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ABSTRACT
Introduction: Human cytomegalovirus is an opportunistic betaherpesvirus that causes 
persistent and serious infections in immunodeficient patients. Recurrent infections occur 
due to the presence of the virus in a latent state in some cell types. It is possible to examine 
the virus using molecular methods to aid in the immunological diagnosis and to generate 
a molecular viral profile in immunodeficient patients. The objective of this study was to 
characterize cytomegalovirus genotypes and to generate the epidemiological and molecular 
viral profile in immunodeficient patients. Methods: A total of 105 samples were collected 
from immunodeficient patients from the City of Belém, including newborns, hemodialysis 
patients, transplant recipients and HIV+ patients. An IgG and IgM antibody study was completed 
using ELISA, and enzymatic analysis by restriction fragment length polymorphism (RFLP) was 
performed to characterize viral genotypes. Results: It was observed that 100% of the patients 
had IgG antibodies, 87% of which were IgG+/IgM-, consistent with a prior infection profile, 13% 
were IgG+/IgM+, suggestive of recent infection. The newborn group had the highest frequency 
(27%) of the IgG+/IgM+ profile. By RFLP analysis, only one genotype was observed, gB2, which 
corresponded to the standard AD169 strain. Conclusions: The presence of IgM antibodies in newborns 
indicates that HCMV continues to be an important cause of congenital infection. The low observed 
genotypic diversity could be attributed to the small sample size because newborns were excluded 
from the RFLP analysis. This study will be continued including samples from newborns to extend 
the knowledge of the general and molecular epidemiology of HCMV in immunodeficient patients.
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RESUMO
Introdução: O citomegalovírus é um betaherpesvírus oportunista, causador de infecções 
persistentes e graves em pacientes imunodeficientes. As infecções recorrentes ocorrem devido à 
presença do vírus em estado de latência, em alguns tipos celulares, o que possibilita a pesquisa 
viral por métodos moleculares para auxiliar nos diagnósticos imunológicos, assim como traçar o 
perfil epidemiológico e molecular viral em pacientes imunodeficientes. O objetivo deste estudo 
foi caracterizar os genótipos de citomegalovírus e traçar o perfil epidemiológico e molecular 
viral em pacientes imunodeficientes. Métodos: Um total de 105 amostras foi coletado de 
pacientes imunodeficientes da Cidade de Belém, incluindo recém-nascidos, hemodialisados, 
transplantados e pacientes HIV+. Foi realizada a pesquisa de anticorpos IgG e IgM pelo método 
ELISA e análise enzimática pelo método restriction fragment length polymorphism (RFLP) 
para caracterização dos genótipos virais. Resultados: Foi observado que 100% dos pacientes 
apresentavam anticorpos IgG, 87% eram IgG+/IgM- perfil de infecção pregressa; e 13% IgG+/
IgM+ sugestivo de infecção recente. O grupo dos recém-nascidos apresentou maior frequência 
(27%) do perfil IgG+/IgM+. Na análise por RFLP, foi observado um único genótipo, o gB2, 
que corresponde ao padrão genotípico da cepa AD169. Conclusões: A presença de anticorpos 
IgM nos recém-nascidos indica que o vírus CMV continua sendo causa importante de infecção 
congênita; a baixa diversidade genotípica pode ser atribuída ao tamanho amostral devido a 
exclusão dos recém-nascidos na análise por RFLP. Esse estudo será continuado incluindo 
amostras de recém-nascidos a fim de contribuir para um amplo conhecimento da epidemiologia 
geral e molecular do citomegalovírus em pacientes imunodeficientes da Cidade de Belém.
Palavras-chaves: Citomegalovírus. Imunodeficiente. Diversidade genotípica. DNA viral. RFLP.

Human cytomegalovirus (HCMV) is an 
opportunistic betaherpesvirus that causes serious 
and persistent infections in immunodeficient 
patients1-3. Secondary infections occur by viral 
reactivation from latency in some cell types and 
transplanted organs or by reinfection4-8. This 
persistent nature of HCMV infection facilitates the 
use of molecular and immunological diagnostic tools. 
It also allows the molecular and epidemiological 
profiling of virus isolates from individuals with risk 
factors for infection, such as immunosuppression 
and living in an underdeveloped country where the 
HCMV  seroprevalence is elevated9-13. 

Molecular analyses by restriction fragment 
length polymorphism (RFLP) and sequencing of the 
glycoprotein B (gB)-encoding region of the HCMV 
viral envelop are used as basic tools for genotypic 
classification of the virus and the association 
between genotypes and immunodeficient patient 
categories as assessed by clinicians14-24. Rasmussen 
associated this genotypic variability with graft 
rejection in liver transplant patients and with the 
level of neutropenia in organ recipients, which can 
result in death. 

A study of the genotypic distribution of HCMV 
reported that the gB2 genotype is the most frequent 
in asymptomatic kidney transplant patients, bone 
marrow transplant patients with infections and 
asymptomatic premature babies17. Bale et al. 
observed an association between the gB3 genotype 
and in utero infection with a severe clinical outcome 
of cytomegaly. Trincado et al. identified the gB1, 
gB2 and gB3 genotypes in utero infected babies, 
children with perinatal infection and HIV-positive 
patients, respectively. Ahumada-Ruiz et al. described 
53 polymorphics standards distributed between the 
gB1, gB2 and gB3 genotypes in HIV seropositive 
individuals, blood donors, alcoholics, pregnant 
women, children with leukemia and in utero infected 
newborns. The neonatal group was the only group 
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METHODS

RESULTS
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TABLE 1 - Immunological status of the analyzed patient sub-groups.

	                   RN                Hemodialysis 	               HIV+               Transplanted

Antibodies	 n	 %	 n	 %	 n	 %	 n	 %

IgG +/IgM-	 22	 73.0	 28	 93.3	 13	 87.0	 28	 93.3

IgG+/IgM+	 8	 27.0	 2	 6.7	 2	 13.0	 2	 6.7

Total	 30	 100.0	 30	 100.0	 15	 100.0	 30	 100.0

RN: newborn, HIV: Human immunodeficiency virus, IgG: immunoglobulin G,  
IgM: immunoglobulin M.

that presented three of the four HCMV genotypes. Based on these 
analysis tools, Chou & Dennison and Meyer-König et al. classified 
the HCMV gB genotypes into four distinct groups: gB1, gB2, gB3 
and gB4.

The objective of this study was to genotypically characterize 
HCMV isolates from immunodeficient patients by RFLP of 
the gB region. We sought to relate different viral genotypes to 
groups of immunodeficient patients and to trace their molecular 
epidemiological profiles.

From 2005-2006, 105 blood samples were selected from 
immunodeficient patients suspected of HCMV infection by requesting 
these samples from the attending clinical and epidemiologic at the 
Instituto Evandro Chagas. The selected categories were hemodialysis 
patients using corticosteroids (n = 30); kidney transplant patients 
(n = 30); HIV-positive patients (n = 15); and newborns suspected 
of TORCH infections (n = 30). The analysis of IgG and IgM 
antibodies was performed using the Diassorin ELISA serological 
method according to the manufacturer’s recommendations. The 
IgM+ samples were further amplified by PCR and individually 
digested with Hinf I or RsaI enzimes. Viral DNA was extracted from 
the leukocytes of IgM+ patients with the GFX Genomic Blood DNA 
Purification Kit from Amersham Biosciences. In the PCR reaction, 
primers P1-1319 and P2-1604 (Chou & Dennison) were used to 
amplify a 296-bp region of the gene encoding the viral envelope 
protein gB. The PCR reaction was composed of sterile water, 
primers, dNTP mix, MgCl2, Taq Polymerase and extracted DNA. 
The amplification conditions were identical to those used by Chou 
& Dennison. The GeneAmp 9700 PCR System thermocycler from 
Applied Biosystems was used. 

After the amplification step, the samples were analyzed by 
electrophoresis in a 1% agarose gel and visualized under ultraviolet 
light using the Vilber Lourmert® photodocumentation system. The 
amplified DNA bands were compared with the positive control and 
the molecular weight markers. Amplified DNA samples were digested 
with Hinf I and RsaI enzimes under the following conditions: 37ºC 
for 180min, 65ºC for 10min, 25ºC for 20min, followed by incubation 
at 4ºC. 

The sizes of the RsaI fragments that designate HCMV genotypes 
are as follows: GB1 66-239 bp, GB2 63-239 bp, GB3 63-195 bp and 
GB4 66-195 bp; with Hinf I: GB1 67-202 bp; GB2 100-202 bp; 
GB3 97-202 and GB4 67-202. The visualized DNA fragments were 
compared with the undigested and digested fragments from the 
AD169 strain and the 50- and 100-bp molecular weight markers.

The results of the ELISAs of the 105 samples selected for this 
study revealed that 100% of the samples were IgG positive. Of these, 
87% of the patients had previously come in contact with the virus 
and therefore had the immunological profile of IgG positive and IgM 
negative, and 13% presented concomitant IgG and IgM antibodies, 
suggestive of recent infection.

The immunological status of each subgroup of patients is shown 
in Table 1. The anti-HCMV antibody prevalence was elevated in all of 

the patient groups with the IgG+/IgM- immunological profile more 
frequent in hemodialysis and kidney transplant patients (both with 
93.3% frequency). The newborn group had a greater IgG+/IgM+ 
profile frequency (27%), indicating congenital infection. The other 
groups had IgG+/IgM+ percentages of 6.7% (hemodialysis) and 
13% (transplant), correlating with acute HCMV infection in two 
individuals in each of those groups (Table 1).

It was not possible to obtain satisfactory results from PCR 
amplification of the newborn samples; therefore, this group was 
excluded from the RFLP analyses. The other IgM+ samples were 
digested using the Hinf I and RsaI restriction enzymes to characterize 
HCMV genotypes (total of 6 samples). Figure 1 is an image of a 
representative gel with the results from the enzimatic digests of the 
three cited groups (hemodialysis, transplant and HIV+). From left 
to right, the samples are as follows: 1st and last well are the 50-bp and 
100-bp molecular weight markers, which confirm the sizes of the 
restriction fragments. The 11th and 12th wells contain the DNA of the 
AD169 strain digested by RsaI and Hinf I enzimes, respectively. The 
13th well contains  the undigested AD169 strain, which represents an 
amplification standard. From the 2nd well, the digests of clinical samples 
are shown, in order of patient number with alternating RsaI and Hinf I 
in successive lanes. The clinical samples were compared with the 50-bp 
molecular weight ladder (1st well on the left of the gel) and the gB2 
positive control DNA of Strain AD169 digested with both enzymes. 
All RsaI fragments from clinical samples were sized from 250-200 bp.

FIGURE 1 - PCR products digested by restriction enzymes.
 PM 50bp: 50bp molecular weight marker, R: enzyme Rsa I, H: enzyme Hirf I, NDG: 
sample without digestion, PM 100bp: 100bp molecular weight marker. 

The analysis of the RsaI fragment bands confirms the samples with 
the possible gB1 and gB2 genotypes because the fragments generated 
with Hinf I are located between the 200- and 150-bp bands. Based on 
the Hinf I and RsaI digest results of clinical samples compared to the 
AD169 control strain, we concluded that all of the digested samples 
belong to the gB2 genotype. These data are presented in Figure 1.
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DISCUSSION

TABLE 2 - Results of the serological and molecular analyses.

	 Serological

	 positive	 negative

PCR	 (infection)	 (without infection)

Negative	 8	 97

Positive	 6	 0

Total	 14	 97

PCR: polymerase chain reaction.

The combined molecular and serological analyses are presented in 
Table 2. Only 6 samples were positive for HCMV infection by both 
methods. By serology, 13.3% (n = 14) of samples were positive for 
the recent infection profile, whereas only 5.7% (n = 6) were positive 
for viral DNA indicative of active HCMV infection. No statistically 
significant difference was observed between the results of the two 
laboratory methods by Fisher’s exact test (p > 0.05, F = 0.0061, 
degrees of freedom = 1).

The results of the ELISA analyses of the 105 samples selected for 
the study demonstrated that 100% of the patients had IgG antibodies 
and 13% had IgM antibodies, which is the profile (IgG+/IgM+) 
suggestive of a recent HCMV infection. 

The presence of IgG antibodies in the absence of IgM in 
immunosuppressed patients does not necessarily represent a good 
prognosis, because HCMV is an opportunistic pathogen that can 
reactivate in the presence of IgG antibodies. The immunosuppressed 
state of these individuals, in addition to drug therapy during the 
treatment of their main disease, also favors the occurrence of a 
possible secondary infection by a new viral strain. The elevated 
frequency of IgG antibodies and absence of IgM antibodies in the 
investigated patients is compatible with the immunological and 
epidemiological profile of a low socio-economic level and of Latin 
American countries where the HCMV seroprevalence is elevated6,9,11. 

Among the newborns, transplant recipients, hemodialysis patients 
and HIV carriers selected for analysis, the presence of IgG antibodies 
was observed at elevated frequencies in all individuals. Newborns were 
the most affected group with profiles suggestive of congenital infection 
in 27% of the investigated babies. These results highlight the importance 
of prenatal HCMV diagnosis along with other toxoplasmosis, rubella, 
cytomegalovirus and herpes (TORCH) agents and epidemiological 
monitoring of HCMV-infected newborns. Although no molecular 
analysis was completed on newborns in the present study, the gB 
genotype has been associated with congenital infections. Bale et al. 
described this association after RFLP analysis of the gpUL55 region 
of gB, in which a greater frequency of the gB3 genotype was observed 
in utero infected children with severe clinical signs of cytomegaly.

The PCR positivity did not reach the expected values as found in 
the serological analysis, possibly due to the difficulty in amplifying 
samples from the newborns. Although the difference was not 
statistically significant, we noted some disadvantages of the molecular 
method compared to the serological method. These differences relate 
to the difficulties in amplifying certain biological specimens, which 
can be due to the presence of inhibitors in the PCR reaction or poor 
sample quality. For newborns, there were difficulties in the quantity 
and quality of the analyzed material, and for this reason, this group 
was excluded from the molecular analysis.

The analysis by RFLP showed that the samples belonged to a 
single genotype group, gB2, which corresponds to the standard 
genotype of the AD169 strain (also the control for this analysis). 
Our findings are consistent with those from Chou and Woo et al. 
with regard to the presence of gB2 in immunodeficient individuals. 
Woo et al. observed a greater frequency of the gB2 genotype in bone 
marrow transplant recipients with HCMV-associated symptoms. In 
contrast, Fries et al. and Trincado et al. associated the gB1 genotype 
with immune deficiency.

Aquino & Figueiredo among others described high frequencies 
of the gB1 (61.8%) and gB3 genotypes (58.8%) in kidney recipients 
with gB2 in the minority of samples (41.2%). Simultaneously, 70.6% 
of the individuals carried more than one gB genotype. Coaquette et 
al. described similar data with regard to the prevalence of the gB1 
(28.9%), gB3 (23.7%) and gB2 genotypes (19.6%) in a group of 
immunocompromised patients; more than one gB genotype per 
patient was also observed in these individuals. Our findings do not 
confirm the results observed by Trincado et al., Aquino & Figueiredo 
or Coaquette et al., likely due to the lower sample size analyzed in 
the present study. Small sample sizes may not be sufficient to observe 
HCMV genotypic diversity by PCR and RFLP, especially in samples 
from newborns, which are difficult to obtain. This study should be 
extended with a greater number of samples, including samples from 
newborns; it may then be possible for these data to contribute to the 
general epidemiological and molecular understanding of HCMV 
based on immunodeficient patients in the City of Belém.
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