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Human erythroviruses are more commonly known 
as parvovirus B19 (B19V). They belong to the Erythro-
virus genus within the Parvovirinae subfamily and the 
Parvoviridae family (Fauquet et al. 2005). The B19V are 
responsible for a wide range of human diseases such as 
erythema infectiosum (fifth disease), transient aplastic 
anaemia and hydrops fetalis, as well as arthropathy in 
adults, chronic anaemia in immunocompromised patients 
and abortion (Feder & Anderson 1989, Kirchner 1994). 

Based on the phylogenetic analysis of the B19V DNA 
sequences, it was proposed that B19V should be classi-
fied into three distinct genotypes: B19V-related viruses 
corresponding to genotype 1 (prototype strain Au), A6-
related viruses corresponding to genotype 2 (prototype 
strains LaLi and A6) and V9-related viruses correspond-
ing to genotype 3 (prototype strains V9 and D 91.1) 
(Servant et al. 2002).

To determine which genotypes of B19V are present 
in some geographic Brazilian and Paraguayan regions, 
clinical samples were analysed by single-stranded con-
formation polymorphism (SSCP), heteroduplex mo-
bility assay (HMA) and nucleotide sequencing. HMA 
and SSCP have been widely employed for DNA map-
ping, identification and genotyping (Hayashi & Yan-
dell 1993, Barlow et al. 2000) because they reduce the 
number of samples that require analysis by nucleotide 
sequencing (Mendonça et al. 2008).

In this work, 99 polymerase chain reactions (PCR)-
positive samples for B19V were utilised. Ninety-seven 
serum samples were collected from individuals present-
ing with abortion (2) or with clinical symptoms such as 
exanthema (47), arthropathies (4), severe anaemia (2) or 
transient aplastic crisis (2). Two samples were collected 
by skin biopsy from injuries not related to B19V. Addi-
tional samples (40) originated from patients presenting 
with exanthematic diseases who had tested positive for 
B19V via the ���������������������������������������enzyme-linked immunosorbent assay������ (ELI-
SA) test, but negative for measles and rubella viruses. All 
samples were supplied by Brazilian (LACEN-RJ-Labo-
ratório Central de Saúde Pública Noel Nutels, Fundação 
Oswaldo Cruz, HEMORIO-Instituto Estadual de Hema-
tologia Arthur de Siqueira Cavalcanti, Hospital Universi-
tário Clementino Fraga Filho (HUCFF) and Hemocentro 
Regional de Passo Fundo) and Paraguayan (Laboratorio 
Central de Salud Pública) public institutions.

The samples were collected from individuals from 
southern, south-eastern and midwestern Brazil and 
also from Paraguay. The majority of samples were col-
lected between August-December in the years 1997 
through 2005. The clinical samples were identified by 
their geographic region of origin followed by a number: 
Paraguay (PAR), Goiás (GO) (midwestern region, Bra-
zil), Rio de Janeiro (RJ) (south-eastern region, Brazil) 
and Rio Grande do Sul (RS) (southern region, Brazil). 
The project was approved by the Ethics Committee of 
HUCFF of the Universidade Federal do Rio de Janeiro 
(Brazil). All experiments were performed in compliance 
with relevant laws and institutional guidelines and in ac-
cordance with the Declaration of Helsinki. 

Two different adapted protocols were utilised for 
DNA extraction from serum and formalin-fixed skin 
samples, as already preconised (Cassinotti et al. 1993, 
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heteroduplex mobility assay, single-stranded conformation polymorphism and nucleotide sequencing were uti-
lised to genotype human parvovirus B19 samples from Brazil and Paraguay. Ninety-seven serum samples were 
collected from individuals presenting with abortion or erythema infectiosum, arthropathies, severe anaemia and 
transient aplastic crisis; two additional skin samples were collected by biopsy. After the procedure, all clinical 
samples were classified as genotype 1.
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Mendonça et al. 2008). DNA from the genotypes 1, 2 and 
3 of B19V prototypes were used as standard samples: (i) 
prototype strain Au (GenBank M13178) and T900 (clini-
cal sample) (Mendonça et al. 2008) of the genotype 1, (ii) 
variant A6 (GenBank AY064476) of the genotype 2 and 
(iii) variant Gh3051 (GenBank AY582125) of the geno-
type 3. The semi-nested PCR, which was performed 
in two steps, amplified a partial VP1-unique region of 
327 bp. In the first PCR, primers PVP1 (ACAAGCCT-
GGGCAAGTTAGC) and PVP2 (CTGCACCAGT-
GCTGGCTTCT) were used; in the second PCR, PVP3 
(TGGGCCTGGCAATGAGCTAC) and PVP2 were uti-
lised, as reported previously (Mendonça et al. 2008). 

In SSCP analysis, 10 µl of PCR product were mixed 
with 6 µl of formamide buffer at 95% including 20 mM 
EDTA and 0.25% bromophenol blue dye, heated to 95ºC 
for 5 min, and immediately transferred to ice for 2 min 
until gel application. The reaction was then applied to 
a 15% polyacrylamide gel in Tris-HCl buffer, pH 6.8 
and subjected to electrophoresis at 60 V for 18 h at 4ºC. 
The sample was visualised by silver staining (Herring 
et al. 1982, Mendonça et al. 2008). In HMA analysis, 
each set of two samples was compared by mixing to-
gether 3.5 µl of each PCR product. The mixture was 
heated to 98ºC for 5 min and 55ºC for 30 min and was 
then maintained at 25ºC until gel application. Electro-
phoresis was performed utilising a 15% polyacrylamide 
gel in Tris-HCl buffer, pH 8.8, at 30 V for 17 h at room 
temperature. The sample was visualised by silver stain-
ing (Mendonça et al. 2008). A subset of our samples was 
selected to represent each SSCP or HMA electrophoret-
ic pattern (CP5/GenBank HQ127222, PAR89/GenBank 
HQ127220, RJ7/GenBank HQ127221, RJ802/GenBank 
HQ127218, RJ11/GenBank HQ127219, PAR100/Gen-
Bank HQ127216, GO864/GenBank HQ127215, RS816/
GenBank HQ127217 and RJ886/GenBank HQ127214). 
They were sequenced in the forward and reverse direc-
tions using primers PVP3 and PVP2, respectively, as al-
ready reported (Mendonça et al. 2008).

From SSCP analysis, 58 samples (represented by 
RJ808) presented the same pattern as prototype Au, 29 
(represented by RJ220) presented the same as T900 (clin-
ical sample of genotype 1) (Mendonça et al. 2008) and 
eight samples presented their own individual patterns 
(Fig. 1). Another five samples could not be tested by SSCP 
due to insufficient sample and the lack of extracted DNA. 
The HMA analysis showed that 95 samples presented ho-
moduplexes against genotype 1 and heteroduplexes when 
tested against genotypes 2 and 3. Another four samples 
(RJ802, RS816, GO864 and RJ11) presented heterodu-
plexes when tested against any genotype (Fig. 2).

The crossover among HMA and SSCP results re-
vealed that all 58 SSCP Au-like samples and all 29 SSCP 
T900-like samples, such as PAR89, RJ7, PAR100 and 
RJ886 samples, presented homoduplexes against geno-
type 1. However, it was not possible to determine the 
genotypes of RJ802, RS816, GO864 and RJ11. These 
samples presented heteroduplexes against genotypes 1 
and 2, while RJ802, RS816, GO864 and RJ11 presented 
heteroduplexes against genotypes 1, 2 and 3. To confirm 
the results from SSCP and HMA analyses, two SSCP 

Au-like samples (RJ2011 and RJ866) and two SSCP 
T900-like samples (T900 and RJ771), besides PAR89, 
RJ7, RJ802, RJ11, PAR100, GO864, RS816 and RJ886 
samples, were submitted to nucleotide sequencing. Af-
ter the alignment and phylogenetic analysis (data not 
shown), all samples were classified as genotype 1. The 
SSCP Au-like and T900-like groups were detected in all 
regions studied, including Paraguay and the Brazilian 
states of Espírito Santo, Minas Gerais, RJ, RS and GO.

After nucleotide sequencing, it was shown that the 
SSCP Au-like samples have the same nucleotide se-
quence as the Au prototype, while the T900-like samples 
present only one substitution point (synonymous substi-
tution) when they are compared to Au (Mendonça et al. 
2008). The eight samples with their own pattern present-
ed two or three substitutions when compared to Au.

Variations up to one nucleotide (99.7% of similarity) 
could be detected by SSCP and confirmed by nucleotide 
sequencing. Thus, PAR89 and RJ7 samples that exhib- 
ited sequence variations of only one nucleotide and a 
very similar SSCP standard could be distinguished due 
to a small delay in migration (Fig. 1).

The pattern distribution exhibited no significant dif-
ferences in relation to symptoms, sex or year and month 
of incidence. However, in previous Brazilian studies, all 
three genotypes were detected (Sanabani et al. 2006, 
Keller et al. 2009). These studies utilised samples col-
lected from individuals who had haematological symp-
toms or who were infected with human deficiency virus; 

Fig. 1: single-stranded conformation polymorphism analysis of the 
mobility shift of denatured single-stranded DNA fragments in parvo-
virus B19 standard* and clinical samples. The clinical samples were 
identified by their geographic region of origin followed by a number: 
Paraguay (PAR), Goiás (GO) (midwestern region, Brazil), Rio de 
Janeiro (RJ) (south-eastern region, Brazil) and Rio Grande do Sul 
(RS) (southern region, Brazil). Lane 1: Au genotype 1*; 2: RJ808; 
3: T900* (clinical sample of genotype 1) (Mendonça et al. 2008); 4: 
RJ220; 5: PAR89; 6: RJ7; 7: RJ802; 8: RJ11; 9: RJ886; 10: PAR100; 
11: GO864; 12: RS816.

Fig. 2: heteroduplex mobility assay analysis of the mobility shift 
heteroduplex formations (Het) in mixtures of set of different parvo-
virus B19 clinical samples and Au genotype 1 (G1), A6 genotype 2 
(G2) and Gh3051 genotype 3 (G3) parvovirus B19 standard samples. 
Lane 1: G2+RJ2011; 2: G1+RJ2011; 3: G3+RJ2011; 4: G2+RJ802; 5: 
G1+RJ802; 6: G3+RJ802; 7: G2+RS816; 8: G1+RS816; 9: G3+RS816; 
10: G2+RJ11; 11: G1+RJ11; 12: G3+RJ11; 13: G2+GO864; 14: 
G1+GO864; 15: G3+GO864. Homo: homoduplex formations.
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most of our samples originated from patients with exan-
thematic symptoms. However, Freitas et al. (2008) identi-
fied genotypes 1 and 3 as being responsible for exanthe-
matic infections in habitants from the Brazilian Amazon 
region, showing significant predominance of genotype 1 
(91%) and evidence of dissemination of genotype 3.

 At the moment, genotype 1 is the most commonly 
detected genotype in the world, but genotype 3 has been 
observed in many countries as well (Hübschen et al. 
2009). This work shows the presence of B19V genotype 
1 in southeast, south and midwestern regions of Brazil 
through 2005, but continuous monitoring is necessary to 
detect all known genotypes and the emergence of new 
genotypes of these viruses.
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