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An annotated bibliography of investigations con-
cerned with the isolation and characterization of
viral agents from human cases of infectious hepatitis
has been assembled. Documentation of the host sys-
tems, which included both conventional and noncon-
ventional laboratory animals and tissue cultures,
utilized in the recovery of 23 classified viruses and
six or more strains of unclassified viral agents has
been presented. In addition to those reports catego-
rized under various host systems used in isolation,
supplementary documentation of published reports by

This paper represents an attempt to bring together
an annotated bibliography of studies on the isolation
and characterization of etiologic agents of infectious
hepatitis. In addition, certain thoughts which occurred
to the authors during their review of the literature
are presented to suggest ways in which the present
state of the art might be viewed and possibly improved.
There have been numerous reviews which have ap-
peare(l i" ‘he ]iteralllre.25~ 30. 56, 93, 110, 113, 114, 142, 164, 164
Several of these reviews did not include many of the
recent tissue culture studies or significant proportions
of the foreign literature. The present report has at-
tempted 1o incorporate the more recent tissue culture
isolation studies and to include more of the foreign
references in an extensive review of the literawure. Al-
though it is possible and even likely that references
have been overlooked, no references were intentionally
omitted since the purpose of this report was to provide
an cxtemsive list of references from around the world,
and thus provide an opportunity for a more detailed
study of the individual papers, rather than as a critical
evaluation.

Two summary tables have been presented in which a
number of isolations have been tabulated. Known viral
agents which were cither initially or later identified as
such and which were isolated in connection with hepatitis
are listed in Table 1. Table 2 has been prepared to char-
acterize and bring together, in a broad classification, those
as yet umidentified agents that have been isolated in con-
junction with cases of hepatitis and have received rather
extensive study, This list was not intended to be alkin-
clusive, as there are in existence numerous other cases
most of which involved single publications with no cor-
roborative studies.
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various investigators from a number of foreign coun-
tries has been presented to emphasize the interna-
tional and universal problem of ascertaining etiologic
agents for this disease and to provide a means for cor-
relation of the isolated agents. The classified viruses,
unclassified viral agents, and host systems employed
have been tabulated. The bibliography includes one
hundred and sixty-five references.

Additional key words: Infectious disease, Tissue
culture, Virai isolation.

Much of the literature which described early isolation
attempts referred to the use of more than one test
system or species of animal. Such papers have been
included under one test system and are not repeated.
A cross-reference listing has been prepared and is in-
cluded as Table 3. In many of the cases cited, secondary
passages were performed in test systems different from
those used for primary isolations. The studies on non-
human primates have been separated and have been
dealt with individually because of their special interest.

ATTEMPTS AT PROPAGATION IN THE
CHICK EMBRYO

There have been a number of attempts to isolate
the etiologic agents of hepatitis in embryonated eggs.
with almost all of the investigators reporting some de-
gree of success in isolation of an agent. In most cases,
however, the subsequent investigations on the isolated
agents have not been extensive enough 1o evaluate the
relationship of the recovered agents to the dlinical
syndrome. Among the earlier reports which have ap-
peared in the literature are those of Siede and Med-
ing,”  Dresel, Meding, and Weineck,2* Dohmen,*?
Pendl,'® Henle et al.*¥ and Drake et al.2*

Both Siede and Meding!™ and Dresel et al** noted
death of embryonated cggs within § 0 4 days when
the chorioallantoic sac was inoculated with duodenal
juice. No consistent pathologic findings were observed;
however, the lethal factor was reported to have been
transmitted for two to eight passages. Urine and blood
were seldom found to infect chick embryos.

Pendl'® perlormed experiments with 7«lay-old em-
bryonated eggs by using both filtered duodenal juice
from patients and liver juice of experimentally in-
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feaed pigs. Both Liltrates cinsed death of the embryo
and incomplete growth of the allantoic membrane.
These results were transmitted in 17 serial passages in
eggs. Virulence was decreased with succeeding passages.
The agent was reported as fiterable. Dohmen®™ at-
tempted  cultivation of virus on  the chorioallantoic
membrane in embryoniated eggs. and the inoculation of
lowrth passage material into mice produced illness.
Beginning in 1945, Henle and associates®™ attempted
the isolation of etiologic agents of infections hepatitis.
These workers reported the isolation of two viral agents
from separate outbreaks of infectious hepatitis. Original
inoculation was performed with tissue cultures of vabbit
liver cells in roller tubes and of minced chick embryos,

TasLe |. IDENTIFIABLE ISOLATES ASSOCIATED WITH
Viral HepatiTis 0R HEPATIC INVOLVEMENT
|
Coxsackie virus

Group A
Type 4 Morris et al 13"
Type 10 Embil et al.®

Types 13, 18
Coxsackie virus

Jézéquel and Steiner®

Group B

Tyvpe 4 Kibrick and Benirschke*!
Type 5 O'Shaughnessey and Buechner!®
Type 5 Siegel ¢t al 13
Types 2, 4 Hosier and Newton™
Type 3 Sun and Smith!®

Echoviruses
Types 1. 8 Kiseleva®$
Type 4 Karzon et ol **
Type 4 Malhaerbe, Harwin, and Smith!o?
Type Sabin, Krumbiegel, and Wigand s
Type t Lapinleimutt® '

Types 7,12 Sharlai et al 130

Adenoviruses

Types 1,3 Hateh and Siem?™*
Type 3 Davis®  didentilication as  an  adenovirus
cited by Deinhardt and Holmes? and
Hatch and Siem??)
Typesi. 5 Ananiey of ol 2
Types 1, 4 Kerim-Zade*?
Type Hartwel e al 5, Hillis®®
N Kahler vt gl **
Reoviruses
Type | Felsenfeld*?
Type 2 Strutsovskai '? qcited  in Russian  edi-
torial®®)
Types 1,2 Juske ¢t al
Type 1 McRee't') Burhinghim and McKee'?
Enteroviruses
Miscellaneous Sharlai o ol V5"
Myxoviruses
WA Virus Giles, Licbhaber, Krugman, and Latt-
mere®
l.icbhaber, and associites!*® 107
Prose, Batk, Licbhaber, and Krugmaan!*®
DA Virus Hsiung, Tsacson, and McColluin®
Mycoplasma

M Gallivepricum O Malley and associatest® 134
¢ Reference nuimber, and worker or group of workers,

P NUT., Not yet typable.
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followed by passage into the amniotic cavity of the
chick. In the ftollow-up study to Henle's first paper,
Drake ¢t al.2* reported on the development of hepatic
disease resulting from human volunteer inoculations
with these agents. Inoculated subjects were anicteric
but showed other symptoms suggestive of natural in-
fection. These investigators also found that an antigen
prepared from infected amniotic fluid and inactivated
with ultraviolet light gave a positive skin test in all
convalescent  patients, whether infection was experi-
mental or natural.

Henle®2 later published a review of various attempts
to adapt the virus for propagation in the chick embryo.
Sengoku'® reported serial passage of six strains of an
agent through chick embryos and then into cultures
of Ehrlich’s ascites tumor cells, Hela cells, cells from
human amniotic membrane, and L cells. Cells from the
human amniotic membrane showed a high susceptibil-
ity 1o the virus. Segagni, Ansaldi. and Nigro'* utilized
sera from 30 children at an early stage of jaundice. The
sera were inoculated on the chorioallantoic membrane
of embryonated eggs and in tissue cultures of chick
embryo cells. These workers reported the development
of chorioallantoic and  hepatic  lesions, bothh  macro-
and  microscopic. Essen, Lembke, and  Schledu* re-
ported that allantoic inoculations resulted in the for-
mation of necrotic arcas, or in death of the embryo;
however, these manifestations were insufhcient for dra-
tion of infectivity. Morsycki, Taslor, and Juskiewicz!*8
reported passage of a virus of intectious hepatitis. strain
MMG, in embryonated  eggs. Electron  micrographs
from infected and dead embryos demonstrated spherical,
irregular  bodies approximately I8¢ my in diameter.
Similar particles were seen in tissue cultures inocufated
directly with blood of sick individuals. Fhe tissue cul-
ture preparation used was not described. Essen and
his colleagues have published a number of papers?-38
dealing with their isolation attempts in eggs, and more
vecently in 1963, on the use of a skin test with ma-
tevial grown in embryonated eggs.?' At least three other
papers 535 have appeared in whidh skin test antigens
prepared in embryonated eggs have been  developed
and employed with some reported degree of success.
These are discussed in greater detail under the original
isolation attempts connected with them.

ATTEMPTS AT ISOLATION IN
EXPERIMENTAL ANIMALS

Andersen and Tulinius® emploved the oral adminis-
tration technigue of bile to mice and pigs and obtained
serial  transmission  of aninfections  agent. Pend['®®
filtered  duodenal juice  from  German soldiers  and
inoculated it into pigs, mice, and embryonated eggs.
He noted a slowed rite of weight increase in inocu-
lited pigs. In one of the pigs sacrificed atter 63 days
he observed changes in the liver, which subsequently
could be induced by serial transmission of the liver
tissue atter three  passages. Virulence decreased  with
pissage. huraperitoneal  inoculation  of  mice  with
fitiered duadenal juice induced liver lesions resembling
those in man. The incubation period in mice was
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Common name Original description and confirming references

Host Range

Serology and immunology”

i Originally isolated and described by

. Kubelka et al.% further studies by
Kubelka and associates? - *;
Chiap et al.2°; Schon et al}¥;
Kowalczykowa ¢f ol %t

Motol virus
liver,

,  mice,

- lsolated by Laszlo et al. between ' Grows

1957 and 1964; Laszlo and asso-
ciatcl_lﬂ’dob

Laszlo agent

Originally isolated in allantoic cav-
ity of Y-day-old chick embryos;
grown in monkey kidney, Chang’s

and KB tissue cultures;

after passage in MK and Chang’s
liver cells, it is pathogenic for

and produces cytopathic
effect in tissue cultures of embry-
onic human liver and Detroit-6

Varies according to host system, but
under various conditions has yielded +
CF, + neutralization, and + hemag-
glutination; positive skin tests; hemag-
glutinating fraction is antigenically
related to type 5 simian virus and DA
myxovirus.

+ CF tests; + neutralization.

cells; induces hepatitis lesions in

hamsters,

Grown in human renal cell culture
and Detroit-6 cells; 50 passages in
human kidney cells; does not grow

in monkey kidney cells. '
isolated from . Grows equally well in KB, Hela,

HEp2, Detroit-6,

heart cells; nonpathogenic for

suckling mice and rabbits.

K3 virus Isolated in 1960 from feces of patient
with infectious hepatitis. .Ananiev
and associates?-{; Barinskiy and '
associates.'?- 13 ;

' Viruses originally
children with epidemic hepatitis; :
Mitroiu and associates }17-1%

Mitroiu virus

Rightsel and Viral strains MR-1, AR-17, WW.55,
McLean RA-214, and LG-217 recovered
agents from serum or plasma of patients

with viral hepatitis inn Detroit-t
(PD) cells; McLean ot af 112-114;
and Rightsel ef al 143 144

¢ 4, Pasitive; —, negative; CF, complement fixation test.

TapLe 3. Rererence List to Host Systems Usep For
1soLaTiON AND STUDY OF ETIOLOGIC AGENTS
ASSOCIATED WITH VIRAL HEPATITIS

Host systems

Embryonated Mice and or other

cgrs no:[l.vimle \;:hm'ﬂ':’" Tissue cultures
6, 27, 28,29, 5,6,46,51-34, 26, 42 24,8 11,15 18,19, 20,
33, 36, 34, 85, 91, 92, RER 2, 23, 24, 28, 31,
62,7 b3, 74, W5, 99, 104, 138, 43 45, 49, 30, 57, 61,

90, 97, 126, 08,2 llhe 156, b3, 67, 68, 70, 74,
131,132,139, 122, 130, 1o4° 77, 79, 82, 86 88, 90,
148, 149, 153, 132, 136, 93, w97, 100 107,
|G 137, o, o 112, 15, 117,
14 Lo, 124, 125127,
133, 134, W47, 140,
141, 143, 144 140, 148,
149 152, 1%, 158,
[ I [ (1Y S [0S

(135 S T

!

¢ Review articles.

variable, with the animals dying after 16 hours to 29
days. Passage of inlected pig material has already been
mentioned in connection with Pendl’s work on inocula-
tion into embryonated eggs. By means of intranasal

Limited to Detroitt
AR-17 produced clinical jaundice
in volunteer subjects, Boggs ¢f al M;
heat-stable at 60° C. for 30 min.;
filterable through 03 Selas fiiter,
Rightge] 144

+ CF tests; + neutralization by patient
sera; Cross-reacts with Mitroiu’s agent
from Rumania.!'*

Neutralized by patient sera; cross-reacts
(two of five
strains from Rumania showed cross-

and monkey with Moscow K3 strain

neutralization); virus was neutralized

by ECHO 7 antiserum after 20 passages,

plus later ones; types 19 and 20 echo-
virus antiserum neutralized virus strain

BF at 20th passage, but not after 3oth

one; original isolates did not react

with echovirus antiscrum.

(PD) cells; + Serum neutralization (7 yecars post-
discase); — serum neutralization with
viral recovery (3 months postdiscase);
4+ hemagglutination of rhesus erythro-
cytes only by patient seriin not by

viral agents, Rightsel 14

instillation and intraperitoneal injections ot bile from
patients with infectious hepatitis into mice, Haagen
and Wywiorski-Scheele®  produced a  liver pathology
similar to that found in the patients: elementary bodies
were seen in liver and lungs of mice, as well as in the
human patients. The agent was filterable and could be
maintained through serial passage.

The Motol virus, described later in this review, has
been reported, by several investigators . ¥2. 07 M7 gy n-
fectious for mice. A brief review on the early use of
rodents in isolation attempts was prepared in 1951 by
Mirick.''" Two other papers, by MacCallum™ and
Morris,'** have appeared: these cover the period up o
1954, The report of MacCallum'™* provided a summary
of studies in animals (cats, dogs, mice, ferrets, etc.)
wsually associated with experimental laboratory work,
whereas the study by Morris'*? provided the results of
studies imvolving a wide range of both domestic and
wild animals. including both mammals and birds, A
teal of 23 mammalian and six avian species  were
tested, all with negative results. Dresel ¢t al.** Hers-
herg.™ % and Onisuka'® 136 have reported on their
attempts to propagate the virus in canaries. Dresel
et al.# tested not only canaries but crossbreeds of gold-
finches with canaries. Filtered urine was inoculated into
the breast muscles of birds, Disease symptoms appeared
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within 1 to 2 days alter injection and consisted  of
ruted plumage, shortness of breath, listlessness, and
accelerated heart rates. Death usually occurred on the
fourth day. Crosbreeds were most  resistant;  eight
specimens survived two or three passages and, in one
CASC, NHENE PAssiages.

Some of the carly reports on the efforts of Japanese
workers to isolate hepatitis virus in small animals have
been reviewed by Arakawa ef al® A series of reports by
Hara and his coworkers™ are among the more extensive
studies. These investigators®™ inoculated liver cells, ob-
tained hom a fatal case of hepatitis, intraperitoneally
into mice, which died 1+ and 10 to 12 days I ter. Pas-
sage was made serially at least 20 times, with subse-
quent death at 5 days. Histologic lesions in mice closely
resembled those seen in human patients. Virus was neu-
tralized by human convalescent sera in dilutions up to
10 % Electron microscopy demonstrated virus particles ol
100 1o 150 mp. In later articles Hara and his associates™:
reported the isolation of a similar agent from other
patients, ad described the preparation of a skin test
antigen trom infected mouse tissue.

A rather impresive list of investigators who have
attempted isolation of the virus in subhuman primates
could be induded in this review. The literature prior
to 1951 has been reviewed by Evans.#* In order not to
duplicite publications that have covered the subject
rather extemsively, reference has been made only o
several of the more recent reviews.#s 5. 64 136 The re-
view by Harassti™s included a comprehensive table of
attempts and results with an appropriate bibliography.
Fhe attempts to date, although promising, still provide
no breakthrough in terms of a useful animal host for
the routine isolation of the agent for viral hepatitis, with
the possible exception of a recent report by Deinhardt,
Holmes, Capps. and Popper® on  marmosets. These
authors reported  that inoculations of human  serum
or plsma, obtained during the acute phase ol viral
hepatitis, induced  chemical and morphologic  hepatic
disease in marmosets in two out of five experimental
series, The disease was transmissible in series  from
marmoset o marmoset,  and  resulted  in o increasing
virulence. Liver biopsy spedimens examined under code
exhibited some of the characteristics of human viral
hepatitis and were readily  distinguishable from non-
specific changes. No v witro viral isolation has been
reported, although biophysical and serologic characteri-
sation studies of the infective plasma from marmosets
are in progress. Final proof that the hepatitis observed
in these marmosets is caused by agents of human viral
hepatitis is still lacking and must await further investi-
gation. Parks, Voss, and Melnick’™ have recently re-
ported on studies of the Barker surain, isolated by
Dienhindt et al2* in marmosers, as well as two viruses
they isolated in marmaoscts. The study of Parks ef al 1% on
the Banker strain showed this agent to have characteris-
tics unlike those characteristics tor human hepatitis virus,
i that the agent was sensitive to ether and could be de-
stroved by heating ar 560 C. for 30 minutes. Neither hu-
man y-globulin nor convalescent marmoset serum altered
the infectivity of the virus in marmaosets. This reporg?ss
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also included a statement to the eftect that pooled sera of
“normal” marmosets produced similar patterns of liver
enzyme and histopathologic changes similar 10 those
noted in animals infected with either the Barker strain or
with their own clinical specimens. A more detailed report
ol these observations will undoubtedly be forthcoming,.
TISSUE CULTURE

Tissue culture studies have been performed exten-
sively over the past 15 to 20 years in attempts to isolate
etiologic agents for infectious hepatitis. It should suthce,
at this point, to cite several papers that have involved a
wide variety of cell lines, ¢.g., the studies of Bang and
Warwick,'' Henle,*! McLean,''2 Ananiev, Kaverin, Nar-
skiy, and Barinskiy,* and Cole, Danks, and Campbell.*
In the McLean study,''2 18 cell lines were tested, eight
of which gave at least some positive results although
the results with all but one (PD39T) have not been
consistent or clear-cut. Among the cell lines showing
some promise were Hela, human amnion and the
Detroit-6 (strain PD). Ananicv ¢f al® studied the eftect
of K3 virus in a wide range of primary tissue cultures
and cell lines, and reported a cytopathic effect in both
human kidney and aorta primary cultures as well as
some cytopathic effect in Detroit-6, KV, SK human
Kidney and SOTs cell lines. Highest titers of the agent
were obtained in human kidney and aorta primary
tissue cultures, the highest reached being 10-% TCID,, .
Among the primary tissue cultures tried were those of
monkey, pig, guinea pig, calf, cat, rabbit, mouse, sheep.
chick embryo, and dog. Cell lines included, other than
those showing positive cytopathic effect, were Hela,
MI10, SPEV and P,O. Cole ¢t al** employed primary
tissue cultures of monkey kidney, human amnion and
lung, and human embryonic kidney and intestine. The
HEp2 and Hela cell lines and the Fairfield lines of
human epithelium and monkey embryonic tissues as
well as Detroit-6 were tested for susceptibility 1o their
agent: only the Detroit-6 tissue culture supported growth
ol this agent. Gard and Alin®* auempted o cultivate the
agent of infectious hepatitis in oyster tissue, but the
results were doubtful, in light ol the dithculty these
authors reported in growing satisfactory tissue material.

A comparison of isolation successes in the various cell
lines would be of litde significance because of the wide
variation  of material and ity source. Many of the
agents reported to date, as will be noted below, have
been identified as various prototypes ol dlassified vi-
ruses that may or may not bear a direct relationship
to infectious hepatitis. Some of the cell lines that have
been employed both with and without success included
chick embryo, Hella, human epithelial KB, human
embryonic tung and kidney, monkey and rabbit kidney,
and the Dewroit6 line. Cell lines of the latter in variant
forms, VA and PD™ have also been tested. Both
stationary and voller tube methads have been employved
with reported success. Organ cultures of liver have also
been used for isolation attempts

Hillis and Bang™ cemploved voller tabe cultures of
human and mouwse embryvo liver, as well as adult mon-
key. organ cultures of human embnvo liver, and tryp-
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sinized human embryo liver cells, in attempts to culti-
vate agems of infectious hepatitis—all without success.
No cellular destruction or pathologic effect of any
recognizable type was obtained with 58 infectious hepa-
titis specimens. Examination of the inoculated tryp-
sinized cells failed to show any detectable antigen in
indirect Huorescent antibody tests. Eight of the speci-
mens inoculated had been demonstrated, in previous
human tests, to contain agents capable of producing
typical disease with jaundice. Tissue culture techn ques
have provided an additional means for studying the
isolated agents by fluorescence microscopy™ ¥ 1% and
other immunologic tests, 3 ™ 102193 Comparisons have
been reported concerning the cytopathic effect of various
isolates from different sources?” and have suggested o
supplemental method of identification, which might be
employed if the results could be consistently repeated
and confirmed by other investigators.
AGENTS IDENTIFIED AS CLASSIFIED
VIRUSES

A large number of viruses have been isolated and
identified in association with cases of infectious hepa-
titis. Proof of a causative relationship to the discase
has been dificult, and the status of these viruses, for
the most part, has remained unclear. Many of the
identified agents have been isolated from patients with
symptoms  not suggestive of infectious hepatitis, and
the infectivity of the isolated agenms and their ability
to induce hepatitis have not been tested in man or
experimental animals. Those agents which have been
inoculated into man and test animals requive further
study and confirmation.

Kibrick™® has recently reviewed the literature on the
role of the Coxsackie viruses and echoviruses. He stated
that “the relationship between Coxsackie B virus infec-
tion and hepatitis in newhorns is clear,” and that
“there is suggestive evidence that Coxsackie A and B
viruses may be related to hepatitis in patients beyond
the newborn period.” Although the number of references
dited by Kibrick, both early and recent, would tend (o
support his assumption that these agents have been
frequently isolated in connection with cases of hepatitis,
a review of the cited papers identified only a few
agents that were actually recovered from cases of in-
fectious hepatitis, One such case s that of  Morris,
Elisberg, Pond, and Webbh'#* who isolated a type 4,
group A Coxsackie virus from the blood of a child with
rever, rash, and a dlinical picture of hepatitis. Both
neutralizing and complement-fixing antibodies  devel-
oped against the agent during the patient’s convales-
cence. Whether the agent existed as a concurrent in-
fection or actually produced the hepatitis symptoms
cannot be ascertained. Embil, Van Rooven, and Nag-
ler* reported the isolation of a type 10, group A Cox-
sackie virus from the stools of 45 contacts in an owt-
break of infectious hepatitis at a howsing development.
Four isolations were made from the blol of the con-
tacts. Jéséquel and Steiner™™ recently reported the identi-
ficarion of the original Budiner and Shreeve'™ isolate,
with which they have worked extensively,™ ™ ay (ross-
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reacting with types 13 and 18, group A Coxsackie vival
antisera. The original isolate was one of five agents
recovered from the stools of five patients with infectious
hepatitis. 1solates originally tested were found to be
ether-resistant and heatstable (in the presence ol MgCl,)
up to temperatures of 60° C. for 30 to 40 minutes.
These agents were noninfectious for suckling mice.

A report by Kibrick and Benirschke™ involved two
fatal cases of generalized infection in the neonatal period
with isolation of type 1. group B Coxsackie virus. lso-
lation of the virus from the liver of one of the infants
was reported. The report by O'Shaughnessey and Buech-
ner'*7 juvolved the isolation of a type 5. group B
Coxsackie virus from a pregnant woman suftering from
clinically detectable hepatitis. The paper by Siegel ct
al.' described the isolation of type 5, group B Cox-
sackie virus from young children during a 1961 out-
break of pleurodynia and pneumonia; at least 19 of
the cases involved hepatomegaly. The dinical pattern
in these cases makes a direct association with in-
fectious hepatitis appear unlikely. The cases cited by
Hosier and Newton™ involving the isolation of various
types of group B Coxsackie virus were characterized by
severe focal hepatic necrosis without other evidence of
infectious hepatitis. Sun and Smith'" reported a case
which suggested that infectious hepatitis may have oc-
curred along the more classic symptoms of Coxsackie vi-
rus infections. The incidence ol hepatitis associated with
Coxsackie virus infection has been low. and the actual
role of these viruses in infectious hepatitis has not been
established.

The role of the ecliovirnses in hepatitis would appear
to be more obscure. There have been reportstor. 145 138
noting mild liver dysfunction or hepatomegaly associ-
ated  with echovirus infections. Lapinleimu'™ 1t re-
ported on the isolation, in 1959, of type 6 echovirus
from two severe cases during a mild outhreak of
hepatitis in Helsinki. Finland. Virus particles and anti-
body to echovirus type 6 were demonstrated. The author
suggested that it might only have been a hepatotropic
strain but that its close association with the disease made
it a potential etiologic agent. Types 1 and 8 echovirus
were reported by Kiseleva™ to have been isolated from
cases of infectious hepatitis in Turkmenia (U.SS.R)).
Neutralizing antibody against the isolated viruses was
present in 63.3 per cent of the sera examined, with
titers of 1710 to 1 640—one case had a tter of 1 BOM),
In a parallel study with sera from 60 patients, type |1
echovirus was neutralized in 32 cases, and only wwo
cases neutralized an adenovirus (unspecified type). The
strains of echovirus isolated would appear to be closely
associated  with the described epidemic of hepatitis.
Sharlai, Moroszenko, and Talvik'™ have recently re-
ported the isolation of diverse types of agents from
patients suffering from infectious hepatitis which are
associated with viruses of the intestinal and respiratory
groups. These studies were performed on children with
nonicteric forms of infectious hepatitis. Types 7 and
12 echovirus were involved in a number of the ded
CAses.

Types T and 2 reovirus have been isolated in associa-
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tion with infectious hepatitis. The Brown and Buettner
strainy of a type Llike reovirus were described by
McKee't and by Burlingham and MdcKee,'* and were
isolated from the feces of patients with infectious hepa-
titis. Both virus strains could be propagated in chick
embryos by either the chorioallantoic cavity or yolk
sac route, and both produced a hemolysin, which was
heat-stable at 121° . for 21 minutes. The hemolysin
wis not firmly bound to the virion and could be
separated by dialysis. The hemolysin did not require
reovirus  receptor sites to hemolyze  erythrocytes, but
the receptor sites appeared o be adjacent 1o the
reovirus receptor. Th. rote of these viruses in relation
to viral hepatitis has not been  dearly  established.
Strutsovskaia, ' as reported in a Russian editorial
recovered type 2 reovirus suspected as o possible etio-
logic agent in an outbreak of enteric infections with
hepatitis in children. Joske ¢t «l.™ reported on the iso-
lation of type 2 reovirus from & number of patients,
several of whom had clinical hepatitis. Although it was
difhcult to ascribe a definite connection between the
reovines isolated and the children’s illness, Joske and
associates  felt that, at deast in the one fatal case,
autopsy findings in the liver were typical of those ob-
served in reovirus infections of infant mice. The oc-
casional occurrence of encephalitis in infectious hepa-
titis indicated that, at least in some of their cases, 2
renovirus etiology could not be ruled out.

Felsenfeld** has reported repeated isolations of type 1
reovirus from stools of a psychology technician who
handled a group of young chimpansees, and also from
the stools of the chimpanzees. Liver biopsies from both
demonstrated changes suggestive of infectious hepatitis
based on the Smetana’™ descriptions. A pseudoglandu-
L tanstormation of parenchyiual fiver cells was ap-
parently identical to that observed in epidemics of
hepatitis in Delhi, India,'™ and in Acer, Ghana o7

The role of adenoviruses i association with intedtious
hepatitis has perhaps been even more interesting, al-
though equally as unclear. Davis?tin 1961, isolated
viral agents known ay the San Carlos agents brom the
stools of young children hospitalized  during an out-
break of hepatitis on an Indian reservation. Recently,
Deinhardt and Holmes® and Hatch and Siem™ reported
identihcation ot these agents as (predominantly) adeno-
viruses. Hatch and Siem™  confirmed the identity of
the Davis agents as types T oand 3 adenoviras, In
addition, an isolate identified as type 13 echovirus
wis found. The type 3 adenoviras diftered trom  the
prototype 3 adenovirus by hemagglutination-inhibition.
By the wse of the hemagglutination-inhibition  tech-
nique, a relationship 1o tpe 16 adenovirus was indi-
cated. Kerim-Zade™ wtilized Hela cells for primary
isolation and recovered 21 cytopathogenic agents from
teces of 30 patients with infectious hepatitis, Of these
agents, 23 were found to be antigenically and sero-
logically related to types T and 4 adenovirus. The
strains induced intracellular inclusions in monkey kid-
ney. Hela, and HEp2 cells. .\ significant proportion
of paired sera tested showed an increase in comple-
ment fixation antibody, Hillis®7 * reported on viral
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agents isolated from sera of both human patients and
chimpanzees with symptoms of infectious hepatitis, and
these agems have been identified as similar to the type
5 adenovirus

Human experimental infections with at least one
type of adenovirus have failed to induce hepatitis.
Kasel, Loda, and Knight* utilized a type 16 adeno-
virus, recently isolated from children, in an atempt to
infect volunteer subjects via the conjunctiva. Virus
could be isolated from the inoculated eyes, the throat,
and rectum, but no antibodies were demonstrable fol-
lowing injection. During the course of 7 months of
observition, no jaundice or signs of liver dysfunction
was noted. Hartwell, Love, and Eidenbock®® reporied
the isolation of type 5 adenovirus from blood clots of
patients in sporadic outhreaks of hepatitis in Arizona
(U. S, Ay, all in the vicinity of the city, Phoenix. To
offset the possibility that adenovirus might be prevalent
in the normal population, 70 blood samples were ex-
amined from normal patients of a similar age group,
with only onc isolation of a type 5 adenovirus.

During a 1Z-month period, Kohler, Apodaca, and
Springer™ examined 288 serum samples from dinical
hepatitis patients and made 162 adenovirus isolations.
During the same period, examination of serum speci-
mens from 103 patients without evidence of hepatitis
vielded only 10 isolations of adenovirus Isolations were
made in primary pig kidney cell cultures. No cyto-
pathic ettect was observed: however. identification was
made by histologic examination of the cell monolayers.
Repeated examinations were performed on 62 patients;
69 per cent of these cases gave repeated positives
during the first 20 days alter onset of icterus. None of
the 40 isolates demonstrated any similarity with the 31
knuwn types of adenoviruses. Neutralizing antibodies
could not be demonstrated with homologous antisera,
At least two diverse serotypes have been  identified
among the isolates. This report was a follow-up 1o
the carlier report by Kihler and Apodaca®  in 1966,

Although  adenoviruses had  been  recovered  {rom
aises of indections hepatitis, the etiologic basis for the
disease was not dearly established for these agents.
When a desaviption ol the adenovirus-assodiated, detec-
tive particles was reported by Hoggan and his assodi-
ates™ 7 and Iy Archison, Casto, and Hammon,® their
small size stimulated further rescarch on a possible
ctiologic role i intectious hepatits, The adenoassoci-
ated viral particles were  dependent solely upon  the
presence of the adenovirus for propagation. They were
approximately 220 10 210 X in diameter as observed in
negative contrint electron microscopy, and consisted of
it deoxyribonudeic acid core. Haselkorn™  considered
them analogous 1o the saellite partidles ot the tobacco
necrosis virus. Hoggan, Blacklow, Ratajko, ind Rowe?®
described four or more serologic subtypes of the adeno-
virnsassociated particles. As veported by Monis ' #% exten-
sive studies have not been successtul in the establishment
of an ctiologic relationship for cither the adenoviruses or
the subtypes of adenovirus-assodiated peides to infee-
tions hepatitis.

Two abstracts of papers, presented at the XV
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Scientific Session devoted 1o problems of infectious
hepatitis held in Moscow (US.S.R.) during 1965, have
recently appeared in the literature.* ™ In one of these,
Korenblit and Panchenko® reported that viruses iso-
lated from the blood of infectiov hepatitis patients
" a Detron * cell cultur. were neutralized with
canine serum to type | adenovirus; however, in contra-
distinction to the general properties of the adenovirus
group, the virus caused death of newborn and adult
mice upon inoculation in the brain and abdominal
cavity. The viral titers in the brain of the sick mice
were 10-3 and 10-4 LD;,, and the virus retained the
capacity to evoke typical cytopathic changes in tissue
culture. In addition, the virus could be pas.ed in
10- 1o I2-day chick embryos by inoculation into the
allantoic and amniotic cavities. The properties men-
tioned are similar to those of the known virus strain
called Motol, isolated by Kubelka, Slavik, and Sousek®?
in Czechoslovakia, and will be described later. The
second paper by Ananiev ¢t al* was concerned with a
study of the role of latent viruses in infectious hepatitis.
Virologic studies were performed by using tissue cul-
tures of Detroit-6 and trypsinized cultures of human
embryonic kidney tissue, from which 89 strains of vi-
ruses were isolated in 1120 samples from 1023 patients
with infectious hepatitis. The majority of the strains
isolated were classified as belonging to the latent group
of types 1 and 5 adenovirus and to the enterovirus
group according to their biologic, physicochemical, and
serologic properties.

Krugman and associates,™- ™. 1% over a long period
of time, studied cytopathic agents isolated from bhoth
inapparent and apparent infectious hepatitis and dem-
onstrated the time the agents appeared in the blood and
urine. Recently, this group!? 1 has reported the iden-
tification of the Willowbrook (WB) virus (isolated from
patients with inapparent and apparent hepatitis) as a
myxovirus and a member of the parainfluenza group
of viruses. This adds another previously known virus
as a potential etivlogic agent in infectious hepatitis. A
relationship of WB virus to SV-5 is suggested by a
reciprocal rise of SV-5 antibody titers in WB-immunized
animals although homologous antibody titers were at
least 8-{old higher than heterologous titers. The ap-
parent relationship to SV-5 raises the possibility that
WB virus might have been isolated as a contaminant
from tisue cultures infected with a simian virus al-
though it seems unlikely in this study, since (1) only
WI-38 tissue cultures were used for primary isolations;
(2) reisolations werce performed in new stocks of WI-38
cultures: (3) negative specimens remained negative on
repeated blind tissue culture passage; (4) isolation was
made in at least one case in another laboratory directly
trom a serum specimen taken 33 days after inoculation,
but not from the preinoculation specimen; and (5)
cach of the patients from whom virus was isolated
developed a J-fold ris: in serum-neutralizing antibody.

In 1961, O'Malley, Meyer, and Smadel'™ isolated an
agent designated as A-1 from a Nadonal Institutes of
Health (NTH) plasma pool. The pool was previously used
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in volunteer studies and was known to contain the virus
for serum hepatitis. Interestingly enough, serum speci-
mens from 30 volunteers, recipients of the original pool
of plasma, revealed rising levels of antibody against the
A-1 agent, whereas serum specimens from patients with
infectious hepatitis failed, for the most part, to reveal any
antibodies against the A-1 agent. Only recently, O’ Malley,
McGee, Barile, and Barker'™ reported the identification
of the A-1 agent as Mycoplasma gallisepticum, which
would account for lack of neutralization by infectious
hepatitis patient seva. Bolin, Alsever, Berger, and Jarvist>
reported multiple isolations of viruses from the blood of
volunteers inoculated with the NIH plasma pool 6.
Further studies' 17 reported by this group will be
discussed later in this paper. Some of the original iso-
lates were infectious for mice and produced a cyvto-
pathic etfect on a wide range of host cells.

If the list of references assaciated with known agents
seems lengthy, that of unidentified agents is even more
impressive although many ot those originally reported
as unidentifiable have now been classified. These isola-
tions have been reported from around the world. At
present, there has been little or no opportunity for one
laboratory to check and confirm the results of another.
This interrelationship should increase as investigators
are provided more opportunity to come together and
discuss their observations. A recent example of this
occurred in the IX International Congress for Micro-
biology, which devoted a focal topic session to infectious
hepatitis.! The problem of evaluating viral isolations in
infectious hepatitis has been compounded by the lack
of good, reliable serologic tests, lack of a suitable ani-
mal host. and the dithiculty involved in conducting
studies in volunteer subjects.

In Canada. virologists have been active in this field.
beginning with the report by Franklin and Sinclair 4
who attempted the isolation of the agent of infectious
hepatitis by using the Detroit-6 cell line. These results
were negative or inconclusive, Buchner and Shreeve'
reported the isolation of five agents from stools of
patients with infectious hepatitis, two of which were
studied in detail. The original studies indicated that
the agents were not identified as known enteroviruses.
Intermediary reports by [ézéquel and Steiner™ 7 de-
scribed further attempts to identify and characterize
these agents. Electron microscopy revealed viral par-
ticles with diameters of 250 A A recent report by
Jézéquel and Steiner™ cited the serologic cross-relation-
ship of one of the original isolates with two strains
of Coxsackie virus. Embil ¢t al32 have already been
cited for their recent reported isolation of a type 10,
group B Coxsackie virus, in connection with an out-
break of infectious hepatitis.

In Crechoslovakia in 1957, Kubelka et al® reported
the isolation of an agent known as *fotol virus from
pooled sera of two patients with hepauts. Under certain
conditions, the virus agglutinated erythrocytes and was
infectious for mice. Georgiades and Zacek in personal
communications to Kubelka® have suggested that it is
probably a deoxyribonucleic acid virus, approximately
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1000\ in diameter. The G5 fraction of the Motol viral
preparation, however, has been reported to have vival
particles of approximately 200 A with hexagonal form.*®
Kubelka, Schon, and Sulcova¥* recently reported that the
hemagglutinating traction was antigenically retated to
tpe b simian virus or the DA virus of Hsiung, Isacson,
and McCollum,™ and could possibly be a simian virus.
Motol virus has been studied by other groups in Po-
Land. - 152 The infectious nature of Motol virus in mice
has been amply described ¥ 9297 17 and typical signs of
acute hepatitis have been reported, with viral isolation
from most o1gans and pathologic changes consistent with
hepatitis.

Recent reportst- 1 from Finland have indicated the
possible role of type 6 echovirus in a hepatitis out-
break in Helsinki. A further discussion on this work
appears earlier under the possible role of the echo-
virnses in the etiology of hepatius.

German investigators have been active in hepatitis
research for a long time. Much of their carly work was
described under the section involving egg and other
animal isolation attempts.®?- 2% 13 Particularly  produc-
tive over a long span of years has been the work from
the laboratory of Essen and his colleagues.®-# These
studies have involved isolation attempts, electron 1ni-
croscopy, and skin testing of  hepatitis  patients with
the use of virus material propagated in embryonated
chicken eggs. Recent reports have appeared by Ka-
chani™ and Spies’™ 181 concerning the isolation of viral
agents assodated with infectious hepatitis. The work of
Dr. Spies has centered primarily around the isolation
and  characterization of auwinterfering  viruses found
in association with cises of infectious hepatitis. His
first isolation was found in asociation with the Motol
virus originally isolated by Kubelka ¢t al*7 discussed
carlier. The isolation of «vtopathogenic human auto-
intertering (CHAD virus from 71 patients has been
reported by Spies™ with the use of high dilutions of
patient material. Undiluted material or material di-
Tated less than 10 did not show a cytopathic effect
m the human epithelial liver cells of Chang or in
swine and lamster kidney tissue cultures, The use of
20-methnlcholunthrene appeared to enhance growth with
the more concentrated viral inocula. Briel dhavacteri-
zations have been reported for the CHAIL viruses, but
to date they have not been identified more specifically.

In Dtaby, Segagni ot al.' have reported their isola-
tions in both tissue culture and cmbryonated eggs of
agents tound in the sera of 30 children with infectious
hepatitis, Hepatic lesions were reported in the eggs 72
hours after inoculation. Babudieri et al.® reported tis.
sue culture solation attempts and the use of fluores.
cent antibody  techniques in an endeavor to demon-
strite both virue and antibody., Their results, however,
are incondlusive although reported as encouraging by
them.

Japanese workers have reported work on the etiologic
agents ol hepatitis for several years even though many of
their reports have not been readily available in this
country. Much of the status of the early work has heen
reviewed ina paper by Arakawa et al® The work of this
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group involved isolation and fixation of infectious
hepatitis virus in mouse brain by using, as inocula,
the sera obtained directly from febrile hepatitis pa-
tients or obtained alter serial propagation in embry-
onated chicken eggs. Positive complement fixation tests
were obtained in 85 per cent ot hepatitis cases, with the
Mita stzain as an antigen. Ultrafiltration  tests  per-
formed by Arakawa and his group found the end point
of hltration at 580 A, and electron microscopy showed
a diameter of 500 10 600 A, Muraoka!? 12 studied the
biochemical and  biophysical  properties of the  Mita
strain and found positive complement fixation tests in
all of the patients whose sera had been collected before
the 20th day of their illness. In all other sera, collected
after the 20th day of illness, only 60 per ent were
positive jor complement fixation antibody with the Mita
strain of virus. Average neutralization indices of 320.5
and 207.6, respectively, were obscrved for these two
groups of sera. Six cases of infectious hepatitis from
the Medical College, Okavama, Japan had negative com-
plement fixation tests but an average newtralization index
of 21.7. Sera from five healthy individuals were negative
for both tests. Complement fixation tests were negative
in sera from five cases of serum hepatitis, but one
individual had an equivocal serum-virus neutralization
titer. Muraoka'™" also described histopathologic changes
in liver tissues of mice that had received inoculations
with the fixed virus. Fujiwara, -+ Kurauchi,* Qgasa-
hara, 131152 and Onizuka'™ 1% reported extensive in-
vestigations ol viral agents recovered from cases of in-
fectious hepatitis in the Okayama prefecture. The vir:l
strains were isolated from  patient materials by suc-
cessive tranmsmission  through mice and  embryonated
chicken eggs. According to Ogasahara¥t- 3% the chick
embrvo was not very susceptible to the virus, but the
mice showed pathologic findings on itdection. Kuraucni®®
studied the course of chronic intection in the mouse with
a virus recovered from the patients in the Okavama pre-
fecture. Although a tew of the mice died over this period
(500 days) and had marked pathologic changes, most of
the mice developed a chronic inlection with degeneration
and necrosis ot the parenchymal cells and cellular infil-
tration. In the mouse lungs, the proliferation ot round
cells or mesenchymial cells around the bronchi and blood
vessels was observed., Adaptation of the virus from the
nouse to the chick embryo was established, suggesting
that the virus had remained in the mouse organs for an
extensive petiod ol time with repeated viral multiplica-
ton and diminution.  Fujiwarat®-+ described use of
complement fixation and newtralization tests which ein-
ploved & mowe liver homogenate as an  antigen.,
Through a moedified Absattigungsversuch, or cross-pro-
tection test, the results of the complcaent  fixation
and newtralis tion tests could be correlated and  were
found to elidit & common antigenicity among the iso-
lated viral strains. The modified Abséttigungsversiuch was
serologically significant with high titered sera but not
with sera of a low titer against the viral agents.
Onizuka'® described studies of fowl susceptibility to
six varied strainy of viruses (Ishihara, Kanamitsu, Noda,
Ogawa, Morimoto, Aomort) which were nolated from
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patients with infectious hepatitis in the Okayama pre-
fecture. His criteria for infection, in eight spedies ol
fowl. were the specific pathologic changes in the liver
and lung. With fixation ol the viral strains achieved in
five successive passages of the viral agents, pathologic
alterations were increasingly severe. ‘The most marked
eltects were observed ar viral indectivity of 10 in
Serinus canarta, and 10 v Uroloncha  domestica,
with succestul reversion ot the virus from fowl to
mice in all cases. In his experiments of chronic intec-
ton in fowl, Onisuka'  inoculined  the  Ishihara,
Kanamitsu, and Noda strains of viruses into 37 canaries,
33 siskins (Chlorts sinica mnor T 08, and 20 love-
birds. Over a course of 6 months, chronic inlections
were judged 1o be present by alterations in the pathol-
ogy ol the liver and lung as well as in the white cell
count and blood picture. A few lethal cases were ob-
served: however, inapparent or dronic infections could
wsually be established with intrapectoral inoculation of
suspensions  prepared  from mouse  livers or  embryo-
nated eggs that had received the above three strains of
viruses, Remarkable leukopenia wis observed in the
carlv stages of infection with a severe increase of
anvpical and vacuole-degenerated  leukocvtes. Liver al-
terations  consisted ot round «cell inhluration in the
periportal connective tissue with various types of cel-
Jular  degeneration,  such  as nodules and  necrotic
changes, with localized necrosis scattered in the inter-
mediate parts of the adini. The siskins were the most
sisceptible of the tested fowl, with many lethal cases
in whidh very severe necrosis and cellular infiltration
occurred in the liver. The hanges in the lungs ap-
peared later than those in the liver and persisted for
6 months, with mesodermal cellular inbhltration and
mterabveolitis with  hemorrhage around  the bronchi,
alveoli, and blood vessels.

Kimuwa and Houa™ reported  the transmission  of
a viral agent recovered from patients during an epi-
demic of hepatitis occurring from autumn of 1945
1o spring of 1946 in the Kroto-Osaka-Kobe district of
Japan. Heparinized blood, taken from patients in the
febrile stage of illness, was inoculated via the intra-
hepatic route into white mice. An intracutaneous in-
jectiom ol a suspension of liver tissue from an infected
mouse was given to a healthy adult man. Mrer 23 days,
a condition developed in the volunteer subject, which
could not be distinguished from a case of nonicteric
inlectious  hepatitis. - Havashi, Kawasoe,  and - Taka-
hashi® reported more recently on the isolition of viral
agents associated with hepatitis in Japan. The studies
ol Hara and his associites™ 3 were commented  on
earlier in this paper.

There have been reports from two Polish Lahoratories.
Chlap. Georgiades, and Porwit-Bobrowa®" reported on
a comparative study of four groups of viral agents:
(hy Maotol vivas, (2) 01 Severowa, (3) adenoviruses, and
(h a group of cvtopathogenic vituses studied in associa-
tion with their characteristic vtopathic eftects in the
KB line of tissue currare. By wsing the classification
criteria of  Fnders® they reported  that  the  Matol
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virus produced a tissue culture dinge comparable 1o
those desaribed by Enders tor Group | The unspecified
oytopathogenic group of viruses were desaribed as pro-
ducing morphologic changes similar to the second group
ol Enders. The 01. Severowa strain produced a cytopathic
ctiect comparable to the third type ol degeneration de-
scribed by Enders. They concluded that suthcient mor-
phologic dilterences occurred in the in vitro culiures for
this type of inlormation to provide a usctul supplement
to the identification ol newly isolated viruses. The report
by Morzyckit and Tavlor'* pointed out that these authors
were unable to isolate agents from blood and tissue spedi-
mens of hepatitis patients in the Detroit-6 surains ol tissue
culture even though virus isolations had been demon-
strated in other host systems. The original isolations
were made in human embryonic tissue cultures, as de-
scribed by Morsveki et al. '8

Rumanian workers have been very active in hepatitis
research in at least two laboratories. Las/lo™#19%% and his
associates have reported the isolation of viral agents in
both human and embrvonic chicken liver tissue cul-
ture. These studies included serologic testing as well
as clectron microscopic studies of the agents isolated.
All of these agents measured in the range of 100 to
700 A, More recently Lascdo et al.'™ have reported on
a study of 21 strains isolated between 1957 and 1964,
All of these were isolated in Detroit-6 cells. Both neu-
tralization and  complement fixation  tests were em-
ploved to establish serologic velationships among the
strains isolated from the patients. Since 1962, Mitroiu
and his coworkersVi 121 have reported their studies of
agents originally isolated from patients with epidemic
hepatitis. These agents grew well in haman epithelial,
KB. Hela, HEp2, Detroit-. and monkey heart celi
cultures. The viruses could not be identified  sero-
logically with any known enterovirus antisera although
they were newtralized by the sera from convalescent
patients, Incuded in more recent studies was the dem-
onstration of a serologic relationship between the strain
isolated by Mitroiu and associates and  the Russian
strain, K3, described by Ananiev et alb as well as
changes in the isolates of Mitroiu ¢f al. on adaptation
to human embryonic liver cells in culture,

Russian workers have been quite active. Probably the
most active luve been Ananieyv and his associates, 2 4 1218
who have reported on Botkin's dircase (a0 term fre-
quently used in the Russian iterature for infectious
hepatitis). The strain principally associated  with  this
disease is called K3, and the stadies of Ananiev and
his coworkers have involved descriptions ol the viral
properties in tissue cultures, as well as of the serologic
behavior and  an wnidentified  tactor which  seemed
to enhance the susceptibiliny of cells w the agent. The
relationship  between  this sirain and  the Runumian
isolates has already been indicated. V'™ Klvachko  and
Galko™ have reported the isolation (in Detroit6 cell
cultures) of viral agents from patients with infectious
hepatitis. These viruses have been carried in serial
passage after their isolation trom blood specimens heated
to 607 Co Al six strains of virus appear to belong 1o a
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homogeneous group and are not neutralized by im-
mune sera against known viral agents. Sera from one-
third of the patients newtralized the isolated agents
in low tter. Further studies concerning their isolates
were reported  to be underway. Proskuryakova  and
Novikova''t attempted viral isolations from 200 patients
with infectious  hepatitis by using  primary  human
cmbryonic kidney and Detroit-6 cell cultures. More than
10 strains of ovtopathic viruses were isolated, 20 of
which were identified as type 3, group B Coxsackie
virises, Fourteen of the strains were not neutralized by
vatious  antisera [rom  the enterovirus, herpes, and
adenovirus groups. Of these strains two were studied
in detail (strains 1462 and  2-62). Both strains were
nonpathogenic for suckling mice and did not multiply
in chick embryo. They did not show any hemagglutinat-
ing activity against erythrocytes of man, horse, chicken,
goose, sheep, monkey, or guinea pig. The viruses were
stable in the presence of both ether and chloroform.
A common antigen of strain 1-62 was noted with the
R3 vitus isolated in Moscow. The other 12 nontypable
stridns . were similar to strains 162 and 2-62 in their
cultured and oviopathic effects. Further studies on these
agents and  their relationship to hepatitis are being
performed.

The report of Sharlai ¢f al ¥ was mentioned earlier.
Shevchenko,  Danileichenko, and  Metelitsa'™  isolated
nine (ytopathogenic agents from patients with infectious
hepatitis by means ot the Detroit-6 cell line. All agents
withstood heating at 60° €, for 30 minutes and were
not susceptible o the effects of ether. They did not
possess  hemagglutinating  ability  against any ol the
ersthroovtes tested. The oyvtopathic effect of these agents
in tissue culture wis neatralized by the sera of the
convalescent patients, but not by sera of known viral
agents belonging to the  enterovirus  or  adenovirus
group.

Mudh of the work perlormed by American investigators
has alveadys been described in studies under isolates iden-
tificd as known viral agents. This is probably due to the
extemnsive and continuing work in antempting to identity
the isolates. However. there remain several  United
States isolation attempts lor which agents have not
been dawsified. Bolin ef al%* reported the recovery of
serum hepatitis isolates from volunteers inoculated with
an NI plasma pool. (This was the identical  pool
from which O'Malley et al ' recovered the -1 agent,
Lier desaribed as a Mycoplasma gallisepticum %) The
vital agents were initally recovered in tissue calune
ol human lung cells, but alter passage in tisue culure
they grew in a wide spectrum of cell Tines, I over 100
attempts, Bolin ¢ al 7% were not able 1o isolate an agent
divectly hrom the source of the AT agent. Later 1eports
In Bolin, Brauninger, Pavdee, and Abever™ and by
Bolin. Chase, Alever, and Maam' have bheen concerned
with variows serologic tests which were developed with
the use of the isolates hom Bolin's voluntear gioup as
antigens. The fnse paper'™ was concemned with a comple-
ment fivation test and the second paper!’” with i ke
coagulation test. The Later study suggested aorelationship
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between infectious mononucleosis and the volunteer iso-
lates used. In the absence ol further reports from this
group on the agents, an evaluation of the findings cannot
be adequately made.

One of the most lengthy studies involving hepatitis
isolates has been made by Righusel, Keltsch, Tekushan,
and McLean'*t who reported, in 1956, the isolation
of numerous agents from sera and stools of hepatitis
patients. Several reports were published by this group
of investigators between 1956 and the present
time 14 148155 The system they used in recent years
involved the development of a cloned strain of Detroit-6
cells. These cells demonstrated consistent susceptibility
in their laboratories and reasonably consistent sus-
ceptibility in those of other workers, although at least two
carly attempts by Morzycka and Tavlor'® and Franklin
and Sinclair®® were unsuccessful in the use of the cell line
tor isolation. The studies by Rightsel and his associates
have provided considerable information, both in labora-
tory and clinical details, on the behavior of their isolates.
There have been numerous reports of studies by tormer
associates of the group including Schneider, Taylor, Mc-
Caughey, and Muirhead™* and Muirhead and Schnei-
der'®" who arve still actively engaged in isolation attempts.
More recently, Cole ¢t al2? reported from Australia on
the use ol Detroit-ti cell line for viral isolation in neonatal
liver disease. as well as in 28 sera of patients admitted to
Fairtield Hospital, Victoria, Australia, with the diagnosis
of infectious hepatitis.?! Of the sera examined, 27 were
reported as positive with this cell line. A recent report
by Ferris and Cole** described experiments that uvsed
coded sera, and the Detroit-6 cells showed cytopathic
elfects almost as frequently in the control sera as in
sera from patients with infectious hepatitis, Cross and
Marmion®* also reported a similar type of nonspecific
cytopathic eflect in cultures of Bolin's humin lung
epithelial cells. 'The exact cause of the cellular degenera-
tion observed in both cell lines was not evident.

ELALG, Smith, and Biesele®' have repoted on the
passage of an agent isolated from infectious hepatitis
material in leukocyte cultures: infected cultures demon-
strated chromosome breakage. No mention was made in
the original report concerning the agent iisell and its
possible relationship to other isolates, or the patient’s
sera from whom the agent was recovered. Mella and
Lang'™ have described the suppression of leukocyte mito-
sis both in patients suitering trom inlectious hepatitis
and in novmal leukocytes exposed to serum from patients
with the diseise. These reports. although they do not
contiibute appreciably to our knowledge of the etiologic
agents, hanve provided partial insight into some ol the
possible effects of agents associated with infectious hepa-
Litgs,

Atter a retrospective review of the literature pub-
lished to date, several facts have emerged trom all of
the studies reported. The first of these is that a wide
variety ol agents has been bolated from cises ol in-
fections hepatitis ranging from the well known viruses
to those not previoush dawiied. Therelore, whether
the canse of hepatitis, Like the common cold, s protean
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in nature or whether the etiologic agent is one or
more of the specific agents, the hepatitis problem re-
mains unsolved inasmuch as most work has failed to
fulfill the classic Koch's postulates. Moreover, there
have been few attempts to correlate viral agents and
patients sera, obtained by different investigators, with
one another. In spite of this difficulty, certain inter-
relationships have become apparent. For example, the
recent reports by Liebhaber, Krugman, McGregor, and
Giles'™ und by Prose, Balk, Liebhaber, and Krug-
man, M concerning an agent (WB) which had been pre-
viously isolated and described!*® and which has now been
identified as a myxovirus, might have been of only passing
interest. However, this particular agent was found to have
an antigenic relationship to a type 5 simian virus, It
should now be recalled that in an earlier report (Hsiung,
Isacson, and McCollum™) in 1962, it was noted that an
agent (DA) was recovered from a fatal case of in-
fectious hepatitis. The DA agent also was immuno-
logically related to type 5 simian virus. There was
good evidence to show that the DA virus did not
originate from the simian tissue cultures subsequemly
used in the studies of Hsiung ¢t al. More recently,
Kubelka et al.# reported that the hemagglutinacing fac-
tors of the Motol virus were antigenically related to
type 5 simian virus and to the DA virus. These reports,
occurring independently on agents isolated and studied
over a wide range of time, have demonstrated at least
a certain antigen in common among these agents re-
covered in association with cases of human infectious
hepatitis. Of course, the possibility of simian virus con-
taminants or the activation of latent simian viruses in
the tissue cultures cannot be precluded in every case, but
in two of these reports this would appear to be highly
unlikely. Aulisio, Wong, and Morris,* on the other
hand, have reported that examination of paired sera for
type 5 simian virus-neutralizing antibody from 50 cases
of hepatitis, contracted by United States troops in sev-
eral geographic areas of the Far East, showed that 41
gave negative titer results in dilutions of 1/4. The re-
maining nine paired sera showed only tivers from 1/8 to
1/32 in acute and convalescent sera. Aulisio ¢t al* con-
cluded that on the basis of their data it was reasonable
to assume that type 5 simian virns was not of etiologic
importance in the hepatitis cases examined in their
study. [t is this type of collation of data from widely
divergent sources that this review has attempted to stim-
ulate by citing old. new, and extensive foreign entries so
that those investigators most familiar with the feld
might reevaluate our present knowledge and discern
previously unnoticed similarities.

Another common factor which has emerged from the
work of numerous investigators has been the size of the
particles associated with the unclassified agents that
have now been recovered from human cases of infectious
hepatitis. In review of the studies, which involved ob-
servation by electron microscopy of the isolaed agents,
at least six investigators have reported a virus-like par-
ticle with a size ranging from 180 (0 200 A in diameter.
Their reports included the AR-17 isolate of Rightsel
et al. ¥ the R, V9, Vb, and 163S strains of Las/lo

—_—. . ...
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et al.,}** the CHALI viruses of Spies,'s® the C5 fraction of
the Motol virus of Kubelka® the viral agent of Es-
sen,* and the A-2 (CW) plaque virus initially recovered
by the staff at the Armed Forces Institute of Pathology,
Washington, D. C,, and reported by Shaw and Banks.!3!
Although the particle size might be similar to any num-
ber of virzl agents, it has provided a certain uniform
criterion of size for a number of isolates to date.

It has been an adamant requirement that each new
viral agent, recovered in association with this disease, be
thoroughly characterized and, if possible, classified.
Much of the confusion that exists with regard to etio-
logic agents has existed in subsequent susceptibility stud-
ies in animals, in that such passages have possibly
activated a latent virus from the animal host. The prob-
lem of relating the animal host to the originally isolated
virus and to the human disease syndrome has heen con-
siderably difhcult in resolution. The pursuit of the etio-
logic agent must be encouraged, not only under the
standards and accepted principles and techniques of
viral immunology but also within the framework of new
concepts evolving from studies of molecular genetics,
which have enlarged the comprehension and control of
the mechanisms of viral and host cell interactions.
Much work still remains 10 be done, in relating other
properties of agents recovered in association with viral
hepatitis, which the authors hope will soon be forth-
coming.

Accepted for publication July 16, 1968,
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