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INCIDENCES OF }IBGAg AND ANTI-HBe IN AND CLINICAL

COURSE OF HEPATITIS B \/IRUS CARRIERS

HIDEAKi 'TsucHiEi, s OSAi\IU KURINiuRAi IKuo 'I'ANiuRAi

KOICHI SHIAIASEi, EIJI 1<ANET'02 'TAKASH1 1< URIAIURA3
FUNllO TsuDAJ and A1AK0'1'0 ATAYUlviij4
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Aoynintich0 3-I, 1< UTC, I-11ros1,111t, I. 737 Lipnn
" Departitlcnt or \'it o10g\., '1'0ttori Uni\'ersity School of NICdicine, Yon"go, '1'0ttori, 683 Innan
' 1.1cp, nitis Di\. ISIoit, T'ok\'o NICiropolitan institute of A'ledicnl Scicncc, '1'01<y0. 113 1:1p"n
(Re""tied July 5,198+)

BiKi:\ 10.11N, \I. \101.27 169-176. 198+

UN MAIu' A total of 336 hepatitis B \, irus (}{B\') carticrs \\, CTC follo\\, cd foi. in orc
than 3 years with sellal incasureincnts of scrological markcrs of I{B\' to tictcrininc

the correlation bet\^ccn their clinical coursc and the HBCAg-anti-I{BC s}, stem. In
all, 139 hatl Ilcpatitis B e antigen (HBeAg) at thc beginning of the study. During
the study, 30 of 139 }IBeAg-positive carriei's became HBCAg negativc and sub-
scqucntly gavc a POSitivc reaction for antibod\, to HBCAg (anti-I{BC). T'hc I'ate of
scroconversion \\, as 3.6%, PCr }, ear. 'rwo types of profile of scroconvcrsion wetc
observed, rapid and gradual. No significant differences \\, CTC observed in thc
incidences of HBCAg and anti-HBc in HB\' cari'icrs \\, ith or \\, ithout liver cirrhosis
(LC) and ITcpatoccllular carcinoma (}ICC). 'I'hesc findings do not support thc
rep, "t by Ch, rigor a1. (1983, I. Mad. \'I". I. 11^ 99-104) that " p, ,long"d repli. ati, .
phase of chronic HB\! infection is essential for the occurrcncc of I{CC. 'Two
HB\I carriers were diagnoscd as having HCC at the time of scroconversion from
HBeAg to anti-HBe. This finding supports the reports by Coursaget et a1. (1978,
I Chi. NII. ", bi, I. 7 ^ 394-395) and Must" at ,I. (1983, H. pat. gust, bunt"". I. g},
30 : 3-5) that actively replicating HB\' sometimes bccomcs defective during the coursc
of nialignant transformation

INTl{ODUC'F10\

,'he Incidcncc of I\cpatoccllular
(HCC) is very, hiult in China, Southeast Asia,
Japan, and Africa, whereas its incidence is

5 Present address : Department of \!Irology, Tot-
tori Uni\'ersity School of A'I'dICinc, Yonagn,
Tottori, 683 Japan

carcinoma IClativcly low in tlic LISA and \\'CStcrn Europc
(Szmuncss, 1978). Ticpatitis B \, irus (HBV)
infoction Is common in areas of thc world

where HCC is common. Thus, epidemiologi-
cal studies have shown a \, CT^ close correla-

tion between the geographical frequency, of
the HB\I carrier state and the incldencc of
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HCC. Furthermore, a higher frequenc), of
hepatitis B surface antigen (HBSAg) was
found in the serum of patients with HCC than
in that of controls (Coursaget at a1. , 1981 ;
Chung et a1. , 1983). Recently, an HCC cell
line was shown to produce HBSAg, and
HBV-DNA was found to be Integrated into

of these cells (Brechot at al. ,the genome

1980; Liarion et a1. , 1980). These findings
strengthen the idea that HBV plays a major
role in the malignant transformation of liver
colts. Chung at a1. (1983) rep. rt, d that pre-
disposition of a prolonged replicative phase
of chronic HB\I infection is essential for the
occurrence of HCC. In this study, we ex-
amined the incidences of hepatitis B e antigen
(HB, Ag) and antib. dy to HB. Ag (anti-HB*)
in HB\I carriers with or without liver cirrhosis

(LC) and HCC to determine the correlation
between the HBeAg-anti-HBe system and the
clinical course of HB\I carriers. This study
is on greater numbers of subjects with more
thorough follow-up of HBV carriers than
studies performed by others.

included 18 LC patients and 41{CC patients and
10 carriers who exhibited cl, ange in the HBeAg-
anti-HBe system during the period. Of the 621
carriers, 589 individuals, excluding these 32, were
examined for HBeAg and anti-HBe. They con-
SISted of 313 males and 276 females, ranging from
6 to 85 years old. These 589 subjects included 298
of the 336 individuals who \\. ere followed up

A1ATERIALS AND A{ETHODS

3. F1'coaleiices of HBerlg @11d '11/1-HBe an1011g
HBr carr!'ers twill LC alld HCC

For examination of the incidences of I-IBeAg
and anti-HBe in the sera of patients \\, it IT LC and
HCC, \\, e obtained 44 sera of HBV carriers \\. ith
LC and 29 sera of HBV carriers witlt HCC. The

44 patients with LC consisted of 36 men and 8
women of 19 to 85 years old (mean, 53 years), \vliile
the 29 patients \\, itIT HCC consisted of 24 nTen and
5 \\. omen of 32 to 71 years old (mean, 57 years)

based o1t ITistological orDiagnosis of LC
scintigraphic findings on the liver and results of
liver ftinction tests, and that of HCC \\. as based on
histologic or clinical findings on the liver by ex-
antinations suclT as angiography, liver scintigraphy
and abdominal CT scanning in addition tests indi-
cating elevation of the serun. alpha fetoprotein
level

In a setologic survey for HBV Infection in patients
in Kure National Hospital between February 1970
and January 1983, 1,649 individuals had HBSAg
in tileir serum. All these patients \\, ere advised to
return to hospital for follow-ups every 6 months
RoutiiTe follow-up studies included clinical assess-
merit, conventional liver ftinction tests, and tests
for setological HBV markers

I. Foliotc-14p silldy o11 tile HB, ag-diffi-HBe $3.31e, ,I
ill HBr cni, lei's

Among 1,649 individuals, 336 could be followed
regularly for o\, er 36 montlts (mean, 71 months), to
examine the long-term course of change in the
HBeAg-anti-HBe system. The 336 HBV carriers
consisted of 181 riten and 155 women of 2 to 86

years old (mean, 37 }, ears)

2. Incideiices of HBeHg alld '11/1'-HBe a, ,1011g HBr
cal',,'ers relt/10/11 I, C o1 HCC

From January 1981 to December 1982, sera were
obtained from 621 HBV carriers. This study group

was

+. Sei'o10gico/ sti, char

HBSAg \\, as assayed by reversed passi\, e Iteinag-
glutination and by radioimmunoassay (AUSria 11,
Abbott Laboratories, North Chicago, 111). Anti-
body to HBSAg (anti-HBs) was assayed by a test
for passi\, e hemagglutination and by radioimmuno-
assay (AUSab, Abbott Laboratories, North Chicago,
111). HBeAg and anti-HBe were measured by
enzyme-linked jininunosorbant assay, (EikeiT Im-
in unochemical Laboratories, Tol<yo, Japan) (It o11
at a1. , 1983) and radioimmunoassay (Abbott-HBe,
Abbott Laboratories, North Chicago, 111). Prelimi-
nary studies SItowed that enzyme-linked Irumuno-
surbant assay and radioimmunoassay ITad similar
sensiti\, itics for detections of HBeAg and anti-HBe
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In serum

5. Stalls!ICn/ alla/ysi's

The incidences of HBCAg and anti-HBc were
compared by the Chi-square test
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RESULTS

I. roll0"-1115 $111dj, on Ihe HBe, g-anti'-HBr
,,$1e, 11 111 HB P call. 18rs

Among 336 HB\; cari. jets followed up for
than 36 in. nth^, 2 (0.6%) b"."in"

HBSAg negative. Of the 336 individuals,
139 (41.4%) wer, padti*,. f. , I{B"Ag at th.
beginning of this study. These 139 HBV
carriers consisted of 89 men and 50 women of

5 to 86 yeais old (mean, 36 years), and their
follow-up period ranged from 36 to 117
in. nth^ (monn, 72 in. nth^). Of th. 139
HB. Ag-padti, " individual^, 30 (21.6%) be
came HBeAg negative and subsequently anti-
HBe positive. The rate of seroconversion was
3.6% pe" year, 4.1% in 22 males and 2.7% in
8 females. As shown in Fig. I, the age dis-
tribution of the time of setoconversion varied

widely from 6 to 79 years (mean, 42 years)
Two types of course of seroconversion were
observed; in one type seroconversion occurred
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FIGURE 2. Course of seroconversioit from I{BCAg
to linti-HBe (rapid SEroconvcrsion type). One
unit of I{Be Ag was defined as tite concentration of
HBeAg at titc ITigltest dilution of tlte POSiti\ e
reference serum in \\. hicl, tite antigen could be
detected. Symbols: ., I-IBCAg; 0, anti-HBe;
A, serum glutamic-pyruvic transaminnsc (S GPT)
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FIGURE 3. Course of seroconversion front HBeAg
to anti-HBe (gradual seroconversion type). Ex-
planations and symbols are as for Fig. 2
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rapidly as soon as HBeAg I)egan to decrease
quickly (Fig. 2) and in th, .the" type it
occurred slowly with a fairly long period
of coexisteiTce of both HBeAg and anti-

correlationHB, (Fig. 3). Ther, w, ^ no

between the age and the type of course of
seroconversion

Of the 336 HB\; carriers followed for over

36 in. nth^, 2 (0.67. ) der"I. pad HCC and
subsequently died. BotlT of these were males,
and their ages when HCC was diagnosed were
32 and 43 years I. espectively. Initially they
had HBeAg in the serum and seroconversion
to anti-HBe-POSitivc was detected when HCC
was diagnosed

2. Pleadle?ice of HBe4g and mill-HBe rillio, Ig
HB P crri'Ilei's tollhout LC o1' HCC

The distributions of HBeAg and anti-HBe

in the sera of 589 HB\I carriers obtained

between January 1981 and December 1982
classified according to age groups are sum-
inarized in Table I. Data on 18 HBV car-

Tiers with LC, 4 with HCC and 10 carriers,
who exhibited changes in the HBeAg-anti-
HBe system during this period are excluded
from Table I. Of 589 HBV carriers, 139
(23.6%) had ,nly HB"Ag and 417 (70 SVD
had .nly anti-HB*, whi1* 9 (1.5%) had bath
HB. Ag and anti-HB. and 24 (4.1%) had 00
detectable HBeAg or anti-HBe. There was
no significant difference between males and
females in the incidences of HBeAg and anti-
HBe in different age groups. The incidence
of HBeAg was about 60% in groups of less
than 20 years old, and decreased in older
subjects, being about 20% in groups of over
30 years old. The incidence of anti-HBe was

TABI. E I.

Age
(years)

fitcide, ices of HBe, 4g und alitz'-HBe aniong HBr cal. 1.1'eis acco, .at?Ig to age

O- 9

10-19

20-29

30-39

40-49

50 59

60-69

70-

No. of

subjects

8

24

87

185

139

70

49

27

HBeAg (+)
anti-HBe (-)

5 (625) "

16 (667)

31 (356)

35 (189)

22 (158)

10 (143)

11 (224)

9 (333)

139 (236)

HBeAg, hepatitis B e antigen ; anti-HBe, antibody to HBeAg ; HBV, hepatitis B virusAbbreviations

" Figures in I, are ntheses are percentages

Total

T. \ni. r 2

HBeAg (-)
anti-HB. (+)

3 (375)

6 (25. 0)

54 (62 .I)

140 (757)

102 (734)

58 (829)

37 (755)

17 (63. 0)

417 (708)589

Diagnosis

firei'dences of HBerlg and anti'-HBe 111 HBL' cni'Ilei. s fullh LC and HCC

LC

HCC

Abbreviations : HBeAg, hepatitis B e antigen ; anti-HBe, antibody to HBeAg ; HBV, hepatitis B \, Irus ;
LC, liver cirrhosis ; HCC, he patocellular carcinoma
" Figures in parentheses are percentages

HBeAg ( +)
anti-HBe (+)

o(0 )

o(0 )

o(0 )

4(22)

3(22)

104)

I (2. 0)

o(0 )

9 (I. 5)

No. of

subjects

44

29

172

HBeAg (+)
anti-HBe (-)

12 (27.3) "

7 (241)

HBeAg (-)
anti-HBe (-)

o(0 )

2(83)

2(23)

6(32)

12 (86)

Ia 4)

o(0 )

I (37)

24 (41)

RiK"N JointNAi. \101.27 No. 41984

HBeAg (-)
anti-HBe (+)

27 (61.4)

18 (621)

HBeAg (+)
anti-HBe (+)

o(0 )

2(69)

HBeAg (-)
anti-HB. ( - )

5 (114)

2( 6.9)



about 30% in subjects of less than 20 I'ears
old, and increased in older stubjects, being
more than 7096 in groups of ovei' 30 years
old.

3. Incl'de"res qf HBe, 4g UNd n?,/I'-HBr 111
HB F cdi'ri'ers 2017/1 LC a"d IfCC

T'he Incidences of HBeAg and anti-HBc in
thc sei. a of patients \\, itIT LC and HCC ale
shown in Table 2. HBeAg \\, as found in
12 (27.3%) and anti-HB. in 27 (61.4%) of
44 patients with LC. Among 29 patients
with HCC, 7 (24.1%) had .nlv HB"Ag and
18 (62.1%) had .rib, anti-HB"; tw. (6.9%)
had both HBCAg and anti-HBc and two
(6.9%) had 00 der"cmblc HB, Ag or' anti-
HBc. TITere was no significant differencc in
the Incidence of I{BeAg or anti-HBc betwccn
Individuals with and without LC and I{CC
(I'=0.64,0.11)

Thus althotigh the precise incidences of HCC
and LC among HB\I cari. ICrs have not been
defined, HB\; carriers should be folio\^cd
carefully for dcvclopmcnt of HCC and LC,
partictilarl\, in areas of the \\, orld whci. c the
carrier rate of I{B\' is Iligh

Oui' stiid\, on the distributions of HBeAg
and anti-HBc by age am on a 589 HB\: car-
Tiers, showed that thc incidence of I{BCAg
was about 60% in groups of less than 20 years
old, less in the 20's group, and about 20% in
groups of over 30 yeais old. In contrast, the
Incidence of anti-HBe was about 3006 in
groups of less than 20 yeais old, higher in thc
20's group, and about 70% in groups of ovcr
30 years old. T'hese data suggest that ser(I-
conversion from I{BeAg to anti-HBc occurs
In more than 60% of HB\' carriers before
30 years of age, and that the rate of sero-
conversion among individuals of more than
30 years old is relatively low. 11T our follow-
up study, on 139 HBCAg-positive individuals
for in orc than 36 months, the rate of scro-
convei'SIon was 3696 per ycar without signifi-
cant difference between males (4.1%I) and
ferna1"^ (2.7%). 'I'h" ag, dist"ihution of thc
time of seroconversion ranged betweeit 6 and
79 years (mean, 42 years). Of 139 indi-
viduals, 58 were under 30 old at theyears

start of the follow-up study, and 81 wcrc ovci'
o0 yeai's old (mean, 36 years). Long-term
studies on younger I{B\; carriers might indi-
cate a highei' rate of seroconversion fi'om
HBeAg to anti-HBe. In the follow-up study
by Rcaldi at al. over a PCriod of 2 to 7 years
(monn, 3.6 wins), 10 of 29 I{B. Ag-padtiv,
Individuals showed scroconversion to anti-

HB. (RUMi at "I. , 1980). In th" I, rigit. diml
study, of Hoofnagle at al. foi. I to 6 Years
(monn, 2.5 yams), 13 of 25 HB"Ag-padtlv.
Individuals showed seroconversion to anti-

HB* (H, .fn"gl. at a1. , 1981) ; thus" 25 indi-
viduals ranged from 21 to 60 yeais old (mean,
35 years). In the follow-up study, of Liaw
at al. of up to 60 months (mean, 24 months),
30 of 99 HBeAg-postitivc individuals cleared
HBeAg from thcir sei. a (Liaw at a1. , 1983) ;

DISCUSSION

Epidcmiologic studics havc suggcstcd a \, cry
close correlation between the geographical
Incidence of the HB\I cari. Ier state and HCC
(Szmuncss, 1978). In addition, a much inci-
dence of HBSAg has been found in patients
with HCC than in the general population
(Conrs"g"t *t a1. , 1981 ; Chung at ,I. , 1983)
In a prospectivc study, in 'Taiwan, the risk-
factor ratio of HCC in }TB\; cari. icrs \\, as
estimated to be as ITigh as 200 to 300 times
that iil noncarriers (Beasley et a1. , 1981)
In a 5-year follow-up study by Sakuma at all. ,
4 of 202 HB\' carriers died of HCC and 3
di"d of .ther dine, ^*^ (Saturn, or a1. , 1982)
In our study on 336 HB\; cal'Tiers for ovei'
36 months (mean, 71 months), 2 died of
HCC and none died of other diseases. In an
Investigation b}' Be asely at al. , HCC ancl LC
ancountsd f, " 57 (54.3%) of 105 donth^ "mong
HB\I co"furs (B"^, Icy at a1. , 1981). In "
study by Musc" at a1. , 8 (+2.1%) of 19 HBSAg-
positive patients with LC developed HCC,
what"^ only 4 (7.8%, of 51 HB^Ag-negati*,.
cost^ dad. pad HCC (Mus. , at "I. , 1983)

Ts!:ciii". I-I. or ;11. IfE, ,.:! diff/in!/!'-/mr 1'11 JIBP mill', I'S 173



these 30 individuals rangecl from 20 to 52
years old (mean, 30 years). The difference
in the observed rates of seroconversion might
result from differences in ethnic groups, age,
or sex, although ou^ data did not show am,
difference between males and females.

it is 1<nown that the presence of HBeAg in
the serum is correlated \\, ItIT the amount of

circulating complete HB\; particles and the
level of HBV-specific DNA polymer ase ac-
tivit}, (Nordenfelt and 1<jellen, 1975 ; Hind-
man at a1. , 1976 ; Nordenfelt and Andren-
Sandberg, 1976; Takahashi at a1. , 1976;
\\7erner at a1. , 1977 ; 0hori et a1. , 1979), and
that HBeAg can be used as a marker of in-
fectivity (Alter at a1. , 1976 ; Okada at al. ,
1976; Shikata at a1. , 1977). In addition,
early studies suggested that in HB\I carriers
HBeAg was associated with PIOgressive and
severe liver disease, and that anti-HBe was
associated with the healthy carrier state
(Eleftheriou at a1. , 1975 ; EI Sheikh at al. ,
1975 ; Trepo at a1. , 1976). However, HBeAg
was found even in asymptomatic carriers with
normal liver histology and anti-HBe was not

with chronic activeuncommon in patients

hepatitis (Trepo at a1. , 1976; Sinitl\ at al. ,
1976; Dormeyer at a1. , 1981). Scveral studies
have indicated I\igh incidences of HBeAg and

with LC and HCCanti-HBe in patients
a\'erner at a1. , 1976; Coursaget at a1. , 1978;
Coursaget at a1. , 1981 ; Chung at a1. , 1983) :

C, urs, g"t at al .b^erred that 25 (29.8%,) of
84 HBSAg-positive patients with HCC had
HB"Ag and 50 (59.5%) had anti-HB, . Chung
at al. found that 38% of 87 HBSAg-positive
patients \\, ith HCC had HBeAg; since this
rate was higher than in chronic HBSAg-
positive control patients, Chung at al. postu-
Iatcd that patients with HCC were more likely
to remain HBeAg-positive and that a pro-
longed replicative phase of chronic HBV
infection might result in a predisposition for
development of HCC. In our study, HBeAg
w, ^ f, und in 12 (27.3%) and anti-HB, in
27 (61.4%) of 44 pad, nts with LC. Am. rig
29 patients with HCC, LIBeAg was detected
in 9 (31.0%) and anti-HB, in 20 (69.0%)
There was no significant difference in the
incidences of HBeAg and anti-HBe in HBV
carriers witl\ and without LC and HCC

(I"=0.64,0.11). Thi^ sugg. st* that the pre-
sence of anti-HBe in serum Is not correlated

witl\ the healthy carrier state. However,
HCC developed in 2 HB\7 carriers who showed
seroconversion from HBeAg to anti-HBe. it
is interesting that in these patients HCC was
detected at the time of seroconversion fi. om

HBeAg to anti-HBe. This suggests that
active replication of HB\I sometimes becomes
defective during the course of malignant
transformation (Coui'saget at a1. , 1978 ; IVlusca
at a1. , 1983)
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