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BACKGROUND

(Val)ganciclovir resistance mutations (GRMs) in CMV UL97 (UL97-GCV-R) 

complicate prophylaxis and therapy of solid organ transplant (SOT) and 

hematopoietic (stem) cell transplant (HCT) recipients1, but data on prevalence 

and dynamics are scarce. We investigated UL97-GCV-R using next generation 

sequencing (NGS) in transplant recipients with refractory CMV DNAemia2

episodes and a control group.

METHODS

Between Jan 1, 2010 - July 16, 2016, 385 transplant recipients were screened 

for plasma CMV DNAemia. 87 patients (54 SOT, 33 HCT) with available 

plasma samples had refractory CMV replication at viral loads ≥910 IU/mL and 

were analysed by NGS (Table 1). If UL97-GCV-R were detected in >10% of the 

NGS reads, all earlier plasma samples were also analysed by NGS. For 

comparison, this approach was also performed in a control group of 21 patients 

(14 SOT, 7 HSCT) with DNAemia episodes resolving under antiviral therapy. 

UL97-targeted NGS was performed using Illumina MiSeq and analysed by 

LoFreq for variant calling.

RESULTS

A total of 108 transplant recipients were included in the study (Table 1). Of the 

87 recipients with refractory CMV replication, 19 (22%) had >1 UL97-GCV-R 

detected by NGS (Table 2, Figure 1), in comparison to 0/21 (0%) of the 

controls (p=0.02). Amongst the resistant cases, 14/19 cases (corresponding to 

a total of 20 induced mutations) had NGS performed < 4 weeks from onset of 

CMV replication. In this sample, the mutation was either not detected, detected 

as minority, or detected as the dominating variant for 11, 7 and 2 mutations 

respectively. In the majority of recipients one dominant mutant was induced 

(68%); >2 mutations were detected in the remaining recipients (Table 2).  

RESULTS (CONTINUED)

Most frequent UL97-GCV-R affected codon-595 (42%), -594 (32%) or -603 

(32%) 1. The frequency of C592G was low in in all episodes (<15%) without 

changing during the course (Figure 1).There was a trend towards higher 

frequencies of donor (D)/recipient (R) CMV high-risk mismatch, CMV disease 

and prior failure to valganciclovir prophylaxis (SOT) among the cases with 

UL97-GCV-R (Figure 2).   

DISCUSSION

In this study, the prevalence of UL97-GCV-R in a large cohort of SOT and 

HCT recipients was investigated using NGS. In patients experiencing 

refractory CMV replication, approximately 22% also have at least one 

induced UL97-GCV-R, and important clinical factors such as CMV IgG D/R 

mismatch and CMV disease tended to be more common amongst these 

resistant cases; especially amongst the HCT recipients. Furthermore, prior 

failure of valganciclovir prophylaxis explained a significant proportion of the 

resistant SOT cases, emphasising the importance of successful viral 

suppression when administering (val)ganciclovir. 

The C592G mutation was present at low frequencies in all patients 

suggesting that this mutation may be part of the quasispecies, but not 

selected by ganciclovir resistance. Thus, our data indicate that C592G could 

be considered a normal variation and not associated with treatment 

resistance.

CONCLUSION

UL97-GCV-R remains a challenge in the post-transplant course. A high level 

of clinical suspicion is warranted in transplant recipients presenting with 

refractory CMV replication. Further investigations on this potentially serious 

outcome is warranted, preferably in the setting of larger, prospective and 

multicentre collaborations.  

Demographics 
Resistant cases (n=19) Refractory cases (n=68) Control cases (n=21) Total (n=108)

SOT (n=13) HCT (n=6) SOT (n=41) HCT (n=27) SOT (n=14) HCT (n=7) SOT (n=68) HCT (n=40)

Age and gender

Median (IQR) age at 

transplantation

47.0

(38.0-51.0)

42.5

(4.0-45.0)

53.0

(42.0-64.0)

48.0

(25.0-62.0)

55.0

(43.0-63.0)

15.0

(8.0-40.0)

51.5

(40.5-61.0)

43.0

(16-54.5)

% male 9/13 5/6 24/41 13/27 8/14 3/7 41/68 21/40

Type of transplantation

SOT

Kidney 8/13 NA 24/41 NA 6/14 NA 38/68 NA

Liver 3/13 NA 7/41 NA 4/14 NA 14/68 NA

Lung 2/13 NA 7/41 NA 3/14 NA 12/68 NA

Heart 0/13 NA 3/41 NA 1/14 NA 4/68 NA

HCT

MAC NA 5/6 NA 13/27 NA 5/7 NA 23/40

NMA NA 1/6 NA 11/27 NA 2/7 NA 14/40

UCB NA 0/6 NA 3/27 NA 0/7 NA 3/40

Donor(D)/Recipient (R) CMV 

IgG 

D+/R+ 1/13 0/6 10/41 12/27 7/14 3/7 18/68 15/40

D+/R- 12/13 0/6 25/41 1/27 6/14 0/7 43/68 1/40

D-/R+ 0/13 4/6 3/41 13/27 0/14 4/7 3/68 21/40

D-/R- 0/13 1/6 1/41 0/27 0/14 0/7 1/68 1/40

Unknown 0/13 1/6 2/41 1/27 1/14 0/7 3/68 2/40

Abbreviations: HCT; haematopoietic stem cell transplantation, IQR; inter quartile range, MAC; myeloablative conditioning regimen, NMA; 

non-myeloablative conditioning regimen SOT; solid organ transplantation, UCB; umbilical cord blood

Baseline demographics of 108 included transplant recipients, 

stratified by clinical presentation and overall type of transplantation

Table 1 

Patients
Transplant 

type

Codon in amino acid No. of GRMs 

induced/ 

patient
460 I/V 520 Q 594 V/G 595 S/F 596 G 603 W 607 Y/F

1 MAC ++** 2

2 MAC ++ 1

3 MAC ++ ++ 2

4 MAC ++ ++ 2

5 MAC ++ 1

6 NMA ++ 1

7 Liver ++ ++ 2

8 Liver ++ 1

9 Liver ++ 1

10 Lung ++ 1

11 Lung ++ 1

12 Kidney ++ ++ ++ 3

13 Kidney ++ 1

14 Kidney ++ ++ ++ 3

15 Kidney ++** ++ 3

16 Kidney ++ 1

17 Kidney ++ 1

18 Kidney ++ 1

19 Kidney ++ 1

No. of patients with 

mutation

2/19 2/19 6/19 8/19 1/19 6/19 2/19

% with mutation induced 10,5 10,5 31,6 42,1 5,3 31,6 10,5

*Induced mutations defined as mutations with a maximum frequency ≥25%, and a minimum increase of 10% in the subsequent sample

**Both induced mutation within same codon

Abbreviations: GRM; ganciclovir resistance mutation, MAC; myeloablative conditioning regimen, NMA; non-myeloablative conditioning regimen, UCB; 

umbilical cord blood

Details on genotypic features of 19 transplant recipients with induced* 

ganciclovir resistance mutations in the CMV UL97 gene

Table 2 
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