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Abstract
Aim: To investigate the risk factors of virus infection and clinical significance of virus monitoring in pediatric patients with allogeneic stem cell transplantations 
(SCT). 

Methods: Peripheral blood was weekly checked for HSV-1, 2, VZV, EBV, CMV, HHV-6,-7,-8, BKV, JCV and PBV19 by multiplex PCR method until day100-
120 in 33 pediatric patients with 35 allogeneic SCT performed between 2004 and 2009. Occasionally, ADV was examined in cases with suspected clinical symptoms. 
Transplantation-related mortality (TRM) was compared with that of 35 SCT between 1998 and 2004 when virus monitoring was not introduced.

Result: EBV was positive for 17cases (48.6%), CMV for 10 (28.6%) and HHV-6 for 13 (37.1%). Mean time of onset was 30th day for HHV-6, 41st day for CMV, 
and 46th day for EBV. HSV-1 was positive for three cases, BKV and JCV for two cases, and HSV-2, VZV, HHV-7 and ADV for one case. No virus was detected 
in 12 cases (34.3%). Multivariate analysis showed that ATG and HHV-6 infection were statistically relevant (odds ratio 40.03, p=0.04). GvHD III-IV was related 
with CMV (odds ratio 6.25, p=0.09) and EBV (odds ratio 10.47, p=0.08) infection, and reduced-intensity conditioning (RIC) was related with HHV-6 infection 
(odds ratio 8.65, p=0.16), although not statistically significant. To detect CMV infection, PCR was more sensitive than CMV pp65 antigenemia. Positive PCR 
result for CMV, EBV, or HHV-6 before SCT seemed to be a risk factor for reactivation of each virus. Positive antibody for CMV of the recipient was also a risk 
factor of CMV infection. TRM in 2004-2009 cohort was 0.208 and TRM in 1998-2004 cohort was 0.301, and the introduction of virus monitoring improved TRM, 
although not statistically significant.

Conclusion: Multiplex virus monitoring before and after SCT is possibly useful for the management of pediatric patients with SCT. Further examination is necessary 
to confirm its clinical significance.
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Introduction
Viral infection is still a main factor of the morbidity and mortality 

after the hematopoietic stem cell transplantation (SCT) while supportive 
care has been strengthened [1]. Furthermore, with the expansion of 
the transplant feasibility, the importance of opportunistic infection 
increases along with the development of novel immunosuppressant 
and conditioning regimen [2]. Prophylactic treatment reduced the 
incidence of early viral infection, but increased the late viral infection 
by compromising the anti-viral immune recovery, resulting in no 
improvement of overall survival [3,4]. Recently, it has been reported 
that early detection of targeted viruses and preemptive treatment are 
important to have good outcomes [5]. There are various reports in the 
adult SCT, but there are few examinations about the infection after 

pediatric SCT. From the results of viral monitoring in our institute, 
we investigate risk factors of virus infection after the pediatric SCT 
and examined the clinical impact of sequential virus monitoring by 
comparing with the historical control in which virus monitoring was 
not introduced.

Methods
Subject: For 35 hematopoietic stem cell transplantation cases 

performed in Tokyo Medical and Dental University between September 
2004 and December 2009 (Table 1), we performed a sequential virus 
monitoring using the multiplex PCR method with a peripheral blood 
specimen once a week until 100-120 days after transplant. In 31 cases, 
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PCR analysis was performed since one month before SCT. We analyzed 
urine, stool, intestinal mucosa specimen when suspected symptoms 
were observed.

As a historical control, 35 patients who were transplanted between 
1998 and 2004 (Table 2), when virus monitoring was not introduced at 
our institute were analyzed.

Laboratory procedure: We analyzed herpes simplex virus type 
1 and 2 (HSV-1, -2), varicella zoster virus (VZV), Epstein-Barr virus 
(EBV), cytomegalovirus (CMV), human herpesvirus 6, 7 and 8 (HHV-
6,-7,-8), BK virus (BKV), JC virus (JCV), Parvovirus B19 (PVB19). 
Adeno virus (ADV) was analyzed when suspected. After nucleic acid 
extraction from whole blood, multiplex PCR was performed and then 
hybridization to each virus was carried out. We detect each virus by a 
melting curve analysis qualitatively. 

In qualitatively positive cases, real time PCR for each virus was 
performed, respectively. We defined that virus was positive when 
virus was detected in real time PCR method as described before [6-8]. 
PCR assay was performed at Cell Therapy Center of Tokyo Medical 
and Dental University Hospital. Primers used in multiplex PCR and 
quantitative nested PCR for virus detection are listed in Table 3.

Procedure of hematopoietic stem cell transplantation and 

supportive care: In principle, GvHD prophylaxis consisted of 
cyclosporine (CSP) plus short-term methotrexate (MTX) for human 
leukocyte antigen (HLA)-identical-related donors, and tacrolimus 
(TAC) plus short-term MTX for HLA-identical unrelated and HLA-
mismatched-related donors. For unrelated umbilical cord blood 
donors, CSP or TAC and short-term MTX were used. In some cases, 
methylprednisolone (mPSL) or prednisolone (PSL) was added as GvHD 
prophylaxis. CSP was administered twice daily, and blood trough level 
was adjusted between 150-250 ng/mL, and TAC was continuously 
administered and blood level was maintained between 8-12 ng/mL.

As a prophylaxis for infections, aciclovir and anti-fungal drug 
(fluconazole or micafungin sodium) were started at 7 days and 
one day before SCT, respectively. Trimethoprim-sulfamethoxazole 
(ST combination) was discontinued one day before SCT, and re-
started after engraftment. In a case with previous Pneumocystis 
jirovecii infection, ST combination was continued during SCT. 
Immunoglobulin was administered to keep serum IgG level more 
than 500 mg/dL every 2 weeks. We preemptively started ganciclovir or 
foscarnet sodium hydrate for clinically suspected CMV infection case 
or case with viral load of 1 × 102 copies/μgDNA and more with positive 
CMV pp65 antigenemia (more than 5 positive cells out of 50,000 cells). 
Engraftment was determined as the first day when neutrophil count 
exceeded 500/μl for three consecutive days. 

Patient Disease Age 
(yaer)

Donor 
origin

ＨＬＡ
(phenotype)

Conditioning 
regimen GVHD prophylaxis Acute 

GVHD Toxicity/complication Engraftmen
t(day)

Outcome
(day) Positive virus

1 CML 19 UR-BM 6 TBI+CY TAC+sMTX Ⅳ TMA 16 dead (D460) EBV・CMV
2 WAS 1 URCB 5 BU+CY+ATG CSP+sMTX+mPSL 0 - 19 alive -
3 CID 1 R-BM 5 Flu+L-PAM+ATG TAC+sMTX Ⅲ encephalopathy 12 alive EBV・HHV6・HSV1・HSV2

4 ALL 5 R-BM 6 BU+CY+VP CSP+sMTX 0 - 14 alive CMV・HSV1・HSV2・EBV・
HHV6

5 AML 14 UR-BM 6 BU+CY+L-PAM TAC+sMTX Ⅱ ES 15 alive CMV・EBV
6 AML-Down 1 URCB 5 BU+L-PAM+CA CSP+sMTX III hemorrhage(lung,brain) - dead (D125) CMV・EBV
7 AML/MDSRAEB 14 UR-BM 6 BU+CY+L-PAM CSP+sMTX III TMA・ES 21 alive CMV・HSV1・EBV
8 ALL 0 URCB 5 BU+CY+VP CSP+sMTX I ES 16 alive HHV6・HSV1・VZV・EBV
9 ALD 12 URCB 4 TLI+L-PAM+ATG CSP+PSL 0 - 13 alive EBV・CMV・HHV6

10 WAS 21 R-BM 5 BU+CY+ATG TAC+sMTX III TMA・ES 19 alive EBV・CMV・BKV・JCV

11 AML 13 R-PBSC 5 TBI+CY TAC+sMTX III ES 15 dead (D374) HHV6・EBV
12 CAEBV 16 UR-BM 6 Flu+L-PAM+ATG TAC+sMTX IV TMA・ES 15 dead (D59) CMV・HHV6・JCV・EBV
13 AML 4 UR-BM 6 TBI+CY TAC+sMTX I - 22 alive EBV・CMV
14 AML 17 R-BM 6 TBI+CY CSP+sMTX Ⅰ - 16 alive -
15 ALL 4 R-BM 6 TBI+CY+VP CSP+sMTX 0 - 16 relapse (→#20) -
16 LAD 0 UR-BM 6 Flu+CY+2Gy TAC+sMTX II VOD 12 rejection (→#18) EBV
17 ALL 13 R-BM 6 TBI+CY+VP CSP+sMTX Ⅱ - 19 alive -
18 LAD (2nd) 1 UR-BM 5 iBU+CY TAC+sMTX Ⅱ - 14 alive -
19 ALL 14 UR-BM 6 TBI+CY+VP TAC+sMTX II ES 12 dead (D60) EBV・HHV6
20 ALL (2nd) 4 UR-BM 6 iBU+CY+L-PAM TAC+sMTX 0 VOD 19 dead (D60) HHV6・ADV
21 ALL 11 UR-BM 6 TBI+CY+VP TAC+sMTX II intestial pneumonia 17 alive HHV6・BKV・EBV
22 AML 16 UR-BM 6 Flu+L-PAM+2Gy TAC+sMTX II TMA 22 alive HHV6
23 WAS 0 R-BM 6 iBU+CY CSP+sMTX 0 ES 16 alive -

24 SCID 0 URCB 6 Flu+L-PAM CSP+PSL III TMA・Liver dysfunction・
ES 14 rejection・dead 

(D491) -

25 AML 11 URCB 4 TBI+CY+ATG TAC+sMTX Ⅰ - 24 alive HHV6
26 WAS 0 R-BM 6 iBU+CY CSP+sMTX 0 - 12 alive -
27 ALL 0 URCB 5 iBU+CY+VP CSP+sMTX II VOD・ES 22 alive -
28 SCID 0 URCB 5 Flu+L-PAM TAC+MTX+mPSL 0 TMA・HPS・ES - dead (D44) HHV6
29 SCID 0 URCB 6 Flu+L-PAM TAC+sMTX Ⅰ ES 17 alive -
30 XHIM 17 UR-BM 6 Flu+iBU+CY TAC+sMTX Ⅰ ES 17 alive EBV

31 SCID 0 URCB 6 Flu+L-PAM TAC+sMTX+mPSL III ES 21 alive -

32 SCID 1 URCB 6 Flu+L-PAM TAC+sMTX II BCG reactivation・ES 18 alive -
33 AML 1 R-BM 6 iBU+L-PAM CSP Ⅳ BO・ES 9 alive HHV7
34 AML 13 UR-BM 6 TBI+CY TAC+sMTX Ⅱ ES 21 alive CMV・HHV6
35 DC 9 UR-BM 6 Flu+L-PAM+ATG TAC+sMTX Ⅲ encephalopathy・ES 12 alive EBV

Table 1. Clinical profiles of the patients with SCT (2004-2009) under virus monitoring.
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Statistics: We calculated controlled odds ratio by the Chi-squared 
test and logistic regression assay (95% confidence interval). A P-value 
of less than 0.05 was considered statistically significant difference.

Results
Transplantation background (Table 1): 35 hematopoietic stem 

cell transplantations in 33 patients were included (Table 1). Two 
patients received 2nd SCT. Average age of patients was 7.2 years (from 
7 months to 21 years) and median age was 4 years. Nine patients 
received related bone marrow (R-BM), 14 received unrelated bone 
marrow (UR-BM), 11 received unrelated umbilical unrelated cord 
blood (URCB), and one received related peripheral blood stem cells 
(R-PBSC). HLA were genetically matched (HLA-A, B, DRB1) in 24 
cases, one locus mismatched in 9 cases, and two locus mismatched in 
two cases. 23 patients received myeloablative conditioning (MAC) and 
12 had reduced-intensity conditioning (RIC). Conditioning regimens 
included total-body irradiation (TBI 12Gy) + cyclophosphamide 
(CY) ± etoposide (VP16) ± anti-thymocyte globulin (ATG) of ten 
cases, total nodal irradiation (TLI 12Gy)+melphalan (L-PAM)+ATG 
of one case, busulfan(BU)+CY ± VP16 ± L-PAM ± ATG of 11 cases, 
BU+CY+fludarabine (Flu) of one, BU+L-PAM ± cytarabine (CA) of 
two, Flu+CY+TBI 2Gy of one, and Flu+L-PAM ± ATG of 9 cases. 

GvHD prophylaxis included CSP of one case, CSP + PSL of two cases, 
CSP + sMTX of 10 cases, CSP + sMTX + mPSL of one case, TAC+sMTX 
of 19 cases and TAC+sMTX + mPSL of two cases.

The patients were; seven acute lymphocytic leukemia (ALL), ten 
acute myeloid leukemia (AML), one chronic myelogenous leukemia 
(CML), one chronic active EB virus infection (CAEBV), four Wiskott-
Aldrich syndrome (WAS), five severe combined immunodeficiency 
(SCID), one hyper IgM syndrome (XHIM), one leukocytes adhesion 
deficiency (LAD), one T cells immunodeficiency (CID), one 
dyskeratosis congenita (DC), and one adrenoleukodystrophy (ALD).

Transplant results (Table 1): Mean engraftment day was 
16.6 days (9-24 days and median of 16 days), except for two cases 
without engraftment. Engraftment syndrome (ES) according to the 
diagnostic criteria by Spitzer [9] was observed in 18 cases (51.4%). 
Acute GvHD of grade I was observed in 6 cases (17.1%), grade II in 
10 cases (28.6%), grade III in 8 cases (22.9%), and grade IV in 3 cases 
(8.6%). Encephalopathy occurred in two cases (5.7%), thrombotic 
microangiopathy (TMA) in seven cases (20.0%), and hepatic venous 
obstruction disease (hepatic VOD) in three cases (8.6%). 

In 33 patients, eight patients were dead due to transplantation-
related complications. One ALL patient relapsed, received 2nd allogeneic 

Patient Disease Age 
(yaer) Donor origin HLA

(phenotype)
Conditioning regimen GVHD prophylaxis aGVHD Toxicity/complication Outcome

(day)
1 ALL 17 UR-BM 6 TBI+CY+VP CSP+sMTX I alive

2 HIM 17 R-PBSC 6 TBI+CY CSP+mPSL 0 TMA, VOD, P.aeruginosa Dead(D69)
3 AML 3 R-BM 6 TBI+CY+VP CSP+sMTX I Dead(D449)
4 SCID 0 URCB 5 BU+CY CSP+sMTX 0 alive
5 HIM 3 R-BM 6 BU+CY CsSP+sMTX I alive
6 ALL 2 URCB 5 TBI+CY+VP CSP Ⅱ alive
7 HIM 14 R-BM 6 BU+CY CSP+sMTX IV Aspergillosis Dead(D89)
8 WAS 19 R-BM 6 BU+CY CSP+sMTX+PSL 0 alive
9 WAS 1 UR-BM 6 BU+CY+ATG CSP+sMTX+ATG Ⅱ alive

10 HIM 3 UR-BM 6 BU+CY CSP+sMTX Ⅱ alive
11 HIM 17 R-BM 6 BU+CY CSP+sMTX Ⅱ alive
12 AML 9 R-BM 6 TBI+CY+VP CSP+sMTX 0 alive
13 CAEBV 18 UR-BM 6 TBI+CY+VP CSP+sMTX I BO Dead(D609)
14 AML 10 URCB 4 BU+LPAM CSP Ⅱ Dead(D631)
15 CAEBV 14 R-PBSC 4 TBI+CY+VP TAC Ⅲ P.jirovecii, GI-bleeding Dead(D202)
16 HIM 3 UR-BM 6 BU+CY CSP+sMTX Ⅱ alive
17 ALL 16 UR-BM 6 TBI+CY+VP TAC+MTX I alive
18 ALL 4 UR-BM 6 TBI+CY+VP TAC+sMTX 0 alive
19 WAS 0 UR-BM 6 BU+CY+ATG TAC+sMTX 0 BO alive

20 WAS 11 UR-BM 6 BU+CY+ATG TAC+sMTX Ⅳ
BO, encephalopathy

P.aeruginosa
Dead(D373)

21 SCID 0 URCB 5 BU+CY CSP+sMTX 0 VOD Dead(D5)
22 WAS 1 UR-BM 6 BU+CY+ATG TAC+sMTX+mPSL 0 alive
23 HIM 19 R-BM 6 BU+CY CSP+sMTX 0 alive
24 CAEBV 21 R-PBSC 5 Flu+LPAM+ATG TAC+sMTX Ⅲ EBV-LPD Dead(D417)
25 HPS 1 URCB 5 BU+CY+VP CSP+mPSL 0 alive
26 OP 0 URCB 6 Flu+LPAM+ATG CSP+sMTX+PSL Ⅲ VOD alive
27 HPS 1 URCB 5 none CSP+mPSL 0 alive
28 ALL 1 R-BM 5 TBI+CY+VP TAC+sMTX Ⅱ cGVHD alive
29 WAS 1 URCB 5 BU+CY+ATG CSP+sMTX+PSL Ⅲ TMA, CMV enteritis Dead(D216)
30 CAEBV 22 R-BM 6 Flu+LPAM CSP+sMTX I alive
31 CID 3 URCB 6 Flu+LPAM+ATG CSP+PSL 0 VOD, ARF Dead(D68)
32 ALL 13 UR-BM 6 TBI+CY+VP TAC+sMTX 0 alive
33 CID 10 URCB 5 Flu+LPAM+ATG TAC+sMTX Ⅲ cGVHD Dead(D590)
34 SCID 0 URCB 6 Flu+LPAM+ATG CSP+mPSL 0 alive
35 AML 4 URCB 5 TBI+LPAM CSP 0 ARDS Dead(D17)

Table 2.  Clinical profiles of the patients with SCT (1998-2004) without  virus monitoring.
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SCT, and died because of severe hepatic VOD. Two patients rejected 
first SCT, and one successfully accepted 2nd SCT, and the other was 
dead due to transplantation-related complication (Table 1).

Results of virus monitoring (Table 4, Figure 1): In 23 cases 
(65.7%), one or more viruses were detected, and their average age 
was 9.4 years (from 7 months to 21 years; median of 11 years). In 12 
cases, no virus was detected, and their average age was 3.1 years (from 
8 months to 17 years; median of 1.5 years). HHV-6 was positive in 
36 specimens (10.7%), EBV in 34 specimens (9.9%), and CMV in 33 
specimens (9.5%). The cumulative positive incidences were EBV of 
48.6%, HHV-6 of 37.1% and CMV of 28.6% (Figure 1). In the average, 
EBV was detected at 46.4 days, CMV at 41.1 days, and HHV-6 at 30.5 
days after transplantation. In some cases, multiple viruses were detected 
in the same specimen at once. HHV-8 and PVB19 were not detected in 

any samples. BKV and JCV were positive in two cases (pt.nos.10 and 
12), respectively. ADV was detected in one case transiently (pt.nos.20).

The viral load and its significance (Figure 2): In seven patients with 

Virus Sequence for primers and probes

HSV1.2
HSV-F    CGCATCAAGACCACCTCCTC    
HSV-R  GTCAGCTCGTGRTTCTG       
HSV1-probe       TGGCAACGCGGCCCAAC       
HSV2-prpbe       CGGCGATGCGCCCCAG

VZV
VZV-F    TCACTACCAGTCATTTCTATCCATCTG     
VZV-R    GAAAACCCAAACCGTTCTCGAG  
VZV-probe        TGTCTTTCACGGAGGCAAACACGT        

EBV
EBV-F    CTGGGCAAGGAGCTGTTTG     
EBV-R    GGCCGCTTGTAAAATTGCA     
EBV-probe        CTCGGCTGTGGAGCAGGCTT    

CMV
CMV-F  TCGCGCCCGAAGAGG 
CMV-R  CGGCCGGATTGTGGATT       
CMV-probe      CACCGACGAGGATTCCGACAACG 

HHV6
HHV6-F  GAAGCAGCAATCGCAACACA    
HHV6-R  ACAACATGTAACTCGGTGTACGGT        
HHV6-probe     AACCCGTGCGCCGCTCCC      

HHV7
HHV7-F  CGGAAGTCACTGGAGTAATGACAA        
HHV7-R  CCAATCCTTCCGAAACCGAT    
HHV7-probe     CTCGCAGATTGCTTGTTGGCCATG        

HHV8
HHV8-F  CCTGTCCTCTGGTCCCCAT     
HHV8-R  ATCGTTGCCTATTTCTTTTTGCC 
HHV8-probe      CCGGCGTCAGACATTCTCACAACC        

BKV/JCV
BKVJCV-F        GGAAAGTCTTTAGGGTCTTCTACCTTT     
BKV-R    GATGAAGATTTATTYTGCCATGARG       
JCV-R    GAAGACCTGTTTTGCCATGAAGA 
BKVJCV-probe ATCACTGGCAAACAT

ADV
ADV-F    GACATGACTTTTGAGGTGGA    
ADV-R    TCGATGACGCCGCGGTG       
ADV-probe        CCCATGGAYGAGCCCACCCT    

PVB19
B19-F   GGGTTTCAAGCACAAGYAGTAAAAGA      
B19-R    CGGYAAACTTCCTTGAAAATG   
B19-probe  CAGTGCCCCTGTGG

Table 3. PCR primers used for multiplex PCR and nested PCR.

Sample number Positive sample Positive 
ratio(%)

Positive 
patients

Positive patients 
(%)

Mean onset day
(day)

Mean peak day
(day)

Mean peak virus load
(μgDNA)

HSV-1 371 3 0.8 3 8.6 46 (0-91) ― ―
HSV-2 350 1 0.3 1 2.9 47 ― ―
VZV 356 1 0.3 1 2.9 101 ― ―
EBV 378 34 9.9 17 48.6 46.4 (6-110) 65.4 (19-110) 661.1 (42-2800)
CMV 379 33 9.5 10 28.6 41.1 (0-96) 52.3 (7-111) 15044.8 (3-110000)

HHV-6 371 36 10.7 13 37.1 30.5 (12-96) 29.1 (12-96) 13922.5 (26-58000)
HHV-7 367 6 1.7 1 2.9 8 8 4000
HHV-8 312 0 0.0 0 0 ― ― ―
BKV 321 3 0.9 2 5.7 70.5 (54-87) 68.5 (50-87) 42.5 (35-50)
JCV 318 3 0.9 2 5.7 11.5 (5-18) 34 170

PVB19 319 0 0.0 0 0 ― ― ―
ADV 51 3 6.3 1 2.9 6 6 1800

Table 4.  Results of comprehensive virus analysis  after SCT.
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CMV load of 1 × 102 copies/μg DNA or more, CMV pp65 antigenemia 
was positive (more than 5 positive cells out of 50,000 cells) in four cases 
who received anti-CMV agents (Figure 2). Whereas asymptomatic 
three cases (pt.nos.7, 13 and 34) with CMV pp65 antigenemia negative 
(less than 5 positive cells out of 50,000 cells) turned negative for CMV 
without anti-CMV agent even if CMV load was transiently 1 × 102 

copies/μg DNA or more after the continued inspection. Three cases 
(pt.nos. 6, 10 and 12) with CMV load of 1 × 102 copies/μg DNA or less 
received anti-CMV agents because of suspected symptoms.

Other than CMV, viral load became decreased or negative along 
with the recovery of immune function without any intervention. 

EBV load was less than 1 × 104 copies/μg DNA in all cases, and no 
one developed lymphoproliferative disease.

As for HHV-6, more than 1 × 104 copies/μg DNA of HHV-6 was 
detected in five cases.

One case (pt.nos. 8) was transplanted at 11-month-old and HHV-6 
was detected as a primary infection at 96th day after transplantation. In 
other four (pt.nos. 11, 19, 22 and 34: aged between 5 and 6 years), the 
peak of HHV-6 load was between 13 and 19 days after transplantation 
as a reactivation. In the SCT of adult patients, significance of HHV-
6 infection is being emphasized, especially as a causative pathogen of 
encephalitis. Clinical significance of HHV-6 infection in the pediatric 
SCT is still controversial [10,11]. 

Association with virus infection status before the transplant 
(Table 5): We examined 31 cases in which viral PCR analysis was 
performed within one month before transplantation to find out the 
relation with virus reactivation after SCT.

CMV was detected in one out of three CMV positive for PCR 
(33.3%) and in 8 out of 28 cases (28.6%) in which CMV was negative 

for PCR before transplantation. In 14 cases with positive anti-CMV 
antibody, CMV was detected in 8 cases (57.1%) after transplantation. 
Out of 11 cases in which anti-CMV antibody was negative before 
transplantation, CMV was detected in only one case (9.1%).

EBV was detected in 7 out of 9 cases (77.8%) in which EBV was 
positive for PCR before transplantation, and HHV-6 was detected in 
3 out of 4 cases (75%) in which HHV-6 was positive for PCR before 
transplantation. On the contrary, EBV was detected in 8 out of 22 cases 
(36.4%) in which EBV was negative for PCR before transplantation. 
HHV-6 was detected in 8 out of 27 cases (29.6%) in which HHV-6 was 
negative for PCR before transplantation.

Risk factor for virus infection (Table 6): To find out the risk 
factors for viral infection after SCT, we performed multivariate 
analysis. Only ATG administration and HHV-6 infection (odds ratio 
40.03, p=0.04) showed a statistically significant relevance. GvHD III–
IV was related with CMV (odds ratio 6.25, p=0.09) and EBV infection 
(odds ratio 10.47, p=0.08), and RIC was related with HHV-6 infection 
(odds ratio 8.65, p=0.16), although not statistically significant (Table 
4). TMA was associated with CMV infection (odds ratio 7.91, p=0.09), 
but not with EBV (odds ratio 0.46, p=0.52) or HHV-6 infection (odds 
ratio 1.36, p=0.74), which is different from the report with adult SCT 
[12]. Unrelated cord blood was not related with HHV-6 infection.

Clinical impact of virus monitoring on TRM in pediatric SCT: 
To investigate the clinical impact of virus monitoring on the outcome 
of SCT, we compared TRM in 2004-2009 cohort with TRM in 1998-
2004 cohort. The patient profiles of 1998-2004 cohort were presented 
precisely in Table 2. SCT procedure and supportive care were the 
same as described above in Methods. Engraftment syndrome was not 
recorded in this cohort because the concept and criteria of ES were 
not accepted in this period. The content of background diseases and 
conditioning regimens were comparable between two cohorts. As 

HHV-6 EBV CMV
odds ratio 95% interval P-value odds ratio 95% interval P-value odds ratio 95% interval P-value

non-malignacy 0.02 0.00-1.06 0.05 1.10 0.14-8.87 0.93 0.52 0.03-9.51 0.66

age ≧9-year-old 1.94 0.29-12.7 0.49 2.79 0.45-17.4 0.27 1.36 0.16-11.8 0.78
unrelated cord blood 1.72 0.17-17.5 0.65 0.30 0.04-2.14 0.23 0.33 0.02-6.23 0.46
ATG 40.03 1.21-1320 0.04* 2.58 0.19-34.6 0.47 6.82 0.14-338 0.34
RIC 8.65 0.43-173 0.16 0.40 0.04-3.67 0.42 0.02 0.00-1.79 0.09
aGVHD III-IV 0.15 0.01-1.63 0.12 6.25 0.74-52.7 0.09 10.47 0.78-139. 0.08

Multivariate analysis showed that GVHD(≧3) was the most significant factor for CMV (odds ratio = 10.47) and EBV (odds ratio = 6.25) and  ATG for HHV-6 (odds ratio = 40.03).

Table 6. Risk factors for virus infection after SCT: Multivariate analysis.

*:Patients with  antibody deficiency were excluded.
Positive EBV or anti-CMV antibody before SCT predicts EBV or CMV infection after SCT with an odds ration of 6.13 (p=0.036) and 13.3 (p=0.013) respectively.

Table 5.  Effect of viral infection before SCT on the post SCT viral infection.

CMV PCR post SCT
positive negative

before SCT
positive 1 2

negative 8 20

EBV PCR post SCT
positive negative

before SCT
positive 7 2

negative 8 14

anti-CMV antibody* post SCT
positive negative

before SCT
positive 8 6

negative 1 10

HHV-6 PCR post SCT
positive negative

before SCT
positive 3 1

negative 8 19
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shown in Figure 3, TRM in 2004-2009 cohort was 0.208 and TRM 
in 1998-2004 was 0.301, and the introduction of virus monitoring 
improved TRM, although not statistically significant.

Discussion
It has been reported that viruses were detected from the blood in 48 

to 63% of the pediatric patients until 100 days after HSCT [13,14]. HHV-
6 has been reported to be detected two to four weeks earlier than CMV, 
and the reported frequency has varied from several to 70% [13,15-20]. 
The frequency to detect CMV and EBV has been reported to be 11-28% 
and 24-48%, respectively [13,21,22]. In our observation, the frequency 
of virus detection was almost the same as previously reported. However, 
it was significantly lower in infants in which primary immunodeficient 
patients were dominantly involved. The average age of virus-positive 
group was 9.4 years (median of 11 years), and that of virus-negative 
group was 3.1 years (median 0.5 years). Especially, in the 15 patients 
of one year old or younger (infants group), EBV was detected in only 
4 cases (26.7%), CMV in one (6.7%), and HHV-6 in three (20.0%). No 
virus was detected in 9 patients (60.0%). In the infants group, majority 
of patients had not encountered viral infections before SCT. Most of 
the immunnodeficient patients had been managed to be protected 
from infection since they were diagnosed. These patients are at risk 
for primary infection from the transfusions. It has been reported that 
CMV negative donor is preferable to avoid CMV infection in these 
patients [23]. Furthermore, transfusion-associated CMV is reported 
to be prevented by using the leukocyte-filtered blood products [24]. 
In our institute, CMV negative donor could not be supplied in any 
of the cases, but all of blood products were leukocyte-filtered. In the 
older children, they are already infected and reactivation of virus often 
becomes a clinical problem as in the adult case under the secondary 
immunodeficient condition after SCT [20]. 

We re-evaluated the correlation of CMV viral load and CMV 
pp65 antigenemia level, and its association with the prognosis in the 
pediatric SCT [25-27]. 

Three cases (pt.nos.6, 10 and 12) with CMV load of 1 × 102 copies/
μg DNA or less received anti-CMV agents because of suspected 
symptoms, although their CMV pp65 antigenemia were negative. 
Three in 7 cases with CMV load of 1 × 102 copies/μg DNA and more 
were CMV pp65 antigenemia negative. All of CMV pp65 antigenemia 
positive patients showed CMV load of 1 × 102 copies/μg DNA and 
more. As previously reported, sensitivity of CMV pp65 antigenemia 
is unstable and unreliable when leukocyte number is low during the 
early phase of SCT [26]. These results confirm that PCR testing is more 

sensitive than antigenemia and is more suitable for monitoring after 
SCT. 

To start preemptive intervention, the level of 1 × 102 copies/μg 
DNA and more or CMV pp65 antigenemia of 5 and more out of 50,000 
cells seemed to be reasonable practically in our experience as suggested 
before [27]. However, preemptive therapy should be started for the 
patients with suspected symptoms, even if viral DNA load is lower than 
cutoff level.

It has been reported that more than 1 × 102.5 copies/μg DNA of EBV 
load is a sign of viral reactivation, and more than 1 × 104 copies/μg 
DNA is a risk factor for EBV lymphoproliferative disease (EBV-LPD) 
[28]. In this study, four cases showed 1 × 102.5 copies/μg DNA or more 
of EBV load, but not exceed 1 × 104 copies/μg DNA and all of them 
resolved spontaneously. Clinical point of view, EBV load of 1 × 104 

copies/μg DNA or more seems reasonable as a cutoff for preemptive 
intervention of EBV-LPD such as anti-CD20 antibody administration. 

It has been reported that the infection history of both of donor and 
recipient is associated with viral infection and reactivation after SCT 
[13,17].

In the PCR positive case of EBV and CMV before transplant, the 
same virus was more likely to be detected after transplant (Table 5). For 
CMV infection, the antibody test of recipients before transplant was 
also important. Positivity of antibody for CMV was a risk of reactivation 
even if PCR testing before transplantation was negative. In some cases 
(pt.nos. 11, 22 and 30), CMV was positive in stool and pharynx, but 
negative in blood before SCT, and then CMV was detected in the blood 
after SCT. In cases of antibody-production deficiency, direct detection 
of virus before SCT is an only method to find out the previous or 
insidious infection of CMV. In the patients with immunodeficiency, 
viruses are often detected persistently even without clinical symptoms. 
The evaluation of antibody and virus before transplant is also useful 
and important as well as early preemptive detection of virus by the 
regular monitoring after SCT.

UR-BM, HLA mismatch, URCB, MAC, T-cell-depleted transplant, 
ATG, steroid, and GvHD have been reported to be risk factors for virus 
infection and reactivation [13-16,18,25]. In our study, HHV-6 infection 
was not related with unrelated cord blood contrary to the report from 
adults SCT [18]. This may be due to the fact that most of unrelated cord 
blood was transplanted to the patients under two years old, who might 
not be infected with HHV-6 yet. A statistically significant relevance was 
found between ATG administration and HHV-6 infection. However, 
CMV and EBV infection were not related with ATG. CMV and EBV 
infection were related with acute GvHDIII-IV, although not statistically 
significant. This may be interpreted that short-term intensive 
immunosuppression is related with HHV-6 infection/reactivation, 
while long-term immunosuppression combined with inflammation is 
prerequisite for CMV and EBV infection/reactivation.

Finally, in order to investigate the clinical impact of sequential virus 
monitoring, we compared TRM of this cohort with that of historical 
control in which virus monitoring was not introduced.

TRM in 2004-2009 cohort was 0.208 and TRM in 1998-2004 was 
0.301, and the introduction of virus monitoring improved TRM, 
although not significantly (Figure 3). 

GvHD II-IV and GvHD III-IV were 60% (21/35) and 31.4% 
(11/35) in 2004-2011 cohort and 40% (14/35) and 20% (7/35) in 1998-
2004, which indicates that 2004-2011 cohort contained more high risk 
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Transplantation-related mortality (TRM) of 2004-2009 cohort was compared with that of  a
historical control cohort between 1998 and 2004 when virus monitoring was not introduced.

Figure 3. Clinical impact of virus monitoring on TRM in pediatric SCT.
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patients than 1988-2004 cohort. However, we have to be cautious in 
the interpretation of this result because the number of patients in both 
cohorts was small and the profiles of both patients and conditioning 
regimen were not the same. Furthermore, TRM is dependent on 
not only virus infection but also other SCT-related risk factors such 
as donor source, conditioning regimen, HLA-disparity, treatment 
history, and so on.

Although, the introduction of virus monitoring might not have 
statistically significant impact of the improvement of TRM, future 
development of novel anti-virus therapy such as virus-specific 
adoptive cell therapy and anti-virus medicine will improve the clinical 
consequences ultimately in combination with early detection of virus 
infection by sequential virus monitoring. Actually, it has been reported 
that pre-empiric anti-CD20 administration after early detection of 
EBV is useful for the prevention of development of EBV-LPD after 
SCT [29,30].

Our observation seems instructive and further examination is 
necessary to resolve clinical problems with viral infection in pediatric 
SCT.
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