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DETECTION OF HEPATITIS B VIRUS DNA IN HEPATITIS B SURFACE
ANTIGEN-NEGATIVE SERUM BY POLYMERASE
CHAIN REACTION: EVALUATION OF DIFFERENT PRIMER
PAIRS AND CONDITIONS
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Sunmary, ~ The presence of hepatitis B viras (HBV) DINA was investigated by polymerase chain reac-
tion (PCR) in the serum of twenty Brazilian blood donors. All sera were negative for hepatitis B surfuce
antigen (HBsAg), 17 of them presented antibodies to the hepatitis B core antigen (anti-HBc) as the unique
serological marker of HBV infection, and 3 were positive for antibodies to HBsAg (anti-HBs) and anti-HBc.
PCR assays were carried out using different pairs of oligonucleotides designed from conserved sec quences of
C, pre-5 and § regions of the HBY genome. First, all oligonucleotide pairs were tested in PCR using plasmids
carrying HBV genome f'mm apw or adw strains as templates. One-round PCR assays were able o detect
100 - 25,000 molecules of plasmid DNA, depending on the oligonucicotide pair, \\hlh senvi-nested PCR
assays detected 10— 1000 molecules. The frequency of HBV DNA-positive results with HBsA g sera varied
from U% to 50% dc pending upon the PCR assay. The results indicated that a number of bot h solated anti-HBe
and anti-HBs", anti-HB¢" sam plos contained HBV DNA ata very low concentration, neighboring the limit of
:;ictutm .

o
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Introduction is confirmed by an anti-HBs-positive test. Anti-HBce coex-

isting with anti-HBs indicate a previous HBV in 'cc on

HBV infection ik; commonly diagnosed by the presence  Whereas the simultaneous presence of HBsAg and anti-HBe
f HBsAg and anti-HBc in the serum using radioimmu-  tevealsa currentinfection. Persistent isolatec 1&1111-l]Bunuy

noassay (RIA) or enzyme-linked immunosorbent assay — present two possibilitics with dif <~“—‘111 clinical and epide-

(ELISA). Anti-HBc usually appear in the acute phase of — miological significance: (a) past HBV infection with un-
HBV infection and can persist over a long period of time  detectable levels of anti-HBs or v) HBV chronic carrier-
after virus clearance. The convalescent phase of the disease  ship with undetectable levels of HBsAg in the blood (Me-
drano et al, 1991). Studics on post-transtusion hepatitis have
shown that in some cases, “anti-HBc alone” serum or even
a serum without any serological marker of HBV infection

'(‘jl‘orrcs:pfnm‘ing; m.zr’lvwx".ﬂ o can transnut infection to transfusion recipients (Elghouzzi
Abhrm’mﬂmm‘:. EDTA = cthy'ln:nommnmm tﬁ:tr:)zu‘:c’l;n(;; ¢t al., 1995; Hoofnagle ef (]/ 1978; Thicrs ef al., 1988).
HBsAg = hepatitis I3 surface antigen; ELISA = enzyme-linked )

immunosorbent assay; HBV = hepatitis B virus; ot = nucleotide;
PCR == polymc*nw chain reaction; SDS = sodium dodecyl sul-
phate; Tris = tris-(hydroxymethyl-aminomethane

In a transfusion context, HBV, as retroviruses and
hepatitis € virus, has btmn one of the viruses most exten-
stvely investigated through PCR analysis. The presence of
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HBV DINA i the serum of patients with anti-HBc as the

sole HBV 1y tm o marker has been invest 7 ated in Canada
(seully of ul‘ﬂ 1994), Ching (Luo er ol 19917992 Pao e
al 99T Shiheral 1990 W et al, ‘NI 3, Finland (Ran
kieral, | ‘)‘)»} apan (hzukaeral,

G923, The Netherlands
(Kroes er al, 1991, “mx trevland (Jotler-Jemelka e ol
1904, The United States (Douglas ef el 1993 1
BWM) nd Venesue H(/hﬂaﬁw etal, 1992}, 'H
these MK(SI es were diserepant, with the ratio of posit
PINA samples MW g from G% (Douglasef al., |
ly u’m’ 1994 « /o (Lahaleta ef af, WW)

eh diserepancy may reflecta large diversity of sample
om populations of Ewwm or higher
previlence rates. It can also be due o variations in the meth-
mim }, aithough PCR is o very sensitive method for de
1 FIINAL miethod of DNA ex-
raction tmm the serum, the chotce of ohigonucleotides used
as primers, and the experimental conditions of PCR, can
affect the it of detection of HBY DNA from positive
brological samples.

In this stu strate the presence of HBV DNA
moserum of B ww HH riltan blood donors and find that
the freguency of HBY DINA- ;m Sptve results ¢
siderably depending ont } Pl

welal,

e HBV
Wj; Seul-

w[I chions origmating {ro

some factors, as the

iy, we demon
CAN VATY CON

assay used

Materials and Methods

Serum samples were collected in 1994 from
bload from the states of Acre and Santa

K'UIHI‘IT(‘U‘}'

donors Brazilia

Catarina. Acre ts a northern Brag I Im in the Amazon
region where the prevalence of HH\/ : i s high, 84 10%
of HBsAg (Fay, 1994) and 67% of a Ir lH (Uu sabath of
al 1987 ) S ;x(“;itm‘irn;t located m the sout h s Loy
HBV prevalence, 1% of HBsA g, mf [ mm HM (Vas

cone hﬂ.lm elal, 1994 ‘%um; Mles were tested fo
HIs, and ;mnlllk using Hepanostika
-H s, and lwm watika anti-HEbde Uniform,
crob LIS A system (Orpganon Tekmka, The

Netherlands) m,:a‘wulm;; 0 the 1‘1umuMfmw“m Histructions,
t-He FeM was adso mvestigated by BLL-
ﬂ‘)"W} O from Acre
iy were select M for this study, Al

rHBsAg, anti
HBsAg Uniform 11
Hepanostika anti
respectively, 1 mi
‘Hw presence of an
{(Tedeschi of mf
B FO from Santa

Twoenty san »Iu«

were HBsAg ,nm!mm IH ML Seventeen samples present
edanti-H B as the uigue s mtu cal marker of TIBV infoc
tron and ﬂn craining 3 (Act, Ac, and /\&'(») were anti-

the end-
MEM! we 1/8) it
ter of HBsAg

FIBS Zann-THBe - Ant-HBe titer was est blmim s
poimt from wm%hld sertad dilutions (First
teen samples from Ivﬂ(w! donors with a high
were used as o control group.

LINA extraction. Two DNA extraction methods were com-
parcel, T the first one, 150 pl w! serum was treated with

0.5 my/mlofprotemase K oin the presence of 0.2 mol/t NaCl

¢ rmufh of

and 0.25% sodium dodecyl su
DINA was then extracted with phenol/chloroform and pre-
cipitated by ethanol. The peflet was dri

in 30 pl of distilled water. On
assay (method 1),

In the second method (Baginski er of, 1990), 25 pl of
serum was mixed with 25 plofa buffer containing 250 pgiml
of proteimase K, 0 ’f“ﬁ%u SDS, 5 mmold/d ethylenediamine
ELYTA L FO mmol/Tiris-Chydroxym H‘ vl

0 u[mtn dior? hrsat 56°C Afte

1) pH ?*» and it :
tion of the proteinase K Tw IU mins at 95° ( .

Iphate (SDS) for4 hrs w1 37°C.

ed and resuspended

¢ Wl was used for each PCR

tetraacetate
nethane t ﬂ
mactiva

I“wzmw

the volume was adp md to 200 ith TAQ buffe
(10 mmel/t Tris-HCT pH 8.4, 50 mp I I KT, f% THYNG T
MgClL, 0.01% gelatin ﬂ 05% Tween /; ), ane 0.05% NP40),

{}
ch PCR assay (metho d 7)
PCR assays were carried out with different
To determine the Himit of detection
v two plasmids were used as HBY DINA

Forty pl were used for ca

Plasmids.
oligonucleotide pairs.
for cach PCI

[RQFEY

templates. The first plasmid, im‘wrmt‘" das “plzu:@x'md a3,
wits constructed by msering mito the pCRIT veeror (Invitro-
gen Coa PCR pr M{L ot contaming 97% of the genome of

HBV avied strain. The segment of HBY penome carried by
plasmid aied extended from nucleotide (n1) 1935 10 3182
and from nt 1 (Ecol] sie } to 1837, The second plasmid,
desigr i Mmm idadwd”, contained the c.:a‘nsm‘\lcm genome
of an H S isolate that expre wm the subtype adivd of HB-

sAg ‘lz umann er al., 1993), Both plasmids were
by ultracentrifugation in CsCl gradier
when Lmd as templates for PCR.
POR The following oligomicleotides were
PUR.

> purtfled
1t and serially diluted

used as primers for

s &"i'}“‘f‘ﬂLA(%‘X'M("'H“A‘&‘ ”f”i’H”I“I““I‘” St T93S-1958)

C2 5 CTAACATTGAGATT( 3t 2430
Pst ST CCA ‘s%”ﬁ”ﬁ"l‘f“ﬁ”ﬂ‘(‘i Sl DAG (mt 2R26-2845)

P i’m‘(‘i ‘ﬁf('f@‘,‘%f"éﬁ LT W M (it 143-124)

PS4 ACACTCATCCTCAG TOCAGTG3 (nt 3194-3218)
\

v BTG xf TTAAANTGTATACC ﬁﬁ AAAGAZ (nt 841-819)

These primers were designed from highly conserved seg-
doutin
i ‘u‘»fvnmu of 50 plbin the presence of 0.2 mmol/l of each
ANTP 3 mmol/d MgCLoand | unit of Tag DNA polymer-

fse mkw 0-BRL). After an initial j

0 O4TC, DNA was amphih Em 35 eveles (947°C for 30 secs,
SUC Hor Dondn and 72°C for 2 nuns) followed by a {inal
clongation for 7 mins at 72°C. Em whwere loade dona 2%
gel containing ethidiom bromide and eleciro-
LINA was visuahized under UV hight. The semi-
nested PR was done i the same conditions using 1 pt of
the product of the first round of PCR.

To avord contamination, pre-PCR reagent preparation,
DINA extraction, XNA :\m[ B Fication, and gel electrophore-
sts of PUR products were performed in four separate rooms.
Inceach series of experiments, five samples, two negative
and one positive controls were subjected to PCR. Negative

ments of the HBV genome, POR assays were carrie

"

denaturation for 3 mins

A0S0

phoresed,
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Table 1. Limit of detection of plasmid HBV DNA in different PCR assays

Primer pairs
used for PCR

Type of PCR

Size of DNA
fragment’

Limit of detection (number of molccules)

(bp) Plasmid aywd Plasmid adwd

C1-C2 One round 524 5,000 2,500
Cl1-PS2 One round 1,430 5,000 2,500
C1-PS2 Semi-nested 539 150 25
- PS1-PS2

PS1-PS2 One round 539 500 100
PSI-S2 One round 1,235 1,500 25,000
PS1-52 Semi-nested 867 140 1,000

- P54-82

“The sizes are given for plasmid advwd. Duc to a deletion at the S'-end of the PS1 region, the DNA fragments from
plasmid ayw3 were by 33 bp smaller with primer pairs C1-PS2, PS1-PS2, and PS1-82.

Table 2. DNA positivity of HBsAg and HBsAg" serum samples in PCR

Anti-HBc PCR
Sample titer
PS1-PS2 PS1-82 PS1-S2 C1-PS2 C1-PS2 C1-C2
»PS4-82 ~>PE1-PS2
Acl? 1:5 + + b 4
Ac2? 1:20 b
Acl 1:320 - ¢
Acd 1:40 - + B!
Acd a1 ;
Ac6? 1:1 - 8 ND NI} f
AcT 1:10 ND ND
Ac8 110 t NI ND +4
Ac9 1:80 ND ND
1:5 - ND ND
1:20 }
Il -
1:20 -
1:20 + h +
1:160 +
1:20
1:20 ¢ +
1:40 + } +
1:10
1200 e e e e
HBsAg / 0/20 0/20 7/20 1715 215 10/20
samples (%) (0%) (0%%) (359%) (7%} (13%) (505%)
HBsAg"/ 15718 13/15 15715 15715 15/15 15/15
samples (%) (100%) (87%) (100%) (100%) (100% (100%)

CAnti-HBs samples.

"Presence of a DNA band of higher motecular mass than expec

‘Presence of a DNA band of tower molecular mass than expectec

NI = not done,

controls were sera of individuals without any serological
marker of HBV infection, processed in the same manner as
the samples. Positive control was a serum from an individ-
ual with high level of HBsAg. Additionally, the nucleotide

it

sequence of a segment of pre-S2 region from PCR amplifi-
cation product of cach positive sample was determined. As
no sequence was identical to each other (data not shown),

the possibility of cross-contamination was eliminated.
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Results
The sensitivity of the PCR assay to detect the presence
FHBY DNA in nomay be influenced by several pa
n"xmwtwm such as tEm method of DINA extraction, the se

quence fthe oligonucleotides chosen as primers of the re-
action, and the expernmental a‘,‘umhr‘ma\lf‘; m Pe Jﬁa
t}w nested POR s

round PCR,

CMoreover,
known to be more sensitive than the one-
ction of HIBV DNA from serum,
see Materials
on of HEYV DINA
samples from control

Two methods of ox

ath o d without I‘wB‘mmﬂ
aﬁ cthods), were compared i detect
m Hﬂ";wm: serum. First, five HBsAy
group were treated with both methods. tnoall £

(mcthods T oand 2,

ve samiples,

a HBY DNA band appearcd after treatment wtll Mthm
miethod followed by ﬂ*(“H with oligonucleotide p -
and gel electrophoresis (data not shm ny. /‘mu‘

with the n ﬁ d 1, four often HEsAg samples

tive sthI 1 POR with CH-C2 prmers F»;m mm d
mained nwwlm wa reated wi ﬁ the method 2 (data not

shown), The method 1 was therefore more sensitive than

the method 2 and was consequen m selected to extroct se-
HNA 0 be used as template for PCRL

I relis ry l*( M assays were carried out to ensure the

idity of wnnﬁﬁx m[Lgmx’mmhmtra‘lw patr and to determine s

érnp‘nﬂ‘)hﬁzw to amphily low wmounts of DNAL This was done

the HH\”

1solate.

o either M AN e
Iache were

using plasmids carrying
strain or of an achv chosen be-
cause they are the two most common wl‘wtwu soan Brozil
(Gaspar and Yoshida, 19871 All five oliponucleotide
(C1-C2, CI-PE2, PST-PS2, PSE-S2, and PS4-S52) used in
this study were able to detect ayw 3 ;,md mfwf phasmitd DINAC
To determine the limit of detection of DNA m owr PCR
assays, serial dilutions of both plasmids were analyzed by
PCR Table 1 shows that the himit was very Tow, always b
feriorto U1 amole (attomole) (6 x T molecules). B*M‘mm«:w
round PO I\ assays, 10was between 106 and 25,000 mole-

ules, hen gsays were more sensitive, decreasing
Ehu Fiimit 01 detection 25- 1o M::m;‘h 10 to 1000
plasmid molecules,

Twenty HBsAg samples were tested i this st 7\/ (-
ble 2). Samiples Act to Acl( ¢ (high
HBY prevadence regiont while samples SCH to &a( H Were
from Santa Catarinastate (low HIBV p

Avne ane

pars

¥

nested

150 times,

were from /M wosl

revalence m*m A
HBsAg ;nul anti-HBe feM and

A2, and /\t‘»)\ww;l TR Ihmmrwlllm
ples wore low (Table 2, column 23,1

had undetectable levels of
ity three (AL
m ers of all sam
12320 and 1
HI’\/ I)NA wits detected by PCR in more lmn 85% of
HbsAp samples, regardless of the PCR assay (Table 2). Two
negative control serum samples from xmlmg tls without
HEBV serological marker used in cach series of DNA ex-
traction/amplifica DNA band i any

SCTWeCn

tion did not show any

PCR a
oligonuc

ay (data not shown), When subjected w PCR with

sotide pairs PST-PS2 and PSE-S2, 4l 20 HBsAg
cs owere found negative for HBV DN
semi-nested PR (PS< 'wmtm g PCR(PST

A However
Sayaltowed

to detect HBV ﬁ)“m AIn seven (33 ”, two of them
T‘;}c;ﬂiﬁ anti-1Bs ,‘H} tmdi mhcr five anti-Hie™ only,
Orie a ﬂ s/ H]W f&;mmlu nerated a visible DINA

Imm{ 1[1 MI HEOTIUL 'Bc:‘mniu pair CI-P52 Semi-nested PCR
(P51-PS2) permitied to detect DNA in one more s
(ant-HBe o I\/) Moreover, four more samples, Ac2, Ac
SC4, and 5C7, gave o DNA band of unexp _t ‘d maole ml;u

ArOsL Yulvz
wf X“)wht*r”ﬂ wlecu I' " ITHES
ple Ack was
blotand hy Hmf}mTf*“'tm‘;t a
of unexpected s

SCA and 5 DNA band
V'h'“ cas LINA produced from sam
of fower - When transferred by %m[hc*m
H““u H S h]’")lﬂ})\ those g
iz did not present any positive Mhr’uir‘mm
wl (data not shown), Lasi the Targest number of
positive samples (len of twenty, 509 ) was reached with prim-
er pair € I M&. Notably, two of three anti-HBs Jamti-MBe
HM%' DNA-positive,

LAV A

on & HIT

samples were also

Discussion
Despite the progress made
sion rwwm r“u:rmm 4 uwmt'w;xr”
the world,
{Coursaget

in the last vears, post-transfu-

health ¢

of u‘/, W‘)I l oL el u/w
ir‘xdi\‘iduxh Wl IF out any HFH serol
al, 1992 Porststent isoln
i rx:%Iz‘m\,m:Iw COMMon

T“MZ} at
real marker (Luo o
ted mm‘-E{Mu react nm niayv be
al pattern for hepatitis B oc-
cubt mfection, at feast in patients with clnum, Elx cr mw;xr;c
(Sanchez HL yano of al, 1993). To evaluate the potential
mfectivity of blood M‘wm K mmm with anti-HBe as the
U ;w serofogical BV wicction marker, the
HBYV DINA i the serum ut mm imdividuals has been in-
dby POR. Several studtes, both in developed coun-
tries and m thy d world, have indicated o large percentage

of DINA positivity, For example,
donors ;mwmm“ a serological status gs mentione d above,
0% were DINA-positive H ler- ‘rm[k:u ctal, 1990 The

serologic

presence of
vestigated

amon 153 Swiss blood

fact thut nine ut ten “anti-HBe alone”™ imdinvadu E» WO
HY DINA-posit 1\@ nesucla (Zabalet Mu/ 992y led
the authors to suggest that anti- HH\W SCTCCNINg whmu[d he

maintaned and expanded to atl the hluw? f ks of less in-
dustrinlized countrics where BV fection in
apparently healthy people tends 1o be !xéph Foother studies,
the percentage of 1BV DNA- POSIIVE St
(lzuka of ¢, 1992 Kroes ot ol 1991 F
Pao ef «l, 199 Wang of of, 1991)
the United States (Douglas er al 1993
etal, 1994), no HBY DN

SUELE Y(”w‘llﬂg

the rate of

dm ;‘ vies was fower
mg ot al, 1994,
In m«[um s made m
Vand Canada (Scu
A-positive sample had hawm fou mt

g that the addition of anti-HBe testing For all blood
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donors for detection of low level HBV replication would
not be indicated in those countries. Such discrepancies may
not only be duc to differences in the studied populations,
hut also to technical factors, such as DNA extraction meth-
ods, experimental conditions of PCR, and choice of the ol-
igonucleotides used as primers.

Although it is estimated that more than ten milion peo-
ple are HB V-carriers in Latin America (Fay, 1994), few data
are available on this area. In this study, twenty samples, sev-
enteen of them isolated anti-HBc¢, from blood donors of two
geographically distant states of Brazil were investigated. Ten
samples were from Acre, which is a high HBV prevalence
state of the Amazon region located in the north of Brazil,
and ten samples were from Santa Catarina, a low preva-
lence state in the south of Brazil. Two methods of DNA
extraction from serum were used and the phenol/chloro-
form method was found to be more efficient. Although
a previous study has shown that HBV DNA could be de-
tected by PCR using a simplified DNA extraction proce-
dure without phenol (Norder er al., 1990), our results cor-
roborate another report showing that the phenol/chloroform
stage was cssential for the removal of nucleases and polymer-
ase inhibitors present in sera (Nicholson ef al., 1992). Use
of phenol may be indispensable for detection of very low
amounts of DNA.

Several oligonucleotide pairs were used in six different
PCR assays. These oligonucleotides were designed from
conserved segments of the HBV genome and all had a high
sensitivity in the detection of plasmid templates. Although
all samples had a low titer of anti-HBc, a number of them
were found DNA-positive. However, the ratio of positivity
varied greatly, from 0 to 50%, depending upon the PCR
assay. This showed that a number of samples contained
HBV DNA at a concentration close to the limit of detec-
tion. As expected, the number of samples found positive
with the semi-nested PCR was higher than that found with
the one-round PCR. The largest level of positivity ratio was
obtained using oligonucleotides from the HBV core region.
No significant difference was observed between the posi-
tivity ratio of samples from the states of Acre and Santa
Catarina.
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