CHAPTER IV

RESULTS

General description of gibbon population

The 101 captive gibbons kept at Krabok Koo Wildlife Breeding Centre, Royal

Forest Department in Cha-Cheng-sao; T ere included in this study. The

feeding areas inside the center
were separated into 3 parts ' as different cage types and
numbers. Demographic data of 3lsy in the ce " epresented 4 gibbon species
4:\ ybrid between H. lar and
H. pileatus (n=1), and d Appendix B). White handed
gibbon, H. lar , is the > couple of black handed
gibbons (H. agilis) in Krab ofe! f eding N. concolar is the species
originally found in North Vietna a-Central [ '). Male and female ratio is
approximately 1:1 of each spg 2 is fanging from 1 to 21 years old.
Unfortunately, some of the abandg ' _ ons Aiad no record of their age. The average

age with standard deviatior ‘each specie: i Table 6 was calculated

i “
from animals that we|® g ription of each animal

including name, microc?ﬁ code, spe age number, sﬂand age are described in

IANENTNYINT

Complete blood oqj.erna ysis of glbbons

am&mm AN EAA L v

Breeding Center fresh blood samples from 40 gibbons were used for complete blood

Appendix B.

count analysis. The amount of red blood cells is expressed as a percentage of the total

(115)

whole blood and determined by microhematocrit method . As shown in Table 7, the

average hematocrit value is 43.55 % for female and 44.42 % for male animals. In
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human, the normal range of the hematocrit is 37 to 47% for women and 42 to 52 % for
men.

The white blood cell count (WBC) denotes the number of white blood cells in 1
liter of whole blood. In a normal, healthy individual human, the WBC falls in the range of
4.8't0 10.8 x 10°/L. The range of WBC in gibbon blood samples was 5.3 ~17.1 x 10%/L.
The manual differential WBC count is performed to determine the relative number of

each type of WBC present in the blood. the present study, total white blood cell,

the wide range if compared A stande *\ (35-71%.and 24-44%). Abnormal range

ot « \ \‘ e 95% confidence interval
of the difference, chi-squa lysis valu '« matocnt X = 0.253) and
white blood cells (X2 5 status (X = 3.84, from

table at degree of freedon

ﬂﬁEJ’JVIEJTIﬁWEﬂﬂi
amaﬂnimum'mmaa
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Table 6 Demographic data of the gibbons in the Krabok Koo Wildlife Breeding Center,
Royal Forest Department, Cha-Cheng Sao, Thailand.

Species Number M:F Age (X = SD range)*

H. lar 12.27 £ 3.937
H. pileatus 12.76 + 4.265
N. concolor 10.83 + 1.472
H. agilis ND

* Average * SD range offagefvas c , g é& h recorded the year of
birth only. ‘

Hybrid of H.lar and H. pileatds , e% . lar group.

ND = Not determined | ﬁg _ =

AU ININTNEN
ARIAIN TN ING




Table 7 Descriptive data and complete blood count analysis of captive gibbons in

Krabok Koo Wildlife Breeding Center, Royal Forest Department, Cha-Cheng Sao,

59

Thailand.

No Name Species |Cage | Sex [%Hct|WBC(x10%)| %N | %L | %E | %B
1 Gift H. pileatus | C23 | F 50 10.3 67 31 = 1
2 Daew* H. pileatus | C22 | F | 28 5.30 37 | 63 - -
3 | Candy" | H.pileatus | G2i\| ! , 815 | 45 | 55 | - | -
4| Koo | 75 | 9 |88 | - | 3
5 | Jock* ' 5 (70 [ 30 | - | -
6 Roen 56 44 - -
7 Farouk 80 20 - -
8 Nong Ni 66 29 - 5
9 Pilly 75 25 = -
10 | Nong Chai* 0 78 22 - -
11| Saboo* \ 45 | 83 | - | 2
12 Ni* 62 38 = -
13| Gomez* 3 55 45 5 -
14 Chmi* .30 45 55 - -
15 Saan* H: pileatu‘s; 3 8.80 40 .58 - 2
16 Kristine .k v A h 6 85 - -
17 Mila pr | 1| - | 2
18 Piercy ilea .90 14 64 - -
19 Leuis | H. ,t:jeatus F | 25 12.90 - -
20 | Thi m %‘, X (‘@’ 52 < 2
21 Brown E] :g w(ﬂ 40 EI:] ﬂ? 52 - 1
22 | Toffee H.lar | C8#| F | 50 | 4975 | 36 | ears| - | -
A 9 SR IRN ) R Y |
24 Phoon H. lar c7 M | 49 17.10 82 17 - 1
25| Gobboly H. lar C6 | M | 49 13.45 67 33 - -
26 Apple H. lar Cé6 | M | 54 5.95 55 | 45 - -
27 | YingYong H. lar Chs M | 45 12.20 86 13 1 -
28 John H. lar C4 M | 46 7.45 21 79 - -
29 Jew H. lar C4 F 45 9.20 73 27 5 -
30 Ted H. lar C3 M | 42 10.50 67 33 = -
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Table 7 Descriptive data and complete blood count analysis of captive gibbons in
Krabok Koo Wildlife Breeding Center, Royal Forest Department, Cha-Cheng Sao,

Thailand (continued)

No. Name Species | Cage | Sex [%Hct|WBC(x10%)| %N | %L | %E | %B
31 Mek H. lar (674 F | 44 6.85 63 37 - -
32 Pok* H. lar C2 M | 45 6.15 45 55 - -
33 Vetan H. lar AT ] 14.70 10 90 - -
34 Rusty H. lar 8.50 66 34 = -
35 Jacko* H..a ~ M 76 24 - -
36| Ivana ) —a 59 | 40 | 1 | -
37 | Darkie H. 680 | 91 | o | - -
38 Ice : \ 43 57 - -
39| Jieb* ¥ AV 62 |38 | - | -
40 | Kong2 ' la _' '»'ﬂ 4 5 - - - -

Normal range of human: éﬁj‘; '

% Het = Percent hematocrit ; Male;4 2.%., 7 %

WBC = White blood cell count ; 4.

B

N = Neutrophil ; 1.5- 7.

L = Lymphocyte ; 1.0

E = Eosinophil ; 0.0 - 0. 4,@1 0L, 0-4 % @
B = Basophil ; 0.0 - 0.2 x 10¥/L0-2 %

indicae he g'tﬂ YT %QEJ NINYINT
Chi- squﬁ wfs} alqa cﬂ:ﬁeﬂj @j %t’]@sﬁﬂ 'Fldah?Elblood cells

X = 1.688) had no relation to gibbon HBV status (X° = 3.84, from table at degree of
freedom =1, oo = 0.05).
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Seroprevalence of HBV in gibbons.

To analyse the prevalence of hepatitis B virus infection in Thai gibbons, 101
gibbon sera were tested for the presence of HBsAg and antibodies to HBs and HBc.
Serological testing indicated that 38.61% of the animals were positive for at least one
marker of HBV infection (Table 8). Besides HBsAg positivity, also HBV DNA

amplification was the standard to determine curculating viruses in gibbons. The HBV S

// bps PCR product was detected
nic ¢ g@ﬁned by the presence of HBV

'ntidi o.the S protein. Interestingly, four of

gene was amplified from gibbon
(Figure12). Nineteen gibbons
DNA and HBsAg, in the a
these animals were negative d repeatedly using a different
ELISA test. Approximately 20% overed from the infection as

evidenced by the presence @f ag

To test whether #BV dnfacti &wqé' aciated with liver damage, ALT enzyme,

albumin, globulin and totalfprotéi ve;l? leterr he sera of 40 gibbons : 12
agsi e

HBsAg positive, 11 animalsffec. erﬁ_ HB\ inf,'
e

and 17 non-infected healthy
e e,

control animals (Table 9). Inde an’:q‘;', analysis with equal variances was

performed to compare the ALT Ieym- levated ALT levels were detected
in HBV infected gibbonsh(68.75 & 48.12 U/l) as co pareditooontrol animals (33.04 +
15.91 U/l, p <0.05). Atth difference, the different ALT

level of both groups wasmm —66.67 (Appendix C
Albumin and globtie n=level was teste@uto confirm chronic status of the liver

function in eacﬂ ueﬂg ‘KlaEJ ?ﬁa‘lﬂ ﬂuﬂ ﬂg + 0.33 g/dl) and

globulin (2.77 * 0 43 g/dl) level of glbtﬁns were a bitshigher than humag normal range.

AR PHD U WA AT S e cor

showed nct)lrmal range (6.40 + 0.46 g/dl) as the same with creatinine level (1.17 2 0.18

mg/dl) presented the normal kidney function of gibbons.
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Table 8 Seroprevalence of gibbon HBV in the Krabok Koo Wildlife Breeding Center,
Royal Forest Department, Cha-Cheng Sao, Thailand.

Stage of infection HBsAg HBVDNA AntiHBs AntiHBc Number (%)

No infection 62 (61.39)

Recovered 20 (19.80)

HBV carrier 15 (14.85)
4 (3.96)

Y

AugIngningans
ARIAN TN INESE
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Figure 12 S gene am 3V. The expected size of

marker ‘(Eh) and negative control (N)
AUEINENINEGINS
AMIANTUUNIINY1AY

|
PCR product is 1,038 b93l 500 and 1000 bps™

are indicated.



Table 9 Blood chemistry analysis of HBV carriers and normal gibbons kept in Krabok

Koo Wildlife Breeding Center.

No. Name Species |Cage |HBV Stage| ALT | TP | Alb | Glo | Cr
1 Gift H. pileatus | C23 | Negative | 27 6.1 34 | 27 1
2 Daew H. pileatus | C22 | Carrier 48 | 6.4 4 24 | 1.2
3 Candy H. pileatus | C21 | Carrier 69 | 66 | 3.5 | 31 1.2
4 Koo H. pileatus | C20Q |iRecoverd | 36 56 | 32 | 24 | 13
5 Jock H. pileatus. | €20 Oa 6 26 | 34 | 1.3
6 Roen H. pilea y :::_:\ b Reco ,4 ; 37 [ 3.1 1
7 Farouk | H. pileatus™"C1a ..__i 3| 35] 28] 11
8 Nong Ni | 33 | 25 | 09
9 Pilly 39 | 3 | 12
10 Nong Chai 35 | 26 | 1.2
1" Saboo 36 | 24 | 1.2
12 Ni 3.7 2 1.1
13 Gomez _ 4 2.7 | 1.3
14 Chmi | H. piléat Cammer | 8 |62 | 3.4 | 28 | 13
15 Saan | H. pileallss |- ¢ 60 63 | 36 | 27 | 12
16 Kristine H. pi/eatusj == verd : 37 | 26 | 14
17 Mila  |H. piledtus [ C12 | Negative 4436 | 28 | 09
18 Piercy 11 vera | 2¢ ‘3.7 2 | 1
19 Leuis . = | 29 | 46 | 1.1
20 Thim(Dim) a | Negative 39 | 31| 11
21 | Browni H g | c8 | Negafd | 23 | 63 | 36 | 27 | 1
o | o ) Bl Y18 Hoaof e | H o2 | o
23 Tual! Holar | C7 4 Negative | 74 | 63 | 37 | 26 | 1.1
24 ' i @ %jgﬂd‘]dg VFE“!J @.?Jms
25 E::ly q::g . : gative |* 1 63135 |"2871 15
26 Apple H. lar C6 | Negative | 36 | 7.1 | 43 | 28 | 14
27 YingYong H. lar C5 | Negative | 16 | 6.8 | 36 | 3.2 | 1.4
28 John H. lar C4 | Negative | 20 | 58 | 34 | 24 | 1.3
29 Jew H. lar C4 | Negative | 18 | 58 | 3.1 | 2.7 | 0.9
30 Ted H. lar C3 | Negative | 32 7.3 4 33 | 14




Table 9 Blood chemistry analysis of HBV carriers and normal gibbons kept in Krabok

Koo Wildlife Breeding Center (continued)

Normal range of human :
ALT = Alanine-aminotransferag 38-U/|

TP = Total protein ; 6.6 - 8.7 g/dl _:.’!?"' TS
Alb = Albumin ; 3.4 - 1. g
Glo = Globulin ; 2.0-4. !’

Cr = Creatinine ; 0.5-2.0 mg/d

ﬂuﬂawﬂwswa"ns
ammmm YRIINYINY

No. Name Species |[Cage| Stage ALT | TP | Alb | Glo | Cr
31 Mek H. lar C2 |Recoverd | 21 | 59 | 36 | 23 | 1.1
32 Pok H. lar Cc2 Carrier 39 | 66 | 39 | 27 | 1.1
33 Vetan H. lar R1 | Negative | 28 | 65 | 36 | 29 | 0.9
34 Rusty H. lar 55 | 6.8 | 3.8 3 1.3
35 Jacko H. lar ‘ 64 | 39 |25 |12
36 Ivana - 64 | 38 | 26 | 09
37 Darkie lar Negatives{ 18 1 6.4 | 3.7 | 27 | 1.1
38 Ice . PRSI Nega \QH“-.‘_‘ 34 | 27 1
39 seb | A %\(\%‘ 34 | 28| 1
40 | Kong2 |« a ) |:eg \\&x 4 | 2615

65
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Routes of HBV transmission in gibbons

I. Vertical transmission

In order to further analyse gibbon HBV vertical transmission, two carrier families
had babies born in the Wildlife Breeding Center (C15 and R6 cages) were analyzed.
Tao C15, offspring of Ni and Saboo, was born in 1999 and all family members were

found positive for S antigen and HBV DNA. Baby R6 was born in 2000 and his mother,

Jieb, is a HBV chronic carrier while his fa ngkong, had natural immunity against
HBV. Both mother gibbons wege found HE by ELISA test. (Table 10).

HBV isolated from bg 5 other ﬂibbons were sequenced and
submitted to GenBank da enba 477490-91 and AF477493-
94, Appendix D). Comparisg , ; fas ost divergent part of HBV
genome, indicated the € ‘ ‘ s 3ins, between mother and baby. After
PreS1 alignment (361 bpd), bab howed enlyi5 and 2 bases difference
from their mother respectiViely w , ',ﬂ. yases (the HBV sequences from both
couples differed as comr ) “non retat [ 0n isolate (Figure 13a). Moreover,
the PreS1 gene sequence isolate | feBmeE _ > 5 father gibbon), showed 8 and 7
bases difference from dam and 2 g -SegUences respectively. The S and core
regions of both pairs shewe )% identity amo s and babies (Figure 13b and
13c) but 23 and 3 :;g;._"“""""'—“‘“;'“ o -5 ed to Belle L10 control
sequences. The percenﬁe S C seq%wces among mother-baby
and control strain is shown‘n Table 11. Thus, ng into account of the relationships of

aﬂwﬂ%ﬂ%@w B o o

have occurred.

QW'lﬂﬁﬂ‘imﬂJW]’mmﬂﬁl
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Table 10 HBV serological markers of 2 gibbon HBV carrier families with babies borned

in the Krabok Koo Wildlife Breeding Center.

Cage| Name Species | Sex|Date of Birth| HBV DNA | HBsAg | Anti-S | Anticore HBeAg

Ni H. pileatus | F 1991 + + “ s 4

Ci15 Tao* H. pileatus | M + + = 4 4
Saboo | H. pileatus | M < + ND

=

Jieb Hoiar ] Gt ; & .

R6 | Baby R6* H. la / . R .
Kingkong H. Iz / ¥ & ND

* baby-borned in house

ND = not determined

AUEINLNINEINS
AN TUAN NN Y




(a)

Belle L10
Ni. €15
Tao C15
Saboo C15

Jieb R6
BARG6

Belle L10
Ni C15
Tao Cl5
Saboo C15

Jieb R6
Baby R6

Belle L10
Ni €15
Tao €15
Saboo C15

Jieb R6
Baby R6

Belle L10O
Ni €15
Tao C15
Saboo C15

Jieb R6
Baby R6

Belle L10
Ni €15
Tao C15
Saboo C15

Jieb R6
Baby R6

Belle L10
Ni C15
Tao Cl5
Saboo C15

Jieb R6
Baby R6
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Figure 13 Alignment of HBV sequences from 2 gibbon carrier's families. PreS1 (@), S (b)

and C (c) sequences were aligned using the Clustal X program. All sequences were

compared to Belle L10, accession number AF274497, as a control. Bold letters and

dashes indicated different and identical bases residues, respectively.



(b)

Belle L10
Ni C15
Tao €15

Jieb R6
Baby R6

Belle L10
Ni €15
Tae €15

Jieb R6
Baby R6

Belle L10
Ni €15
Tao Cl5

Jieb R6
Baby R6

Belle L10
Ni C15
Tao C15

Jieb R6
Baby R6

(c)

Belle L10
Ni C15
Tao C15

Jieb R6
Baby R6

Belle L10
Ni €15
Tao C15

Jieb R6Q

Baby R6

Belle L10O
Ni C15
Tao C15

Jieb R6
Baby R6
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GTTGCCCGTTTGTCCTCTAATTCCAGGATCATCAACCACCAGCACCGGACCATGCAGAAC

e R A---—G-—m——m o R A---
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CTGCACGACTCCTGCTCAAGGAACCTCTATGTTTCCCTCATGTTGCTGTACAAAACCTAT

GGAGTGGGECT(

Fohkkkhhkkhkkkkhhkkhhhkhkhhhhhhkhkhkhkhkhkhhkhkdkhhkhk hhkhhkhhkkhhkkkkkkkkk %+

TAAAGAATTTGGAGCTTCTG

dhkhkkhkhkhkkkkhkkhkhdhkhkkhk *k*



Table 11 PreS1 sequence similarity (%) comparison between gibbon HBV carrier

families and control sequences.

Samples Control Baby Mother Father

Father C156=89.75 98 C15=97.78 C15=100

Mother C15=90.30ug
R6=89.1

Baby C15=90.58
R6=88.64

Control 100

Control sequences = Bélli

AU ININTNYINS
ARIANTUNIINGIAE
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Il. Horizontal transmission

Horizontal transmission of HBV in gibbon population was confirmed in this
present study. HBsAg was found in saliva samples kept from HBV carrier gibbons
(n=14) while HBV DNA was detected in only 6 samples (Table 12). Both HBV-DNA and
HBsAg were not detected in saliva of HBV seronegative (n=6) and HBV recovered

gibbons (n=9).

13, including HBV stage of their familie | i HBV infected gibbons were of the

species H. pileatus kept in the 3 ‘ carriers' partners were HBsAg

Due to the high i i BY ¢ N ing work, 34 animal keepers of
the Krabok Koo Wildlife v E:\\ ‘ apart of a pre-vaccination
program. Approximately, 5 . j 15 cady \ posed to HBV and 44.1%
developed antibodies agains iralir .. g D o?kers were HBV carriers by
demonstration of HBsAg, HBV DN r.‘? --------- C. The Other 2 presented only HBs
antibody but no other marke e1a). © £

Even though the7HBV transmis: *'-."\if ates was expected in
previous study = moleﬂ,lar chare BV ISOl d from 2 carrier keepers

must be performed to conflr‘n the original HBV o rce of workers.

ﬂ‘lJEl’JVIEW]‘iWEI’]ﬂ‘i
QW']ﬂ\‘iﬂ‘iﬁlJﬂJﬁTmmﬁEl
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Table 12 HBsAg and HBV DNA detection in sera and saliva of carriers and normal

gibbons by ELISA and PCR method.

Serum Saliva

Samples HBsAg 4 HBVDNA HBsAg HBV DNA

- + »

HBV carriers

(n=15)

Controls

(n=15)

AugIngningans
ARIAN TN INGIAY
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Table 13 HBV marker detection in serum and saliva of the gibbon HBV carriers and

their families in this study

Serum Saliva

Cage Name Species Sex HBVDNA HBsAg Anti-S Anticore HBV DNA HBsAg

Cc22 Daew H. pileatus - + +
C21 Candy H. pileatus = < 5
C20 Jock H. pileatus | + ’ &
Koo H. pileatus IR 1 \ o . R
C16 Nong Chai H. pileatu N RS " ; +
C15  Saboo H. pileatus + - 4
Ni H. pileatus = < = .
Tao* H. pileatus + ND ND
C14  Gomez  H. piledit + . +
Chmi H. pilea ‘; + 4 &

W

= = Augingniweans -
« R IPINTUUNIINYT

H. lar F

R4 Jacko H. lar M + + - + - &
lvana H. lar F = = + + ND ND
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Table 13 HBV marker detection in serum and saliva of the gibbon HBV carriers and

their families in this study (continued)

Serum Saliva

Cage Name Species Sex HBV DNA HBsAg Anti-S Anticore HBV DNA HBsAg

R6 Jieb + + +
Baby R6* - ND ND
Kingkong & ND ND

R27  Midnight & - 2

L14 Nin + + +

Sang it ND ND
Baloo + ND ND
L10 Belle N. concolar F . : ' + ND ND
Caesar  N. concolar ‘ - ND ND
Vg
L9  Charlie N.concal - + ND ND
Ozzy  N. concela) ; + ND ND
¢ o Q/
* baby-borned in house _ ./
No—maemmﬂi:uumw g8 Y
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Table 14 HBV serological study of animal keepers in the Wildlife Breeding Center, Royal
Forest Department, Krabok Koo, Cha-Cheng Sao, Thailand.

Stage of infection HBsAg HBVDNA AntiHBs AntiHBc No.

AULINENINEINS
QRN TAANINAE

Gibbon HBV molecular characterization
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Gibbon HBV molecular characterization

l. Electron Microscopy study
Morphology of gibbon HBV was determined under electron microscope by
comparison to human viral particles. Comparable size and shape of viral particles from

both species are shown in Figure 14.

Il. Restriction fragment lengthig \ ism (RFLP)

HBV DNA, isolated from 19 pos _ s used as the target for RFLP
analysis. Two workers (H1 and.H2)-Presentéd l-msitive and possibly exposed
W were amplified for PreS1/
PreS2 region (Figure15a): HBV was identified using
Ava Il and Dpn |l dig products as indicated in
Figure 15b and 15c re , G4 and G6 represented 5
gibbon viral strains spreadiflg i Ok Koo Ce \'\

PreS1 gene ampilifica o Gib _ \-.a 1aller size than human HBV.
Patterns of restriction enzymefdi f-’.;...,." Jibbon H 3V (G1-G6), however, showed
different profiles as compared to " 2 . 1-H3). The thirty-three bases deletion

after start codon of PreS1 RFLP- patterns. Therefore, it

cannot be grouped T;.; ------------------------- - .‘f enotype D which was

reported to have a PreS@eIe 0 : TE RFLP genotypic patterns
of carrier gibbons and aneraI keepers are presented in Table 15. These results were

s A NN INHAN T

Precore pfomoter mutations at nucleotlde 1762 and 1764 were detected by

N ) ma:rﬁf

presented the normal gene in this region. Noticeably, all mutated samples were positive

for HBeAg testing.
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.
D L. "

AMIANTUUNIIBLAY

Figure 14 Morphology of probable HBV particles purified from sera of gibbon (a) and
human (b) samples. Negative staining with 2% uranyl acetate was done and

photographed under transmission electron microscope. Total magnification x 82,000.
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G1G2G3G4G5G6 H N M

H1452,H3

Figure 15 HBV genotype‘ characterization by RFLP analysis. Gel electrophoresis of
PreS1 DNA isolated from gibbons and humans, before (a) and after digested with Ava Il
(b) and Dpn 1l (c). Six samples isolated from gibbons (G1-G6) and three samples from
human (H1-H3) were analyzed. 500 and 1000 bps DNA marker (M) and the uncut

sample (Un) are indicated.



Table 15 RFLP genotype characterization by action of Ava Il and Dpn 1l on the

segment of PreS7/PreS2 region of gibbon and human (animal keepers) HBV.

PCR product  group Ava Il digestion* Dpn 11 digestion* Samples

size (bps) fragment size (bps) fragment size (bps)

447 no digestion 306, 84, 57 Baby R6
Jieb R6

Pok C2

Saan C13
Midnight R27
Jacko R4

Nin L14

447 Il Candy C21
Daew C22
Gomez C14
Chmi C14
Jock C20
Nongchai C16
Ni C15

Tao C15
Saboo C15

—
|
JJI'

447 1 - 390 57 363 84 Caesar L10

ﬂum%mww A s
ammﬁ‘ftﬂuﬂﬁ”r YR

Cr* 358,121 214,178, 52,35 H1 (human)

479 c1* 358,121 249,109, 69, 52 H2 (human)

* all cutting sites were confirmed by DNA sequencing

** human HBV genotype characterization followed the REA profile of human HBV (aos
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( M Un G1 G2 G3 G4 G5 G6 H M

l'['

Figure 16 Precore promo}Z 62/1 764 an kyss oy RELP . Gel electrophoresis of X
region isolated from gibbon arﬁj human dlgést‘ed with. Sau3A | are presented. Six

s /N
samples isolated from glbbgihs (G1 66 and,—,e}ne sample from human (H) were

analyzed. The expected size was. 59E‘Fbps forﬁl’c’l type while mutant sample presented

"s.' '—..._

465 and 131 bps. 500+ and 1000 bps DNA marker (M) and tjhe uncut sample (Un) are

o

|
i =

indicated. ;_; _,LJ'

AP
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lll. Gibbon HBV DNA sequencing and phylogenetic tree analysis

In order to confirm infection with a gibbon HBV, the complete genome of two
representative viruses was sequenced (G25 and G26). Comparing these sequences to
other Hepadnaviridae demonstrated that these viruses form a cluster seperated from
the six known human HBV genotype clades and from the chimpanzee, gorilla and
woolly monkey hepadnaviruses (Figure17). The deletion of the 33 basepairs after preS1

start codon of gibbon HBV was confirme.

phylogenetic tree analysis; preS1

phylogram analysis including_ uman genc At gg

utan, chimpanzee and woolly

Surprisingly, animals in cle G s réa O, we infected with a closely

related strain of HBV since haree ot of the phylogenetic tree.
Amino acid alignmg ‘ om some gibbon isolates

including various HBV geno /pe ot primate HBV sequences was

shown in Figure 19. The 11 amine ach etionsat 5' site of PreS1/PreS2 gene was
e ",_‘ -

represented the distinct @»up of no

To determine the subtype of gibbon HBV isolates, amino acid sequences of S

protein from prirvﬂa %H V’V&%ggdmrﬁltw 1E%ﬂg§e 20). Following the

human HBV serot%e characterization ly amino acid gquences of S Qgpe as previous

o R RGP KA TR e o
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Human - genotype E

Human - genotype D X75664
AJ131956
Human - genotype F

Woodchuck

X75663
| W J02442
Human - genotype A0\ /
AF1605Q1 / |

Chimpanzee NC 001896
D00220
Gorilla
AJ131567 Gibbon
U46935
AB033555 G26

Human - genotype B 2
ATHr
X04615.HHuime

AL INNINYINS
o QRN AT G

neighbor-jéining method based on the whole genome sequence of HBV from human

ws

and apes. Bootstrap analysis was applied using 100 values. The human and nonhuman
isolates are identified by their Genbank accession numbers. Whole genome sequence
data of G25 (Belle L10) and G26 (Caesar L10) gibbon HBV were submitted in Genbank
data libraries accession number AY077735 and AY077736, respectively.

Woolly Monkey



AF 046996 — Woolly Monkey
X75658 — Human genotype F

94

84

AJ131567 - Chimpanzee
AF160501 - Human genotype G

45 _ D00220 - Chimpanzee
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C15
131572
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AF074449 — Human genotype B
100

X02763 — Human genotype A
67
—': X04615 — Human genotype C
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Figure 18 Phylogram based on nucleotide sequences of PreS7 gene using the Kimura two-
parameter matrix and neighbor-joining method. The number of each node indicated the
percentage of bootstrap replicates (of 100 total). The distance along the horizontal axis
among isolates is proportional to genetic divergence. Human and nonhuman primate HBV
were compared to gibbon HBV isolates identified in this study. The Genbank accession
number of reported sequences were indicated in phylogram. PreS7 isolates from gibbon

HBV presented in this tree were indicated by, name and cage of animals as shown in Table

AF477494 and AF274495 (Caney-C AF 274 2ew-C22), AF274497 (Belle-L10),

AF274498 (Caesar-L10), AFP74485(Charlie 378 (Nin-L14).
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Figure 19 Alignment of PreS
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Figure 20 Alignment @ f human HBV and other

nonhuman primate hepa primates and genotype were

indicated each sequence. A 10ticed by bold letter. Slash (/)

presents insertion or deletion whi e-dash () iGates identical amino acid to master

sequence (Human HBV genotype-A—X0276 Boxes represent the “@” determinant
el

region of HBV which reagte Cates the specific glycine

(G) of this region. Posifion Yelle N ': sequences. Gibbon

HBV serotype identiﬁeqﬂwin SOOI 25 indiikted in parenthesis.
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Surface antigen mapping of gibbon HBV

To test the conformational structure of gibbon HBV surface protein compared to
human viruses, a panel of antibodies against surface antigen of human HBV was used.
According to a previous study, F4-7b antibody was reported with a high efficiency
binding to human HBV @9 Standard curve of ELISA assay plate coated by F4-7b and
detected by F4-7b-biotin conjugate, followed with streptavidine/HRP and TMB substrate

HBsAQ positive sera isglated fre Belle, Candy, Nongchai, Saboo
: PS and SOM) were included

in the present study. Gibbo ibles \were seleeted from different groups referring
to PreS1 gene phylogenetic ' : 8). ~\> HBsAg of each samples

was estimated using a u_h A assay (Table 16). Different

dilutions of each sample ound 1.00 detecting by F4-7b as
coated and captured antibgdy f | ‘ ’f, as -

Surface antigen maPpigg “of* gibhon By " was determined by a panel of
antibodies to HBV surface protein. - tik dy binding region is shown in
Figure 22. Efficiency of antlbo '- ing—to gibbon and human HBsAg was

determined by ELISA “(Table 1 ' calculated \e €orrelation factor number

comparison to the standiz te [Table 18). The FOH9, 9A

and 1Ff4 mAbs showedE similar-i Uma andgbbon HBV, compared to
binding factor of F4-7b refegege assay ( Table . Polyclonal anti-S from sheep gave a

woesro i 43 F AN o o

a sample from giBibon, Midnight exhibi }ed the hlghest binding factor of all antibodies.
On the GW d']a&wm mrﬁt%bﬁrﬂ} %ﬂﬂ ﬁrﬁaotnvﬁy than
human sarqu

Anova analysis to test correlation of antibodies bound to gibbon and human
HBV indicated that the error variance of antibodies binding is equal across groups (F =
2.379, p = 0.029).

To test HBsAg binding by nonlabelled biotin-conjugated antibodies, ELISA

assay plate was coated with anti-PreS1 and anti-PreS2 as solid phase before sample
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incubation. F4-7b labeled biotin was added in the capture step following with
streptavidine/HRP conjugate. Anti-PreS2 non-labeled biotin was used as a positive
control for ELISA system. As shown in Table 19, Anti-PreS1 monoclonal antibody bound

to only one human sample, but not for all gibbon viruses.

oD 450/620

30

L
s _— -

1 In‘-" i

17124 124 1) I RIAR
A AN NN Y
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Table 16 HBsAg concentration of gibbon and human sample present in this study.

Dilution factor and OD 4y, Of €ach sample were indicated. Concentration of HBsAg

was calculated from standard curve of F4-7b (Figure21)

Sample Dilutig HBsAg conc. (ug/ml)

ﬂUEI’JVIEW]ﬁWEI‘" N3
a‘mmmmumw §18 Y
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Anti-EreS1

Anti-PreS2;

Figure 22 Image of HBsuifaq fmm ’o
dbisaaid ,
present study. HBV surfacefprofein siruciurewas madified from Kann et al. (1997) ™.
J' "':J"
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Table 17 Antibodies binding to surface antigen of gibbon and human

determined by F4-7b ELISA assay plate at OD

450/620

91

samples

Samples Antibodies (OD g0
(dilution) F4-7b  sheep anti-S FOH9 9A 1Ff4 anti-PreS2 anti-127
Belle 1.3470 2.0185 0.250& 0.56215 0.0110 0.5989  -0.0025
(1:8000) ‘ \
Candy 1.7540 ; 1.1261 0.0045
(1:8000)
Nongchai  0.4995 0.2561 -0.0025
(1:8000)
Saboo 1.4085 0.9045 0.0020
(1:6000)
Midnight 1.0980 1.7299  -0.0230
(1:5)
PS 1.9780 0.5783  -0.0007
(1:800) K
SOM 0.8955 H930 . > A 0.1572  -0.0060
(1:600) =

Y

.ll
|
W

* OD of each value was caleUjated from duplicatertest.

Sample dilution\% .‘Heﬂd’a %;ﬂ%jw EIF n ‘j
QRIANTIUNRIINYAY
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Table 18 OD correlation of antibodies binding to human and gibbon HBV surface

protein determined by ELISA assay. Correlation factor number of each sample was

compared to the F4-7b ELISA standard plate at OD 5, -

Samples Antibodies (Cor. Fac.)
(dilution) F4-7b  sheep anti-S FOH9 9A 1Ff4 anti-PreS2  anti-127
Belle 1.0000 0.0080 0.4444 0
(1:8000)
Candy 1.0000 0.6420 0
(1:8000)
Nongchai  1.0000 0.5128 0
(1:8000)
Saboo 1.0000 0.6422 0
(1:6000)
Midnight ~ 1.0980 1.5755 0
(1:5)
PS 1.0000 0.2924 0
(1:800)
SOM 1.0000 0.1756 0
(1:600)

¥

Anova analysis indicated thatthe error variancéLéf antibodies binding to both viruses is

sigrifcanty equﬁlcusgjoﬁ;ﬂﬂmﬁcmgﬂ’ na
ARIAINTAUNM TN
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Table 19 Antibodies binding to surface antigen of gibbon and human HBV determined
by anti-PreS1 and anti-PreS2 antibodies coated ELISA plate. Assay plate was captured
by F4-7b monoclonal antibody.

Samples Antibodies (OD

450/620)

\ l’( // anti-PreS2

0) h0o85 25215

” n ' S 25455

ong --'i» 0148 25615

v © ’\\

Sabog l"v ‘ 2.5665
.,'- I - \ \\

Mi lgh ..uﬁ. 0010 0.3250

f:*ﬂ

(£490) ,m 2.4645

4 1405

i
|

¥

o) YLEJLMJN 4N
IR TN ING A Y

Anti-PreS1
Anti-PreS2 = 5 ug/ml
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Inhibition binding of gibbon and human HBV by immune anti-HBS

To investigate the neutralizing efficiency of immune anti-S produced from the
vaccinated human, HBsAg positive sera isolated from 4 gibbons (Belle, Candy,
Nongchai and Saboo), 2 patients from Thailand (PS and SOM) and 2 human HBV
subtypes, adw2 (Mat'O) and adr (P8), were tested for the inhibition binding assay"®.

Antibodies from vaccination studies with Engerix-B, GenHevac-B and HepageneB were

(Hepatect). The anti-HBs from vagcinees s ho same capacity of binding blocking
to human as gibbon HBV (Fi 223)- Th i Mmune anti-HBs from Engerix-B

\~ viruses (Figure 23a). The

\w , man HBsAg studied at the fixed

vaccination seems highe
percentage of inhibitio
antibody concentration 11460 , ' \.\ 0. The results showed the

similar capacity of huma i .\ and. F4-7b antibody to inhibit

*\ ) from plasma of vaccinated

5 | S, except anti-S produced

binding of gibbon and hugia
persons presented the blockin

from Engerix B vaccination:. km h' gibbon viruses (43.25 +4.92)

: e it sl
was detected comparison to huma .f:._-f d 69 4).

47
TN

ﬂUEJ’JVlEJVIﬁWEJ’]ﬂ‘i
Qmaﬂn‘mum'mmaa
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Figure 23 Inhibition binding assay of immune anti-S including Engerix-B (a), GenHevac-B
(b) and Hepagene-B (c), human immunoglobulin : Hepatect (d) and human rhonoclonal
antibody, F4-7b (e) to gibbon and human HBV in a HBsAg ELISA assay.

(@)
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(c)

(d)

Inhibition of HBsAg by Hepagene-B post vaccination anti-HBs

100
—o—Belle
e e e =&~ Candy
c \
§ \ —4&— Nongchai
:-Ee‘" ““““““ B —e-Saboo
[
g \ —a~PS
g O - - -~ ----N\-NR TR ..
§ ——SOM
o
—+— Mat'0
20 1 ~ - - - - - - - - - — G W _
——P8
0
10 100,000
entration 1000 IU/L
100
-o—Belle
[y IS TR < e DI
p |, | & Candy
3 ﬂ u —4&— Nongchai
£ o -l
S q —-@-Saboo
s
ST TSR, ¢, . 3. Y S - A

PN AN R INY1§E

S
0 T T T
10 100 1,000 10,000 100,000 1,000,000

Reciprocal diluition

antibody concentration 5000 1U/L

96
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Inhibition of HBsAg by F4-7b antibody

100 g - & & -
N . —o-Belle
Ll el R i . . . N S
-~ Candy
AN "'!
WS
'

o N i e 2 s ) —&—Nongchai

—@—-Saboo

Percentage inhibition

—=-PS

-—-SOM

1,000,000

% .y
ntib dy Concentration 8000 1U/L
%

i i
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Table 20 Percentage of inhibition binding of immune anti-S generated from Engerix B,
GenHevac B, Hepagene B vaccination to gibbon and human HBsAg comparison to
Hepatect HBIg and F4-7b mAb. The fix antibodies concentration (50 IU/L, at the

reciprocal dilution 1:160) was selected to present in table.

Samples F4-7b
Belle 100
Candy 96
Nongchai 96
Saboo 96

x+sb

PS 97
SOM 96
M'O ND

P8 ND
x£sD

84/00:+ 2.58 96.50% 0.71

ND = not determme‘

FI‘IJEI’JVIEW]?WEI”H?
ama\aﬂimumw I8
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Cloning and expression of HBV surface protein (L/M/S protein)

Due to the limitation of viral particles purified from gibbon serum, the binding
study of HBV particles to human host cells is not possible. To support the binding
study, gibbon and human HBV surface genes were cloned and expressed in
mammalian CHO cells. A first set of cloning experiment, sLMS/ VR1012/Neo’ plasmids
were constructed with 1489 and 1522 bps of gibbon and human HBV insertion,

respectively. These plasmids carried ibbon and human PreS1/PreS2/S genes

elns synthesized in transfected
t| PreS2 antibodies (data not
e proteins produced from

both plasmids expressedgifi’ trz sfectec dl stable cell lines was too

The second set of ig ' 01 ) expressed surface protein of
--*s\ ted into CHO cells. They
contained the genes coding @eﬁ Yol '_ d also had the downstream
HBV sequences beyond to |gna is additional viral sequence

contained the X gene/enhancer || .,..:“ w’h’ own to increase the level of surface

(106) 0

gene transcription . In parti ,_ .@_f ?_} t=0fthe posttranscriptional regulatory

element facilitates cytep :.rv:m;?* The surface protein of

both clones were detected by | Pras: (Figure 25) and F4-7b

LI |
antibodies (data not shown). Interestingly, the HBV surface ecreating protein of both

clones became I Uj lls, and stable cells
of gibbon and hﬁﬁﬂip?j ﬂﬂ ﬂﬁilﬁ iue to the lacking of
CHO stable cell Ilnes expressed gltﬂ)on HBV pretein, supernatant<from transient
& RAMSAIIRIITTAR Y

HB surface protein detected in supernatant of stable lines was concentrated
with PEG-8000 to reduce the volume of sample. The concentrated protein was

confirmed their conformation and amount of protein by ELISA and immunoblot (dot blot)

analysis (Table 23 and Figure 26).
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According to the previous report, HBV surface proteins, especially PreS7 region,
showed the specific binding to the host cell receptors @ To test the quality of viral
surface protein expressed from recombinant plasmid and secreted in supernatant of
stable cell lines, concentrated protein was directly incubated with the human
hepatocyte HepG2 cells. HBV purified particles isolated from human positive sera was
used as positive control. As shown in Figure 27, only binding between purified human

viral particles and HepG2 cells was def d by F4-7b éntibody staining and FACs

analysis.

AUt IneNIngIn
RN TUNRIING
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Table 21 ELISA assay of secreted HBV surface protein expressed from gibbon and

human sLMS/ VR1012/Neo " plasmids in supernatant of CHO culture.

Cell lines oD

450/620

Transient transfected cells Stable cell lines

CHO 0.0307
CHO/ VR1012/Neo” 0.0337
CHO/ gibbon sLMS/ VR104% 0.0360
CHO/ human sLMS/ VR 0.0347

 AUANENINEINS
AR TUNNINGA Y
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(b)

.-E it
¥

Figure 25 anti-PreS2 mAD stalnmg of surface proteln of gibbon (a) and human (b) HBV
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Table 22 ELISA assay of secreted HBV surface protein expressed from gibbon and
human LMS/ VR1012/Neo” plasmids in supernatant of CHO culture.

Cell lines OD 450620

Transient transfected cells Stable cell lines

CHO 0.0202
CHO/ VR1012/Neo” 0.0243
CHO/ gibbon LMS/ VR10 0.0410
CHO/ human LMS/ VR1¢€

0.2280

'.-:

* average OD 6,0 Was calculate_ g

]

)
AU INENTNYINS
ARIAATUAMINYAE
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Table 23 Comparison of secreted HBV surface protein of gibbon and human LMS/
VR1012/Neo” plasmids expression in CHO stable cells. HBsAg in CHO supernatant

before and after concentration with PEG-8000 were determined by ELISA assay.

Cell lines oD 450/620

tant Pellet

d after concentrated
———

CHO 0.0240
CHO/ VR1012/Neo” 0.0452
CHO/ gibbon LMS/ VR10#2/N 0.0760
CHO/ human LMS/ VR101 0.5310

T -

* average OD ;600 Y

= E
** supernatant was coll@ed from transie ansfected cellg.

AULININTNEINT
o RRASIDIAUNKIINENLL

cells. Supernatant before and after concentration with PEG-8000 of human (a and d)
and gibbon (b and e) surface protein were tested. Supernatant from CHO cell (c) used
AS negative control, while concentrated supernate of HepG2.2.2.15 lines (f) and serial
dilution of HBsAg positive serum (dilution 1:10 to 1:10,000, G-J) were used as positive

control, respectively.
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HBV expressed in CHO stable cell lines were incubated with HepG2 cells and

AV-FITC

detected the protein complex by F4-7b and anti-PreS2 FITC conjugated antibodies.
Normal HepG2 cells (a) and HepG2 bound to purified viral particles (b) were used

as negative and positive control, respectively.
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In vitro HBV infection in human hepatocyte cells

Hepatitis B virus infection in cell culture is the ideal model for study the
mechanism of viral binding, penetration and replication in human cells. Additional, this
model is expected to demonstrate the HBV cross-transmission among different animal
species and might be useful for the specific receptors binding study. Until now, there

are still no stable cell lines that support HBV infection. In this present study, several

Primary hepatocyte ce S > isolat mal human liver and cultured in

enrich medium before infecie F The cccDNA form of HBV

which detected only in ré(' ells Wz und. The same result was

The specific re ~ as the binding protein to

human HBV particle in a entiy expressing Annexin
'he expression of Annexin V was
detected by anti-AnV antibo ; u nfortunately, the infected cells
were not detected due to lack gfthe f .- | culture.

Since the first report on ¥ POSSIDHEETO infect humanrhepatocytes, some
chemical reagents have beefl Uséd 16 incre: : eptipility of the hepatocytes.

The DMSO treated *,- d'if this study and gibbon

HBV serum infection wa 'on. 0 Bﬂvere detected in infected

cells by PCR (Figure 29). és shown in Flgure 30, HBV surface protein was detected

e U TN THEANT
ARANTUNM NN



Figure 28 Immunostaining of' A 2 cells. The target protein
%
was detected by anti-Annexin | x200

AULINENTNEINS
AR TN INGINY
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(a) Human Gibbon  Gibbon (-) HBV (+)
M UD 10" 10% UD 10" 10® UD 10" 107 UD 10" 102

1000 1115 bps

500

(b) Fufad 7'Giokoi Gibbon (). HBV (+)

M

864 bps

Figure 29 cccDNA (@) and reDNA (b)Y detection’in' DMSO' treated human hepatocyte
(HepG2) cells at 14 days after infection. DNA tefiplate was extfaéted from cells
infected*with fhumah fand \gibban hHBVpositive sera. [Gibbon HRY positive serum
(Gibbon-) and DNA extract from liver biopsy of HBV patient (HBV+) were used as
negative and positive control respectively. Each template was tested within serial
dilution including undiluted DNA (UD), 10 times dilution (10'1) and 100 times dilution
(10'2). Expected size of amplified products, 500 and 1000 bps DNA marker (M) are

indicated.
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normal HePG2 (b). Magnification x200.
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