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Abstract
Introduction: Human cytomegalovirus is one of the causes of opportunist infections in immunocompromised patients, and 
is triggered by factors such as state of viral latency, weakened immune responses, and development of antiviral resistance 
to ganciclovir, the only drug offered by the public health system in Brazil to treat the infection. The goal of this study was 
to identify mutations that may be associated with antiviral resistance in immunocompromised patients. Methods: Molecular 
analysis was performed in 82 blood samples and subjected to genomic DNA extraction by a silica-based method. Three 
sequences of the HCMV UL97 gene, which encodes a phosphotransferase protein required for activation of ganciclovir, were 
amplified by polymerase chain reaction. Pyrosequencing methods were applied to one external 2096-bp segment DNA and 
two internal sequences between nucleotides 1087 to 1828 to detect mutations in this gene. Results: Approximately 10% of 
sequences contained mutations between nucleotides 377 and 594, in conserved regions of the UL97 gene, leading to amino acid 
changes. Eleven coding mutations were identified, including changes leading to amino acid substitutions, E596K and S604F, 
which were observed in 100% of samples and are described for the first time in Brazil. In addition, one mutation (A594V) that 
is associated with ganciclovir resistance was detected in a kidney transplant patient. Conclusions: Further studies to detect 
mutations associated with HCMV resistance to antiviral drugs are required to demonstrate the need to increase the variety and 
availability of drugs used to treat viral infections in the public health care system in Brazil.

Keywords: Cytomegalovirus. Immunocompromised. Antiviral resistance. Mutations. Phosphotransferase.

INTRODUCTION

Human cytomegalovirus (HCMV or HHV-5) is one of the 
main causes of opportunist infections in immunocompromised 
patients. Activation of the latent virus and viral resistance 
to drugs, along with immunodeficiency, are risk factors that 
contribute to increased morbidity and mortality among patients 
with HCMV infections1.

Several drugs are used to treat cytomegalovirus infection, 
although only ganciclovir is available in the public health care 
system in Brazil. This is a critical consideration, since many 
studies report the circulation of viral strains that are resistant 
to this drug2-8.

Resistance of HCMV to antiviral drugs can be caused by 
mutations in one or two genes encoding the viral tegument, 
UL97 and/or UL549-11, which has been investigated by molecular 
methods, including restriction fragment length polymorphism 
(RFLP) and nucleotide sequence analysis7,12-14. The essential 
UL97 gene encodes the phosphotransferase enzyme pUL97 
which is important for activating ganciclovir. In order to be 
effective, ganciclovir requires the activity of viral and cellular 
phosphotransferases to convert its inactive form into an 
active triphosphate molecule (GCV-TP), which is a powerful 
inhibitor of viral deoxyribonucleic acid (DNA) polymerase5,15,16. 
Mutations conferring resistance to ganciclovir have been 
detected in conserved regions of UL975 and lead to generation 
of a defective protein, with low or no activity3,6,17. Such mutated 
proteins are unable to contribute to ganciclovir activation, and 
can lead to inadequate patient response to treatment18,19.

In Brazil, data on HCMV resistance to antiviral drugs 
are scarce, and most studies have been carried out in the 
southeast region of the country. In 2004, Carraro and Granato12 
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amplified a large region of the UL97 gene from 60 samples 
from kidney transplant patients; however, they did not detect 
any mutations associated with antiviral resistance12. In contrast, 
Nogueira7 described genotypes encoding important mutations, 
L595S (55.6%), L595S/A594V (22.2%), and L595F/A594V 
(11.1%), associated with antiviral resistance in samples from 
kidney transplant patients treated with ganciclovir. Given the 
limited available data on this subject in Brazil, particularly the 
northern region, the objective of this study was to investigate 
mutations in HCMV UL97 gene in blood samples from 
immunocompromised patients, including patients with HIV,  
systemic lupus erythematosus patients and kidney transplant 
patients in the City of Belém, Pará, North Region of Brazil.

METHODS

We performed a cross-sectional, observational study 
with convenience sampling and active search in three public 
healthcare system hospitals in the City of Belém, PA, which 
presents with the highest number of immunocompromised 
patients, including 415 samples of blood collected with 
ethylenediaminetetraacetic acid (EDTA) anticoagulant from 
patients with human immunodeficiency virus/acquired 
immunodeficiency syndrome (HIV/AIDS) (n = 264), systemic 
lupus erythematosus (SLE) (n = 60), and renal transplant 
recipients (n = 214). In total, 82 DNA samples were selected for 
molecular analysis, based on amplified samples of great quality, 
corresponding to 64 samples of HIV, 3 of SLE, 14 of renal 
transplant recipients and the control sample AD169 CMV strain. 

Ethical considerations

The study was registered in the Sistema Nacional de Ética em 
Pesquisa -SISNEP (CAAE-5618.0.000.072-09) and approved 
by the Ethics Committee of Evandro Chagas Institute. All 
participants signed an informed consent form, allowing the 
collection of blood samples and epidemiological data.

Molecular analysis was performed for a total of 82 samples, 
and DNA extraction by a silica-based method, using commercial 
kits (GE Healthcare). DNA was amplified by the polymerase 
chain reaction (PCR) technique. 

Mutations were identified by analyzing the nucleotide 
sequence of a 2096-bp fragment of the UL97 gene by 
pyrosequencing on a GS Junior 454 platform (ROCHE)20. 

The amplification reactions were performed according to the 
protocols published by Nogueira7 and Boivin21, using the primers 
CPT0 (5′-ACGGTGCTCACGGTCTGGAT-3′) and CPT0 2096 
CAGGCGTCGAAGCAGTGCGTGAGCTTGCCGTTCTT-3′) 
to amplify a 2096-bp fragment7,21. Using the product of the first 
reaction as template, nested-PCR reactions were performed 
to amplify two internal fragments of 117bp and 531bp. The 
117-bp fragment was amplified using the primers CT1713 
(5′-CGGTCTGGACGAGGTGCGCAT-3′) and CT1830M 
GACAGGCGTCGAAGCAGTCGTGAGCTTGCGTTCTT-3′), 
a n d  t h e  5 3 1 - b p  f r a g m e n t  w i t h  C T 1 0 8 8 
(5′-ACGGTGCTCACGGTCTGGAT-3′) and CT1619 
(5′-AAACGCGCGTGCGGGTCGCAGA-3′).

Reactions were performed in a final volume of 50µL and the 
components were as follows: 5µL of 10X PCR buffer, 43.15µL 

of distilled water, 0.6mM MgCl2, 0.75mM dNTPs, 0.1pmol each 
primer; 0.2U Taq DNA polymerase, 1% dimethyl sulfoxide 
(DMSO), and 5µL of DNA. The product amplified in the first 
reaction (1µL) was used as template for the nested-PCR. The 
reaction conditions were as follows: initial amplification, 95oC, 
4 min, followed by 35 cycles of 95oC, 45 s; 55oC, 30 s; 72oC, 
90 s; nested-PCR, 95oC, 4 min; followed by 35 cycles of 95oC, 
30 s; 55oC, 30 s; 72oC, 1 min.

The genomic library was amplified by emulsion PCR using a 
commercial kit (ROCHE)22. Sequence assembly was performed 
using Newbler software with the GS De Novo Assembler 
module, applying the following parameters: minimal length 
overlap = 40 and minimal overlap identity = 80%.

RESULTS

After amplifying the target regions (Figure 1 and Figure 2), 
the samples were sequenced and the resulting sequences aligned. 
Approximately 10% of sequences contained mutations between 
codons 377 and 594 in conserved regions of the UL97 gene, 
leading to amino acid changes (Table 1 and Figure 3). Of all 
the coding mutations observed, 20% (n = 2) were transversions 
[i.e., substitution of a purine (A/G) with a pyrimidine (C/T)] and 
80% (n = 8) were other types of substitutions (i.e., substitution 
of purines with purines or pyrimidines with pyrimidines).

Comparison revealed that 100% (n = 82) of the obtained 
sequences harbored mutations, consisting of nucleotide 
substitutions leading to amino acid changes in two positions: 
one at position 1786, the first base of codon 596, GAG → AAG, 
leading to a glutamic acid to lysine alteration (E596K); and 
another at nucleotide position 1811 of codon 604, TCC→TTC, 
causing a serine to phenylalanine substitution (S604F). Given 
the high frequencies of these mutations in our samples, we 
compared them with 30 other sequences deposited in the 
GenBank database from countries including North America, 
Europe, and Asia; these mutations were not observed in any of 
the 30 other sequences.

In intragroup analysis of samples from patients with 
different forms of immune compromise, patients with HIV/
AIDS presented with a higher frequency (n = 5; 62.5%) of 
point mutations leading to amino acid changes; transversion 
mutations were observed only in two samples in this group: 
H-100 (C→G) and H-282 (G→T). These samples exhibited two 
distinct genotypes encoding the amino acid changes A377G and 
A378V in H-100 and A434F and M526I in H-282.

In the SLE patient group, only a single sample had a 
mutation leading to an amino acid change, while in the kidney 
transplant patient group, two samples had mutations causing 
amino acid substitutions, one of which corresponded to an 
alteration associated with resistance to ganciclovir, frequently 
described in literature.

Eleven genotypes leading to amino acid changes in the 
phosphotransferase chain of the UL97 gene were identified, 
located in different regions (Table 1). The amino acid changes 
were A377G and A378V (regions III and IV); A434F and A434H 
(region VI); G501L, N510S, V542I, and M526I (region VIII); 
and A594V, E596K, and S604F (region IX). The genotypes 
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FIGURE 2: Electrophoresis of the 117-bp amplified products from the UL97 
gene by nested-PCR on a 1.5% agarose gel. The first and last wells were 
loaded with 50 and 100 bp molecular markers, respectively. The second well 
contains a positive control PCR product amplified from the AD169 strain, and 
the other wells contain products from the amplification of the 117 bp region 
of the UL97 gene by nested-PCR from representative clinical samples. 
The negative control was not applied in this gel. Lanes 9 and 12 indicated 
no amplification; the samples were tested and amplified in another gel not 
presented in this manuscript. bp: base pair; PCR:  polymerase chain reaction.

FIGURE 1: Electrophoresis of the 531-bp product amplified from the UL97 
gene by nested-PCR reaction on a 1.5% agarose gel. The first well contains 
a 50bp molecular marker, the second well contains a positive control PCR 
product amplified from the AD169 strain, and the last well contains a 100bp 
molecular marker. The other lanes contain products from the amplification 
of the 531bp region of the UL97 gene by nested-PCR from representative 
clinical samples. The line 17 contains a negative control. In line 13, there 
was no amplification, the sample was tested and applied in another gel not 
presented in this manuscript. bp: base pair; PCR: polymerase chain reaction. 

TABLE 1: Mutations in the UL97 gene resulting in amino acid changes, in samples from immunocompromised patients from Belém-PA.

Sample number* Codon number Nucleotide change
(in context of triplet codon)

Amino acid 
change

H-73 501 GAG→AAG Glu→Lys

H-100 377 GCC→GGC Ala→Gly

H-100 378 GCT→GTT Ala→Val

H-163 510 AAC→AGC Asp→Ser

H- 263 542 GTA→ATA Val →Ile

H-282 434 CGT→CAT Arg→His

H-282 526 ATG→ATT Met→ Ile

T- 48.240 510 AAC→AGC Asp→Ser

T- 53.880 594 GCG→GTG Ala→Val

SLE 43 434 CCG→CTG Arg→Fen

*Prefixes: H: HIV; T: kidney transplant; SLE: systemic lupus erythematosus.

encoding E596K and S604F were detected in 100% of analyzed 
samples, including in the control AD169 laboratory strain.

Mutations leading to the substitutions A377G, A378V, 
A434H, M526I, N510S, G501L, and V542I were each present 

in one of five samples from patients with HIV, corresponding 
to 6.1% of all samples sequenced; the A434F genotype was 
observed in a single SLE patient sample and corresponded to 
1.2% of all samples; N510S and A594V genotypes were each 
found in samples from patients receiving kidney transplants 
(2.4% of the 82 samples analyzed). The A594V genotype is 
associated with the antiviral resistance phenotype. The N510S 
genotype was present in two samples, one from an HIV carrier 
and the other from a kidney transplant patient.
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FIGURE 3: Mutations in UL97 leading to amino acid changes in the phosphotransferase chain. H: HIV; SLE: systemic lupus erythematosus; T: kidney transplant.

Based on the presence of mutations in the UL97 gene, the 
genotypic diversity among the groups appeared in a ratio of 
7:2:1 for HIV: kidney transplant: SLE patients; therefore, these 
changes were more frequent in patients with HIV/AIDS.

DISCUSSION

Pyrosequencing analysis of the gene encoding viral 
phosphotransferase (UL97) detected a considerable number of 
silent mutations that did not affect the coding sequence, and 
eleven mutations leading to amino acid changes in the enzyme. 
The ratio of the high frequency of mutations found in patients 
with HIV/Aids was likely due to the discrepancy between the 
sample sizes of the groups. Future studies should be carried 
out with groups of equivalent size to validate the proportion of 
mutations found in the present study.

Among the amino acid-encoding changes, E596K and 
S604F, were detected in 100% (n = 82) of the sequenced 
samples, including the control AD169 strain. However, these 
two changes were not identified in the sequences from different 
studies available in the GenBank database, including sequences 
from Brazil and various other countries.

Nucleotide changes leading to two different substitutions at 
amino acid 596 (E596G and E596D) were described by Erice15 
as associated with a change in codon 603 (C603Y). In this 
study, we identified a genotype different from that observed 
by Erice, encoding the substitution E596K. The E596K and 
S604F mutations have not previously been described in Brazil, 
either singly or in combination. This may be because only a 
small number of Brazilian studies on these mutations have 
been reported. 

Other mutations introducing amino acid changes were 
observed less frequently and were present in eight samples 
(9.8%), with 11 different genotypes. Among these, the A594V 
substitution was present in one individual undergoing kidney 
transplant. This mutation has previously been described by 
several researchers, including those from Brazil, as associated 
with resistance to ganciclovir, and is one of the most common 
mutations in the IX region of the UL97 gene1-4,6-8,23. 

Prolonged use (> 3 months) of ganciclovir may have 
induced the A594V resistance mutation in the kidney transplant 
patient, since according to their clinical history, the individual 
presented with recurrent infection and a high HCMV viral load  
(M = 70,437.26 copies/ml). According to Lurain and Chou1, 
factors such as a weakened host immune response, prolonged 
use of antiviral drugs, and continuous proliferation of HCMV 
may contribute to ganciclovir resistance.

Other mutations in different regions of the UL97 gene 
resulted in the following amino acid changes: A377G and 
A378V (regions III and IV); A434F and A434H (region VI); and 
G501L, N510S, V542I, and M526I (region VIII). The N510S 
mutation was observed in a kidney transplant patient and was 
previously described by Erice in a clinical isolate from a patient 
with episodes of resistance to ganciclovir, together with deletion 
of codons 591-59415. Of the other mutations described in this 
study, only those leading to changes at positions 594, 596, and 
510, have previously been described in the literature.

Mutations detected in this study that led to amino acid 
substitutions in the IX region of the UL97 gene (A594V, 
E596K, and S604F) may affect the activity of the pUL97 
enzyme, since this region corresponds to the binding site of the 
phosphotransferase to the viral DNA chain14.
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The detection of mutations leading to amino acid substitutions 
in the samples of the immunocompromised patients who 
volunteered to participate in this study may be associated with 
either the intermittent use of antiviral drugs due to recurrent 
HCMV infections or the recombination of viral strains. We 
hypothesize that the latter may have occurred, particularly in 
two of the samples from patients with HIV/AIDS (H-100 and 
H-282), since more than one mutation was identified in these 
individuals: A377G/A378V and A434F/M526I, respectively. 
The emergence of more than one resistance genotype in a sample 
from a single patient is associated with recombination between 
wild-type and mutant strains, due to the occurrence of re-infection 
by an exogenous strain21,24-26. This may be due to use of antiviral 
drugs (possibly administered at inadequate doses for prolonged 
periods), high viral load, use of immunosuppressors, and/or weak 
immunological response of the patient. It was not possible to 
include data concerning antivirals due to insufficient information 
in patient records. Opportunist behavior due to latency and viral 
HCMV reactivation may lead to a high number of reinfections, 
necessitating the use of drugs for their control. Therefore, further 
studies are required, including the combined analyses of genes 
UL97 and UL54 DNA polymerase, to detect mutations associated 
with HCMV resistance to antiviral drugs to demonstrate the need 
for an increase in the variety and availability of drugs used to 
treat viral infections in the public health care network in Brazil.
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