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Abstract

Background: Human erythrovirus B19, endemic in the Amazon region since 1990, is associated with a wide spectrum of clinical presentations.
Objectives: To assess the prevalence of erythrovirus B19 infection and the relative frequency of erythrovirus B19 genotypes in patients in
the Amazon region with various clinical presentations.

Study design: A total of 487 clinical samples obtained from patients with symptoms suggestive of erythrovirus infection were tested using
specific IgM and IgG antibody assays (ELISA) and PCR for viral DNA detection. Partial VP1 and VP2 regions were sequenced and genotyped
by phylogenetic reconstruction.

Results: B19 DNA was detected in 117 (24%) of 487 samples. Of these, 106 (91%) isolates were genotype 1 and 11 (9%) were genotype 3.
No genotype 2 was found. Genotype 1 had three clusters (A1, A2 and B) and all genotype 3 sequences were subtype 3b. All patients with
hematological disorders within cluster B of genotype 1 were infected by the same B19 lineage, suggesting that this lineage of B19 may have
been transmitted via transfusion of blood products.

Conclusion: We reported two genotypes, 1 and 3b, with three genotype 1 clusters co-circulating in the Amazon region during the past 10
years.

© 2008 Elsevier B.V. All rights reserved.
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Human parvovirus B19 has a worldwide distribution and is
associated with several clinical illnesses, including erythema
infectiosum (EI), transient aplastic crisis (TAC), arthritis, per-
sistent anemia in immune compromised patients and hydrops
fetalis (Chorba et al., 1986; Caul et al., 1988; Kurtzman et
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and Momoeda, 1997; Koduri, 2000; Chisaka et al., 2006).
Human erythroviruses are grouped into three distinct geno-
types: genotype 1 (B19 strains), genotype 2 (A6 strains) and
genotype 3 (V9/D91.1 strains) (Servant et al., 2002). Parsyan
etal. (2007) have proposed two distinct subtypes of genotype
3, 3a and 3b, related to strains V9 and D91.1, respectively. In
Brazil, the association of B19 infection with EI was reported
20 years ago (Freitas et al., 1988; Miranda et al., 1989). Early
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studies in Rio de Janeiro detected B19 in the plasma of healthy
blood donors (Cruz et al., 1989). Extensive serological sur-
veys among both urban and remote Amazonian communities
have revealed a wide range of prevalence rates (Freitas et al.,
1990, 1993, 1999, 2002). In this report, we describe the preva-
lence and relative frequency of erythrovirus genotypes in sera
of patients with distinct clinical conditions in the Amazon
region.

2. Material and methods
2.1. Clinical samples

Samples were obtained in the Brazilian Amazon, between
January 1995 and December 2005. A total of 487 blood sam-
ples were collected from individuals with exanthematous
illnesses (EIs) (group I) (n=207), hematological disor-
ders (HDs) (group II) (n=188), arthropathy (AP) (group
II) (n=67) and novel B19-associated conditions including
encephalitis, hepatitis, myocarditis (MC) and systemic lupus
erythematosus (LEs) (group IV) (n=25). Of the 487 indi-
viduals, 197 were male. Patient age ranged from 1 month
to 80 years (median 18 years). Blood samples were col-
lected and stored according to Freitas et al., 2007. The study
was approval by the ethical review boards from IEC and the
University of Sdo Paulo (CEPSH-ICB-USP).

2.2. Serological assay

Detection of IgM- and IgG-specific antibodies to ery-
throvirus B19 was performed using a commercial enzyme
immune-assay manufactured by Biotrin™, Dublin, Ireland,
according to the manufacturer’s instructions.

2.3. PCR detection and sequencing

The partial VP1/VP2 region of the B19 genome was
amplified as reported by Durigon et al. (1993). Sequenc-
ing reactions were performed using the Big Dye Terminator
Cycle Sequencing Ready Reaction Kit on an ABI 3100 auto-
mated DNA sequencer (Applied Biosystems, Inc., Foster
City, CA).

2.4. Phylogenetic analysis

Sequences were aligned using the BioEdit Editor version
7.0.5.2 (Hall, 2004). Maximum likelihood (ML) phyloge-
netic tree was generated using PAUP* v4.0b10 (Swofford,
2003), by the tree bisection-reconnection (TBR), subtree
pruning regrafting (SPR) and the nearest-neighbor inter-
change (NNI) heuristic methods. The HKY+I" was the
substitution model used as the best fitted by Modeltest 3.7
(Posada and Crandall, 1998). The same model was also
used to estimate maximum a posteriori (MAP) trees using
a Bayesian Markov Chain Monte Carlo (MCMC) method

available in the BEAST v1.6 package, with chain length of
40 million (Drummond and Rambaut, 2007). The MCMC
method was also used to estimate the time of introduction of
genotype 3 into the Amazon region, under the assumption
of a relaxed molecular clock and several different models of
demographic history: constant population size, exponential
population growth, logistic growth, expansion growth, and
a Bayesian skyline plot. Sampling dates for the reference
sequences were obtained from Parsyan et al. (2007).

We used 117 sequences generated here (Gen-
Bank under accession numbers EF089178-EF089196,
EF089198-EF089232 and EU142742-EU142804), includ-
ing a previously published dataset with 46 sequences from
genotype 1 from Belém (Freitas et al., 2007). The reference
sequences had the following accession numbers: genotype
1 (U31358, U38507, U38509, U38510, U38515, U38546,
U53600, AB030673, AB126271, AF161224, AF162273,
AY386330, AY028237, M13178 and Z70528); genotype
2 (AY044266, AY044268, AY0064476 and AY064475);
genotype 3a (DQ234769, DQ234771, AY582125 and
NC_004295); genotype 3b (AY083234, AY582124,
AY647977, DQ234779 and DQ234778). Therefore, a total
of 145 sequences were compiled for analysis.

3. Results

Of the 487 samples examined serologically, 363 (74.5%)
were B19 antibody-positive and 124 (25.5%) were antibody-
negative (Fig. 1). Erythrovirus DNA was amplified and
sequenced from 117 of the 487 samples (24%) (Fig. 1 and
Table 1). Of the 117 isolates amplified, 107 (91%) had IgM
antibodies only, 3 (2.6%) had IgG antibodies only, and 7
(6%) had neither IgM nor IgG antibodies (Table 1). It was
presumed that samples positive for [gM and/or IgG antibod-
ies, but DNA-negative were derived from patients in whom
viraemia was no longer present or was at undetectable levels.
The seven samples negative for IgM and/or IgG antibodies
but positive by DNA testing were obtained from patients with
erythema infectiosum (n=15) and haematological disorders
(n=2) that had been collected 3-5 days after the onset of
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Fig. 1. Serological and virological laboratory investigations in samples from
487 patients in the Amazon region of Brazil.
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symptoms (Table 1). In group I, 53 (45.3%) genotype 1 strains

- &~ were found in individuals <15 years and 9 (7.7%) in individ-
g 2 g § uals >15 years (p <0.0001). Six (5%) genotype 3 strains were
° —o 2 found in individuals <15 years. In group III, 2 (1.7%) geno-
type 1 samples were found in individuals aged <15 years;
10 (8.5%) were from those aged >15 years (p <0.001). Two
(1.7%) genotype 3 strains were obtained, both from individ-
= - = uals <15 years.

5 §_ S The maximum likelihood tree agreed with the MAP tree
T <SS g8 estimated with BEAST (Fig. 2), where 106 (91%) of 117
- = X isolates clustered within genotype 1 and 11 (9%) clustered
S into genotype 3. Genotype 1 sequences included three distinct
¢ clusters (A1, A2 and B). Cluster A1 included 37 cases of Els,
|2 13 cases of HDs and 7 cases of AP. In cluster A2 there were
e 19 with EI, 6 with HD and 3 with AP. Cluster B included
o ao E g 7 with EI, 11 with HD, 2 with AP and 1 with MC. Among
¥ patients with genotype 3 there was one case of systemic LE, 6
< with EI, 2 with HD and 2 with AP. Importantly, the frequency
; of HD in cluster B (52%) was significantly higher ( x2 =748,
‘fé p<0.006) than the frequency of HD in clusters Al and A2

° eo —|2z (22% and 21%, respectively).
g Both the evolutionary rate and the dates of divergence for

genotype 3 are shown in Table 2. The best-fit model indi-
cated a logistic population growth with a mean nucleotide
substitution rate of 1.2 x 1073 (95% HPD of 3.10 x 10~*
to 2.32 x 1073) (HPD, high probability density). Given this
rate, the most recent common ancestor (MRCA) (i.e., the
time of the oldest node in the tree, indicating the age of the
descendent lineage) for all sequences from genotype 3 was
36 years (95% HPD 14-52 years). The mean time of origin
of subtypes 3a and 3b was 21 (95% HPD 1041 years) and
28 (95% HPD 14-49 years), respectively. The MRCA for

other clinical conditions; G1 = genotype 1; G3

e ee @ Eo genotype 3b in Belém was 19 years (95% HPD 9-38 years).
5
TR} . .
e oo o« E g 4. Discussion
%_%) Until now, there has been only a few studies reporting
° —° 2lE% the prevalence of erythrovirus genotype 1 (B19-type virus)
% % and 3 (V9 and D91.1-related strains) in temperate and trop-
=]= ical countries (Heegaard et al., 2001; Servant et al., 2002;
= 7= 5 g % Sanabani et al., 2006; Toan et al., 2006). Ours is the first report
B3 on these distinct genotypes in the Amazon region. The pre-
§ _;‘2 dominance of genotype 1 (B19) (91%) and the relatively low
S e 5 gﬂ :;; frequency of genotype 3 (9%) in our study are similar to those
<8 previously found in Vietnam (Toan et al., 2006) and France
§ g (Servant et al., 2002). The high frequency of genotype 1 may
?T“T g be explained by the earlier introduction of B19-type virus
= % lineages in the Amazon region about 45 years ago (Freitas et
% a % é % al., 2007). Interestingly our data suggest a recent introduction
=& of the D91.1 variant of genotype 3 in the Amazon (19 years
é ? ago) compared to estimates elsewhere with an MRCA of 36
% :.";“ years in the past (Table 2).
s 2 Sequences from genotypes 1 and 3b had average genetic
=3 o= diversities of 1.1% and 0.8%, respectively, and diverged
& 3 12.8% between genotypes. These values are consistent with
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Fig. 2. Maximum a posteriori (MAP) tree of partial region (476 bp) of B19 virus VP1/VP2 region, obtained in 117 patients from North region of Brazil, from
January 1995 to October 2005. Prototypes of the three B19 genotypes were presented in the tree, together with strains from other places. Posterior values are

specified on the nodes. Scale bar is proportional to the genetic distance.

previous studies in which the same region of the VP1/VP2
gene was analyzed (Servant et al., 2002; Toan et al.,
2006; Parsyan, et al., 2007). The mean substitution rate of
1.2 x 1073 nucleotide substitution/(site year) we found in
genotype 3 strains was higher than rates previously reported
for genotypes 1 (Shackleton and Holmes, 2006; Freitas et
al., 2007) and 3 (Parsyan et al., 2007). Using this rate,
the MRCA for genotype 3 was dated 36 years ago (95%

HPD 14-52 years). Our results differ considerably from the
MRCA estimate of 525 years ago found by Parsyan et al.
(2007). However, the 95% HPD values of this estimate were
extremely large (95% HPD 43.5-1992 years) and overlapped
with our estimate (95% HPD 14-52 years). It appears that
the introduction of genotype 3b into the Amazon region
occurred recently (19 years ago, 95% HPD of 9-38 years).
The mean genetic divergence of 0.8% within the Amazon 3b
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Table 2
Bayesian estimates of population dynamics and evolutionary parameters for the VP1/VP2 region of human erythrovirus D91.1 (genotype 3)

Genotype

All3 3a 3b all 3b Belém
Number of samples 21 5 16 11
Range of sample collection 1991-2005 1995-2005 1991-2004 1997-2003
Molecular clock type Relaxed NA NA NA
Best-fit demographic model Logistic growth NA NA NA
Substitution rate® (95% HPDP) 12% 1073 (3.1 x 107* t0 2.32 x 1073) NA NA NA
Mean age (years) of MRCA® (95% HPD) 36 (14-52) 21 (10-41) 28 (14-49) 19 (9-38)
Mean rate of population growthd (95% HPD) 3.89 (1.034 x 10~* t0 9.228) NA NA NA
Mean epidemic doubling time, A® (years) 5.44 NA NA NA

NA, not applicable.
4 Mean number of nucleotide substitutions per site, per year.
b High probability density.
¢ Most recent common ancestor.
d Mean number of new infections per host, per year.

¢ Time required for the effective number of infections to double in size (A =1n(2)/r, where r = growth rate).

sequences was consistent with a single recent introduction
and is almost three times lower than that of subtype B19/3a
in Ghana (2.72%) (Parsyan et al., 2007).

As in studies from Vietnam, we observed a higher
frequency of genotype 1 associated with EI in children
(45.3%) than adults (7.6%) (Toan et al., 2006). However,
in AP patients, genotype 1 was more frequent in adults
(8.5%) than children (1.7%). Nearly identical age distribu-
tion was observed in HD patients (children, 13.7% and adults,
12.8%).

Similar to the findings of Servant et al. (2002) we found
that genotype 3 was associated with both a wider range of
clinical manifestations and an uneven distribution within clin-
ical groups, with a higher frequency among children with EIL.
Only one adult infected with genotype 3 in our study had
HD, an apparent difference between our results and previous
studies reporting a higher frequency of genotype 3 in adult
patients with hematological symptoms (Nguyen et al., 1999;
Servant et al., 2002; Sanabani et al., 2006).

In genotype 1 we found three different clusters (A1, A2
and B) with elevated rates of non-synonymous substitu-
tions after being independently introduced in the Amazon
region (Freitas et al., 2007). Interestingly, genotype 1 was
more frequently found in women in three of the four clini-
cal groups (data not shown), corroborating previous findings
from patients with AP in the Amazon (Freitas et al., 2002).
Moreover, we observed a statistically higher proportion of
patients within cluster B with HD than in clusters Al or A2.

All samples from cluster B associated with HD patients
came from the local blood bank, the majority having been col-
lected between 2004 and 2005. Moreover, the basal lineage of
cluster B was isolated from a patient receiving blood products
in Rio de Janeiro in 1988, possibly indicating that cluster B
viruses have been associated with blood product therapy for
a significant time. These worrisome findings warrant further
investigation as to whether HD patients might have acquired
infection from the same B19 lineage (cluster B). It should be
pointed out that the Brazilian health system has no routine

screening for B19 in blood banks and B19 can be transmitted
by blood products (Beersma et al., 2005).

In summary, we found two genotypes, 1 and 3b, circu-
lating in the Amazon region of Brazil and three genotype 1
clusters co-circulating during the past 10 years. Prospective
studies are needed to monitor the frequency of erythrovirus
genotypes in the Amazon region and the possible appearance
of genotype 2. We believe that our data should be taken as a
warning by the Brazilian Health System to consider including
B19 screening in blood banks. Besides the primary respira-
tory route of transmission, our findings lead to the hypothesis
that B19 may also have been transmitted for some years
through the administration of blood products to susceptible
patients.

References

Anderson LJ. Human parvoviruses. J Infect Dis 1990;161:603-8.

Beersma MF, Claas EC, Sopaheluakan T, Kroes AC. Parvovirus B19 viral
loads in relation to VP1 and VP2 antibody responses in diagnostic blood
samples. J Clin Virol 2005;34:71-5.

Cassinotti P, Bas S, Siegl G, Vischer TL. Association between human
parvovirus B19 infection and arthritis. Ann Rheum Dis 1995;54:498—
500.

Caul EO, Usher MJ, Burton PA. Intrauterine infection with human par-
vovirus B19: alight and electron microscopy study. J Med Virol 1988;24:
55-66.

Chisaka H, Ito K, Niikura H, Sugawara J, Takano T, Murakami T, et al.
Clinical manifestations and outcomes of parvovirus B19 infection during
pregnancy in Japan. Tohoku J Exp Med 2006;209:277-83.

Chorba T, Coccia P, Holman RC, Tattersall P, Anderson LLJ, Sudman J, et al.
The role of parvovirus B19 in aplastic crisis and erythema infectiosum
(fifth disease). J Infect Dis 1986;154:383-93.

Cruz AS, Serpa MJA, Barth OM, Nascimento JP. Detection of the human
parvovirus B19 in blood donor plasma in Rio de Janeiro. Mem Inst
Oswaldo Cruz 1989;84:279-80.

Cubel RCN, Valadao MC, Pereira WV, Magalhdes MC, Nascimento JP.
Aplastic crisis due to human parvovirus B19 infection in hereditary
hemolytic anaemia. Rev Inst Med Trop Sao Paulo 1992;34:479-82.

Drummond AJ, Rambaut A. BEAST: Bayesian evolutionary analysis by
sampling trees. BMC Evol Biol 2007;7:214.



R.B. Freitas et al. / Journal of Clinical Virology 43 (2008) 60-65 65

Durigon EL, Erdman DD, Gary WG, Pallansch MA, Torok TJ, Anderson LJ.
Multiple primer pairs for polymerase chain reaction (PCR) amplification
of human parvovirus B19 DNA. J Virol Methods 1993;44:155-65.

Foto F, Saag KG, Scharosch LL, Howard EJ, Naides SJ. Parvovirus B19-
specific DNA in bone marrow from B19 arthropathy patients: evidence
for B19 virus persistence. J Infect Dis 1993;167:744-8.

Freitas RB, de Miranda MF, Shirley J, Tudor R, Desselberger U, Linhares
AC. Parvovirus B19 antibodies in sera of patients with unexplained
exanthemata from Belém, Pard, Brazil. Mem Inst Oswaldo Cruz
1993,88:497-9.

Freitas RB, Durigon EL, Oliveira DS, Romano CM, de Freitas MR, Linhares
AC. The “pressure pan” evolution of human erythrovirus B19 in the
Amazon. Brazil Virology 2007;362:281-7.

Freitas RB, Gusmao SRB, Durigon EL, Linhares AC. Survey of parvovirus
B19 infection in a cohort of pregnant women in Belém, Brazil. Braz J
Infect Dis 1999;3:6-14.

Freitas RB, Linhares AC, Miranda MFR, Gabbay YB. Novo agente de
doenca exantematica na Amazonia: O parvovirus “B19”. Bol Epidemiol
1988;20:1-4.

Freitas RB, Monteiro TA, Silva Filho MG, Linhares AC. Association
between human parvovirus B19 and arthropathy in Belém, Para, North
Brazil. Rev Inst Med Trop Sao Paulo 2002;44:17-22.

Freitas RB, Wong D, Boswel F, Miranda MFR, Linhares AC, Shirley J,
et al. Prevalence of human parvovirus (B19) and rubellavirus infec-
tions in urban and remote rural areas in Northern Brazil. ] Med Virol
1990,32:203-8.

Hall T. BioEdit. Biological sequence alignment editor for Windows
[http://www.mbio.ncsu.edu/BioEdit/bioedit.html]. NC, USA: North
Carolina State University; 2004.

Heegaard ED, Panum Jensen I, Christensen J. Novel PCR assay for differ-
ential detection and screening of erythrovirus B19 and erythrovirus V9.
J Med Virol 2001;65:362-7.

Kajigaya S, Momoeda M. Immune response to B19 infection. In: Anderson
LJ, Young NS, editors. Human parvovirus B19, vol. 20, 1st ed. New
York, NY: Karger; 1997. p. 121-36.

Koduri PR. Parvovirus B19-related anemia in HIV-infected patients. AIDS
Patient Care STDS 2000;14:7-11.

Kurtzman GJ, Cohen B, Meyers P, Amunullah A, Young NS. Per-
sistent B19 parvovirus infection as a cause of severe chronic
anaemia in children with acute lymphocytic leukaemia. Lancet 1988;2:
159-62.

Miranda MFR, Linhares AC, Shirley JA. Fifth disease in children living in
Belém, Brasil. Rev Inst Med Trop Sao Paulo 1989;31:359-62.

Nguyen QT, Sifer C, Schneider V, Allaume X, Servant A, Bernandin F, et
al. Novel human erythrovirus associated with transient aplastic anemia.
J Clin Microbiol 1999;37:2483-7.

Parsyan A, Szmaragd C, Allain JP, Candotti D. Identification and genetic
diversity of two human parvovirus B19 genotype 3 subtypes. J Gen Virol
2007;88:428-31.

Posada D, Crandall KA. Modeltest: testing the model of DNA substitution.
Bioinformatics 1998;14:817-8.

Sanabani S, Neto WK, Pereira J, Sabino EC. Sequence variability of human
erythroviruses present in bone marrow of Brazilian patients with vari-
ous parvovirus B19-related hematological symptoms. J Clin Microbiol
2006;44:604—6.

Shackleton LA, Holmes EC. Phylogenetic evidence for the rapid evolution
of human B19 erythrovirus. J Virol 2006;80:3666-9.

Servant A, Laperche S, Lallemand F, Marinho V, De Saint Maur G, Meritet
JF, et al. Genetic diversity within human erythrovirus: identification of
three genotypes. J Virol 2002;76:9124-34.

Swofford DL. PAUP*. Phylogenetic analysis using parsimony (*and
other methods) version 4. Sunderland, MA: Sinauer Associates;
2003.

Toan NL, Duechting A, Kremsner PG, Song le H, Ebinger M, Aberle
S, et al. Phylogenetic analysis of human parvovirus B19, indicating
two subgroups of genotype 1 in Vietnamese patients. J Gen Virol
2006;87:2941-9.

Ueno Y, Umadome H, Shimodera M, Kishimoto I, Ikegaya K, Yamauchi T.
Human parvovirus B19 and arthritis. Lancet 1993;341:1280.


http://www.mbio.ncsu.edu/BioEdit/bioedit.html

	Molecular characterization of human erythrovirus B19 strains obtained from patients with several clinical presentations in the Amazon region of Brazil
	Introduction
	Material and methods
	Clinical samples
	Serological assay
	PCR detection and sequencing
	Phylogenetic analysis

	Results
	Discussion
	References


