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Introduction

Human cytomegalovirus (CMV) infection is a major 
problem after hematopoietic stem cell transplantation 
(HSCT), and is associated with considerable morbidity and 
mortality (1). Similar to human immunodeficiency virus 
(HIV) infection vs. acquired immunodeficiency syndrome 
(AIDS), CMV infection (isolation of the CMV virus or 
detection of viral components in body fluid or tissue 
specimen) does not necessarily means the full-blown CMV 
disease. The current approach to monitor CMV infection 
is using polymerase chain reaction (PCR) to detect plasma 
CMV pp65 antigen or CMV DNA (2).

Umbilical cord blood transplantation (UCBT) has been 
increasingly used in patients with a variety of hematological 
and non-hematological diseases (3-5). In comparison to 
bone marrow transplantation (BMT), UCBT offers the 
advantages of easy procurement and less risk to donors. 
The risk of transmitting infectious agents and developing 
graft-versus-host disease (GVHD) is also lower without 
affecting the efficacy (6,7). A major disadvantage of UCBT 
is delayed immune reconstitution, and thus increased risk 
for infections, particularly CMV infection (8,9). Despite of 
the high rate of CMV infection after UCBT (vs. HSCT), 
the long-term survival does not seem to be affected (10).
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Several studies focused on CMV infection following 
UCBT (11-15). These studies are limited by relatively small 
sample size [140 patients in the largest study (11)] and short 
follow-up period. As a result, the risk factors for CMV 
infection after UCBT remain poorly defined. The current 
study included 204 patients receiving UCBT, with a median 
follow-up period of >2 years.

Materials and methods

Patients

The study included 204 consecutive patients receiving 
UCBT from unrelated donors  for  hematological 
malignancies during a period from April 2000 and March 
2013 at Anhui Provincial Hospital (an affiliate of Anhui 
Medical University), Shandong Second Hospital (an affiliate 
of Shandong University School of Medicine), or Wuhu 
Yijishan Hospital (an affiliate of Wannan Medical College). 
The subjects opted for UCBT since no human leukocyte 
antigen (HLA)-compatible related donors or suitable 
unrelated bone marrow donors were identified. CMV 
testing showed negative results prior to the transplantation 
in all cases. The judgment criteria of high-risk, refractory 
and disease progression are consistent with the reported 
literature (16). The study was approved by the Institutional 
Review Boards of the respective institutions. Written 
informed consent for the treatment was obtained from 
the patients or guardians. The study was performed in 
compliance with the Helsinki Declaration. 

Out of the 204 cases, 28 patients deceased prior to 
engraftment, and did not include in data analysis. The final 
data analysis included 176 cases. The demographics and 
clinical characteristics of the subjects are shown in Table 1. 

UCB unit selection and management

UCB units were identified by and obtained from the 
Chinese Cord Blood Bank Network. All units (as well as the 
mothers) were negative for immunoglobulin M antibody 
to CMV. All UCB units matched with the receiver at four 
or more of the six HLA loci. The HLA-A and HLA-B 
antigens were typed using standard serological techniques. 
HLA-DRB1 alleles were typed using high-resolution DNA 
techniques. The minimum cryopreserved dose for a single 
unit was >3×107 nucleated cells/kg and 1.2×105 CD34+cells/kg. 
If the minimum cell dose could not be reached with a single 
UCB unit, the patient received mixed units at a minimum 

Table 1 Demographics and clinical characteristics of the subjects
Numerical value

Overall (No.) 176

Age, year [mean (range)] 20 (2.2-51)

Body weight, kg [mean (range)] 48 (13-84)

Gender [No. (%)]

Male 104 (59.1)

Female 72 (40.9)

Diseases [No. (%)]

CML (CP/AP/BC) 19 (10.8)

ALL 75 (42.6)

ANLL 63 (35.8)

AMLL 3 (1.7)

HLH 1 (0.6)

MDS 12 (6.8)

NHL 2 (1.1)

Wiskott-Aldrich syndrome 1 (0.6)

Risk of underlying diseases [No. (%)]

High 140 (79.5)

Standard 36 (20.5)

Cord blood unit [No. (%)]

Single 148 (84.1)

Double or more 28 (15.9)

HLA compatibility* [No. (%)]

6 of 6 27 (15.3)

5 of 6 99 (56.3)

4 of 6 50 (28.4)

Conditioning regimen [No. (%)]

Myeloablative regimen 168 (95.5)

BU ⁄ CY2 3

BU ⁄ CY2 + ATG 15

TBI + Ara-c + CY 95

Flu + BU + CY 29

Ara-c + BU + CY 26

Reduced-intensity regimen 8 (4.5)

Flu + Bu + TBI + ATG 8

Nucleated cells infused, ×107/kg [mean 
(range)]

4.2 (2.0-16.2)

No. of CD34+ cells infused, ×105/kg [mean 
(range)]

2.8 (1.2-29.3)

CML, chronic myeloid leukemia; CP, chronic phase; AP, 
accelerated phase; BC, blast crisis; ALL, acute lymphoblastic 
leukemia; ANLL, acute non-lymphocytic leukemia; AMLL, 
acute mixed lineage leukemia; HLH, hemophagocytic 
lymphohistiocytosis; MDS, myelodysplastic syndrome; NHL, 
non-hodgkin’s lymphoma; ATG, anti-thymocyte globulin; BU, 
busulfan; CY, cyclophosphamide; Flu, fludarabine; GVHD, 
graft-versus-host disease; HLA, human leukocyte antigen; 
TBI, total body irradiation; *, HLA match equals the poorest 
matched unit in recipients of two UCB units.
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dose of 3.5×107 nucleated cells/kg and 2×105 CD34+cells/kg. 
In addition to CMV, all UCB units were negative for HIV, 
hepatitis B virus (HBV), hepatitis C virus (HCV), as well 
as type I human T cell lymphotropic virus. All UCB units 
were transfused via a central venous route. 

Transplantation procedures

HLA matching, conditioning regimen, GVHD prophylaxis, 
and UCB graft cell dose are shown in Table 1. Out of the 
176 cases included in data analysis, 168 patients (95.5%) 
were treated with myeloablative conditioning regimen; the 
remaining 8 patients received reduced-intensity regimen. 
The myeloablative regimen was based on total body 
irradiation (TBI) or systemic chemotherapy, with or without 
anti-thymocyte globulin (ATG). All patients received 
cyclosporine A (CSA) (Novartis, Stein, Switzerland) and 
mycophenolate mofetil (MMF) (Roche, Basel, Switzerland) 
for GVHD prophylaxis. CSA was started [3 mg/(kg.d), 
i.v.] on day-1 and continued until patients were able to 
take CSA orally with trough level at 150-250 ng/mL for 
at least one month. CSA was discontinued on day 180 or 
before if feasible. MMF was administered orally three 
times a day from day +1 to +28 to a total dose of 30 mg/kg. 
Myeloid engraftment was defined as the first day of the 
three consecutive days during which absolute neutrophil 
count (ANC) exceeded 0.5×109/L. Platelet engraftment 
was defined as the first day of the seven consecutive days 
during which the platelet count exceeded 20×109/L without 
transfusion support. Pre-engraftment syndrome (PES) was 
defined as unexplained fever higher than 38.3 ℃ without 
confirmed infection and unresponsive to antimicrobial 
agents and/or unexplained erythematous skin rash occurring 
prior to neutrophil engraftment.

PCR for CMV

Quantitative real-time PCR (RT-PCR) was performed 
using a TaqMan (ABI)-based method (17). Briefly, DNA 
was extracted from 200 µL of whole blood using a Qiagen 
extraction kit. The primers for CMV DNA amplification 
included [5'-GAGGACAACGAAATCCTGTTGGGCA-3' 
(gB1) and 5'-TCGACGGTGGAGATACTGCTGAGG-3' 
(gB2)] (18). The TaqMan probe [5'-CAATCATGCGTT
TGAAGAGGTAGTCCACG-3' (gb-P3)] for the 150 bp 
product was labeled at the 5' end with 6-FAM and at the 3' 
end with TAMRA. All samples were analyzed in duplicate, 
and the average CMV load was used in this manuscript. 

CMV monitoring was carried out twice weekly for 100 d  
after the transplantation, and then once weekly for 
additional 300 d.

Diagnostic criteria of CMV infection and CMV disease

CMV infection was defined as isolation of CMV virus 
or detection of viral proteins or nucleic acid in any body 
fluid or tissue specimen (2). CMV disease was defined as 
clinical and/or laboratory evidence for involvement of the 
lung, gastrointestinal tract (including the liver), the central 
nervous system (CNS), or any other organ in subjects with 
CMV infection (2).

CMV prophylaxis, preemptive therapy, and antiviral 
therapy

Prophylaxis of CMV infection consisted of acyclovir (5 mg/kg 
twice daily) beginning on the next day after UCBT and 
continuing until CMV infection occurred or for 34 d, 
whichever came first. The preemptive antiviral therapy 
(ganciclovir 5 mg/kg, q12 h) was initiated in subjects  
with >1,000 copies  of  CMV DNA. Patients  with 
agranulocytosis (neutrophils <0.5×109/L) or unable to 
tolerate the side effects of ganciclovir received foscarnet 
(60 mg/kg, q12 h). If CMV infection persisted for >2 weeks 
after the treatment with either ganciclovir or foscarnet, the 
two drugs were used in combination, but discontinued if 
the patient could not tolerate the side effects of these two 
drugs. Intravenous gamma-globulin (IVIG, 0.4 g/kg daily, 
for 3-5 d) or an investigational drug (cidofovir or maribavir) 
was used in patients who did not tolerate the ganciclovir/
foscarnet combination. Viral load was monitored twice 
weekly during antiviral therapy until seroconversion. The 
antiviral treatment was discontinued upon two consecutive 
negative reports of CMV DNA test. When CMV disease 
developed during the preemptive therapy, ganciclovir and 
foscarnet were given in combination with IVIG (0.4 g/kg 
daily, for 3-5 d).Upon drug resistance to ganciclovir (rising 
viral load for more than two weeks or development of CMV 
disease), foscarnet was added. Upon foscarnet resistance, 
IVIG (0.4 g/kg daily, for 3-5 d) or an investigational drug 
(cidofovir or maribavir) was used.

Statistical analysis

Continuous variables are expressed as median and range. 
Differences of baseline characteristics between the groups 
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were analyzed with the Chi-square test or Fisher’s exact test 
(both 2-sided). Post-transplantation CMV infection was 
analyzed with a rank order test. Only risk factors associated 
with the development of CMV infection upon univariate 
analysis were included in the multivariate Cox regression 
analysis. The cutoff value for continuous variables was 
selected based on the observed median (except for age, which 
was divided into <14 vs. 14 years and older). Overall survival 
(OS) was defined as the time from UCBT to death or to the 
last observation. Event-free survival (EFS) was defined as the 
time from UCBT to relapse, death or the last observation. 
The OS and EFS were analyzed using the log-rank test. 
Relapse was defined by morphologic evidence of disease 
in peripheral blood, bone marrow or extramedullary sites. 
Treatment-related mortality (TRM) was defined as death 
from all causes except for relapse. All statistical analyses were 
carried out using SPSS 16.0 (SPSS Inc., Chicago, IL, USA). 
A P value <0.05 was considered statistically significant.

Results

Rate of CMV infection and CMV disease

Out of the 176 patients receiving UCBT, 125 (71%) 
developed CMV infection (Table 2). The median onset 
was 32 d (range, 18-125 d) from the transplantation. Four 
patients developed CMV disease (n=3 for CMV pneumonia; 
n=1 for CMV colitis). 

Risk factors for CMV infection

Demographic data and clinical characteristics of the 125 patients 
who developed CMV infection were compared to that of 
the 51 patients who did not develop CMV infection 
(Table 2). A univariate analysis indicated an association 
of CMV infection with younger age, high-risk disease, 
PES, grade III-IV acute GVHD (aGVHD), the use of 
glucocorticoids [methylprednisolone at >1 mg/(kg.d)], the 

Table 2 Univariate and multivariate analyses of the risk factors for CMV infection after UCBT

CMV-DNA positive 

group (n=125)

CMV-DNA negative 

group (n=51)

Univariate analysis Multivariate analysis

P OR (95% CI) P

Age (years) 0.007 1.050 (1.010-1.091) 0.013

<14 62 14

≥14 63 37

Sex 0.205

Male 86 30

Female 39 21

HLA match (lowest)* 0.589

6/6 or 5/6 94 35

4/6 31 16

Cord blood 0.144

Single units 107 39

Double units 18 12

Disease 0.001 2.174 (0.958-4.935) 0.063

High risk 99 28

Standard risk 26 23

PES 0.001 0.993 (0.393-2.505) 9.987

Yes 84 20

No 41 31

III-IV aGVHD 0.005 3.055 (3.114-5.031) 0.412

Yes 22 1

No 103 50

Table 2 (continued)
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Table 2 (continued)

CMV-DNA positive 

group (n=125)

CMV-DNA negative 

group (n=51)

Univariate analysis Multivariate analysis

P OR (95% CI) P

cGVHD 0.959

Yes 20 8

No 105 43

Glucocorticoids <0.001 6.370 (1.982-20.477) 0.002

MP >1 mg/(kg·d) 67 9

MP ≤1 mg/(kg·d) 58 42

CD25, TNF-α receptor inhibitors 0.028 7.874 (5.236-9.213) 0.999

Yes 20 2

No 105 49

Bloodstream infections 0.759

Yes 22 8

No 103 43

Conditioning regimen 0.800

Myeloablative 119 49

Reduced-intensity 6 2

TBI in conditioning 0.288

Yes 70 33

No 55 18

ATG in conditioning 0.743

Yes 17 6

No 108 45

Number of nucleated cells 0.523

<4.2×107/kg 62 28

≥4.2×107/kg 63 23

Number of CD34 positive cells 0.006 1.275 (1.057-1.538) 0.011

<2.8×105/kg 92 30

≥2.8×105/kg 33 21

Number of transfused RBC 0.552

<6 U 60 27

≥6 U 65 24

Number of transfused PLT 0.031 0.823 (0.710-0.954) 0.010

<7 U 54 31

≥7 U 73 20

Time of neutrophil engraftment 0.552

<18 d 60 27

≥18 d 65 24

CMV, cytomegalovirus; UCBT, umbilical cord blood transplantation; PES, pre-engraftment syndrome; aGVHD, acute graft-versus-

host disease; cGVHD, chronic graft-versus-host disease; MP, methylprednisolone; TBI, total body irradiation; ATG, anti-thymocyte 

globulin; RBC, red blood cell; PLT, platelet; OR, odds ratio; CI, confidence interval; *, HLA match equals the poorest matched unit 

in recipients of two UCB units.
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use of CD25 and tumor necrosis factor-alpha (TNF-α) 
receptor inhibitor, lower amount of CD34+ cell infusion, 
and higher number of platelet infusion. A multivariate 
analysis confirmed the association of CMV infection with 
younger age, the use of glucocorticoids, lower number of 
CD34+ cells, and higher number of platelet infusion. CMV 
infection was not associated with the use of TBI or ATG 
in the conditioning regimen, the dosage of infused total 
nucleated cells, gender, weight, UCB units, or HLA match.

Therapeutic outcomes

Out of the 126 patients who developed CMV infection after the 
transplantation, seroconversion was achieved in 121 cases after 
treatment, with a median duration of 14 d (range, 7-84 d): 61 
cases with ganciclovir alone, 25 cases with foscarnet alone, 18 
cases with ganciclovir plus foscarnet, and 17 cases with IVIG 
or investigational drugs. Four patients developed full-blown 
CMV disease. The three subjects who developed CMV 
pneumonia died of respiratory failure. The patient with 
CMV colitis was cured with ganciclovir and IVIG.

Treatment-related toxicity (TRT)

In the 34 patients receiving preemptive therapy, the rate 

of total TRT was 67.6 % (23/34). Since the preferred drug 
was ganciclovir, the most common toxicity was neutropenia. 
The rate of neutropenia (neutrophil count <0.5×109/L) was 
35.3% (12/34). Four patients (2.3%) switched to another 
regimen due to the side effects of ganciclovir and foscarnet. 
No patient died of toxicity of the antiviral agents.

CMV infection and C-reactive protein (CRP)

Prior to the conditioning therapy, median serum CRP was 
4.5 mg/L (range, 2.0-8.9 mg/L). At the onset of CMV 
infection, the median CRP was 15.8 mg/L (range, 9.7-37.2 mg/L). 
Peak CRP during CMV infection was 35.6 mg/L (range, 
21.2-65.8 mg/L). After the antiviral therapy that resulted 
in seroconversion, serum CRP reduced to 4.9 mg/L (range, 
3.0-11.5 mg/L). Patients who developed CMV disease had 
much higher peak serum CRP (median, 145 mg/L; range, 
113-190 mg/L).

CMV infection and survival

The median follow-up was 756 d (31-4,786 d) after the 
transplantation. For the subjects who were still alive at 
the time of preparation of this manuscript, the median 
follow-up was 858 d (range, 210-4,786 d). The cumulative 
mortality rate (CMR) was 40.8 % (51/125) in the patients 
with CMV infection and 27.5 % (14/51) in those without 
CMV infection (P=0.096). The 5-year OS was 59.4% and 
64.8% in the patients with and without CMV infection, 
respectively (P=0.194) (Figure 1). The 5-year EFS was 
53.4% and 59.1% in the patients with and without CMV 
infection, respectively (P=0.226) (Figure 2). CMV disease 
was associated with high rate (3/4) of death (Figure 3).

CMV infection and relapse

Relapse was evident in 13 of the 125 patients (10.4%) with 
CMV infection and 7 of the 51 CMV-negative patients 
(13.7%; P=0.528).

Discussion

CMV infection occurs at a high rate (typically at 70%) 
after UCBT, but varies considerably across transplantation 
centers (14,19). With prudent use of antiviral prophylaxis 
and preemptive antiviral therapy, the incidence of CMV 
disease could be decreased by 15-25% (20). The incidence 
of CMV infection in the study was comparable to that 

Figure 1 The  overall survival (OS) of the patients with and without 
cytomegalovirus (CMV) infection. The group difference (59.4% in 
patients with CMV infection vs. 64.8% in patients without CMV 
infection; P=0.194) was examined using a log-rank test.
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reported in the literature. The incidence of CMV disease, 
however, was much lower than previously reported. This 
finding likely reflects the preemptive therapy in the current 
study. When the viral DNA copies were below 1,000, the 
dosage of immunosuppressants should be reduced while not 
increasing the risk of GVHD. When the viral load exceeds 
1,000/mL, antiviral treatment is warranted (21). At present, 
the main antiviral agents are ganciclovir and foscarnet. 
Newer antiviral drugs (e.g., maribavir and cidofovir) have 
not been widely used, and their effects on CMV infection 
and CMV disease after UCBT are unclear (22). Another 
possible contributor to the low incidence of CMV disease 
in the current study was the conservative use of ATG 
conditioning regimen. The three most commonly used 
conditioning regimens in the current study were: TBI + 
cytarabine (Ara-c) + cyclophosphamide (CY), fludarabine 
(Flu) + busulfan (BU) + CY, and Ara-c + BU + CY. CSA in 
combination with MMF was used to prevent GVHD in the 
current study due to low immunogenicity of the UCB.

Immunosuppression results in higher incidence of 
CMV infection (23). Consistently, the use of high-dose 
glucocorticoids was a risk factor for CMV infection in the 
current study. A novel finding of the current study is the 
association of PES with CMV infection in UCBT patients, 
but such an association may be secondary to higher dose of 

methylprednisolone needed for PES (24). A previous study 
from our group indicated that the risk factors of PES were 
myeloablative conditioning regimen and younger age (25). 
As a result, the association of PES with CMV infection 
could also be due to the younger age.

Similar to a previous study by Matsumura et al. (11), 
CMV infection was associated with the number of infused 
CD34+ cells but not the total number of nucleated cells or 
CD3+ cells in the current study.

Transplant-related complications and transplant-related 
mortality were much higher in high-risk patients compared 
with standard-risk patients. The increasing need of platelet 
transfusions in these patients increases the risk of CMV 
infection. Because CMV invades the recipients through 
infused donor granulocytes, even CMV-negative blood 
products carry a risk of transmitting CMV (26). Filtering 
out leukocytes for platelet infusion could reduce the risk of 
CMV infection (27).

The acute-phase protein CRP is produced mainly 
by hepatocytes, and correlates with inflammation. Not 
surprisingly, we identified a close association between CRP 
and CMV infection. However, elevated CRP is a non-
specific indicator of inflammation and infection, and by 
no means a specific indication of CMV infection. Also, 
patients with CMV disease had much higher CRP levels 

Figure 2 The event-free survival (EFS) of the patients with and 
without cytomegalovirus (CMV) infection. The group difference 
(53.4% in patients with CMV infection vs. 59.1% in patients without 
CMV infection; P=0.226) was examined using a log-rank test.

Figure 3  The survival of the patients with and without 
cytomegalovirus (CMV) disease. The group difference (25.0% in 
patients with CMV infection vs. 61.4% in patients without CMV 
infection; P=0.038) was examined using a log-rank test.
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in comparison to those with only CMV infection. Thus, 
patients with grossly elevated serum CRP after UCBT 
should be suspected of having CMV disease.

The results from the current study seem to suggest that 
CMV infection alone does not affect the OS and EFS in 
UCBT patients. CMV infection seems to offer certain 
advantages based on literature. For example, a previous 
study indicated that a diverse polyclonal CMV-specific 
T cells derived from the UCB graft could be primed by 
the viral antigens as early as day 42 after UCBT, but fail 
to achieve sufficient numbers in vivo to control CMV 
reactivation (28). CMV infection could drive NK cell 
development after UCBT, and enhance immunity (29). 
Another study even suggested that early human CMV 
replication after transplantation is associated with decreased 
risk for relapse and enhanced virus-versus-leukemia effect 
in acute myeloid leukemia patients (30). Consistent with 
this notion, we found a trend for lower (but not statistically 
significant) relapse rate in CMV-infection patients (10.4%) 
than CMV-negative patients (13.7%).

In summary, CMV infection itself does not affect the 
survival of UCBT patients, but progression into CMV 
disease is highly fatal. We suspect the relatively low incidence 
of CMV disease is at least partly due to preemptive antiviral 
therapy.
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