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The duration and level of virus excretion in bicod
and faeces of patients with hepatitis A virus (HAV)
infection were studied in relation to levels of
alanine aminotransferase (ALT), disease severity
and HAV genotype. Clinical data, blood and
faeces were coliected from 27 patients with acute
hepatitis A{median age: 33 years) for a maximum
of 26 weeks. Single blood donations from 55 other
patients with acute HAV {median age: 32 years)
were also used. Virus loads were quantified by
competitive nested RT-PCR. HAV was excreted in
faeces for a median period of 81 days after
disease onset, with 50% of patients still excreting
high levels at Day 36 (2 x 10°-2 x 10® copies/m!
faeces suspension). Viraemia was detected, but
not quantifiable, for a median period of 42 days.
In the first 10 days of iliness, higher ALT levels
were correlated with higher viraemia levels.
Comparison of patients infected with genotype
1a with those infected with type 1b did not differ
significantly in terms of the duration of HAV
excretion or jaundice. In conclusion, faecal
excretion of HAV is at a high titre in the first
month, perhaps making patients infectious for a
longer period than assumed currently. Blood
banks should be aware that viraemia may be
present for more than 1 month, and genotype

did not affect the duration of virus excretion.

or jaundice. J. Med. Virol 78:1398-14085,
2006. © 2006 Wiley-Liss, Inc.
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HAV lavels
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INTRODUCTION

Hepatitis A virug (HAV) belongs to the Picornaviridae
family and is classified in its own genus, Hepatovirus.
Infection takes place mainly via the faecal-oral route
through person-to-person contact. In the late incubation
period and at onset of illness very large numbers of HAV
particles are excreted in faeces until alanine amino-
transferase (ALT) reaches peak elevation [Ciocea, 2000].
Therefore, patients with HAV are considered contagious
from 1-2 weeks before onset of symptoms until 1-
2 weeks afterward [Koff, 1898; Center for Disease
Control and Prevention, 2004]. However, faccal excre-
tion can last up to 3 months and longer {Yotsuyanagi,
1996; Costa-Mattioli et al., 2002a], indicating that
patients may be contagious for a longer period than
assumed previously.

In addition to faecal excretion, the virus is also
present in blood [Center for Disease Control and
Prevention, 2004]. HAV viraemia can exceed 3 months
in immunocompetent patients [Bower et al., 2000;

Reporting and interviewing of hepatitis A cases were done at
the Dutch Public Health Services of Amsterdam, Brabant, South
Limburg, Groningen, South-Helland South and Scuth-Holland
North. HAV RNA isolation, detection, quantification and sequen-
cing were performed at the Public Health Service of Amsterdam,
The Netherlands.

*Correspondence to: Sylvia M. Bruisten, Public Health Service
of Amsterdam (Streeklaboratorium voor de Volksgezondheid),
Nieuwe Achtergracht 100, 1018 WT Amsterdam, The Nether-
lands. E-mail: sbruisten@ggd.amsterdam nl

Accepted 11 July 2006

DOT 10.1002/jmv 20711

Published online in Wiley InterScience
{www.interscience wiley.com)

: NAWHLEY
. l_&f_grScsg&s;e“

22



i

(0

Time Trends in Hepatitis A Virus Loads

Costa-Mattiol et al., 2002b; Sagnelli et al.,, 2003;
Normann et al,, 2004] and in one HIV-infected patient,
it was detected for 256 days [Costa-Mattioli et al,
2002a]. Parenteral transmission has been reported by
blood transfusion and blood products [Mannucei et al.,
1994 Soucie et al,, 1998} underlining the imporiance
of detection of HAV viraemia. However, data on the
duration of HAV excretion remain limited.

Because acute HAV infection is self-limiting, lonpg-
itudinal studies in which clinical data are collected along
with samples are uncommon. For a follow-up study,
blood and faecal samples were collected from 27 patients
with acute hepatitis A infection for a maxzimum period of
26 weeks, Qur aim was to determine the median
duration of HAV exeretion in faeces and blood and thus
the period of possible infectiousness. Additionally, in
55 other patients whose HAV had been typed [van
Steenbergen et al., 2004], it was investigated whether
the degree of liver damage affected duration and level of
HAV exeretion in faeces and virsemia level, and
whether HAV genotype affected the duration of HAV
excretion and jaundice.

MATERIALS AND METHODS
Participants

For the follow-up study, all patients who were positive
for anti-HAV immunoglobulin M (anti-HAV IgM(+))
and reported between August 2003 and August 2004 to
the Public Health Services in Amsterdam, Brabaut,
South Limburg, Groningen, South-Holland South and
South-Holland North were approached,

Participants were agked tfo sign an informed consent
form and to donate a maximum of nine faecal samples
and three blood samples over 26 weeks. Te prevent
distress in children younger than 12 years, they were
not required to donate multiple blood samples, but only
the one sample used for detecting anti-HAV IgM. The
participants weredivided at random into groups A and B
to donate on different schedules (Table I) to obtain a
mazimum number of time points after infection. In
weeks 14 after start of symptoms, participants donated
three faecal samples; in weeks 5—26 they donated one
faecal sample every 4 weeks. If three consecutive faecal
samples were negative in the HAV PCR before the end of
the 26-week period, follow-up for that patient was
stopped. Adults were asked fo donate three blood
samples in the first 4 weeks of illness, but a few samples
were received after more than 4 weeks. Participants
were asked to complete a structured questionnaire each
time they sent in a faecal sample. It asked about the
presence and duration of symptoms such as jaundice,
vomiting, nausea, fatigue, medications and co-infec-
tions. The blood samples were used to determine levels
of ALT to quantify liver damage. Patients with ALT
levels above normal, thatis, >45 IU/Lblood (37°C), were
considered to have abnormal liver function.

Additionally, blood samples were used representing
55 sporadic HAV cases who participated previously in
an HAV typing study [Bruisten et al.,, 2001; van
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Steenbergen et al., 2004}, {o study the relation between
the degree of liver damage and the virus load. Patients
were reported from December 2000 to February 2004 to
the Amsterdam health service (HS).

Time Definition

Because the production date of the faecal samples was
often unknown, the date on which it was received was
used. The sampling time was calculated as the days
between the first day of symptoms (jaundice) and
the date the sample was received. Sampling time in
blood was the number of days beftweexn the first day of
symptoms and the donation date.

Blood and faecal samples from individual follow-up
participants wereconsidered to bemeasured in the same
period (i.e. one measurement), if faeces were provided
within 5 days after giving a blood sample.

RNA Isolation, Deteciion, Sequencing and
Phylogenetic Analysis

RNA extraction, nested RT-PCR, sequencing and
phylogenetic analysis were carried out as desaibed
previously [Bruisten et al., 2001; van Steenbergen et al.,
2004; Tjon et al., 2005]. The detection RT-PCR was
carried out in an end volume of 25 pl with an input of 5 d
BNA from patient material.

Random hexamer primers were used for reverse
transeription. PCR primers for nested amplification of
the VP3-VP1 region and the VP1-P2a region of the HAV
genome were used as described previcusly {Bruisten
et al., 2001; van Steenbergen et al., 2004; Tjon et al,,
2005]. All primers were synthesised by Isogen Life
Science (Maarssen, The Netherlands).

Construction of Competitor RNA

The competitor was created from RNA isolated from
virus culture HAV jypug; [Brack et al, 1998} with
Tripure isolation reagent (Roche, Almere, The Nether-
lands). Full-length HAV RNA was resuspended in 50 pl
Tris-HCI (10 mM, pH 8.0) and stored at —80°C until use.

The method was adapted from Diviacco et al. [1992].
Two RT-PCRs were performed with the Access RT-PCR
kit (Promega, Leiden, The Netherlands). The sequences
of the primers used in the RT-PCR reactions are shown
in Table IL The 25 pl RT-PCR mixtures contained 0.5 pl
HAV, 11 BNA, 1x AMV/Tf] reaction buffer, 200 pM
dNTP, 1.5 mM MgSO,, 10 ng of the sense and the

Tjon et al.

anti-sense primer, 0.1 U AMV reversetranscriptase and
0.1 U Tl DNA polymerase. The RT step was carried
out at 48°C for 45 min and 94°C for 2 min. Subsequently,
356 amplification cycles were carried out at 94°C for
30 sec, 55°C for 30 sec, 68°C for 90 sec, and terminated
with 68°C for 7 min. The amplification products of
RT-PCR1 (175 bp) and RT-PCR2 (222 bp) contain an
overlapping region of 20 bp with restriction sites EcoRI
and HindIIT (Table II}. This region was used for 1:1
hybridisation of PCR1 and PCR2 amplimers. Subse-
quently, 0.2 pl of the mixture and primers VP1-4-sense-
NeoI and VP1-6-Sall (Table IT) were added in a 25 p) PCR
mix and amplification was earried out [Bruisten et al,,
2001]. The resulting 397 bp amplimer was verified on a
1% agarose gel, isolated with the Qiagen gel extraction
kit (Qiagen Benelux B.V., Venlo, The Netherlands) and
dissolved in 50 yl Tris-HCI (10 mM, pH 8.0). The
frapment was cloned into a pGEMSZf(+) vector and
grown in JM109 bacteria (Promega Benelux B.V.,
Leiden, The Netherlands), Plasmid DNA was isolated |
from a recombinant clone and lineariged by incubation
at 95°C for 2 min and placement on ice for § min,
Competitor RNA was made using T7 polymerase
(Promega Benelux B.V.) and contaminating DNA was
removed with RQ1 Dnase (Promega Benelux B.V.) .
according to the manufacturers’ protocols.

Quantitative RT-PCR

Serial dilutions of competitor RNA were amplified by
nested PCR with and without an RT step according to
Bruisten et al. [2001)] to determine the presence of
contaminating DNA. Dilution samples that were nega-
tive in the PCR reactions without the RT step were used
for quantitative RT-PCR with patient material. T'wo
methods were uged for calculating the concentration of
the competitor RNA. The first method was based on the
0OD260 value measured by spectrophotometer of the
competitor RNA, which was 0.024, and the Avogadro
formula. The total length of the competitor RNA is 443
nucleotides, resulting in a concentration of the compe- -
titor RNA starting solution of 4 x 10'* copies/ul. The
second method was based on the fact that RNA detection
by RT-PCR is possible from 10 to 20 copies per reaction,
assuming a 10% efficiency of the ¢cDNA step and the
potency to detect 1-2 copies of target cDNA. Using this
method we calculated that the concentration of the
competitor RNA starting solution was about 4 x 10
copies/ul. The average of these numbers was calculated

TABLE II. Primer Sequences Used in the Twe RT-PCRs to Construct the Compstitor

Primer Sequence 5'-3 Nuect nr®
RT-PCR1 VP1-4s Neol TAC/CATGGcgttgcticocatgtcaga 2131-2149

VP-mut-as EcoRI/HindIII GAATT, GC acattctgitetgtagana 22592278
RT-PCR2 VP1i-6 Sall GCG/TCGACcatatgatctgatgtatgt 24552473

VP-s-mut EcoRI/HindII1 gcAJAGCT FepegGIAATT Cepecagatecccaagttgtat 22792298

*Nucleotide numbering is accarding to strain HAV,

wn1.y [Brack et al., 1998]. The underlined part of the primer sequences written in capital

letters indicates restriction sites. The EcoRI/HindIIl sites are in a 20 bp region, which is present in the competitor sequence but not in wild-type

HAV.
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