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Abstract

Background: Treatment of cytomegalovirus (CMV) infections after stem cell transplanta-

tion (SCT) does not always lead to a rapid viral response. The causes of treatment failure 

may be either viral resistance or immunological failure to control viral replication. This 

study investigated the response to preemptive treatment in CMV infections in order to 

define risk factors for treatment failure, including the role of antiviral resistance.

Methods: Adult recipients of allogeneic T-cell depleted SCT were studied retrospectively 

(n = 92). CMV infections were treated with (val)ganciclovir according to a CMV DNA 

load based preemptive strategy. Treatment failure was defined as a CMV DNA load of 

1000 copies/ml or more after at least 2 weeks of treatment. Resistance was analyzed by 

nucleotide sequence analysis of the UL97 and UL54 genes in the first CMV DNA posi-

tive sample and in samples during treatment failure.

Results: Treatment failure occurred in 26 of the 47 preemptively treated patients (55%) 

and in 39 of 86 (45%) treatment episodes. The risk of treatment failure was increased 

during first treatment episodes (p = 0.01) and during the use of immunosuppressive 

medication (p = 0.02). Antiviral resistance was found in only 1 patient (4%) with treat-

ment failure. 

Conclusions: A slow response to preemptive antiviral treatment occurred frequently in 

CMV infections in SCT recipients. Antiviral resistance was observed but played a minor 

role in treatment failure.
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Introduction

Preemptive therapy of cytomegalovirus (CMV) infections based on virological moni-

toring has been proven effective and has become common practice after hematopoi-

etic stem cell transplantation (SCT) in many centres. Quantitative viral load measure-

ments can additionally be used for monitoring treatment responses. In this way, it 

has been shown that preemptive treatment of CMV infections after SCT does not 

always lead to a rapid, complete and sustained viral response. By sensitive assays 

such as real-time PCR, viral DNA can be detected for days to weeks after treatment,1;2 

frequently considerably longer as compared to detection of pp65 antigenemia. The 

clinical significance of prolonged CMV DNAemia is not always clear. It may predict 

recurrence of CMV DNAemia or development of CMV disease, but persistent infec-

tions may also be cleared spontaneously or respond to a repeated treatment course 

without complications.1;3;4 The causes of viral DNA persistence despite antiviral treat-

ment may be viral resistance on the one hand or immunological failure to control 

viral replication on the other. Risk factors associated with treatment failure and in 

particular the role of resistant CMV in a preemptive treatment setting after SCT are 

largely unknown. 

	 In guiding treatment of persistent CMV infections, it is important to know the 

contribution of the various causes of treatment failure. This study investigated the 

occurrence and risk factors of failure of preemptive treatment of CMV infections in 

SCT patients, focusing on the possible role of antiviral resistance.

Methods

Patient data

Consecutive adult recipients of an allogeneic T-cell depleted stem cell transplant be-

tween 2005 and 2008 at risk for CMV (donor and/or recipient CMV seropositive) were 

included (n = 92). Follow-up was one year after transplantation. T cell-depleted trans-

plantation was performed either according to a reduced intensity conditioning protocol 

or a myeloablative conditioning regimen as described previously 5-7. In the absence of 

graft versus host disease (GvHD) or graft failure, patients received donor lymphocyte 

infusion for treatment of mixed chimerism or relapsed disease, at least 3 months (me-

dian of 187 days) after transplantation.
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CMV treatment

CMV DNA loads in EDTA plasma were determined prospectively by quantitative real-

time PCR as previously described.8 A preemptive treatment protocol8 with valganci-

clovir (vGCV, 900 mg twice daily for 14 days) was applied based on CMV DNA load. 

Treatment was initiated if the load exceeded 104 copies/ml or was above 103 copies/ml 

combined with an at least tenfold increase in comparison to the preceding week. Sub-

sequent DNAemia episodes were treated if the load was above 105 copies/ml or above 

104 copies/ml and increasing at least tenfold in one week. Treatment was continued as 

long as the CMV DNA load was above these thresholds. Symptomatic CMV infection 

was treated with intravenous ganciclovir (GCV, 5 mg/ kg twice daily for 14 days). Oral 

ganciclovir was not applied.

Data collection

Patient and treatment data were collected retrospectively from patient charts. The 

recorded baseline data are shown in Table 1. The follow-up data included the use of 

antiviral medication, the use of immunosuppressive medication (therapeutic, i.e. non-

prophylactic, use of systemic corticosteroids, cyclosporine, rituximab) and the total lym-

phocyte count, signs and symptoms of CMV end-organ disease9 and patient survival. 

Renal function was recorded to check for adequate dosing of antiviral medication. 

Analysis of resistance

Analysis of resistance was performed by nucleotide sequence analysis of CMV DNA 

from plasma samples as previously described.10 The amplified region ranged from co-

don 370 to 708 of the UL97 gene, covering all previously described mutations.11 Se-

quence analysis of codon 262 to 1169 of the UL54 gene was performed on DNA isolates 

with UL97 mutations or from patients using foscarnet or cidofovir. Sequences were 

compared to the sequence of the GCV susceptible AD169 strain and to pre-treatment 

samples from the patient. Baseline resistance was determined in the first sample from 

each patient containing at least 1000 copies/ ml of CMV DNA. Resistance during treat-

ment was determined by analysis of subsequent plasma samples containing at least 

1000 copies/ ml of CMV DNA after at least two weeks of treatment of CMV infection. 

Genotypic resistance was defined as the presence of resistance-associated mutations 

that have been published previously (as proven by marker transfer).

Statistical analysis 

CMV DNAemia was defined as any detectable CMV DNA load in plasma. A treatment 

episode was defined as a period of antiviral treatment of 14 days. Treatment failure was 
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defined as the presence of at least 1000 copies/ ml of CMV DNA in plasma at the end of a 

treatment episode. In view of the repeated measurement of treatment failure as a binary 

variable (failure yes/no) within patients, the outcome was modelled as a repeated mea-

Table 1. Baseline characteristics of the 92 patients.

    Patients
    n (%)
Sex  
  Male 54 (59)
Age  
  Years (mean, range) 48 (21-70)
Underlying disease  
  ALL 9 (10)
  AML 29 (32)
  CLL 3 (3)
  CML 9 (10)
  MDS 5 (5)
  MM 14 (15)
  Other 23 (25)
Transplant type  
  Peripheral blood stem cells 91 (99)
  Bone marrow 1 (1)
Conditioning regimen  
  Myeloablative 48 (52)
  Non-myeloablative 44 (48)
Donor type  
  Matched sibling donor 51 (55)
  Matched unrelated donor 39 (42)
  Other1 2 (2)
Serostatus donor  
  CMV-seropositive 56 (61)
Serostatus recipient  
  CMV-seropositive 75 (82)
Serostatus combination  
  Donor -/ recipient + 36 (39)
  Donor +/ recipient - 17 (19)
  Donor +/ recipient + 39 (42)
Total   92 (100)

Abbreviations: ALL = acute lymphoblastic leukaemia, AML = acute 
myelogenous leukaemia, CLL = chronic lymphocytic leukaemia, CML 
= chronic myelogenous leukaemia, MDS = myelodysplastic syndrome, 
MM = multiple myeloma
1 haplo-identical related donor (n = 1), mismatched related donor (n = 1)
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sures logistic regression. Parameters were estimated using the Generalized Estimating 

Equations procedure in SPSS 16 (SPSS Inc., Chicago, IL, USA) with first-order autoregres-

sive correlation structure and a robust estimation procedure. Univariable analyses of po-

tential predictors was performed with p-values <0.20 as a criterion for possible inclusion 

in a multivariable model.

Results

CMV infections

Plasma samples and treatment data were available from all 92 transplanted patients at 

risk for CMV (donor and/or recipient CMV seropositive). Baseline characteristics of the 

patients are shown in Table 1. CMV DNAemia was detected in 67 of all 92 patients (73%). 

Pre-emptive treatment for CMV infections was administered in 47 of 67 patients with 

CMV DNAemia; in total 96 treatment episodes occurred of which 86 were evaluable with 

respect to treatment response. CMV treatment was initiated after a median of 33  days 

after transplantation. CMV disease occurred in five patients; three patients with pneu-

monitis, one patient with encephalitis and one patient with retinitis. During the first year 

after transplantation 30 patients (33%) died, including the five patients with CMV disease.

Treatment failure 

Treatment failure occurred in 55% of the treated patients (26 of 47), corresponding to failure 

in 39 of 86 (45%) treatment episodes. In 4 of the failing episodes (4.7%) the viral load increased 

during treatment, in 17 episodes (19.7%) the viral load remained stable above 1000 copies/ml 

despite treatment and in 18 episodes (20.9%) the viral load decreased but remained above 

1000 copies/ml (Figure 1). Nineteen patients (73%) experienced a single episode of treatment 

failure, three patients (12%) had persistent treatment failure lasting multiple episodes of an-

tiviral treatment and four patients (15%) had recurrent episodes of treatment failure. 

	 In 25 of the 26 patients (96%) treatment failure occurred during the first treatment 

episode. The cumulative duration of all treatment episodes in the first year after trans-

plantation was 15 and 29 days (median) in the patients without and with treatment fail-

ure respectively. CMV disease was present in 4 of 26 treated patients with (recurrent or 

persistent) treatment failure (15%) and in 1 of 21 patients (4.8%) without treatment failure 

(odds ratio 3.63, p = 0.27).

	 In univariable analysis (Table 2), the risk of treatment failure was increased during first 

treatment episodes, during the therapeutic use of immunosuppressive medication and in 

patients with a higher CMV load at the start of treatment. Conditioning regimen, donor 
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type, CMV serostatus, lymphocyte counts and the timing after SCT were not significant 

predictors of treatment failure. Underdosage of antiviral medication (defined as a dosage 

lower than valganciclovir 900 mg twice daily or ganciclovir 5 mg/kg twice daily excluding 

cases of dose adjustments for impaired renal function) was associated with a decreased 

occurrence of treatment failure (Table 2). In multivariable analysis (Table 2), the risk of 

treatment failure was increased during first treatment episodes and during the use of im-

munosuppressive medication.

Antiviral resistance

Resistance development could be monitored by analyzing baseline samples from 58 

of 67 patients with CMV DNAemia and follow-up samples from 23 of 26 patients with 

Figure 1. �Cytomegalovirus (CMV) treatment episodes categorized according to viral kinetics and 

treatment failure. 

Treatment course and failure could be evaluated in 86 of 96 treatment episodes (14 days of antiviral treatment). Treat-
ment failure was defined as the presence of at least 1000 copies/ ml of cytomegalovirus DNA in plasma after at least two 
weeks of treatment. A change in viral load of ≥ 0,5 10log copies/ml was considered an increase or decrease.
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treatment failure. Each patient with treatment failure was investigated for antiviral re-

sistance in samples every two weeks until the CMV DNA load fell below 1000 copies/ml. 

The median number of samples for each patient was 2 (range 1-7). Most follow-up sam-

ples (75%) were retrieved after two weeks of treatment (range 2-13 weeks of treatment). 

No resistance associated mutations were found in the UL97 gene in the 58 pre-treatment 

samples. Resistance at treatment failure was found in 1 of 23 patients (4%). In this previ-

ously described patient12 with recurrent treatment failure, CMV DNAemia first occurred 

at day 27 after transplantation, which was treated with vGCV (900 mg twice daily). Sub-

sequently, the patient was treated with vGCV prophylaxis (450 mg twice daily) because 

of persistent low levels of CMV DNA. However, from day 136 onward, CMV DNA loads 

steadily increased and eventually progression to CMV encephalitis occurred. Viral DNA 

with the resistance associated A594V mutation in the UL97 gene was found in plasma 

and cerebrospinal fluid samples from day 136 onwards, after 109  days of antiviral treat-

ment. In the other 22 patients with treatment failure, no resistance associated mutations 

were found in the UL97 gene (30 samples) or the UL54 gene (7  samples). 

Discussion

In this study, the response to preemptive antiviral treatment of CMV infections after 

SCT and the role of antiviral resistance in treatment failure were studied. Based on regu-

lar monitoring of CMV DNA in plasma, CMV DNA levels during treatment were ana-

lyzed. Approximately half of the patients still had CMV DNAemia of at least 1000 cop-

ies/ml after a standard course of antiviral treatment of two weeks. Antiviral resistance 

played only a minor role in such persistent CMV DNAemia, with resistance-associated 

mutations found in only one patient with treatment failure and in none of the baseline 

samples. 

The definition of treatment failure as a CMV DNA load of at least 1000 copies/ ml after 

at least two weeks of treatment was chosen to include those patients in whom prolon-

gation of treatment is commonly considered. It appeared that patients with treatment 

failure according to our definition indeed had a longer duration of treatment for CMV 

than patients without treatment failure. Treatment failure can also be defined using 

viral dynamics and, for example, treatment failure defined as less then 2log decrease in 

viral load after 14 days of treatment would have resulted in a comparable prevalence of 

failure in 49% of the episodes (MTvdB et al., data not shown). Although the persistence 

of viral DNA in plasma is no direct proof of ongoing viral replication, it is likely that the 
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half-life of viral DNA is short and, therefore, that plasma DNAemia is a correlate for 

recent viral replication.13 This view is supported by the fact that viral loads decreased 

rapidly in many patients in our study.

The rate of treatment failure of 45% of all episodes was somewhat higher than ob-

served in an earlier study in our hospital (Leiden University Medical Center, Leiden, 

The Netherlands), which found failure in 20-25% of episodes, despite comparable 

patient and episode characteristics.3 This may be due to a longer duration of follow 

up in the current study. Our results are comparable to two other studies where rising 

antigenemia under treatment occurred in 45% of patients4 and PCR positivity was 

found in 39% of patients after treatment.14 A recent prospective cohort study showed 

persistent CMV infection after 21 days of antiviral treatment in only 4 of 59 (7%) SCT 

patients.15 The different definition of treatment failure (21 versus 14 days and inclu-

sion of DNAemia as well as antigenemia, viral culture and histopathology) probably 

contributed to this variation. Differences in antiviral treatment regimen, which was 

not further specified, may also play a role. A lack of association between treatment 

failure and CMV disease in our study may be explained by the small number of pa-

tients with CMV disease due to the effective preemptive treatment strategy.

	 In our study, all patients treated for CMV DNAemia were tested for resistance, 

regardless of symptoms or clinical suspicion of resistance. Most previous publica-

tions on resistance comprised case reports or small case series of patients with CMV 

disease and did not assess the overall prevalence of resistant CMV. Only a few earlier 

studies are available in which resistance has been systematically studied in persistent 

CMV infections in SCT patients undergoing preemptive treatment.4;15;16 A prospec-

tive study found resistance in 1 of 4 SCT patients with persistent viral replication.15 

Low-level resistance (as determined by phenotypic methods) was found in 1 of 15 

patients with rising antigenemia levels under treatment4 and in none of 10 patients 

with positive PCR results after two weeks of antiviral treatment.16 In the setting of 

recurrent CMV after preemptive treatment, one study observed resistance in 1 of 

13 patients.17 These results are in accordance with the low prevalence of resistance 

found in our study, demonstrating that this does not provide a likely explanation for 

the majority of cases with treatment failure. There is a small chance that UL54 muta-

tions have been missed due to our strategy of only analyzing samples from patients 

harbouring UL97 mutants or from patients who had been treated with the antivi-

rals (foscarnet and cidofovir) that directly target the viral DNA polymerase UL54.18;19 

However, previous studies have shown that the majority of resistance-associated mu-

tations are found the UL97 gene.15;20
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Treatment failure was found most often during first treatment episodes. Probably, the 

development of CMV-specific immunity during CMV infection facilitates treatment re-

sponses in subsequent episodes. Furthermore, the use of immunosuppressive medication, 

mainly for GvHD or post-transplant lymphoproliferative disorder treatment, during an-

tiviral treatment increased the risk of treatment failure. Likewise, in previous studies, the 

use of high-dose corticosteroids was a significant risk factor for persistent or increasing 

pp65 antigenemia.4;21 Obviously, the time needed to clear DNAemia or antigenemia is re-

lated to the amount of virus at start of treatment22 and, indeed, in univariable analysis, a 

high viral load at start of treatment was associated with a higher risk of treatment failure. 

In multivariable analysis this effect was insignificant, however, suggesting a more complex 

relationship between viral load, treatment failure, failure of immunological recovery and, 

likely, viral resistance. A sustained lack of (CMV-specific) T-cells after transplantation, for 

example due to the use of immunosuppressive medication, probably allows for high viral 

loads and, hence, persistent or recurrent CMV infection.23 This necessitates repeated and 

prolonged antiviral treatment and may also lead to the development of antiviral resistance. 

Indeed, the prolonged treatment with a low dose of vGCV in the only patient with a UL97 

mutant, may have led to the development of resistance due to the erroneous use of sec-

ondary prophylaxis during an ongoing viral reactivation.12 Surprisingly, suboptimal dos-

ages of antiviral medication were not associated with treatment failure, but were admin-

istered more often during successful treatment episodes. This appears to be the confusing 

result of the off-protocol use of secondary prophylaxis with vGCV 900  mg once daily in 

certain patients. Those patients had a low viral load after a standard treatment course and 

then received secondary prophylaxis with low dose valganciclovir. Either spontaneously 

or due to the antiviral treatment, CMV DNAemia was rapidly cleared. This unexpected 

association was insignificant in multivariable analysis.

In conclusion, in SCT patients, CMV infections with a slow response to antiviral treatment 

occurred frequently. Antiviral resistance was observed but played a minor role in treat-

ment failure. 
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