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CLINICAL STUDY

Cytomegalovirus UL97 ganciclovir resistance mutations 
in kidney transplant recipients
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ABSTRACT 
OBJECTIVES: Widespread and prolonged therapy with ganciclovir (GCV) may result in the emergence of 
GCV-resistant mutations in human cytomegalovirus (HCMV) genome. The aim of this study was to detect the 
UL97 mutations associated with GCV resistance in kidney transplant recipients. 
METHODS: Forty-nine kidney recipients with positive HCMV DNAemia, who received GCV therapy were 
included in this study. A 707 bp fragment of UL97 gene spanning codons (436 to 655) was amplifi ed by 
nested PCR and sequenced. 
RESULTS: Thirteen (26.5 %) out of 49 recipients contained mutations associated with amino acid changes. 
Two UL97 mutations related to GCV resistance were detected in 2 recipients (4 %), including alanine to 
valine (A594V) and proline to leucine (P521L). The D605E mutation was identifi ed in 8 out of 49 (16.3 %) 
recipients. Silent mutations G598G, G503G, L553L, L634L, D456D and G579G were commonly observed. 
CONCLUSION: Our results indicate that mutations in the UL97 gene associated with GCV resistance may 
occur in 1 in 25 recipients treated with GCV. In addition, a higher mutation rate of D605E was detected in our 
recipients. This study provides the fi rst evidence of the prevalence and pattern of GCV related mutations in 
Iranian Turkish recipients (Tab. 2, Fig. 1, Ref. 28). Text in PDF www.elis.sk
KEY WORDS: human cytomegalovirus, UL97 mutations, ganciclovir resistance, kidney transplant.

1Molecular Virology Department, Faculty of Medicine, Urmia University 
of Medical Sciences, Urmia, Iran, 2Nephrology and Kidney Transplant 
Research Center, Clinical Research Institute, Urmia University of Medi-
cal Sciences, Urmia, Iran, and 3Cellular and Molecular Research Center, 
Cellular and Molecular Medicine Institute, Urmia University of Medical 
Sciences, Urmia, Iran
Address for correspondence: Morteza MOTAZAKKER, MD, PhD, De-
partment of Microbiology, Faculty of Medicine, Urmia University of Medi-
cal Sciences, Urmia, Iran. Zip cod: 5756115111.
Phone: +984432770698, Fax: +984432780801
Acknowledgements: This study was fi nancially supported by the Urmia 
University of Medical Sciences.

Abbreviations: PCR – Polymerase chain reaction; HCMV – Hu-
man cytomegalovirus; GCV – ganciclovir; UV – Ultraviotet

Introduction

Human cytomegalovirus (HCMV) is known to be one of the 
major causes of opportunistic infections in immunocompromised 
patients. Most infections are the result of a latent virus activa-
tion. Emergence of drug-resistant viruses, as well as immunode-
fi ciency, have increased morbidity and mortality in patients with 
HCMV (1, 2). 

Several drugs are recommended for the treatment of cytomega-
lovirus infections, although ganciclovir (GCV) is considered the 
drug of choice for the treatment of systemic HCMV infection in 

kidney transplant recipients (3). Long-term treatment with GCV 
may lead to the development of resistant strains in recipients (4). 
Resistance to GCV may result from mutations in one or both of 
the UL97 and/or UL54 genes. More than 90 % of cases of GCV 
resistance are due to mutations in the UL97 gene (5). The phos-
photransferase enzyme pUL97 encoded by the UL97 gene is essen-
tial to convert inactive GCV into an active triphosphate molecule 
that inhibits viral DNA polymerase (1). Most mutations in the 
UL97 gene occur in codons 460, 520 and 590 to 607(6, 7). These 
mutations lead to generation of a mutated protein which cannot 
activate GCV and causes an inadequate response to treatment (1). 

In Iran, data on HCMV mutations associated with GCV re-
sistance are limited and most studies have been conducted in the 
central region (Tehran province) (5, 8, 9). Aslani et al sequenced 
the 920 bp region of the UL97 gene from 112 GCV-treated renal 
transplant patients and reported 3 (2.6 %) patients with a single 
mutation (5). The aim of this study was to identify UL97 muta-
tions in plasma samples of immunocompromised kidney transplant 
recipients from Urmia, the capital of West Azerbaijan Province, 
northwestern Iran.

Materials and methods

Patients
Blood samples were obtained from kidney transplant recipients 

who had received renal transplantation at Emam Hospital, Urmia. 
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Plasma was separated within 4 h of withdrawal using EDTA as an 
anti-coagulant and stored at –20 °C. Clinical data were obtained 
from the hospital medical records of transplant recipients. Samples 
were selected from recipients with positive CMV DNAemia with a 
history of GCV antiviral treatment. Informed written consent was 
obtained from patients and the study was approved by the Ethics 
Committee of Urmia University of Medical Sciences (approval 
number: IR.umsu.rec.1395.320).

Immunosuppressive and antiviral regimen 
Kidney recipients received immunosuppressive therapy in-

cluding cyclosporine 6mg/kg or tacrolimus 0.1–0.15 mg/kg and 
mycophenolate mofetil 2 g/day the day before surgery and intra-
venous methylprednisolone pulses 10–15 mg/kg 1 h before and 
daily up to 3 days after the operation. In highly sensitive recipients 

and when delayed graft function was suspected, thymoglobulin was 
given intravenously at the dose of 1 mg/kg daily for 7–10 days. 
Transplant recipients were treated with GCV for CMV infection 
prophylaxis or preemptive therapy (I.V, 5 mg/kg, and twice daily 
for 2 weeks). In high-risk recipients, valganciclovir (900 mg, twice 
daily) was extended for up to 3 months.

DNA extraction and PCR amplifi cation of UL97 gene 
HCMV DNA was extracted from plasma samples using the 

high pure viral nucleic acid kit (Roche, Germany), as described 
by the manufacturer’s instructions. The viral DNA was stored at 
–20 °C until required. CMV DNAemia was detected as described 
previously (10). A 707 bp fragment (codons 436–655) of the 
UL97 gene, which encodes the C-terminal half of the enzyme 
and contains the most common GCV resistance mutations, was 
amplifi ed by the nested PCR with specifi c primers (11). Briefl y, 
3 μl of extracted DNA was added to 22 μl of the reaction mixture 
containing PCR buffer, 0.2 mM each of dATP, dCTP, dGTP, and 
dTTP, 5 pmoles for each of outer sense 1278 (GGCGTGCATC-
GACAGCTACCG) and antisense 2013 (GGCGTGCATCGA-
CAGCTACCG) primers and 0.5 μl of the polymerase. Reactions 
were carried out under the following conditions: a denaturation 
step of 95 °C for 5 min then cycling of 94 °C for 1 min, 61 °C 
for 90 sec, and 72 °C for 1 min for 35 cycles. Finally, the reaction 
was heated to 72 °C for 5 min and cooled to 4 °C. Second round 
PCR was performed using inner sense 1292 (GCTACCGAC-
GTGCCTTTTGCA) and antisense 1998 (AACAGACGCTC-
CACGTTCTTT) primers. Two microliters of fi rst round product 
were added to the 23 μl reaction mix as for the fi rst round. The 
cycling conditions of the second round PCR were the same as 
used for fi rst round PCR. Second round PCR products containing 
the 707 bp fragments of the UL97 gene were subjected to electro-
phoresis on 1.5 % agarose gel, bands visualized under UV light 
as shown in Figure 1.

Fig. 1. Electrophoresis of the 707-bp product amplifi ed from the UL97 
gene by nested-PCR reaction on a 1.5 % agarose gel. Lane M: Mo-
lecular marker 100 bp DNA Ladder (Thermo Fisher Scientifi c, USA). 
Lane 1: positive control. Lane 2 & 3: positive UL97 samples. Lane 4: 
negative control.

Transplant 
recipients Changes Age (y)/sex Anti-viral 

treatment received Symptoms Post transplantion 
Time (days) GCV Resistance Region associated 

with GCV resistance

Recipient 1 A594V 63/M GCV→VGCV Leukopenia, ulcer 
in the colon 155 Marker confi rmed* Yes

Recipient 2 P521L 43/F GCV Fever, neutropenia 52 Marker confi rmed* Yes
Recipient 3 D605E  52/M GCV→VGCV Diarrhea 118 Reported** Yes
Recipient 4 D605E 45/M GCV→VGCV Diarrhea 114 Reported * Yes
Recipient 5 D605E 48/M GCV Diarrhea 34 Reported** Yes
Recipient 6 D605E 61/F GCV None 45 Reported** Yes
Recipient 7 D605E 60/M GCV None 63 Reported** Yes
Recipient 8 D605E 28/M GCV None 474 Reported** Yes
Recipient 9 D605E 60/F GCV Pneumonia 488 Reported** Yes
Recipient 10 D605E 51/M GCV None 38 Reported** Yes
Recipient 11 T438M 43/F GCV None 81 New No
Recipient 12 I474V 55/M GCV None 1359 New No
Recipient 13 N492S 18/M GCV None 74 New No
A – Alanine; V – Valine; P – Proline; L – Lucine; D – Aspartic acid; E – Glutamic acid; T – Threonine; M – Methionine; I – Isoleucine; N – Asparagine; S – Serine; GCV – 
Ganciclovir; VGCV – Valganciclovir. *Mutations that have been shown to confer resistance by phenotypic testing and have been confi rmed by gene marker transfer studies 
in vitro; **reported as GCV- sensitive polymorphism.

Tab. 1. UL97 mutations and polymorphisms in sequences isolated from kidney transplant recipients.
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UL97 sequencing and analysis 
The PCR amplifi ed products were purifi ed using the Accu-

Prep PCR DNA Puri fi cation Kit (Bioneer, South Korea) according 
to the protocol recommended by manufacturer. Automated DNA 
sequencing was carried out using an ABI 377 sequencer (Applied 
Biosystems, Foster City, CA). DNA sequences were analyzed using 
BioEdit software (version 7.0.5.3) and compared with wild-type 
GCV-sensitive AD169 strain (accession number BK000394.5) as a 
reference. The UL97 sequences of the 49 clinical strains have been 
assigned GenBank accession numbers. MG978138 to MG978177 
and MH185085 to MH185092. 

Results

Demographic and clinical features of the recipients
Partial UL97 sequences were successfully amplifi ed from 

49 recipient blood samples, including 27 (55.1 %) males and 22 
(44.9 %) females. The mean age was 46±14 years, the maximum 
age was 65 years, and the minimum age was 8 years. The mean 
time to collect blood sample after transplantation was 18±3 weeks. 
All these recipients had been exposed to GCV prior to sampling 
(15 days to 3 months). Some of the clinical characteristics of the 
recipients are listed in Table 1. 

Amino acid alternations in UL97 gene sequences 
Based on sequence analysis, 13 out of 49 recipients (26.5 %) 

had mutations associated with the amino acid changes (Tab. 1). 
Two mutations (4 %) were associated with GCV resistance. An 
amino acid change of alanine to valine (A594V mutation) was 
detected in one transplant recipient and a mutation of proline to 
leucine (P521L) was identifi ed in a sample isolated from anoother 

transplant recipient. A substitution of aspartic acid to glutamic acid 
(D605E mutation) was detected in 8 (16.3 %) recipients.

In addition, novel mutations were detected in codons T438M 
(threonine to methionine), I474V (isoleucine to valine) and N492S 
(asparagine to serine).

Nucleotide alternations in UL97 gene sequences 
Nucleotide changes were observed in 47 out of 49 (96 %) 

UL97 sequences obtained from recipients compared with strain 
AD169 (accession number BK000394.5). The most common silent 
mutations G598G, G503G, L553L, L634L, D456D, G579G and 
G557G were detected in 95.9 %, 91.8 %, 36.7 %, 34.7 %, 30.6 %, 
30.6 % and 20.4 % of recipients, respectively (Tab. 2).

Discussion

Prolonged treatment with GCV in transplant recipients is the 
most important cause of mutations in the UL97 gene and the de-
velopment of resistance to GCV (9). Mutations at codons 460, 
594, and 595 in the UL97 gene are the most common causes of 
GCV resistance (2, 12). There are limited studies regarding the 
genomic evaluation of the HCMV UL97 gene in Iranian kidney 
transplant recipients. 

In present study, Sanger sequencing was used to identify muta-
tions associated with GCV resistance in transplant recipients. UL97 
sequences amplifi ed from blood samples of 49 kidney transplant 
recipients with active viremia showed amino acid mutations in 13 
recipients (26.5 %). GCV-related mutations were found in 2/49 
(4 %) of the recipients. 

The A594V mutation had a low prevalence (2 %) among our 
recipients. Consistent with our study, another Iranian study ob-
served the A594V mutation in 1 (0.89 %) of 112 kidney recipients
after 95 days of GCV treatment (5). The A594V mutation has 
been reported from Portugal, Washington, and Brazil, with a 
prevalence of 9 %, 8.34 %, and 1.2 %, respectively (13–15). The 
drug susceptibility analysis demonstrated that the A594V mutant 
could result in an 8.2-fold increase in the ganciclovir 50 % effec-
tive concentration (16).

The P521L mutation was present in 1 (2 %) of 49 recipients. 
This mutation as well as L405P and V466G mutations are outside 
the codon range in which they are normally found, but confer re-
sistance to GCV (6, 7). In a study by Eckle et al (17), the P521L 
mutation was found in one (1.2 %) of the 79 children who re-
ceived allogeneic stem cell transplantation and developed CMV 
encephalitis after transplantation. In another study, involving 561 
patients with hematopoietic stem-cell transplantation, the P521L 
mutation was detected in one recipient (20). This mutation is as-
sociated with high-level of resistance to ganciclovir, cyclopropavir 
and maribavir (18, 19). 

In this study, the D605E variant was identifi ed in 8 (16.3 %) 
out of 49 kidney transplant recipients. This mutation has been re-
ported by previous studies in Iran (5, 21). The role of the D605E 
mutation in resistance to GCV remains controversial. Zhou et al 
reported a high prevalence of the D605E mutation (78 %) in Chi-
nese transplant recipients and suggested that this mutation should 

Silent mutations NO. observed (%)
G598G 47 95.9
G503G 45 91.8
L553L 18 36.7
L634L 17 34.7
D456D 15 30.6
G579G 15 30.6
G557G 10 20.4
P525P 5 10.2
N470N 4 8
R494R 3 6.1
H454H 2 4
L634L 2 4
A497A 2 4
R516R 2 4
H537H 2 4
A590A 2 4
G623G 2 4
Other location, single occurrence 16
G – Glycine; L – Leucine; D – Aspartate; P – Proline; N – R – Arginine; H – Histi-
dine; A – Alanine; NO – number

Tab. 2. Observed UL97 silent mutations.
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be considered as a natural sequence variant. The prevalence of the 
D605E mutation was 91.8 %, 100 %, and 89.2 %, respectively, in 
recipients from Japan, Korea, and Taiwan and is therefore consid-
ered an important molecular marker of HCMV strains circulating 
in East Asian countries (2, 22–24). Some authors suggested that 
the D605E mutation could partially or fully compensate for the 
effects of the GCV resistance, conferred by M460V or A594P (25). 
In contrast to Asian countries, this variant was not frequently ob-
served in the CMV strains circulating in Western countries. Stud-
ies in the United States, Argentina, and Germany have reported 
prevalence rates of 11.2 %, 2 %, and 0 %, respectively, in organ 
transplant recipients (13, 25–27). 

In addition, 3 out of 49 recipients had a single amino acid 
mutation with uncertain impact on resistance: T438M, I474V and 
N492S. As far as we know, these mutations have not been previ-
ously reported. We were unable to draw any conclusions about 
the impact of these mutations on resistance to GCV without using 
phenotypic analysis. 

In this study, a high rate of silent mutations in codons G598G 
and G503G was observed with a frequency of 95.9 % and 91.8 %, 
respectively. These nucleotide changes were detected in 100 % 
of HCMV strains isolated from Korea and in 98.4 % of HCMV 
strains isolated from Japan. In contrast, these changes were not 
frequently observed in western HCMV strains (13). Therefore, 
these polymorphisms can serve as genetic markers to detect Asian 
HCMV strains (13, 23, 28).

There are some limitations in our study. First, it was a retro-
spective study, and the associated bias was unavoidable. Second, 
mutations in the UL54 gene, which confer resistance to other an-
tiviral drugs, were not investigated in this study. Therefore, the 
rate of drug resistance in CMV infection in our cohort was prob-
ably underestimated. Third, the Sanger sequencing method used 
to detect the mutations in this study failed to detect mutants that 
are present in less than 10 % to 20 % of the viral population. Fi-
nally, we were unable to perform phenotypic experiments to draw 
conclusions about the signifi cance of mutations that have not been 
previously described in the literature.

In conclusion, our results identifi ed the UL97 gene mutations 
in CMV infection in kidney transplant recipients from northwestern 
Iran. The prevalence of GCV resistance strains in kidney recipi-
ents with positive CMV DNAemia was 4 %. D605E substitution 
is moderately frequent in our recipients. This mutation is relatively 
prevalent in East Asian countries compared to Iran. Our study 
provides the fi rst evidence about prevalence and pattern of GCV 
related mutations in Iranian Turkish kidney recipients and leads 
to more effective antiviral therapeutic approaches. 
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