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Important advances in research on the hepatitis A virus, and on 
a vaccine against hepatitis B, have been possible through use of 
the white-moustached marmoset as an experimental model. 
Continued investigation will depend on availability of this non- 
human primate. 

Human hepatitis A (infectious hepatitis) 
and hepatitis B (serum hepatitis) continue 
to be of very great importance among the 
unconquered diseases of mankind through- 
out the world. Both viruses have stubbornly 
resisted all attempts at meaningful and 
reliable in vitro propagation in the labora- 
tory, and it was not until very recently that 
nonhuman primates replaced human vol- 
unteers as the means for studying these 
diseases. Interestingly, these two viruses 
have now found their animal hosts, but on 
opposite sides of the world-hepatitis B in 
the Old World chimpanzee and hepatitis A 
in the New World marmoset, particularly 
the white-moustached marmoset, Suguinus 
mystax. The following discussion focuses on 
the mystax marmoset and the new and im- 
portant medical breakthroughs it has 
recently provided for in studies of human 
hepatitis A as well as in safety-control 
testing of human hepatitis B vaccine (I-11). 
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The use of the marmoset in hepatitis A 
research began with Deinhardt and co- 
workers (12-15), who demonstrated serum 
enzyme elevations and liver pathology in S. 
nigricollis (white-lipped) and S. Oedipus 
(cotton-topped) marmosets when given sera 
from patients with hepatitis, but not when 
sera from normal persons were used. 
Though similar findings were reported by 
others (16, 17), Parks et al. (18, 19) carried 
out tests in S. Oedipus and presented evi- 
dence to suggest that the GB virus, a 
principal hepatitis virus strain studied by 
Deinhardt, might be an indigenous mar- 
moset agent. 

Hepatitis A Strain CR326 

Studies in our laboratories with hepatitis 
Aled to the recovery (I) of agents in mystax 
marmosets from cases of hepatitis A that 
occurred in Costa Rica. These agents (1-3) 
caused biochemical changes and liver 
pathology in marmosets similar to those 
described by Deinhardt et al. (12-25). The 
Costa Rica 326 (CR326) strain was chosen 
for intensive study. 

The etiologic relationship of the CR326 
virus to human hepatitis was established 
(1-10) based on the facts that: (1) the essen- 
tial element required to initiate a serially 
propagable hepatitis infection in marmosets 
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was serum or blood from a case of human 
hepatitis A; (2) serial passage in marmosets 
of sera from uninfected marmosets did not 
cause hepatitis; (3) the release of enzymes 
into the bloodstream and the histopatho- 
logic findings in marmosets inoculated with 
the marmoset-propagated hepatitis agent(s)1 
resembled those of human hepatitis; (4) the 
small size, heat, ether, and acid stability of 
the agent coincided with the known 
properties of human hepatitis A virus 
determined in earlier studies in human 
volunteers; and, most importantly, (5) a 
serum-neutralization test (2, 3, 10) success- 
fully carried out in marmosets showed that 
patients with hepatitis A but not hepatitis B 
developed neutralizing antibody against the 
virus during convalescence from their 
illness. 

Enzyme and HIstopathology Patterns in 
Marmosets Infected with Human 
Hepatitis A Virus 

Figure 1 records the serum isocitric de- 
hydrogenase (SICD) enzyme levels and the 
liver biopsy or autopsy findings in mystax 
marmosets on first and fourth passage of 
serum from human hepatitis case 033, from 
which the CR326 strain of hepatitis A virus 
was derived. It is seen (1) that all animals 
were enzyme and biopsy normal prior to 
inoculation with the human serum and (2) 
that all became hepatitis positive between 
days 25 and 55. Similar results were ob- 
tained in serial passage 4 in marmosets, 
except that the time of occurrence of the 
peak enzyme elevations was significantly 
shortened. The findings in serum glutamic 
oxaloacetic transaminase @GOT) tests 
always confirmed the SICD test results. 

Serum-Neutralization Test Findiugs 

In the serum-neutralization test (2, 3, 5, 
7, 9, 10) the serum was incubated for one 
hour at 37% with approximately 100 50-per 
cent infectious doses of CR326 hepatitis A 
virus and then inoculated intravenously 

into groups of 12 mystax marmosets. The 
animals were observed weekly for develop- 
ment of significant enzyme elevations. The 
findings were recorded as the cumulative 
percentage, according to time, of positive 
animals, as is shown in Figure 2. The 
experiments were routinely terminated at 
eight weeks, since few animals became 
positive after that time. The neutralization 
value was calculated for each serum and was 
the percentage reduction of animals show- 
ing hepatitis after injection with the 
virus-serum mixture compared with those 
injected with the virus alone. In tests with 
paired sera, the dzyfeerence in neutralization 
value obtained in tests with pre-illness and 
post-illness, or convalescent, serum was 
calculated. In the example, there was little, 
if any, reduction in virus by the pre-illness 
serum but very marked neutralization by 
the convalescent serum sample. The neu- 
tralization values of the pre- and postsera 
were 10 and 91, respectively, and the 
dzyfeerence was 81. 

Figure 3 presents the findings in a 
number of serum-neutralization tests car- 
ried out with the pre- and postsera from 
human cases of natural or experimental 
hepatitis A and B and with human immune 
globulins. It is seen that all hepatitis A cases 
showed the development of neutralizing 
antibody against the CR326 virus and that 
the neutralization value differences ranged 
from 36 to 96, being 51 or greater in all but 
one instance. None of the hepatitis B cases 
showed such antibody increase. Important- 
ly, all three samples of human immune 
globulin showed neutralization values of 59 
or more. 

The findings served to relate the marmo- 
set-propagated CR326 virus to hepatitis A in 
man and showed its lack of relationship to 
hepatitis B . 

Biophysical and Biochemical Properties of 
CR326 Human Hepatitis A Virus 

The availability of the CR326 virus and 
the susceptible mystax marmoset species 
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Figure 1. Enzyme determinations and biopsy-autopsy histopathologic 
findings in first and fourth passages of hepatitis strain CR326 in marmosets. 
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made it possible for us to define (I-4, 6, 8) 
the biophysical and biochemical properties 
of the human hepatitis A agent. Table 1 
summarizes the more important findings in 
the study. The source of the virus was serum 
from infected marmosets. Virus that had 
been purified by density-gradient separa- 
tion was employed in the tests. The viral 
density determination by isopycnic banding 
was carried out in a cesium chloride 
gradient using marmoset infectivity as the 
virus marker. The density was found to be 
1.34 g/cm 3. The highly purified virus from 
the cesium chloride gradient, suspended in 
distilled water, was inactivated by heating 

at 100°C for five minutes but was only 
partially inactivated by heating at 6O’C for 
one hour. The virus was readily inactivated 
by exposure to ultraviolet light and by 
treating with 1:4000 formalin at 37°C for 
three days. Presumptive evidence for RNA 
nucleic acid type was shown by orange-red 
staining of purified virus with acridine 
orange, together with partial destruction of 
the virus infectivity by treatment with 
pancreatic RNase for one hour at 60%. 

Figure 4 (A) shows the appearance of the 
CR326 virus in a sectioned hepatocyte of an 
infected marmoset liver. The virus particles 
were 27 rnp in diameter, were present in the 
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Figure 2. Sample neutralization test for hepatitis A antibody using 
paired sera from hepatitis A case 207. 
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Figure 3. Results of serum-neutralization tests employing hepatitis A virus 
strain CR326. 
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cytoplasm but not in the nucleus, and 
occasionally were localized in vesicles of 
various sizes. The exclusively cytoplasmic 
location of the virus particles gave added 
credence to the concept that the virus was of 
RNA type. For comparison, Figure 4 (B) 
shows the 27 rnp diameter core particles of 
hepatitis B virus in the cell nuclei in a 
sectioned hepatocyte of a chimpanzee liver. 

Figure 5 (A) shows the appearance of 
purified CR326 virus in an electron micro- 
graph. The virus particles are of 27 my 
diameter and are indistinguishable in 
appearance from enteroviruses. The hepati- 
tis A identification of the particles was 
established by the highly infectious quality 
of the purified virus preparation when 
inoculated into marmosets and by the 
specific neutralization of the infectivity of 
the virus by human hepatitis A convalescent 
but not by pre-illness sera. For comparison, 
Figure 5 (B) shows the typical Australia 
antigen (20 mp), filamentous and Dane 
particles (42 mg) of hepatitis B virus found 
in infected human serum. 

Figure 6 shows an electron micrograph of 
CR326 virus particles in infected marmoset 
liver homogenate, before (left) and after 
(right) reaction with human hepatitis A 
convalescent serum (immune electron mi- 
croscopy). Characteristic halos of antibody 
molecules surround the virus particles and 
bind them into an immune complex. 

The properties of the CR326 virus show it 
to be most closely related to the enteroviruses 
of the picornavirus family. It is clearly 
distinguished from rhinoviruses by its acid 

stability. It differs from hepatitis B, which 
is a DNA virus, in the diverse morphologic 
forms of hepatitis B and in the cytoplasmic 
location of the CR326 virus contrasted with 
the intranuclear position of hepatitis B 
virus in at least one stage of its synthesis. 
Maynard and coworkers (20) have recently 
carried out studies of hepatitis A virus 
found in chimpanzee and human stools. 
They reported the presence of particles of 
27 rnp diameter having a density of 1.32 to 
1.33 g/cm3. These data are in accord with 
our findings for CR326 virus. 

Specific Immune-Adherence (IA) and 
Complement-Fixation (CF) Tests 
for Human Hepatitis A 

Studies of human hepatitis A have been 
severely hampered by the lack of simple and 
inexpensive assays for specific antibody 
against hepatitis A virus. The reliable 
propagation of the CR326 human hepatitis 
A virus in marmosets made possible the 
development in our laboratories of simple 
in vitro methods for assay of hepatitis A 
antigen and antibody. These are the 
immune-adherence (IA) test and the com- 
plement-fixation (CF) test for human 
hepatitis A employing, as antigen, liver 
extract of marmosets infected with the 
CR326 agent (5, 7, 9, 10). 

It was found in our studies that patients 
with hepatitis A but not with hepatitis B 
develop immune-adherence, complement- 
fixing, and, as already noted above, 
serum-neutralizing antibodies in the prog- 

Table 1. Characterization of CR326 human hepatitis A virus. 

Characteristic Method of determination 

Density 1.34 g/cm3 
Inactivated 
Partial inactivation 
Inactivated 
Inactivated 
RNA 

Isopycnic banding, cesium chloride 
Heat, lOO”C, 5 min 
Heat, 60°C, 1 hr 
Ultraviolet light, 1 min at 1.1 watts 
Formalin, 1:4000, 3 days, 37’C 
Acridine orange stain, purified virus RNase, 
pancreatic, 1 hr, 60°C, partial destruction 
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Figure 4. (A) Hepatitis A virus particles in the cytoplasm of a hepatocyte 
fern a marmoset infected with CR326 virus. (B) Hepatitis B core particles in 
the nucleus of a hepatocyte from a chimpanzee infected with hepatitis B . virus. 

ress of their infections. The findings in a 
typical case of hepatitis A are shown in 
Figure 7. Specific complement-fixing anti- 
body appears soon after onset of illness and 
persists thereafter. There is a frequent 
transient occurrence, early after onset of 
illness, of anticomplementary activity of the 
sera, possibly due to circulating antigen- 
antibody complexes. Patients commonly 
show presence of antibody against normal 
liver antigen, but this usually does not 
increase, and the titer is far below that 
found in tests with hepatitis A antigen. 
Hepatitis A antibody measured in the 
immune-adherence assay usually appears 

later than the CF antibody and is nearly 
always present in very much higher titer. 
The findings in the tests for hepatitis A 
neutralizing antibody are consistent with 
the CF and IA test results. The similar 
findings in a second case of human hepatitis 
A are presented in Figure 8 for illustrative 
purposes. 

The serologic findings in three cases of 
human hepatitis A and two cases of hepatitis 
B are presented in Table 2. The develop- 
ment of immune adherence, complement- 
fixing, and neutralizing antibodies in the 
cases of hepatitis A- but not of hepatitis 
B-is clearly shown. These findings are 
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Figure 5. (A) Purified CR326 strain human hepatitis A virus prepared by 
C&l density-gradient separation from infected marmoset serum. (B) 
Purified Australia antigen, filamentous, and Dane particles prepared from 
sera from a human hepatitis B carrier. 

Figure 6. CR326 virus in infected liver homogenate, befoE (left) and after 
(right) reaction with human hepatitis A serum. 
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Figure 7. Hepatitis A complement-fixation and im- 
mune-adherence antibody titers and neutralizing 
antibody values, Costa Rica hepatitis A case 06% 
330-08. 

Table 2. Immune-adherence, complement-fixatmn, and serum- 
neutralization test findings* in hepatitis A and B cases. 
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typical of those observed in tests to date of 27 
cases of hepatitis A and 12 cases of hepatitis 
B studied by us. Tests for persistence of 
hepatitis A IA and CF antibody showed 
that the antibodies were retained for at least 
seven years, the longest period tested, 
without substantial change in level. It is 
important to note that repeated absorption 
of human hepatitis A serum with normal 
marmoset liver antigen did not remove the 
hepatitis A CF and IA antibodies, and 
substitution of normal liver antigen for 
hepatitis A antigen in the IA test gave 
negative serologic findings. In tests reported 
above, we have recorded the development of 

Figure 8. Hepatitis A complement-fixation and 
immune-adherence antibody titers and neutraliz- 
ing antibody values, Costa Rica hepatitis A case 
204-538-11. 
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*These findings are typical of tests of 16 hepatitis cases. 
fHB,Ag was detected in all hepatitn B cases. 

immune complexes of CR326 hepatitis A 
virus with human hepatitis A convalescent 
sera as revealed by immune electron 
microscopy. 

In the course of epidemiologic studies for 
hepatitis A and B in seven families in Costa 
Rica, 18 cases of hepatitis A and nine cases 
of hepatitis B were detected. It was of some 
interest that eight of the nine cases of 
hepatitis B were clinically apparent, while, 
by contrast, only 11 of the 18 (61 per cent) of 
the hepatitis A cases were clinically evident. 
Thus, hepatitis A was the milder of the two 
diseases. 

The IA and CF tests should prove highly 
useful in elucidating the enigma of the epi- 
demiology of human hepatitis A. Table 3 
presents the salient findings in an epidemio- 
logic study of hepatitis A and B in a family 
in Costa Rica. The findings are representa- 
tive of those in seven family outbreaks 
examined to date. Case subject aged 9, 
thought to be the index case for hepatitis A, 
actually proved to be a case of hepatitis B 
that occurred in a hepatitis A-immune 
child. Case subject aged 4 developed hepati- 
tis A in April, and hepatitis A followed 
shortly in subject aged 5. Subjects aged 7, 
10, 13, 14, and 40 were all immune to 
hepatitis A and did not develop the 
infection. The infant aged 2, though 
susceptible, escaped infection, as did, 
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Table 3. Family outbreak, hepatitis A and B, Costa Rica, 1967. 

Hepatitis A serology 
Age of Date of ~--~- 
subject hepatitis Immune- Complement- Hepatitis B 
(wars) onset adherence fixation antigenemia Diagnosis 

9 March 2 Immune Immune + Hepatitis B 
4* April 20 Rise Rise Hepatitis A 
5* May 2 Rise Rise i Hepatitis A 
2t Well Susceptible Susceptible 0 Well 

37t Well Susceptible Susceptible 0 Well 
40 Well Immune (? 1 0 Well 
14 Well Immune Immune 0 Well 
13 Well Immune Immune 0 Well 
IO Well Immune Immune 0 Well 
7 Well Immune Immune 0 Well 

*Subject aged 4 was anicteric, and subject aged 5 was subclinical. All had 
diagnostic enzyme elevations. 

?These subjects had developed hepatitis A complement-fixation and immune- 
adherence antibody when tested seven years later. 

surprisingly, the mother, aged 37. Both of 
these subjects, however, had hepatitis A IA 
and CF antibodies when tested seven years 
later. These findings are in accord with the 
general concept that hepatitis A tends to be 
a disease of persons of young age in 
countries in which the disease is epidemic, 
such as in Costa Rica. 

The findings in tests for the presence of 
hepatitis A IA antibody in adult persons in 
various population groups in the U.S. com- 
pared with adult persons in families in 
Costa Rica are shown in Table 4. Only 27 
per cent of adult workers in the Merck & 
Co. plant at West Point, Pennsylvania, had 
hepatitis A antibody, and only 33 per cent 
of blood donors in Arizona were serological- 
ly positive. By contrast, roughly twice as 
many prisoners in an Oklahoma peniten- 
tiary were seropositive, and in Costa Rica 85 
per cent of the adult persons tested had 
hepatitis A antibody. In other studies not 
recorded here, at least 90 per cent of 
children in Costa Rica were found to have 
hepatitis A antibody by age 15. This points 
up the sharp distinction between hepatitis A 
occurrence among open populations in 
Costa Rica compared with those in the U.S. 

Human immune globulins produced 

commercially and used for prophylaxis of 
hepatitis A may vary considerably in anti- 
body titer, as shown in Table 5. Most lots, 
however, titered 1:4000 or 1:8000. The 
development of the IA test makes precise 
standardization of antibody content pos- 
sible. 

Vaccine against Hepatitis B 

Though marmosets are not susceptible to 
the virus of hepatitis B, they have 
nonetheless been of key importance in the 
development of a vaccine against hepatitis 
B, since they have provided a test (II) for 
assessing the safety of the vaccine for 
absence of live hepatitis A virus. The role of 
the marmoset is, therefore, worthy of 
mention in this discussion. 

The development of hepatitis B vaccine is 
based on the fact that certain human 
subjects may circulate very large amounts of 
Australia antigen (now known as hepatitis 
B surface antigen, HB,Ag) that is evidently 
the glycoprotein surface antigen of hepatitis 
B virus (Dane particle) and the antigen of 
importance in stimulating immunity 
against the virus. Krugman et al. (22) have 
utilized this knowledge and prepared a 
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Table 4. Hepatitis A immune-adherence titers in normal adults. 

IA 
titer 

No. persons with titer 

Workers Blood-bank 
donors Prisoners Family members 

(West Point, Pa.) (Arizona) (Oklahoma) (Costa Rica) 

10 83 22 10 2 
10 1 0 0 
20 0 0 0 
40 0 1 1 
80 2 1 0 

160 1 1 4 1 
320 5 1 0 1 
640 I 1 8 5 

1,280 4 2 0 4 
2,560 or > IO 4 3 
No. positive/ 

total 30/113 II/33 16126 11/13 

% positive 27 33 62 85 
- 

vaccine in which the boiled diluted plasma 
from an Australia-antigen carrier stimu- 
lated antibody in human subjects and 
protected against the disease. The hepatitis 
B vaccine prepared in our laboratories 
consists of a highly purified, inactivated 
preparation of hepatitis B surface antigen 
that is antigenically potent, free of all 
detectable viral infectivity, and properly 
constituted for tests in man. Purification of 
the virus antigen is carried out principally 
by two cycles of isopycnic banding and rate 
zonal separation followed by further chemi- 
cal procedures to give a highly purified 
product. The purified antigen in the final 
product is adjusted to a concentration of 20 
yg/ml protein (Lowry) and is treated for 72 

Table 5. Distribution, hepatitis A immune-adherence 
titers, 24 commercial lots of MSD human 

immune globulin. 

IA titer No. of lots 

1,000 1 
2,000 2 
4,000 11 
8,000 9 

16,000 1 

hours at 36% with formalin in a concentra- 
tion of 1:4000. 

The vaccine was tested for freedom from 
viable viral and microbial contaminants by 
the ordinary microbial sterility, cell cul- 
ture, and animal procedures. Further tests 
were carried out in marmosets for presence 
of hepatitis A virus infectivity and in 
chimpanzees for hepatitis B virus infectivi- 
ty. All tests gave satisfactory results. 

Tests for antigenic potency of the vaccine 
were carried out in guinea pigs. The 
findings given in Table 6 show that as little 
as 2.0 ,ug of antigen-induced hepatitis B 
antibody were needed after only one dose of 
vaccine and that only a 0.5 1.19 dose was 
needed when three doses of vaccine were 
given. The mean antibody titers were 
progressively smaller as the dose of antigen 
was reduced. Table 7 summarizes the find- 
ings in tests to immunize chimpanzees. Four 
of six chimpanzees developed antibody after 
only a single 20 pg dose of vaccine. Five of 
six animals had developed antibody after 
three doses were given. The antibody titers 
in the individual animals are as shown. 
Grivet monkeys also developed antibody 
after vaccination. 

Studies are currently in progress to test 
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Table 6. Potency studies in guinea pigs following administration of 
lot 559 inactivated hepatitis B vaccine. 

Vaccine dose 
(WA 

Passive hemagglutination antibody response (Ausure)* 
after dose 

1 2 3 

20 12/14 127 lO/ll 101 lo/lo 75 
4 7112 9 718 36 818 52 
2 7114 3 s/11 7 lO/lO 46 
1 4113 2 5/8 8 818 37 

0.5 2114 1 3114 2 10/12 20 

Doses given subcutaneously at 0,14, and 56 days. 
* Ausure (PHA - Electronucleonics). 

for protective efficacy in a controlled study 
in chimpanzees, and the early findings 
indicate that the vaccine is protecting very 
well. All evidence indicates that the 
purified hepatitis B vaccine is potent, safe, 
and suitable for trials in man. 

Chwlusions 

It is quite clear that the research progress 
of the past three years has provided major 
breakthroughs in both human hepatitis A 
and in hepatitis B. It is now possible to 
study hepatitis A in the laboratory in a 
satisfactory animal model and to perform 
serum-neutralization tests in that animal 
species. Further, there are simple in vitro 

immune-adherence and complement-fixa- 
tion test assays for hepatitis A antigen and 
antibody. Finally, the characteristics of 
hepatitis A virus have been described, and 
these place the virus in the picornavirus 
family, most closely resembling the entero- 
viruses. 

These advances are of great importance- 
not only for what they have already done, 
but also for what they make possible for 
fuJure research and application in human 
hepatitis. The more important future pros- 
pects are for (a) the application of the 
immune-adherence test to routine serologic 
diagnosis of hepatitis; (b) the conduct of 
epidemiologic studies of hepatitis that can 
be aimed at nonspecific measures for 

Table 7. Antibody responses in chimpanzees following administration of 
lot 559 inactivated hepatitis B vaccine. 

Hepatitis B antibody (Ausab)* according to 
Animal doses given Titer at 

No. __- 16 weeks 

a 1 2 3 (after 3 doses) 

837 0 -I- + + 72 
833 0 + + + 12 
834 0 + + + 208 
832 0 + 0 + 32 
835 0 0 0 + 72 
836 0 0 0 0 <8 

Doses (20 pg) given subcutaneously at 0, 4, and 8 weeks. 
*Ausab (RIA, Abbott). 
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control and prevention of the disease: (c) the 
introduction for general use of human 
immune globulin that has been precisely 
standardized for hepatitis A antibody 
content; (d) the use of marmosets in the 
safety control of already-developed hepati- 
tis B vaccine; and, finally, (e) the develop- 
ment of means for growing human hepatitis 
A virus in the laboratory toward the 
objective of developing a vaccine against 
hepatitis A. In this effort, marmoset tissues 
will likely be essential for cell culture 
adaptation, and the marmoset itself will be 
essential for tests for safety and efficacy of 
vaccine prior to tests in man. 

Whether or not these further advances 
can and will be made depends at this time 
on the availability of marmosets for use in 
the studies. Furthermore, these advances 
depend at present upon the availability of a 
particular marmoset species, Saguinus mys- 
tax (white-moustached marmoset), which, 
as shown in Table 8, is the only marmoset 
species presently known to be highly 
susceptible to the virus. 

The embargoes that have been placed 
recently on the export of marmosets from 
several countries have all but stopped 
research on hepatitis A. These embargoes 
resulted from the need to take a census of 
marmosets in their native habitats in order 

Table 8. Comparison of susceptibility of *:gvsiax, 
nigricollis, and Oedipus species to hepatitis 

A strain CR326. 

Week Species-No. positive according to time 
after virus S. mystax S. nigricollis S. Oedipus 
inoculated (10 animals) (12 animals) (11 animals) 

0 0 
4 4 
5 4 
6 5 
7 7 
8 7 
9 8 

10 8 

0 0 
0 0 
0 0 
1 0 
3 0 
4 0 
4 1 
4 2 

to assess their rates of replacement in nature 
to help prevent them from becoming en- 
dangered species. It may be hoped that the 
problems of regulation of supply and 
harvest can be resolved in the near future 
and that, in the short term at least, the 
relatively small total number of animals 
needed for progress in the human health 
field can be released for such use. The 
long-term problem of marmoset supply- 
whether from controlled harvest of the 
native habitat, from breeding programs, or 
from a combination of both sources-merits 
very serious attention at this time, for the 
problems of hepatitis A and B are now 
solvable. 

” 
A satisfactory animal model has been found 

for laboratory studies of human hepatitis A- 
namely, the white-moustached marmoset (Sugui- 
~ZLS mystax). With this species it has been 
possible to perform serum-neutralization tests 
and to develop immune-adherence and com- 
plement-fixation tests demonstrating antigen 
and antibody to the virus. The recent work in 
‘marmosets has also led to determination of the 
agent’s characteristics: it most closely resembles 
the enteroviruses of the picornavirus family. 

These advances open the way for development 
of a routine serologic test for diagnosis of the 
disease, of a human immune globulin for 

general use that would be precisely standardized 
for hepatitis A antibody, and, ultimately, of a 
vaccine. They also provide bases for epidemio- 
logic studies that could reveal nonspecific 
measures for the disease’s control. In addition, 
there is indication that marmosets could be used 
for safety control of the hepatitis B vaccine that 
has already been developed. 

An adequate supply of S. mystux -threatened 
by recent embargoes on their exportation-is 
essential to continuation of this work. The 
question of marmoset supply, both in the short 
term and over the long range, deserves serious 
review. 
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