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Abstract

The Northeast region isthe location of most cases of acute hepatitis A
virus (HAV) in Brazil. In the present study, the genotypes of HAV
strains from Pernambuco State, one of most populous states in the
Northeast region, were characterized. Blood samples positive for anti-
HAV IgM from 145 individuals (mean age = 29.1 years), collected
during 2002 and 2003, were submitted to nested RT-PCR for amplifi-
cation of the 5" non-translated region (5’ NTR) and VPL/2A regions of
the HAV genome. The VPL/2A and 5 NTR regions were amplified in
39 and 21% of the samples, respectively. Nucleotide sequencing was
carried out in 46% of VPL/2A and in 53% of 5 NTR isolates. The
identity in nucleotide sequence of the VP1/2A region ranged from
93.6 to 100.0%. Phylogenetic analysis of the VPL/2A sequences
showed that 65% belong to sub-genotypel A and 35% to sub-genotype
IB. Co-circulation of both sub-genotypes was observed in the two
years studied. Distinct clusters of highly related sequences were
observed in both sub-genotypes, suggesting endemic circulation of
HAV strains in this area. In the 5’ NTR isolates, 92.7-99.2% identity
was observed and two isolates presented one deletion at position 413.
Phylogenetic analysis showed that genotype |A strains cluster in the
tree in the same way as genotype IB strains, but one 1A isolate from
Spain clusters with genotype IB strains. These results do not alow us
to state that 5’NTR could be used to genotype HAV sequences. This
isthefirst report of co-circulation of sub-genotypes A and IB in this
region, providing additional information about the molecular epide-
miology of HAV strainsin Brazil.
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Introduction

HepatitisA virus (HAV) isan RNA virus
belonging to the hepatovirus genus in the
Picornaviridaefamily (1). HAV isolatesfrom
different parts of the world have been classi-
fiedinto six genotypesbased ona168-nucleo-

tide sequence at the virion protein 1 and 2A
genes (VPL/2A junction) (2,3). The most
frequent human genotypeisgenotypel (more
than 80%), which has been divided into two
sub-genotypes. 1A and IB.

HAV isusually transmitted by the fecal-
oral route through contaminated water and
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food or by person-to-person contact in
schools and in day-care centers (4-7). The
epidemiology of HAV infection in Brazil is
characterized by a heterogeneous pattern,
with low endemicity observed in the South
and Southeast regions, with an anti-HAV
prevalence rate of 55.7%, whereas the high-
est anti-HAV rates, 92.8 and 76.5%, are
observed in the North and Northeast re-
gions, respectively (8). This situation dem-
onstrates the importance of carrying out epi-
demiological studiesin the North and North-
east regions of Brazil.

In previous studies by our group on the
molecular epidemiology of HAV in Brazil
(7,9,10), sub-genotypes |A and IB were de-
tected among acute HAV cases and among
HCV-co-infected patients in the Rio de Ja-
neiro population, whereas in other 8 states
of Brazil only sub-genotype IA was found.
More detailed studies are necessary to deter-
minetherea distribution of HAV genotypes
in our country, and for this reason we pres-
ently evaluated the circulation of HAV sub-
genotypes in Pernambuco State, one of the
most populous states of the Northeast re-
gion.

Recently, it was demonstrated that the
central part of the 5' non-translated region
(5'NTR) of HAV might be correlated with
the severity of HAV infection (11,12). In
order to study the variability of the nucleo-
tide sequence in both regions of the HAV
genome and to identify the genotypes circu-
lating in the Northeast region of Brazil, di-
rect nucleotide sequencing and phylogenetic
analysis were performed on HAV strains
obtained from patients reported to the Public
Health Laboratory of Pernambuco Statefrom
October 2002 to September 2003.

Patients, Material, and Methods
Serum samples

A total of 145 anti-HAV IgM cases of
hepatitisfrom the Central Public Health Lab-

L.M. Villar et al.

oratory of Pernambuco State (C.P.H.L.P.S)
were detected during 2002-2003. Samples
were collected by venipuncture, transported
in an ice box to the laboratory and kept at
-20°C until assayed. Pernambuco is a mixed
urban and rural area of Brazil that receivesa
large number of travelers and visitors. It is
located in the northeast region of Brazil and
hasapproximately 8,000,000 inhabitantsdis-
tributed among 185 counties.

Serological tests

Anti-HAV IgM antibodies were detected
in serum samples with commercialy avail-
able ELISA kits (Organon Teknika, Boxtel,
The Netherlands) according to manufacturer
instructions. To exclude other etiologies of
hepatitis, serum sampleswere al so tested for
hepatitis B surface antigen (HBsAQ) and for
IgM antibodies directed against the HBV
core protein (anti-HBc IgM) using Hepanos-
tika HBsAg Uni-form Il and HBc IgM kits
(Organon Teknika), respectively. The pres-
ence of anti-HCV antibodies was tested by
enzyme immunoassay (UBI HCV EIA 4.0
kit, Organon).

HAV RNA amplification and sequencing

Vira RNA was extracted from 100 pL of
serum by amodified version of the TRIzol®
method (Life Technologies, Rockville, MD,
USA) as described previously (7). Reverse
transcription was carried out at 37°C for 1 h
with a random primer (Life Technologies)
and using Moloney murine leukemia virus
reverse transcriptase (Life Technologies).
One half of the cDNA was used in a PCR
assay that amplified parts of VPL/2A junc-
tion. After 4-min denaturation at 94°C, DNA
was amplified for 30 cyclesat 94°C for 30 s,
40°C for 30 s, 72°C for 1 min, and an addi-
tional 7 min at 72°C in the last cycle, in a
final volume of 50 pL using Tag polymerase
(Life Technologies). The primers used in
thisfirst round of PCR were based on previ-
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ously described sense +2897 and antisense
-3288 primers (13), degenerated as follows
to be able to amplify al HAV genotypes
(‘universal primers'): 5 CTATTCAGATTG
CAAATTAYAAT 3'(sense) and 5 AAYTT
CATYATTTCATGCTCCT 3 (antisense),
where Y represents C or T. Nested PCR was
carried out with 1 pL of the first round PCR
product for 30 cycles under the same condi-
tions (except that the annealing temperature
wasincreasedto 48°C). Internal primerswere
+2949 and -3192 (2) modified asfollows: 5'
TATTTGTCTGTYACAGAACAATCAG3
(sense) and 5 AGGRGGTGGAAGYACTT
CATTTGA 3 (antisense), where R repre-
sents A or G.

For nested RT-PCR for 5’ NTR, we used
a protocol described by Pina et a. (14). A
10-pL sample of cDNA was used for ampli-
fication that was carried out in a50-L reac-
tion mixture with 25 pmol of each primer:
HAV1(TTGGAACGTCACCTTGCAGTG)
and HAV2 (CTGAGTACCTCAGAGG
CAAAC) and Tag polymerase (Life Tech-
nologies). The first denaturation cycle was
carried out for 3 min at 95°C, followed by 30
cycles of denaturation at 95°C for 60 s, an-
nealing at 55°C for 60 s, and extension at
72°C for 60 s. The final extension step was
doneat 72°C for 5 min. Then, 1 pL (1/50) of
the reaction mixture was added to a new
batch of a50-uL PCR mixture containing 25
pmol of each nested primer: neHAV1
(ATCTCTTTGATCTTCCACAAG) and
neHAV2 (GAACAGTCCAGCTGTCAA
TGG) for a new PCR amplification cycle
following the same procedure.

Amplicons of expected size (244 bp for
VP1/2A and 290 bp for 5’ NTR) were puri-
fied using the QIAquick Gel extraction kit
(Qiagen, Vaencia, Spain) according to manu-
facturer instructions. The direct nucleotide
sequencing reaction was carried out in both
directions with the Big Dye Terminator kit
(Applied Biosystems, Foster City, CA, USA)
and an automatic DNA sequencer model
ABI Prism 310 (Applied Biosystems). The

sequences reported in this paper have been
deposited in the GenBank sequence data
base under the following accession num-
bers: AY995696t0 AY 995711 forthe5' NTR
sequences and AY994302-AY 994310;
DQ002551-DQ002567 for the VP1/2A se-
guences.

To avoid cross-contamination between
samples, standard precautions were applied
in al manipulations. Separate areas were
used for reagents, for samples and for ma-
nipulation of the amplified products. All
samples were analyzed twice in independent
experiments and samples from healthy per-
sons were always used as negative control
for each reaction.

Sequence analysis

Algorithms within the GCG package
(Wisconsin Sequence Analysis Package;
Genetic Computer Group, Madison, WI,
USA, version 10.1) were used for alignment
of nucleotide and deduced amino acid se-
guences. Initial multiple alignments were
performed with the PILEUP program; fur-
ther adjustments of the alignments were per-
formed manually using visual correction
based on sequence comparison generated
with the PRETTY program in GCG. Phylo-
genetic trees were created by the neighbor-
joining method and the Kimura two-param-
eter model (15) using the computer software
MEGA 2.1 (16) and their reliability was
assessed by bootstrap resampling (1000
pseudo-replicates).

Statistical analysis

Data are reported as means + SD. Fre-
guencies were compared using the x?test for
independence with Yates's correction, with
thelevel of significance set at P < 0.05 (two-
tailed). All statistical analyses were carried
out using the Graph Pad Instat 1998 soft-
ware, version 3.01 for Windows 95 (Graph
Pad Software, San Diego, CA, USA).
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Results

Of the 145 anti-HAV IgM samples col-
lected from patients (sporadic cases) who
werereferredto C.P.H.L.P.S,, nonewasposi-
tivefor anti-HBc IgM, HBsAg or anti-HCV.
Of 145 acute hepatitis A cases, 51.03% were
male, the mean agewas 29.1 years (range, O-
58 years), and 45% were older than 10 years.
Fifty-six percent of the individuals reported
signs and symptoms of acute hepatitis such
asjaundice, nausea, and dark urine and 18%
were asymptomatic. The VP1/2A sequence
was amplified in 39% samples wheresas the
5'NTR region was detected in 21%. In addi-
tion, 17% of the individuals were positive
for both regions. HAV positivity did not
correlate with age, sex, city of residence, or
presence of symptoms (Table 1).

For nucleotide sequencing, only positive
nested RT-PCR samples presenting suffi-
cient DNA quantities (20 ng/pL) were used;
thus, 46% of the VV P1/2A regionsand 53% of
the 5 NTR regions were sequenced. Com-
parison of 218 nuclectide sequences from
the VPL/2A region of Pernambuco HAV
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isolates with different reference strains
showed that all sequences belonged to geno-
typel, 17 of them as sub-genotype IA and 9
as sub-genotype IB. The identity in nucleo-
tide sequence ranged from 93.6 to 100.0%
among genotype |A strains and from 95.0 to
100% among genotype IB isolates. HAV
sequences from the VP1/2A region studied
are displayed in the phylogenetic tree con-
structed by the neighbor-joining method (Fig-
ure 1) that includesreference sequencesfrom
genotypes 1A, 1B, 111A, and [1B. Co-circula
tion of sub-genotypes IA and IB was ob-
served in the two years of the study (2002 to
2003), but in the last year most of the se-
guences belonged to sub-genotype IB (6/
11). Separate clusters of related HAV strains
can be observed among isolates from Per-
nambuco of both genotypes.

Analysis of 248 nucleotides of the 290-
bp nested PCR amplicons from the 5 NTR
sequences showed 92.7-99.2% identity
among them. None of these sequences were
identical to each other; however, two iso-
lates (PE-19920 and PE-19921) shared one
deletion at position 413. These samples be-

Table 1. Characteristics and risk factors for hepatitis A virus infection in the population studied.

Characteristic VP1/2A region

5'NTR region

Positive
N = 56 (38.62%)

Negative
N = 89 (61.37%)

Positive Negative
N = 30 (20.68%) N =115 (79.31%)

Age (years)?

<10 39 (45%) 48 (55%) 17 (20%) 70 (80%)

>10 14 (31%) 31 (69%) 8 (18%) 37 (82%)
Sex

Male 29 (39%) 45 (61%) 18 (24%) 56 (76%)

Female 27 (38%) 44 (62%) 12 (17%) 59 (83%)
City of residence

Recife 17 (47%) 19 (53%) 7 (19%) 29 (81%)

Other counties 39 (36%) 70 (64%) 23 (21%) 86 (79%)
Presence of symptoms

Yes 50 (42%) 69 (58%) 26 (22%) 93 (78%)

No 6 (23%) 20 (77%) 4 (15%) 22 (85%)

Risk factors were represented by age, city of residence and presence of symptoms. Data are reported as
number of subjects with percent in parentheses. @Totals do not add up to 145 because of missing data.There
were no statistical differences between positive and negative subjects tested for VP1/2A or 5’NTR (x? test).
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longed to genotype IA as determined by
sequence analysisin the VP1/2A region and
were isolated from two patients living in
different counties during the same month
(July 2003). Phylogenetic analysis was per-
formed among 5 NTR sequences and se-
guences from genotype 1A were found to
cluster in the tree in the same way as geno-
type IB strains (Figure 2). However, one
sample identical to one previously isolated
in Spain (AF386827) belongs to genotype
I11A and clusters together with other strains
from genotype IB. Furthermore, not al of
5'NTR sequences of this study were ampli-
fied in the VPL/2A region, and therefore the
genotype of these samples was not deter-
mined. These results do not allow usto state
that 5’NTR can be used to genotype HAV
sequences.

A comparison of the predicted amino
acid sequences of the VP1/2A region from
Pernambuco, of two isolates representative
of genotypes|A and IB intheworld and two
more sequences from South America is
shown in Figure 3. ldentity in amino acid
sequence ranged from 93.1 to 100% among

Figure 1. Phylogenetic tree analysis of the VP1-2A
region in hepatitis A virus (HAV) isolates from Pernam-
buco (PE). A 218-bp segment of the HAV VP1/2A
junction was analyzed using the two-parameter model
of Kimura. The numbers on the branches show boot-
strap percentages obtained after 1000 replicates of
bootstrapping sampling. The length of bars shows the
distances. The numbers in parentheses show the
month and year of strain isolation. Genotype and sub-
genotype are indicated for each branch. Reference
sequences from Genbank included: genotype IA strains
(HAS15 x15464), genotype IB strains (HM175
m14707), genotype IIB strain (SLF88 ay644670), geno-
type IlI strain (NOR21 aj299464), BA303 (ay 323017),
BA351 (ay 323018), RJ104 (ay 323022), RJ178 (ay
323023), MA367 (ay 323036), MA347 (ay 323039)
MA378 (ay 323037), BA251 (ay 323033), RJ12 (ay
323034), MA374 (ay 323040), RN243 (ay 323005),
MG287 (ay 323007), RJ193 (af 410388), HAPOQ9 (af
538723), RIPMC1 (af410386), HAP108 (DQ198361),
Nor13 (af 050234), HAP231 (DQ198360), RINSG2 (af
410383), HAP279 (DQ198362), HAP343 (DQ198363),
RJ004 (af410380), RJO05 (af 410381), RJ049 (ay
322851), HAP300 (af 538727).
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IA strains and from 90.3 to 100% among I1B
strains. In sub-genotype IB, mutation in
nucleotide sequence produces proportion-
aly more changes than in |A strains, where
most substitutions are in the third position.
Therefore, 13 sub-genotype IA strains
showed identical amino acid sequences
whereas only three IB sub-genotype isolates
showed the same amino acid sequence. How-
ever, the difference in the number of amino
acid changes among isolates from two sub-
genotypeswas not statistically significant (P
= 0.82; x2 for independence = 0.05).

Discussion

Brazil exhibits avery heterogeneous pat-
tern of endemicity for HAV infection, vary-
ing according to geographical region and
socioeconomic groups. In the past, Brazil
was considered to be an area of high ende-
micity with nearly all people being infected
in early childhood (4). However, recent epi-
demiological studieshavedemonstrated that,
except for the North region, there has been a
shift from high to medium endemicity of
HAV infection, which may result in more
clinical cases as the consequence of an in-
creased number of individuals susceptible to
infection, mainly adolescents and adults (5-

Figure 2. Phylogenetic tree analysis of the 5’NTR in
hepatitis A virus (HAV) isolates from Pernambuco (PE).
A 290-bp segment of the HAV 5’NTR was analyzed
using the two-parameter model of Kimura (see Ref.
15). The numbers on the branches show bootstrap
percentages obtained after 1000 replicates of boot-
strapping sampling. The length of bars shows dis-
tances. The numbers in parentheses indicate the geno-
type of this isolate according to the VP1/2A region.
Note that not all of the 5’NTR sequences were ampli-
fied in the VP1/2A region. Isolate AF386827, displayed
in the box, belongs to genotype IIIA and clusters with 1B
strains. Reference sequences from Genbank included
genotype IA strains (HAS15 x15464), genotype IB
strains (HM175 m14707) (MBB m20273), genotype IIB
strain (SLF88 ay644670), genotype IIA strain (CF53
aj299464), and other sequences from acute cases of
hepatitis A virus that appear as the Genbank number.
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7,17,18). In the present study, we observed
that 45% of acute cases were identified
among individuals older than 10 years, a
situation normally found in regions of inter-
mediate endemicity, confirming a change
from high to medium endemicity in this
region. Furthermore, the prevalence of HAV
infection increased proportionally to age in
the other 55% of individuals, since 16% of
the individuals aged less than 5 years and
39% of the individuals aged 5 to 10 years
were acutely infected. These findings agree
with the results of several seroepidemiolog-
ical studiesthat have shownamarked change
in the epidemiological pattern of hepatitis A
in many parts of the world due to improve-
ments in living standards (19-21).
Phylogenetic analysis of the nuclectide
sequence of the VP1/2A region of the HAV
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genome classified al isolates as genotype |,
confirming former epidemiological data
demonstrating that thisis the main genotype
circulating in Brazil (7,10,22) as well the
most widespread genotype in the world
(2,23,24). Additionally, we identified the
simultaneous presence of sub-genotypes I1A
and 1B in 65 and 35% of cases of HAV
infection, respectively. The presence of both
sub-genotypes has not been detected previ-
oudly in the Northeastern region. de Paula et
a. (10) observed that all HAV sequences
belonged to sub-genotype 1A in other States
of theNortheasternregion. Only inthe South-
eastern region was the co-circul ation of sub-
genotype 1A and 1B detected before (7,22).

HAV isolates from Pernambuco State
formed distinct clusters of highly related
sequences and this is consistent with previ-
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Figure 3. Comparison of the predicted amino acid sequence of the VP1/2A junction of the hepatitis A virus strains studied.
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ous speculation about low rates of accumu-
|ating mutationsamong HAV strains and the
development of specific ecological niches
(23). Thus, these data suggest that thereis a
circulation of endemic HAV strains in this
region, as demonstrated in other regions of
Brazil (7,10). Moreover, the presence of the
same strains sharing the same nuclectide
sequence might indicate the presence of un-
identified epidemic foci, since these isolates
wereidentified in cases that occurred during
a short period of time (most of them in
December 2002).

The Pernambuco genotype IB isolates
differ in predicted amino acid sequences
amongst themselves as compared to geno-
type |A strains. However, the difference in
the number of amino acid changes is not
significant. Furthermore no one has shown
that these differences alter infectivity. Fuji-
wara et a. (25) demonstrated that disease
severity was not associated with the nucleo-
tide sequence of the HAV genotype-deter-
mining region.

In the 5’NTR, few nucleotide substitu-
tionswereobserved among our isolateswhen
compared to VPL/2A sequences, confirming
the conserved nature of this region. How-
ever, the amplification of 5’NTR was less
efficient than one would have expected in
this conserved region. Phylogenetic analy-
sis based on the 5’ NTR region produced an
apparent separation between |A and IB sub-
genotypes. However, taking into consider-
ation the misclassification of the 1A strain
into the IB group, we may assume that the
5'NTR region, probably due to the highly
conserved nature of the sequences, does not
contain sub-genotype-specific motifs which
faithfully reflect the diversity of the VPL/2A
region and therefore is not appropriate for
use for sub-genomic classification.

L.M. Villar et al.

Interestingly, two isolates shared one
deletion at position 413 inthe 5’ NTR region.
Recent studies have demonstrated that alter-
ationsinthe central part of the 5’ NTR region
of HAV could result in significant func-
tional changes of the virus. Brown et al. (26)
showed that deletion of base 447 dlightly
decreased trandlation, while deletion of base
533 almost completely abolished it. Further-
more, they demonstrated that G to U muta-
tion at nucleotide 646 localized in the termi-
nal part of 5’ NTR could alter the secondary
structure of the HAV genome. Schultz et al.
(27) reported that mutationswithinthe5 NTR
region of cell-adapted HAV enhance cap-
independent translation directed by HAV
IRES in a cell type-specific fashion. The
deletion found in the present study had never
been identified in HAV isolates and there-
fore we could not predict an alteration in
secondary structure or HAV tranglation.
Fujiwaraet al. (12) reported a possible asso-
ciation between the severity of type A hepa
titisand nucl ectide substitutionsinthemiddle
part of 5 NTR. However, in our study the
presence or absence of symptoms was not
associated with the mutations in this part of
genome.

The sequence analysis of HAV strains
from the Northeast region of Brazil indi-
cated that they are closely related, suggest-
ing an endemic circulation of the same HAV
strains in this region. The high incidence of
acute cases observed among adol escents and
young adults, in whom HAV infection usu-
aly causes a more severe infection, indi-
cates the necessity of reviewing the strategy
for hepatitis A vaccination. Thisis the first
report of co-circulation of sub-genotypes|A
and IB in this region, providing additional
information about the molecular epidemiol-
ogy of HAV in Brazil.
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