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The presence of antibody 1o hepatbiis Ao vitas fanti-HAVY in 60% of procured owl
moenkeys (Actus trivicgatus) held wichin the United States prompied a stady of
recently captured A trivizags in Panama. Only 2 of 145 newly cuprured monkeys,
bt all of 35 A trivirgatus held within a colony for over 100 days, were lound o
have anti-HAV. OF 41 sero-negative, newly capiivred monkeys followed prospec.
tively, 25 hecame infected with hepatitis A virus (FLAYY as evidenced by serocon.
version or demonstration of virus in the bver at death, Only one monkey that sur-
wived over B0 davs within the colony was not infected, HAV was identified in the
feces of most inlected monkeys prios 1o the development ol antibody and was anti-
genically mdistinguishable from homan HAY in cross-blecking radioimmino-
assavs. This eolony-centered epieaotic provides strong evidenes that A trivirgalus
is stsceible 1o HAY and should be investigared further as a potenial model of
huroan bhepatins A,
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INTRODUCTION

Despite the fact that marmosets (Saguinas spp) and chimpanzees (Pan
troglodyles) are the only subhuman primates to have thus far proven useful as models
ol hepatitus A virus (HAV) infection [Deinhardt, 1976], antibody to the virus (anti-
HAV) has been frequently found in many other species of primates. Such species in-
clude the rhesus {(Macaca mulatta), cynomolgus (Macaca fascicularis) and stump-tailed
macaques (Macaca speciosa), baboons (Papio spp), owl monkeys (Aotus trivirgatus),
and athers [Eichberg and Kalter, 1980; Purcell and Dienstag, 1978]. However, at-
tempts to infect directly many of these and other primate species with a known infec-
tious inoculum of HAV, administered either intravenously or orally, have generally
teen unsuccessful [Furcell and Dienstag, 1978]. Although some macaques (rhesus,
stump-tailed, and cynomolgus) have developed anti-HAV after challenge with virus,
this has generally occurred without evidence of either hepatic dystunction or shedding
of virus in feces [Purcell and Dienstag, 1978; personal communication from D.5.
Burke, Armed Forces Research Institute for Medical Sciences, Bangkok, Thailand],
Other than chimpanzees and marmosets, only the stump-tailed macague has heen
shown, in a recent study, to shed infectious virus in feces [ollowing challenge with HAV
[Maao et al, 1981]. Thus, given the apparent lack of susceptibility to the virus, the fre-
quent presence of anti-HAV in many nonhuman primate species has remained some-
what of a mystery, It has been postulated, however, that the presence of and-HAY in
newly captured cynomolgus or Papio spp may reflect infection with HAY or a related
virus prior to capture [Burke et al, 1981; Coursaget et al, 1981).

In a previous study, 4 of 18 cazed A trivirgatus studied were found to be anti-
HAN-positive [Purcell and Dienstag, 1978). However, anti-HAY developed in only
one A trivirzatus challenged intravenously and not in two challensed orally with
human HAV. Furthermore, seroconversion in the one monkey was nol associzted with
hepatic dysfunction, nor was fecal shedding of virus demonsirated. In contrast ta these
lindings, we have observed a sustained outhreak ol HAV infection amaong recently cap-
tured A trivirgatus® held at the Gorgas Memarial Laboratory (GML) in Panama, New-
lv captured monkeys were almost always sero-negative, but zenerally developed anti-
HAY during their second menth in the colony, Furthermore, HAV antigen,
indistinguishable from human HAV, was detected by radioimmunoassay in both fecal
and liver specimens rom monkeys. These findings indicate that A trivirgatus may be
useful For Tuture studies of HAV infections and also provide an epizootiologic model
that may explain the presence of anti-HAY in many other species of nonhuman
Primales,

MATERIALS AND METHODS
A trivirgatus Monkeys

Actrivirgatus is a small, nocturnal, and arboreal primate that is widely distributed
throughout Central and South America. Fully grown adults weigh 0.7 10 1,2 kg, and a
number of different karyotvpes have been described [Ma et al, 1978). Several successiul
breeding colonigs have supplied monkeys for the study of new antimalarial agents, and
both wild-caught and colony-bred monkevs are available, A trivirgatus held at the

*1n conducting the rescarch described iz this report, Pthe investigators adhered 1o the “Guide for the Care
ami Lse ol Laboratory Animals,™ as promulgated by che Comminee on Care and LUse af Labweatory
Arrmals of 1he Institute of Laboratory Animal Resourees, National Rescarch Cogneil
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Walter Reed Army Lnstitute of Rescarch (WRAIR) in Washington, DC were bled and
studied for the presence of anti-IHAY, Both colony-bred and procured (wild-caught)
monkeys were included. Karvotypes were classified as deseribed [Ma et al, 1978].

Newly cuptured A trivicgatus were bled at the Gorgas Memorial Laboratory
(GML) in Panama City, Panama. These monkeys had been captured by local trappers
in the Forests that surround Panama City, most elten within a radius of 100 km from
the city. Upon arrival at GML, each monkey received attenuated small plaque herpes
simplex and herpes tamarinus virus vaccines and was placed in a quarantine facility
adjacent ta the main colony, Monkeys were held in 1.5 % 1 % 1 1m wire mesh cages stacked
twa high, and those purchased as pairs were frequently caged 1ogether. Droppings were
collected on solid aluminum pans beneath cach cage floor that were removed daily,
rinsed with water, and replaced. Between uses, cages were washed with water but were
not sterilized. Monkeys were held in the quarantine facility for not less than 90 days and
were then nlegrated into the main colony.

A trivirgatus admitted to the colony during the interval from September 23, 1980
to December 31, 1980 were studied prospectively. Feces were collected twice weekly and
liver was taken at necropsy from monkeys dyving during their first three months of cap-
tivity. Both liver and fecal specimens were stored at — 207 C until tested for HAY anti-
ger, A portion of each liver was fixed in L0%n neutral-buffered formalin, embedded in
paraffin, and later stained with hemotoxylin and cosin for histopathologic stucies,

Serologic Methods

Anti-HAV was determined by means ol a commercial radivimmungassay (Havab,
Abbatt Laboratories, N, Chicago, ). [gM antibody 1o HAV (IgM anti-HAY) was
detected by radipimmunoassay as described [Lemon et al, 1980]. Antibody to hepatitis
B virus core antizgen (anti-HB¢) was measured by commercial radicimmunaosssay (Cor-
ab, Abbaon Laboralories).

HAVY Detection

HAV antigen was detected by a medification of the solid-phase radio-
imrmunoassay method deseribed by Porcell et al [1976]. The central 60 wells of &
flexible microtiter “U™ plate were coated Tar 4 hours at 30°C with LK) @1 of human
convalescent hepartitis A serum diluted 1:200 in 30 mM sodium carbonate bufler,
pH 9.6, The plates were washed five tmes with phosphate-butfered saline, pll
7.4, (PBS) and each well Nilled with 1% bovine serum albumin (Calbiochem, La
Tolla, Calify in PRS. After one hour at 30°C, plates were washed with PBS con-
taining (LOST Tween-20 (PBS-Tween) (Fisher Scientific Co, Fairlawn, NJJ and 50
al of a samplk to be tested for HAV was placed into each well. The plates were
incubated at 4°C for 18 hours, washed with PBS-Tween, and 40 pl of '*1-labelled
human anti-HAV [Lemon et al, 19800 was added 1o each well, After four hours at
4°C, plates were washed again with PB5-Tween, the wells cut apart, and bound
5] determined by counting in a Rackgamma-1l gamma counter (LKB-Wallac,
Turkn, Finland). Test specimens were compared with reference chimpanzee fecal
specimens that either contained or did not contain HAY, A negative mean cpm
value (N) was determined for each microtiter plate based on the results obrained
from two wells loaded with HAV-negative chimpanzee material, The mewn cpm
value obtained Irom two owells containing a test zample (P)owas divided by N
to abtain a test specimendnegative mean value ratio (P/N). Sample generating
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a P/M ratio of 2.1 or greater were considered positive, The specificity of cach posi-
live reaction was confirmed by blocking the reaction with hepatitis A convale-
scent sera; [or this purpose, paired chimpanzee sera were obtained from the
Research  Resources Branch, National Institute of Allerzy  and  Infectious
Diseases, Bethesda, Md, and from previous experiments carried out at WRAIR,
Twenty microliters of a 12100 dilution of blocking sera was added to each micro-
titer well 15 minutes prior to the addition of the '*I-labelled antibedy, A positive
radicimmuneassay reaction for HAY was considered confirmed if a greater than
30y reduction in ¢pm was noted in wells blocked with postinfection chimpanzee
serum compared with wells blocked with homologous preinfection serum.

Fecal specimens were tested as 20 suspensions in PBS and were centrifug-
ed Tor 30 minutes ar 8,000 prior 1o lesting. Previously frozen liver tissue was
minged into fine pieces, subjected to 15 strokes with a Ten Broeck homogenizer
as a 20% suspension in 0.05 M Tris-HC1 pH containing (.04 M KC1 and 0.005 M
sodium acetate, and clarified at 8,000 for 30 minutes prior 1o testing.

Electron Microscopy

Studies were carried out by Dr. Stephen Feinstone of the National Institute
of Allergy and [nfectious Diseases, DBethesda, Md, as previously described
[Feinstone et al, 1979],

Aotus HAY Radicimmunoassay

To determine the degree of antigenic relatedness between virus recovered from A
trivirgatus and human HAV, a parallel radioimmunoassay for HAV was developed us-
ing only Actus-derived reagents. The assay was performed as described above, with the
exception that A trivirgatus convalescent serum having an anti-HAV titer of greater
than 1:6,400 was used as the coating antibody, A liver suspension (3%, prepared as
above from an infected monkey, served as HAV antigen. A trivirgatus [eG was oblained
by precipitation of T ml convalescent A trivirgatus serum (anti-HAV titer = 1:6,400)
with 43 % ammonium sulfate, followed by centrifugation at 8,000 for 30 minutes. The
pellet was resuspended in 1 mi distilled water and dialvzed extensively against 0.0175 M
potassium phosphate buffer, pH 7.2, The dialysed material was then passed through a
10 cm = 1.5 em DEAE-Sephacel (Pharmacia Fine Chemicals, Piscataway, N1 column
and cluted with the same buffer. Fractions constituting the first protein peak were
pooled, filter concentrated using an Amicon Xm0 {Gler {Amicon Corporation,
Lexington, Mass) to approximately 1 me proein/ml, and radiolabelled with 21 as
deseribed [Lemon et al, 1980]. A human convaleseent serum collected during an out-
break of hepatitis A in Alaska and a convalescent A trivirgatus serum obtained at the
GML were diluted serially and the blocking activity of gach serum was determined in
simultanecusly performed parallel radioimmunoassayvs using A trivireatus or human
reagents. Serum dilutions were made in PBS containing a fixed 1:100 dilution of anti-
HAV-negative chimpanzee serum, For these experiments, every other well in the micro-
titer plates contained HAN anugen that was not immunologically blocked, and the
degree of blocking activity obtained with a given serum dilution was based on a com-
parison with the ¢pm of unblocked adiscent wells, This procedure was Tollowed in an
effort to overcome regional differences in protein-binding across individual microtiter
prlates.
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RESULTS
Serologic Surveys

Aninitial survey of Adrivirgatus held a1 WRAIR demonstrated a high prevalence
of and-HAY (60%e) among procured monkeys, but few sero-positive monkeys among
those that were colony bred (3% (Table IN. Ano-HAY was equally present in both
sexes and was found in almest all karvolypes studied. The procured monkevs were
generally teo to three vears of zge, and thus somewhar older than the colony-bred
monkeys, which were less than two vears of age, Nevertheless, these results suggest a
high degree of exposure to an HAV-like agent among procured monkeys prior to their
arrival at WEAIR and supgest that transmission ol this agent has been uncommon
within this colony.

T ascertain whether procured monkeys had been exposed in nature or had in-
stead been infected or exposed to HAY antgen following capture, sera were tested
from 30 A trivirgatus monkeys that had been held at the GML for various lengths of
time following their capture in Panama. Thirtv-eight of these sera (76%), which were
collected in Novemnber 1979, contained anti-HAY antibody (Fig. 1), The highest anti-
hiody prevalence rates were found among those animals held in caprivity longzest, None
ol 1 animals held less than 30 days, but all of 35 animals held For longer than 100 days
were positive, Furthermore, whereas immunaoglobulin M {lgb) anti-FHAY antbaody
wis unitormly present inoseropositive ganimeals held for less than 300 days, 10 was not
detectad inany animal that had been held for over 600 davs, None of these 30 monkevs
had antbody 1o hepatitis B core antigen, These initizl observarions suggested thiat
HAY was being transmitied 1o monkeys following their caplure, probably within the
calony ar the GML.

To confirm the absence of HAY infection among wild A wivirgatus, 145 newly
captured monkeys arciving at the GML between Seplember 25, 1980 and Mav 31, 1981
were bled shortly after arrival and tested for the presence of anti-HAY. Only 2 ol these
143 monkeys (1.4%) were sero-positive, Thus, exposure 1o HAY appears (o have heen
a very rarg event in these monkeys prior to their capture.

TABLE L. Serum Survey of A trivirgatus Hleld at WHAIR

Karvoivpe Prascured Colomy-hred
! 28 (25 Eaf (17%s)
I 21727 17E%) 0415 ()
11 2475346 ' 04200 (00
LY 4G (G7%) 04 0%
K 141 (1004 =

¥l 144 {25%) 042 o)
Vil -

VLI 01 (0%} -
Hybrid - a/15 (07}
Linddetermined 28 (Fsmy) LAl (7o)
['otal 5591 {07y 179 (3%}

aAnpi-HA Y -positive/ number tesied (% positivel,
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Fig. 1. Resulisaf festing for HAY antibodies inoa cress-secticnal sarvey ol the Ao trvirganus colony at the
Ol Thue lemgth of time each mankey had been held in the colony is shown slong the ahscissa, Anti-HAY
(lower panel) was wsied by blocking radicimmunoassay (see Matenals and Methods); a resull greater than
0% was cansidered positive. 1aMoani-HAY {upper panel) was messuresd by means of a solid-phase
antibody.caprore radicimmunoassay Coee Materials and Methods mowhack: AN ratie valocs arcater than
200 were considercd posttzve, These results demonstrace that monkeys held in the colony longer 1than LK
dayvs uniformly possessed antl-FLAY, whereas Tegh anti-HAY was only found in menkevs held between 30
and 300 days.

Prospective Study of Mewly Captured A trivirgatus

Tao mare fully document the transmission of virus within the GML colony, all 41
monkeys arriving between September 25, and December 31, 1980 were Followed pros-
pectively with periodic collection of serum and fecal samples. Thirty-one of these ani-
mals {(76%) had been held by trappers less than eipht days prior to delivery to the GML,
and enly one had been held longer than 15 davs, All lacked anu-HAW antibody upon
arrival at the colony. OF the 41 monkeys in the original cohort, 11 died relatively soom
after capture and were not bled later than 25 days afler arrival at the colony. None of
these monkeys showed serologic evidence of infection with FLAY, and nong of ¢ight
tested had HAV antigen detected in liver taken at necropsy. However, scroconversion
1o the virus was documented by radioimmunoassay in 21 of the remaining 30 monkeys,
Antibody generally first appeared during the second month in the colony (Fiz. 2).

To evaluate fecal shedding of vicus by infected monkeys, fecal specimens {col-
lecred at 2- to 4- day intervals during the period hetween the last antibody-negative and
first antibodyv-positive serum samples) were examined [oc the presence of HAV antigen
by solid-phase radicimmunoassay, HAV antigen was detected in feces collected from
12 of 15 cages, containing a tolal ol 23 monkeys (Table [, The quantity of antigen pres-
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Frz. 20 Ann-1IAY detenmingd by solid-phase radicimmunoassay in 4l newly capured A bivirgatus held at
the GML calany, Each symbol represents a single serum determination; greater than 30% blocking activity
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anti-HAY -negative.

TABLE 1L, Fecal Shedding of HAY by A loiviceados®

HAN F{_:l |_| i L'\i YT A AR Y

Cope # SMaonkeyis) Dravs ncalony [ fepEmAenm blacked
234 10512 62 231 1427783
24l 161534 34 u1 {12876}
263 141523 3h TA6.0 (2074357
20 10524 35 1.2 [326740)
2 542 12 5k (24147598
N7 HEES. IR 57 1.8 (517810
649 K513 3 4.5
270 [FESRATIEH AU i:3
271 524 25 15 ik
10526, 27,28 2 12.5
19, S 1.3
15T 17 TR0 (2741 200
a3 42 bt [5UR6T)
10233 23 92.5 (208372000
L3536 i 44,8 L0 3aA)
M conbiel Clomg 273 — 1.0 T14-435 na dang)
o coniral Chimp 273 a4 (2077175

TResults shown are For che fecal specimen Proo each cage that vielkled highest cpor i the HEAY rachicim-
FITIC S
Alixpress

ol as cprmow hen meabated with preinfeciion chimpanes serumsepm when Blocked by postiniee-
Lo chimpanege serum oo Materials and Methods)y
TN erenn micreiler plates,
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ent, as estimated by the amount of '**[-label bound, approximated that of feces from
acutely infected chimpanzees. Two fecal specimens that gave positive results by radio-
imrnunoassay were examined by immune electron microscopy. The presence of HHAY
in these specimens was confirmed by the finding of 27 nM particles that were ag-
pregated in the presence of anti-HAVY (data not shown),

Figure 3 depicts the radicimmunoassay results obtained with senal specimens
friom three capes, Viral antigen was present in feces over a period of four to 10 days,
and there was no evidence of persistent viral shedding, The time interval between ar-
rival at the colony and appearance of viral antigen in the Teces ranged from 22 wo 38
days. Cessation of fecal antigen shedding appeared to coincide or slightly precesd ap-
pearance of anti-HAY,

Of the nine remaining monkeys that survived over 23 days in the colony and that
did not develop anti-HAY, gizghi dicd within 60 days of their arrival. Liver tissue, taken
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Fig. 3. Heparitis A virus (HANY infechion among A inivicgasus monkeys held i three cages ina coliny at
the GihL. Crosses represent monkey deaths. Boxes indicate cesults of testing for anti-HAY: cpen baxes
mclicate sera werg antibody-neeative, shaded boxes indicate antibody-positive. Trigngles represent resules
alraingd by resting fecgl specimens for HAV antigen by solid- phase radicimmuenoassay (see Matorials anid
Nerthods), Peak antigen :'.l_'l:i'L'ﬁ'_-.' n each sertes ol specimens was specibically hlocked by pQ:iI;:mIEc‘.i:;-:'u bt
nel preinfection relerence chimpanees sera.
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al necropsy, was available from four of these cight monkeys and, in cach case, con-
tained HAY antigen detectable by radicimmuncassay (Takle L), Antigen was alsa
present in fecal specimens collected Prom three of these four mankeys just prior 1o their
death; feces were not available from the fourth monkey. Three of the four liver speci-
mens cantaining viral antigen were examingd histologically, but none revealed changes
suggestive of acute viral hepatitis inman (Table T While minimal focal necrosis with
neutrophilic infiltration was present in ane liver specimen, similar lesions were also seen
in other liver specimens Lhat did nol contain HAY antigen. Thus, although these four
monkeys died during the acute phase of their infection, it appeared that death was not
directly due to liver disease and pechaps was unrelated o HAV infection. Adtempts
were made to measure serum aspartate and alanine aminotransferase levels, bt these
studies were inconclusive, Many monkeys had elevated eneyme levels on admission to
the colony, possibly reflecting either injury at the time of capture or other concurrent
infections,

Comparison of Human and A trivirgatus HAV

To more fully examine the degree of antzenic relatedness between the HAY an-
tigen recoverad from the monkeys and human HAV (MS-1 strain), parallel radio-
immunoassays were developed emploving in one case antigen and antibody derived
from human infections, and in the other, material obtained rom A trivirgaius at the
GMBL, Two sera, one collectad from a convalescent human and the other from a con-
dlescent monkey, were tested ineach radicimmunoassay Tor blocking activity (Fiz. 4).
In replicate experiments, both monkey and human sera demonstrated a similar titer of
blocking activity when tested against the A rivirgatus antizen, Although the monkey
serurmn appearad o have a somewhat lower titer of blocking activity against MS-1 anti-
gen when compared with the human serum, this difference was only one tube dilution,
These resulis indicate that these two antigens were indistinguishable by this technigue.

TABLE 1L A trivirgatus With HAY Dhetectable in Liver a1 Necropsy

HaAY radicimmunaassays

Mankey # Cravys in colony Pet lepmdeprm blockedy® Histelogic Tindings in liver

[0s21 45 32,5 B1E413 Marked hemaosiderin accumulation,
Mlimmal Focal negrasis with
neutrophalie mililirason.

L0523 42 132 (51451540 Marked Bemosiclerin ascumulation,
Mimimal, Tocal, fanry metamarphosis
[medinm and large vacuoles).
Moderaie sinusoidal dilatation and
COMERSTLON.

k29 58 150 (771 -265) Mot available,
10537 3w 4e.0 [5419/875) Moderate hemoesiderin accurmelation.

Mintmal mrahepatic, cemolabular
chelesiasis,

Meastive mean £pm = 16-22 (HAV-negative chimpanzee fecesh
bRee footnate 1o Tahle LL.
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separale experiments. The titer ol blocking activity i each sevum was sinilar whien tested against gach af
the tey antigens, indicatiog @ high degree ol antigenic relaiedness borween these two stirains of HAY,

DISCUSSION

These data provide strong evidence that ransmission of HAY (or a closely
reliuted virus) occurred within the A leivirgalus colony at the GML. Since iniliating
serological testing, all but two of 145 newly captured monkeys have arrived at the col-
ony lacking antibody 1o HAV . In the cohort reported here, exposure appeared to occur
during the first menth in the colony. Twentv-five of 41 monkevs followed prospectively
became infected with HAY Tollowing their arrival at the colony, QF the 16 monkeys
without evidence of HAY infection, 15 died during their first two months in the colony
and therelore may not have survived long enough o become infected. Only one
meonkey survived over 60 days and was not infected with the virus, OF special interest
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was the demonstration of HAV in the feces of these monkeys, To our knowledge, this is
the first identification of HAV in fecal material from nonhuman primates that had not
been experimentally infected,

While posaible, it would seem very unlikely that exposure had occured during the
interval between capture and arrival at the colony, inssmuech as monkeys were pro-
cured from a vartety of trappers and geographic areas. Cynomolgus monkeys and
other primate specigs have also been shown to develop anti-IHHAV antibodies following
Lheir caprure, suggesting that colony-centered (ransmission of HAV may occur amaong
othet species [Purcell and Dienstag, 1978; Burke et al, 1981]. Inaddition, the fact thal
most of the sero-positive A trivirgatus held at WEATR (Table 13 had not been abtained
from the GML indicates that transmission of HAY among the A irivirgaius at the
OMIL was probably not 4 unigque event,

The course of HAY infection observed in A wrivirgatus appears remarkably
simmilar to that of HAY in man [Denstag et al, 1975; Decker et al, 1979], HAV antigen
was present in liver tissue al the peak of infection, when antigen was also present in
feves. Antizen appesred to be shed in feces for abour one week, and the first detectable
serologic response, consisting at least in part of [gM anti-HAY, coincided with cessa-
tion of fecal antizgen shedding, While it is not possible to determine accurately the
incubation peried from our data, it appears 1o be similar to that of human hepatitis A,

Althougzh the mechanism of transmission within the colony has yel o be
established, the presence of HAY antigen in fecal specimens suggests that tecal-oral
transmission was likely. The relatively large number of monkeys routinely purchased
by the GML appears 1o have maintained a continuous supply of susceplible monkevs
into the colony and probabkly explaing how transmission had continued in the apparent
abzence of persiztent viral shedding. Whether transmission was initigted in the colony
by the addition of an infected monkey or from an infected human sowrce 15 unknown.
What is apparent, however, is that transmission within the colony under existing hus-
bandry technigues was continueus over a period of at least two vears and that virtually
all suscepuible monkeys eventually became inlecied.

The question remains as to whether the virus detected was human HAY or 3
closely related wirus of A rivirgatus. The virus rescted well in conventional HAV
assays, and antigen detected was specifically blocked in the radisimmunoassay by
reference anti-HAY sera. Furthermaore, cross-blacking experiments i parcallel radio-
immunoassays emploving either human or A trivirgatus antigens did not reveal any sig-
nificant dif lerences between these strains, A significant biologic difference berween the
virus found in the GML colony and human HAV 15, however, sugzested by the fact
that momkeys held at the GML colony appeared o be uniformly susceptible Lo infec-
tion with the GML strain of virus. In contrast, neither of two A trivirgatus inoculated
arally with infections human HAV developed anti-HAY in a previous study [Purcell
and Dienztag, 1978, Although this apparent difference in susceptibility might possibly
be due to differences in incculum size, it seams likely that the virus Tound al the GNLL
has become adapied 1o A trivirgatus by multiple passage, Adaptation of human HaAY
toa nonhuwman primate species, as evidenced by a shorlening of the incubation poeriod,
an increase in the amouvnt of viral antgen Tound in liver, and an enhanced ability 1o in-
fect members of that species, has been observed following repeated passage of HAY in
Sapuinas mystax [Provost of al, 1977], Whether or not the virus described here was
ultimately of human origin, our observations suggest that A rrivirgamms may be a useful
animal Tor further investigation of the pathogenesis of human hepatitis AL
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