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UNITED STATES ARMY Miaa Tr
CHEMICAL CORPS BIOIOGICAL LABORATORIES K117
Fort Detrdck, Maryland
The virulence and pathogenicity of cowpox virus.

by H. Moritach.

Transiated from 2Zeit. Tropenmed. Parasit. 8: 333-348 (1957) by the
Technical Library, Technical Information Division.

One hundred and sixty years ago, on May 14, 1796, BEdward Jenner
carried out that historically well-known attempt to use pustular material
from the hand of a girl who had contracted genuine cowpux while amilking
to inooculate an 8-ysar-old boy in order to protect him against a subsequent
infection with smallpox, 3ix waeks later the boy oould no longer be in-
feoted with variela, offering the first proof of the protective effect of
00pox vaocination against later smallpox. The fact that & cowpox infeoction
gould protect a person agalinst smallpox had besn known to the rural popula-
tion for some t'.me and proba influenced Jenner's decision and action, as
may be gatheced from Kalser's (1949) excellent pressntation of the history
and development of Jmallpox vacoination. These reports as well as the
1iterature references listed in Eberbeck's (1939) Manual of Virus Diseases
demonstrate further that the soncept of "cowpox infection" was known in
those days specifiocally as o separate symptomatology in cows, inoluding
its transmiasibility to man.

This olear concept of Moowpox" later becams oonfused in proportion to
the efforts of various countrier to immunise their population aguinst
smallpox. In keeping with Jenner's ideas, original plans inoluded
vacoination with genuine cowpox virus and the ultimate establishment of
separate institutes for this purpose, which would maintain this vaccinal
virus at constant virulance and would ues it to produce a workable vacoine.
The literature employed the term "cowpox virus" when referring to this
vacoinal strain, until Downie (1939) called attention to the fundamental
difference between genuine, original cowpox virus and the vaooinia virua
utilised. This led to the Justified question whether the vaccinia virus
employed as izmunogen was descendsd {rom genuine cowpox virus and had
merely suffered changes during constant cultivation at the immunological
institutes, cr whether another strain of the pox virus group should be
considered the parent of this vaocinia virus. However, since all attemptis
to confer the properties of vacoinia virus on genuine pox virus or
alastrim strains or on ancther strain of the animal pox group have falled
in various passage experiments, this question must remain unanswered for
the time being. The problem of a possible "primordial strain" of the
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entire pox virus group simllarly rests ¢.ly on essumptions. If the
problem of origin of tne individual pox group strains is set aside, and
dlecussion is limited to factual demonstrations of differences between
the various strains of this groum, it miat ha ornesded that thers ia no
longer an identity between cowpox virus and vaacinia virus. For this
reason the designation "cowpox virus" should be reserved for the pathogen
of origlnal cowpox, and the ismmunogenic strains should be known as
fvacoinia virus.,” Demonstrated for the first tims by Downie's studies,
this discovery wus supported and developed in subsequent years by
variegated investigations, until it hae become possible to fix the
differential diagnosis of a cowpox virus infeotlon without great diffi-
oulty in a suitable laboratory. These viral properties involve the
behavior of the virus in the oell and in the tinuue, considered moryhol-
ogically characteristic of cowpox virue due to its unusual pathogenicity.
Seroimminological tests also permit olear differentiation of this virus.
Since our o studies have uncoversd new aspects of the problematio
sompl.ax of virulence and pathogenioity of cowpox virus, it seems indicated
to present a oonpihtion of ourrent intelligence.
~

For reasons of perapicuity, the present paper will firet discuss
gonerally valid properties of the virus, i.e., formation of inclusion
bodies and the characteristio appsarance of the ljyaal infeotion, followed
by the antigenio strueture of the virus in correlistion with immunity and
serclogloal techniques, including known interferenue phenomena, and whid
cloneiwith the peoculiar pathogenicity of the virun in man, ocattle, rabdbit,
mouse and hen's egg: /)

Formation of inolusion bodies by ciwpox virus.

When a tissue secdtion infeoted with cowpox v:.rue is stained with
hematoxylin-ecain and obssrved under medium power, initially recognigable '
factors are a) the sise and location of inclusion bodies and b) the
hemorrhaglc nature of the local infection. Thess ‘wo charscteristics are
particularly marked when a tiesue sectior. analogously infected with
vacolnia virus is prepared for ocomparison. Vaococinia virue alsc tends '.c
form inolusion badies in the oytoplasm ¢f a proliferated cell with
ballooning, vacuolated or reticulated dugineration, with the difference
that inoclusion bodies are not always demonstrable under the light mioro-
scope and invariably huve & minute sige, so that the nuoleus of the
affeoted cell usually is still visible next to cvhe inolusion body. The
exaot struoture of these vacoinia virus inclusion btodies are shown on
electron miorographs by Gaylord and Nelniok (1953). It is evident that
these inclusion bodies consist of numerous iniividual particles seemingly
held together by a matrix. Based on these studies, the authors differ-
onlate betwven "immature" and "mature" virus particles. In contrast to
these inolusion bodies dus to vaooinis infection, now well-inowu even .
with respaot to thelr fine structurs, the inolusion bodiss of cowpox
virus infeotions ars marked by their unusual sise. They frequently
oooupy the entire volume of the displaced cytoplasm and it seems as if




the cell nucleus has been compressed intc a crescent against the cell

wall. This singular size is so conspicuous that Xaiser and Gherardini

(19L0); independentls 5f Diwnlo's studies, referred to this phenomencn

in connection with a strain of the pox group and ocalled attention to the C
dirgimilarity in sise when compared to vaccinia virus inclusion bedies.

They noted granulation in these inclusions and assumed that Guarnieri

bodies consist of viral ocolonies held together by a binding substancs. )
The ability of cowpox virus to produce partisularly larges inclusion |
bodies seeums to be subject to fluctuation, the cause of which might be _
found in the changing relationship between virus and cell. Berger (1956) ;
believes that this property will be lost eventually when the strain is

carried through rabbit corneal passages in the laboratory. He assumes

that unusually large inoclusion bodies may be expected only in those cells

where central cellular necrosis proceeds with partiocular slowness,

Allowing sufficient time for outstanding development in sise. This would

be trus most of all when the infeatious material is transmitted directly

from the cow to the test animal. The reaction is said to be quite proe

traoted in the first test animal passage, while increasing adaptation to

the new host not only shortens the incubation time, but also causes the

inclusion bodies to hecome proporitjonally smaller. Qur own experience

shows, however, that a strain of cowpox virus oontinued in the laboratory

had apparently lost this ability to form inolusion bodies after one human

passage upon recultivation on the rabbit cornea and subsequent transfer to

the chorioallantoic membrane (OAM). The large inclusion bodies reappeared,

however, in their usual scope in the 4th OAN passage, suggesting the

pessibility of reversitle processes (Dosoh and Moriteoh 1936).

The localisation of inaclusion bodies and the esite of viral multi-
plication must be sought principally in the ectoderm, slthough the
infection may start in the entoderm and mesoderm, 80 thai one cannot
speak of a a%riot tropism of this virus, but rather of a preferetce for
one gorminal layer =« the ectodernm == so clearly demonstrated in the hen's
ogg and in other animal tests.

Local infeotion with ocowpox virus,

The most conspioucus aign of a cowpox infection is the hemorrhagic
nature of inflammatory infeotions in the tissus. This extraordinarily
effective vomponent leads to edema with hemsl congestion and hemorrhage
in the oonneotive tisse. It Lo demonstrable in the organism in #ll
infective tests, regardless of the tent animal and the site of infeation,
and {s desoribed unanimously by all authors. It differs from hemorrhages
assooiated with testioulur and nerve virue, sinoe 4t 1s found not only in
rabbits but also in the egg (Herrlich and Mayr 1954).

This assertion is qualified, however, by observitions made by van
Tongeren, wo susceeded in Lsolating socalled "ocowpox virus mutants"
from typloally hemorrhagio cowpox strains., When the egg membrane le
inooulated vwith an original strain of oowpox virus, incubation for 3 days
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will produce many "red" pox and a few "white'" pox. The isolatlon of this
whita mutant for purposss of pure culture succeeds after 5-8 egg hmembrane
passages, resulting in a pure strain of cowpox which produces only such
Nuhitall nav on the sse memhmane, This mutant of nownny vimie  ahtained
by selsction, is still capable of producing local infection with largs
inclusion bodies on the egg membrane, but with-:t hypersmia and hemor-
rhages; in monkeys, rabbits, guinea pigs and mice, on the other hand,
local and goneralized reactions to inoculation are very weak or entirely
absent (van Tongeren .952). Nevertheless, this variant nust not be
considered a new virus strain of the pox group, discovered in a mixed
infection with cowpox virus during transmission to the egg membrane, but

must be judged & genuine mutant of cowpox virus, since

1. it i» always possible to isolate such mutants from pure ocultures
ol cowpox strains,

2. the double-diffusion test developed by OGiepen (1955) failed to
show a difference in antigenic structure between original "red" and
sslected "white" strains of cowpox virus, and

3. dnoculation of calves with "white" mutants confers ilimuwunity
against genuine "red" cowpox (van Tongersn 1952).

Antigeric structure of cowpox virus and
seroimmunologioal studies.

Aside fTom the charuoteristics of a local infeotion with cowpox
virus, the latter may be differentiated positively from variola and
vacoinia virus by exant seroimmundlogioal tests. Initial studies were
oarried out by Downie (1938, 1939). In comparisons with vacoinia virus
he found first that agglutination tests with slomentary body suspensions
and complement fixation reactions (based on methods smployed by Oraigie
and Wishart in 1934 in connection with vacoinis virus) produced much
higher serum titexrs with homologous virus that with heterologous virus.
Following absorption of immune sera with homologous elementary bodies,
he was unable to demonstrato antibodies in agglutination tests, in OFR
and in neutraliwation tests either against the homologous or the
heterologous strain, On the other hand, absorption with heterologous
slementary bodieo removed only antibodies dirested aguinst this (heterol-
ogous) virus strain from the immune serum, indicating that the lutter
oould be induged to produce & spacific antigen-antibody reastion with
the original (homologous) virus strain, even though on a reduced level.
Downie, however, stressad already in 1939 that a precise determinution
of pure "L' and "8" antigens woulud bring further informution on the
degree of consanguinity between vowpox and vacolnia virus, Additiomnl
studies by Downio anl coworkers (1950) show that this method permits
differentiation of vacoinia and variola virus {rom cowpox virus, but
that the lattor ocould no longer be differentiated from eotromelisa virue.
Similarly, the double-diffusion test developed by Gispen for the




differentiation of pox group viruses permits only distinction between
variola-vaccinia viruer on one side and cowpox (including the "white"
mutant )-ectromelia vi.um an the athen  Di2frguilativn between cowpox
and ectromelia virue is not possible with serological methods and must
be made in animal tests,

Thic variable action of vaoccinia and cowpox virus in serological
reactions was confirmed or supplemented by personal neutralisation tests.
These differed from preceding studies to the extent that they represented
the first instance in whioh a vacoinia virus strain (Vienms) adapted to
the mouse hrain and an original cowpox virus strain were titrated in
crose=-tests by intracerabral infection of mice weighing 8-10 g with
rabbit immune sers, In these testa the intracersbral inreotion of the
mouse proved more seneltive than intracutanecus application to the rabbit
back, as already pointed out by Haagen (1934) in oonnwotion with his
attempts to adapt vaccinia virus to the mouse brain. In this manner g
more strongly neutralising effect of sowpox iimmune serum was obtained, in
comparison to vacoinia virus immune serum against the strain of vaceinia
virus (Dosch and Moritsch 1956).

All these reports were concerned with comparisons of cowpox virus
with other strains of ths pox group in serologiocal tests. An exsot
aralysis of the antigenic structure of vowpox virus has been attompted
heretofors only by Mayr, Herrlich and Mahnel (1955), They based their
studies on the hypothesis that the total antigenic complex of cowpox
virus oontains different individual antigenas:

l. Ve-antigens linked tq the viral elezentary unit,

2. &) 8-antigens, b) hemagglutinins separable from the viral
slenmtary unit, and

3. & host=specifioc normal component antigen (NK-antigen) whioh
;ﬂltl both in solid linkage with the virus and in separately demcnstrable
oM.

. Exact data on S-antigen exists today only with respect to vacoinis
virus,

This S-antigen iv always found at the site of viral propagstion,
although ite role in virel synthesis is not olear. It is non-infectious
‘o1 therafore oannot by itself immunise against the complete virus,

v 1% ough 4t leads to the formation of specifioc antibodies against 8-
antigen, This S-antigen may then be prepared in a spscific manner and
fixed in the presence of complemsnt., The literature dealing with vacoinia
virus makes a distinotion between a thermolabile "L"-componeni and a
thermostable "8"-component, both of which are in solution as "[3"-complex
and sre said to represet a portion of the surface of vacoinia virus.
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In the course of thelr extensive work these authors found that
purified, virus-specific S~antigen of cowpox virus was thermoatable and
that, contrary to preceding studies by other authors with vaccinia virus,
no thermolabile L-component could be found either in vaccinia virus or in
cowpox virus. They conoluded that the sccalled L-component is not a
constituent of "ig"-complex (coined in connection with vaccinia virus),
but represents a host~specific normal oomponent always present in large
amounts in unpurified S-antigen starting material.

Thus no principal difference in the structure and composition of the
antigoric complax seems to exist between cowpox and vaccinia virus,
pormitting comparisons -- in this sense -~ betwesen the two strains.
However, it maet be stressed again that there ars quantitative and, in
part, qualitative dissimilarities. The extent to which this is expressed
in the immunogenio property of a cowpox virus etrain has not beer extmined
sufficiently in ocomparative tests. Our own studies merely show that a
rabbit infected with vaoccinia virus oy be reinfected corneally with
cowpox virus, while a ribbit infected 1 1itlally with cowpox virus is
immune against a secondary infection wivh vaceinia virus (Dosch and
Noritech 1956). This indicates that infestlon with cowpox \irus may
confer 4 highar degres of immunity than infection with vacoinia virus.

Interfersnos with covipox virus,

8incs the interferentisl phencmena connected with viral infections
atiract special attention, we shall refor to the only two phencmena known
from oowpox infections. Dosch (19%5) ducceeded in establishing the
pheniomenon of a pecondary auto-interference in virological and histologloul
studies by infeoting hen's eggs with an original strain of ocowpox whioh was
well adapted to the egg. He infected the CAN twioe looally at intervals of
3 days and observed, both macroscopically and microscopically, a reciprocal
aotion in the sense of developmental inhibition in the looal infection.
The inhibiting effect of the first infeotion on the seoond wad olearly
indicated, while & simultanecus effect in the opposite direction could
not always be demonstrated. Noreover, the development of inolusion
bodles in the ticaus was nearly parallel to the maoroscopio findings.
Binoe thess tosts employed two infections with the same viral strain,
ghn cii;il:lgmuon of the phenonmenon ae a seoondary auto=interference seeus
ustified.

Personal studies revealed further that the phenomenon of foreign
interference with a aeurotropic virus may be produced in cowpox infections
of mioe, The interference observed in this case was foreign, since the
reciprocal influenoce of two different virus strains was involved.
Histologioal examination of mouse organs for the first time revealed
f&thologiul changes which had not Leen sesn heretofore upon separate

nfeoction with each of these two strains. These processes ars being
studied in tests now in progress.




Pathogenioity of cowpox virus,
1. Human infections,

Local infection of man with cowpox virus leads to formation of
vesicles and pustules on the skin in a fashion typical of poxvirus strains.
™nis local infection may be differentiated maoroscopically from vacoinia
virus infestions by its special hemorrbagic component. The epithelia)l
eslls of the skin reveal paranuclearly situated inolusion s, The
virus mAy be recultured from the pustular contents in the customary
MAMmar,

Whether the assumption repeatedly cited in the literature, that cowpox
virus produces & "milker's nodule” on human skin, is still vn{d today,
mist be confirmed positively by newer investigations. The last experi-
montal studies and observations by Berger (1955, 1956) indioate that no
virological or seroimmunologicdl correlations exist between ocowpox virue
and miller's nodule. Personal studies (not published) based on histological
examinations of loocal outaneous infsotions have shown an etiologlioal con-
nection bestween milker's nodule and cowpox virus to be improbable, since
the pathologloal resction involved does not resemble & cowpox infeotion
and no virus of the pox group has ever been isoclated. This reises the
question, whether the concept of "milker's nodule® should be generalined
and whether this might possidly represent a genuine oowpox virus infestion,
which might lead to constant oonfusion, or whether an infection eul generis
is involved (an wnproved assumption), whioh leaves the concept of "milker's
nodule* in & striotly separate category, ocertal not aynonymous with a
oowpox virus infection., It no longer seems feasible to speak of "milker's
nodule sensu strictiori" and o use the term milker's nodule (eiting Kaiser
1952) for four etiologloally and olinically different, but similar, morbid
processes, Rather, one should try to saparate the conoepts of "oo L

and "milker's noduic" onoe and for all on the basis of their differing
stiology, now that exact studies of cowpox virus have made it possible b0
differentiate the latber as a separate strain of animsl pox,

Similarly, oontagious guowln dermatitie of sheep, popularly known
a» ORF, as mentioned by Bleling (1954), & disease transmissible to cows
and human belings, should be compared to milker's nodule and should be
differentiated from & genuine cowpex virus infeotion,

As indicated by Jenner's studies, genuine cowpox infeutions of ocattle
and man have been known for soms time from their olinical aspects,
Detailed reports on human infeotions with isolation of the virus have onme
from England (Downie et al. 1938, 1951) and Holland (Verlinds 1951).

These infeotions are found in agriocultural workers who ocuntract cowpox
virus infeotions by contact, especially during milidng. However, not
every infeotion with a virue of the pox group transaitted from cow to man
should be ooneidered a cowpox virus infection, einoce & genuine "vacoinia
inoocoulata" may be encountered cocasionally, as shown by inveatigations
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by Otte and Mochmann (1955). For this reason, the diagnosis of "ocowpox
virus infection" should not be geared sclely to demonstration of the
infective routs cow-man, but ought to depend exclusively on a successful
differsntiation of the isvlated puthogen.

A frequent complication observed in infants ie the smear infeotion
of the eye, leuding to secordary vaccinia efflorescences, preferably on
the rim of the eyelid. Thie compliocation has been desoribed also in
conneotion with cowpox infections (Oruiokshank 1910, Meder 1919, Ftinget
1941). All of these cases involve infections with rather benign courses,
similar to the usual complications with vacciniu virus, A single case
deserves to be pointed out, since it involved a virulent laboratory ine
fection (Dosoh and Moritsoh 1956).

This infection was contrected during manipulations of enriched virus,
whioh squirted under pressure into the right eye of the patient who had
bpsn vaccinated last 20 years ago. Within 14 days, the entire conjunctiva
bulbi developed an uloerous process with chemosis and edema whioh ultimately
led to reversible clouding of the cornea, In addition, there were secondary
efflorescencen on the rim of the eyelid and the noss, both internally and
axtermally. The virus was recultured from the conjunctiva on the 12th and
l14th day after infeotion, and typloal inclusion bodies were demonstrated
in the epithelial celle of the conjunotiva. PFollowing a 30-day lh{ in
the hospital, the inflammatory edema had subsided enough to gll‘l\l& he
patient 's diacharge. COomplete restitution, marred by weak, irregular
dstigmatiem, set in after 10 months (Dosch and Moritash 1936, Pillas).

Another singular case involves isolation of a cowpox strain from the
ustular content of a ohild affected with socalled "eonema herpetiforse
osi" (Dosch and Noritsch 1956, Teppeiner 1954)., This proocess ocould

have baen designated aleo ad "ecsema vaacinatum," dut it sesms proper,
for didactio reasons, to usw bhis tera only for the compliocation develop-
ing in the wake of veccination with vaceinia virus, and to employ the
term coined by Kaposi (1893) for the broader olinical syndrome requiring
identi fication of the pathogen by virologioul means,

A partioularly severe and fatal complioation of a local infestion
with oowpox virus was reported from Holland (8chreuder, van Rijsasl and
Verlinde 1950, 1951).

A 15«year=old girl who had never been vacoinated developed encephalo-
myelitie 14 dayw after a looal infection of her hands uue to milking of
infeoted cows. Oowpox virus was lsolated from the cow's udder and from
the girl's hands, but not from her brain upon autopay. It is noteworthy
that histological examinition of the brain revealed the same pathologiocal
ohanges as those found in socslled pestvacoinal encephalitis of ma..

f
!
|
|




This finding shows, thersfors, that

1. the morbid symptoms of socalled human postvacoinal encephalitis may
be provoked by infactian with amather wiwiz o2 Lhe poa group,

2, Jenner's old method, requiring vacoination with genuine cowpox virus,
offers no guaraulees ageinot compliocations,

This case is of primery importance for all subscquent experimental
research into the causes of mocalled postvaccinal encephalitis, einoe it
involves a human caso apd indicstes that such tests are possible not only
with vaccinia virus, whioh ie not always readily demonstrable, but aleo
with cowpox virus, which tende to form hrtc inolusion bodies and L& more
{;;%1, adapted to different test animals (Moritech 19363 van Tongeren

2. Infeotions of the mouse.

The mouse lends iteelf readily to ths atudy of cowpox virus
infectiona, beoause

1. &t 1; possible to apply virus in different ways (L.0., L.v., 4p,,
8:04),

3, bthe mvuse 10 very sensitive and reacts differently to the various
routes of infeotion,

3. demonstration of virus in the mouse is relatively edsy both viro-
J.o'p.uny and histologically,

by oven large-soule experiments are not too expsnsive.

The firet infective tests date back to van Tongeren, who sucoeesded
rogulArly in killing miece through 4.0, and i.v, infeotion and in growing
the original cowpox strain from the material (van Tongeren 1952).

It was sahown later, in extensive tests of our own, that infeotion
with our own atrain of oowpux leads %o death even after .0, infeotion,
in contrast to the vaocinia virus strain "Vienna," adapted to the mouse
:rién. which 48 1008 lethal only upon i.0. application to mice weighing

- ‘.

The olinical course of a mouse infeoted i,c, with cowpox virus is
eouliar and resembles that deseribed by Rosenau and Andervont (1931)
n oonneotion with nioe infected with vacoinia virue, It differs von-

siderably from the appearancs of an infeotion with a pronounced
neurotropic virus strain, Paralyses are never seeln;, but attaoks of
oramps setting in shortly before death have been noted, accompanied by
rhinitis and severs conjunotivitis. The mice huddle cloasely together,
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their fur bristles and their pale tulls have bamboo-ilke contractures,
Mice infected with cowpox wir:s by different routes (i.p., s.c., i.v.)
show a sindlar picture, with the ilmportant diffarence that cramps ere }
never asen after i.c. infection. Cowoox virus shows mayimal eettlemant

in tue brain 3 days after {i.c, iifeotion, whilr all other routes induce

the highest viral contert in the liver and splesn., Thus, in contpast te

a nevrotropic virus stralin adapted to mice, it is impossible to show

spontaneous vira) multiplication in the brain after non-i.c. infection,

nor do passages produce such adaptation of the virus to the mouse brain,

a8 usually obtained frow freshly teolated neurotropic strains, Perhaps

ths main reason is to be found ir as yet unimown resctions taking place

upon invasion of a cell hy virus, at the Jite of virus propagation in the

brain, whish sy be linhed to ths type of cell in winlch viral multiplica-

tion oovurs. Thus, neurot-wpic viruses multiply in the ganglion cells of

the Cii3, leading to histological pictures of frank encephalitis with

neuronophagia, perivascular cellular intiltrates, meningitis and others,

while cowpox virus introduce* intracerebrally atiacks principally the

epithelial celis of the plexus chorioideus and the ependyma of the :
ventricles. Such s cerebral sectic.a, when stained in the customary manner ?
with hematoxylin-eosin, muy look quite innocent, unless the plexus
chorioideus is observed with Mann's stein, which visualizes inclusion
bodies particularly well and the pathological changes are revealed in
preparations stained by other agents. I¢ is quite understandable that
viral affection of these different brain cells may be triggored by
different faotors. Our own studies have shown that peripherally applied
(mot 1.0.) infection of the mouss with cowpox virus cennot induce viral
affection of brain cells sither with the aid of traumatic irritants

(1.c. injection of saterile solution) or by simultansous application of
different drugs (cortisone, trypan blae, cardiasol, theophylline). On the
other hand, 1.v. infeoctlion and daily treatment of the mouse with electric
shock (1 min. 70 volts AC) produced viral multiplication in the brain,
demonstrable both virologlocally and histologically (Moritsch, in print).
It must be stressed, hovever, that inclusion bodies were found only in

the purely mesenchymal part of the brain after these provocations, 1.s.,
in the meningea and in the stroma of the plexus chorioldeus, indicating

a differoncs between the infective mechanism of a direct i.c. .nfection
and one provoked by electric shock.

A pecullar and heretofore unmentioned phencmenon is the reciprocal :
interaction of & neurotropic virus etrain (gioup of the Russian sarly ;
sumuer encephalitis viruses) with our own cowpox virus after peripheral '
infection of the mouse. Since histological studies of mnuse organs had '
failed to disclose lesions typical of these two strains, a foreign
interlersnce minifestation esemed to ba involved, whosa mechanism ie as
yet unknown, since seriasl studies are still in progress.

10
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Histologlical examinations of mice infeoted variously with cowpox virus
ylelded inclusion todies in different organs. These formationi were fuund
regularly at the site of infection. a.g.. in the anithelisl (3llé ui tie
snin aiver intracutaneous infection, in the epithelial cells of the plexus
and the ventricular ependyma upon intracersbral application, in the
alveolar epithelium of the lungs after i.n. infection, atc., but appeared
also in various distant organs due to hemstngenic disseminetion, as in
the suprarenals, testes and elsewhere. On the other hand, the liver
reveals characteristic necrceis which may attain the sise of pinheads,
partioularly afver i.v, infectior. It is noteworthy, moreover, that no
inflammatory cellular dafensive reactions are seen and that the transition
of necrosis to healthy liver parenchyma is formed only by numerous cells
with inclusion bodies, cells that have not been destroyed as yet. Since
the multiple necroses are alwaye found in the mouss liver, even after
variable infective tachniques, they represant a valuable oclue to morbid

histological examiration of mice in the di{ferential disgnosis of cowpox
virus infections.

3., Infections of the rabbit.

The use of rabbits as experimental animals for the demonstration
of pox group viruseo is based on long experience. Its special advantage
arises primarily from the circumstance that these animals may be infected
sutaneously and that the local reaction on the skin permits a quantita-
tive determination of viral content as woll as neutralisation tests, In
sddition, infeotion of the scarified cornea (Paul) and the testes

(Olhawara) 1s an exoellent means for the isolation of a virus strain from
questionable matorial.

Herrlioh and Nayr (1954) have given very thorough detailr of the
courde of an intracutunsous infection with oowpox virus and the overall
symptoms developing from it, inoluding generalimation. These authors
initially found ounly very flat local infiitrations, whioh were av-
companiad after 48 hocurs by petechial hemorrhage. These sxtravasutions
inorease and cover the whole infection during the next 48 hours., Now
osntral fusion of tissue sets in, delimited proximlly by an anemio sone
of irpritation and peripherally by & deep hemorrhagic reglon which
gradually blends with the healthy tissue surrounding it. Severs edema
1a seen in the mboutis. This type of local hemorrhagic inflammtion
is typical of cowpox virue infeotions, in ocontrast to Lufections with
socalled testioular or neuro=vacoines whose hemorrhaglis sone on the
periphary is sharply delineated from the intact surroundings and whose
oentral neorosis lsaves a deep orater in the more strongly developed
infiltreto., Aside from looal formation of inoclusion bodiss, whose
unusual sise in itself ls pathognomonioc of cowpox virus infections, the
onward development of general symptoms is partioularly severe in this
dlsease. Sscondury offlorsscences appear on the depllated skin and on
the muconus membranes) the animle are highly febrile and most of them
sugaumb 10-14 Uays after infection: We never ssaw encephalitis after
intracutaneous infection, as occasionally diagnosed by Herrlich & Mayr,
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Based on this clearly expressed tendency to local hemorrhagic
inflammation, the expsrienced observer can diagnose a cowpox virue
infection intracutaneously. Generally speaking, this test will be used

principally for quantitative determination of viral content or for
neutralisation tasta. althmish it muet he nointed sut that ou b

have yialded more exact vuluos upen 1.c¢. infection of ;1;; EB;a;h"a;d
Moritsch 1956).

Comparative studies of infections of the scarified cormea with
cowpox or vacoinia virus lead Berger (1956) to the conclusion that the
vehemance of reaction is less stormy with cowpox virue than with vaceinia
virus, basing hi's assumption on the total diameter of the crater within
the local lesion. The abnormal development of the slze of inclusion
bodies in the epitheliil cells of the cornea, in comparison with vacoinia
infections, was pdinted out by Kaiser and Gherardini as early as 1940.

As in the oase of vaccinia virus, the intracerebral infection of
rabbite as a rule leads to encephalitis, although sncephalitic lesions
ere regularly seen in our tests following intraccular infection,
especially in the frontal lobe (Moritsch 1954). These vaccinia or cowpox-
induced viral encephalitides of the rabbit are distinctly marked in
histologlcal specimens and differ fundamentally from the appearance of
socalled postvaccinal encephalitis of man and from mice infected 1.0,
with oowpox virus. For this reason comparative morbid histologlcal
exaninations had failed to produce positive results regarding the
etiology of human postvaccinal encephalitis.

4. Infeotion of the fertile, incubated hen's egg.

The chick fetus is the most common sxperimental animal ueed in
laboratory diagnoses of viruses., Its diverse membranes with their
variable infective possibilities permit differentiation of all strains
of animal pox, as shown in compreshensive investigations by Herrlich and
Mayr (195ﬁ§° Since cowpox virus applied to the allantolc cavity asserts
iteelf very poorly, most tests will rely on direct inooulation of the
chorioallantoic membrane (CAM) and intravascular infection after Dosch
(1954, 1956), since these methods promise optimal results,

In evaluating theas infections of the hen's egg, a consistent
survey will involve

b) the nature of individual defects, and
o) the extent of secondary lesicns on the membrane and on the whole
fetun,

li the time at which lesi.ns appeared,
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Direct inoculation of CAM wiih cowpox leads to appearance of first
lesions at the site of infection after incubation for 20 hours, followsd

by the peak of the primary reprodustive phase on the 3rd day. Embryoe
may die after application of hish infartive deses for 4his puipose.
Otherwise 50% of the infected eggs mhow generalligation after 70 to 82
hours as & algn of W phase development, consisting of numerous secondary
pox foel on the membrans dnd the fetus proper, causing death of all
embryos. All of these infections were marked by rapid proliferative
procesges on the sotoderm and by relatively late cer*ral necrotdosis of
these degenerate and proliferavive ppithelial nells. The vessels, as a
rule, are infiltrated cellularly and consequently show marked thickening,
resulting in defeots of the vascular wall with consecutive, extensive
extravasations., This hemurrhagic naturs found on the egg membrane and in
secondary foci may lead to erosion of larger vessels with resultant
hemorrhages into the body oavities. The hemorrhagic nature of cowpox
virus on the egg membrane is important with respect to differential
diagnosis vis-a-vis tedtiocular and neuro-lapines (vaccinia virus!i), since
the latter can never cause a hemorrhagic reaction on the egg membrane.

Generalization of the virus 1s expressed initially by secordary
efflorescences on uninoculated parts of the CAM and, most pronounced,
by enlargement of the liver, whioch is permeaied by numerous neocroses.
Howsver, there are no prinoipal differences in the histological section
betweasn a direct infection and one caused indirectly Ly the hemal route.
It must be remembered, however, that the primary lesions may already show
regraasive changes at the time of fetal death dus to the time interval
involved, whioh is readily explained by their "head start" of about 48
hours., When the intravasoular technique of chick embryo infection is
used according to Dosoh (1954), phase 1 ooinoides with phase 2 and viral
goneralisation is demonstrated throughout the egg after inocubation for
2 days, The result is a looal eruption at the site of injection,
acocompanied by uniformly disseminated, flatly lenticular tissue in-
filtrates along ths blood vessels of the GAN, efflorescences of the yolk
membrane and ‘Aisseminated submiliary focl in the liver. The liver is
enormously enlarged and degmerated; the foecl themselves appear as
focally neorotising hepatosis with vascular ectasias.

This olinical condition may he survived by the fetus in phase 2 after
direot inooculation of the CAM. Depending on the length of additional
inoubation, the lesions will show qualitative differences in the davelop-
mental stage, but a phase 3 of generalisation has not been seen to date.
However, when eggs are infected intravascularly according to Doech (1954),
the infective course may be followed by one additional phase which would
ocoincide ohronologioally with phase 2 of direot OAN inoculation, and
which thie fetus would still survive, provided this mode of infection is
utilised. This "phase 3" is manifested in contuot infections of the
fetal skin and the digestive and respiratory tract by hematogenically
infected amniotic fluid. This partioularly subtle infection enables the
virologiet to observe the oourse of an sgg infected with a pox group
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virus for extended periods of time, permitting inference of additional
factors for the differentiation of individual virus straines,

The special criterion of cowpox infeotlon, the tendency to form
unusually large inclusion bodies, is demcnstrated with ease in the
sptodermal epithelial cells of the CiM. On the other hand, inooulation
of the allantoic cavity with cowpox virue is rerely successful, in
gcontrast to vaocinia virus, and produces only isolated cellular inclusions
(Herrlich and Mayr 1955).

We must point out again that isclation of socalled "white mutanta"
is possible on the OAM; their peculiar behavior has been investigated
extenaively by van Tongeren (1952).

Finally, the charucteristic and constant behavior ol pox group
viruses (including cowpox virus) in the fertile, incubated ohick embryo
offers poesibllities of exant diagnosis and differsntiul diagnosis among
this up. Details have besn summarised and recorded by Herrlich and
Neyr 8355)-

Definition of cowpox virus.

The consistent and characteristic behavior of acowpox virus in
different animal apecies permits pnsitive differentiation of this virus
from other strains of the pox group, particularly from ourrent vaceinia
virus. The essential and principal peculiarities of cowpox virus are its
tendenoy to form large inclusion bodies (especiully in the epithelial cells
of the ectoderm), the hemorrhagic nature of local inflammatory focl and the
resulting augmented pathogenicity for the affected individual, Serologi-
oally, cowpox virus may be differentiated from variola and vacoinia virus,
but not from ectromelia virus. A singular property is the formation of
fwhite mutants" which differ virologlcally, ut not serologically, from
the original strain., The hypothetical assumption that this scoalled
"white mutant" may represent the starting material of our current vaceinia
virus strauins (Downie 1952) cannot be affirmed today and must await the
results of exaoctsr studles, Ii line with current sclentific standards,
the virus described here in dutall must be designated "cowpox virus," and
this nomenclature must be considersd strictly separate and absolutely
binding.
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