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SUNITE STATES ARMY min•e T
OIWUCAL CORPS BIOLOGICAL LADORATORIES 477

Fort Detrl-ok, Yaryland

The virulence and pathogenicity of ocowpox virus.

by H. Moritech.

Translated from Zeit. Tropenmed. Parasit. 81 333-348 (1957) by the
Technill Library, Technical Information Division.

One hundred ,nd sixty years ago, on May 14, 1796, Edward Jenner
Sscarried out that hstorically well-known attempt to use pustular mate'iaal

from the hand of a girl who had contracted genuine oovwpi while &ilking
to inoculate an 8-year-old boy in order to protect him against a subsequent
infection with smallpox. Six weeks later the boy could no longer be In-
footed with vaniola, offering the first proof of the protective effect of
co',pox vaccination against later smallpox. The faot that a cowpox infection
could protect a person against smallpox had been known to the rural popula-
tion for some t'.e and probably influenced Jenner's decision and actions as
may be Sathi'ea from Kaiser's (1949) excellent presentation of the history
and development of smallpox vaccination. These reports as well as the
literature references listed in Zberbeckis (1939) Manual of Virus Diseases
demonstrate further that the concept of "cowpox infection" was known in
those days specifically as a separate sjrMptomstology in cows, including
it3 transmiusibility to man.

This clear concept of "cowpox" later became confused in proportion to
the efforts of various countrie• to imunize their population against
eallpox. In keeping with Jenner's ideas# original plans included
vaccination with genuine cowpox virus and the ultimate establishment of
separate institutes for thts purpose, which would maintain this vaccinal
virus at constart virulence and would use it to produce a workable v&ocine.
The literature vmployed 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 vaocinia virus
utilized. This led to the justified question whether the vaccinia virus
employed as imu4ogen was descended from genuine cowpox virus and had
merely suffered changes during constant cultivation at the immunologioal
institutes, or whether another @train of the pox virus group should be
considered the parent of this vaooinia virus. However, since all attempts
to confer the properties of vaocinia virus on genuine pox virus or
alastrin strains or on another strain of the animal pox group have failed
in various passage experiments, this question must remain unanswered for
the time being. The problem of a possible "primordial strain" of the

'I



entire pox virus group similarly rests ily on tssumptions. If the
problem of origin of tne individual pox group strahin is set aside, and
discussion is limited to factual demonstrations of differences between
the various strains of this proun. I•t. r_ ha rearla,.lela + *hi& +.&there 4 no%

longer an identity between cowpox virus and vaocinia virus. For this
reason the designation "cowpox virus" should b4, reserved for the pathogen
of original cowpox, snd the iamwiosenio strain.e should be known as
"ovaccinia virus." Demonstrated for the first time by Downie's stlidisee
this discovery was supported and developed in sabeequent years by
variegated investigations, until it has become possible to fix' the
differential diagnosis of a cowpox virus infeotLn without great diffi-
culty in a suitable laboratory. These viral pro•erties involve the
behavior of the virus in the "ell and in the tiauuse considered mrbhol-
ogically characteristic of cowpox virus due to It.s unusual pathogenicity.
Seroimtanologioal tests a&so permit clear diffouentiation of this virus.
Since our o.nm studies have uncovered iow aspects of the problematic
oompnl of virulence and pathogenicity of cowpox virus, it seems indicated
to present a oompilation of current intelligence,

For reasons of perspicuity, the present papetr will first discuss
. generally valid properties of the virus, i.e., formation of inclusion

bodies and the characteristic appearance of the loal infection, followed
by the antigenio struture of the virus in correlition with immunity and
serological techniques, including known in.erferetise phenomena, and wM
closeswith the peculiar pathogenicity of the viru,•'in man, eattle1 rabbit,
noune and hen's egg, C) -

Fozuation of inclusion bodies by dmvpox virus.

When a tissue section infected with cowpox ,,rue is stained with
hematoxqlin-eosin and observed under maedium power, initially recognisable
factors are a) the isie and location of inclusion bodies and b) the
hemorrhagic nature of the local infection. These 'Iwa characteristics are
particularly marked when a tissue section aralogouly infeobed. with
vaccinia virus is prepared for oOmparison. Vaccinia virus also tends '.c
form inclusion bodies in the cytoplasm of a proliferated oil. with
ballooning, vaoUolated or reticulated dgeoneration, with the difference
that-inclusion bodies are not always demonstrable under the lit mioro-
loope and invariably have a minute sies, so that the nucleus of the
affected ceall usually is still visible next to the inclusion body. The
exact structure of these vaocinia virus inclusion bodies are shown on
electron miorographs by Gaylord and Melniok (1953). It is evident that
thee inclusion bodies consist of numerous individual particles seemingly
held together by a matrix, Based on those stadies, the authors differ-
en"Late betwwen "imature" and "mature" virus particles. In contrast to
these inclusion bodies due to vacoinio infection, now well-knovwi even
with respect to their fine structurea the inclusion bodies of cowpox
virus infections are marked by their unusual size. They frequently
occupy the entire volume of the displaced cytoplasm and it seems as if
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the cell nucleus has been compressed into a crescent against the cell
wall. This singular size is so conspicuous that RUiser and Gherardini
(19L0). ed,,-,. -- ..... e sugje-, rererred to this phenomenon
in connection with a strain of the pox Sroup and called attention to the
dirisixiiarity in sie when oompared to vacoirie virus inclusion bodies.
They noted granulation in these inclusions and assumed that Ouarnieri
bodies consist of viral colonies held together by a binding substance.
The ability of cowpox virus to produce particlarly large inclusion
bodies seems to be subject to fluctuation, the cause of which might be
found in the changing relationship between vir•s and cell. Berger (1956)
believes that this property will be lost eventually when the strain Is
carried throug rabbit coneal passages in the laboratory. He assumes
that unusually large inclusion bodies my be expected only in those cells
where central cellular necrosis proceeds with particular slowness#
Allowing sufficient tine for outstanding developmnt in &sin. Thi.s would
be true most of all when the infectious material is transmitted directly
from the cow to the test animial. The reaction is said to be quite pro-
tracted in the first test animal pasage, while increasing adaptation to
the now host not only shortens the incubation time, but also causes the
inclusion bodies to become proportionally smaller. Our otm experience
shows# however# that a strain of cowpox virus continued in the laboratory
had apparently lost this ability to form inclusion bodies after one human
passage upon recultivation on the rabbit cornea and subsequent transfer to
the Ohcrioallantoio membrane (OM). The large inclusion bodies reappeared,
however# in their usual scope in the 4th OAX passage, suggesting the
possibility of reversible processes (Dosoh and Norit•eh 1956).

The localiuation of inclusion bodies and the site of viral multi-
plioation must be sought principally in the sotoderm, although the
infection my start in the entoderm and mesoderm, so that one cannot
speak of & strict tropism of this virusp but rather of a preference for
one germinal layer -- the ectoder. -- so olearly demonstrated in the hen's
egg and in other animal tests.

Local infection with cowpox viue.

The mo•t conspicuous sign of a cowpox infection is the hemorrhagic
nature of inflammatory infections in the tissu Mhes extraordinarily
effective amoponent leads to edema with heal2 gongestion and hemorrhage
in the connective tissue. Xt is demonstrable in the oranien in llI
infective testsl regardles, of the telit anial and the site of intfetion,
and is deoaribed unanimously by all authors. It differs from hemorrhages
associated with teeti•ular and nerve virus, since it is found not only in
rabbits but also in the egg (Herrlioh and Itayr 1954).

rhis assertion is qualified, however, by observO.ions made b0 van
Tongeren, WIc succeeded in isolating socalled "cowpox virum autants"
from typioa.ly hemorrhagic cowpox straine. When the egg membrane Is
inoculated ,vith an original strain of cowpox virus, incubation for 3 days
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will produce many "red" pox and a few "whitelt pox. The isolation of this

whitm mutant for purposes of pure culture succeeds after 5-8 egg membrane
passages, resulting in a pure strain of cowpox which produces only such

by selection, is still capable of producing local infection with large
inclusion bodies on the egg membrane, but withcu.t hyperemia and hemor-
rhages :in monkeys, rabbite, guinea pigs and mice, on the other handp
local and generalised reactions to inoculation are very weak or entirely
absent (van Tongeren 1.952). Nevertheless, this variant must 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 a genuine mutant of cowpox virue, since

1. it is always possible to isolate such mutants from pure cultures
o.1 cowpox strain.,

2. the double-diffusion test developed by tiepen (1955) failed to
show a difference in antigenis structure between origlnal "red" and
selected "white" strains of cowpox virus, and

i. inoculation of calves with "white" mutants uonfers izmuunity
against genuine "red" cowpox (van Tongeren 1952).

Antigerni structure of cowpox virus and
eeroimmurologieal studies.

Aside irom the charaoteristics of a local infection with cowpox
virue, the latter may be differentiated positively from variola and
vaccinia virus by exact eeroimmunologioal tests. Initial studies wire
oarried out by Downie (1938, 1939). In comparisons with vaocinia virus
he found first that agglutination tests with elomentary body suspensions
and complement fixation reactions (based on methods employed by Orailie
and Wishart in 1934 in connection with vacoinia virus) produced much
higher serum titers with homologous virus that with hoterologous virus.
following absorption of immune sera with homologous elementary bodies,
he was unable to demonstrate antibodies in agglutination tests, in OPR
and in neutralisation tests either against the homologous or the
heterologous strain. On the other hand, absorption with heterologous
elementary bodioc removed only antibodies directed against this (heterol-
ogoue) virus strain from the immune @erum, Indicating that the latter
could be induced to produce a specific antigen-antibody reaotion with
the original (homolognue) virus strain, even thouth on a reduced level.
Downie, however, streessm already in 1939 that a precise determination
of pure "Lit and "'" antigens would bring further information on the
degree of consanguinity between cowpox and vacoinia virus. Additional
studies by Downie an.I coworkers (1950) show that this method permits
differentiation of vaccinia and variola virus from oowpox virum, but
that the latter could no longer be differentiated from eotromelia virus.
Similarly, the double-diffusion test developed by Qispen for the
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differentiation of pox group viruses permits only distinction between
variola-vacoinia virus on one aide and cowpox (including the "white"
mutant)-eotromelia v•ila on t.he ether. c±tfn.laLu& be~wwa cowpox
and eotromelia viruas i not possible with serologIcal methods and must
be nade in animal tests.

Thic variable aotion of vaocinia and cowpox virus in serolo$i al
reotions ans oonfirmed or supplemented tt-personal noutralisation tests.
Theme differed from preceding studies to the extent that they represented
the first instance in which a vacoinia virus strain (Vienaua) Mapted to
the mouse hrain and an original cowpox virus strain were titrated in
crose-tests by intracerebral infection of mice weighing -10 g with
rabbit mmsne sera. In these test@ the intracerebral infection of the
mouse proved more sensitive than intraoutaneous application to the rabbit
back, as already pointed out by Haagen (1931) in conneotion with his
attempts to adapt vacoinia virus to the mouse brain. In this manner a
more strongly neutralising effect of cowpox ihsune serum as obtained# in
comparieon to vaccinia virus imamine serum against the strain of vacOinia
virus (Dosoh and Moritach 1956).

All these reports were concerned with comparisons of cowpox virus
with other strains of the pox group in serological tests. An exact
analysis of the antigania structure of uowpox virus has been attompted
heretofore only by Mayrp Herrlich and lishnel (1955). They based their
studies on the hypothesis that the total antigenic complex of cowpox
vims contains different individual antilenso

1. V-antigens linked tq the viral elemntary unitp

2. a) 5-antigenss b) homagglutinins separable from the viral
almosta7 unit# and

3. a host-spocific normal component antigen (Nx-antigen) which
exists both in solid linkage with the virus and in separately demonstrable
form.

oact data on 3-anti•en exists today only with respect to vaaoinia
virus,

This -antiga is always fbund at the site of viral propagation,
although its role in viral synthesis is not clear. Zt is non-ieatious
v•i therefore cannot by itself imomise against the complete virus,

h. 1, Ough it leads to the formation of specific antibodies against 8-
antigen. This 53-ntigen may then be prepared in a specifio manner and
fixed in the presence of conplemnt, The literature dealing with vacoinia
virus make@ a distinction between a thermolabile nLW-component and a
thermostable "I-componet, both of which are in solution as "I."-oomplox
and are said to represent a portion of the surface of vaccinia virus.
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In the course of their extensive work these authors found Utat

purified, virus-specific 3-antigen of cowpox virus was thermontable and

that, contrary to preceding studies by other authors with vacoinia virus,
no thermolabile L-component could be found either in vaccinia virus or in
cowpox virus. They concluded that the socalled L-comzonent is not a
conuit.iuent. oi "i.."-oomplex (coined in connection with vacoinia virus),

but represents a host-specific normal component always present in large
"aounts in unAPUified S-antigen starting material.

Thus no prineipal difference in the struoture and composition of the
"antigenic complex seems to exist between cowpoxand vaccinla virusp
permitting oomparisons -- in this sense -- between the two strains.
However$ it must be Itressed again that there are quantitative and, in
parts qualitative dtAimilarities. The extent to which this is expressed
in the immunoenio property of a cowpox virus strain has not beeh exLained
sufficiently in comparative tests. Our own studies merely show that a
rabbit infected with vacoinia virus my be reinfeotsd corneally with
cowpox virus, while a r',bbit infected I *itially with cowpox virus is
imune against a seeoneary infection wi,,h vaocinia virus (Dosch and
Noritech 1956). This indicates that infection with cowpox %irus may
confer a higher degrap of immunity than infection with vacoinia virus.

Interference wi W co e ox virus.

SinOe the Interfresntial phenomena tonnected with viral Infection@
attract special attention, we shall reotr to the only two phenomena known
from cowpox infections. Dosch (195) dueeeeded in establishing the
phenomenon of a secondary auto-interferdoos in virological and hietological
studies by infecting hen's eggs with an original strain of cowpox which was
well adapted to the egg. He infected the CAN twice locally at intervals of
3 days and observed, both macroscopically and microsoopicallyp, a reoiprocal
action in the sense of developmantal Inhibition in the local infection.
The inhibiting effeot of the first infection on the secon4 was clearly
indicated, while a simultaneous effect in the opposite direction could
not always be demonstrated. Xoreover, the development of inclusion
bodies in the tissue was nearly parallel to the macroscopic findings.
Since these tests employed two infections with the same viral strain,
the designation of the phenomenon as a secondAry auto-interference seems
justified.

Personal studise revealed further that the phenomenon of foreign
interference with a neurotropic virus may be produced in cowpox infections
of nice. The interference observed in this case was foreign, since the
reciprocal influence of two different virus strains was involved.
Histological examination of mouse organs for the first time revealed
athological changes which had not keen seen heretofore upon separate
nfection with each of these two strains. These processes are being

studied in tests now in progress.
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Pathogenicity of oOVpox virus,

1. Human infections.

Local infection of man with cowpox virus leads to forution of
vesicles and pustulee on the skin In a fashion typical of poxvirue strains.
This local infection may be differentiated macroscopically from vacoina
virus infections by its special heoorrhaic component. The eithelIal
cells of the sen reveal pa•anuolsarly situated inclusion bodies, The
virus may be aulet•ued foln the puuluar oontents in the customary

* manner.

Whether the aesmtption repeatedly cited in the literature that cowpox
virus produces a "milker's nodule" on human skin, is still YaLd today,

emit be confirned positively by newer investigations. The last experi-
mental studies and observations by Berger (195% 1956) indicate that no
vir•oolgia3 or eaeoimwalogooal correlations exist between cowpox virus

And milker's nodule. Personal studies (not published) based on histological
examinations of local cutaneous infections have shown an etiological oon-
neotion between milker's nodule and cowpox virus to be improbable, since
the pathological reaction involved does not reeiuble a cowpox infootion
and no virus of the pox group his ever been isolated. This raises the
question, whether the concept of "Nilker's noduleN should be Seneralised
and whether this mi-ht possitbly represent a genmine cowpox virue infection#
which might lead to constant confusion, or whether a infection eui generis
is involved (&n unproved assumption), which leaves the concept of "milker's
nodule" in a strietly separate oategory, certainly not synonrmous with a
oowpox vinAs Infection. It no longer seems feasible to speak of "milker's
nodule seniu striation4" and to use the tern milker's nodule (citing aiser
1952) for four etiologically and olinioally different, but similar, wrbid
processes, Rather one should try to separate the concepts of cowpox"
and "milker's nodule" oaoe and for all on the basis of heir differing
etioloa, now that eact studies of cowpox virus have made it possible to
differentiate the latter a. a separate strain of animl3 pox,

dimilarly, contagious puetular dermatitis of sheep, popularly known
as OR?, as mentioned by $ieins (1954)o a diease transMsible to oowo
and human beiigs, should be oonpared to milker's nodule and should be
differentiated from a 4ensine cowpox virus infection.

As indicated by Jenner's studies, enSine oowpox Infeutions of cattle
and man have been known for som time taom their clinical aspects,
Detailed reports on humn infections with isolation of the virus have come
from ngland (Downie et &1. 1930, 19U1) and Holland (Verlinde 1951),
These infections are found in agricultural workers who contract cowpox
virus infections by contacts especially duri•ng ilkin, However, not
every infection with a virus of the pox uroup transmitted from cow to mn
should be considered a cowpox virus infection, since a genuine Nvaceinia
inocoulata" my be encountered occasionally, as shown by investigations
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by Otte ,ind oochmann (1955). F'or this reason, the diagnoais of "Oowpox
virus in!oction" should not be Seared solely to demonstration of the
infective route cow-men, but ought to depend exclusively on a suocessful
differentiation of the isolated pathogen.

A frequent complication observed in infants ii the snear infection
of the eyse, leadUng to secordary vaccinia, effloresoenoeuj preferably on
the rim of the eyelid. This omuplioation has been described also in
connection with cowpox infoetions (Cru.ickshank 1910, Neder 1919, Pfinuget
1941). All of theme oases irnvlve infections with rather benign courses0
similar to the usual complioations with vacocinA virus. A single case
deserves to be pointed out, since it involved a virulent laboratolr in..
fection (Dosch and Moritech 1956).

This infection was contracted during manipulations of enriched virus,
which squirted under pressure into the right eye of the patient who had
bqpn vaocinated last 20 yeare ap. Within 14 days, the entire conjunctiva
bilbi developed an ulcerous process with ehemosis and edem which ultimately
led to reversible olouding of the cornea. In addition, there were secondary
effloresoences on the rim of the eyeUld and the nose, both internally and
externally. The virus was reoultured from the cenjunctiva on the 12th and
14th day after infection, and typical inclusion bodies were dmonstrated
in the epithelial cello of the oonj•nctiva. Following a 30-day sta? in
the hospital, the inflam tory edem had subsided enough to permit the
patient's discharge. Oomplete restitutionj marred by weak, irregular
astIgmatOIsM got in after 10 months (Donch and Moritaoh 1956, Pillat).

Another singular case involves Isolation of a cowpox strain from the
pustula'r oontent of a child affected with Iecalled .eeaem herpetiforme

oesi (Dosch and Noritmeh 1956, Tappeiner 1954), This process could
have been designated also &.% "oeeem va&ctnatupI" butI it seeos proper,
for didactic reaeone, to use this term only for the complication develop-
ing in the wake of vecoination with vaocinia virus, and to employ the
term coined by I•apo•i (11") for the broader clinical syndrome requiring
identific~t~in of the pathogen by virological means,

A particularly severe and fatal complioation of a local Infection
with cowpox virus was reported from Holland (8ohreuder, van Rilosel and
Verlinde M950, 1951).

A 15-ye~r-old girl who had never been vaccinated developed enoephalo- V
"myelitie 14 day. after & local infeotion of her hands Uue to milking of
infected cows5 Oowpos virus was isolated from the cow's udder and from
the girl's handsJ but not from her brain upon autopsy. It is noteworthy
that histological exmirAtion of the brain revealed the same pathological
changes as those found in socalled postvaocinal encephalitis of m,,.
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This finding uhowe, therefore, that.

1. the morbid symptoms of sooalled human postvaooinal enoephalitis myabe Drovoked by infatin4i wi4ck as%#%.. e .r.. -i p"-

2. Jenner's old method, requiring vaosination Ath genuine oowpoz virsua,
offers no uarantsie ogino*t onplioations.

This case is of primary Importance for all subsequent experisntal
research WnO the ocusee of a10a9lod poetv&*ooCiVal enepaLitis Ain*e it
involves a human sase apd indLtee that euch tests are possible not. only
with vaocinia virus$, whioh is not always readily dimonetrab3•e but •aeo
with eaopoz virus, which tends tW tom large in• •seion bodies and to o•re
readily adapted to different test animals (Montooh 19561 mn Taoreren
.1952).

2. Infeations of the mouse.

The mouse lends itself readily to the study of cowpox virus
infeotions, beoause

1, it to possible to apply virus in different ways (Le.a. Lov.e ,,po,

, the aokise is vs oensitive and reacts differently to the various
routes of inatoofons

3, demonstration of virus in the muse is relatively easy both viro-
1o%*0sa1Y and histologically,

4, even large-mails experiments are not too expensive,

The first idenative tests date back to van Tongerenj who succeeded
rogularly in killng mies through iLE. and L.v. infection and in growing
the ori, nal cowpox sWrain nom the m• terial (van Tonperon 1950).

It was ibown later, in extensive tests of our ownp that 0nfstIDon
with our own stain ot' oowpx leads to death even after e.c. Infeation#
in contrast to the vasoinia virus stramn ienna," adapted to the mouse
brain$ which is 100% lethal only upon i.s. application to mis weighing

The clinical sourse of a mouse infested I.e. with cowpox virus issoultar andt resembles t~hat doescribed 4 Rosen•u and Ander~vont (1931)•
n connection with mioo infected with aooinia viru. It dif'foers on-

siderably from the appearano of an infection with a pronounced
nqurotropic virus strain, Paralyses are never seot, but atta•ks of
oramoo setting in shortly before death hive been noted, acoompanied by
Fn tse and severe oonjuwotivitim. The mlie huddle cloesly together,

9
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their fur bristles and their pale ti.ls have bamboo-like contracturese.
Mice infected with cowpox vi'nrs by different, routes (i.p., s.c.t i.v.)
show a iinuilar picture, with the important diffarence that cramps rre
never sevn after i.e. infection. Cowoox virUA *hn1 w m.l_ e-++iint
in tte brain 3 days after i.c. i-feotion, whil- all other routes induce
the highest viral contort in the liver and spleen. Thus, in contrast to
a nevrotr.pic virus atrain adaptod to miue, it. in infoasible to show
spontaneous vira) multiplication in the brain after non-i.c. infectiou,
nor do passages produce such a4aptation of thb virus to the mouse brain,
an usuallv obtained fro- freshly ieolated neurotropic strains, Perhaps
the main reason is to be found in as yet unknown reoctions taking place
upon invasion of a call by virus, at the 4it. of virus propagation in the
brain, whiih may be linked to the type of cell in which viral multiplica-
tion ooqu•s. Thus, neurot-vpic viruses multiply in the ganglion cells of

the CiN, leading to hiatological picturse of frank encephalitis with
neuronophagia, perivascular cellulais infiltrates, meningitis and others,
while cowpox virus introduce' irtracerebrally att.acks principally the
epithelial. cells of the plexus chorioideus and the ependyma of the
ventricles. Such a cerebral sectic., when stainei in ths4 customary manner
with hematoxylin-eoain, may look quite innocent, unless the plexus
ohorioideus is observed with Mann's stein, which visualizes inclusion
bodies particularly well and the. pathological changes are revealed in
preparations stained by other agents. It is quita understandable that
viral affection of these different brain cells may be triggered by
different factors. Our own studies have shown that peripherally applied
(not i.e.) infection of the mouse with cowpox virus cannot induce viral
affection of brain celli either with the aid of traumatic irritants
(i.e. injection of sterile solution) or by simultAneous application of
different drugs (cortisone, trypan blae, cardiasol, theophylline). On the
other hand, i.v. infection and daily treatment of the mouse with electric
shock (I min. 70 volts AC) produced viral multiplication in the brain,
demonstrable both virologioally and histologically (Horitech, in print).
It must be stressed, however, that inclusion bodies were found only in
the purely mesenchymal part of the brain after these provocations, i.e.,
in the meninges and in the stroma of the plexus chorioideus, indicating
a differnnce between the infective mechanism of a direct i.e. infection
and one provoked by electric shock.

A peculiar and heretofore unmentioned phenomenon is the reciprocal
interaction if a neurotropic virus rtrain (gS'oup of the Russian early
sumuer encephalitis viruses) with our own cowpox virus after peripheral
infectioni of the mouse. Since histological studies of mouse organs had
failed to disclose lesions typical of these two strains, a foreign
interference manifestation seemed to be involved, whosq mechanism is as
yet .xknown, since aerial studies are still in progress.
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Histological exAmrnations uf mice infected variously rAth cowpox virus
yielded inclusion Ladies in differeut organs. These formationL were 'uund
regularly at the bite of infectiotn. ha li t.hz . ý .he

LA. aer intraoutaneous infection, in the epithelial cells of the plexus
and the ventricular ependyma upon intraoerebral application, in the
alveolar epithelium of the lungs after i.n. infection, etc., but appearedalso in vrious distant organs due to heomtogenic diusemination, as in

the suprarenals, testes and elsewhere. On the other hand, the liver
reveals characteristic necrosis whih may attain the sine of pinheads$
partiouArly after I.v. infection. It is noteworthyp moreover, that no
inflaamtory cellular defensive reactions are seen and that the transition
of necrosis to healthy liver parenohyma is formed only by numerous cells
with inclusion bodies, cells that have not been destroyed as yet. Since
the multiple necroses are always found ini the mousr liver @even after
variable infective techniques, they represent a valuable clue to morbid
histological examLnation of mice in the differential diagnosis of ooWox
virus Infections.

3. Infections of the rabbit.

The use of rabbits as experimental animals for the demonstration
of pox group virusee is based on long experience. Its special advantage
arises primarily from the circumstance that these aiimals may be infected
cutaneously and that the local reaction on the akin permits a quantita-
tive determination of viral content as weii as neutralluation tests, In
addition, infection of the scarified cornea (Paul) and the testes
(06bhawara) is an excellent means for tho isolation of a virus @train from
questionable material.

Herrlieh and Nkyr (1954) have given very thorough detailR of the
course of an intraoutaneous infection with cowpox virus and the overall
symptoms developing from it, including geraSralLsation. Those authors
initially found only very flat local infiltrations, which were ac-
companied after 48 hours by peteehial hemorrhage, These extravaeations
increase and cover the whole infection during the next 48 hours. Now
central fusion of tissue set* in, delimited proximally by an anemic sone
of rirritation and peripherally by a deep hemorrhagic region which
gradually blends with the healthy tissue surrourring it. Severe edema
is seen in the maboutie. This type of local hemorrhagic inflamation
is typical of cowpox virus infections, in contrast to iif:eotions with
socalled testicular or nouro-vaccines whose hemorrhagic sane on the
periphery is sharply delineated from the intact surroundinq@ and whose
central necrosis leaves a deep crater in the more strongly developed
infiltrate. Aside from local formation of inclusion bodies, whose
unusual size in itself is pathognomonic of cowpox virus infections, the
onward development of general symptoms is particularly severe in this
disease. Secondary offlorsecenoes appear on the depilated skin and on
the mucous mmbranels the. aniumls are highly febrile and most of them
suacumb 10-14 Aya after infection. We never saw encephalitis after
intracutaneous infection, am occasionally diagnosed by Herrlioh & )ayr.
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Based on this clearly expressed tendency to local he, orrhagic

inflammation, the experienced observer can diagnose a cowpox virus
infection intracutaneously. Generally speaking, this test will be used
principally for quantitative determination of viral content or for
neutralization to.Afitsa; AIi,.hn 4+.- n -be--,,,i-- .. . ... Vz;,;

have yielded more exact values upon i.e. infection of mice (Dosch and
Moriteah 1956).

Comparative studies of infections of the scarified cornea with
cowpox or vacoinia virus lead Berger (1956) to the conclusion that the
vehemence of reaction is leos stormy with cowpox virus than with vaccinia
virus, basing hf e assumption on the total diameter of the crater within
the local lesion. The abnormal development of the size of inclusion
bodies in the epithelial cells of the cornea, in comparison with vaoainia
infections, was Ointed out by Kaiser and Oherardini as early as 1940.

As in the case of vacoinia virus, the intracerebral infection of
rabbit. as a rule leads to encephalitis, although enoephalitic lesions
are regularly aeon in our tests following intraocular infection,
especially in the frontal lobe (Moritech 1954). These vacoinia or cowpox-
induced viral enoephalitides of the rabbit are distinctly marked in
histological specimens and differ fundamentally from the appearance of
socalled poatvacoinal encephalitis of man and from mice infected i.e.
with cowpox virus. For this reason comparative morbid histological
examinations had failed to produce positive results regarding the
etioloey of human postvaoainal encephalitis.

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

The chick fetus is the most common experimental animal used in
laboratory diagnoses of viruses. Its diverse membranes with their
variable infective possibilities permit differentiation of all strains
of animal x, as shown in comprehensive investigations by Herrl3.h and
Mayr (195.. Since cowpox virus applied to the allantoic cavity asserts
itself very poorly, most teats will rely on direct inoculation of the
chorioallantoic membr ns (CAM) and intravasoular infection after Dosch
(1954m, 1956), since these methods promise optimal results.

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

t the time at vbioh lesitina appeared,
the nature of individual defects, and
the extent of secondary lesions on the membrane and on the whole

fetus.
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Direct inoculation of CAM with cowpox leads to appearance of first
lesions at the site of infection after incubation for 20 hours, followed
by the peak of the primary reproductive phase on the 3rd day. Embryos
may die after application of high Infae-t.4 v. .e.. fc- ui-pv.. .
Otherwise 50% of the infocted eggs show genara.31ation after 70 to 82
hours as a sign of biphase development, consisting of numerous secondary
pox foci on the membrane and the fetus proper, causing death of all
embryos. All of these infections were marked by rapid proliferative
processes on the sotoderm and by relatively late aerrral nocrobiosis of
theme degenerate and proliferative ppibheolia cells. The vesseolo as a
rule# are infiltrated cellularly and consequently show marked thickening,
resulting in defects of the vascular wall with consecutive, extensive
extravasations. This howrrbagio nature found on the egg membrane and in
secondary foci may lead to erosion of larger vessels with resultant
hemorrhages into the body cavities. The hemorrhagic nature of cowpox
vir•s on the ogg membrane is Important with respect to differential
diaposie vis-a-vie tenticular and nouro-lapines (vaccinia virus 0) sine*
the latter can never cause a hemorrhagic reaction on the egg membrane.

oeneralisation of the virus is expressed initially by secondary
efflorescences on uninoculated parts of the CAM and, most pronounced,
by enlargement of the liter, which is permeated by numerous necroses.
Howevers there are no principal differences in the histological section
between a direct infection and one caused incirectly by the hemal route.
It must be remembered, however, that the primary lesions may already show
regressive changes at the time of fetal death due to the time interval
involved, which is readily explained by their "head start" of about 48
hours. When the intravascular technique of chick embryo infection is
used according to Dosoh (1954), phase 1 coincides with phase 2 and viral
generalisation is demonstrated throughout the egg after incubation for
2 days. The result is a local eouption at the site of injection,
accompanied by uniformly disseminated) flatly lontioular tissue in-
filtrates along the blood vessels of the 0AX, effloresceocoe of the yolk
membrane and di"sseminated submiliary foci in the liver. The liver is
enormously enlarSed and degeneratedl the foci themselves appear as
focally noorctising hepatosis with vascular ectasias.

This clinical condition may be survived by the fetus in phase 2 after
direot inoculation of the CAM. Depending on the length of additional
incubation, the lesions will show qualitative differences in the develop-
mental stage, but a phase 3 of generalization has not boon soon to date.
Howover, when eggs are infected intravascularly according to Doech (1954),
the infective course may be followed by one additional phase which would
coincide chronologically with phase 2 of direct CAM inoculation, and
which this fetus would still survive, provided this mode of infection is
utilized. This "phase 31" is manifested in contact infections of the
fetal skin and the digestive and respiratory tract by hematogenically
infected amiotic fluid. This particularly subtle infection enables the
virologist to observe the courts of an a6g 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 strains. i

The special criterion of cowpox infection, the tendency to fom
unusually large inclusion bodiej, is demonstrated with ease in the
eptodermal epithelial cells of the OAM. On the other hand, inoculation
of the allantoia cavity ýith cowpox virus is rarely suocessful, in
contrast to vaccinia virus, and produces only isolated cellular inclusions
(Herrliah and Xayr 1955).

We must point out again that isolation of ooealled "white mutants"
is possible on the OAMI their peculiar behavior has been investigated
extensively by van Tongeran (1952).

Finally, the oharucteristic and constant behavior of pox group
viruses (including cowpox virus) in the fertile, incubated ohick embryo
offers possibilities of exant diagnosis and differential diagnoeia among
this up. Details have been summarised and recorded bV Herrlich andMargM955).

Definition of oowpox virus.

The consistent and characteristic behavior of cowpox virus in
different animal species permits positive differentiation of this virus
from other strains of the pox group, particularly from =u-rent vacainia
virus. The essential and principal peculiarities of cowpox virus are its
tendency to form large inclusion bodies (especially in the epithelial cells
of the ectoders , the hemorrhagic nature of local inflammatory fool and the
resulting augmented pathogenicity for the affected individual. Serologi-
sally, cowpox virus may be differentiated from variola and vaccinia virus,
but not from ectromelia virus. A singular property is the formation of
"white mutants" which differ virologoallyo, but not serologically) from
the original strain. The hypothetical assumption that this socalled
"white mutant" may represent the starting material of our current vaooinia
virus strains (Downie 1952) cannot be affirmed today and must await the
results of exacter studies. I.a line with current scientific standards,

the virus described here in dit4il msat be designated "cowpox virus," and
this nomenclature imest be considered strictly separate and 4beolutely
binding.
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