    N/A 14 15 9 5
Cell source 0.03260
    Cord 18 31 9 9
    PBSC 0 5 2 4
    Marrow 12 22 18 21
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had EBV infections after transplantation. Of 62 EBV seroposi-
tive patients pre-HSCT, five had EBV reactivations post-trans-
plant (8.06%). Overall incidence of EBV infection was 3.97%. 
Among the cases of EBV reactivation, two occurred between 

31 and 100 days post-transplant and three occurred after 100 
days (Fig. 1). Three cases were among BM recipients, and 
two were in cord blood recipients (Fig. 1). One patient with 
unknown pre-transplant titers developed EBV infection. Two 

Table 1.  Demographics of Study Patients - (continued)

0 - 2 years old  
(n = 42)

2 - 12 years old  
(n = 76)a

12 - 16 years old  
(n = 35)b

16 - 21 years old  
(n = 40)

Donor source 0.1809
    MUD 24 37 18 16
    MRD 6 17 8 15
    HRD 0 4 3 3
Conditioning 0.0422
    Conditioning, no TBI 24 31 16 16
    TBI conditioning 6 27 13 18
CMV serology
    Donor 0.2946
        CMV- 12 28 17 12
        CMV+ 17 30 12 22
        Missing 1 0 0 0
    Recipient 0.2473
        CMV- 12 28 17 12
        CMV+ 17 30 12 22
        Equivocal 1 0 0 0
GCV prophylaxis 0.7643
    Yes 13 24 11 18
    No 4 6 1 4
HSV serology 0.3152
    HSV- 16 26 18 21
    HSV+ 14 32 11 13
VZV serology 0.7567
    VZV+ 3 14 5 6
    VZV- 3 3 3 3
    Not tested 24 41 21 25
Acyclovir prophylaxis 0.5516
    Yes 17 35 21 23
    No 13 23 8 11

A total of 151 patients were distributed across four age groups. aOne patient was originally diagnosed and treated for juvenile myelomonocytic leu-
kemia and later developed post-transplant lymphoproliferative disorder (PTLD). bOne patient was diagnosed and treated for histiocytic disorder and 
later developed chronic leukemia. Sex and ethnicity were self-reported, patients who declined to report were documented as not otherwise specified 
(NOS). Malignant diseases included acute leukemia, myelodysplastic syndrome/myeloproliferative disorder (MDS/MPL), chronic leukemia, lympho-
ma, and solid tumors. Non-malignant diseases included primary immunodeficiency, inborn disease of metabolism (IDM), histiocytic disorders, bone 
marrow failure, hemoglobinopathy, and platelet and other inherited disorders (PLD). With regard to disease status, complete response (CR) refers 
to no detectable evidence of malignancy on imaging and/or tissue samples. Partial response (PR) refers to a significant reduction in tumor burden, 
with minimal disease detectable on imaging and/or tissue samples. Mean residual disease positive (MRD+) refers to detectable disease based on 
molecular and/or tissue sampling. Both donor and recipient serologies were documented for CMV and HSV. GCV prophylaxis distribution described 
for the 81 recipient CMV+ cases. Rates of ganciclovir and acyclovir prophylaxis were documented in only the recipient seropositive CMV and HSV 
patient groups. P-values of χ2 test are shown. CMV: cytomegalovirus; GCV: ganciclovir; HRD: haplo-related donor; HSV: herpes simplex virus; MRD: 
matched related donor; MUD: matched unrelated donor; PBSC: peripheral blood stem cell; TBI: total body irradiation.
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patients with EBV reactivations ultimately died; both patients 
had positive EBV titers at the time of death.

CMV infection

We report a pre-transplant seropositivity rate of 53.6% (n = 81) 
for CMV (Table 1). There were a total of 37/151 cases (24.5%) 
of CMV infection. More specifically, there were 31 cases of 
CMV reactivation. Sixty-nine of 81 CMV seropositive patients 
received ganciclovir prophylaxis, of which 26/69 (37.6%) ex-
perienced CMV reactivation. Of the 12 patients who were 
CMV seropositive but did not receive ganciclovir prophylaxis, 

5/12 patients (41.6%) developed CMV reactivation. One CMV 
seronegative patient who did not receive prophylaxis devel-
oped CMV infection. Twenty-seven of 50 CMV R+/D+ pairs 
and 22 of 30 R+/D- pairs received prophylaxis. Of patients re-
ceiving ganciclovir prophylaxis, seven patients who did not 
receive ganciclovir prophylaxis experienced CMV infections: 
two were R+/D+ pairs, three were R+/D- pairs, and two were 
R-/D+ pairs.

As expected, recipient serostatus was highly predictive of 
reactivation. Of 68 R- cases, only three had CMV infection 
post-transplant (4.41%), while in 80 R+ patients, 34 developed 
CMV infections (42.5%), for a total of 37 CMV infections (P 
= 1.293 × 10-4). In the R+/D+ group, reactivation occurred in 

Table 2.  CMV Viral Infections in the Post-Transplant Period

CMV serology
Infectious event (days post-transplant)

No. of infections 0 - 30 31 - 100 101 - 730 CMV disease
R-/D- (n = 31) 0 0 0 0 0
R-/D+ (n = 37) 3 1 2 0 0
R+/D- (n = 30) 12 6 5 1 7
R+/D+ (n = 50) 22 5 15 2 7
Total 37 12 22 3 14

Patients were organized into four recipient (R) and donor (D) serology groups, with either seropositive or seronegative CMV results (+ or -). Incidence 
of CMV infection was divided into three post-transplant time periods (0 - 30, 31 - 100, and 101 - 730 days). Incidence of CMV disease in these re-
cipient/donor serology groups was also documented. Three patients were excluded from this analysis, as they were missing CMV serology data or 
had equivocal serology result. P-value = 0.00192 across all groups. P-value = 0.6320 between R+/D- infection and R+/D- infection. P-value = 0.2875 

Figure 1. Distribution of infectious episodes by virus, along post-transplant phases (a), graft sources (b), age groups (c); and pie 
charts of distribution of viral infection episodes by age groups or graft sources (d). ADNV: adenovirus; BK virus: human polyoma 
virus 1; BM: bone marrow; CMV: cytomegalovirus; EBV: Epstein-Barr virus; GvHD: graft-versus-host disease; HHV6: human her-
pes virus 6; HSV: herpes simplex virus; PBSC: peripheral blood stem cell; pHSCT: pediatric hematopoietic stem cell transplant; 
UCB: umbilical cord blood; VZV: varicella-zoster virus.



Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   https://jh.elmerpub.com 7

Lau et al J Hematol. 2025;14(1):1-13

44% of cases, compared to 40% and 8.1% reactivation rates in 
the R+/D- and R-/D+ groups, respectively (Table 2). Most reac-
tivations occurred between 31 and 100 days post-transplant (n 
= 22, 59.4%), and a substantial number occurred in the first 30 
days as well (n = 12, 32.4%). Two patients had multiple dis-
tinct reactivations after the first transplant, defined by at least 
two negative CMV DNA PCR tests between positive tests (Ta-
ble 2).

UCB and BM graft sources had comparable rates of infec-
tion of 25.3% and 26.0%, respectively. There was one case of 
CMV infection in PBSC grafts. With respect to age at trans-
plant, infection rates were comparable across the spectrum, 
with the 20% incidence of CMV infection in 0 - 2 years of age, 
25.8% in the 2 - 12 age group, and 24.1% in the 16 - 21 group 
(24.1%) (Fig. 1).

There were 14 patients diagnosed with CMV-associated 
disease (35.9%). CMV disease occurred only in R+ cases: 
23.3% of R+/D- pairs and 15% in R+/D+ pairs. Between these 
two groups, there was no significant difference in rates of CMV 
reactivation (P = 0.6320), and no significant difference in the 
rate of CMV disease (P = 0.2875) (Table 2). There were six 
deaths in patients with CMV-associated disease, with a mortal-
ity rate in patients with CMV disease of 42.9% (six deaths in 
14 CMV disease cases).

HHV6 infection

HHV6 serology was not routinely checked prior to transplant. 
Twenty-two (14.5%) patients were diagnosed with post-trans-
plant HHV6 infection, to whom testing was performed in the 
presence of persistent fevers and/or altered mental status. 
Fourteen cases occurred < 30 days (63.6%), seven cases oc-
curred 31 - 100 days (31.8%), and one case occurred > 101 
days post-transplant (4.5%). UCB transplants comprised 16 
(72.7%) of all HHV6 infections, followed by five (22.7%) in 
BM, and one (4.5%) in PBSC (P = 0.01479) (Table 3).

ADNV infection

ADNV serology was not routinely checked prior to transplant. 
We documented 19 cases of ADNV infection (12.6%), to 
whom testing was performed in the presence of persistent fe-
vers. Eight occurred < 30 days (42%), eight occurred between 

31 and 100 days (42%), and three occurred > 101 days after 
transplant (16%).

Across all graft sources, one PBSC transplant had ADNV 
infection, whereas six of 73 BM transplants, and 12 of 67 of 
UCB transplants were affected by ADNV (P = 0.2107) (Fig. 1).

BK infection

We report 19 cases of BK viruria detected in patients with 
hemorrhagic cystitis (12.6%). In two cases, there was concom-
itant BK viremia. Symptomatic infection occurred early in the 
post-transplant course, with 17 of 19 cases (89.5%) diagnosed 
within 100 days. With respect to age, BK disproportionately 
affected older children, with 24.1% and 20.5% incidence in 
all transplants aged 12 - 16 and 16 - 21, respectively. There 
were no documented BK infections in the 0 - 2 age group (P = 
0.01380). There was no significant difference in the distribu-
tion of BK infection among UCB, PBSC, and BM groups (P = 
0.2185) (Fig. 1).

Viral encephalitis

Viral encephalitis is a serious complication in severely immu-
nocompromised patients. We report seven cases of viral en-
cephalitis diagnosed in the study population (4.64%). All seven 
cases were in malignant primary disease patients who received 
UCB graft. With regard to viral etiologies, four (57%) cases 
resulted from HHV6 and one case from ADNV, confirmed by 
PCR on CSF. One case presented with clinical symptoms of 
encephalitis and active HHV6 viremia. Another case presented 
with clinical encephalitis, an HSV CSF antibody titer of 1.6, 
with negative viral cultures and CSF. Another case was pre-
sumed to be VZV encephalitis through diagnosis of exclusion. 
Six out of seven patients diagnosed with viral encephalitis died 
(85.7%), with half of deaths occurring within the first 100 days 
post-transplant (Table 4).

Analysis of risk of death

Forty-one deaths occurred in 139 patients, for an overall sur-
vival of 70.5% for the median follow-up of 837 days (Fig. 2). 
There were no differences in survival by sex (P = 0.9636), age 

Table 3.  HHV6 Infections in the Post-Transplant Period

HHV6 infections
Infectious event (days post-transplant)

No. of infections 0 - 30 31 - 100 101 - 730 Encephalitis
Cord 16 11 4 1 5
PBSC 0 0 0 0 0
Marrow 5 2 3 0 0
Total 21 13 7 1 5

Patients were grouped by cell source. Incidence of HHV6 divided into three post-transplant time periods (0 - 30, 31 - 100, and 101 - 730 days). Rates 
of all viral encephalitis (including HSV, VZV, HHV6, and ADNV) were also organized by cell source. P-value = 0.01479 for graft source and number of 
infections. ADNV: adenovirus; HHV6: human herpes virus 6; HSV: herpes simplex virus; PBSC: peripheral blood stem cell; VZV: varicella-zoster virus.
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Table 4.  Descriptions and Outcomes of Patients Diagnosed With Viral Encephalitis

Patient (age 
in years)

Primary 
diagnosis

Cell 
source

Time from 
transplant (days) Comorbidities Outcomes (treatment/sta-

tus/cause of death)
E1 (18) ALL/HHV6 UCB 0 - 30 BK hemorrhagic cystitis, bacterial  

sepsis, fungal sepsis
Foscarnet, ganciclovir; deceased E+ 139; 
D+ 166; BS, FS, HHV6 encephalitis, BK

E2 (5) AML/HHV6 UCB 0 - 30 HHV6 viremia, GvHD, 
ADNV enteritis

Foscarnet, ganciclovir; recovered from 
encephalitis; deceased D + 602; relapsed  
disease, BS.

E3 (20) AML/ADNV UCB 31 - 100 HHV6 viremia, GvHD, 
ADNV enteritis, VRE UTI

Cidofovir; deceased E+ 43; D+ 
70; AMS, AKI, GvHD, HHV6

E4 (4) AML/HHV6 UCB 0 - 30 HHV6 viremia, BK hemorrhagic 
cystitis, Klebsiella UTI

Ganciclovir; recovered from 
encephalitis; alive

E5 (8) ALL/HHV6a UCB 0 - 30 ADNV enteritis, HSV viremia, 
Aspergillus pneumonia, C. diff  
colitis

Acyclovir; deceased E+ 39; D+ 
64; FS, HHV6, ADNV, ARF

E6 (9) AML/HHV6 UCB 0 - 30 Graft failure, fungal 
sepsis, HHV6, ADNV

Foscarnet, ganciclovir; deceased E+ 17; 
D+ 39; GF, FS, HHV6, ADNV, ARF

E7 (15) AML/VZVa UCB 101 - 730 GvHD, CMV viremia, BK viremia, 
fungal sepsis, ADNV enteritis

Acyclovir; deceased date 
unknown; GF, LTFU

The characteristics, complications, and time course of eight patients diagnosed with viral encephalitis were described. The primary diagnosis 
details the disease indicated for HSCT. Time from transplant to diagnosis of encephalitis was categorized into three broad post-transplant periods. 
Common comorbidities of HSCT therapy, as well as disease-specific complications were also documented. The antiviral therapies used to treat 
encephalitis included acyclovir, ganciclovir, foscarnet, and cidofovir. Patient status was detailed as alive, recovered from encephalitis, deceased 
from encephalitis (E+ denoting number of days survived with encephalitis), and overall deceased date in the post-transplant period (D+ denoting 
number of days survived from transplant). Major causes of death in addition to encephalitis were also detailed. aOne patient was lost to follow-up 
and was confirmed to be deceased by an outside hospital. ADNV: adenovirus; AKI: acute kidney injury; ALL: acute lymphocytic leukemia; AML: 
acute myeloid leukemia; AMS: altered mental status; ARF: acute renal failure; BS: bacterial sepsis; CMV: cytomegalovirus; FS: fungal sepsis; 
GF: graft failure; GvHD: graft-versus-host disease; HHV6: human herpes virus 6; HSCT: hematopoietic stem cell transplant; HSV: herpes simplex 
virus; LTFU: lost to follow-up; UCB: umbilical cord blood; UTI: urinary tract infection; VRE: vancomycin-resistant enterococcus; VZV: varicella-
zoster virus.

Figure 2. Kaplan-Meier plots for the study population: overall survival (a), overall survival by sex (b), overall survival by graft 
sources (c), overall survival by age groups (d), overall survival by patient’s CMV status (e), and mortality by primary cause of 
death (f). CMV: cytomegalovirus.
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group (P = 0.2072) or recipient CMV status (P = 0.9818) (Fig. 
2). Graft cell source had a lower survival for UCB and PBSC 
transplants (P = 0.0031) (Fig. 2). GvHD was present in 60.5% 
of patient deaths, and viral infection was present in 62.8% of 
all deaths. There was no statistical correlation between viral in-
fections at death and presence of aGvHD (P = 0.6634) or viral 
infections at death and GvHD grading (P = 0.6954). Cancer re-
lapse was the primary cause in 34.2% of patient deaths, while 
transplant-related mortality was the primary cause in 65.8%, 
including graft failure, GvHD, infections and other transplant-
related toxicities. Eleven patients had infection as the primary 
cause of death, of which three patients had viral infection as 
the primary cause, while the other eight patients had concomi-
tant infections of viruses, fungi and bacteria.

UCB transplants comprised 70.7% (n = 29) of deaths, and 
24.4% (n = 10) and 7.3% (n = 3) for BM and PBSC, respec-
tively. The overall mortality rate by graft source was 43.3% in 
UCB, 13.7% in BM, and 27.3% in PBSC transplants (Fig. 2).

Malignant relapse was the leading primary cause of death 
(n = 14, 34.2%). GvHD was reported in 10 (24.4%) of deceased 
patients. Graft failure was the primary cause of death in four 
patients (9.8%). Veno-occlusive disease (VOD)/sinusoidal ob-
struction syndrome (SOS) was the primary cause of death in 
two patients (4.9%) as well. As a primary cause of death, any 
infection (bacterial, fungal, or viral) in the absence of relapse, 
graft failure, SOS, or GvHD accounted for 12 deaths (29.3% of 
deaths, 8.6% of all transplants in the cohort); six (50%) of these 
deaths occurred in UCB transplants, three (25%) in BM and two 
(16.7%) in PBSC transplants. At the time of death, 41.5% of pa-
tients in this cohort had at least one active viral infection, 24.4% 
had bacterial sepsis, and 43.9% had fungal sepsis.

ADNV, CMV, and HHV6 were each present in six of 41 pa-
tients’ deaths (14.6%). Four patients had active BK infections at 
the time of death (9.8%). Respiratory viruses were identified in 
six patients at death; however, these viruses were not routinely 
screened and were not a primary focus of this study.

Univariate and multivariate statistical analyses of overall 
incidence of infections

On univariate analysis, cell source and donor source were 
significantly correlated to a higher risk of death, but not sig-
nificantly correlated to infection. CMV status for recipient and 
donor was significantly correlated to a higher risk of infection, 
but not to a higher risk of death (Supplementary Materials 1, 
2, jh.elmerpub.com). Disease status was not significantly cor-
related to a higher risk of death or to a higher risk of infection.

Sensitive analysis comparing random effects model using 
all transplant events to only first transplant event for each pa-
tient did not yield significant differences for rates of infection. 
It is important to remark that many other confounding factors 
could affect this analysis, such as cell dose, transplant recipi-
ent age, transplant recipient comorbidities and donor age, and 
these variables were not assessed in this study.

On a multivariate analysis level, donor source and CMV 
pair were found to be statistically correlated with increased 
risk of infection. Cell source and donor source were found to 

be significantly correlated with increased risk of death (Sup-
plementary Material 3, jh.elmerpub.com).

Discussion

Overall, post-transplant viral infections and reactivations re-
main strong predictors of poor outcomes, from increased length 
of hospital stay, to development of acute GvHD, and increased 
mortality rate [1, 2]. More recent publications have also impli-
cated long-term effects of survivors of viral reactivation, includ-
ing cognitive delay from encephalitis, development of chronic 
GvHD, and altered immune reconstitution [7-9]. Previous stud-
ies have identified various risk factors for herpesvirus reactiva-
tions, such as age, donor/recipient serostatus, primary diagnosis, 
conditioning regimen, stem cell source, donor source, time fol-
lowing transplant, immune reconstitution profile, and GvHD.

Antiviral prophylaxis against HSV is highly effective. 
This retrospective study reports a symptomatic reactivation 
rate of 6.67% in patients with acyclovir prophylaxis, which 
is within the range found in the literature (2.6-10.2%) [8, 10, 
11]. The true post-transplant prevalence of HSV is likely much 
higher, 23-30%, when serial oral swabs or blood samples 
are serially collected [10, 12, 13]. Nearly all HSV reactiva-
tions occurred within the first 100 days post-transplant, which 
aligns with the results of Srinivasan et al [2]. Verdeguer et al 
described a bimodal distribution of HSV reactivation, early on 
in pre-engraftment, when mucositis and profound immunosup-
pression are both expected, and later in the transplant course 
for patients treated for GvHD [9].

For CMV, in our study prophylaxis with ganciclovir 
achieved an overall post-transplant infection rate of 24.5%, 
which is well within the 13-40% rate found in the literature [1, 
4, 5, 8, 12]. However, use of ganciclovir as a universal prophy-
lactic antiviral is limited by myelosuppression. CMV prophy-
laxis with ganciclovir in the conditioning period was a stand-
ard protocol during the study period. Letermovir was started in 
use for patients aged 18 years and older at the UCLA Pediatric 
Hematology, Stem Cell Transplant program on November 9, 
2018, after the end date of our study population timeline. Prior 
to institutional use of letermovir, ganciclovir was the preferred 
prophylaxis of choice against CMV infections at UCLA. Prior 
to letermovir prophylaxis, ganciclovir was found to have sig-
nificant effect in reducing CMV reactivation rates in CMV+ 
patients, though its risk of myelosuppression in the post-trans-
plant period was also well documented and thus was not rec-
ommended as universal prophylaxis [14, 15]. Newer agents, 
such as letermovir (approved in August 2024 for pediatric 
patients older than 6 months and weighing more than 6 kg), 
have demonstrated decreases in CMV-related outcomes and 
all-cause mortality without the myelosuppressive side effects 
in the adult population but prospective studies in the pediatric 
population are still to be completed [16]. Furthermore, due to 
the limited availability of letermovir in low resourced health 
systems on the international level, these results regarding 
CMV prophylaxis with ganciclovir continue to be relevant.

Our rates of CMV infection, reactivation, disease, and 
mortality agree with reports in the literature. Even with proph-
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ylaxis and frequent surveillance, CMV reactivation and CMV 
disease continue to be a major contributor to post-transplant 
mortality. As expected, pre-transplant recipient serology was 
highly predictive of CMV reactivation, with over a 10-fold 
increase in CMV infections in the R- vs. R+ populations. Mat-
thes-Martin et al and Srinivasan et al postulated that negative 
donor serostatus is associated with CMV disease [2, 17]. In 
our study, there was no significant difference in rates of CMV 
disease in the D+ and D- groups. However, our patient popu-
lation included many UCB transplants, which generally have 
an overall naive T-cell population that may lead to patients 
developing CMV disease despite their negative donor CMV 
serostatus. Furthermore, this study reports that nearly half of 
all patients with CMV disease died, indicating the severity of 
its diagnosis and highlighting the role of CMV as a major con-
tributor to viral infection-related mortality.

With respect to HHV6, our data likely underreport the true 
incidence of reactivation, as HHV6 was not routinely screened 
for in the pre- and post-transplant periods. Lifetime incidence 
of HHV6 viremia has been described at a rate of 40-67% [1, 
5]. Seventy-three percent of infections occurred in UCB trans-
plants, which is a known risk factor for post-transplant HHV6 
infection [1, 5, 8, 10, 18]. HHV6 reactivation is known to oc-
cur quite early in the post-transplant time course [10, 13], with 
66.7% of reactivations occurring within 30 days, and > 99% 
occurring within 100 days in this study population. In our co-
hort, HHV6 encephalitis occurred in 3.6% of patients, which 
is higher than 2% described by others [10, 13, 19]. This may 
have resulted from a large proportion of UCB transplants, as 
well as this institution’s practice during the study period to pro-
vide 30 days of prednisone for engraftment syndrome prophy-
laxis. The rate of HHV6 encephalitis among UCB transplants 
has been described between 2% and 7.4% [13, 18, 19]. The 
increased risk of viremia and encephalitis conferred by UCB 
transplants is likely due to the lack of HHV6 specific immu-
nity in antigen naive donor T cells [10] as well as increased 
use of steroids for engraftment syndrome or GvHD [18]. CD4+ 
T cells play a major role in suppressing viral reactivation [3, 
7]. HHV6 targets the CD4+ T lymphocyte for viral replication, 
which may explain the increased likelihood for subsequent vi-
ral reactivations, encephalitis, GvHD, and increased mortality. 
Recent publications also point to long-term effects of HHV6 
viremia on immune reconstitution and rates of GvHD [3, 7, 
20]. These results demonstrate that early HHV6 reactivation is 
associated with encephalitis and death, which agrees with the 
conclusions of multiple previous studies [10, 13, 18].

Encephalitis is a feared complication of viral reactivation 
in immunosuppressed patients. In our cohort, we report an 
overall viral encephalitis incidence of 4.63%. Wu et al found 
a similar incidence of viral encephalitis of 6.3% in a study of 
similar size [11]. As expected, HHV6 was the most common 
viral pathogen detected in patients presenting with encephalitis 
and UCB transplant was a significant risk factor for HHV6 
viremia and encephalitis. Mortality from viral encephalitis is 
high. Ogata et al reported a 58.3% overall survival at 100 days 
post-transplant in patients with HHV6 encephalitis, whereas 
patients without encephalitis had a survival rate of 80% [18]. 
Incorporating the analysis of HHV6 infection and viral en-
cephalitis together, the results characterize viral encephalitis, 

most commonly associated with HHV6, as a major contributor 
to poor patient outcomes. Our data on encephalitis agree with 
this finding and allude to a high mortality rate for cases of 
encephalitis occurring within the first 30 days of transplant.

We report an infection rate of 12.6% for ADNV. Because 
ADNV testing was only ordered in symptomatic patients, this 
value underestimates the incidence of ADNV reaction of 15-
50% established in the literature [1, 10, 17, 21]. While overall 
rates of reactivation were low, ADNV was as commonly diag-
nosed as HHV6 and CMV in patients who died of transplant 
complications. Admiraal et al demonstrated that ADNV infec-
tion is associated with lower overall survival and non-relapse 
mortality, which is consistent with our findings [7].

In previous studies, conditioning with total body irradia-
tion (TBI) has been shown to confer a higher risk of delayed 
neutrophil engraftment, engraftment syndrome, and viral in-
fections from CMV, EBV, and HHV6. Our study did not re-
capitulate that conditioning with TBI confers a higher viral 
infection risk in a larger study population (conditioning regi-
mens listed in Supplementary Material 4, jh.elmerpub.com). 
However, our study is not powered to comment on the effect 
of TBI conditioning on the risk of infections. While TBI con-
taining conditioning does present elevated post-transplant risk 
complications, it remains a mainstay of conditioning therapy 
for stem cell transplant of high-risk acute lymphoblastic leuke-
mia (ALL), as it has a well-documented advantage on overall 
survival and lower risk of relapse [22-27].

We report a high mortality rate in UCB transplants when 
compared to other graft sources, and the rate of viral infections is 
a likely contributor. We report three times as many deaths caused 
by infection in UCB transplants than marrow transplants. UCB 
grafts were significantly associated with ADNV, CMV, and 
HHV6, the three most common viruses affecting patients who 
died. Other factors are likely to contribute to this finding, includ-
ing higher rates of infection due to naive donor immune system 
and steroid use for engraftment syndrome, as well as more ag-
gressive primary disease requiring an available donor graft in 
favor of waiting for the ideal donor match. Utilization of UCB 
cell source is, however, decreasing due to the aforementioned 
risks of infection and engraftment syndrome. Nevertheless, 
UCB remains a valuable and widely used cell source in pediatric 
patients, especially those with genetic disorders [19, 28].

Overall, infection was the second most common primary 
cause of death, behind malignancy/relapse (29.3% and 34.1%, 
respectively). Mortality attributed to viral illness and disease 
ranges from 10.9% to 24.0% in the literature [3, 17]. Deter-
mining the true impact of viral infections as a primary contrib-
utor to morality can be challenging, as viral infections com-
monly follow immunosuppression from GvHD, graft failure, 
or disease relapse. In this study, 41.5% patients had an active 
viral infection at the time of death. The true impact of viral 
reactivation and infections to mortality is underestimated by 
only looking at infection as a primary cause of death.

Limitations

This study is limited by its retrospective design and reliance 
on electronic charting notes for data collection. At our institu-
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tion, the care team and policies remained mostly the same in 
the study period, and the statistical analysis confirms that the 
year of transplant was not associated with outcomes. Moreo-
ver, this study did not describe the clinical presentation and 
symptomatology for post-transplant viral infections, instead, it 
focuses on determining associations between transplant demo-
graphics and rates of viral reactivation and outcomes. While 
viruses such as HSV, CMV, and EBV are routinely screened in 
the pre- and post-transplant time period, other viruses such as 
ADNV, HHV6, BK, and VZV are not. Viruses that are routine-
ly screened were well studied in the context of transplant and 
have established prophylaxis and/or treatments. BK, ADNV, 
HHV6, and VZV are not commonly screened in the post-trans-
plant period due to their high prevalence in the general popula-
tion and the paucity of clinical studies and available interven-
tions. Therefore, these viruses are tested in serum, urine, stool, 
or CSF at the clinical provider discretion when the patient is 
presenting with symptoms, increasing pre-test probability of 
sampling, such as testing BK virus in cases of hematuria, or 
HHV6, ADNV in cases of persistent fever in absence of other 
sources or meningitis/encephalitis. This practice can, however, 
lead to misleading correlations between presence of virus and 
level of illness. If a patient has prolonged fevers in their post-
transplant course, clinicians may test for and detect ADNV in 
the serum. It would be unclear, then, how much of the potential 
subsequent poor outcomes are caused by ADNV or whether 
ADNV positivity is simply a result of an overall poor engraft-
ment response or heavy immunosuppression.

Notwithstanding, as not all viruses were routinely screened 
pre- or post-transplant, our study likely underestimates the 
true incidence and prevalence of ADNV, HHV6, VZV, and 
BK infections. This limitation will extend to all retrospective 
chart studies that draw on clinician-guided management, in 
the absence of prospective trials or standard institutionalized 
protocols. Although we do not expect significant differences 
in the supportive care and expertise level at this single institu-
tion during the decade of data analysis, the access to precise, 
high-throughput and quick turnover diagnostic testing for viral 
infections cannot be ignored, and most likely has impacted the 
quality of patient care in HSCT over the years.

Conclusions

Our large cohort, single-institution, retrospective study demon-
strates that viral infections, namely CMV, HHV6, and HHV6, 
pose a major threat to pHSCT patients in the immediate post-
transplant period. We have characterized the general timeline 
of infection/reactivation for these viruses in our cohort, and 
have determined that patient demographics, pre-transplant se-
rology, antiviral prophylaxis, and graft source are relevant risk 
factors for viral reactivation. The aforementioned findings can 
be utilized in clinical practice guidelines for viral surveillance, 
as understanding the incidence of certain viral infections in 
the post-transplant course can improve resource utilization. In 
highlighting poor outcomes associated with CMV disease and 
viral encephalitis, this study supports early surveillance and 
treatment of high-risk patients.
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