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BIKEN JOURNAL 6,205-241 (1963)

Pathological Changes Induced by Herpes Simplex Virus
in the Chorioallantoic Membranes of Hatching Eggs

SHIRO Nil AND IUNTARO KAMAHORA

Delay!!, kill of Pathology, The Refe"rch 111, till, !e for
JMi'CFObia! DiJeaJer, Oreka Uni, erriO, , 0$"k"
(Receiued for pubticn!ion, Oc!ribe, 14, 1963)

Histopathological changes in the cllonoallanioic membranes or hatching cg s induced b th
variants or the Miyama SLraiiT of iterpes simplex \. 11 us, \\, hich had been differentiated b their c to-
pathic effects on FL cell monolayers, were studied. Virus + CG indticed the formation or s nc t'a
in chorioallaittoic mumbranes, just as in monolayer cellsi" airyo. The other two \, ariants, i. e. -CGr
and -CGI, dicl not cause formation or syncytia buL cytopaihic cltange in individual cells in the
membrane was observed. The in orphological changes in lite membranes inclticed b , the Iattcr
two variants coulcl not be distinguished Front eac11 o11ter. although the inducecl different I e I
cytopathic change in "!!,'o

Preceding papers described three SUI)strains of the Miyama strain of her es
simplex virus, which were distinguish able from each other by their c to athic efTcts
on FL monolayers and these variants were designated as +GC, -Cor and GCf
re^perchely (Nii, 1961^; Nil at at. , 1961b).

The +GC variant caused syncytium formation not only in FL cells but also
in many other established cell lines, e. g. L, HeLa, Hep-2 and PS cells (Nii at a!.,
unpublished) .

The phenomenon of giant cell formation has been recoonized ill ai/70 as well
as 211 aiuo during infection by many other viruses. Among these, measles virus is
well known to cause characteristic giant cell formation in airo, named Warthin-
Finkeldey giant cells, and this is an important pathological chan e in anim I
infected with measles. Similar giant cells have been also observed in monol
cell cultures an all?'0. (Taniguchi at a{., 1954; Enders at a/., 1954)

It is interesting to see whether the variants of herpes simplex virus different-
iated I^, their cytopathic effects in anyo cause different characteristic chan es in the
tissues of infected animals.

This report describes studies on the effects of three variants of the vir
chorioallantoic membranes, these membranes being composed of more coin Iex
cellular populations than monolayer cells in anyo.
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I . Pi, "$

Three substrains of the Miyama strain of ITerpes simplex virus were used (Nii, 1961a). \liral
fluids of FL cells infected \\, ith each vartantsamples for experiments were prepared from culture

They were used after centrifugation at 2,500 rpm for 15 minutes. Their viral liters were approxi-
mately 10' Tcl050 per inI

2. EU, ,

Twelve day old developing eggs were Lised

3. Experimental Ironedtile$

A series of eggs were inDCulated with 0.05 inI of viral materials by the chorioallan o11c route and

ATATERIALS AND A, TETHODS
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incubated at 35'0. At various Intervals after \, irus inoculation three to five eggs were removed for
examinations.

The paraffin seal over the hole in the shell was removed ancl Ihe shell \\, as broken away to the
level of the fallen charioallantois. At a certain clisiance beyond the level of the membrane the
shell was cut away willt scissors and Ihen a ring segment of the shell wiih the membrane was obtain-
ed. The membrane was pulled off from the shell and immersed in Hanks balailced salt solution
in a Petri dish. It was washed with two or three changes of this solution and after the last wash the
rest of the membrane outside the in DCulated area was cut away with scissors aild the part of the
membrane corresponding to the inoculatccl area was fixed in Bouin's fixative. Histological sec-
lioning and staining willt ITematoxyliit and eosin of 111c membrane were performed by routine
mentods

4. Coni, 0! membranes were obtained as/o110w$.

a) 0.05 inI or L-E solution (Earle's saline containing 0.5 per cent Lactalbumin hydrolysate)
was inoculated into two or three eggs and the extent or non-specific lesions or the chorioallantoic
membrane was observed histologically.

by Chorioallantoic membrane was merely separatecl from the shell membrane by production
of an artificial air space and was not in DCulated

After inctibaiion for the same periods as tile eggs illoculated with viral samples, 11Te above
membranes (a and by were harvested to make histological preparaiions

The chorioallantoic membrane in ITormal contact \\, ith the shell membrane belween the,)
12th clay ancl the 14th day or incubation, \\. as observec1 11istologically

I. Histo!ogica! appearance of control membranes
In the chorioallantoic membrane in normal contact with the shell membrane

between the 12th day and the 14th day of incubation, ectodermal and Gritodermal
layers appeared as single layers of flattened cells.

The membrane, which was separated from the shell membrane by an air
and was not inoculated, occasionally showed non-specific lesions, the sospace

called "traumatic ulcers" (Bevendge at a1. , 1946). The ectodermal layer was
SIi. 'htly thickened.

In membranes inoculated with L-E solution, thickening of the ectodermal
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layer was occasionally seen and oedema of the me sodermal layer was sometimes
observable. A slight cellular proliferation and accumulation could be detected
beneath the ectodermal layer (Fig. I) .

2. Pathological changes induced by + Go Dirt, r

The eggs inoculated with + GC virus were taken out from the incubator 16,
20,24 and 40 hours after virus inoculation. In the membranes obtained 16 hours

after Infection, giant cells containing intranuclear inclusion nodies were found at
the ectodermal layer. and the me sodermal layer. was moderately affected.

In preparations derived from meinbrances 20 and 24 hours after infection, the
specific change induced by +CG virus ill vitro was also seen in the ectodermal layer,
although it was not so easily detected as in vitro, and necrosis of proliferatino' epi-
the Iium and marked accumulation of innamnTatory cells in the me soderm were
observed. These pathological changes appeared to vary more or less in serverity
in different membranes and in different microscopic loci in a single membrane.
The membrane 40 hours after infection showed more extensive syncytial formation
as shown in Figs. 2 and 3 and many intranuclear inclusion bodies were readily seen
in the syncytia.

3. Palho!ogacnl chnnoes indriced by -007' virus

Eggs \\, ere taken out from the incubator 20,40 and 48 hours after inoculation
with -GCr virus. In no histological preparations could giant cells IJe detected
but cytopathic changes of individual cells were clearly seen (Fig. 4, Fig. 5). Other
inflammatory changes of the me sodermal layer were clearly observed, as shown
in the membranes inoculated with + CG virus.

4. Pathological changeJ indriced by -Gqf airw$

Infected membranes were obtained 28 and 52 hours after virus inoculation.

Histological examination revealed cytopathic changes of individual cells but giant
cells \\, ere not found (Fig. 6). However, the cytopathic changes in these merob-
ranes were the same as those induced by -CGr virus, although the cytopathic
changes in Dino caused IJy the two substrains differed.

CHORIOALLANTOIC A1EMBRA:\IES INFECTED \-VITH HERPES Slit. IPLEX 207

In virus infected animals, giant cells have sometimes been recognized as an
important pathological change while in monolayer cell cultures in un?'o cyto-
pathic changes are thought to be characteristic of the infecting virus.

The variants of herpes simplex virus were differentiated by some workers by
the cytopathic effects they caused in monolayer cultures and it was found that the
in orphological changes induced I)y them were controlled denetically (Nil at o1. ,
1962). However, the 1,1010gical significance of these variants in the infection of
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human beings has not been clarified, nor I\as it been shown whether they induce
the same effects in animal tissues as in Dino.

To study the above problems choTioallantoic membranes of hatching eggs
were used. Histologically, these were composed of three layers ; the ectodermal,
me sodermal and entodermal layers. The it is to logical structure of the membranes
as well as the biological interactions of these tissue cells is supposed to be rather
similar to those of animal tissues. Cytopathic effects of three variants of herpes
simplex virus on the membranes were tested and it was found that the + GC variant
induced syncytial formation in the membranes, while cytopathic changes in indi-
vidual cells occurred with the -Gol and -GCf variants. Therefore, it is supposed
that the giant cell forming variant has the property of inducing giant cells in her-
petic lesions in humail lieings although it may be difficult to prove this occurs in
human tissues.

The histological changes in the membranes induced by -GCr and -Gof could
not be distinguished, although the changes caused by each differed in monolayers
in Din. 0. The first reason for this is that the difference between the changes charac-
tenstic of the two variants, (I. e. cell rounding induced by -GCr virus, and cell ag-
glutination and fusiform development of cells induced by -GCf virus) is rather more
delicate than the distinct difference between the changes induced by + Go virus
(i. e. syncytial formation) and by either of the former two variants. The second
reason is the impossibility of exact and Iepeated observations of cytopathic changes
in the me rubrancs in paraffin sealed eggs. The thiid reason is the difference in the
interactions or connections of cells in the in ., it" ectodermal cells and the in vitro
cells. 11T the former cells neighbouring cells are combined in a more regular. and
stronger manner to maintain the organization of the living animal.

The phenomenoiT of the appearance of giant cells in lesions of herpes infected
The data described inhuman beings has already been reported (Scott, 1952).

this paper strongly suggest that this pathological change is induced by + virus
contained in viral populations carried by human beings although other pathogenic
changes such as amitotic nuclear division (Relssig at a1. , 1960; Nii at a1. , 1963)
must also be considered in actual cases. However, a lower ratio of + GC virus is
carried in man in viral populations, as shown IJy the fact that a large number o
freshly isolated virus particles reveal -CGr type cytopathic changes in allio (Scott
at a1. , 1959; Nil at at. , unpulJlished data).

NII AND KANIAHORA
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CHORIOALLA>:To IC \, IE\IBRr\:\;ES INFECTED \\, ITH HERPES STXJPLEx

Fig. I. In the contiol chorioallantoic incmbrane inoculated onI with L-E soluiio , I' I
thickening of the ectodermal layer and slight cell prolircraiion and accumulation are shown

Fig. 2. The membrane 40 I, ours after in DCulatioil willI + CG \, irus
Syncytial formation in the ectodermal layer and n, arkccl accumulation or innammaior

cclls in the mesodcrmal laycr Just beneath Ihc cciodcrin ale shown
Fig. 3. \lagiTified POTiion of Fig. 2

A syncytium containing numerous nLiclci willt intranuclea^ inclusion bodies is shown
Fig. 4. The membrane 40 ITUurs artei inoculation with -CGr \, irus

Cytopaihic chai, g"s or single cells in the ccioclermal laycr but 110 s 11c Iial formal'

Cellular prolircration in Ihc nTcsodcrmal layer jusi below tile cciudei'in is shown
Fig. 5. A. lagnificcl portion or Fig. 4

Single cclls showing cyiopathic rotinding arc seen in inc ectodermal layer and some
nuclei contain hornogcncous Intrai, uclcar illclusions.

Fig. 6. The membrane 281Tours after inoculation with -CGI virus
Gympathic changcs of single cells but no giant cells are seen

ExpLA.\ATTON OF FIGURES
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