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Abstract

Introduction. Human cytomegalovirus (Orthoherpesviridae: Herpesvirales: Cytomegalovirus: Cytomegalovirus
humanbeta 5) (HCMV) is one of the most commonly detected viruses in recipients of allogeneic hematopoietic
stem cell (allo-HSCT) transplants. However, the emergence of resistance to antiviral drugs such as ganciclovir
(GCV) poses a challenge in managing these patients.

This study aims to investigate the prevalence and impact of mutations in the HCMV UL97 gene associated with
resistance to GCV on the course of infection among allo-HSCT patients.

Materials and methods. The study examined the association between UL97 mutations and the clinical course of
HCMYV infection in allo-HSCT patients. Genetic sequencing was performed to identify mutations, and their impact
on viral replication and resistance to GCV was assessed.

Results and discussion. Six mutations were identified (D490A, T502A, C592G, C592F, E596G, C603W). C592G,
C592F, E596G, and C603W are associated with resistance to antiviral drugs, while D490A and T502A described for
the first time. When comparing patients with wild-type and those carrying the mutant variant, several parameters
of peripheral blood were significantly lower in the former group. The median time to peak viral load following allo-
HSCT, duration of viremia, and rate of virological response to high-dose therapy also differed significantly between
the two groups.

Conclusion. It was shown that approximately one third (4 out of 14) of allogeneic stem cell transplant recipients
had mutations associated with resistance to GCV. Patients carrying the mutant variant of HCMV had longer viremia
and took longer to achieve a negative virological test result after starting high-dose therapy. Performing genotyping
may help make more evidence-based therapeutic decisions.
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MyTtauum B reHe UL97 umtomeranosupyca (Orthoherpesviridae:
Herpesvirales: Cytomegalovirus: Cytomegalovirus humanbeta 5)
yBeJIMYMBaKOT NPOAOIIKUTENIbHOCTbL BUPEMUUN U CHUXKAKOT
NPOTUBOBUPYCHbLINA OTBET Y PELIMIMTUEHTOB aNnsioreHHbIX
reMono3TUYeCKMX CTBONMOBLIX KNETOK
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Pestome

BBepeHue. Lutomeranosupyc (Orthoherpesviridae: Herpesvirales: Cytomegalovirus: Cytomegalovirus
humanbeta 5) (UMB) saBnsietca ogHuM 13 Hamboree pacnpocTpaHeHHbIX BUPYCOB, AETEKTUPYEMbBIX Y PELIMMMNEH-
TOB anmnoreHHbIX reMOMNO3TUYECKUX CTBOMOBLIX KneTok (anno-MCK). MNpu 3ToM BO3MOXHOCTb pasBUTUS PE3UCTEHT-
HOCTU BMpYyCa K NPOTUBOBMPYCHBLIM NpenapaTtaM, Takum kak raHumknosup (GCV), cosgaet CrnoXxHOCTM npu npo-
BefeHun npotmeoBupycHon Tepanum (MBT). HacToswee nccnegoBaHne no3eonsieT 060CHOBaTb HEOOXOANMOCTb
BHEAPEHMWS HOBbIX ANarHOCTUYECKUX NOAXOA0B ANs YNyULLEeHUs pe3ynbTaToB nedeHns y peumnueHTo anno-I'CK.
Llenb nccnenoBaHus — udyyeHve pacnpocTpaHeHHOCTU U BNNSHUSA myTaumi B reHe UL97 LUMB, accouunpoBaH-
HbIX C YCTONMUYMBOCTbLIO K AericTBuio GCV, Ha xapakTep TeveHus uHdekumnm y peunnuneHtos anno-MCK.
Martepuanbl u Metoabl. B nccnegosanune sownu 14 peuunnueHtoB anno-F'CK ¢ nogospeHnemM Ha yCTOMYMBYHO
LIMB-nHdekuuto. MNposoannu amnnudurkaumio yyactka reHa UL97 meTogom rHe3oBOn NonmmepasHoun LienHom
peakumn, ocyLLecTBNSAnNu cekseHnposaHue no CaHrepy, nocnenoBaTenbHOCTU cpaBHMBanu co wrammom Merlin
(avkmin Tvn).

Pe3ynbTrathl n o6cyxaeHue. BoisisneHo 6 mytaumn (D490A, T502A, C592G, C592F, E596G n C603W), us koto-
pbix 4 (C592G, C592F, E596G n C603W) paHee Obinv onucaHbl Kak acCoLMMPOBaHHbIE C YCTOMYMBOCTBIO K Ael-
CTBUIO NPOTUBOBMPYCHbIX npenapaTos, a D490A n T502A obHapyxeHbl Bnepsble. [Npn cpaBHeEHUN napameTpoB
nauneHTOB — HOCMTENEN BUpyca OMKOro TMna u HOCMTENen MyTaHTHOIO BapuaHTa, YCTaHOBMEHO, YTO OCHOBHbIE
nokasarenu nepudepnyeckon KpoBu y nepsBbiX BbIM 4OCTOBEPHO HMXe. MeanaHa cpoka HacTynneHus nuka Bu-
pycHOW Harpysku nocne tpaHcnnaHtauuv anno-ICK, npogonxuTenbHOCTb BUPEMUU U CKOPOCTb BMPYCOmormye-
ckun otBeTa Ha BT Takke MMenu AOCTOBEPHbIE pasnnynsg B UccnegyemMbix rpynnax.

3akntoyeHue. MNokasaHo, 4To noutn y 1/3 (4 n3 14) peuunueHTtos anno-ICK BbisBNeHbl MyTaLumn, acCoLMNPOBaH-
Hble C YCTOMUMBOCTLIO K AericTBuio GCV. Y peuunmeHToB — HocUTenemn MyTaHTHoro BapyaHta LIMB Habntoganucb
6onee AnuTenbHbIE BUPEMUS U CPOK NOMYyYEHUs OTpMLUATENbHOrO pesyrnsTaTa BUPYCONOrM4eckoro uccnegoBaHus
nocne Havana [BT. [NpoBedeHne reHoTUNMPOBaHUS MOXET CnocobcTBoBaTb MPUHATUIO 6onee 060CHOBAHHOIO
TepaneBTUYECKOro peLleHus.

KnroueBble cnoBa: yumomezanosupyc (LIMB) yenogeka; mpaHcnnaHmauyusi 2eMorno3amu4yecKux CmeosoabIx Kiie-
mok (TI'CK); supycHasi peaucmeHmHocmb,; 2aHyuknosup (GCV); npomusosupycHas mepanusi (I1BT)

Onsa umtuposaHusa: Tuxomupos [.C., OemnH M.B., CepukoBa A.A., bugepman B.B., Cynapukos A.B., Tyno-
nesa T.A. Mytaumn B reHe UL97 umtomeranosupyca (Orthoherpesviridae: Herpesvirales: Cytomegalovirus:
Cytomegalovirus humanbeta 5) yBennuvMBatoT NpoaoIKUTENbHOCTb BUPEMUM U CHLKAIOT NPOTUBOBUPYCHBI OTBET
Y PELMMMEHTOB ansioreHHbIX reMomno3TNYECKNX CTBOMOBbLIX KNETOK. Borpocki supyconoauu. 2024; 69(5): 449-458.
DOI: https://doi.org/10.36233/0507-4088-251 EDN: https://elibrary.ru/vrdyiz

®durHaHCcMpoBaHue. ABTOPbI 3asBMAOT 00 OTCYTCTBMU BHELLHErO (hMHAHCMPOBAHMWS NPY NPOBEAEHUN NCCNENOBaHMS.
KoHdnukT nHTepecoB. ABTOpbI AEKNAPUPYIOT OTCYTCTBME SIBHBIX U NMOTEHUMaNbHbIX KOH(MUKTOB MHTEPECOB, CBA3aH-
HbIX C Ny6nvKaumen HacTosLLEen CTaTbu.

OTunyeckoe yTBepxaeHue. ViccnegosaHne npoBognnock npu MHOPMMPOBaHHOM corfiacuu naumeHToB. MpoTokon
ncecneaoBaHus ogobpeH dtuvecknum kommteTom PIBY «HaumMoHanbHbI MeAULIMHCKUI NCCeqoBaTenbCKUN LEHTP
rematonorun» Munsgpasa Poccum (Mpotokon Ne 160 ot 23.12.2021).
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Introduction

Infection caused by human cytomegalovirus
(Orthoherpesviridae: Herpesvirales: Cytomegalovirus:
Cytomegalovirus humanbeta 5) (HCMYV) poses a serious
threat to immunosuppressed individuals, which can
include HIV-infected people (especially in the AIDS
stage), patients with tumor diseases, and organ or tissue
recipients [1-3]. For specific antiviral therapy, the
following drugs that inhibit various viral enzymes are
used: viral DNA polymerase —pULS54 (ganciclovir (GCV),
cidofovir and foscarnet), viral phosphotransferase —
pUL97 (maribavir), viral terminal enzyme complex
(letermovir) [4, 5]. However, in the Russian Federation,
as well as abroad, due to the limited number of antiviral
drugs authorized for use, the drug of choice is GCV or
its prodrug — valganciclovir [6—8]. GCV phosphorylated
by the viral enzyme is an analog of deoxyguanosine
nucleotide, which accumulates in HCMV-infected cells
and prevents virus replication by terminal incorporation
into the growing viral DNA strand [9, 10].

However, the use of GCV for a long time and in
suboptimal doses may contribute to the selection of drug-
resistant mutant strains of HCMV, the replication of which
is not blocked in the presence of the active substance
of the drug [11]. According to the literature, mutations
associated with resistance to GCV are localized in the
UL97 and UL54 genes. In the UL97 gene, mutations
occur more frequently in codons 460, 520 and 590-607
[4, 12], not disrupting the virus life cycle but reducing the
affinity of the enzyme for GCV [13].

Despite the advances in the prevention and treatment
of HCMYV infection, its resistance to the effect of
antiviral drugs still raises concerns on the part of
specialists. Previously, data on the prevalence of drug-
resistant HCMV mutants in patients after allogeneic
hematopoietic stem cell transplantation (allo-HSCT)
were presented and possible algorithms of antiviral
treatment in such situations were proposed [14, 15].
Nevertheless, the data on the influence of such mutations
on the course of infection and on the survival rate of
patients are extremely scarce. The question of the
feasibility of routine screening for mutations during
antiviral therapy is also unclear. Thus, further research
on this topic is extremely relevant and important for
modern medical science, including the development of
personalized medicine.

The aim of the study was to investigate the prevalence
and impact of mutations in the UL97 gene of HCMV
associated with resistance to ganciclovir on the course of
infection in recipients of allogeneic hematopoietic stem
cells (allo-HSC).

Materials and methods

Patients and samples

The study was conducted with informed consent of the
patients. The study protocol was approved by the Ethical
Committee of the National Medical Research Center of
Hematology of the Ministry of Health of Russia (Protocol
No. 160 0f23.12.2021).

OPUTUHAJbHbBIE NCCNEAOBAHUA

Allo-HSC recipients with signs of persistent HCMV
infection in the post-transplantation period were included
in the study. The presence of high viral load in blood,
more specifically 1000 or more copies of genome-
equivalent per 10 thousand nucleus-containing blood
cells, for 2 weeks or more against the background of
antiviral therapy was considered as a sign of such form of
infection. Totally 14 allo-HSC recipients meeting these
criteria were included into the study. In all recipients,
hematopoietic stem cells (HSC) concentrate was used
as a transplant source [16], and the majority (12 out
of 14) underwent partially compatible allo-HSCT.

Mutations were searched for in the fragment of UL97
gene of HCMYV, codons from 420 to 630, by Sanger
sequencing. A blood sample of the patient with the
highest viral load was analyzed. Next, we collected and
analyzed clinical and laboratory data of recipients for the
period of 2 months before detection of high viral load
and 2 months after detection. The characteristics of allo-
HSC recipients are presented in Table 1.

Table 1. Characteristics of allo-HSC recipients included in the study

Tabdauna 1. Xapakrepuctuku penunuentoB anio-I'CK, BKItoueHHbIX
B HCCIIEJIOBAHHE

Parameter Value
ITapamerp Bennunna
Total patients, abs. 14
Bcero nanuenTos, a6c.
Gender, male/female 59
Tlos1, My)KYHHBI/HKSHIITUHBI
Median age, years (range) 40 (28-65)

Menuana Bo3pacrta, JeT (auana3oH)

The main diagnosis
OCHOBHOI1 IUarHo3

Number of patients, n
Yuciio nalueHToB, 1

acute myeloid leukemia

OCTPBIil MUETIOUIHBIH JIEHKO3 7
acute lymphoblastic leukemia 3
ocTpblit auMQoOIacTHBI eiiko3

aplastic anemia 1
aracTH4ecKas aHeMUs

primary myelofibrosis 1
HepBUYHBII MHET0pHOpo3

diffuse B-large cell lymphoma 1
g dy3Has B-kpynHokieTouHas tumpoma

follicular lymphoma 1

domnukynsipaas numdoma

Type of transplantation
Bu TpaHcIiaHTanum

Number of patients, n
Yucno nanueHTos, 7

related partially compatible 7
POZCTBEHHAsI YaCTHYHO-COBMECTHMAsI

unrelated partially compatible 4
HEpOJICTBEHHAs] YaCTUYHO-COBMECTHMAs

unrelated fully compatible P
HEPOJCTBEHHAs OJTHOCTHIO COBMECTUMAs

related fully compatible
POICTBEHHAsI TOJTHOCTHIO COBMECTHMAs
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All but one patient received GCV or valganciclovir as
antiviral therapy on average from day 1 or day 3 after
peak viral load was detected. None of the patients includ-
ed in the study died during the follow-up period.

Amplification by nested-PCR to obtain product
for subsequent sequencing

Amplification by nested polymerase chain reaction
(nested-PCR) was performed using Genta PCR Master
Mix reagents from Genterra (USA). For the first round
of nested-PCR the following amplification mixture was
used per one tube: deionized water (8 pL), Genta PCR
Master Mix (5 puL), Forward and Reverse 1 primers solu-
tion (Table 2) 1 pL each (primer concentration 100 pmol/
mL), DNA sample — 10 pL. The total volume of the mix-
ture for the first round of nested-PCR was 25 pL.

Amplification program for the first round of nest-
ed-PCR:

— 95 °C (5 min) initial melting temperature;

— 32 cycles: 95 °C (10 s), 55 °C (40 s), 72 °C (1 min);

— final elongation — 72 °C (5 min).

Amplification mixture for the second round of ampli-
fication: the product of the first round of amplification
(1 pL), a solution of forward (Forward) and reverse (Re-
verse 2) primers (Table 2) 1 puL each (primer concentra-
tion 100 pmol/mL), Genta PCR Master Mix (5 uL), 17 uLL
of deionized water. The total volume of the mixture for
the second round of nested-PCR was 25 pL.

Amplification program for the second round of nest-
ed-PCR:

— 95 °C (5 min) initial melting temperature;

— 5 cycles: 95 °C (10 s), 64 °C (10 s), 72 °C (30 5);

— 25 cycles: 95 °C (10 s), 60 °C (15 s);

— final elongation — 72 °C (5 min).

Sanger DNA sequencing

The presence of nested-PCR products was confirmed by
electrophoresis in 2% agarose gel for further sequencing
using the BrilliantDye version 1.1, cyclic sequencing
kit manufactured by NimaGen (The Netherlands).
Sequencing was performed on a Nanofor 05 instrument.
To exclude false-positive results, both sense and anti-
sense DNA chains were sequenced independently and the
results were checked for concordance. The data obtained
during sequencing were analyzed using the Sequencing
Analysis 5.31 computer program.

In the next step of data analysis, the obtained nucleotide
sequences were compared with the reference sequence of
the UL97 gene of the Merlin strain (GenBank accession
No: AY446894.2), which is considered to be a wild-
type strain, using the Benchling platform (https:/www.
benchling.com).

Statistical analysis

Statistical analysis was performed using statistical
software (Minitab for Windows, version 22.1; Minitab
LLC.). Fisher’s exact test was used to compare categorical
variables between groups of patients who were carriers
of the mutant strain and the wild-type strain. The Mann-
Whitney U-criterion was used to compare constant
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variables in the study groups. Factorial ANOVA was
used to assess the strength of the influence of the studied
factors on the researched traits. The level of statistical
significance was taken as p < 0.05.

Results

Prevalence of mutations in the UL97 HCMV gene in
allo-HSC recipients with an episode of persistent infection

Six mutations (D490A, T502A, C592G, C592F,
E596G and C603W) were detected in HCMV DNA
samples isolated from the blood of 5 of 14 patients.
Four of these have been previously described in the
literature (C592G [17], C592F [18], E596G [19] and
C603W [20]) as mutations associated with virus re-
sistance to antiviral drugs. The remaining mutations
(D490A and T502A) have not been previously report-
ed in the literature. In one patient, two mutations were
detected simultaneously, and both of them had GCV
resistance phenotype (C592G and C603W). The results
are summarized in Table 3.

There was no association of the fact of mutation
detection with the main diagnosis and type of allo-
HSCT. In one patient (Wt 9), the peak viral load was
observed 28 days before allo-HSCT. In almost all wild-
type virus carriers the maximum viral load was observed
at early terms after allo-HSCT (up to 100+ days). In the
overwhelming majority of patients — carriers of mutant
variant of the virus, on the contrary, this peak was fixed at
terms more than 100 days after allo-HSCT.

Comparison of clinical and laboratory data of patients —
carriers of wild-type and mutant variants of the virus

To evaluate the influence of mutations on the character
of the course of infection, the patients were divided into
two groups. Wild-type virus carriers were included in the
Wt group and mutant virus carriers were included in the
Mt group (Table 4). The clinical and laboratory data of
patients 2 months before the onset of maximal viral load
and 2 months later were collected and analyzed.

Further, peripheral blood parameters, duration of vire-
mia and time of virological response to antiviral therapy
were analyzed. The data are presented in Tables 5, 6.

The main parameters of peripheral blood of wild-type
virus recipients and carriers were significantly lower than
in carriers of the mutant variant of the virus.

The median time of peak viral load onset after al-
lo-HSCT, the duration of viremia and the rate of virolog-
ical response to antiviral therapy were not significantly
different in the studied groups.

Table 2. Primers used for nested-PCR and sequencing

Tadauna 2. [Ipaiimepsl, ncrons3oBanHblie 1 nested-PCR 1 cexBeHn-
poBaHHs

Primer name
Hazpanue npaitmepa

Sequence (5°-37)
IocnenoBaTenbHOCTD ONUTOHYKIEOTHIIOB (5°-37)

Forward ACAACGTCACGGTACATCGA
Reverse 1 GTCGTAGTCCAAACTCGAGA
Reverse 2 CGACACGAGGACATCTTGG
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Table 3. Identified mutations in the HCMV genome and the timing of the onset of viral load peaks in all patients

Taoauna 3. BrisiBnennsie mytanun B reHoMe LIMB 1 cpoku HacTyIUIeHHS! TMKOB BUPYCHON HArpy3KH y BCEX MAIIMEHTOB

Patient code
Kon maruenTa

The main diagnosis
OCHOBHOU TMarHo3

Allo-HSCT type
Bug amno-TI'CK

Onset of the peak viral load after
allo-HSCT, days
Cpok HaCTYIICHHS ITHKA BUPYCHOH
Harpy3ku nocine anio-TT'CK, cyt

Mutation
Hamwane myrannu

Mt 1 Acute myeloid leukemia R, PC
- OMJI P, UC
Mt 2 Follicular lymphoma UR, FC
— DJ1 HP, I1C
Mt 3 Acute myeloid leukemia UR, FC
- OMIJI HP, TIC
Mt 4 Acute lymphoblastic leukemia UR, FC
- OJL1 HP, IIC
Mt 5 Acute myeloid leukemia UR, PC
- OoMIJ1 HP, UC
Wt 1 Acute lymphoblastic leukemia UR, PC
- OJI1 HP, UC
Wt 2 Acute myeloid leukemia UR, PC
= OoMIJI HP, UC
Aplastic anemia R, FC
Wt 3 AA P, TIC
Wt 4 Acute myeloid leukemia R, PC
- OoMJ1 P, UC
Wt 5 Primary myelofibrosis R, PC
— IM® P, UC
Wt 6 Diffuse B-large cell lymphoma R, PC
- JBKKJI P, UC
Wt 7 Acute lymphoblastic leukemia R, PC
- OJIJ1 P, UC
Wt 8 Acute myeloid leukemia R, PC
- OMJ1 P, UC
Wt 9 Acute myeloid leukemia R, PC
- OMIJI P, UC

C592G
+118
C603W
E596G +152
C592F +405
D490A +314
T502A +18
Not detected +167
He oGHapyxena
Not detected +70
He obHnapy:xena
Not detected 423
He obOHapyxena
Not detected 439
He o6napyxena
Not detected +50
He oOHapyxena
Not detected +63
He o6napyxena
Not detected
He oOHapyxena *+16
Not detected +60
He obHapyxena
Not detected 28

He oOHapyxena

Note. UR — unrelated allo-HSCT; PC — partially compatible allo-HSCT; R — related allo-HSCT; FC — fully compatible allo-HSCT.

Tpumeuanue. AA — annactuueckas anemust; JIBKKII — nuddysnas B-knerounas kpynaokierounas niuMpoma; OJLJT — octpelii numdoOnacTHbIi eii-
k03; OMJI — ocTpblii MuenouaHblii neiiko3; [IM® — nepBuunsiii Muenopudpos; ®J1 — pommmkynspras mumdoma; HP — neponcrennas amno-TI'CK;
YC — yactuuno-coBmectumas ano-TI'CK; P — poncreennnas anno-TI'CK; I1C — nonHoctsio coBmectumas ajto-TI'CK.

Table 4. Demographic characteristics of patients
Ta6uauua 4. Jlemorpadudeckue XapaKTepUCTHKU MAIIUCHTOB

Parameter All patients Group Wt Group Mt

TTapametp Bce nanuenTst I'pynma Wt I'pynma Mt p
Number of patients, abs. 14 9 5
Yucno nanueHTos, adc.
Gender, male/female
Tlon, Myscxen 5/9 4/5 1/4 NS
Median age (range) 40 (28-65) 42 (28-65) 43 (39-52) NS

Meauana Bo3pacra (Auamna3zoH)

Note. NS — the difference is not significant.

Ilpumeuanue. NS — pa3HuLla HE3HATHMA.

The obtained results raised some doubts because they
contradicted the data of the literature [14]. New groups
were formed for analysis: a patient with the previously
undescribed T502A mutation was excluded from the

group of patients with resistance mutations (the param-
eters of this patient differed dramatically from patients
carrying the resistance mutation). After reassignment
of patients to the groups described above, the analy-
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Table 5. The main indicators of peripheral blood of patients
Ta6mmna 5. OCHOBHBIC IOKa3aTeIH NepH(pEepUIECKON KPOBU HALIUCHTOB

Parameter All patients Group Wt Group Mt
ITapamerp Bce nanuenTst I'pynna Wt I'pynna Mt 4
Hemoglobin, g/l, average + SD 832+ 15,6 82.4+163 85,0 + 14,3 0,036
I'emoryio0uH, 1/1, cpenuee + SD
IT’latelets, thousand/ul, average + SD 92,0+ 68.7 7354555 1277773 <0,001
pOMOOLIUTSI, TBIC/MKIL, cpenHee = SD
Lelvlkocytes, thousand/pl, average = SD 29424 27+25 3.542.0 <0,001
JletikouuTsl, ThIC/MKII, cpeanee = SD
Note. Here and in tables 6, 7: SD — standard deviation.
Ilpumeuanue. 3nech u B Tadn. 6, 7: SD — cTaHAapPTHOE OTKJIOHEHHE.
Table 6. Duration of viremia and time of onset of virological response to antiviral therapy in patients
Tadauua 6. [nmuTensHOCTh BUPEMHHN B CPOK HACTYIUICHHS BHpYycosormdeckoro orsera Ha [IBT y nanmenTtos
Parameter All patients Group Wt Group Mt
ITapametp Bce nauuentst I'pynna Wt I'pynna Mt P
Median time of onset of peak viral load after allo-HSCT, days (range)
MennaHa cpoka HaCTYIUICHUsI IMKa BUPYCHOM Harpy3ku nocie ajuto-TICK, cyt 69 (1-405) 50 (1-167) 152 (18-405) 0,083
(mmamna3on)
Duration of viremia, days, average + SD 3774291 258+ 16,6 6164356 0,075
ITpoomKUTENIBHOCTE BUPEMHUH, CYT, cpefnee + SD
Virological response* to agthlral therapy, days, average + SD 193+ 19.4 13,0+ 11,1 3504282 0.102
Bupyconoruueckunii orset* Ha [1BT, cyT, cpeanee + SD
Note. * — Mt _2 patient data was not taken into account (did not receive antiviral therapy).
Ipumeuanue. * — nannpie naruenta Mt 2 ve yunteiBanu (ue momy4uan [1BT).
Table 7. Comparison of patient indicators in newly formed groups
Taomuua 7. CpaBHeHHe TOKa3aTesell MalieHTOB BO BHOBb 00pa30BaHHBIX IPyIIIax
Parameter Group Wt_new Group Mt _new p
ITapamerp I'pynna Wt_new I'pynna Mt _new
Number of patients, abs.
10 4
Yucio manueHTos, ade.
Hemoglobin, g/l, average + SD 827+ 163 847+ 135 0.036
I'emorio0uH, 1/1, cpenuee + SD > i > > K
Platelets, thousand/pl, average + SD
TpomMOoLuTHI, THIC/MKII, cpeanee £ SD T1,1%£572 127.9+ 81,1 <0,001
Leukocytes, thousand/pl, average = SD
JletikonuTsl, ThIC/MKII, cpeanee = SD 2725 3520 < 0,001
Median time of onset of peak viral load after allo-HSCT, days (range)
Mennana cpoka HaCTYyIUICHHS KA BUpycHOU Harpy3ku nocie amio-TI'CK, cyt 46 (1-167) 233 (118-405) 0,013
(nmama3oH)
Duration of viremia, days, average + SD
IIponomkuTeIFHOCTh BUPEMHH, CYT, cpeanee = SD 24.2£16,7 750£222 0,007
Virological response to antiviral therapy, days, average + SD 125+ 107 443 +25.9 0.029

Bupyconornueckuit orser Ha [1BT, cyt, cpennee + SD

sis was repeated, the results of which are presented in
Table 7.
Discussion

A distinction should be made between refractory and
resistant HCMV infection. Thus, refractory is a clinical
definition based on the criteria of response to antiviral
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therapy, while resistant HCMV infection is a concept
based on the laboratory detection of drug-resistant
genotype or mutations that are responsible for resistance
to antiviral drugs [21].

The frequency of detection of refractory forms of HCMV
infection among organ and tissue recipients is quite high.
According to the latest data, itranges from 5 to 12% among
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solid organ recipients [22, 23]. In HSC recipients, this
index varies depending on many factors, among which
the compatibility of the recipient and donor according to
the leukocyte antigen (HLA) system takes an important
place. Thus, in HLA-compatible allo-HSCT from both
related and unrelated donors the frequency of resistance
is about 8% [23], and in high-risk patients with partially
compatible allo-HSCT — 14.5% [24].

In the present study, mutations in the CMV UL97 gene
were detected in 5 of 14 allo-HSC recipients with evidence
of resistant CMV infection. Among the mutations,
the following were detected: D490A, T502A, C592G,
C592F, E596 and C603W. Four of these (C592G, C592F,
E596G and C603W) are known mutations associated with
resistance of the virus to antiviral drugs. The remaining
two mutations have not been previously described in the
literature. In one patient, two mutations were detected
simultaneously, both being resistance mutations (C592G
and C603W).

Analysis and comparison of clinical and laboratory
data of patients carrying mutant and non-mutant UL97
variants of the virus allowed to reveal a significant
difference in the main peripheral blood parameters
(hemoglobin, platelets and leukocytes). These indices
were significantly higher in recipients with the mutant
variant. However, when comprehensively comparing the
data, it became evident that this phenomenon was related
not to the presence of the mutation as such, but to the time
of its detection. Thus, in case of wild-type strain high
viral load on the average was observed at earlier terms
after allo-HSCT than in mutant strain carriers (50 days
vs. 152 days). In the first case, in the majority of patients
at this term the final transplant engraftment and complete
restoration of hematopoiesis at the expense of the donor
have not yet occurred.

In contrast, the average duration of viremia, the rate
of onset of virological response to antiviral therapy, and
the median time to peak viral load had no significant
difference. This phenomenon was unexpected. It would
be logical to assume that the presence of a GCV resistance
mutation should increase the duration of viremia and
delay the onset of antiviral response to antiviral therapy.
To explain this phenomenon, we further analyzed the data
of recipients with mutations not previously described in
the literature.

The patient with T5S02A mutation differed strikingly
from other carriers of the mutant strain by clinical and
laboratory data, namely: high viral load was recorded
only 18 days after allo-HSCT, the duration of viremia
was 8 days, and antiviral response was observed on the 8th
day of antiviral therapy. Thus, it can be hypothesized
that the T502A mutation in the UL97 gene of HCMV
is probably not associated with GCV resistance.
Consequently, this patient should have been considered as
a carrier of a variant virus without the resistance mutation
and assigned to the group of patients with wild-type virus
(Wt_new group).

Clinical and laboratory data of the patient with D490A
mutation, on the contrary, indicated probable resistance
to GCV: high viral load was recorded on the 314th day

OPUTUHAJbHbBIE NCCNEAOBAHUA

after allo-HSCT, the duration of viremia was 45 days,
and the antiviral response occurred on the 16th day after
initiation of antiviral therapy. Such a difference between
the duration of viremia and duration of antiviral therapy
can be explained by the fact that the viral load in this
patient before the peak was in the area of low values,
and their condition did not require antiviral treatment.
The data obtained suggest that the D490A mutation is
associated with GCV resistance. However, confirmation
of this fact requires further research. Thus, the above-
mentioned patient should have been left in the group of
carriers of the mutant variant of the virus, and the group
should have been renamed to Mt new.

After redistribution of patients into the newly formed
groups, a significant difference was obtained for all
studied parameters (Table 7). The obtained data provide
additional grounds to suggest that the T502A mutation is
probably not associated with GCV resistance, while the
D490A mutation, on the contrary, is associated. Thus, the
detection rate of GCV resistance mutations among allo-
HSC recipients was 4 of 14 (28.6%).

Within the framework of the present study and taking
into account previously published data [14, 15], it can
be stated that the emergence of GCV resistant virus can
lead to a change in the course of HCMYV infection. The
results obtained in the course of the study confirm the
relevance and practical significance of the identification
of mutations associated with resistance to antiviral drugs.

Research limitation

When evaluating the results obtained, it should be taken
into account that the Sanger sequencing method used in
this study to search for mutations has limitations. For
example, it does not allow detection of DNA sequences
with a proportion of less than 10%. Other laboratory
methods, such as next-generation sequencing (NGS), are
more sensitive, which confirms the relevance of a similar
study putting them to use [25]. GCV resistance mutations
can also be localized in the UL54 gene encoding DNA
polymerase. Viruses carrying such mutations may be
cross-resistant to other antiviral drugs [26].

Conclusion

The data obtained during the present study are consistent
with the results of previous studies and expand the ideas
about the influence of mutations associated with resistance
to antiviral drugs on the course of HCMYV infection in
HSC recipients [7, 15]. It was shown that almost 1/3 (4 out
of 14) of allo-HSC recipients with signs of stable HCMV
infection have mutations associated with resistance to
GCV action. D490A, a mutation with such potential, was
found and described for the first time. Recipients who
are carriers of the mutant variant of HCMYV had longer
viremia and a longer period of negative virological results
after the start of antiviral therapy.

Nevertheless, at the moment, standardized algorithms
for mutation diagnosis have not been approved either
in the Russian Federation or abroad, despite the fact
that such proposals have been put forward repeatedly
[7, 15, 27]. Genotyping and search for mutations in
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case of non-response to antiviral therapy is extremely
relevant. Information about a specific mutation and its
characteristics can contribute to making a more informed
therapeutic decision.
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