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Hepatitis B Virus Persistence after Recovery from Acute Viral Hepatitis
Thomas 1. Michalak, Claudio Pasquinelli, Stephane Guilhot, and Francis V. Chisari
Department of Molecular and Experimental Medicine, The Scripps Research Institute, La Jolla, California 92037

Abstract

Contrary to current opinion, the disappearance of hepatitis B
surface antigen (HBsAg) from the serum, the development of
anti-HBs antibodies, and normalization of liver function may
not reflect complete virological recovery from acute hepatitis B
virus (HBV) infection. By using the polymerase chain reaction
(PCR), in the current study we demonstrate long-term persis-
tence of HBVDNAin the serum and peripheral blood mononu-
clear cells (PBMC) of four patients for up to 70 moafter com-
plete clinical, biochemical, and serological recovery from acute
viral hepatitis. Serum HBV DNA reactivity co-sedimented
with HBsAg in sucrose gradients, and it displayed the size and
density characteristics of naked core particles and intact HBV
virions, presumably contained within circulating immune com-
plexes in these anti-HBs antibody-positive sera. HBVDNA
was also present in PBMCin late convalescent samples from
all four patients, and HBVRNAwas detected in late convales-
cent phase PBMCin two of these patients. These results sug-
gest that HBVDNA, and possibly HBVvirions, can be present
in the serum, and that the viral genome can persist in a tran-
scriptionally active form in PBMCfor > 5 yr after complete
clinical and serological recovery from acute viral hepatitis. (J.
Clin. Invest. 1994. 93:230-239.) Key words: hepatitis B - hepa-
titis B virus * immunity - liver diseases - polymerase chain reac-
tion * viral DNA

Introduction

Seroconversion to hepatitis B surface antigen (HBsAg)' nega-
tivity with the appearance of antibodies to HBsAg (anti-HBs)
and normalization of liver function have been generally ac-
cepted as evidence of viral clearance during acute hepatitis B
(1). However, since hepatitis B virus (HBV) DNAsequences
may persist in the liver and serum in patients with chronic
hepatitis long after disappearance of HBsAgand appearance of
anti-HBs (2-5) it is possible that viral DNAmay not be com-

This is Publication 7856-MEM from the Scripps Research Institute.
Dr. Michalak's permanent address is Liver Research Laboratory,

Division of Basic Medical Sciences, Faculty of Medicine Memorial
University of Newfoundland, St. John's, NF, Canada AI B 3V6.

Address correspondence to Dr. Francis V. Chisari, Department of
Molecular and Experimental Medicine, BCR-10, The Scripps Re-
search Institute, 10666 North Torrey Pines Road, La Jolla, CA92037.

Receivedfor publication 7 July 1993 and in revisedform 19 August
1993.

1. Abbreviations used in this paper: anti-HBs, antibodies to HBsAg;
CAHB, chronic active hepatitis B; EB, ethidium bromide; HBsAg, hep-
atitis B surface antigen; HBV, hepatitis B virus; SL-AH, self-limited
acute hepatitis.

pletely eradicated at the time of clinical, biochemical, and sero-
logical recovery from acute HBVinfection. This is supported
by the demonstration of woodchuck hepatitis virus DNAin
livers and peripheral blood lymphocytes of apparently healthy
woodchucks after serological and biochemical recovery from
acute hepatitis (6). In addition, there is growing evidence that
the HBVgenome persists in serum and liver despite the clear-
ance of serum HBsAg and anti-HBs seroconversion during
antiviral therapy for chronic hepatitis B (5, 7-10). In
some of these patients, HBVDNAsequences were detected in
PBMCseveral years after the disappearance of HBsAg from
serum ( 1).

To determine whether HBVmight persist in the circulation
after complete serologic and clinical recovery from acute hepa-
titis B, we examined serum and PBMCof healthy individuals
with a history of self-limited acute hepatitis B (SL-AH) infec-
tion for HBVDNAusing the PCR. Wehave found HBVDNA
sequences in the serum and PBMCfor up to 70 moafter com-
plete resolution of an acute episode of hepatitis B. Biochemical,
biophysical, and immunochemical analysis suggests that the
serum HBVDNAsequences may be present within intact viri-
ons in circulating immune complexes, and that the HBVDNA
is transcriptionally active in PBMClong after serological, bio-
chemical, and clinical recovery from acute viral hepatitis.

Methods

Sera and PBMC. Serum samples were collected sequentially from four
individuals (three males and one female; mean age 26 yr). The first
sample was drawn during an acute episode of typical type B hepatitis
when serum alanine aminotransferase activity averaged 1,648±853
IU/L. Subsequent samples were obtained at various times (between 7
and 70 mo) after complete clinical, biochemical, and serological recov-
ery from the disease (Table I). At least three serum samples were ob-
tained from each individual. Three of the patients (cases 2, 3, and 4)
developed anti-HBs and remained antibody positive for 3-5 yr of fol-
low-up. One patient (case 1 ) cleared HBsAgbut had not yet developed
anti-HBs when she was lost to follow-up 7 moafter clinical resolution
of her liver disease. PBMCharvested at the end of the observation
period were available for examination in three patients. In the remain-
ing patient (case 3), PBMCwere obtained 7 moafter disease onset, at
the time when anti-HBs was already detectable in the circulation. All
individuals investigated were a part of the patient cohort participating
in a long-standing study on the cellular immune responses to HBVand
they were only patients with self-limited hepatitis B which were fol-
lowed up for longer than 6 moafter complete clinical, biochemical, and
serological recovery from hepatitis.

Serum samples were also collected from a patient with extremely
severe acute (fulminant) hepatitis with coma, who spontaneously re-
covered while awaiting a liver transplant (case 5; Table I). Control sera
and PBMCwere obtained from two HBVDNA-positive patients with
histologically proven chronic active hepatitis B (CAHB) and from
three controls with no clinical or serological evidence of HBV infec-
tion.

Serological assays and slot-blot hybridization. HBsAg, anti-HBs,
HBeAg, anti-HBe, and anti-HBc of IgM class were detected by conven-
tional solid-phase assays using Ausria II, Ausab EIA, Abbott HBe
(rDNA), and Corab M, respectively (Abbott Laboratories, North Chi-
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Table I. Clinical and Laboratory Characteristics and HBVDNADetection in Individuals Convalescent from Acute Hepatitis B

Serum HBVDNA

Sex Clinical Time after Slot-blot PCR-EB PCR-Southern
Case No. (F/M) Age diagnosis disease onset ALT HBsAg* anti-HBs* hybridization' agarosell hybridization'

yr mo IU/liter

1 F 22 SL-AH 0.5 1638 + - - + +
1 28 - - - + +
7 12 - - - + +

2 M 35 SL-AH 0.5 2355 + - + + +
3 42 + - - + +
6 16 - - - + +
9 32 - + - + +

14 24 - + - + +
28 15 - + - + +
31 18 - + - + +
46 10 - + - + +

3 M 27 SL-AH 0.5 450 + - - + +
3 29 - + - + +
7 21 - + - + +

50 23 - + - + +

4 M 22 SL-AH 0.5 2148 + - + + +
3 25 - + - + +
6 42 - + - + +

70 24 - + - + +

5 M 23 SL-FH 1** 460 - - - -
1.5** n.t. - +
3tt 62 - - - -

6 M 31 CAHB n.a. 120 + - + + +
7 M 39 CAHB n.a. 106 + - + + +

8 F 28 Control n.a. 27
9 M 26 Control n.a. 12

10 M 33 Control n.a. 20

SL-FH, self-limited fulminant hepatitis B; n.t., not tested; n.a., not applicable.
* Evaluated by Ausria II (Abbott Laboratories). t Evaluated by Ausab EIA (Abbott Laboratories). § Approximate sensitivity 107 genome
equivalents/ml. 11 Amplified by direct or nested PCRwith HBVcore primers and analyzed in 0.9% agarose with EB (sensitivity of direct and
nested PCR I03 and 102 genome equivalents/ml, respectively). ' Hybridization to HBCINT probe (approximate sensitivity for detection of di-
rect and nested PCRproducts 10' and between 10' and 102 genome equivalents/ml, respectively. ** Positive for anti-HBc IgM Corab M
(Abbott Laboratories). t Positive for anti-HBe by Abbott HBe (rDNA) assay (Abbott Laboratories).

cago, IL). A slot-blot hybridization test for HBVDNAwas performed
by the Scripps Immunology Reference Laboratory (La Jolla, CA). The
assay limit of HBVDNAdetection was determined using 10-fold serial
dilutions of plasmid pFC80 that contains four complete sequences of
HBV(ayw subtype) cloned as a head-to-tail tetramer into the EcoRI
site of pBR322 (12). The assay sensitivity was 160 pg HBVDNA/ml,
corresponding to a level of I07 genomes/ml.

Preparation ofserum samplesfor HBVDNAdetection. Under most
circumstances, 50 Al of serum were supplemented with 50 Al of TE
buffer (10 mMTris-HCl, pH 8.0, and 1 mMEDTA, pH 8.0) and
incubated at 420C for 3 h with proteinase K (50 Ag/reaction) in 200 Ml
of a lysis buffer containing 10 mMTris-HCl, pH 8.0, 10 mMNaCl, 1
mMEDTA, pH 8.0, and 0.5% SDS. DNAwas extracted by the phenol-
chloroform method, precipitated with sodium acetate-ethanol, washed
with 70% ethanol, and dissolved in 20 al of TE buffer. 10 ul of DNA
sample was used for direct PCRamplification.

Although serum was used as the source of DNAin this study, the
influence of different anticoagulants on the detectability of HBVDNA

was assessed to determine if plasma samples could also be analyzed for
HBVDNAby PCR. For this purpose, blood samples (- 7 ml each)
from the same HBsAg-positive individual with chronic hepatitis type B
were collected using vacutainers with no additives (red tops) or con-
taining sodium heparin (green tops), EDTA(lavender tops), and acid
citrate dextrose (ACD; yellow tops) (Becton Dickinson, & Co., Ruth-
erford, NJ). DNAwas isolated from 50 ,l of the resulting serum or
plasma as described above.

To differentiate free HBV DNA molecules from virions or HBV
core particles, selected serum samples were examined for HBVDNA
content before and after extensive digestion with DNAase. For
DNAase digestion, 50 ul of serum was supplemented with 30 gl of
deionized water, 10 Ail of DNAase digestion buffer (500 mMTris-HCl,
pH 7.6, and 100 mMMgCI2) and 10 al of DNAase solution (1 mg/ml;
deoxyribonuclease I; Sigma Chemical Co., St. Louis, MO) and incu-
bated at 370C for 1 h. Each sample was digested three times to exclude
the possibility of carry over of any free HBVDNA. At the end of the
first and the second incubation, 10 Al of the reaction mixture was re-
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moved and 10 ml of fresh DNAase solution was added. After the third
incubation, each sample was treated with proteinase K, and DNAwas
extracted as described above. After phenol-chloroform extraction and
precipitation with ethanol, DNAwas dissolved in 20 ml of TE buffer
and a 1 0-jA aliquot was analyzed by PCR. Results were compared with
similarly treated HBsAg-positive serum from patients with chronic hep-
atitis, and with plasmid DNAcontaining the complete HBVgenome.

Determination of sedimentation velocity and buoyant density of
particles carrying HBVDNA.One hundred A1 of late convalescent sera
from cases 2, 3, and 4 were sedimented through 4 ml of 15% (wt/vol)
sucrose in TN buffer (10 mMTris-HCl, pH 8.0, and 140 mMNaCl)
onto a 0.5-ml 60% sucrose cushion. Results were compared with two
preparations of purified Dane particles (designated as D.J. and T.R.;
generously provided by Dr. J. L. Gerin, Georgetown University, Rock-
ville, MD), and a sample of recombinant plasmid pFC80 containing
cloned HBV genome digested with restriction enzyme Sau3AI that
were sedimented as controls. All tubes were centrifuged for 4 h at
40,000 rpm at 50C in an SW60rotor (Beckman Instruments, Inc., Palo
Alto, CA). Fractions of 330 ,A were collected from the bottom of each
tube and sucrose density was determined in a refractometer. From each
fraction, a 50-Ml sample was boiled for 5 min in a water bath and
assayed for HBVDNAby PCR. 200-Al samples of the fractions were
also tested for HBsAg by Ausria II kit (Abbott Laboratories). S/N
values were calculated according to the procedure proposed by the
manufacturer using relevant sucrose fractions of normal human serum
as negative controls.

To determine the density of the serum HBVDNA, 200 Al of late
convalescent sera collected from cases 2, 3, and 4, control sera from
HBVDNA-positive patients with CAHB, and a sample of Sau3AI di-
gested plasmid DNAwere layered onto 4.5 ml of continuous gradients
of 1.1-1.7 g/cm3 CsCI in TE buffer. After centrifugation for 16 h at
40,000 rpm at 5°C in an SW60rotor, 330-/ul fractions were collected
from the bottom of the tubes. 50-,ul samples of those fractions were
boiled for 5 min and tested for HBVDNAby PCRafter ascertaining
that cesium chloride did not adversely influence HBVDNAdetection.

Extraction of DNAand RNAfrom PBMC.PBMC( - 2 x 107 cells)
isolated on Ficoll-Histopaque density gradients from heparinized
blood were cryopreserved in 90% FCS and 10% DMSOand stored in
liquid nitrogen until use. PBMCwere thawed on ice and washed three
times by centrifugation at 700 g for 8 min with a total of 45 ml of HBSS.
The final cell wash was saved as a control for contamination of the
PBMCwith HBVDNAderived from blood or damaged cells. In com-
plementary experiments, washed PBMCwere suspended in 900 ,u of
HBSScontaining 100 Al of lOx DNAase digestion buffer and DNAase
(100 Ag/reaction), incubated at 37°C for 1 h, then supplemented with
10 Al of 100 mMCaC12 and digested with trypsin (100 ,4g/reaction;
type II; Sigma) for 30 min on ice. The resulting cells were washed with
HBSS.

DNAisolation was performed as previously described ( 13 ). 50 ul of
the isolated DNAwas analyzed by PCRin parallel with 50-,ul samples
of the final PBMCwash. Total RNAwas extracted from PBMChar-
vested at 39 and 70 mofrom cases 2 and 4, respectively. The cells were
homogenized and solubilized according to the acid guanidinum thiocy-
anate-phenol-chloroform method ( 14). The final RNAwas treated
with RNAase-free DNAase I (2 U/reaction) (Promega Corp., Ma-
dison, WI) for 30 min at 37°C and then with RNAase H ( 1.5 U/reac-
tion) (Bethesda Research Laboratories, Gaithersburg, MD) for 30 min
at 37°C to eliminate possible viral RNA/DNAhybrids resistant to
DNAase digestion (15, 16). The enzymes were subsequently inacti-
vated by incubation at 95°C for 5 min and the RNAstored at -70°C.

PCR. Two pairs of oligonucleotide primers specific for the HBV
core gene and representing sequences conserved among HBVsubtypes
and an oligonucleotide probe homologous with the fragment internal
to these primers were synthesized on a model 308B DNAsynthesizer
(Applied Biosystems, Inc., Foster City, CA). For control amplifica-
tions, external and nested primer pairs specific for the ampicillin resis-
tance (AMPR) gene of plasmid vectors commonly used in our labora-

tory and a single-stranded probe internal to these primers (AMP INT)
were designed and synthesized. In addition, a primer pair specific for
pre-S region (PSU-NSU) was used in selected studies. The characteris-
tics of these oligonucleotides are provided in Table II.

DNAsamples derived from sera (10 tAl) or PBMC(- 1 qg) were
amplified in a 100-pu reaction volume in a programmable thermal
cycler (TwinBlock System, Ericomp, Inc., San Diego, CA). The reac-
tion mixture was prepared using GeneAmp reagents (Perkin-Elmer-
Cetus, Norwalk, CT) and a procedure proposed by the manufacturer.
For amplification with the PCO-CORprimer pair (Table II), the sam-
ples were initially denatured at 930C for 5 min, cooled to 520C for 2
min to anneal the primers to the template DNA, and incubated at 70C
for 3 min to allow elongation. Subsequently, the amplification was
carried out for 30 cycles. The last cycle was followed by a 3-min elonga-
tion step at 70'C. For the second round of amplification, 10Iu of the
mixture resulting from the direct reaction was amplified with the PCN-
NCOpair (Table II) using the same temperature program as that for
the direct PCR.

Semiquantitative estimation of the level of HBVDNAin tested
samples was done by amplifying 10-fold serial dilutions of the extracted
DNAwith the HBVcore primers with subsequent detection of PCR
products by Southern-blot hybridization to HBCINT probe (Table II).
The levels of sensitivity of direct and nested PCRs were determined
using 10-fold serial dilutions of cloned HBVgenome in normal human
serum or TE buffer, followed by hybridization detection of the ampli-
fied DNAproducts. This monitoring revealed that the sensitivity of the
direct and nested PCRsemploying the HBVcore primers was 10 -'and
l0 - pg HBVDNA/ml, respectively (corresponding to - I03 and be-
tween 10' and 102 genome equivalents/ml). The nested PCRamplifi-
cation with AMPRprimers, coupled with hybridization analysis, could
detect - 10-5 pg of pBR322 DNA/ml (equivalent to about 10-100
copies/ml).

Amplifications with primers specific for the HBVpre-S region and
AMPRgene were carried out for 40 cycles. The reaction mixture was
heated to 940C for 1 min, cooled to 580C for 1 min, and then heated to
720C for 1 min. Final elongation was done at 720C for 5 min. The
sensitivity of direct PCRusing the HBVpre-S primers and ethidium
bromide ( EB) -agarose detection was - 10-2 pg HBVDNA/ ml (equiv-
alent to about 104 copies/ml).

To eliminate sources of DNAcontamination, rigorous precautions
were taken. All sera and PBMCsamples were divided into small ali-
quots under sterile conditions in a laminar flow hood using disposable
plasticware before bringing them to the laboratory where they were
handled separately from PCRproducts, bacterial plasmids, and other
possible sources of HBVDNAcontamination. Each sample was ana-
lyzed by PCRat least twice. In the cases of positive HBVDNAidentifi-
cation, DNAisolated from a newly opened aliquot of the same serum
or PBMCsample was amplified to confirm the positive result. All am-
plifications were performed in parallel with relevant negative and posi-
tive controls which consisted of DNAderived from the sera and/or
PBMCof healthy individuals and HBV-positive patients. Positive con-
trols also included amplification of recombinant HBVDNAof the ayw
subtype derived from plasmid pFC80. Contamination controls con-
sisted of water added to the PCRmixture instead of DNA. All reagents
and buffers used during DNAisolation and PCRamplification were
periodically assayed for the presence of viral DNAcontamination. To
further confirm validity of HBVDNAidentification, samples positive
for HBV DNA were subjected to nested PCR amplification using
primers specific for plasmid AMPRgene (Table II). In addition, since
the laboratory plasmids carry HBVayw genomes only, amplification of
the HBV DNApositive samples with primers specific for the pre-S
region was performed to help verify the authenticity of the detected
DNAby assessing divergence in the molecular size between the ad and
ay subtypes of the virus.

Reverse transcriptase PCR. Approximately 1 ,ug of RNAderived
from each PBMCpreparation was used for cDNAsynthesis. The reac-
tion was performed using cDNA Synthesis System Plus (Amersham
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Table II. Sequence and Location of Oligonucleotide Primers and Probes

Expected size of
Sequence Position target sequence

bp

HBVC-ORF specific
External primers

PCO(sense) 5'-CTGGGAGGAGTTGGGGGA 1732-1750* 723
COR(antisense) 5'-CTAACATTGAGATTCCCGA 2454-2436*

Nested primers:
PCN(sense) 5'-CTGTAGGCATAAATTGGT 1783-1800* 554
NCO(antisense) 5'-TCCGGAAGTGTTGATA 2336-2321*

Probe:
HBCINT (sense) 5'-CCTCACCATACAGCACTCAGGCAA 2050-2073* 723 or 554

HBVS-ORF specific
Primers:

PSU(sense) 5'-GGGTCACCATATTCTTGGGA 2816-2835*
NSU(antisense) 5'-GTCCTAGGAATCCTGATG 187-170* >554t

Plasmid AMPRgene specific
External primers

PPAC(sense) 5'-CTCAGCGATCTGTCTATTTCGTTCA 3324-3348t
XMNG(antisense) 5'-GCCCCGAAGAACGTTTTCCAATGATGAG 3979-3952t 656

Nested primers
PPPA(sense) 5'-ACTACGATACGGGAGGGCTTACCATCG 3382-3408t
XXMN(antisense) 5'-ATCCCGTGTTGACGCCGGGCAAGAGCA 3918-3882t 537

Probe
AMPINT (sense) 5'-CGTTTGGTATGGCTTCATTCAG 3635-3656* 537 or 656

* Numbers denote the position of the sequence in HBVayw (39), with the exception of position 2061 in HBCINT probe were threonine (T) was
replaced with alanine (A), since this last nucleotide is more frequently accounted within sequences of different HBVsubtypes. * Numbers
denote the position of the sequence in pBR322 (40).

Corp., Arlington Heights, IL). As controls, RNAsamples derived from
the same PBMCbut treated with DNAase and then RNAase A (100
,ug/ml, 1 h at 370C; ribonuclease A, Sigma Chemical Co.) were used.
Additional negative controls included water instead of RNAand omis-
sion of oligo-dT primer and reverse transcriptase during cDNAsynthe-
sis. HBV-specific sequences were amplified using nested PCRand core
specific primers.

Detection of amplified DNA. Twenty gl aliquots of the products
from direct or nested PCRamplifications were analyzed by electropho-
resis on a 0.9% agarose gel in the presence of 0.5 ,ug/ml of EB. DNA
bands were visualized by ultraviolet fluorescence. For Southern-blot
analysis, the PCR-amplified DNAwas transferred by capillary transfer
to a nylon membrane (Hybond-N; Amersham Corp.) and hybridized
to 32P-labeled HBCINT or AMPINT probe (17). The membranes
were exposed to X-ray film (XAR; Eastman Kodak Co., Rochester,
NY) with an intensifying screen.

Results

HBVDNAin Sera of individuals convalescentfrom acute hepa-
titis B. HBsAg was detected in sera obtained during the acute
phase of SL-AH in all individuals studied, but not in the sam-
ples collected following resolution of the disease (Table I). All
but two of the acute phase sera and all of the convalescent
phase sera were negative for HBVDNAby slot-blot hybridiza-
tion (sensitivity - 107 genome equivalents/ml). The same
sera, examined by nested PCRusing the HBVcore primers and
detection of PCRproducts by EB-agarose or Southern-blot hy-
bridization (sensitivity 102 and between 10 1 and I O2 genome

equivalents/ ml, respectively), revealed the persistent presence
of HBVDNA long after recovery in all individuals studied,
except in a patient with fulminant hepatitis (case 5) in whom
the only detectable markers of HBV infection at the time of
clinical presentation were antibodies to HBs, HBe, and HBc
antigens (Table I, legend). It is noteworthy that HBVDNA
was detected at intervals as long as 7, 43, 50, and 70 moafter
resolution of all conventional parameters of disease in the pa-
tients whose sera were available for study. Interestingly, HBV
DNAcoexisted with anti-HBs in three of these cases for as long
as 37-67 mo (cases 2, 3, and 4; Table I).

Surprisingly, semiquantitative evaluation of HBVDNAus-
ing serial dilutions of the serum-derived DNArevealed that the
level of viral DNAdid not decrease dramatically between the
earliest and the last samples (Fig. 1 ). In fact, concentrations of
serum HBVDNAremained apparently unchanged in one indi-
vidual after 7 moof follow-up (about 104 genome equivalents/
ml; case 1), whereas the remaining three patients decreased
10-100-fold during a mean observation interval of 55.3 mo
(cases 2, 3, and 4) at which time the serum contained between
102 and 103 genome equivalents/ml.

The possibility that the sera were contaminated by exoge-
nous PCRproducts or exogenous plasmid DNAwas excluded
by the inclusion of negative control sera and contamination
controls in all assays and by the failure of HBVDNApositive
samples to react with primers specific for the pBR322 AMPR
gene by nested PCRand Southern-blot hybridization (data not
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shown). Furthermore, amplification with pre-S region primers
of the DNAisolated from sera harvested at the end of the fol-
low-up period in cases 1-4 and the HBVplasmids present in
our laboratory (ayw subtype), produced DNA fragments of
587 and 554 bp, respectively (data not shown). Size differences
between the HBVDNAfragments amplified from the sera and
those from the plasmids further eliminated the possibility of
false positive results due to plasmid contamination, confirming
the validity of the HBVDNAidentification in convalescent
sera. In addition, the analysis suggested that these patients were
most likely infected with the adw subtype of HBVwhich is the
most common subtype in North America ( 18).

Nested PCRwith HBVcore specific primers and Southern-
blot analysis of DNAs isolated from serum and plasma ob-
tained at the same time point from an HBV-infected patient
revealed that heparinization of blood interferes with the subse-
quent detection of HBVDNAby the PCRprocedure described
herein, while anticoagulation with EDTA or ACDdoes not
(Fig. 2). This observation has been confirmed using wood-
chuck hepatitis virus DNApositive serum and plasma ( 19).

Biochemical and biophysical characterization of HBV
DNA-positive particles. To determine if the HBVDNAmight
be present within intact virions, acute and convalescent serum

samples were subjected to sequential DNAase and proteinase
K digestion before isolation of DNA. Extensive DNAase treat-
ment of the samples did not abolish HBVDNAreactivity in
any of the sera, but some of the digested samples gave a dis-
tinctly weaker hybridization signal (Fig. 3 A). The same treat-
ment of plasmid DNAcompletely eliminated HBVDNAreac-
tivity, as determined by Southern-blot hybridization of PCR

Figure 1. Quantitation of
HBVDNAin serum samples
obtained during the acute
episode and at the end of fol-
low-up from individuals con-

valescent from acute hepatitis
B. 10-fold dilutions of DNA
isolated from the equivalent
of 100 ALI of serum were am-

plified by direct PCRwith
HBVcore region primers and
products identified by South-
ern-blot hybridization to
HBCINT probe.

products (Fig. 3 A). DNAase resistant HBVDNAdisplayed
DNAase sensitivity following digestion with proteinase K (Fig.
3 B), suggesting that the HBV DNAwas encased within a
protective layer of protein as would occur in a virus particle.

To investigate whether the HBVDNA-protein complexes
displayed physicochemical characteristics of circulating viri-
ons, late convalescent serum samples from cases 2, 3, and 4
were centrifuged through 15% sucrose in parallel with purified
Dane particles and recombinant HBVDNA, and the resulting
fractions were tested for HBVDNAand HBsAg. In all three
convalescent sera the HBVDNAsedimented to fractions 2 to 5
compared with fractions 2 and 3 for the purified Dane particles
(Fig. 4). In contrast, the peak of free HBVDNAreactivity
originating from plasmid DNAwas detected in fractions 8-1 1.
In view of the prolonged storage of most of the samples, these
results are compatible with the presence of partially denatur-
ated virions, which would also explain the partial DNAase sen-
sitivity of the samples as illustrated in Fig. 3.

Figure 2. Effect of anticoagulants on the
detection of HBVDNAby PCR. DNA
isolated from the equivalent of 25 Al of

serum (lane 1) or 25 Ml of plasma ob-
tained from heparinized blood (lanes 2
and 3) or blood treated with EDTA(lane
4) or ACD(lane 5) from the same

1 2 3 4 5 HBsAg-positive patient amplified

by direct (lanes 1, 2 and 4, 5) or nested
(lane 3) PCRwith HBVcore specific primers. Viral DNAwas de-
tected by Southern-blot hybridization to HBCINT probe.
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Figure 3. Effect of enzymatic digestion on the detection of HBVDNA
derived from cloned HBVgenome (plasmid pFC80) and in sera of
individuals with a history of acute hepatitis B. (A) Plasmid pFC80
suspended in 50 ,l of normal human serum (NHS) at concentrations
of 4.7 pg (x 10) and 0.47 pg of HBVDNA(x I) and 50 ,d of serum
obtained during an acute episode of hepatitis from cases 3 and 4 were
subjected to triple digestion with DNAase (D) or not treated with
DNAase (C) before DNAisolation. (B) 50-IAI samples of serum ob-
tained at 46 moof follow-up from case 2 and serum of a patient with
chronic active hepatitis B (CAHB) were subjected to triple DNAase
digestion (lane 1), triple DNAase digestion followed by proteinase K
digestion (lane 2), single proteinase K digestion (lane 3), and triple
DNAase digestion followed by proteinase K digestion and single
DNAase digestion (lane 4) before DNAisolation. Viral DNAwas
amplified by nested PCRwith HBVcore primers and identified by
Southern-blot hybridization to HBCINT probe.

These observations suggest that the HBVDNAdetectable in
late convalescent sera is probably present in a particle that dis-
plays the sedimentation velocity of virions and co-sediments
with HBsAg. Since these sera are positive for anti-HBs, it is
possible that the HBVDNAis present within circulating im-
mune complexes.

The late convalescent sera were also subjected to cesium
chloride isopycnic density gradient centrifugation in parallel
with HBsAg-positive serum from two patients with chronic
hepatitis, and purified HBVplasmid DNA(Fig. 5). PCRanaly-
sis demonstrated that serum HBVDNAbanded at a mean
density of 1.36 g/cm3 in three of the four patients tested. In the
remaining patient (case 3) and in two controls chronically in-
fected with HBV, viral DNAbanded at a mean density of 1.20
g/cm3. In contrast, the peak density of recombinant HBV
DNAdigested with Sau3AI, used as a source of protein-free
virus DNAmolecules, was found in fractions with a mean den-
sity of 1.72 g/cm3.

HBVDNAand RNAin PBMC. Nested PCRamplification
with HBVcore primers and subsequent Southern-blot hybrid-
ization demonstrated the expected 554-bp fragment of HBV
DNAin all examined PBMCsamples collected from four pa-
tients convalescent from acute infection (Fig. 6). Two of these
individuals (cases 2 and 4) had detectable HBV DNA in
PBMCobtained at 36 and 70 moof follow-up, respectively. In
one patient (case 4), the HBV DNAwas detected in three
consecutive samples collected at 6, 32, and 70 mo. Hybridiza-
tion signals displayed by the DNAderived from comparable
numbers of PBMCfrom these samples were approximately of
the same intensity. Amplification of DNA isolated from
PBMCof the control patient chronically infected with HBV
produced HBVDNAfragments of the same size as those de-
tected in PBMCof convalescent patients. DNAfrom PBMCof
an uninfected control and an aliquot of the last wash from the
PBMCisolation procedure did not contain detectable HBV
DNAreactivity except for a single specimen (case 2) where a
weak signal of residual HBVDNAreactivity was seen (Fig. 6).
Treatment of intact PBMCwith DNAase followed by trypsin
before DNAisolation had no effect on the HBVDNAsignal in
PBMC(data not shown).

Specific HBVRNAsequences were detected by RT-PCR
analysis in two PBMCpreparations obtained at 39 and 70 mo
from cases 2 and 4, respectively. Hybridization signals were
detected after pretreatment of the RNAextracts with DNAase
and RNAaseHexcluding the possibility of contamination with
viral DNAand DNA/RNAhybrids. No amplification prod-
ucts were obtained when the same RNAsamples were pre-
treated with DNAase and then with RNAase A or when oligo-
dT primers or reverse transcriptase were omitted during cDNA
synthesis (Fig. 7).

Analysis of the same sucrose fractions for HBsAg revealed
trace amounts of antigen in fractions 1-3 in two of the three
convalescent sera (Fig. 4) despite the fact that the same unfrac-
tionated convalescent sera were anti-HBs positive and HBsAg
negative. In convalescent serum from case 3, trace amounts of
HBsAg co-sedimented with HBVDNAin fractions 2 and 3,
similar to the location of the peak of HBsAg reactivity observed
in parallel experiments with purified Dane particles, and
HBsAg-positive serum from a patient with CAHB(Fig. 4).

Discussion

This study demonstrates that HBVDNAcan persist in the
serum and remain transcriptionally active in PBMCfor several
years after complete serological and clinical resolution of acute
viral hepatitis. It corroborates previous reports of persistent
HBVDNAsequences in the liver of a single patient with a
history of apparently transient viral hepatitis (3), in the liver of
a chimpanzee following recovery from acute viral hepatitis due
to HBV(20), and in the liver and PBMCin woodchucks conva-
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Figure 4. Sedimentation velocity of HBVDNAand HBsAg in sucrose. Sera of individuals convalescent from acute hepatitis B, purified Dane
particle preparations, HBsAg-positive serum from a patient with chronic active hepatitis B (CAHB), and recombinant HBVDNAwere centri-
fuged through 4 ml of 15% sucrose onto a 60% sucrose cushion at 40,000 rpm in an SW60rotor for 4 h at 5PC and 330-,ul fractions collected
from the bottom. HBVDNAreactivity was determined by direct (D) or nested (N) PCRamplification with HBVcore primers in EB-agarose
(solid bars) and positiveness of HBsAg tested by Ausria II (Abbott Laboratories) (hatched bars).
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lescent from acute hepatitis due to WHV(6). These results are

also consistent with reports that HBVDNAcan persist in the
serum after spontaneous or therapeutically induced clearance
of HBsAg in patients and woodchucks with chronic hepadna-
virus infection (4-11, 21, 22). The current report also demon-
strates that the viral DNAappears to be packaged within virus-
like particles and it suggests that it may exist within viral parti-
cles in the context of immune complexes in the
anti-HBs-positive sera.

In the present study, the levels of serum DNAshowed a

tendency to decline over time, but the rate of decrease was very
slow. This finding raises the possibility that persistence of HBV
DNAafter an uncomplicated episode of SL-AH may extend
much beyond the time-frame examined in our study. The only
patient in our study group whose serum samples were negative
during convalescence had fulminant hepatitis B and displayed
early anti-HBs, anti-HBe, and anti-HBc IgM responses (case
5). This may suggest that complete virus clearance can occur in
acute HBVinfection in the context of an exceptionally strong
antiviral immune response.

Biochemical analysis of the HBVDNAsequences derived
from sera obtained at the end of follow-up of individuals conva-

lescent from acute hepatitis B showed that in all four cases a

fraction of the DNA molecules was resistant to extensive

Negative Case 2
Control 39 mo

Case 4
70 mo

1 2 1 2 1 2 3 4

Figure 7. Identification of
HBVRNAsequences in
PBMCof individuals with
long after recovery from
SL-AH. Total RNApre-

pared from PBMCof a

healthy individual (nega-
tive control) and from pa-
tients 2 and 4 were digested
with DNAase and RNAase
A (lane 1) or DNAase and
RNAase H (lane 2) before
cDNAsynthesis. Control

experiments performed on DNAase- and RNAase H-treated PBMC
RNAfrom patient in which cDNAsynthesis was done either in the
absence of oligo-dT primer (lane 3) or reverse transcriptase (lane 4).
The cDNAwas amplified using nested PCRwith HBVcore primers
and the PCRproducts were detected by Southern-blot hybridization
to HBCINT probe.

Figure 6. Southern-blot iden-
tification of HBVDNAin
PBMCof individuals conva-
lescent from acute hepatitis

e 3 Case 4 B. DNAfrom an aliquot of
no 6 mo 32 mo 70 mo final PBMCwash (W)and

PBMC(C) from a healthy
individual (negative control),
a patient with CAHB(posi-
tive control) and cases 1-4
were amplified by nested
PCRwith HBVcore primers

& ^ A ^ a n and hybridized to HBCINT
probe. Positive samples show
the expected amplified 554-
bp nucleotide fragment noted

C WC WC WC by arrow.

DNAase treatment unless the serum was first digested with
proteinase K. This property was comparable to that observed
in HBVDNApositive sera collected during the acute disease
from the same individuals and in a control HBVDNA-positive
serum derived from a patient with CAHB. This implies that the
DNAase resistant HBVDNAmolecules are protected by pro-

tein and might suggest the presence of circulating intact viral
particles. Ultracentrifugation of the HBVDNA-positive conva-

lescent sera indicated that the DNAmigrated with a sedimenta-
tion velocity similar to that of purified Dane particles in all
three individuals examined. Surprisingly, we were also able to
detect HBsAg reactivity (albeit in trace amounts) in sucrose

fractions of two of the sera, despite the fact that the unfraction-
ated sera were HBsAg non-reactive and contained anti-HBs-
specific antibodies. This is could be interpreted as direct evi-
dence that HBVenvelope proteins, not only viral DNA, are

persistently produced in anti-HBs-positive patients convales-
cent from acute hepatitis B, suggesting that the viral genome is
transcriptionally and translationally active long after clinical,
serological, and biochemical recovery from this infection. This
is also consistent with the possibility that HBVDNA-positive
viral particles are present in these patients probably within im-
mune complexes. The presence of HBsAg in apparently
HBsAg-negative, anti-HBs-positive sera has been previously
described, using an assay employing high-affinity monoclonal
antibodies to HBsAg (23).

Further analysis of the biophysical properties of the HBV
DNApresent in the late convalescent sera from 3 of the 4
patients, using isopyknic cesium chloride density gradients re-

vealed that it banded at a mean density of 1.36 g/cm3, which is
comparable with the density of dense HBVcore particles (24).
In the remaining patient (case 3), and in two chronically in-
fected controls, the HBVDNAbanded at a mean density of
1.20 g/cm3, which is compatible with the density of intact
Dane particles (24). Since the serum HBV DNA from the
same patient co-migrated in sucrose gradients with HBsAg
(Fig. 4), it would appear that the DNA is packaged within
native viruslike particles, at least in this case. In view of the
partial DNAase sensitivity of the HBVDNApresent in some of
these sera, it is possible that the high density HBVDNAactu-
ally reflects the presence of viral particles that may have been
damaged during prolonged storage. Obviously, further studies
will be required to establish the precise nature of the HBV
DNAcontaining particles in these convalescent sera, to deter-
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mine if they are infectious and if they contribute to sustained
immunity to HBVin this patient population.

At this point, it is important to emphasize that heparin
exerts a dramatic inhibitory effect on the subsequent detection
of HBVDNAby PCR. This could influence profoundly the
outcome of such studies, and it suggests that previously pub-
lished data should be reassessed if heparinized plasma was used
as a starting point for isolation of HBVDNAfor subsequent
analysis by PCR. This finding corroborates observations that
heparin interferes with the PCRassays for detection of human
immunodeficiency virus and hepatitis Cvirus genomes in hepa-
rinized plasma (25, 26).

The rate of HBVDNApersistence among patients in our
study group is high (80%). In a recent study, Wanget al. (27)
tested plasma samples from 206 HBsAg-negative patients, the
majority with serologically documented prior HBVinfection,
for HBVDNAby direct PCR. Only 4%of the patients proved
to be positive for HBVDNAin that study. The discrepancy
between our results and theirs could be due to sample size, or it
might reflect our use of serum instead of anticoagulated
plasma, as well as differences the sensitivity between nested
and direct PCRassays, and in the interval between onset of
infection and the collection of the tested samples (not defined
by Wanget al. [ 27 ]). Obviously, additional studies will be re-
quired to clarify the true incidence of persistent HBVinfection
after resolution of liver disease, as well as duration of persis-
tence.

Our findings also clearly demonstrate the prolonged persis-
tence of HBVDNAin PBMCafter resolution of acute hepatitis
B in all four cases studied. Further, we demonstrated the pres-
ence of HBVRNAin PBMCcollected from two of these pa-
tients after more than 3 or 5 yr of follow-up. These results
suggest that HBVtranscription can occur in human PBMCin
the context of serological immunity to HBV, years after resolu-
tion of hepatitis.

Identification of HBV specific RNAin the PBMCof our
patients is consistent with previous reports that hepadnavirus
DNA, RNAand protein are detectable in human and wood-
chuck PBMCeven in the absence of serologic evidence of on-
going virus infection (11, 13, 16, 28-36). Since infectious
WHVis produced by mitogen-stimulated PBMCfrom chroni-
cally infected woodchucks (37, 38) it is possible that these hu-
man cells may also be able to support HBV replication and,
thus, serve as a reservoir for cell-to-cell transmission of the
virus despite the presence of neutralizing anti-HBs.

Finally, these observations may also have important epide-
miological and pathogenetic implications, especially if the
HBVDNA-containing particles prove to be infectious, and if
viral persistence in PBMCreflects its persistence in the liver or
elsewhere in these patients, where it might contribute to the
development of chronic diseases that are currently not known
to be caused by HBV.
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