ey S slis ale PR ]
VEY Sl (OA gl) Ul o jled pania Il Orlglnal

W 2 Article
5 4lS Wigs OB ,S o 5 fSslE ads cunslie ULSH 05 a0 gl go g s 5
938K g i she 4 Mt LS g5 (g5l slad gl

aaf . . . E (. - Ve
T oot S e daznn (5L O gl o313 g0l 5 i T g shay el < SU e U

¢

- . Zoun . . . E . LY . . g8 e . 5 B é . sepg )
glj:,;g;.:.ﬂ(}ba&h\s‘:W|ﬁj}xﬁuu¢w§fuL,ﬂl Ol Glyad (oDl 35121 Gliad ol (85 4 505,550 05,5 s (618 (g gl

Ol ) e, Y Dl (K psle olfails GLiils © 0Ll Gl Gld (Kb ple ol Gled 63 5a0sls 8 Sl S e Gkl T L0 Gl

oS>

bt s Olays Cend s hele ULSE 05 53 Lol sla i b s slSenilS o s os Mo sioes onslie i s il
@ e Sla i et Ol basdlle ol ol 5Ll s (ool sladsha 5 adS gy o3 50 Lael Wg OB LS 55 (s les
A ol Ll s 3 I s ULSA 05 53 o i

LN CMY s bl ol badshl et xS Y 5 alS Wgm oS VY (6 SIU 3 51 s andllae ol 5o il 5ss s /e
s (s 4o po 5,5 31 CMV s Realetime PCR gl b 5,8 T 514 3555 sloslins el slo 1 e
5 e Ko iy sl eslinad b ob JI5 6l o PCR &N pams 5 i 385 Nested-PCR L ULS4 0 . L4s oy anlllas
A eslazal (V/E/ w)@t})\}él ¢ by @l:,}‘_},:l;rj}«{ﬁd E{JERR RN

i A sdalie IS sy eSSl ey £ > Slodd il g s b M b e Sl g Lo
o5 kd St s ey o edalin Sl s (sl slad s Wge 0 S les ) 3 UL54 O3 s serine 882 insertion g
213 G e s g e Sl e e Yo (g3l ISl Gl sl o sl 0L ULS4 03

B ﬁngqéﬁlﬁjﬁ%ﬂ) Oboys Jowily Ll 55 o serine 882 insertion yigr ;5 sb 4ol 4y a5 U s Szt

Lol oo sl Olays 4 Lo Febpde b el Lol s s DL S B )50 Ollen p slla S IS0 s

VRN lie i A rATARIAFRCH VERYNY/Y e allie 5L s

S pske oS el e 3 5 Ky Slides S e sl (sl sl G
-f—‘\;;‘ ‘leﬂ,;: ‘leﬂ,;
rayaviro@yahoo.com : g ;S Gy CAVFIVAYAE sl

5 (http://creativecommons.org/licenses/bync/4.0/) <l Sl 5 some o 5 351wz b dlin pl el B sies 080 55 558> @ @
RGIU g PS &p\;lytbjl_,;miykﬁé)bdx'; oslazal AJ;JA el o i g S (slos asldad




| Journal of Microbial World N - 3
J Original
J Volume 17, No. 1, June 2024

4 Article

Study of the ganciclovir resistant UL54 gene mutations in cytomegalovirus
infected Kidney and Hematopoietic stem cell transplant recipients

Leila Jalilsani', Ramin Yaghobiz, Bita Geramizadeh?, Afsoon Afshari’, Mohammad Hossein Karimi>*

! PhD student, Department of Microbiology, Shiraz Branch, Islamic Azad University, Shiraz, Iran. > Professor, Transplant Research Center, Shiraz
University of Medical Sciences, Shiraz, Iran. * Assistance Professor, Shiraz Nephro-Urology Research Center, Shiraz University of Medical
Sciences, Shiraz, Iran. * Associate Professor, Larestan University of Medical Sciences, Larestan, Iran.

Abstract

Background & Objectives: Cytomegalovirus resistance to ganciclovir with specific mutations in
the UL54 gene is a factor in treatment failure and disease progression in organ transplant
recipients, particularly kidney and hematopoietic stem cell transplant recipients. This study aimed
to determine the mutations leading to resistance in the UL54 gene of human cytomegalovirus.
Materials & Methods: In this study, after screening 23 kidney transplant and 2 hematopoietic stem
cell transplant recipients with a positive initial CMV test, 6 patients were included in the final
study based on the inclusion criteria (at least 2 available follow-ups with positive CMV Real-time
PCR results). The UL54 gene was amplified using Nested-PCR, and the PCR products were then
sequenced using the Sanger sequencing method. Finch software (version 1.4.0) was used to
analyze the sequencing results.

Results: After reviewing the sequencing results, no known mutations were observed in 4 kidney
transplant recipients. Also, a serine 882 insertion mutation in the UL54 gene was observed in 1
hematopoietic stem cell transplant recipient. Examination of the phylogenetic tree of the UL54
gene showed that the Iranian isolate ancestrally belongs to 20 reference strains, including the
Merlin strain.

Conclusion: Given that the emergence of the serine 882 insertion mutation can weaken the potential
for treatment and impair response to ganciclovir, it is very important to monitor the patients in
question, determine the viral load, and assess their response or lack of response to treatment.
Keywords.: Kidney transplantation, Hematopoietic stem cell transplantation, Cytomegalovirus,
Drug resistance.
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Introduction

Cytomegalovirus or human herpesvirus 5 is a
member of the Herpesviridae family, which
disease in transplant

can caus€ Severe
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recipients due to its ubiquitous presence (1).
Saliva, urine, sexual contact, placental transfer,
breastfeeding, blood transfusion, solid organ
or hematopoietic stem cell transplantation are
the main routes of spread of human
cytomegalovirus (2).

It is hypothesized that cytomegalovirus

Copyright © 2019, This article is published in Journal of Microbial World as an open-access article distributed under the terms of the
@ @ Creative Commons Attribution License. Non-commercial, unrestricted use, distribution, and reproduction of this article is permitted in
any medium, provided the original work is properly cited.
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infection in Iranian kidney and hematopoietic
stem cell transplant recipients treated with
ganciclovir may cause alterations in the UL354
gene, and the pattern of these alterations in
Iranian strains could differ from those in other
regions (3).

Cytomegalovirus (CMV)  usually
asymptomatic infections in immunocompetent
hosts, but among transplant recipients, it causes

causes

fatal diseases including pneumonia, enteritis,
cystitis, and encephalitis (4). This infection is
controllable in such patients and is latent
before the appearance of clinical symptoms (5).
After initial infection, CMV has a subclinical,
lifelong latent infection in the myeloid lineage
cells derived from the Hematopoietic Stem
Cell Transplant (6). In solid organ transplant
recipients, one of the main causes of infection
and disease is cytomegalovirus, which affects
between 50% and 90% of kidney allograft
recipients, and 8% to 32% of these infections
are related to CMV disease (7). Kidney
transplant  recipients (KTRs) are more
susceptible to opportunistic infections, which
increases the risk of transplant rejection, higher
incidence of chronic allograft nephropathy, and
increased patient mortality (8). After
transplantation, Monitoring the severity of
CMV infectivity is done by determining the
viral load using qPCR (9). During the same
period, antiviral therapy, including ganciclovir,
valganciclovir, foscarnet, cidofovir, letermovir,
and maribavir are prescribed (10). A key
challenge in managing CMV infection in
transplant recipients is ganciclovir resistance,
which arises from genetic mutations in the
UL54 gene (11). Using oral valganciclovir as
prophylactic or preemptive  therapy, the
incidence of late CMV disease and its mortality
after HSCT are reduced by 5% and 17%,
respectively (12). After lifelong incubation in

Yy

immunocompetent and immunocompromised
individuals (2), viral reactivation occurs by
lytic virus phase (2). With the introduction of
ganciclovir in the mid-1980s, the first antiviral
combination against cytomegalovirus (CMV)
resistance has become a growing problem in
transplant recipients (13). In solid organ
transplant recipients, the range of CMV
resistance to antiviral drugs ranges from 0.4%
to 11.9% and 1 to 5% in patients who
have undergone hematopoietic stem cell
transplantation (14,15). Currently, ganciclovir
and valganciclovir are the first-line treatments
for CMV disease in kidney transplant
recipients, and their use has resulted in a
in CMV disease
morbidity in solid organ transplant recipients,
although  this contribute to the
development of drug resistance (16). However,

the extensive and prolonged use of antiviral

reduction and related

may

drugs for CMV prophylaxis, along with the use

of immunosuppressive medications, have
contributed to the emergence of
antiviral-resistant CMV  strains and the

progression of the disease (17). Drug-resistant
HCMV infection in allogeneic hematopoietic
cell transplant (HCT) recipients can be
life-threatening  and  fatal. Therefore,
continuous monitoring of viral load and
determination of the severity of infectivity are
necessary (18).

Typically, sequence analysis is one of the
genotyping methods used to detect mutations
(19). However, most of these assays are limited
to detecting known mutations. Given the
success of the Nested PCR method in several
studies for identifying mutations in human
cytomegalovirus, its use in our study is also
considered advantageous and superior (20). In
addition, Sanger sequencing 1is the gold
standard for detecting ganciclovir-resistant
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mutations in UL54 gene (21).

The aim of this study is to identify the pattern
of clinical mutations in the cytomegalovirus
UL54 gene following ganciclovir treatment,
and to evaluate the impact of these mutations
on disease progression in kidney and
hematopoietic stem cell transplant recipients
infected with Iranian CMV strains.

Materials and methods

A: Study patients and samples: In this study,
after screening 23 kidney transplant recipients
and 2 hematopoietic stem cell transplant
recipients with a positive initial CMV test, 6
patients (4 kidney transplant recipients and 2
hematopoietic stem cell transplant recipients)
were included in the final study based on
inclusion criteria, having at least 2 follow-ups
with positive CMV Real-time PCR results
(viral load > 10000 copies/ml) from the second
follow-up onwards. The remaining 19 kidney
transplant patients were excluded from the
study. The study population of CMV-positive
kidney transplant recipients consisted of 100%
males (4/4) and the average age was
45.00 = 11.52 (mean + SD) and CMV-positive
Hematopoietic Stem Cell transplant recipients
consisted of 50.0% males (1/2) and 50.0%
females (1/2), and the average age was
27.5 £ 2.12 (mean = SD) who underwent organ
transplants in the organ transplant departments
of Abu Ali Sina and Namazi Shiraz hospitals
between 2015 and 2017. A total of six
specimens from 6 patients that had an
amplifiable HCMV UL54 gene were selected
for sequencing of the UL54 gene using the
Sanger method. To conduct this study, the code
of ethics was first received from the Ethics
Committee of Shiraz University of Medical
Sciences  (IR.SUMS.REC.1401.734), and
written informed consents were provided by all

Yy

participants.

B: CMV nucleic acid extraction and
measurement of viral load: The DNP™ kit
(Cinagene Company, Iran) was used to extract
nucleic acid from plasma (22,23) and then
using the Real-time PCR kit (Gene Proof
company, Czech Republic) and using the
quantitative TagMan Real-Time PCR method,
the presence of infection and the quantitative
viral load were measured (24,25). The master
mix was prepared to a total volume of 21 pL,
comprising 5 pL of extracted DNA, 15 pL of
PCR mix, and 1 pL of internal control (IC)
gene. The temperature program for the
Real-time PCR reaction consisted of 1 cycle of
10 minutes at 95°C for pre-denaturation,
followed by 45 cycles with three steps: 5
seconds at 95°C for denaturation, 40 seconds at
60°C for annealing, and 20 seconds at 72°C for
extension. The reactions were carried out using
the 7900HT Real-time ABI PCR system
(Applied Biosystems, USA) (26).

C: Primer selection: Primer design was done
using Allele ID7, Primer Blast and Gene
Runner software. They were then checked
using Nucleotide Blast and Oligo software and
sent to Tekapo for synthesis (27).

D: Investigating the changes of UL54 gene and
Sequencing: To investigate genetic changes in
the UL54 (3729-pb) gene, all samples were
examined using the Nested-PCR method and
the desired fragment isolated for
sequencing. To perform this step, specifically
designed primers were used, four pairs of

was

primers were designed for the UL54 gene (28).
The sequence of the first round and second
round primers, materials used and thermal
program of the thermocycler is shown in Table
1. The PCR samples were electrophoresed
using a 1.5% agarose gel containing TAE
buffer (1x). The gel was then transferred to a
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UV illuminator and the bands were observed
using UV light. After performing the steps of
DNA extraction from agarose gel, these
samples were sent to Maxogen, South Korea,
for sequencing and bioinformatics evaluations

using the Sanger method and sequenced using
primers specific to this region (28). The results
of this step were analyzed using specialized
software, including Finch and Blast (29).

Table 1: Primers used for simple and nested PCR of UL54 gene, F, forward; R, reverse.

Gene Method Primer sequence Materials and concentration required for simple roT?:;]n:)‘afl the
of PCR q and nested PCR steps pthegrmocycler
F:5° GTCTACGAGTTCCCTTCCG ;
UL54  Simple Simple Nested
R:5” GCATTAGCCACGAAACAAC
F:5° GCTGCTGCTGGGCTTTA
UL54 Nested
R:5” GCATTAGCCACGAAACAAC Buffer 10 x 2.5uL 2.5 uL
F:5° GTTGCGGCGTGTCATCTTTG
UL54 Simple
R:5" CAGGGTGGAGTAGCAGAGGT
dNTP 10 nM 0.75 uL 0.75 pL
F:5° GTCACCTAACGCCGCTATCA Jeyele: 95°C
ULs4 Nested o Smin 40cycle;:
R:5° GGGTAGAGGCTGGCAAAGTC Mgcl2 50 mM 0.75 uL 0.75 uL 94°C. 1min: 55°
C, 30sec; 72°C
F:5* GGCTCACAACCTCTGCTACTC Imin Teyele: 72°
UL54 Simple C, Smin
R:5S’GCAAAAAACACGGCTCTGAA 1 DNﬁIEf/Lylmerase > 0254l 0254l
F:5> TACCCCGTGGACCCTGC
UL54 Nested
R:5 GCAAAAAACACGGCTCTGAA
F:5’ GCGGGAGGGGGATTCGG Forward and Reverse Lu In
UL54  Simple ' primers 10 uM
R:5 TCAAAGAGCAGCGAGAGGAC
F:5> GCGGGAGGGGGATTCGG Distilled deionized water 14.75 pl 15.75 ul
UL54 Nested
R:5" TGACGCCCTTGACGAACTC Template DNA 4 ul 3ul

The
nucleotide sequences were compared with the
Merlin strain sequence. To analyze the PCR
products, the sequencing results were checked
using Finch software (version 1.4.0),
nucleotide blast, and alignment, and then the
mutated sequence was registered in the Gene

E: Analysis of sequencing results:

Bank to receive an accession number.

To draw a phylogenetic tree of the sequences
with mutations, alignment was performed
using the ClustalW alignment tool in MEGA X
software (version 10.0.5), and then the
drawn using the

phylogenetic tree was

Y¢

Maximum Likelihood method and Tamura-Nei
model, and using the bootstrap test with 1,000
replicates (29).

F: Statistical calculations: Statistical analyses
were conducted using SPSS version 26
software. The Mann-Whitney U test, a
non-parametric method, was applied to
compare the mean viral loads between the two
groups (kidney transplant recipients and
hematopoietic stem cell transplant recipients).
The Chi-square test was used to assess the
association between mutation type and
variables such as age, sex, blood group,
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underlying conditions, and laboratory factors
including hemoglobin, white blood cells,
platelet, creatinine, sodium, and potassium.
Spearman’s correlation coefficient analysis
(two-tailed) was wused to determine the
relationship between mean viral loads and
treatment duration in both patient groups.
A p-value of less than 0.05 was considered
statistically significant (24).

Results

A: Demographic data of CMV DNAmia
patients: After performing PCR using specific
primers for UL54 gene, a total of 4 samples
from 4 patients (4 males; 100%) kidney
transplant recipients had a mean age of
45.00 11.52 + (range, 35-60 years) with a range

of 1.52x10* to 2.072x10° copies/mL and 2
samples from 2 patients (1 females; 50% and 1
males; 50%) Hematopoietic Stem Cell
Transplant recipients had a mean age of
27.50 = 2.12 (range, 26,29 years) with a range
of 3.07x10° to 6.00x10° copies/mL were
identified as potentially harboring mutations in
the UL54 gene and were subsequently sent to
Maxogen Company in South Korea for
sequencing analysis. None of the patients were
treated with valganciclovir before confirming a
positive result for CMV infection. During the
development of resistance, all patients were
treated with valganciclovir (Valcyte: 900 mg
per day). The demographic characteristics of
the 6 HCMV DNAmia patients is shown in
Table 2.

Table 2: Characteristics of 6 kidney and Hematopoietic Stem Cell Transplant recipients.

Patients

Viremia Duration of
Patient Type of Underlying UL54 gene . living status
ex Age (yr.) peak copies/ treatment
NO. transplantation disease mutations (Death or
mL (day)
Alive)
1 Male 37 Kidney ESRD No mutation 218000 7 Alive
2 Male 60 Kidney ESRD No mutation 15200 210 Alive
3 Male 35 Kidney HTN No mutation 1000000 300 Alive
4 Male 48 Kidney HTN No mutation 207200 14 Alive
Hematopoietic . . . .
5 Male 29 ALL serine-882 insertion 307000 23 Alive
Stem Cell
Hematopoietic . .
6 Female 26 ALL No mutation 600000 210 Alive
Stem Cell

NOTE. No, number; ESRD, End-Stage Renal Disease; HTN, Hypertension; ALL, Acute lymphoblastic leukemia;

Neg, negative; Pos, positive.

B: Investigation of Hematopoietic Stem Cell
Transplant recipient patient with valganciclovir
resistance mutation: A 29-year-old man with
acute lymphoblastic leukemia (ALL) received
his father's Hematopoietic Stem  Cell
Transplant. This patient had a CMV DNA viral
load of 307,000 copies/ml on day 90 after
CMV transplantation and before treatment.
During follow-up, while the patient was using

Yo

VGCV (Valcyte: 900 mg per day), CMV DNA
became positive (166,000 copies/mL). After
checking the sequencing results of the UL54
gene, on the 90th day after transplantation with
a viral load of 307,000 copies/ml, the serine
882 insertion mutation was found to be
resistant to GCV. The viral load in the patient's
blood was measured once a week after using

valganciclovir, and CMV DNA levels
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decreased 23 days after
treatment. The location of the serine 882
insertion mutation in the UL54 gene is shown
in Figure 1.

valganciclovir

fl

Fig 1: Site of serine 882 insertion mutation in HCMV
UL54 gene.

C: Sequencing results: After of reviewed of
sequencing 6 HCMV DNAmia patients
(4 patients of Kidney transplant recipients and
2 patients Hematopoietic Stem Cell Transplant
recipients) no known mutations conferring
ganciclovir resistance in UL354 gene in the
former recipients. However, we detected serine
882 insertion mutation (50.0%) in UL54 gene
which known conferring ganciclovir resistance
in 1 patient (50.0%) Hematopoietic Stem Cell
Transplant recipient. Emergence of this
mutation was associated with increased viral
load, indicating that this mutation confers
resistance to GCV.

D:  Statistical analysis: No  significant
difference was found in the mean viral loads
between the two study groups (kidney and
hematopoietic stem cell transplant recipients),
0.32. Additionally, no
significant association was observed between
the type of mutation and risk factors such as
mean age, gender, blood group, underlying
diseases, and laboratory parameters, with a
p-value = 1.000. Also, there was no significant

with a p-value

relationship between the mean viral load and
duration of treatment in both groups, with a

AR

p-value = 0.67 .

E: Phylogenetic analysis of Iranian strains: A
phylogenetic tree of the UL54 gene was
constructed to examine the genetic diversity
and relationships between this study isolate and
reference strains for comparison.

This analysis involved 20 nucleotide
sequences. Accession number of nucleotide
sequence with mutations were obtained after
registration in the GenBank database.

The resultant accession number MZ723793 of
the UL54 gene was aligned with 20 HCMV
strain sequences in GenBank with MEGA X
software  (version  10.0.5)  (http://www.
megasoftware.net) and was used to construct a
phylogenetic with 1,000 bootstrap
replicates. The alignment of this sequence with

tree

twenty reference sequences is shown in Figure
2. Phylogenetic analysis showed that the
Iranian isolates belong to 20 reference strains in
terms of ancestry (Figure 3). Also, no
intraspecific ~ differences were  observed
between isolates. According to the evolutionary
distance table, accession number MZ723793
has the smallest evolutionary distance to the
reference strains (Figure 4).

MTO44462 1 strain GLA-SOT3 complete genome

MTO44478.1 strain HAN-SOT1 complete genome:

MN274568 2 sirain k3-KIG-H2 complete genome

MK425187.1 clone VHL-E-BAC19 complete sequence
MFOE4223.1 strain LON1 complete genome

KY490086.1 stran HANSCTR118 complete genome:
KY490081.1 strain HANSCTR2 complete genome

KY490075.1 stran HANRTRS complete genome

KY490068.1 strain PRAB complete genome

KT7260854 2 stran UR/Lond/Bile/2011 partial genome:
KT726952.2 stran UK/Lon3/Plasma’2012 partial genome
KTT26047 2 stran U/Lon1/Blood 2013 complete genome
KX544841.1 isolate VHL-E Merck UNC complete genome
KX544837 1 isolate VR5235 complele genome

544633 1 isolate VRII08 complete genome

KP9T3642 1 strain Merlin rsolate RCMV2035 complete genome:
KP9T3624 1 strain Merfin risolate RCMV1201 complete genome
KL221100.1 strain Merlin isolate RCMV1BT1 complete genome
KI361963.1 stran PAVT complete gename

KJ361952.1 strain HAN30 complete genome:

MZ723793

0.00050

Fig 3: Phylogeny tree based on isolates from

hematopoietic stem cell transplant recipient.
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2. MT044432.1_strain_GLA.SOT3_complete_genome

3. MTO44478.1_strain_HAN-SOT1_complete_genome

4. MN274568.2_strain_Ig-KG-H2_complete_genome

S. MFOB4223.1_strain_LON1_complese_genome

6. MK425187.1_clone_VHL-E-BAC19_complete_sequence

7. KY430086.1_strain_HANSCTR11B_complete_genome

8. KY430081.1_strain_HANSCTR2_complete_genome

9. KY450075.1_strain_HANRTRS_complete_genome

10. KY450068.1_strain_PRAS_complete_genome

1. KT726954.2_strain_UK/Lond/Bile/2011_partial_genome

12. KT726952.2_strain_UK/Lon3/Plasma/2012_partial_genome

13. KT726947.2_strain_UK/Lon1/Blood/2013_complete_genome
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15, KNS44837.1_isolace_VRS23S_complete_genome

16, KNS44833.1_jsolace_VRIS08_complete_genome

17. KP973642.1_strain_Merfin_isolate RCMV2035_complete_genome,
18. KP373624.1_strain_Merlin_isolate RCMV1201_complete_genome,
19. KU221100.1_strain_Merfin_isolate_RCMV1871_complete_geno
20. KJ361563.1_strain_PAV7_complete_genome

21, KJ361953.1_strain_HAN30_complete_genome

Fig 2: Alignment of human cyfomegalovirus strain with reference strains.
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0, K¥490068.1 strain PRAS complete genome 0e0s 0000 0000 Quodd 000D
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15, KN544837.1 isolate VRS23S complete genome 0006 0002 0000  QUDDD  DODD
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7. KPOTIELR straim Meriin isolate RCMW2035 compliete genomse: 06 0003 0000 QDGO oooo
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2V, KDO1SIL1 ST MANDD COMPIETE BENOme: 0206 200 0000 [ellis] 000D

Fig 4: Evolutionary distance of the Iranian strain obtained
reference strains.

Discussion

In patients with weakened immune system,
particularly in Hematopoietic Stem Cell or
solid organ transplants, human cytomegalovirus
(HCMV) causes serious complications. To
decrease mortality and morbidity in transplant
recipients, anti-CMV prophylactic treatment is
used early in the transplant. However, the
emergence of drug-resistant cytomegaloviruses
has increased due to the increased use of
anti-cytomegalovirus drugs. Although drug
resistance depends on the transplanted organ
and immune-suppressing regimen, it is usually
seen in 5 to 10% of cases in patients who are
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from a hematopoietic stem cell transplant recipient with

negative for the virus and receive it from a
positive donor (D+/R-) (30). Mutations in the
UL54 gene cause drug resistance. CMV drug
resistance is detected using clinical genotypic
tests (31).

Ganciclovir resistance is linked to mutations in
one or both of the UL54 and UL97 genes of
CMV. In some cases, resistance mutations in
the UL54 gene are usually associated with
mutations in UL97 gene. However, in many
cases only UL54 gene mutations have been
reported. Mutations that cause resistance in the
UL54 gene typically occur over a broad region
(between codons 300 and 1000) and can lead to
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resistance to one or more drugs (32). All cases
with UL54 gene mutations alone were related
to BMT and exhibited a prolonged treatment
history with GCV. A previous study reported
that three Hematopoietic Stem Cell Transplant
recipients treated with GCV and FOS had
mutations only in the UL54 gene (33).

The objective of this study is to investigate the
possibility of mutations associated with drug
resistance in Iranian strains UL54 gene after
treatment in kidney and hematopoietic stem
cell transplant recipients. In this study, viral
DNA in the blood of 6 patients after kidney
and hematopoietic stem cell transplantation
with cytomegalovirus infection was analyzed
to determine the incidence of ganciclovir
resistance and detect mutations in the UL54
gene.

Also, six patients failed to respond to antiviral
treatment despite treatment with ganciclovir,
and their viral load did not show a significant
reduction. Analysis of the DNA sequences of
cytomegalovirus strains obtained from kidney
transplant recipients before and after treatment
showed no significant mutations in the UL54
gene, although 1 mutation leading to resistance
was observed in one hematopoietic stem cell
transplant recipient.

From the 25 patients included in our study, 6
samples from 6 patients (4 kidney transplant
recipients and 2 hematopoietic stem cell
transplant recipients) were chosen for genotypic
analysis based on a positive PCR result for
CMV in plasma.

In recent years, there has been growing
concern regarding the emergence of
drug-resistant cytomegalovirus strains in
severely immunosuppressed transplant
recipients. The presence of these resistant
strains has been observed in both solid organ
and hematopoietic stem cell transplant patients

YA

as well (34).

Hall Sedlak et al. identified the V715M and
N408D mutations in the UL54 gene in 3 out of
41 patients tested who had UL54 resistance
mutations (35). Another study by Baldanti et al.
in 1996 reported that the Pro628-Leu,
Ser655-Leu, Asn685-Ser, Thr700-Ala,
Ser885-insertion, and Ala886-Thr substitutions
confer foscarnet resistance in the UL54 gene of
clinical isolates from AIDS patients (36). In a
2007 study conducted by Scott et al., two
mutations, A834P and N408K, in the UL54
gene were separately detected in kidney and
transplant recipients, while a third
mutation, L737M, was identified in a liver
transplant recipient. The N408K mutation was
found to confer resistance to ganciclovir and
cidofovir, while the A834P mutation was
associated with resistance to ganciclovir,
cidofovir, and foscarnet (19). In a 2013 study
conducted by Daikoku et al. on 13 clinical
samples from 7 bone marrow and kidney
transplant recipients, the V355A and A688V
substitutions in the UL54 gene were identified
in most of the patients (37). In a 2014 study
conducted by Cho et al., they showed that the
exonuclease substitutions D413N, K513N, and
D539G confer resistance to cidofovir and
ganciclovir, while the C773G mutation confers
resistance to foscarnet, and the C607V
mutation confers resistance to ganciclovir (38).
In a 2021 study by Yang et al., conducted on
112 patients treated for cytomegalovirus
infection, 12 novel mutations were discovered

lung

in the UL54 gene. These mutations included
M&8271, P342S, S384F, K434R, S673F, T754M,
R778H, C814S, G878E, S976N, E888K, and
S880L (39). In a 2023 study conducted by
Resio et al. on 108 plasma samples from 96
transplant recipients suspected of having
antiviral-resistant cyfomegalovirus, the T503I
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mutation was found to be the most prevalent in
the UL54 gene, occurring in 3 out of 7 patients
(29). The results of these studies, similar to the
present study, highlight the impact of
mutations in the UL54 gene on ganciclovir
resistance.

The results of the present study are consistent
with those of Homar et al., who showed that
delayed viral clearance is not necessarily
associated  with  cytomegalovirus  drug
resistance (40). Van der Beek et al. also
demonstrated  that kidney transplant
recipients treated with VGCV, resistance is
infrequently observed and has minimal impact
on treatment failure (41). In a 2010 study of
transplant recipients, a CMV-positive kidney
transplant recipient was found to have the
UL54 A834P mutation,
resistance ganciclovir, cidofovir,
foscarnet, 158 days after antiviral treatment
(42). Although only 6 samples from 6 patients
were tested in the present study, it is reasonable
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to assume that other patients with consistently
negative PCR results do not harbor ganciclovir
-resistant strains. The UL54 gene mutation
(serine 882 insertion) identified in the present
study has been previously reported to occur in
cytomegalovirus-susceptible isolates (43). It
should be noted that UL54 gene mutations
predispose human cyfomegalovirus to drug
resistance. Therefore, continuous monitoring of
human cytomegalovirus in Iran on Iranian
strains is essential to understand the status of
antiviral resistance.

The population in present study had several
limitations due to the small number of patients
with resistant cytomegalovirus infection.
In addition, these patients were clinically
suspected of having drug-resistant
cytomegalovirus infection.

In a 2019 study by Alwan et al. on symptomatic
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infants in Iraq, three predominant genotypes,
gBI1, gB2, and gB3, were identified in infants
and children infected with HCMV (44). In a
2018 study by Mousavi et al. on cervix-isolated
samples, it was observed that the genome
sequence of the HCMV -DB strain was similar
to that of the Toledo strain, which was initially
isolated from a child's urine sample (45). In a
study by Fang et al. in 2010 on children who
were recipients of renal and hematopoietic stem
cell transplantation (HSCT), examination of the
phylogenetic tree of the UL97 gene showed
that most polymorphisms belonged to the
ADI169 strain, with cluster 1 from children,
cluster 2 from HSCT recipients, and 13
sequences from kidney transplant recipients in
clusters 1 and 2 (46).

In this study, the UL54 DNA sequence with
accession number MZ723793 of the HCMV
Iranian strain showed equally belonged to 20
reference strains in terms of ancestry including
the Merlin strain.

Conclusion

This study was conducted to determine
ganciclovir resistance mutations in the UL54
gene of cyfomegalovirus. The results showed
that in a hematopoietic stem cell transplant
recipient, strains with a mutation (serine 882
insertion) in the UL354 gene could have the
potential to be resistant to ganciclovir. Also, no
mutations were observed in kidney transplant
recipients, need future completed studies.
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