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Cytomegalovirus (CMV) is a well-established cause of morbidity and mortality in pediatric 
recipients of allogeneic hematopoietic stem cell transplantation (allo-HSCT). CD8+ T-cells 
are important for controlling CMV infection. We conducted a prospective pilot study to in-
vestigate the clinical utility of measuring the CMV-specific T-cell immune response using 
the QuantiFERON-CMV assay (QF-CMV) in pediatric allo-HSCT recipients. Overall, 16 of 
25 (64%) patients developed CMV infection. QF-CMV was evaluated in these 16 patients 
during the early and late phases of the first CMV infection post allo-HSCT. Whereas the 
initial QF-CMV results during the early phase of CMV infection did not correlate with the 
course of the corresponding infection, the QF-CMV results post resolution of the first CMV 
infection correlated with the recurrence of CMV infection until 12 months post allo-HSCT; 
no recurrent infections occurred in the four QF-CMV-positive patients, while recurrent in-
fections manifested in five of eight QF-CMV-negative (62.5%) and all three QF-CMV-inde-
terminate patients (P =0.019). In spite of the small number of patients examined, this study 
supports the potential application of monitoring CMV-specific T-cell immunity using the QF-
CMV assay to predict the recurrence of CMV infection in pediatric allo-HSCT recipients.

Key Words: Cytomegalovirus, T-cell immunity, Pediatric hematopoietic stem cell transplan-
tation, Quantiferon-CMV

Received: July 8, 2016
Revision received: October 17, 2016
Accepted: February 2, 2017

Corresponding author: Eun-Suk Kang
Department of Laboratory Medicine & 
Genetics, Stem Cell & Regenerative 
Medicine Institute, Samsung Medical 
Center, Sungkyunkwan University School of 
Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 
06351, Korea
Tel: +82-2-3410-2703
Fax: +82-2-3410-2719
E-mail: eskang@skku.edu 

© Korean Society for Laboratory Medicine
This is an Open Access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial License (http://creativecom-
mons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

Cytomegalovirus (CMV) is a well-known cause of morbidity and 

mortality in pediatric allogeneic hematopoietic stem cell trans-

plantation (allo-HSCT) recipients [1-3]. CMV presents with a va-

riety of clinical manifestations in allo-HSCT recipients, from as-

ymptomatic infection to CMV diseases such as interstitial pneu-

monia, gastroenteritis, hepatitis, retinitis, and encephalitis [1]. 

Prophylactic and preemptive antiviral therapy has been used to 

prevent and control CMV infection [4]. However, prolonged anti-

viral therapy following allo-HSCT is associated with various side 

effects, development of drug-resistant strains, and late onset CMV 

disease [5-7].

Cell-mediated immunity is known to play a major role in con-

trolling CMV infection [8]. Although both CD4+ and CD8+ T-cells 

are important for controlling and restricting viral infection, CD8+ 

T-cells are thought to be the most important component of the 

immune control of CMV via the production of interferon-gamma 

(IFN-γ) [8, 9]. Therefore, measuring the IFN-γ secreted by CMV-

specific T-cells may be useful for identifying patients who may 

benefit from prophylactic antiviral therapy [10]. 

The QuantiFERON-CMV assay (QF-CMV) (Qiagen, Chadstone, 
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VIC, Australia) detects IFN-γ released from T cells, particularly 

CD8+ T cells stimulated with CMV peptides, by ELISA; this assay 

can be used for in vitro quantification of cell-mediated immune 

responses to CMV peptide antigens associated with immune 

control of CMV infection [11]. Previous studies have shown this 

method to be useful for assessing the risk of late-onset CMV 

disease in solid organ transplant recipients and for predicting 

the occurrence of CMV infection in allo-HSCT recipients [12-

16]. However, data in pediatric patients are relatively limited 

[17]. The present pilot study aimed to investigate the clinical 

utility of measuring CMV-specific T-cell immunity response by 

QF-CMV in pediatric allo-HSCT recipients. 

Thirty-three pediatric patients who underwent allo-HSCT be-

tween April 2011 and March 2013 were enrolled. Written in-

formed consent was obtained from all patients and/or their par-

ents. Eight patients were excluded for refusing consecutive blood 

sample collection during CMV infection episodes. Finally, 25 pa-

tients were included in this study and their clinical course was 

followed longitudinally for 12 months post allo-HSCT. The six 

patients who died during the follow-up period were not excluded 

because mortality was not due to CMV infection. Routine viro-

logical surveillance of CMV was conducted by using CMV anti-

genemia assay twice or thrice a week until six months post HSCT, 

and then once a week until 12 months. QF-CMV was performed 

at four weeks post allo-HSCT for baseline data. If patients be-

came CMV antigenemia reactive, indicating the presence of CMV 

infection, QF-CMV was measured simultaneously with CMV an-

tigenemia and continued until the end of the antiviral treatment, 

seven days subsequent to CMV antigenemia becoming nega-

tive. This study was approved by the Institutional Review Board 

of Samsung Medical Center, Seoul, Korea. 

CMV serostatus was assessed in both donors and recipients 

prior to transplantation by detecting the presence of IgG and/or 

IgM antibodies using the VIDAS CMV IgG and IgM kit (bioMer-

ieux, Hazelwood, MO, USA). CMV-infected peripheral blood leu-

kocytes were detected by using the CMV pp65 antigenemia di-

rect fluorescence assay with the CINA Kit system (Argene Bio-

soft, Varilhes, France) and a monoclonal antibody against the 

CMV pp65 antigen. CMV infection was defined as the presence 

of more than one pp65-positive cell per 200,000 leukocytes 

(white blood cells [WBCs]) on a slide. CMV infection duration 

was defined as the period from the date that CMV antigenemia 

was reported as ≥1 cell/200,000 WBCs to the first of three con-

secutive time points at which CMV antigenemia was reported as 

0 cells/200,000 WBCs. QF-CMV was performed according to 

the manufacturer’s instructions. Briefly, whole blood was col-

lected into three QF-CMV blood collection tubes: Nil Control, CMV 

Antigen, and Mitogen. The tubes were incubated for 16 to 24 hr 

at 37°C. Following incubation, plasma was obtained by centrifu-

gation and the amount of IFN-γ (IU/mL) in the plasma was 

measured by using ELISA. The QF-CMV results were interpreted 

by using the following criteria: Positive, CMV minus Nil ≥0.2 IU/

mL; Negative, CMV minus Nil <0.2 IU/mL and Mitogen minus 

Nil ≥0.5 IU/mL; Indeterminate, CMV minus Nil <0.2 IU/mL and 

Mitogen minus Nil <0.5 IU/mL. The differences between the 

three result groups were analyzed by using Fisher’s exact test for 

categorical variables and Kruskal-Wallis test for continuous vari-

ables. Statistical analysis was performed by using IBM SPSS ver-

sion 23.0 (IBM, Armonk, NY, USA), and P values <0.05 were 

considered statistically significant.

Sixteen of the 25 patients (64.0%) experienced CMV infection 

during the first year post allo-HSCT. Eight of these 16 patients 

had recurrent infection episodes; two patients had two episodes, 

five patients had three episodes, and one patient had four epi-

sodes. The median time to the first infection was 22 days post-

HSCT (range, 11 to 53 days), the median duration was 19 days 

(range, 5 to 47 days), and the median maximum CMV antigen-

emia was 17 cells/200,000 WBCs (range, 1 to 720 cells/200,000 

WBCs). The clinical and demographic characteristics of the 25 

patients are summarized in Supplemental Data Table S1. No 

differences were observed between the parameters of patients 

with and without CMV infection (including donor and recipient 

CMV serostatus and recipient four week post-allo-HSCT QF-CMV), 

except HLA match status (P =0.01). 

The initial QF-CMV of the 16 CMV infected patients, measured 

during the early phase of the first CMV infection, was positive in 

four, negative in four, and indeterminate in eight patients. The 

maximum CMV antigenemia levels and the duration of the cor-

responding infection were not statistically significant (P =0.421 

and P =0.740, respectively) in the three result groups (Table 1). 

However, the QF-CMV results measured following the resolution 

of the first CMV infection were significantly associated with the 

subsequent recurrence of CMV infection. No recurrent CMV in-

fection was observed in the four QF-CMV-positive patients, while 

five of the eight QF-CMV-negative (62.5%) and three of the three 

QF-CMV-indeterminate (100.0%) patients experienced recur-

rent CMV infection (P =0.019) (Table 2). The test results of one 

patient were not available.

Three representative patient cases are shown in Fig. 1 to de-

lineate the longitudinal patterns of CMV-specific T-cell immunity 

in relation to CMV infection, defined by the presence of CMV 

antigenemia. The first two patients, who exhibited indeterminate 
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Table 1. Maximum CMV antigenemia and duration of CMV infection in patients with positive, negative, and indeterminate initial QuantiFER-
ON-CMV results measured during the early phase of the first CMV infection post allogeneic HSCT

Initial QuantiFERON-CMV results
P

Positive (N=4) Negative (N=4) Indeterminate (N=8)

Maximum CMV antigenemia (N/200,000 WBCs) 16 (10–36) 8 (1–28) 20 (2–720) 0.421

Duration of CMV infection (days) 20 (11–56) 16 (12–35) 19.5 (5–47) 0.740

Data are expressed as median (range).
Abbreviations: CMV, cytomegalovirus; HSCT, hematopoietic stem cell transplantation; WBCs, white blood cells.

Table 2. Occurrence of recurrent CMV infection in patients with positive, negative, and indeterminate QuantiFERON-CMV results measured 
at the end of the first CMV infection post allogeneic HSCT

QuantiFERON-CMV at the end of the first CMV infection
P

Positive (N=4) Negative (N=8) Indeterminate (N=3)

Presence of recurrent CMV infection (N of patients) 0 (0.0%) 5 (62.5%) 3 (100.0%) 0.019

Absence of recurrent CMV infection (N of patients) 4 (100.0%) 3 (37.5%) 0 (0.0%)

Data are expressed as number (percentage).
Abbreviations: CMV, cytomegalovirus; HSCT, hematopoietic stem cell transplantation.

Fig. 1. The longitudinal patterns of CMV pp65 antigenemia and 
CMV-specific T-cell response measured by using the QuantiFER-
ON-CMV assay in three allogeneic HSCT recipients. (A) Nine-year-
old female patient with aplastic anemia with repeated positive Quanti-
FERON-CMV assay results during the early phase of CMV infection. 
(B) Eleven-month-old male patient with juvenile myelomonocytic 
leukemia who converted from indeterminate and negative to posi-
tive QuantiFERON-CMV results during the course of infection. (C) 
Twenty-eight-month-old female patient with neuroblastoma with 
persistent negative results, except for a single positive result during 
the early transplant phase; the patient died because of tumor pro-
gression at 140 days post HSCT. ‘+’ indicates a positive QF-CMV 
result, ‘-’ indicates a negative result, and ‘♦’ indicates an indetermi-
nate result.  
Abbreviations: CMV, cytomegalovirus; HSCT, hematopoietic stem cell trans-
plantation; WBCs, white blood cells.
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and/or negative results in early phases of infection but were re-

peatedly QF-CMV-positive at the end of the CMV infection, did 

not experience recurrent infection thereafter until 12 months 

post allo-HSCT (Fig. 1A, B). However, the third patient who had 
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never converted to positive and exhibited persistent QF-CMV-

negative results, except for a single positive result during the early 

transplant phase, had recurrent infection episodes (Fig. 1C). 

In this pilot study, we examined the clinical utility of the CMV-

specific T-cell immunity test using QF-CMV to predict recurrent 

CMV infections in pediatric allo-HSCT recipients within the first 

year post-transplantation. Patients with positive QF-CMV results 

following initial CMV infection had no recurrent infections there-

after, whereas a significant proportion of patients with indetermi-

nate or negative results had recurrent CMV infections. These 

findings indicate that the established CMV-specific T-cell immu-

nity following initial CMV infection contributes to the prevention 

of recurrent CMV infection episodes. In addition, we assessed 

the ability of QF-CMV to control CMV infection using the maxi-

mum CMV antigenemia level and duration of CMV infection as a 

measure of CMV infection control. A previous study including 

adult allo-HSCT recipients demonstrated that patients with posi-

tive QF-CMV measured immediately following CMV infection had 

a lower median maximum CMV load compared with patients 

exhibiting negative QF-CMV [12]. However, we did not observe 

a significant difference in control of CMV infection, in terms of 

maximum CMV antigenemia level and duration of CMV infection 

among the three QF-CMV result groups. This might be due to 

the small number of patients in our study or differences in pa-

tient demographics, diagnoses, and treatment.

The proportion of indeterminate results (50.0%) measured 

during the early phase of CMV infection is higher than in the to-

tal collected samples (37.5%); this is similar to previously re-

ported results (33% [15] and 38% [12]) and is probably due to 

lymphopenia during the early phase post HSCT. Three of the 

eight patients with indeterminate results during CMV infection 

showed very high CMV antigenemia levels (maximum 101, 277 

and 720 cells/200,000 cells, respectively), which emphasizes 

the importance of reconstituting general immunity to acquire 

pathogen specific immunity. 

QF-CMV would be successfully incorporated into the clinical 

setting; it is a simpler test than other assays, such as ELISPOT, 

MHC-peptide tetramer staining, and intracellular cytokine assay, 

for the detection of IFN-γ secreted in response to CMV-specific 

CD8+ T-cell activation. Although this pilot study had some limita-

tions, such as a small number of patients and heterogeneous 

diagnoses, to the best of our knowledge, this is the first report to 

examine Korean pediatric patients who underwent allo-HSCT 

with systematic longitudinal monitoring scheme for 12 months 

post allo-HSCT. The results of this study strongly support the 

potential clinical application of monitoring CMV-specific T-cell 

immunity using the QF-CMV assay to predict the recurrence of 

CMV infection in pediatric allo-HSCT recipients. Further studies 

with larger number of patients are required to establish the prac-

tical applications of QF-CMV in the pediatric allo-HSCT setting. 
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