(1/ 3)

NSC93-2314-B-002-101-
93 08 01 94 07 31

94 6 3



FRBEARAELR AR LT P S

(3% 24
2 W AFRES R AR RRARR
w L2 HAF 2R AFR

@
=g
A
4
(w
b
2
gt
o+

PEEE M BEA F&a4
++4 %% 1 NSC 93— - - — -
NEHRE £ 0 oap & PP

A A 4EA R R K
EadFA

“—'—% 2B A FEI

SR et RIS @Egws

Sk
2
W
g

AR HEUT R 2 i
Z{ﬁ]ﬁ AHE S =R L - P
Di*P%&H;‘F“MH;,,@

LN ARSI gReFREZFL20m> L -
R 6 AR -

RZSE R TR S éiﬁﬁﬁAiﬁ?Pxﬁg\
El



IR

PR B BITUREREL AL A ALY ERTH LG T REFRFRFGT

‘Jﬁ:
“j\ﬂ\-
o

BB FH B pd B AARITH L B2 2 0 e ARAME R

T AR AETE EELNASG o

ﬁ

LEFEHdF LS 0 ARERG T G auT g
HE2 0 AP EAREHO 460 LRIEB IR R E o F Lk k- R
Biriliz o Hv 72 2428 | >0 15K » i P X3 10# » & ¢ %\‘%‘Eﬁ'ﬁ-}%@iéf)ﬁ—‘ﬁi@)\
AFTF o £ 3 594 AEBUEARY B4 e RILHER > ¥ 134 - F e AR &
AR R R EAPREE L oA RR RE T EH PR E AT R4 AT
FRCHFRBAFURART AL AN (C )RR L Ao /A R RIS LT
.@@—ﬂ&ﬁﬁwﬂﬁ%“i@’@%%&@%@T%OMfmmﬁm)mﬁat)Ewﬂﬁ
Fga o A kRS T A(NE) o (2) BTS2 A kR AT () T -
VRGBT b @RISR LT A AP A CIEEL L o IEEL T o F 1 AT

Az KT e e AT 1 R A B AT A R R ) T As R IR 1 40

Bt A S EBAPFLY RenQE 2 FoE WP L pa kR e R ELE] 62
LT plRfg o R TARE Y R e A G BAPFL RS kAT TAKR .
TR A R R T e LRSS Bl Y ML TR E TG o bldeF A Epa B R
F R o

et s BAPTLRA > BITRA edih o BITRA DNA Y 1 FFIR G e s b



ABSTRACT

Aim/Background: In the natural history of chronic hepatitis B virus (HBV) infection, the acute
exacerbation or alanine aminotransferase (ALT) flare-up episodes can lead to progression of liver
damage, and even liver failure.  Long term prospective study to explore the role of HBV viral load
in the exact mechanism of acute exacerbation and its subsequent hepatitis B e antigen (HBeAQ)
seroconversion is very important but lacking particularly in children and young adults.  Subjects
and Methods: Totally 460 children with chronic HBV infection were long-term followed up for
liver function profiles and HBV serum markers every 6 months. We recruited 72 children who
were enrolled at the age <15 years, followed-up for more than 10 years, and without treatment.
Fifty-nine of them were tepatitis B e antigen (HBeAg) seroconverted during follow-up, while 13
remained HBeA(g sero-positive.  We measured serum HBV DNA levels by real time PCR before,
at, and after ALT flare-up was detected. Then we correlated viral levels with subsequent HBeAg
seroconversion, gender, age, genotype, and histological findings. Results: The temporal profiles
of HBV DNA, ALT, and HBeA(g seroconversion can be divided into three mgjor patterns among
these 72 patients: (1) Plateau of HBV DNA before ALT flare-up (>2x UNL) and decreasing viral
load (>10? copies/ml) (n=62). After one or several episodes of ALT flare-up, the viral load started to
decrease sharply. (2) Increased viral load (>10° copies/ml) before ALT flare-up (n=5). (3)
Decreased viral load (>10° copiessml) before ALT flare-up (n=4). One patient was unclassified.

The mean HBV DNA titer was much higher in the pre-HBeAg seroconversion phase than that in the



post-HBeAg seroconversion phase.  While those of ALT flare-up are higher in the pre- HBeAg

seroconversion phase, the frequencies of HBV DNA fluctuations are not different between those

two phases. Conclusion: HBV vira load would not decline until they finally underwent HBeAg

seroconversion in the maority of HBV carrier children and young adults. Several episodesof ALT

flare-up were common in the natural course, yet they were not commonly accompanied by a surge

of HBV DNA level. Most Factor(s) other than the surge of viral load may playsthe key role in the

initiation process of HBeAg seroconversion.

Key words: hepatitis B virus, hepatitis B e antigen, HBV DNA, real time PCR



INTRODUCTION

Chronic hepatitis B virus (HBV) infection is aworld wide health problem (1). In hyperendemic

areas such as Taiwan, most chronic HBV infection beginsin infancy and early childhood (2,3).

HBV infection in infancy or early childhood usually leads to a chronic infection (4), and

subsequently more serious complications than adult—acquired HBV infection (5, 6). Although

complications of chronic HBV infection manifest mostly in adulthood, liver histological changes

begin early since childhood (7). After HBV acquisition in infancy or childhood, the virus

replicates actively in the first several years, an immune tolerance stage to HBV with high HBV

DNA and normal ALT levels. They gradually lose their tolerance to HBV and going into an

Immune clearance stage to HBV, marked by episode(s) of acute exacerbation with elevation of ALT

levels and inflammation and /or fibrosis of the liver in histology examination (8).

The exact mechanism leading to acute exacerbation and subsequent HBeAg seroconversion is

an outcome of host-virusinteraction. We recently also found that host factors may affect the

clinical course: such as HLA DRB1* 14 predicts earlier HBeAg seroconversion with higher

aminotransferase levels, while HLA DRB1* 11 predicts later HBeAg seroconversion during HBeAg

seroconversion (unpublished data). We also had reported the mutations of the precore gene (9),

basal core promoter (10), and core gene deletion (11), are accompanied with HBeAg seroconversion,

some with a severe form of liver diseases.

Viral loads of HBV in adults were reported to increase just prior to or during acute



exacerbation (12). Our previous study, using the less sensitive hybridization method, has shown a

high ALT level and alow HBV DNA level correlated with an imminent clearance of HBeAg (8).

However, there are several pitfallsin most of the previous studies: (i) the blood sampling were

mostly done at the time points of elevated ALT levels, which often reflect the results of the viral

host interaction. (i) the study subjects are biased by the diseased population, not the community

based population. (iii) previous methods to measure viral load was relatively insensitive.

It will be morerevealing if thisis a prospective cohort study recruiting large community-based

population starting from early childhood, which is far before the acute exacerbation episodes, asin

thisstudy. With the help of real time polymerase chain reaction (PCR), we are thus able to well

correlate the HBV DNA levels with the episodes of acute exacerbation in our long-term follow-up

(more than 15 years) children with chronic HBV infection. The related information in this age

group ismostly lacking in the world literature natural history of HBV infection.

SUBJECTSAND METHODS

Totally 460 HBsA(g children with chronic HBV infection, under parental consents, were followed

longitudinally every 6 months. These carrier children were enrolled from (1) the outpatient clinic

of the Nationa Taiwan University Hospital in a prospective study starting around 23 years ago, (2)

a prospective screening program for carrier children of HBsAg seropositive mothers, and (3) four

cross-sectional studies regarding hepatitis B vaccination efficacy survey in 1984, 1989, 1994, and



1999 (13). At each visit, physical examination, blood test for liver function profiles and HBV

markers were studied.

Among these children, 72 of them were enrolled into this study according to the following

criteriae.  We recruited children who fulfilled the following three criteria: (i) HBeAg positive at

enrollment, (ii) an initial age <15 years old, (iii) follow-up duration >10 years, (iv) underwent

HBeAg seroconversion during follow-up, (v) no antiviral treatment was intervened.  Fifty-nine

children fulfilled those criteria and had adeguate blood samples for analysis. Another 13 patients

were age-matched with the 59 children while they were persistently seropositive for HBeAg during

follow-up. Their HBV DNA quantification by real time PCR was done at least once every five

yearsif ALT levelswere normal at the previous check every 6 months. In case of ALT elevation >

2x upper limit of normal (ULN), that is defined as acute exacerbation, we would do blood sampling

every one to two monthstill at least one more month after ALT returnsto normal. If ALT

elevation was between normal and 2xULN, we would follow-up the child every 3 months till ALT

returnsto normal. The subjects would be excluded from this study if they received any antiviral

therapy and if their blood samples were inadegnate for study.

Liver function profilesand Serology studies. Liver function profile were checked by an

autoanalyzer Hitachi 736 (Tokyo, Japan). A level of ALT greater than 80lu/L was regarded as

having asurge. HBV Markers (including HBsAg, anti-HBs, anti-HBc, HBeAg, anti-HBe) were

done by radioimmunoassay (EIA, Abbott, North Chicago, IL, USA). Liver function profile was



done by an autoanalyzer (Hitachi 7450, Tokyo, Japan).

HBV DNA Quantification by real time PCR. HBV DNA was extracted from 50 ul serum and
the nucleic acid was re-dissolved in 50 pl of H,O. The PCR reaction was prepared in atotal
volume of 10 pl containing 2 pl of DNA template, 1 pl of LightCycler FastStart DNA Master
Hybridization Mixture (Roche Diagnostics Applied Science, Mannheim Germany), 0.8 ul of 25 mM
MgCl;, 0.3 uM of anchor and sensor probes, and 5 uM primers.  The primers covered HBV
nucleotide position 1261-1279 and 1600-1580, and the anchor probe is nucleotide position
1552-1576 and the sensor probe is from nucleotide position 1533-1550 of HBV DNA. The
detailed nucleotide sequences were described previoudly (14). The PCR reaction was performed
asfollows: initial hot start denaturationat 95  for 10 minutes, followed by 45 cycles of
denaturationat 95  for 5 seconds, annealing at 53  for 10 seconds, and extensionat 72 for 20
seconds. Rea time PCR monitoring was achieved by measuring the fluorescence at the end of the
annealing phase for each cycle. The measurement was performed by using LightCycler analysis
software 3.5 (Roche Diagnostics Applied Science, Mannheim Germany). The sensitivity of this
method was 107 copies/ml of HBV in serum. A change of the levels of HBV DNA greater than 100

fold was regarded to have an increase or decrease of the levels.

RESULTS



Subjects. The demographic data of the 72 patients were described in Table 1. All these patients
are still under followed-up currently and none of them showed any signs of liver cirrhosis,
decompensated liver diseases, or hepatocellular carcinoma.

Temporal profileof HBV DNA, ALT, and HBeAg seroconversion. |If we focus on the HBV
DNA and the ALT flare-ups, we may divide the temporal profilesinto four patterns among these 72
patients.[Patlern 1: plateau of HBV DNA before ALT surge] (1a) Plateau of HBV DNA followed by
up surge of ALT (>2x UNL) and decreasing viral load (>10% copies/ml) (n=46): The subjects had a
persistently high titer of HBV DNA and no sign of decreased viral load before the first data of ALT
elevation. After ALT flare-up, the viral load started to decrease sharply (Fig. 1a). Among these
46 patients, 39 of them underwent HBeAg seroconversion while the other 7 did not up to date.  (1b)
Plateau of HBV DNA followed by first ALT flare-up. However, the viral load kept about the same
level through the first ALT flare-up (n=16).  Among these 16 patients, 10 of them finally
underwent HBeAg seroconversion while 6 did not.  We also observed that the viral load did
decrease more than 100 folds in the second or third flare-up in five seroconverters and only one
non-seroconverters (Fig. 1b). All viral loads decreased to alow level after HBeAg seroconversion
if it occurred. [Pattern 2. Increased viral load (>10% copies/ml) before ALT flare-up] (n=5): four of
the five patientsin this group were seroconverters while one of them did not undergo HBeAg

seroconversion (Fig. 2) [Pattern 3. Decreasing viral load before (>10° copiesml) ALT flare-up |



(n=4): All of them were seroconverters (Fig. 3). [Pattern 4. Unclassified] One patient had

fluctuation of viral loads after HBeAg seroconversion and unclassified to the above categories.

HBV DNA and ALT changes before and after HBeAg seroconversion. |f we focus on the 59

patients who underwent HBeAg seroconversion and take the levels of HBV DNA and ALT into

consideration in the time sequence of these events, we may characterize their patterns before and

after HBeAg seroconversionin Table 2.  The frequencies of the episodes of HBV DNA fluctuation

(>100 folds in copies/ml) before and after HBeAg seroconversion is not different, however, the

frequencies of ALT surges (>80 U/L) did differ between the pre- and post- HBeAg seroconversion

phases.

DISCUSSION

Our previous study, using the less sensitive hybridization method, has shown ahigh ALT level

and alow HBV DNA level preceded an imminent clearance of HBeAg (8). Also, the small-scale

adult study demonstrated aviral load peak preceded the ALT in acute exacerbation (15). Inthis

study, we described the viral load, ALT, and HBeAg seroconversion in more details. The

conclusion drawn from our previous study, which was published 14 years ago, may need some

modification after this study.

This prospective large-scale study should well illustrate the natural course of HBV DNA and

itsrelationsto ALT and HBeAg seroconversion.  We now learn that majority of HBV carrier

10



children,gotally 86% (pattern 1) do not demonstrate aviral load fluctuation before an acute

exacerbation or HBeAg seroconversion. Thisis because most HBeAg carrier children have ahigh

viral load, and adrastic viral load change is hot a prerequisite to initiate an acute exacerbation

and/or HBeAg seroconversion. Only 12.5% of the carrier children, that is patterns 2 and 3, had a

>100 folds change of viral load before acute exacerbation. Oncethe ALT started to surge, we

checked the blood viral level every month.  Certainly, theinterval of viral load check has ahuge

impact in interpretation of the results. However, we believed we did not miss the viral load

changes too much at a monthly interval (15).

The changes of the magnitude of HBV DNA levels amy not be a major event which directly

affect the acute exacerbation in children and young adults.  The pathogenesis of HBV-related

hepatitis is immune-mediated (16), Which is not necessarily vira dose-dependent. The clinical

consequences of HBV infection mainly depend upon the provoked host immune response (17), not

the surge of theviral load. The datain Table 2 also circumstantially support thisidea. The HBV

DNA fluctuation frequency was not different between the pre- and post-HBeAg seroconversion

phase while ALT fluctuation frequency was indeed more in the pre-HBeAg seroconversion phase.

This means in the same period, the severity of liver damage was not determined by the fluctuation

of viral load, something else, The host immune response is more likely the key factor to decide the

ALT levels, which may reflect the severity of liver damage of the host.

11



It isobvious that, HBV DNA levels declined after HBeAg seroconversion. Thisfactis

compatible with the concept that host immune response, mainly through the CD8+ cells (18),

sweeps away most of the HBeAg-expressed and HBV harbored hepatocytes, thus lowering down

theviral load. If the host immune response is provoked to alesser extent, the HBV DNA levels

would not go down. While there still would be several ALT flare-ups, as they reflected some

activation of host immune response, but not enough to initiate HBeAg seroconversion. Once the

host immune response is competent enough to clear the virus, HBeAg seroconversion would ensue

and HBV DNA would decrease.  Such course was commonly observed in the pre-HBeAg

seroconversion phase in this study (Fig. land 2).

In conclusion, surge of HBV DNA levels are not necessarily the critical factors as the

harbinger of HBeAg seroconversion through our long-term follow-up study. Over 80% of the

carrier children reached a plateau of vira load in the immune tolerance phase and the viral load

would not decline until they finally underwent HBeAg seroconversion, although several episodes of

ALT flare-up were possible during the course. A further exploration in integrating the time

sequences of the host immune reaction, viral load, serum biochemical profiles, liver histological

examination, and HBeAg seroconversion may help to understand which is (are) the key

determinant(s) in the natural history of chronic HBV infection.
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Table 1. The basic demogr aphic data of the 59 children who underwent HBeAg

seroconversion and 13 children who did not seroconverted during follow-up.

HBeA(g seroconversion (+)

HBeA(g seroconversion (-)

Male:Female 36:23

Initial age 7.0£3.7

Final age 23.7+4.1
Peak ALT (U/L) 277 (82-1254)
Median (range)

Peak HBV DNA 9.1+0.9

(copies/ml in Log 10)

Genotypes B:C 54:5

5:8

8.7+4.5

25.2+3.5

159 (80-1166)

9.2+0.5

11:2

16



Table 2. The comparisons of before and after HBeAg seroconversion in 59 patientswho

under went HBeA(g seroconversion

BeforeHBeAg  After HBeAg p value

SEroconversion  Seroconversion

Peak HBV DNA (copies/ml in 9.0£1.1 4.4+2.0 <0.0001
Logl0)

HBV DNA fluctuation / year 0.11+0.16 0.14+0.16 0.35
Peak ALT (U/L) 277 (10-1254) 26 (14-170) <0.0001
Medain (range)

ALT surges fluctuation /year 0.22+0.27 0.06+0.31 0.0041

The age of HBeAg seroconversion: 17.2+5.8 years (mean + standard deviation)

The definition of HBV DNA fluctuation is the episodes of the magnitude of HBV DNA levels
changes >10? copies/ml at two consecutive checks.  In terms of its frequency before HBeAg
seroconversion, we divided such episodes by (the age of HBeAg seroconversion — the age at
enrollment). So isthe calculation of its frequency after HBeAg seroconversion. TheALT surge
fluctuation is defined as the episodes of the magnitude of ALT levels changes >2XUNL, that is
usually 80 U/L at two consecutive blood samplings. The calculation of its frequency before and
after HBeAg seroconversion is the same as that of the HBV DNA.

Legends of Figures

17



Fig. laand 1b. (1a) Plateau of HBV DNA followed by up surge of ALT (>2X UNL) and
decreasing viral load (>10% copies/ml) (n=46): The subjects had a persistently high titer of HBV
DNA and no sign of decreased viral load before the first ALT increase. After ALT flare-up, the
viral load started to decrease sharply. The vertical line denotes the HBeAg seroconversion time.
(1b) Plateau of HBV DNA followed by first ALT flare-up. However, the viral load kept about the
same level through the first ALT flare-up (n=16). The viral load did decrease more than 100 folds
in the second or third flare-up in 5 of the 10 seroconverters while only one of the six
non-seroconverters.  All viral loads decreased to alow level after HBeAg seroconversion if it
occurred. The vertical line denotes the HBeAg seroconversion time.

Fig. 2 Increased viral load (>10° copies/ml) followed by ALT flare-up (n=5): four of the five
patients in this group were seroconverters while one of them did not undergo HBeAg
seroconversion. The vertical line denotes the HBeAg seroconversion time.

Fig. 3 Decreased viral load followed (>107 copies/ml) by ALT flare-up (n=4): All of them were

seroconverters.
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