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Hepatitis A virus (HIAV) originally obtained from stool specimens of a human patient
with an acute phase of hepatitis type A was successively passaged in marmosets, Saguinus
labiatus, by oral administrations. The pattern of infection was as follows: after a certain
incubation period, the appearance of HAV antigen in stools was the first sign of infection,
followed by the simultaneous elevations of transaminases and anti-HAV antibody with ap-
proximately 10-day intervals, This sequence was consistently observed throughout four
successive passages. More passages resulted in less incubation time: the incubation period
at passage 3 was 49 and 35 days in two animals, and those at passage 4 and 5 were 26
and 21 days, respectively. Because the inoculation dosis used beyond passage 2 was
adjusted at 2,000 antigen units, the shorter incubation period in later passages suggested
the adaptation of HAV in marmosets, Saguinus labiatus. Since the adapted virus showed
reproducible incubation periods as well as clinical courses in marmosets, it is now possible
to look for the primary target organs other than the liver of HAV, if any, and to use this

system for the screening of vaccine candidates,

INTRODUCTION

Hepatitis type A, caused by hepatitis A virus (HAV), constitutes approximately 20
to 30 % of acute viral hepatitis a year in Japan.?” HAV belongs to the enterovirus group
of the family Picornaviridae.? It has a single stranded RNA with a genome size of 2.3x
10® daltons,®* and the virion has a diameter of 27 nm with a density of 1.34 g/ml in
CsCl.® HAYV is stable upon heating at 60°C for 1 hr. and by treatment with ether or
acid at pH 3, but is inactivated by heating at 100°C for 5 min., or by treatment with

chemicals or electromagnetic waves, such as formalin and ultraviolet irradiation,®
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HAV shows world-wide distributions but there are foci of highly endemic areas,
especially in developing countries, such as New Guinea” and the Pacific Islands®’, Thai-
land® and Africal®

age of 10. For example, the prevalence of anti-HAV positive population exceeds 90% in

where almost all of the population become anti-HAV positive by the

?

late teens in Taiwan!'®,

In developed areas, such as North America!®, Australia,'® most European coun-—
tries'® and Japan'®, the prevalence of antibody positive population increases with age.
The seropositive rates in Japan are only 2.5 % for teens, and approximately 70 to 75 %
for those at 50 years of age or older'®. Since most of seropositive population in the
developed countries had been infected wtih HAV in their early lives, the apparent age-
dependent increase of the seropositive rate has been considered as a dramatic decrease
of HAV exposure in recent years due to the improvement of environmental and socio-
economic conditions instead of continuous exposures to the virus in life'®. In other words,
the higher prevalence in the young ages of developing countries is caused by the higher
density of HAV endemy. However, due to world-wide current transportation systems,
people in non-endemic areas have increasing chances to be exposed to HAV in the en-
demic areas'®. Furthermore, hepatitis type A in adults is more often clinical and more
serious than that in children'”, Thus, continuous efforts should be paid to understand
the ecology of HAV and to prevent hepatitis type A with active immunizing agents, such

as live vaccines, even in the non-endemic areas.

Since the human being is the only natural host of HAV, the study of HAV had
only been possible by help of volunteers in its early days!®-29  The extent of such ex-
periments has been obviously very limited. In 1967, DEINHARDT et al.?® first reported
animal experiments utilizing two species of marmosets, as susceptible nonhuman primates,
The successful HAV infection in marmosets was confirmed by HOLMES ef al.®” in 1969.
Similar results were obtained in ‘chimpanzees by MAYNARD et al.?®, THORNTON et
al.?® and DIENSTAG et al.®® in 1975. Thereafter, marmosets and chimpanzees have

been widely used as experimental animals for HAV transmission.

In 1973 FEINSTONE et al.®® found virus-like particles in stool specimens obtained
from the acute phase of hepatitis type A patients by immune elecron microscopy (IEM).
MAYNARD et al 3, LOCARNINI et al.®® and PURCELL et al.®® confirmed the pres-
ence of 27 nm particles in stool specimens of hepatitis type A patients. These observations
made it possible to use HAV purified from stool specimens obtained from the acute phase
of hepatitis type A of human and experimental animals as a virus source for infection or
as viral antigens for immunological reactions®®=3", For detection of anti-HAV, MILLER
et al.®® developed an immune adherence hemagglutination (IAHA) test in 1975 and
PURCELL®®” developed radioimmunoassay (RIA) in 1976. BRADLEY et al.*® established
RIA to detect immunoglobulin M class (IgM) anti-HAV in 1977, and MATHIESEN e¢
al .*P developed the enzyme-linked immunosorbent assay (ELISA) for detection of HAV
and anti-HAV in 1978. Now these RIA and ELISA kits are widely used for antigen or

antibody detection.



1985 EXPERIMENTAL MODEL OF HEPATITIS A VIRUS 77

To shed light on the natural history of HAV infection, the author intended to
transmit HAV successively in marmosets (Saguinus labiatus). The results indicated that
HAV was transmissible in marmosets by successive fecal-oral administrations and has
adapted in marmosets. The postinfection profiles of virological and biochemical parameters
were distinct and reproducible. Thus, the experimental system is potentially very useful
to analyze the primary target and the natural history of HAV-infection, and further to

evaluate potential candidates of live HAV vaccine, in the near future.

MATERIAL AND METHODS

Marmosets : Five adult female marmosets (Saguinus labiatus), 518 to 575 gr in body
weight, were purchased from Charles River Inc. Japan. Marmosets were numbered as
MARS, MAR107, MAR108, MAR11l and MAR3. Two marmosets, MARS8 and MAR107,
were used to follow natural history of hepatitis type A, and the other three marmosets,
MAR108, MARI11 and MAR3, were sacrificed at their acute phases of the biochemical
hepatitis in order to locate early changes of HAV infection in various tissues. The in-
fected marmosets were reared in the Infection Experiment Section of Laboratory Animal
Center for Biomedical Research, Nagasaki University School of Medicine. All the ex-
periments were performed under the strict regulations of Biosafety Level 242,

Virus: HAV used in these experiments was originated from stool specimens of a
human patient with acute phase of hepatitis type A observed in a local epidemic at
Kurume, Fukuoka Prefecture in 1982. For the successive transmission of HAV, the stock
virus was made after one passage in a marmoset, MAR4. An unkown amount of HAV
purified from the patient stool (dosage: 1 ml) was intravenously inoculated into the
marmost. Transaminases started to rise on day 13, and MAR4 was sacrificed on day 17.
HAYV was purified from liver extract as described below, and used as the stock virus.

Purification of HAV: HAV was purified by the method described by MORITSUGU
et al.®® with minor modifications. Liver or stool specimens suspended in 10 volumes of
0.01 M phosphatebuffered saline (PBS) were homogenized with a Vertis blender for 3 min.
or freeze-thawed 5 times, respectively. After centrifugation at 3,000 rpm for 30 min., the
supernatant was ultracentrifuged at 27,000 rpm for 16 hr. with a Beckman SW27 rotor.
The pellet was resuspended with 2.0 ml of PBS containing 0.5% Nonidet p40. The
suspension was sonicated at 20 kHz for 5 min. and centrifuged at 15,000 rpm for 15 min,
The supernatant was layered on a 10 — 40% linear sucrose gradient, and centrifuged at
24,000 rpm for 210 min. with a Beckman SW27 rotor. Fractions were collected by bottom
puncture, and HAYV antigen concentration in each fraction was determined by ELISA.
The concentration of purified HAV was adjusted as 2,000 HAV antigen units (AgU)/ 0.3
ml and freeze-stocked at —80°C until use.

Inoculation : Marmosets were lightly anesthetized by intramuscular injection of 0.2
ml/kg Ketamine hydrochloride (Veterinary Ketalar 50, Intramuscular, Sankyo Inc., Ja-
pan). The purified HAV was given into the oral cavity of a marmoset, drop by drop
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using a 1 ml syringe with a metalic gastric canula for mice. The dose was 2000 HAV
AgU in 0.3 ml, except for MARS which was given 20 HAV AgU in 1 ml.

Sampling of specimens: Stool specimens of all marmosets were collected daily th—
roughout the observation periods and stored at —80°C until use. Serum samples for
detecting glutamic oxaloacetic transaminases (SGOT), glutamic pyruvic transaminase (SG—
PT), and antibodies against HAV were obtained once a week and stored at —80°C.
Liver, spleen, kidneys, pancreas, salivary glands, and small and large intestines were
obtained from each sacrificed animal. Parts of those tissues embedded in Tissue-Tek II
(Miles Lab. Inc., U.S.A.) were snap-frozen in liquid nitrogen for detecting HAV

antigens by indirect immunofluorescence method.

Determination of liver enzyme levels; The levels of SGOT and SGPT were measured
within one week after sampling of sera using spectrophotometric rate assay modified from
KARMEN’s method*®*® The normal values of SGOT and SGPT in another species of
marmoset, Saguinus mystazx, were reported as 9726 and 31 =+ 10 units/ml, respectively.®
In our laboratory, normal values for Saguinus labiatus are 118 + 30 and 12.3 *= 7.4 IU/ml,
respectively.

Measurement of anti-HAV antibodies: Levels of total and IgM anti-HAV antibody
in sera were determined by RIA kits, ANTI HARIA KIT and ANTI HAM-RIA KIT
(Dainabot RI Inc., Japan), respectively. Briefly, for total anti-HAV, 10 pl of serum
sample, 200 gl of ¥I-labelled antibody to HAV (Human) and a latex bead coated with
HAV (Primate) were incubated for 18-24 hr. at 25°C. The bead was washed twice with
distiled water and counted in a autogammacounter. The degree of competition was
calculated by the equation, [(average of negative controls) — (sample counts)}/[(average
of negative controls) —(average of positive controls)] %100, and the values are expressed
in per cent. Sera under 30% or over 70% were scored as negative or positive, respectively.
Those between 70% and 30% were left unjudged.

To quantitate IgM anti-HAV, 10 gl of sample serum, 200yl of the specimen diluent
and a latex bead coated with anti-human IgM (goat) antibody were incubated for 2 hr.
at 25°C. After washing twice with distilled water, the bead was incubated with 200 gl of
HAV (Primate) for 18—22 hr. at 25°C. The bead was washed and incubated further
with 200 gl of 1251-labelled antibody to HAV (Human) for 4 hr. at 45°C. The bead was
washed with distilled water and radioactivity was counted. Data are expressed by ratio
of sample count of cut-off value. The cut off-value is calculated as 0.1 x (positive control
count) + (negative control count). Sera which gave no less than 1.0 were scored as
positive,

Detection of HAV antigen in stool specimens: 0.5 gr. of a stoo! specimen was
suspended in 10 ml PBS, freeze-thawed 5 times, and centrifuged at 3,000 rpm for 30
min.. HAV antigen in the supernatant was detected by a ELISA Kit, Hepanostika HAV
Microelisa System (Organon Teknika, Holland). Briefly, 100 gl of fecal extract were
incubated in a well coated with anti-HAV at 25°C for 16—20 hr. and the well was washed
4 times with phosphate buffer. Each well received 100 ¢l of human anti~HAV conjugated
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with horse-radish peroxidase (HRP), and was incubated at 37°C for 120 min. within a
humidified chamber in the dark. After 4 washes with phosphate buffer, the well was
incubated with 100 ¢l of the mixture of urea peroxide and o-phenylene diamine hydrochloride
(OPD) in the dark at 25°C for 45 min..% Enzyme reaction was stopped by adding 100 gl
of 2 M sulfuric acid. The optical density was determined at 492 nm by a spectrophotometer.
A cutoff value of 0.5 was used.

Detection of HAV antigen in tissue specimens by indirect immunofluorescene method.
(IF) : The frozen tissues were sectioned at 4 gm by a cryostat and used for indirect IF.
The tissue sections mounted on glass slides and air-dried, were incubated at 25°C for 2
hr. with anti~-HAV IgG obtained from a convalescent serum of a human patient with he—
patitis type A. After washing with PBS three times, the tissues were stained by goat
anti-human IgG conjugated with fluorescein isothiocyanate (MBL, Bethesda, MD) at 4°C
for 16 hr.. After 3 washes with PBS, the stained specimen was mounted by 90%

glycerol/ for PBS and immediately examinated by a ZEISS fluorescent microscope.

RESULTS

Establishment of oral infection of HAV in MAR 8 (passage 2): MAR 8 was orally
inoculated with the stock HAV (passage 1) obtained and purified from the liver extract
of MAR 4 which had been sacrificed on day 4 of biochemical hepatitis, on day 17 after
intravenous inoculation with HAV purified from the human patient. As shown in Table
1 and Fig. 1, SGOT and SGPT began to elevate on day 67 postinoculation and stayed
at high levels until day 81, i.e. biochemical hepatitis lasted for 15 days. The enzyme peak
was on day 72, or the 6th day after the onset of biochemical hepatitis. IgM anti-HAV
became positive on day 67 and returned negative on day 98. Total anti-HAV was first de-
tected also on day 67, however, it remained at a high level beyond day 113. Thus, the
elevation of detectable antibody started simultaneously with biochemical hepatitis. HAV
antigen in stools was detected from day 61 to 66. The excretion of HAV in stools started
1 week and terminated a day before the onset of biochemical hepatitis.

Fecal-oral infection of HAV in MAR107 (passage 3): HAV was purified from po-
oled stool specimens (61 —63 days postinoculation) of the infected MAR 8. HAV in an
amount of 2,000 AgU was administered into the oral cavity of MAR107, and the clinical
course was followed (Table 2 and Fig. 2). SGOT and SGPT started to rise on day 49,
and peaked on day 53. Total anti~HAV and IgM anti-HAV were first detected on day
49. The IgM anti-HAV was at a maximum on day 53 and returned to the preinocula-
tion level on day 84. Total anti-HAV reached its plateau on day 78. HAV antigen in
stools was detectable from day 37 to day 49. Although stool specimens were collected
since the day of inoculation, HAV antigen were never detected in earlier stages.

Serial passages of HAV by fecal-oral administrations (passage 3 — 5): HAV (pas-
sage 2 of MAR8) was successively transmitted into 3 marmosets, MAR108, MARI1
and MAR 3 by the fecal-oral pathway. In order to see early pathological changes in the
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Table {. Clinical Profile of Hepatitis Type A of the Marmoset No, 8 (MAR 8) for Passage 2%

Days after anti-HAV antibody HAV antigen
inoculation GOT GPT o™ oY in stool
otal IeM 0OD492
1U/ml 1U/ml % S/CO
0 103 11 0 0.3 -
59 - - - - 0.4
60 94 29 0 0.4 0.1
61* - - - - 1.5
62* — - — - 1.6
63* - - - - 1.7
64 - — - - 0.9
65 - - - = 0.5
66 - - - — 1.2
67 232 61 64 0.9 —
72 504 459 67 3.2 0.3
75 384 237 80 3.4 0
81 132 60 87 3.2 0
88 90 10 90 1.0 0
98 96 11 93 0.6 -
105 100 8 95 0.4 -
113 97 16 99 0.5 -
a) MARS was inoculated with 20 AgU of HAV purified from the liver extract of
MARY4 sacrificed on day 17,
b) Per cent inhibition (%) = [(average of negative controls-sample counts)/
(average of negative controls—average of positive controls)] x100.
c¢) S/CO = (sample counts) / (cut off value). See text for detail, ¢
d) — : not tested.
e) HAV was purified from stool specimens on day 61 through 63, and used for

inoculation into MAR107 and MAR108 (passage 3).
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Fig. 1: HAV infection profile in MAR 8 (passage 2). A shows liver enzymes, SGOT (O) and
SGPT () in IU/ml; Fig. B shows IgM anti~HAV (Q) and total anti-HAV () in

postinoculation,

both assayed by RIA, and HAV antigen in stool specimens assayed by ELISA
). See Materials and Methods for quantitation units, The ordinate shows days of
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Table 2. Clinical Profile of Hepatitis Type A of the Marmoset No. 107
(MAR 107) for Passage 3’

Days aft'er GOT GPT anti-HAV antibody ﬁAV antigen
inoculation in stool
‘ total®? IgM®
} 1U/ml 1U/ml % S/CO OD 492

0 118 12 11 0.3 —@
36 - — - - 0.4
37 - — — - 0.5
38 - - - - 0.8
39 - - - - 0.8
40 - — - - 0.8
41 - - - — 1.1
42 96 6 14 0.2 1.1
43 - - - — 2.5
44 - — - — 1.2
45 - - - - 0.3
46 - - - -~ 1.9
47 - - — - 1.8
48 - - - - 1.9
49 287 116 57 1.5 1.1
50 - —~ — - 0.2
53 356 246 75 3.0 0.5
58 123 46 83 2.5 0.1
63 114 22 87 1.8 0.2
69 88 12 93 1.1 0.4
78 93 11 96 0.6 0.4
84 101 16 96 0.4 0.1

a) MAR 107 was inoculated with 2000 AgU of HAV purified from the stool
specimens of MAR 8 on day 61 through 63.
b-d) See foot notes of Table 1.

0SGOT Marmoset number 107

DSGPT

Igl inoculation s ) A

P.O.

|

400;

200

0D492J

¥
L O

w
w

in stool
)
IgM anti~HAV
N

HA antigen
o =

=T

0 20 40 60 80
Days after inoculation

Fig. 2: HAV infection profiles in MAR107 (passage 3). See figure
legeneds for Fig, 1.
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Table 3. Clinical Profile of Hepatitis Type A of the Marmoset No. 108
(MAR 108) for Passage 3%

gla;ycsuﬁlfttiil;l GOT GRT anti-HAV antibody g—IIlAS\tIO (z)llntlgen
totalP? IgM®
IU/ml 1U/ml % S/CO 0D492

0 132 10 0 0.3 -
28 88 3 6 0.3 0.2
35 240 43 0 0.2 0.2
36*% - — - - 1.0
37* ~ — - - 1.1
38 - - - — 0.1
39 264 93 41 0.6 0.3
40 - - - - 0.2
41 — — - — 1.2
42 - - | - - 0.2
439 255 86 - 1.5 -

a) MAR 108 was inoculated with 2000 AgU of HAV purified from the stool
specimens of MAR 8 on days 61 throught 63.

b-d) See foot notes of Table 1.

e) HAYV was purified from stool specimens on days 36 and 37, and inoculated
into MAR 11 (passage 4)

) MAR 108 was sacrificed on day 43.

Table 4. Clinical Profile of Hepatitis Type A of the Marmoset No, 11
(MARI11) for Passage 4*

Days aft_er GOT GPT anti-HAV antibody HAV antigen
inoculation in stool
totalP? IgM®
1U/ml [ 1U/ml % S/CO 0D492
0 99 11 3 0.3 -
17 58 0 6 0.2 0.1
18 - - - — 0.5
19 — - - - 0.6
20 - - - - 0.4
21 - — - - 0.9
22%° 126 37 26 0.3 1.2
23* - — - - 2.2
24 - — - - 0.9
25 - — - — 1.8
26 282 234 57 0.9 1.7
27 - - — - 0.6
28 — — - - 0.5
299 344 202 80 4.0 0.3

30.

a) MAR 11 was inoculated with 2000 AgU of HAV purified from stool specimens
of MAR 108 on days 36 and 37.

b-d) See footnotes of Table 1.

e) HAV was purified from stool specimens on days 22 and 23, and inoculated
into MAR 3 (Passage 5).

f) MAR 11 was sacrificed on day 29,
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liver and possible viral replication(s) site other than the liver, these three marmosets were
sacrificed in acute phases of hepatitis, within 8 days after the rise of liver enzymes.
MAR108, as well as MAR107, was inoculated with passage 2 HAV purified from
the pooled stool specimens of MAR 8 (Table 3). HAV antigen was detected in stools on
days 36, 37 and 41 of postinoculation. Abnormal elevations of SGOT and SGPT occurred
on day 35, followed by elevation of total anti-HAV and IgM anti-HAV on day 39.

EXPERIMENTAL MODEL OF HEPATITIS A VIRUS

day 43, MAR 108 was sacrificed,

Table 5, Clinical Profile of Hepatitis Type A of the Marmoset No, 3
(MAR 3) for Passage 5%
Days after GOT GPT anti-HAV antibody HAYV antigen
inoculation in stool
total?? IgM®
IU/ml 1U/ml % s/CO OD 492
0 74 14 12 0.2 —a
10 66 13 0 0.2 0.4
11 - - - - 0.8
12 - — - - 0.5
13 - - - - 0.7
14 - — - - 0.6
15 — — — - 0.7
16 - - - - 1.0
17 62 13 1 0.2 1.4
18 - - - - 1.4
19 - — - - 1.8
20 - - - - 2.1
21 129 56 17 0.2 2.9
22 - — - - 2.6
23 - — - - 3.0
24 174 111 29 0.3 2.8
25% 198 112 36 0.4 2.3

a) MAR 3 was inoculated with 2000 AgU of HAV purified from stool specimens
of MAR 11 on days 22 and 23.
b-d) See footnotes of Table 1.

e) MARS3 was sacrificed on day 25,

Table 6. Summary of Succesive Fecal-Oral Passages of HAV in
Marmosets
Passage HAV Onset of GPT Onset of HAV
levels inoculated elevation Ag detection
AgU days p.i. days p.i.
2 20 67 61
3 2000 49 37
3 2000 35 36
4 2000 26 18
5 2000 21 11
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Fig. 3: Summary of HAV infection profiles
in the successive passages in

marmosets (passages 2 to 5).
Fig. A: SGPT in IU/ml; Fig.

0D492 ]

in stool

B: total anti-HAV in per cent;
and Fig, C: HAV antigens of
stool specimens in OD units,
(O [: MARS (passage 2);
(O MmM: MAR107(passage 3);
(B BE): MARI108(passage 3);

(A N): MARI11 (passage 4);

and (A B: MAR3 (passage

60

Days after inoculation

5). The ordinate: days after
inoculation.

Fig. 4: Immunofluorescent photomicro-
gram of liver section of MAR108,
which was sacrificed on day 43
postinoculation, or on 8th day

of biochemical hepatitis. (x 200)

Detection of HAV antigen in tissues by IF

Table 7.
[

Tissues tested \ MAR 108
Liver +
Kidneys -
Spleen —
Pancreas -

Small intestine
upper
lower

Large intestine
upper
lower

Salivary glands

MAR 11 MAR 3

+ +
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The marmoset, MARI11, was inoculated with HAV (passage 3) purified from the
stool specimens (36—37 days postinoculation) of MARI108 (Table 4). The HAV antigen
was detected in stools from 18 to 28 days postinoculation and rises of liver enzymes and
anti-HAYV developed on day 26 postinoculation. MAR11 was sacrificed on day 29.

MAR 3 was inoculated with HAV (passage 4 ) purified from stool specimens of
MARI11 (22—23 days postinoculation). As shown in Table 5, hepatitis became apparent
on day 21 with the elevations of SGOT and SGPT. HAV antigen was recognized in stool
specimens collected from days 11 to 25. MAR 3 was sacrified on day 25, or 4 days after
the elevation of liver enzymes. Total anti-HAV apparetly increased into the equivocal level
on day 24, but the increase of IgM anti-HAV was not detectable by day 25.

Adaptation of HAV in marmosets : Shifts of parameters of HAV infection according
to the serial passages in marmosets, including incubation periods for liver enzyme eleva—
tion, anti-HAV production and fecal excretion of HAV, are summarized in Fig. 3 and
Table 6. The sequence of HAV excretion into the stool after certain incubation periods,
followed by almost simultaneous elevation of liver enzymes and antibodies against HAV
with an interval of approximately 10 days, was consistently shown in each passage. How-
ever, the incubation periods were shortened by successive transmission in marmosets, from
5 to 7 weeks at passage 3, to 3 weeks at passages 4 and 5. Since the inoculation
doses were constant throughout the experiments, the shorter incubation period in the later
passages suggests the adaptation of HAV in the marmoset.

Attempts to localize replication site(s) of HAV: Marmosets, MAR108, MARI11 and
MAR 3, were sacrificed within the acute phase of hepatitis, and tissues of these animals
served for IF study in an attempt to localize primary replication site(s) of HAV. The
HAV antigen was detected in the liver of each marmoset (Fig. 4), with very fine gra—
nular pattern in cytoplasm. However, none of the tissues other than the liver showed po~

sitive evidince for HAV replication (Table 7).

DISCUSSION

The purpose of this study was to establish a reproducible experimental model for
fecal-oral infection of HAV to simulate the natural infection pathway of hepatitis type A
in the human species. HAV obtained from stool specimens of a human hepatitis type A
patient was serially passaged and adapted in marmosets (Saguinus labiatus) by fecal-oral
inoculations.

In human hepatitis type A induced by natural infection, the incubation period is
approximately 30 days followed by increase in transaminases, a hallmark for diagnosis®®,
Clinical manifestations other than increased transaminases appear in half of the cases in-
cluding fever, nausea, anorexia and general malaise. The elevation of transaminases re-
aches a maximum within 1 week when jaundice manifests itself in some cases. The
transaminase levels return to normal within 1 to 2 weeks., IgM anti-HAV usually be-

comes detectable in association with the onset of increase in transaminases and reaches its
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peak-levels a week later®®. YANO and KOGA followed IgM anti-HAV profiles in 31 cases
using the mothod described in this paper*”, and found that IgM anti-HAV is detectable
up to 9 weeks after infection, but undetectable beyond 5 months. However, in another
report, IgM anti-HAV stays at detectable levels for more than 12 month for some
patients*®, IgG anti-HAV appears approximately a week after the onset of hepatitis
type A and reaches its plateau within 1 to 2 months. HAYV antigen in stools usually
returns to a nondetectable level at the onset of clinical hepatitis or the appearance of
anti-HAV4®

In these experiments, SGOT and SGPT of marmoset increased up to 500 IU/ml and
reached their peak approximately 5 days after the onset of their rise, and the increased
enzyme _evels continued for approximately 2 weeks, Since these patterns are consistent
with that of human hepatitis, the marmosets were diagnosed to have hepatitis type A.
However, hepatitis type A in marmosets is apparently less severe than that in human
species as suggested by (1) the elevation of liver enzymes was limited up to 500 IU/ml com -
pared with more than 1,000 IU/ml in some clinical cases!®, especially adults suffered frorn
more severe hepatitis. Moreover, the normal level of SGOT in marmosets is approximately
100 IU/ml, higher than that in normal human beings; (2) the level of SGPT was usually
lower than that of SGOT in marmosets, however the SGPT/SGOT ratio is inverted in
human hepatitis ;*® (3) clinical jaundice was never observed in our experiments; and (4)

histological damages in liver cells are less severe in the marmoset®®,

The rise of IgM anti-HAV and total anti-HAV was associated in most cases. Since
total anti-HAV includes IgM anti-HAV, this was not unexpected. Howerer, total anti-
HAYV usually became positive 1 to 4 days earlier than IgM anti-HAV, This was probably
due to the sensitivity of the assays used. Although both assays were RIAs, total anti—
HAV is based on a competition assay system, and IgM anti-HAV on a sandwich binding
assay system. The IgM anti-HAV reached its peak at 4 to 9 days after the onset of
the elevation, and became undetectable within 6 weeks, consistent with the duration of

detectable IgM anti-HAV in most human hepatitis type A patients?”,

The HAV antigen in stools was detected for 7 to 15 days, and became undetectable
within one week after the onset of biochemical hepatitis, Since anti-HAV will appear in
association with biochemical hepatitis, the disappearance of HAV in stools seems to be
associated with elimination of free virus by anti-HAV. In 4 marmosets out of the 5 used
in the experiments, HAV in stools appeared in 2 peaks: since the remaining MAR3 was
sacrificed after the first peak, the second peak might have been seen if the marmoset
was not sacrificed at day 25. BRADLEY et al.’ observed a similar pattern and indicated
that virions in the first peak are of empty particles. However, since the virus specimens
used for passage in these experiments were collected from the first peak, the virus in the
first peak was found infectious.

HAYV antigen was first detected on day 61 in MARS (passage 2), on days 37 and
3 in MAR107 and MARI108, respectively (passage 3), on day 18 in MARI11 (passage
4), and on day 11 in MARS3 (passage 5). The longer incubation period in passage 2
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could be explained by the lower titer of inoculum. The incubation period in passage 5
was 1/3 of that in passage 3, indicating the adaptation of HAV in marmosets. However,
since the animals in passages 3 through 5 were killed in their early course of acute

hepatitis, the potential increase of virulence by adaptation was not clear.

Adaptation of HAV in marmosets by serial passages has been suggested. DEIN-
HARDT?® successively inoculated sera of infected marmosets, and found that the incuba—
tion periods were shortened to approximately 20 days after 5 serial passages. PROVOST?
inoculated diluted liver extracts obtained from infected marmosets intravenously, and found
that the incubation periods decreased from 21 to 7 days after 5 serial passages. EBERT
et al.% successively inoculated serum samples of infected marmosets, pooled between 7
and 14 days prior to elevated enzyme activities. The incubation period decreased from
49—63 days to 25—34 days in the forth passage. BRADLEY®*® also found that the origi~
nal incubation period of 49—63 days decreased and reached the level of 3—7 days after 9
serial passages of liver extracts. All of these data indicated the incubation period is
shortened by serial passages. However, it should be pointed out that the inoculum sizes
were not controlled due to lack of appropriate titration systems, and that the virus was
passaged by an artificial pathway, intravenous injection, instead of the natural transmis-—
sion pathway, fecal-oral infection. In this study, the 2000 AgU of virus recovered from
stool specimens were successively inoculated into oral cavities. Thus, the shortened in—
cubation period after serial passages presented in this paper suggested the adaptation of

HAYV in marmosets by successive fecal-oral transmissions.

Since the incubation period of hepatitis type A is much longer than the eclipse
time period of most enteroviruses, and since the ultimate target tissues of enteroviruses
are often different from the primary replication sites, primary replication site(s) other
than the liver have been looked for. HAV antigen has been found in liver, spleen,
lymph nodes and kidneys, but not in intestines of the marmoset during acute hepatitis
type A%, HAV antigens found in the spleen and lymph nodes were believed as mere
trapping of HAV instead of replicated viruses in these tissues, Since HAV antigen ap-
pears earlier in the liver than in the stool, HAV has been considered to be excreted from
the liver to the stool®®-%,  Although HAV was inoculated intravenously in these studies,
MATHIESEN et al.’® inoculated HAV orally into marmosets. They found HAV antigen
only in the liver and bile juice by the time they detected HAV antigen in stools.

In this paper, collection of stool specimens was started on the day of inoculation,
but HAV antigen was not found in the early phase of expected incubation peridos.
Furthermore, tissues obtained from the marmosets sacrificed at early acute phase of hepatitis
showed an accumulation of viral antigens only in the livers. The results are consistent
with the current concept that the liver per se is the primary replication site. However,
the sensitivity of the assay for HAV antigen may not be high enough to detect localized
replications of HAV during the phase of putative primary replication, and the animals
were sacrificed only after the biochemical hepatitis started. To shed light on this problem,

tissues of infected animals in very early stages of infection, probably much before the rise
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of liver enzymes, should be examined extensively. However, a reproducible experimental
system with known incubation periods and the natural infection pathway is inevitable for
this purpose. This study showed that marmosets suffered from acute hepatitis type A with
reproducible incubation periods of approximately 3 weeks by oral inoculation of 2,000 AgU
HAYV adapted in the marmosets, i. e. the search for the primary replication site for HAV
is now possible.

Since this system, marmoset infected orally with adapted HAV, is reproducible in
the length of incubation periods and in the incidence of biochemical hepatitis, it may be

also useful for certification tests of putative live vaccine of HAV, when it is available.
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