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APPENDIX (.

THE HISTOLOGY OF VACCINIA ; by 8. MONCKTON COPEMA X
M.A., M.D., ¥.R.C.P., and GusTay Manx, M.D.. B.Sc.

PArT L.—INTRODUCTION ; Ly DR. COPEMAN.

It is a somewhat remarkable fact that althongh, for a century
past, practically every medical man has had more or less opportu-
nity of becoming acquainted with the clinieal appearances result-
ing on the inoculation of the human subject with cow-pox, or
vaccinia, comparatively litile attention has been paid to the
minute anatomy of the various stages of the eruption typical of
this affection. I have lone been desirous that this omission shonld
b repaired, being convineced that an acceurate knowledze of the
histological changes involved could hardly fail to throw somn
further light on the pathology of vaecinia, concerning which, even
at the present time, so mueh divergence of opinion exists. But the
time at my Jdisposal has proved insufficient to enable me to CAITY
through the mecessary investigations unassisted. Several Vears
ago | suggested to Mr, Stanley Kent that he should nndeartake,
with me, a detailed investigation of the histology of the vaccine
vegicle, and for this purpose I provided him .with a eomplete
series of the necessary specimens of skin from a previously
vaccinated ealf. But, for varions reasons, he has been unable to
proceed further with the research than snfficed to enable himy to
read at the Bristol meeting (1894) of the British Medical Associa-
tion a short ]J]'t']i]r]i.ll;l]'_‘.' paper on the subject, an abstract of which
WHR :-Lllhm'qlil.‘]l1]_"-' 1-u|:ri|:-kiu-|;| in the Journal of the Association,®
Under thege circumstances 1 asked Dr. Mann, who I found was
algo interested in the subjeet, to undertake the histological
examination of material which I collected for the purpose. The
scope of the work and the manner of camrving it out, together
with the probable interpretation of the resalts obtained, have been
matters of frequent discussion Dbefween us. But the actual
histological work (the account of which forme the chief bulk of
the paper, and nearly all that is interesting in it) was performed
hy Dr. Mann alone.

We desired to embrace, in om investigation, microscopic examina-
tion of the skin throughout the s gquence of events following on
vaccinalion, from the time of implantation of the virns beneath
the surface of the epidermis up to that at which the vesicle attains
maturity and onwards through the phase of desiccation of the
pusinle and the subsequeni healing of the skin beneath the
“orngt.”

This being so, it was obivionsly impossible o obtain the TBCeEsary
material from the human subject, althongh Dr. Cory, by vaccinat-
ing, as oceasion served, the supernumerary digits of such children
a8 came under his observation with this abnormality and sub-
gequently removing the vaccinated digit, had been enabled, some
years ago, to mnvestigate to some extent the changes ocenrring as
the result of vaceination in human skin.

* British Medieal .I':III'!'!:||_ Yol. IT., 1894, page 633
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of gkin at the precise periods required, the material, on which the
results of the present research ape based, was obtained from the
calf, small pieces of skin being excizsed from g previonsly vaceinated
area at such subsequent intervals of time as bad been determined
on. For this purpose deep anmsthesia was found to be unne-
cessary, the operation being of momeniary doration only. In
order to avoid, as far as might be, fallacy arising from the
slightly differing rate at which the process of vaccination reaches
its height in different calves and under varying cirenmstances, the
influence of which are af present but imperfectly nnderstood,
several sets of specimens were procured,

In all instances the vaceination was carried out by means of
linear incisions on the abdomen after the nanner now ordinarily
adopted at the Government Animal Vaecination Hstablishment,
Each piece of skin, excised so as to include little else than the
ligane 'Hn:rh'lli.;:h-l;. bordering on the line of inecision, Wi, O
removal, at -once divided transversely into two portions, one of
which was placed in absolute alcohol, the other in a watery
solution of picric acid and corrosive sublimate. These smaj)
specimens of skin were then wrapped in absorbent cotton wool,
placed each separately in a tiny wide-mouthed stoppered bottle,
carefully packed, and despatched to Dr. Mann. at the Physiological
Laboratory, Oxford,

In order to assist the reader in following the minuter histo-
logical details set oui in Part I1, of this paper it may be well here
to give a brief account of the macroscopic and coarser microscopic
dppearances which are to be observed in the skin during the local
development of the vaceine vesicle. It must, however, be borne
in mind that in the calf the whole process of vacination runs a
distinetly shorter course than in the human being, a fact that is
probably in some measore dependent on the normally higher
body temperature of the ealf s compared with that of inan. Thus
in the human subject the waccine vesicle ordinarily attains
maturity on the 8th day [{(24 hours x 7) = 168 hours], while in the
calf the vesicle will have attained a similar stage of development
on the 664 day [(24 hours x 5) = 120 hours].

Within an honr after vaccination, more particularly in the
calf, the skin 'muuq--]i;m-l;.- bomlering on the inoculation wound
not infrequently becomes somewhat rajsed owing to a transient loea)
urticaria. This, however. rapidly passes off, and, in the human
subject, practically no further change becomes obvious before
the third day after the insertion of vaceine lymph, by which time
a small inflamed spot or “ papule " may usually be observed at
the point where the vaccination was performed. Next day this
spot appears more florid, and an passing the point of the finrer
over it 4 certain degree of hardness and swelling is perceptible,
By the fifth day ihe papule develops into a small pale vesicle.
This vesicle has a milky white colour, it js depressed in the
centre, and its edweg are I|5r=t:ihc'IJ}' elevated above the level of the
surroanding skin.  As vet the vesiole has no inflammatory zone
around it,

For the next two days the vegicle inereases in size - assnming,
if the vaccination was pertormed by the method of puncture, a
eircnlar form ; if done by an ineision, an aval shape. But in both
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cases the margin i regular and well defined. About the sighth
day an inflammatory zone of a bright red colour, termed the
“areoln,” beging to appeur arcound the base of the vesicle ; this
increases in extent for two or perhaps three days more, by which
time it may extend for about a conple of inches from the vesicle,
The latter still retains ifs concave appearance, but a erust of a
brownish colour will have commenced to form in the centre, By
about the eleventh day the vesicle has attained its greatest magni-
tude, and the surrounding inflimmation begins to abate. The
finid contained in the wvesicle, or * pustule ” as it is now called,
which before was thin and irangparent, becomes more viscid and
someWwhat turbid. After this period the whole becomes quickly
converted into a smooth shining dry crust of a dark brownish
ecolour. This erost, unless forcibly removed, will adhere for a
week or more and then fall off, leaving the skin beneath apparently
sound, but livid for a time, and afterwards more or less per-
manently searred,

During the evolution of the loecal changes which result from
the ingertion of vaccine lymph bencath the surface of the skin
it is possible, as previonsly mentioned, to recornise three mors
or less definite stages of papuole, vesicle, and pustule.

The same statement holds good with reference to the eruption
of small-pox, whether this be local, i.,, due to intentional inoeunla-
tton of the virns, or generml, as the esnlt of easual infeetion.

In each instance the appearance of the first or papular stage
is brought about by inflammatory reaction, eausing an increase
of intercellular fluid, torether with concomitant increase in
volume and nomber of E*“ilh:-iiu] cellz, of the rete :‘I-]:illll-l'_{]t]'i more
particularly. The papule gradually becomes enlarged by
cireumf rential extension of the same process, amnd owing o
further changes in the cells first affected, vacuoles arise in the
central portion of the papule, by the extension of which this
nltimately becomes a vesicle,

The pesiele is a multi-loenlar structore, the dissepiments, by
means of which it interior is divided i, being formed from the
thinned and extended remains of the orizinal epithelial cells.
Owing to the fact that the process of vacnolation inereases, for
i fime, more extensively at the advancing edge of the vesicle,
the central portion remaing somewhat less elevated, thus giving
rise to the appearance termed umbilication,

At aBomew hal carly stage of the process an outflow of leucocytes
taloes place towards the |u.|.i|]| of ||]i|||':|,'_ [n time each blood
vessel becomes the centre of an averesation of h-m-m-}'u-p, which
by the rapid inerease in their numbers eveninally transform the
originally clear inflammatory exudation into a purulent fluid.
The vesicle is said now o have become converted into a l.l-'-'.'n'r-'l"".

By the thinning and ultimate rupture of its trabeculs the
pustule finally becomes vniloeular. The turbid fluid contained in
it now gradually dries up, and, together with the necrosed
remaing of epidermal cells, 1akes part in the formation of the
erust, which, under the microscope, appears as a homogeneons
mMass very lh:r]:llﬁ' coloured by the ordinary stains.

Meanwhile a regeneration goes on underneath the erust, the
new epidermis being formed by an ingrowth from the surround-
ing stratuin lucidum, The extent to which the cutig vera has
been involved determinee the depth of the resulting sear
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PART IL—HISTOLOGY ; Plates XX -XXXIII. ;
By Dr. GusTav MANN

{From the Physiological Laboratory, Oxford).

Methads Emnployed in the Present Resenrch,

The pieces of skin,as soon as excised, were placed for 24 hours
into either absolute alcohol or p'u-]'n—rm'j'n:-'i'.'1- solution, this latter
consisting of one part of saturated Hg Cl; in & per cent. Na Cl
(= 10 per cent. solution of He Cl:) mixed with three parts of a
saturated watery solution of picrie acid (solubility of picrie acid
= ("§ per cent.).

The specimens were pasged in the nsnal way throngh chloroform
and puraffin, Sections were ent varying in thickness from 25
23, and were fixed to slides by a speeial albumen method ;® and
also, without any fixative, by Gulland’s method. This latter pre-
cantion was taken to meet the possible objection that the wl bumen
on the slide might have given rise to appearances which have
|g||[hi!|_g 1 £1] -Iill ‘:.'I.'ir]: 1.';1|'|::i['|;|[i-:|n'|',_ [ I, IIII'\.'L":"'.'I"!', :1||]|' to slate that
abzolutely no difference can be seen between sections fixed by one
or the other method, while by the nse of albnmen one can make
aure of gections adhering to the slide during the prolonged stain-
ing with alkaline or acid solutions involved in eortain of the
methods adopted.

After the removal of the paraffin from the sections with xylol
and absolute aleohol, they were first examined unstained, in the
following media, which are arranced according to their refractive
indices : water = 1-333. absolute alcohol = 1-361 ; glycerine and
water 1_-|1|:-u| |:Iji1'I:-C=E'."!l'f'|_, chloroform = 1-444, '_':]_"-'I.'l‘l‘llll'-':]"j':-?r'.
Bergamot oil = 1'464, xvlel = 1497, Canwda balsam = 1'2:383,
metacinnamene with an equal weight of phenylthiocarbimide
=1'639. Phenyvlthiocarbimide (C; Hy CN8)=16:4, methylenedi-
iodide (CH, Li=1-T43"D.: The three substances last mentioned
were kindlv suggested and given me by H. (s, Madden.

(Of these substances it is well alwavs to use water, Bergamot
oil, balsam and the metacinnamene-phenylthiocarbimide mixtore.
The last of these forms also a valnable addition to our list of
mounting media, for which purpose it should be employed in
conjunction with Bergamot oil, balsam and xylol balsam.

In addition to the investigation of tissne elements by examina-
tion in media with a hizgher or a lower refractive index than [l]l.‘}'
possess themselves, recourse was had to staining reagents, and,
again, gections were first examined in water to ascertain what
elements give up their eolour on being treated with aleohol,

It is difienlt to arrange the dyes which were used, systematic-
ally, bt the following list may serve as an indication of the line

of research adopted :

For histological, apart from bacteriological, purposes the chief
methods employed were :—

A. Suhstantive ones [Baneroft), e, without previous mar-
danting.

* Anst. Anz. Bd. VIII., 1853 p 442
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(1) Acid dves :—
(a) Mann's biacid mixture of methylblue and eosin.
Methylblue is the triphenvlpara-rosanilintrisulfoacid
|{.‘;ﬁ ]{!.; };J HJ 'I}u _\ﬁ.il.:; I

I per cent. methylblue in distilled water ... 35 c.c.

l per cent. eosin in distilled water ... e 45 e,

Distilled water vee 100 2.0,
sections are left in this mixture for five to ten minutes, washed
in water, dehydrated and mounted in balsam. This constitutes

what may be termed the * short method.” Or they are dealt with
by the “long method,” ..., are left in the stain 19-24 hoors, then
washed in distilled water, thoroughly dehydrated, and placed in a
vessel containing absolute aleohol 30 c.e. to which, previounsly,
five drops of u 1 per cent. solution of KOH in absolute aleohol
have been added. When the sections have turned a reddish tin.
the slide is washed with absolute aleohol to remove the alkaline
aleohol, then rinsed in distilled water till differentiated. If the
gections are not hlue l-l|111|_l_|r]|, 1 -i|'“|| of acetie acid added o the
water in which they are being rinsed will restore the colour.

{b) Picro-nigrosin, in a watery solution,

(¢} Ehrlich's triacid mixture.

(d) Ehrlich's acid haematoxylin,

(2) Neuntral dyes :—

(a) Ehrlich-Biondi mixture.

(b) Jenner’s methyleneblue-eosin precipitate dissolved in
pure methylie-alcohol (Merck). Stain for one hour.
Rapidly wash in absolute alcohol and clear.

(¢} Delafield’s haematoxylin madé with haematein. Two
drops of this solution in 30 c.c. of distilled water. Stain
for three to seven days.

(3) Alkaline dyes :—

Toluidinblue, thionin, methyleneblue (the polychrome
methyleneblue of Unna is a mixture of methyleneblne
and dimethylamin hydrochlorate or methylene violet and
methylene red).

Methylviolet 6B was used in Kromaver's modification of
Weigert’s fibrin stain for the demonstration of the fibrils
in epithelial cells.

B. Adjective methods used were :

(1) M. Heidenhain’s iron-alum haematoxylin.

(2) Rawitz' tannin and tartar emetic, followed by fuchsin,

safranin, methylviolet, gentian-violet and smaragd-green.

(3) Wasielewski’s mixture; fuchsin one part, potash alum
three parts, water 100 parts, followed by 4 per cent.
K.Cr.,0. in T0 per cent. alcohol.

Special bacteriological methods used included the following :(—
Gram's original method, and its modifications according to
Nicolle and Claudins; L&ffler’'s methyleneblue (methyleneblne
(5 parts, absolute aleshol 30 parts, and KOH (1 : 10,000 of water)
100 parts) ; Liéffler’s formula, but with 1: 1,000 of KOH, 1.e,
containing ten times the ordinary amount of alkali. Further,
carbol-thionin and earbol methyleneblne were employed, also
saturated solutions of toluindinblue, thionin and methyleneblne
in 3 per cent. formaldehyde solution (caleulated from formol,
which is supposed to contain 40 per cent. formaldehyde, and
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which requires to be carefully neutralized with magnesinm—of
some other carbonate to bind the free formic acid. (The nse of
cangtic alkalies is inadmissable, as in their presence the formalde-
hyde polymerises.) The formaldehyde acts as a mordant.

romunowski's stain  was made according to Zothnow's
directions, the greatest care being taken to exactly nentralize the
normal goda solution.

Unna's polyehrome methyleneblue followed by the use of a
33 per cent. solntion of tannin.

Ziehl-Neelsen carbol fuchsin followed by aleohol containing
5 per cent. and 25 per cent. Hy 8O,

Friedlinder's and Moller's methods for spore-staining.

Of acid dyes alcoholic and watery, gemi-, and completely
eaturated. solutions of acid fuchsin, with and without the addition
of glacial acetic acid, have been employed.

Lastly, a number of combined stains were nged, aneh as orcein
followed by methylblue-eosin, or orcein followed by polychrome
methyleneblue and tannin, or by formaldehyde toluindinblue.

In all, I have examined during the last three years over 1,000
slides. showing the structure of normal skin and of skin removed
1, 24, 48, 72, 96, 120, and 144 hours after vaceination. 1 beg to
acknowledee the great serviee Miss Mabel FitzGerald rendereid me
in helping me to stain the preparations by the above methods.

Literature will be quoted only in as far as it bears directly on
the results of obgervations.

For present purposes it is desirable in the lirst instance to give
gome deseription of the changes to be observed after vaceination
in the skin nnder a low ]||:_[g'|:|-|1'_1, mng power, viz., 17 diameters, anl
then to detail successively the minute changes in the epidermis,
dermis, and hypodermis.

On studying Fig. 1, Plate XX, which represents the appearances
met with at about one hour after wvaccination, one notices,
externally, & clot which consists partly of the vaccine Ixmph
applied and partly of serum exuded from the wound. The
epidermis will be geen to have been completely divided, and
throughont the section it is of uniform thickness, as also are the
dermis and the hypodermis. During the next 43 hours the
principal change first seen is one alfecting the dermis (Fig. 2,
Plate XX.), which is considerably swollen, the hair follicles
having also increased considerably in size. The epithelial change
is secondary in its appearance (Figs. 3 and 4, Plate A %) amd has
regulted in a fonr tofive-fold inerease in thickness of this layer and
a diminution in the affinity of the cells for both basic and acid dyes.

The vaccinated area is, at the end of 48 hours, forming a distinet
papilla with a slight depression in the middle, due to the method
of vaccination. Up till now there is very litile lencocyte infiltra-
tion. After 72 hours (Fig. 5, Plate XXI.) the epidermis is much
swollen, as is also the epidermal cell-siructure of the Lair follicles
and sebaceons glands. The coagulum where vaccination took
place is much larger than previously because of a necrotic change
which has been spreading laterally, and also becanse of the
increased leucocyte infiltration in the derioal layers. One feature
common to Figs. 5, 6, 7, and 8 (Plates XXI1. and XXI11.) is the
apparent one-gided development of the lesion, ie., if we take the
centre of the clot as the point from which the affection is
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apreading, then we finid. [lt‘rﬂH|l|.~' bocange of the direetion of the
lvmph fow, that one side of the skin undergoes its characteristic
changes more rapidly and to a greater extent than the other,

During the first 4% hoars the hypodermis is apparently normal,
but in the course of the third day (Fig. 5, Plate XXI.,
representing changes after 72 hours) it begins to swell underneatn
the inoenlated area, On the fourth and fifth days the mdema loses
itea local character, and is for this reason less evident in
Figs. 6 and 7, Plates XXI. and XXII.

Whatever the nature of the virus may be, it does not give
rise to much leucosyte infiltration doring the first two days.
Comparing Figa. 3 and 4, Plate XX, (483 hours), with Fig. 5,
Piate XX, (72 hours), there will be noted in the latter considerable
leneoeyte infiltration in the dermal layer, which during the
fonrth ( Fig. 6, Plate XX1.) and fifth dayvs (Fig. 7. Plate XXII.)
becomes very marked, and on the sixth day (Fig. 8, Plate XXIL.)
reguliz in the dermis having swollen to snch an extent as to hulee
into the hypoderm, and now the latter also becomes invaded, the
thick collagenous bundles composing it being pressed apart.

The nmbilicated appearance during the fourth and fifth days
{Figs. 6 and 7, Plates XXI. and XXIL) appears, a8 Unna has
snggested, to be mostly due to the original injury caused by the
process of vaccination,

During the sixth day {Fig. &, Plate XX11.) both the I‘ljilil,'l'j['li:‘-\.
and the dermis are seen to undergo considerable necrotic changes,
The size of the affected area can be ascertained without any
difficulty, as all the photographs (Figs. 1-8, Plates XX.-XXIL.)
are taken to the same seale, viz, 15 diameters, and they are
therefore directly comparable,

Mireete Strctire i Hhe ,lr'_.:lr_.'.l'r’l".l-'.r'.l.r.'.l.#_

To understand the changes which the epithelinm undergoss as
the resalt of inoenlation with the virns of cowWpox, it is necessary
to first refer to the normal appearances.

[n preparations fixed in alecohol and stained by Kromayer's
wethod, or fixed in picro-corrosive solution and stained by
Wasielewski's method, Ehrlich's tri-acid, or Jenner's fluid, the
stratum cornenm forms one-fifth of the total thickness of the
epidermis, the stratnm granulosum being repregented by only one
layer of cells, which latter are so few in number as not to be usually
in contact with one another. The rete Malpighii is from three to
four cells deep (vide later, Fig. 9, Plate XXII1.). The lowermost
cells of this layer, i.e., those in direet contact with the dermis, are
columnar, with long, finger-like processes which enter the basal
membrane (vidfe later). What is gquite characteristic of all the cells
in this layer is the presence of fibrile which in the lowest
columnar cells run vertically and at the apices eurve round into
the neighbouring cells. The various cells are, in this way, firmly
united to one another, the weakest gpot being the area between
the adjacent basal halves of the columnar cells where the bridging
librils are very few in number.

Un examining the fibrils lying between neighbouring cells
".’--"-1 the so-called * Er]"ll'k[v.ﬁ "V eacl i8 seen to have on itg centre a
minute granule, which was first noticed by Reinke. The inter-
fibrillar matter in the intercellular region is formed by lymph
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derived from the dermiz : while the interfibrillar substance in the
cell is a vigscous ¢yvtoplasm, which in the rete Malpighii is fairly
abnnidant, in the gtratum granulosum ondergroes o transformation
into the 1 ..--J].hil grannles, and in the stratum eormenm for the
greater part, along with the fibrils, gives an eosinophilous
reaction. That there exists a i:-:l:-irl]ﬂlﬂ anbstance secems o be
demonsirated by specimens stained for one hour in Jenner's
Auid, then rapidly washed in absolute aleohol and cleared in
xvlol, as by this method the stratum cornenm is stained pale
bl e,

The nueler in the rete .\]:dp:.',:!li'l, when stained by either the
ghort or the long methylblue-eosin method, stain a bright hlue
{ =l per cent.) or brilliant red (20 per cent.), The blue nuclei
nsnally show feebly developed nueleolar material.

Perinuclear spaces are very rare in normal skin,

( lu'lr-"u' r.l:l’..'-' i r..lr |'.".'-' .f'..'..l.-;-'f-' ) |'.ll'l.|"1 |."|'-"-" |"l.' ! .I'I'l"l"l'-.l'-'l'l'llll'.ll'.ll'.

In all the pisees of vaccinated skin examined, the epidermis
was for the most part c'4-1|t]-]|-[-'|lk' divided along the whole track of
inoculation. In any case the vaecine matter is brought directly
into contact with both epidermis and dermis.

It 15 enstomary to distingnish in vaceinia three distinet histolo-
gical appearances in the epidermis, viz., (1) Weigert's primary
eongulation necrosig, due to the great virulence of the poison at
the seat of lesion: (2) Unna's retienlating fibrinoid change,
affecting chiefly the upper layers of the epidermis; (3) Unna's
% hallooning L'rrJ|i|||'..'|‘.i|-r|,h which is most evident in the lower
strata of the rete malpighii.

1. T JrJ."J..-.r.--"i.-'.I,n' -'-'-rr.-..'ll'r-'.'.l'.l.r;u HECEORIE  one weom L r'I:lITH'IlH_'l'
expect to find close to the seat of infection : in the region where,
during the early stages of infection, becanse of the temporary
resistance offered by the healthy cells, and because of
the want of circunlation, the poison must acenmunlate. When the
eells, therefore, onee commence to fall vietims to the irvitant, they
quickly sucenmb. This condition is best seen at the end of the
gecond and eommencement of the third ||:l.|\', close to the line of
inoculation. bt only one or two cells in each section are to be
found which can be said to have degenerated withont having
passed throngh the typical changes immediately to be described.

It mav be donbted, however, whether the l,'}.;lh]:ll]ilﬁllll sugoesied
is the whole explanation ; for it is qnite possible that the cells
which have snecumbed have done so in consequence of direci
mechanical irritation, the result of the process of vaceination.
The cells referred to do not show . the typical fibrillar arrange-
ment, bunt are smaller than normal, the cytoplasm is granular,
ﬂ]r'IEI]Ih].I]Iit., either collected centrally round the nucleuns or
oceupyving with the latter an excentrie position, the remainder
of the cell being empty and not traversed by fibrin threads.

2. The i -"l'-".'.n'."r.l'-'.-'_i'.l_r.r.."."-".l.l'."}.lr.--uII r'.".--'.l.lr:-l.'r', aceording to l,.lin.'l. talkes
place thug :—Near the nuclens, or near the periphery of the cell,
small vacnoles filled with fluid appear. These, becoming conflu-
ent, form a net which joing the nuelens to the eell wall. This
net then nndergoes a fibrinoid change, and has '|'-|'1-|'i||i|:|1|"|] on it
fibrin-granules from the intr-cellular fluid, which granules
Eenant B s d to be micrococci. The long 11t'--:-'1-|"+".|5'||.r:||. of the
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nnelens and the cell wall with its prickles is statad by him to he
characteristic of this change,

A The = ballwmping colliguation™ of epidermal cellz, according
to [Inng, is characterised (1) by the eytoplasm, as a whole, nnder-
going degenerative changes, there being thns no demareation
into a peripheral and central zone ; (2) by the loss of the prickles
and rounding off of the cells in the rete Malpighii ; (4) by the
amitotic division of the coll-nuclens giving rise to numerous
nuelei : (4) by an inereased plasticity of the cell which, adapting
itgelf 0 its surroundinzs, will assume a slobular, Aattensd, or
pointed shape ; (3) by an altimate fibrinoid chanee affectine both
the eytoplasm, or its remaing, and the nuelei. In vaccinia complete
degeneration nsually results, while in varicella regeneration of
||||'h-l' 1'1"'.“- I]"‘- FIIJH"-%""'_

Examination of the specimens shows that the earliest chanee is
an inerease in the diameter of the intercellnlar channels (wide
Fig. 11, Plate XXII11.), but how this is bhrooght about is dounhbifol.
We certainly find evidence of cedema in the subjacent dermis, and
might therefore snppose that the intercellnlar spaces become dis-
tended with lymph, which, being nnable to escape on the surface,
forces the cells apart, and thus renders the * prickles " much more
evident, On the other hand a ].lll!'\-hill'sl' power of contraction
inhersnt in the ecells, and eallad forth by the action of the
virus, must be taken into account. That during later siages
this tendency does show itself will become evident. On ghdy-
ing Fig. U, Plate XXIII, it will be noticed that the prickles
are in reality the intercellular portions of fibrils coursing from
cell to cell and nniting them to one another. Unna in his text-
book has paild no attention to Ranvier's discovery of these fibrils,
and speaks of the * homogeneons protoplasm of the younger
cells.” when describing the ballooning colliquation of varicella.
In addition to these fibrils there is found in normal cells the inter
librillar eytoplasm which has a mesh-like arrangement, as is seen
in Fig, 12a, Plate XX1V. In describing the epidermal changes, it
13 necessary to consider separvately the fibrillar and the non-fibrillar
elements, and also to realise that the latter can retract from the
nuclens, although under normal conditions they are in contact
with it. By the refraction of the non-fibrillar elements a peri-
nuelear space is formed.

In tracing the changes which the cells in the upper lavers of the
rete Malpighii undergo nder normal conditions, and those which
Ehey show nnder the action of the virus, a sharp distinction must
be drawn between bodies formel inside the perinuclear space and
those found outside it in the cytoplasm. In Fig, 9, Plate XXI11.,
the eytoplasm of the cells, No. 1, is shown in direct contact with the
nucleus, while in No. 2 a perinuclear space has been formed, This
latter appearance is normally found in the npper layver of the skin,
and becomes especially well marked in those changes which aceom-
pany the formation of nails and hoofs, bhat althourh 1 have looked
through the large collection of epidermal sections kindly lent me
by Prof. Arthur Thomson, I failed to find any structures Iying
within the perinuclear sac. In the cell, No. 4, Fig. 9, a pointed
body lies against the periphery of the nucleus, apparently not
within a space, and in the ecytoplasm is found an owval body look-
ing like a diminutive nueclens, The significance of these bodies
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a very early stage of Guarnieri’s supposed parasite.

The various papers dealing with epithelial changes said io be
due to the action of parasites may thus be summarised :

In 15886-7, Van der Loefl, in three papers, deseribed in vaccine
Iymph and in variola vers, “ proteid ™ (protozea) or amweba-like
bodies.

[.. Pfeiffer, 1887-01, arrives at the conclusion that the contaginm
is a parasite belonging to the class of sporozoa (Lenckart), and ealls
it Monocystis epitheliclis. There cannot be any doubt, if one
takes into consideration the figures accompanying the above
papers, that both anthors mistook epithelial e-lls for sporozoa,
vizg., those cells which Unna describes as having undergone #n
ballooning colliquation. This explanation of Unna's is fully con-
firmed by the resulis of the present research.

Entirel¥ different structures were subsequently described in
1392 by Gruarnieri as E|;1!';|_Hi,lrg=:-i. During tha '|..I|'I."|II:I.-|G'|'III.HI' atiagres
small granules the size of cocci are seen at the periphery of the
legion while more centrally they may reach in size one-half the
diameter of cell nuelei. Usually they are placed at a certain
distance from the noelens bot when lying close to it they are in
most cases invaginated by i, owing to their plastic condition. On
very rare occasions they may indent the nuclens. These later
ALArEs Are :qnm::mnl to represent a rhizopod, 1'il=FiI]lli' of amoeboid
movement, with an evident nuclens and capable of dividing
“ without any doubt " by fission and probably also by endogenous
gymnospore formation.  Guarnieri applied to his supposed
!Hil'i,l.'!ii".{' the name of fl_'ﬂ'"'"-",’.""'"""*' vaceinege or vartole for the
reagon that it hollows out the cytoplasm of the epidermal cells.

Ferroni and Massari in 1893 reinvestigated the subject in
Grassi’s laboratory, and all three agreed that appearances as des.
eribed by Guarnieri could be obtained by the application of such
substaneces as croton oil, osmic acid, iodine, or Indian ink, an |
therefore held that Guarnieri’s bodies were partly nuclear
derivatives and partly lencocytes.

Guarnieri repeated the experiments of the two anthors just men-
tioned with negative reasnlts (15894) and was confirmed in this by
L. Pfeiffer, who states that no purely chemical reagents will
produce such uniform results as vaceine, leaving the nuelei al
first unaffected. Ha then states that Guarnieri’s bodies are voung
or t'lll'] L stagres of the bodies ]:"I'd"-'il..r‘.lr-i]_"-' [_]C‘.-H;, see above) deseribed
bv him under the name of Monocyslis eprthelialis.

: Monti (1894} deseribed bodies gimilar to those of Guarnieri in
the rete Malpighii, but classes them under the group of Lobosi
rather than true Protozoa. Acecoriding to this observer the elements
measure 2-3 o in diameter,

Piana and Galli-Velerio (1894) and J. Jackson Clarke (1593-45)
all accept Guarnieri’s view as did also Ruffer and Plimmer in
1894 at the International Medical Congress in Rome, with this
restriction. that they were not convineed of distinet spore-
formation.

In 1895 Sicherer confirmed Guarnieri and L. Pfeiffer, and
E. Pfeiffer confirmed J. Clarke's statement as to the peripheral
Processes of his eoccidia, which were stated by him to penetrate
into the clear zone surrounding them, and even to pass through it.




He does noi agree with the conclusions of Guarnieri and
[.. Pfeiffer, nor do his researches with glycerine, croton oil,
osmic acid, or silver nitrate, conflirm Ferroni and Massari.

The three most recent papers on this subject are by Jackson
['lilr']-H' 'Il:";'.”:l. "'-"u.:|:~i1'.:l"'.'.'*--|-:i (124 .'|‘:|.] ]l;zl';{l;': :].‘\'!'r‘w:h |,'|;_|_r"|;
gtates that the variola pa 3 ¢ finid their most complete homology
in those found in ecancer and sarcoma.” He distingenishes |;;_|'_|
hyaline globules 2—4 p, (b) spherieal bodies 5-7 g, with a hyaline
niclens, finely granunlar protoplasm and one or more J:i-_fh]:.-
refractile granules, (¢} ellipsoid bodies i3 p, with two small
nuclei, (d) amoeboid hodies 75 g In their largest diameter, bui
with ne distinet nucleus, (¢) spheres about 8 g, with psendopodia,
which can be fixed by a temperainre of 20°C, and containing one

or more large hyaline nuclei, (f) ovoid bodies 3-5 ¢ enclosed in a
capsule possessing a fine opening at the pointed end. a, b, and
. Ij:-il:l::”}' GDECELT |.I'1'l'L |u;-|,-:|-ci||||;:|;_'-,' 111 I." |]|_;-|| eells or in the ciw"l:-
cells of the rete malpighii, d-bodies are always free, while
g oape !I;I!'I|_‘. free and ||:|,r'|J_1. Tomnd between |||E||.-!':|:|:|| cells -
f elements are found most frequently in the middle layers of the
epidermis, His Fig. 7 ghows an enormous aragite " nearly
filling the whaole of the epithelial cell, with l pheral granules,
I=i

and a central fraesmented nuclens, and his Fie. 12 free elobnlar

“ parasites U with peripheral rranu

Wasiclewzki, a ||;_|||f'| of L. Pfeiffer. worked on the rabbit’s
corned, fixed preferably in piero-corrosive solution, stained in
alum-fuchsin, and differentiated by hichromate-aleohol. Fe alan
amd figures the smallest

[
he Il"‘|"||2 i|.|I'i. |]I|' |i|.|"_‘:|'.‘~|

is an upholder of the proftozoan theory
granular * parasite " at the periphery of i
ones near the ]“"ill' of mmoculation He |--||1'|"::|||_'-. |--::-'|'|'.':-\ ont that
the bodies in question always lie in the perinuclear space. The
FI-!I-:'||'||,--' afl Hrst -.'|||].
which may either by a degenerative change sive rise to ringlike
structures encircling the apparently normal nucleus, or they may
'|FI|I||i|'i:."- and form .-~|l|n'l.|':|| hoidies with red erannles at their
periphery which lie in a coneavity of the nuclens.

The moszt thorough and apparently nn gaed work which has
been nnderiaken on this snbject is that of Armand Hii

rical, may become indented by 1-5 bodies,

Aecording to this observer the results ob by inoculating

T 4
(LK rive the

the cornea of mbhits, show that Guarnieri’s
following micro-chemical reactions :

L. Distilled water has 1o action.

= Potagsium iodide stains them in the same manner as other
cell constituenis,

d. With saturated NaCl, the bodies and nuelei ilisappear,

128 o disappear,

L, Very dilule KOH canses both nuelei and bod
dd does not restore them.

and subsequent application of acetic ae

B, A one PEF CBRm. aoilinm carl
in the cells, the nucleali are no b neer vigible, and the bodies with
quent treatment with acetie aecid

nate solution destroys all detail

their envelopes disappear. Subse
leads to the reappearance of the nuclei and bodies.

i. Five per cent. acetic acid renders the previously invisible
small spherical bodies very evident, while the eranules and droplets
ronnd the lareer hodies digappear,
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7. Flemming's solution renders the small bodies and the nuclear
chromatin very distinet, while the protoplasmic granules rouwndd
the larger cells disappear. The bodies are surrounded by a cleft.

8. One-half per cent. Na Cl saturated with Hg Cl, shows spaces
sonnd the bodies and nuclei in a few cells only. The same
golution with the addition of acetie acid renders the bodies much
more distinet and many pericorpusenlar and perinuclear spaces
become visible,

9. Onc per cent. oamic acid oceasionally shows nacleoli in the
epithelial cells, whether the bodies are present or not.

10, None of the reagents mentioned above will canse contrac-
tion in those bodies which have an amaeboid shape.

11. With Biondi stain, Guarnieri’s bodies stain bloe and the
lencocyie nuclei green, while with iodine green-funechsin mixture,
the former stain red while the latter stain blue, as do the nuclej
of epithelial cells,

Hiclkel divides the APPEArRnees nel with in vaccinated areas
into several groups :

A. Homogeneons bodies varving in size from those which are
j|];-.;| 1i_f-.-|h]|-_| toy others having a diametaer ol :'illl.. T]I.I.'_‘-. are 1I:-¥I'.l|.]_‘t
found in the perinuclear cleft but occasionally lie in the
cellplasm, and, if there, they are usnally surrounded by a clear
gome. The older the cell and the more eramped in position, the
deeper the nuclear pocket in which the bodies lie.

B. Flements similar in position to those already described
showing a distinet differentiation into o central blne and a
peripheral redl zone. the line of demareation between the two
being more or less sharp.  The erythrophil external portion may
underzo a granular or threadlike degeneration.

(', Similar to B, but the eryvthrophil grannles are usually very
regularly arranged and reach occasionally the size of grannles A.
These forms resemble the * daisies ™ of Guarnieri.

1}, H'|_||‘|t'-r'-.|i_|'|:|_l bodies surrounded by a broad elear zone, with
threads extending through the latier into the cvtoplasm (Clarke’s
and E. Pfeiffer’s peripheral processes of coccidia). Fine red
H:';Lljli,li':i iy be seen along the conrse of the fibrils, especially in
calls lvinge towards the centre of the lesion.

E. Demilunes, spindles, &c., which appear later than the
spheroidal forms, and alwavs lie close to the nuclens.

F. Triangular or pyramidal forms which are very rare.

(3. Lobular forms looking like blue amabae with red granules.

All the forms above mentioned are derived from the bodies

first deseribed under * A", The original small evanophil body
by imbibition of Huid begins to swell, and simultaneonsly the
blue colour becomes violet. In addition to this, infiltration
changes oecur, affecting the periphery of the mass, ani leading o
the formation of erythrophil granules. Inasmuch ag many

granules protrude from the margin, the latter appears corroded,
insteadd of only the periphery being affected by the imbibition
one finds occasionally the vaecine body has nndergone this hyaline
chanee in toto.  What is significant is that while the body ghows
the signs of hyaline degeneration, neither the cytoplasm noi the
nuelens appear to suffer directly by these changes. Apart from

|
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the hyaline degeneration one may find a vacnolation of the vaceine Areexprr .
corpuscles which leads to the formation of, at first, coarse, then on ihe

fine trabeculs and ultimately fine granules. The early stases in
thig transtormation ndoeed Goarnieri

to speak of filamentons by Drs
forms of protozoa. ) i
In addition to degenerative chanees in the vaccine ||||||_':|.-_-:I ralls
as o whole mayv undergo |-|ﬂ'n|:|:||-||-|;|«|||e||r,_Hih and form spheroidal
bodies which Clarke mistook for the formation of sporogonie (with
and without ehromatin and spores.
Hiclkel therefore considers Guarnieri’s bodies not to bhe
parasites, but to result from a peenliar transformation of a
portion of the f'u'.‘J|-l:!.-|z| due to the specific stimnlns of the
vaccine virns,
Three other snggestions which have been made are these -
Babes (1894 International Medieal Congress, Rome) referred to a
]?fl::h-l|l|l' nueleolar origin ; Leoni i | :-CIJ|-'r|I-:-C|':| lrmarnieri s
bodies to represent necrobic paris of the nuclens : and Salmon,
working in Metschnikoff's laboratory, holds that they represent

the 1-_'-'||<-r'|-]|.1---|r|;ui1- residune ol puelein derived from the noelens

ol |='i.I-.'rll'l'tll-:-i.

|':.'-.':Lr|1'|||:||'|n:| of ol R -ulu--'i!|||_-'||,-' shows that _i1lrg'_|' 1he
preliminary  dilatation of the intercellular lvmph channels
(Fig., U, Plate XXIIL) the waccine virng prodoces definite
changes in the different lavers of the epidermis, which will
e deseribed fromn below upwards. The general effect after
560 hours is seen in Fig. 2, Plate XXVII. Those cells
which lie in direct contact with the dermis and belong to
gither the skin proper or to the root-sheaths of the hairs, are
affected later than those lying in the middle lavers of the rete
Malpighii. This difference is due probably to the lowermost

being more vigorous, as they contain a greater quantity of
nonfibrillar eytoplasm, and also to the fact that pressure being
exerted on them from all gides, will tend to prevent their inerease
in size.  Already at an early period, e.r., 48 hours after vaccina-
tion in animals which have reacted well, the basal cells have
inereased from 15-15p in length to 30-35p: their nnelei showing
i l'llr'l'i'.‘-\-]lllllxtill‘_" increnze from |'i||n LET] |::|':|_.'.-. The EI:1IrC|-I|I]ﬂI'|I
changes are not the same for all cells, for a certain number cease
to react further and soon become atrophic owing to the pressure
exerted on them E;_‘-. their neighbours. The remalnimnge cells either
nndergo a rveticular change which will be described later i

1
connexion with the middle layer of cells or they give rise o what
Unna has termed * balloons.” The latter are formed (wvde Fig, 14,
Plate XXV, representing a section 72 hours after vaceination) by
the epidermis first breaking up into a number of strands of epi-
thelial cells, which ippear as l-:.||'.1r'.-— aurronndaead }'." Ivmph, many of
which, later on, beeanse of a still greater acenmulation of Ivmph, are
torn across, ‘There are thus formed fadfee, .-.--p;x,-'“‘.f]:u i ,~:||.|-]'|'i-c-i:|[
get of epidermal cells, from a deep set, the latter being still in contact
with the dermis. Owing to this setrain on the epidermal cells the
intercellular bridges are torn across, and eells are liberated in
groups of from one fto ten. Amongst the larger groups there are
some cells which are more vigorous and which for a time appear
to thrive, while others are nndercoing :|'.|'--]J|Ji<' and reticalar
alterations.
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The epithelial cells in addition to being affected as a whole,
show also characteristic changes 1 their interior. At the early
period, when the epidermal cells have commeneced to increase in
gize, one or two small bodies appear at the poles of the cell
(Fig. 12 k, Plate XXIV.). This occurrence bears ont Hiickel's obser-
vation on the cornea. The perinuelear space is not well marked, but
there cannot be any doubt of the fact that these small bodies lie
close to the nuclens within a clear space. Although hundreds of
gerial sections have been examined with the hope of tracing the
origin of the granules, thig has not been satisfactorily accomplished.
When they first appear they measure about 05 g in diameter, but
soon thev rapidly increase in size to 2p (Fig. 121, Plate XXIV.);
if there are iwo bodies present, the larger one is always found on
the side nearest the surface.” The structure in gquestion is one of
the early stages of Guarnieri’s suppose | parasite.

The lowermost epidernal cells have a marked tendency towards
nuelear proliferation, which expresses itself in one of the fol-
lowing three types :—

A If the cell has become a “ Lalloon,™ f.e, i it is isolated, il
may continue to grow till it reaches five times the normal dinmeter
(Fig. 11, Plate XXIIL.), the measurements for the cell No. 1
being 43p x Tie What is characteristic of these cells is the
feeble development of a perinuclear space, and the power of
oceasionally breaking up into a number of danghier cells
(ride Fig. 13, Plate XXIV.) corresponding to the number of
nuelei. This phenomenon has several analogues both in the
vegetable and animal world.

The usual fate of these big cells is a reticular transformation,
commencing round the nueclens and then spreading ountwards.
Fig. 11 represents the same cell stained by three different methods.
The section in which it was first noticed was originally stained
by Liffler's method for twelve hours, differentiated in aleohol.
and mounted in balsam. This stain brought out the nuelei, and
a number of basophil granules seattered throughout the eyto-
plasm. A reticular appearance could be seen on using a very
amall aperture of the diaphragm, but to make sure whether all
the “prickles” had disappeared, the section was restrained in
acid fuchsin and elacial acetie acid, and differentiated in bichro-
mate aleohol, by which method the reticulnm was revealed and a
faintly stained granular appearance. Ta bring out the latter more
fully, the section was treated by Miller's method for staining
spores.  The appearances which were seen by each of thess
metholds were carefully recorded by the camera lucida, and nlti-
mately eombined into one picture,  In the same Fig. 11 will be
seen an epithelial cell which atrophied from the fivst, with a long
collapsed nuelens (No. 2), and further, a Lbinucleated cell (Mo )
with very regular reticulate transformation. The coarse fibrils
extending upwards from the basal membrane and fixing the cell
ir ite are fibrin threads.

Belonging also to this type A, one finds, during the later stages of
vaceination (120-144 hours), the appearances figured on Plate X1V,
i Figs. 12, o, q, and lower part of p, (p'y). It is by no means certain

*Fig. 121 is printed npside down.
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as to what may be the correct interpretation of what is to be seen,
but the following views mayv be sugrested —We are either dealing
with lencocytes, which having entered the giant cells, are rendered
inert by them through the deposit of a capsule, or the lencocyte, to
protect itself, becomes surrounded by an envelope. This lencoeyte
hypothesis, however, doeg not seem so probable as the following
theory :—Ag already pointed out above, the formation of danghter
cells undoubtedly does occur, and the guestion arises, is it pos-
sible for that noelens, which i2 the most vigorons, to snrronmnd
itself by a capsule and thus to endeavour to safeguard itself.
Appearances, such as are represented by these figures wonld seem
to support the latter hypothesis, for we see an apparently normal
nnelens gnrronnded by granular protoplasm, which communicates
with the exterior by a definite narrow channel, while the greater
part of the ecell is surrounded by a thick capsule, showing a dis-
tinctly radial arrangement. In sindying epithelial changes we
should, as far as possible, endeavour to give a Flil}.-:':nlrl,l,rzn:':|| [
planation of the appearances met with, and not draw hastv con-
clngions a8 to their representing BpOT DR, J. Clarke rightly
points out that many cells appear similar to those found in
cancer, but surely this is the best reason for not pinning
one’s faith to a parasite theory. On rare occasions I have
guececded in demonstrating, to my own satisfaction at any rate,
that the capsule surrounding the cells gives the keratin reaction,
amd in one case the tyvpical reaction of the granules met with 1n
the stratum granuolosum was present. We have, therefore, some
grounds for the view that one or more of the danghter cells
derived from a giant cell will subseguently pass through the same
get of changes, which, under normal conditions, an epidermal cell
undersoes in the course of its existence.

To refer once more to the giant cell in Fig. 11, Plate XXII1. :—
On the right side of the perinoelear space will be seen a dark
mags which represents the remains of a Guarnieri’s body. The
changes which this element andercoes will be detailed fully
later on.

The ultimate fate of the cells belonging to the type A is shortly
thig :—T'he vaecuolation and consequent reticulation COmmencing
around the nucleus, spreads towards the periphery, the eytoplasm
J_"."-I'I'I;.': iil.‘i:lllv 1i|1' 'L';H"l-::nlr',-: ||-|'1'||||5|-,-- :’]';I-ll:;l,]]:'-' -|'~.1||ir|i.-|au~-|, the call
loges its definite ontline, lencoeytes enter the body of the eell,
and the nunelei derived from the original epidermal nucleuns
shrivel and loze their affinity for basic dyves, they become SORIT0
philous, and eventually give the same staining reactions as the
reticulated eytoplusm, Unna calls the change a fibrinoid one, but
the trabeculse which are left never stain as deeply as trne fibrin,
and it is doubtful as to whether fibrin granules are really de-
posited on the surface of the cell network. Photographic views
of these giant eells will be seen in Fig. 14, Plate XXV, and
Fig. 16, Plate XX VI.

B. The second type of giant cells is characterised by the cell
body undergoing condensation, due to the absorption of its fluid
contents. This type approaches in its staining reactions mnch
IOre l.']"rH'll". to those of trae fibrin, Here again one or more of
the nuelei tend to surround themselves with eyvtoplasm and thus
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form daughter cells within the confines of the mother cell. Fig. 12,
Plate XXIV., represents an elongated cell with two atrophied
nuelei at the apex (p*), with four nuelei arranged in series in the
middle (p*) and a danghter cell enclosed in its capsule at the
hasze -_||i., The four central noclei are stained a brilliant red li"_'t'
Wasielewski's method, and possess a strong resemblance to
inszell’'s * fuchsin bodies.” 'l‘!l-'l\' represent @ |_""I"i":II change
which nuclei in the uppermost layers of the rete Malpighii are
apt to ||1|-|_|-|'_u'1:- on the fifth and sixth ii:L}' after vaccination.
Inateail of ]-;L;---'_lg' IO i ".'|'.-i-.'li|.|l' inte the |'I.'-|.':I| "'Il|||'-|-l'|'=:'|.
state, the nuelei become condensed into HEFEII"."iI':I.l masges, which,

during the early periods, enclose a distinet nucleolus, bt
I.?IJI,IIJI_H'-':.'-.' bhecomse homomeneons. The lowest cell In l'.i.'_‘:. |-.’-|-'.,
Plate XXIV.. has become binncleated, and shows a smaller
body towards the right, resembling in its smmining reactions
Guarnieri’s bodies,

While the Ly pes A and B oare formed, l"ilirl!__'-.' c.tl'al'ltl; the seconid,
third, and fonrth day, and always mark the height of the vaccine
reaction, the next type iz formed amongst apparently, as yel,
guite healthy epithelinm, principally duoring the fourth and
fitth -l:l:-».

C. The third type of giant cell differs from the two previous
ones in being usnally represented by a large number of vesicular
nuclei free in a cavity among the surronnding cells. This type
tboes not as a _l'|]|~' ghow """." |:1'I.'|;||'r|=:-'|';:--- bl ies, "'-1|-'||:ll ||:I.~'1 hecome

of the cell body of the original epidern al cell it is diffenlt to sav,
The nuclei seem to have the power of division after the cytoplasm
has completely disappeared. Shonld the epithelial cells which
smrround the giant cell undergo the typical change due to the

vaceine virng which have been described above, the nuclel of

type O are set free and soon undergo degeneration.,
Unna has stated that the formation of the many nueled
epidermal cells takes place amitotically, but while this certainly

111 |h\.'

gooms to hold cood for the majority of cases, there 15 no donbi

that true mitosis also ocenrs.

It has already been pointed ont that the epidermal eells in the
upper part of the rete mucosum react differently to the vaccine
virus from the lowest cells. The account of the changes to be
given is based on the examiuation of sections fixed in picro-
corrosive solution and stained at 30°C for 12 hours in LifHer's
blue contuining KOH in the proportion of 1: 1,00, The solution
--_'||l|[||_1.'|.-||_ WS ‘I'n[".||i_=,{i|': 1'-|.{ _|‘j'.|1 |-||||I::i|||--|_ !]n-r-v:'--r-- in il.'llli[i“:'“
to methyleneblue some methyleneviolet, due to the decomposition
of the methyleneblue (Unna). Compare Fig. 12,A- E, Plate XX1IV,,
geventy-two hours after vaccination, The sections were dehydra-
tod with aleohol and monnted in xvlol balsam.

Normal epithelinm shows the nuclei stained deep blue, while
the nonfibrillar cytoplasm is violet. The fibrille running throngh
ihe cell remain unstained for which reason the individual cells
stand out very sharply. The eytoplasm (Fig. 124, Plate XXIV.)
appears as a distinet sponge-work, the apertures or holes in
which serve for the reception of the epithelial fibrilla. In
thoze ecells close to the stratum granulosum Wwhera @ contraction
of the nucleuns has taken place @ delicate fibril scems to stretch
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from either of the two poles i the nuclens and to extend into
the cytoplasm. The nucleus at mid-focus seems to be drawn
out inte a fine point connected with these fibrils (Fig. 12B,
Plate XXIV.)

The first change due to vaceination is an alteration in the regular
arrangement of the eytoplasmic network close to the nncleas, some
of the mezhes becoming larger, and thus the appearanece of vacuola-
tion is produced. During this stage delicate strands of cytoplasm
gtill connect the nuelens with the ecell body proper (Fig. 12C,
Plate XXIV.) Soon afeerwards, during the stage of enlarge-
ment of the cell, the violet-coloursd plasm assumes the
A Pearance of a course meshwork, each corner of the meshes
being markedly thickened (Fig. 12D' and D? Plate XXIV.)
Still later the delicate strands joining the thickened nodal
woints tear across and thus give rise to little globuies and
rod-like stroctures. At this period the cells have a certuin
resemblance to the well-known picture of Nissl's granules in
nerve cells (Fig. 12K, Plate XX1V.)

By the staining method employed the early stages in the
formation of Guarnieri’s bodies are not readily studied, but the
later stages are well seen, as is alse a peculiarity regarding
the relative position of these bodies to the site of inoculation.
It must be remembered that the calf is vaceinated by longitudinal
incigions into the skin and that our sections were taken at right
angles to this incision. Guarnieri’s bodies are invariably situated
in that half of the cell farthest away from the line of incision,
thus in Fig. 14, Plate XXV., the cellsall appear darker towards the
right side of the photograph, the site of inoculation being on the
left. On the parasitic theory this is very difficult to explain, but
what proves definitely that the supposed parasites are not the cange
of the change in the cells is the fact that the latter have undergons
a complete vacuolar change in that half which is looking towards
the point of inoculation, while that portion which contains
Guarnieri’s bodies is by far the more normal. In Figs. 12 F..1,
Plate XXIV., five cells are delineated which exhibit this
remarkable change. One half of each of these cells has lost
all affinity for methylene-violet, while the other half stains
deeply, Close to the site of inoculation the whole cell is
unstained, or rather has a pale greenish tint resembling that
of the fibrin threads. A little farther ont the cell nuelei are
still deeply coloured and in cells not guite as much affected,
the degenerative change is spreading to that side of the cell
farthest away from the inoculated area, and the supposed
parasite is found to have undergone degeneration before the
cytoplasm on which it is supposed to be feeding has completely
disappeared.

It has been mentioned above that the early stages in the
formation of Guarnieri’s bodies connot he traced by this method,
bui that the later stages may be. Tt is well, however, here
to point out that by the staining method employed, Guarnieri's
bodies, as described by Hickel, stain exactly in the same way as
the nonfibrillar cytoplasm.

If one studies the early formation of Guarnieri's bodies bs
entirely different staining methods, such as those of Wasielewski
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or Ehrlich, or by means of Unna's polvehromemethyleneblue-
tannin method, or ||_'.' Mann's biacid mixtoare, small bodies ((-5-1 fr)
will bhe noticed, I|.-CI'|:|||_'.' at one or both E"'I""‘ of the cell, some-
times indenting the nuclens, but, as a rule, lying some distance
from it. These -_;|‘.|.|3||;|||_'.' increase in 2ize till I||l'_'l.' reach 3= g 1
diameter. The general appearance mav be gathered from the
photograph No. 13.(Plate XXV). [t will be noticed that the bod v
always lies in the perinnelenr space. On two oceasions appear-
ances wers found suggesting that the body had just left the
nuclens, the latter being distinctly drawn out and destitute of
nucleolar matter. ( Fig. 12M, Plaie XXIV,

The CHAXGESR IN THE EPIDERMAL
affecting the cvtoplasm (Fig. 12, Plat ;
in sectiong of tissne removed doring the early part of the

apart from those
are best stodied

third day of vaceination and stained according to the Miller or
Wasielewski methods. A typical group of cells is seen In
Fig 10, Plate XXIII; they appear two to three times larger
in diameter than in normal skin, and adbere rmly together
by means of the fibrils which bridge the somewhat dilated
intercellular lvmph channels, The perinunclear ecleft, originally
small (No. 1), increases considerably in exteni (Nos. 4, & anid 3},
till nltimatelv the walls of the sac almost toneh the periphery of
the eell, There is thus brousht about an acenmulation of the
fibrils al the periphery of each cell, The cells derived from
common ancestor are united together more firmly by those fibrils
which run through them from base to apex. By the end of the
third and fourth day these cells, owing to the pressure exerted by
;'||.- ;|_1'.:'|||||_||'_;-|r§|||| il |_'.'|j|;l||.. '.k|” ||.|'¢-I |.||'|'|II|'.|' |1|i||.|| .hll'l-'.x"lt'-i.
The lymph eannot escape either downwards or laterally, anil

henee, being pent up in the normal intra-cellular channels, exerts

4

pregsure on the resisting stratum corneum, owing to whieh the

latter becomes elevated above its norimal level. Inasmuch as the

nnl,‘-' plements which have resisted the disintegration changes,
apart from the contents of the nuclear sac, are the fbrils above
mentioned, they will act as ties which tend to bind down the
stratum cornenm. The latter being, however, pushed npwards by
the acenmulation of lvmph, the bondles of fibrils are rendered
tense and will compress any cells which ma

v lie between them
and thus lead to their atrophy. In this manner the greater
number of the giant cells formed in the upper layers of the
|,-||i_d-'['||:|i_~. BVt I:;|||_'. become de :-Cl,l'f.a-_'\-.l'-.i.

It 18 ditficnlt to oflfer o :-!;lliw‘:-,il"ln':'.' l':'»:,|l|:|!I.L|i->IZ ol I]ll' LEIBLET R LR b
enlargement of the perinnclear sac which is found to take place.
If it arise in the first instance by colliquation, 4.e., the flowing
torpether of a number of small vacuoles, this process  Caniot
explain the subsequent increase. On ecareful focussing, the
eytoplasm is seen to be so sharply marked off from the space as
to suggest the presence of a special membrane. The theory which
at present appears the most feasible ig, that by the rarefaction
of the eytoplasm, a number of substances are set free which are
capable of giving rise to a process of endosmosis, which latter
brings about a dilatation of the sac.

[n the stratum granulosum the cells inerease considerahly in
their vertieal disnmeter and the granules become very evident
when stained by polychrome-methyleneblue (Fir. 153, Plate
XXVL) If it were not for slight differences in the size of




thege rrannles and their occasionally irregular outline, they
might readily be mistaken for diplococei, as they freguently
are arranged in pairs. The same figure (15, Plate XXVI)
algnr shows to what an enormouns extent the intercellular
channels may become dilated, thereby leading to snbsequent
;|1ru]rhl‘.' of the caells.

Fig. 16, Plate XXVI., is taken from the same preparation
but somewhat nearer to the site of incenlation. Many of
the cells in the upper lavers of the epidermis show a pre-
msitre CONYErsion 111t those  distinetive of f e sirstnm
granulosum. The granules in the latter are derived from the
remaing of the cytoplasm and not from the cell-fibrils as has
been stated.

The cells in immediate contaet with the fully keratinised cells of
the stratnm cornewm become considerably distended and, owing to
the rich lymph supply, the nuclei, which nnder normal conditions
1.!.'||u|||_ "“::‘ stain |'|-|_-|'|-!_'-.' o ot gt ,,q]l, o S W1 -|l'l.'|:||:'.'l trwiu;,r LET]
the formation of nuelein, Thiz rejuvenescence iz, however, bul
ghort-lived, as necrogis soon 2ets in and the cells take part in
the formation of the “crust.” At the marsin of the affected
area, many nuoclei, as aleeady pointed out, contract into ap-
E|,‘|.|,'|-|'|1|__\,' ]|_||||;|||:=_;'-|'|;|v|'|||:|:¢ ;-||i|r|':l'1'- ".';|'-:I|'|. ]all.‘w:—il.'.'-:-u W =lrongr :lﬂfinil_‘\
for fuchsin.

During the fourth and fifth dav of vaccination, necrosi= of the
lowermost cellg in contaet with the dermis sets in, and by the sixth
day extensive retrorressive chaneres becoine noticeable in the cells
Iving at a somewhat higher level. What is the cause of these
necrotic changes will become apparent later on.

To return to the congideration of Guarnieri’s bodies. Are all the
different structures which have been deseribed wnnder this
heading derived from one and the same original element @ Have
the varions Tormeg descri bed ]I:'-' Hickel a common origsin 7 I
would appear to be necessary to distinguish a distinet eosino-
philous element which is of nucleolar origin (Fig. 12 L and M,
Plate XXI1V.), and usually placed at the poles of the nucleus,
anid secondly, a 'I-;|~:|-||hi-|1|- strncture, eyvtoplasmic In  origin,
whicli is wsually seen best in those cells in which the nuclei
stain deeply in polychrome-methyleneblue-tannin  preparations
(Fig. 12K, Plate XXIV. and possibly the body marked G.B. in
No, 4, Fig. 10, Plaie XXII1}. There is also a third body which is
neither of nucleolar nor eytoplasmic origin, but which eonsisis of
matter seereted by the nuoclens It may happen that this
secretion is precipitated round the bodies of nueleolar origin,
or both may he found separately. Thus the cell No. 2, in
Fig. 10, Plate XXI1I1., had iwo l--:r.-=it|1-]_l||i:.'lt|:~' nucleclar bodies
lying in the next serial section, while the large crescentic-
gshaped  body, which is depicted, represents the nuclear
aperalion.

As the staining reactions of these crescents are exactly the
same a8 that of the evioplasm (vide description of Fig. 12,
Plate X XIV.) the suggestion may be hazarded that these demi-
lunes, erescents, o1 ringlike bodies represent wmaterial which
nnder normal conditions wonld pass divectly into the cell-plasm,
but which is prevented from so doing owing to the formation

of the perinuclear space. The secretion in adapting itself to
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the surface of the nuclens produces the peculiar appearances
met with.

The degenerative changes which these crescentic masses even-
.'II:1||_‘.' IJ1!|I|:'r"_fll ||:|".|' |||'|':‘: \.'l.'q'” -:[r'.-i'r'|l -u'u:l h-:.' “;||_‘|-;|_‘|,

That, very rarely, lencoeyvtes have the power of entering
epithelial cells. but only to andergo a peculiar degeneration, is
ghown by the figwe [2H, Plate XXIV., the apherical muasses
having the same appearance ag those already desceribed by
M. Heidenhain for salamander lencocyies

As to the nuclear divigsion induced by the vaccine virns, the
cell No, 3, in Fig. 10, Plate XXIII., contains four nueclei, two

the next serial section ; No. 2 possesses two

of which lie in
nuclei only, while Nos, 4 and 5, are mononueleated., It is thos
evident that the cells close to the siratnm cornemm may increase
congiderably in  gize withont undercoine nuclear division.
During the fifth and sixth day of waccination one commonly
finds at the margin of the vaceine vesicle giant cells containing
a8 manv as a dozen !I1I:'||"i. which -r|'|'i|:-.i1.-||i|.||.'n' iare ;Lr':';||'|'_:|-l|_ i &
definite |_‘.' Crescentie |'lli"I|:,

If then Guarnieri’s bodies do oot constitute the oreanism
gpecific to vaccinia, is it possible to demonstrate anything else
that may more probably do so? With all reserve, attention
may be drawn to certain  appearances found during the
geconl  amd  third  day  after vaccipation in the cell-plasm
of the epithelial cells. In Fig. 10, Plate XXT11., 43 hours, and
in Fig. 11, Plate XXV]1., 120 hours after vaceination, stained by
Maller's method for spures and well differentinted, n number of
exceedingly amall graunles, varving from 0:2-025u in diameter,
can be seen. These elements are most distinet close (o the

perinuclear sac, because there the thinness of the cell is mora
marked. The granules are unsnally arranged in pairs, they lie
between the epithelial fibrils, and are very nnmerons. Only a
few of the most conspicnous granules have been drawn, so as to
simplify the figure.

Are these bodies micro-cocci or are thev merely a granular
precipitate ¥ The question cannot be definitely settled until a
ilependable method of eultivating the vaccine virns in artificial
median outside the animal body has been devised,

_]||ll|l|||'.||.l ,'\I’u'.ln'l',llln'.lr '.,l'. ll',ll,l-' l|r.|‘.l AR,

In the dermis three distinet layers may be distinguished, the
basal membrane, the dermis proper, and the hypoderm. The lirst
of these i8 in direct contact with the epidermis and consists of a
very dense feltwork of collagenous fibres giving the characteristic
methylblue reaction with Mann's bi-acid mixture.

These fibres fit into the finger-like epithelial processes, and
nccagionally fine fibrils may be seen to extend upwards within
the inter-epithelial Ivmph spaces, to one-half the length of the
lowermost layver of columnar cells,

Underneath this laver is the dermis proper which may con-
veniently be divided into a snperficial vasenlar and a deep elastic
laver. The former consisis of collagencons bundles measuring
from one-tifih to thirty @ in diameter, between which are the hair
follicles, blomd vessels and lymphatics. The blood vessels, even
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down to the finest subepithelial capillaries possess a very distinet
reticalar envelope of white fibrons tissue, which stains a deep blue
colour in marked contrast (o the bright red of the endothelinm,
fixedl connective-tissue cellg, sebaceous glands and erector pil
mngeles.

The deeper strata of the dermis are particularly rich in coarse
elastic fibres (wdide Fig. 21, Plate XXVIIL) which run parallel
to the surface, giving off finer twigs which pass more or
less wvertically npwards to terminate under the basal mem-
hrane, 1:|-:'l:':|:-iill|!|:|l]|'|. even rannine for a short distance in the
latter.

‘Ilhl' |]-'|'|||i:-., Hita! |'nr|:|||:1|'-'-| '~".ii|'| ||||- ﬁl_'. ||1:-l|,| "I, 18 3'i-:'h|_';' '\-Ilj_,'llliil"ll
with hloo] vessels and l." ||'.'|II'I:||il.':"C. and has in CONSENence i much
moere open texture  The hypoderm consists of coarse bundles of
white fibrous tissue (20-100p in diameter] which are armnged so
ag to form thick sirands.  The wmrrrangement of the connective
tiggne cells 18 similar to that n tendon boandles,  Between these
atrands of white fibrous tissue are found a few elastic fibres.

(e honr  after  vaccination l:|'li,'.,’. 19, Plate }\}\_"u|[, the
|-i|':||-|-|'|ui-. ig seen divided, the dermis 18 laid bare, and at the
hottom of the ',-.||-;|||-| i,-u H1 J|i'|-l'!:| clot with red :I,r|-| '.l-.||iI|- =
puscles entangled in it. The blood vesselz in the naighhonr-
hooid are engorged, amd in somee cases completely blocked by
lengocvies. Between the epidermal cdges is seen a clot repre-
genting escaped serum  which appears to possess o granular
structure dne to the action of the fixing solution employed.
Stained by Gram’s method the granules are =o resistant to the
process of decolorisation and so regular as to closely simulate

A er o=-eocel.

This pecalinrity led Kent to speak of laree nombers of micro-
organisms between the lips of the wonnd. By a special modifica-
I:i_n|| nn|I I’;]'.51'|||.:-- |:|I|'i-]|1'-l|, '|\.|'|il'|| |.|,- ||:|.'- ol as I".l". ]II1I-Ji.--'~-|I|'I|1 |‘Iv|'
states that he has sncceeded in staining the specific diplo-bacillus
of vaceinia, which is said to be always contained in special cells
in the deeper layers of the dermis. [ have no doubi that he has
been misled by appearances, such as shown in the lower portion
of Fig. 24, Plate XXIX., which represents a collection of plasma
cells siained by Clanding’ modification of Gram's method. By
the same process some of the nuelei in the deeper luvers of the
epidermiz (Fig. 24) and dermis (Fig. 24 are very resistant to
the decolorisation by Gram, and the gentian violet is apt to be
precipitated in forms which resemble bacilli. That these appear-
ances are not pathogenie is shown by their oceurrence in perfectly
healthy tissues.

Clicenigres on the Denvis due o Vaceinadion,

.llh_l' |i,]'.-#.|: -;,'|:'|;I_||:;]'|.- (1] b nioticed ill 1i|1' fixed lt;lll!lrlvl'l'lfi.".I.:.L tissne
glementg i3 a necrogig of the basal membrane, 45 hours after
vaccination (vide Fig. 9, Plate XXI1I11). This swells up and if
stained by the short bi-acid method, exhibits a great aflinivy for
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Copoman and
Mann

that this change should take place beneath the vaccinated area,
even at a point digtant from that at which the epidermis is
divided, and at a time when the changes in the epithelinm are
as yvet but slight.

Commencing with the second day and reaching its height on
1F|-- |-||'I:'| -|;|}_ fIn dix L H i 1!-'|.- lil !'I|'.:I.-C EEIrs .1|'|'llrli|l:lllit"i ]'.1'
lencocyie infiltration. Primarily in the centre, and later, at the
margin of the affected arvea, some special chemotaxis seems to
call forth an emigration of the lll‘:.]llll.l]l:.]'l'llr and neutrophilous
lenegocytes. Thus we find in Fig. 22, Plate XXVIIL, a small
blood vessel fromm which a consideralle nmber of I.'l'l[?!' il'ql‘-'l'
eacaped,  Before discussing the probable of these cells it

will be best to shortly summarise some papers dealing with the

IJlII':\-l"'IlII_

In 1832, P. Doehle described as to be found in the blood of
patienis suffering from smallpox, measles, scarlet fever amd
sy philis, small spheres ((05-1p) which were either homogeneous or
contained a highly refractile nuelens surronnded by a clear zone.

Chey showed movements, which in some instances could be

ahaerved to be due to the action of 4 Hacrellum fonr to five times

the il of bl y. 1_:Ie'-:':|,-i||t|;|.;'|_1.' Ly -]l|jl'|'1'-= were enclosed
in a common capsule. He also noticed granular and amoeboid
elements '-_I'.-l..'-'l. and  ill-defined rodlike JJJ"'-'.hlI.:il'hIJIiI' ol ies
pussessing small Hagella. The structures referred to were Fonnd
from about the third to the tenth day after the sraption. In the
clear lymph removed shortiy after the formation of the vesicle
he found. in addition to white and a few red |-||t'|||:|:-C--|1--. hodies
resembling those present in the blo Many of the larger ones
showed flagells Oh-1g long.,  During this period he algo oceasion-

s (2-20u) which constantly changed their

ally observed bodi

slipe, beine sometimes ronnded and sometimes  bean-shaped,
He expressed the opinion that the smaller elements decrease in
number, while the larger ones inerease during the later stages
of development of the pustule. Thev, turther, never lie In
cluded in .-|-Erh--!;:|; cells, duringe the |-;||-|_1, stares, but mn.'-'-iﬂ =iy
later o,

In 1895 Bottersack described what were apparently the same
althouerh his view of vaccine

elements, J) honrs after vaccination,
fibrile breaking up into globoles '-|-4J|'I||:|[in|-: was due to his
methodl of examining filins of i_‘- r||||h il riel |I|‘- gxposire Lo the
wir.

In 18 Kanthack and Hardy studied the behavionr of the
I--||.--.|-l\.rr-- i1 I::‘|-' fror  wlien I':-r:ru|-_:||| 1ML eOpytaet with :,LIII]H':I‘.
el and arvived at the conclusion that the ""hi[l“|lllill'|'|!- cells
discharge their granules over the bacilli, and that the work of
dlegtrnetion is "'lJrl}lil-1l-'| |I}' the tl:'-'iIJit'L!' il =,

In 1806 Weber made furiher investigation of the blood of
patients suffering from variola, and enumerates as oceurring
therein :

(1) Bpherical highly refractile grannles, 1'8g in diameter, which
!\-‘hll'\'.' “jll‘.'. [IRHLE :-|,E|r] ln'-';|_-|||:|;|,[|:. J:-]'-e:.;_"'-',-;q'n.vl' IO erre et 3 (2
eranules mensuring 56-72p, found in the interior of non-mobile,
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homozeneons and spherical elements, which he supposed to

AFPFENDIX

represent a phase in the life<history of a protozoon, and so termed oo the

Steegeendfieperelen ; (3) lorge granunles  oceasionally  contaiming
amaller ones, a transition towards the formation of the previously
mentioned stage : (4) granules joined by threads ; (3} stages in
ihe formation of lareer bodies from the growth of small granunles,
and of the division of fully formed bodies; (b) forms measnring
15, with one or two opagque and one clear nuclens,

Weber states that hiz bodies are very like eoginophilons cells,
ani that they only differ from lencocyied in possessing ;:L':i".'l-]j.
moving granules. He obtained culinres in alkaline soemi-solid
auar  golution, which were invisible muacroscopically, A3 the
bhodies deseribed by him were also fonnd in measles and scar-
lating, it appeared donbifnl as to whether they conld in any way
he regarded as specific,

Walter Reed alzo found in the blood of monkeys and calves,
during the active stages of vaccinia, granular amahbaid bhodies,
havine one third the diameter of the red corpuscles. He later
discovered them in normal blood, and therefore believed that

no cansative relationship existed  Detween  these  bodies  and
'.:||,'|'5".I-I.|.

H. F. Miiller, too, dizscovered, independently of Heed, in
normal blood, granules which differsd essentially from  blood
|l|'.l|r|l"::-.

In 1897 Siokes and Werefarth arvived at the conclusion vhat
ihe hactericidal power of the lencoeytes und of the blood sernm
of man and many animals i8 due to the presence of speecific
srantles, egpecially those of the eosinophil and nentrophil type.
Whien oplled npon to resist the action of invading bacteria the
cranitlar lencoeytes can give up their granules to the surrounding
finids andd issnes,

The rapidity with which, after vaccination, changes occur in the
epidermis an! dermis varies enormonsly i different calves. In
this respect it may he pointed out that Figs. 2 (Plate XX.)
and 22 (Plate XXVIIL) represent the appearance of the dermis
in a ealf which had been vaecinated 45 hours previonsly, and
which * had not taken well.” The corresponding epidermis
ig ghown in Fig. U (Plate X X111 ), and it will become apparent
that in this region the vaccine lymph was not brought into
direct contact with the dermis. Notwithstanding this fact the
hazgal membrane iz necrosed beneath the site of mmoenlation,
and, moreover, marked changes extend for nearly Jdmm. to
either side of this point.

Sections  stained in methvlblue-eosin mixtore show large
numbers of eosinophil and neatrophil leucocytes, In most of
thege (Fig, 23 No. 1, Plate XXIX)), the granules are arranged
round one side of the nueclens, some t'_‘.'IIJ[I[:'HtJ] occasionally 'I:.":]E_g
outgide the granular zone,

Histalogy of

Vaccinia

b=,




APPENDIX .

hox

No, 3, in which the nuclens lies to the right, while the
cytoplasm with its retienlar arrangement is on the lefr, probably
marks the initial step towards a shedding of the granules.
Whether No, 4 represents a forther step in the transformation of
the lencocevie or whether it precedes the condition seen in No, 3
is donbtful, but unltimately the nucleus leaves its excentric
position and becomes central, a change accompanied by a
rarefaction of the nuclear contents (No. 5). These leucoeytes
cannot be seen to multiply by either direct or indirect division.
[t may be well to siate that precantions were observed to exclude
the possibility of appearances such as those seen in Nos. &3 and 4
being due merely to the nonstaining of basophil granules.

In PFig. 23, Plate XxAlX. in addition to the lencocytes,
numerons granuales are seen in the lvmph spaces between the
|'|||_]i|'_'|-|'|t--:|nll- ||I:|||l||L.|-e-C, rrl'n'e-C-:' hodies I-.:|I.'. imn li.I:lII.'l'11':|' |-'|'III|'.
(7H to DI'dp: a few are spherieal but the greater number
are irregular in ontline. They are not improbably identical
with those which the varions authors above-mentioned have
fonmd in the blood and also in the lvmph of vaccloia amnd
variolas doringe the febrile stares and the further sugoestion
may be hazarded that they are in reality lencocvie granunles
which have been discharged from the cells. As it is, however,
as yver premature to make dogmatic assertion on this point,
these elemenis may for the present be conveniently termed
o X oeranules.”

Whatever the origin of these 4 grannles may be, thew
seem  to  possess the wwers of ameeboid movement and
growih, as | . 15 I\l'lzlh' XXV 25, 26 (Plate XXX}, and 28
(Plate XXXI.) appear to show. These figures represent the
Appeardnces obhserved 72 hours after vaceination. The |I|‘I"l[ﬂ'-_:!':LEI|l

(Fig. 28) shows how numerous these elements may be, while
I"i_l_r_ '_'.-l |]1'!|'|-'|'|::-=.1I‘:|I|'-i. the rregid tifferences in their diameter " the
larger granules measuring fully Jp.  The preparation here
fignred was treated as follows : (L) Ten minutes in 1 per cent.
acetic acid, (2) three days at 3° O, in LiéfHer's methyleneblue
containing ten times the normal ameunt of KOH, (3) _’l houirs in

|I!'[' l'l':l.l_r_ ;|,1'1".i_|,' :_|.|"|||_. |_'=I :l.|:|:-'l|]li‘.1'- ;t|l'-|]||l| ;|r|ci "'{.'l'l‘i.ll. '|.'|u-
section has a uniform bluish-black tint, quite ditferent from that
ordinarily obtained with methyleneblue.

That the granules are amdeeboid seems probable becanse of
the various shapes which they exhibit (Fig. 1§, Plate XXVI1.),
because they may be found at considerable distances away from
lencoeytes, and becanse they are met with also in the narrow
septa which separate the bundles of white fibrous tissue

(Fie. 26, Plate XXX .)

Sections stained for 10 minntes in undilunted polychrome-
Illg'[h:l,Eg'Hl.'Il:,H_l." washed for 20 seconds in distilled water, and
subsequently differentiated in a 33 per cent. selution of tannin
(TInna) for two to five minutes, show the appearances depicied in
Fig, 26. The Z granules, with high focus, stand out as highly
pofractile elements, either not stained at all or of a faint green
colour. In mid-focus they exhibit a minute spherical or elongated
granule of a deep blue colour. Whether this appearance can be



5 "}

explained on purely physical gronnds as being only due to a
|I:LI'Ei.'.I| decolonrisation of the £ grranles i5 ot cartain, for 1n
many instances the central globule will appear of the same size
althongh the 4 granules, as a whole, differ greatly in their
diameter,

Unna's staining method is specially useful for tracing the
chanoes in the fixed and wandering connective tissne L'-.-EI.-:_, both
nuelei and the eell bodies with their winglike processes being
wall stained.,

By it the lencoeyte, Fig. 15 (Plate XXIV.), was discovered
stretehing  throughout the thickness of the epidermis, and
measuring 1206:Tu in length,

By wvet another method, namely, by staining for 12 hours in
LifHer's methyvlenebhlue solution containing 1 ; W0 KOH, then
ilifferentiatine ih L) e cent, J|._.-";'-|i it 15 |Jl|-e-:-ii|l|1.' ] |||"|r|_u'|1_-5r|','|:u
in sectionz of skin, removed 72 hours after wvaccination, cells
apparently identical with various forms of Walideyer's plagma cells.
These are represented on Plate XXIV,, Fig. 14 a-f. In the
sections they appear as cherrv-red elements, the remainder of the
section being stained o bright blue, What iz charmcteristic of the
plasma cells is the presence in them of grannles which are smaller
than those of the eosinophilous lencocytes. The cells may appear
ronnded or provided with processes, their average length is 14-15u
anid their nuelens under normal cirenmstances measures about
O o« T, Therefore they are much smaller than the winged
connective-tissue cells, some of which (Fig. 25, Plate XXX,
extenid with their processes over Hu.

The granules of these plasma cells stain of o bright cherry-red
colonr, as long as the nucleus staing bluoe, but in most cells
the nuclens has lost its blue tint and 8 apparently under-
voing degenerative changes. The healthy appearance of the
cell iz seen in Fig., da, Plate XX1V,, in which the nuclens has
digtinet chromosomes, and the perinnclear area contains but
few granules which, however, stain deeply ; in Fig. 14b,
Plate XX1V., the nucleus still stains with methyleneblue, but
has o vacnolaied appearance, and the granules are less -.E!rupi._'c
gtained than in a: in by o, ¢ and f the nocleug stainsg with
|q||"f|!|_"..;l-'lll.' A in|1_'l ol the SHEITE tint ag the !,-:J':Lllli|t'.1~' | SO EL e I'I- 'i\'l'li_l,'tl
are feebly stained or quite invisible) and has 4 more or less
vacuolated appearance,

The reason for mentioning  the J-|;l.-1r|;1 ecells here is to
point out a possible relationship Dbetween the appearances
obtained by the method above detailed and that seen in
J!Il:'l]t_‘;‘l-ljl'llr-l.'irhitl sections (Figs. 22 and 23, Plates XXVIII,
and XXIX) In the former fisnre a nunmber of cells are
surronnded by essinophilons granules, which are somewhat
smaller than those of lewcocytes, and which show a greater
affinity for eosin. They correspond to the granules figured in
T upper fourth of ]"'li_". 22 Plate XXIX. Uan it be that
plasma cells set free their granules

APPFERDIX L.
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Commencing with the second day of vaceination and reaching
its height at abont 120 hours, the cedema of the dermis

leadds to the marked changes represented in Figs, A, B and (.
Plate XXXIII. These three photographs are taken from
the same section (120 hours after wvaccination). Fig. A
Plate XX X1I11., is farthest away from, and Fig. C, Plate XXXI111.,
P rest ik [|||' ]J-l:‘;l:i ||j' i||-'||'1|'[:|'.|r|-'||_ I|'i|-|' 1----'.5--“ WilE .~:|:|ir|1--]

in a mixture of gentian violet one part, glacial acetic acid
two  parts, aleohol five parts,. made unp to 1IN parts with
water, The epiclermis gipined  red while the collagenous
bundles siained a deep bloe, Thiz method iz specially
adapted for studying the relationship of the dermis to
the epidermal cells, the connective tissue proeesses springing
from rthe basal laver, standing out sharply, In Fig A
Plate XXXIII, the normal econnective tissoe appears  very
darklv stained as the section was 10y thick, bnt nevertheless
indieations of Iymphatics and blood wvessels ean be seen.

The epidermal cells are normal in appearance. In Fig. B,
Plate XXXIIL, the connective tigsne elements have been
pushed asander by the acenmulation of lymph, the basl
membrane  being, however, as vet not perforated. The
epidermal cells are warkedly enlarged and stain less readily.
In Fie ¢, Plate XXXIIIL, the ecollazenous bundles appear
ag very delicate trabeculs, the basal membrane iz giving
way in  varions places, aml the epidermal elements  have
been completely destroved.

In comparing the three figures with one another it is
well to bear in mind that the delicate reticnlar arrangement
geen in Fie, O Plate XXXIII, iz not due 0 an actoal
diminntion in  the total amoont of white fibrons tissue
present, but owing to the wdema the tissue elements have

become :-:ln'v;nl ont over a larger area. Actual destruction
of the connective tissne is not one of the primary effects
of the vaccine virug, and when it eventually occenrg is due

et action of extraneous micro-oreanisms which

partly to the dir
first hecome noticeable about the third l|:l}, anil |:-:II'||_‘-' to 1he
gimultaneous acenmulation of lencocytes which, by the pressure
't .'g-r|.| 1 l‘;-'|'i|:|l__r ;||||||:: ;|[|'|:||E1}' of the "\.‘.EII:_f:' |!||-I'I|I|-

they exe

Lissne,

Az Ulnna points ont, during the vesienlar stage of vaceinia the
1= i

inflammatory chanses are small and lencocyte infiltrati
first remarkably scanty,

To demonsirate the presence of extraneons mMiCro-0organisms
subsequent to the third or fourth day, either the method detailed
above for ZA-granules, ||I‘; the use of the modified Lasften
gtain  may |u--;|..]rr|-.:1--|, leaving the sectioms at J0° C. or the
aections may be stained for 12 hours at 42" C. without previens
treatment with acetic acid, the stain being rapidly washed
off hefore the slide has had time to cool and the section
then cleared in xylol and mounted in balsam, By this
second method the appearance shown in Fig. 17, Plate XXXV,
was obtained 96 hours after vacecination. Diplococel Td=1 u



in diameter are seen surrounded by a larger number of
lencocytes. To the left of the preparation is an epithelial
cell in an early stage of necrosis,

Fig 27, Plate XXXI., stained by the acetic acid modified
Liiffler method was takem from a section 72 hours after
vaccination. In it hir bullag are seen which have reaunlted
from a separation of the lowermost epithelial cells A from the
middle layer B. Free in the lymph minunte diplo-baeilli will
he observed.

In the description of the reticeular change in epidermal
cells given previonsly, certain grannles, best seen in Fig. 10,
Flate XXIII., were described which resemble diplococe
By using the same staining method, namely that of Miller
a similar appearance can be demonstrated duoring the second,
third and fourth day in {the mdematons connective tissue,
af may be seen in PFig. 18, Plate XXXVI, taken from a

72 honre after vaccination. Nomerous small erannles.

section
.'\'JIII:.'_"I' or arranged in palLrs, are founid hbetween the bondles

of connective tissne,

How minnte these granules are may be gathered by comparing
them with such nndoubtedly éxfraneons micro-organisms as are
geen in IPig. 17, Plate XX VI,

In coneclusion reference panst
Plate XXX, whicrh show that up o the
cination Jencogvie infiltration is limited to the dermis proper,
becanse the exiraneons organisms which are the exeiting canze
lie in the coagnlum filling the month of the wonnd and also
becange the dermis more readily permits of such emigration
than does the I:'.‘“f""l"]"”' In the latter but few hlood vessels
are found, as its structure is virtnally that of tendon. Fig. 30,
Flate XXXII., shows that for the first few davs after vaeecina-
tion the elastic fibres are quite nnaflected and this is so till
about the %6th or 120th hour, when some of the fibres lving
close to the line of incigsion can be seen to break up into
rows of granules, subgeguent to which they fail to give
the typical staining reactions with Tinzer-Unna's orcein, but
gtill stain with Weigert's resorein, fuchsin, and ferrie-chloride
mixture,

w e to the Fies, 29231

i 2nil hour after vae-

Hesome :(—

Chronological order of events :(—

1 hour after vaccination : Effects of injuries due to inoculation,
viz. : Vasodilation ; emigration of a
few lencocyvies from vessels Ll:.11'1:LL_','
injured. Stasis of lencocytes in
blood and lymph vessels close to
gite of inoeulation.

2148 hours after : Marked emigration of eosinophilous
lencoeytes. Shedding] of the
Z-granules. Necrotic swelling of
the basal membrane.

25062-92 D

APPENDIE O
g i
Histology of
Vaorinia ;
by Dira,
Copemnn and

IRB.
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ArpENDIX O, 48-72 heurs after : 3welling of the epithelial structures
On the and hence bulging of the epidermis
i g into the dermis. Accumulation of
by Dra. Ilymph in the epidermis, causing a
%:T;:F“ e breaking np of its cells into strands.

Formation of bullae, Some cells
atrophy while others hypertrophy.
Proliferation of nnelei, especially in
the deeper layvers. Varions elements
differing in their origin, but
generally deseribed as Guarnieri's
bodies, make their appearance,
These are not parasites. The
Z-grannles show ammboid move-
ment and growth., Both in the
epidermal cells and in the lymph
spaces of the dermis very minute
cocei-like hodies are found in larga
nnmbers, and in the dermis the
Z-grannles are found close to these
amall bodies,

The dermis shows localised swelling.
Leuncocvites with several nuclei are

Fare.
72-120 honra after + Invasion of inocolated area by
Micro - OFPTANISIms, Few sosino-

philong, large numbers of hya-
line lencoceytes wandering towards
the place of inoculation, bmt as
Vel |]||'_'; e restricied Lk [hl.*

dermis  proper. The epithelial
“ halloong!" reach their height of
development. Many encapsuled

cells resembling  the structures
degcribed by some  authors  as
o ncer EFilI'il"-'u:.';'!"- are ]‘l"'!"i"”'--

120-144 hours after + Marked neecrotic changes in the
epidermis and dermis. Invasion
of the hypoderm by leucocytes,
Necrogia of the leucoevtes in tha
dermis.
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PLATE XX.
F1a. 1.

Vertical section of skin of calf one hour after vaccination.

[ Magnified by 15.]
Fia, 2.
The same., 48 hours after vaceination,
[ Magnified by 15.]
Fiaz, 3.
The same. 48-60 hours after vaceination,

[ Magnmified by 15.]

F16. 4.—8ame as Fig. 3.

1583-23 D2
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PLATE XXI.
FiG. 5,

Vertical section of skin of calf 72 hours after vaceination,

Magnified by 15.

F1g. 6.

The same, 96 hours after vaccination,




FLATE XXI.
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PLATE XXTI

Fra. 7.
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FLATE XXII.
Fic. T.

Vertical section of skin of calf 120 hours after vaccinatinn,

Fig. 8.

The same. 144 hounrs after vaccination.




F; PLATE XXIII.

Fia. 9

YVertical section of skin of calf 48 hours after vaceination.

Epidermal cells with fibrils. Intercellular Iymph channels
inereasged in dinmeter. Neerosiz of basal membrane,

FiG. 1.

The same. T2 hours after vaccination.

colloguation.”

Fic. 11.

The same. 120 hours after vaccination.
collogunation."

Unna's “reticulating

Unna's * ballooning
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PLATE XXIV.

Fie, 12, A—E.

Changes in the cytoplasm of epidermal cells 72 hours after
waccination.

Fig 12, F—I.

Nuclear secretions forming the crascentic variety of Guarnieri's
bodies.

Fia. 12, K.

A basophil Guarnieri’s body of cytoplasmic origin.

Fic. 12, L & M.

Nuecleolar origin of Guarnieri's bodies

Fig. 12, N—Q.

Epithelial cells simulating paragites,

Fia. 12, R.

Degenerating lencocyte in epidermal cell.

Fic. 13.

Nest of daughter cells derived from a single giant cell.

Fic. 14, a—/.
Plasma cells.

Fig. 15.
Leucocyte 126:7 p in length.

All figures magnified by 1,000, except Fig. 13, which is only
magnified by T00.
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PLATE XXV.
I'16G. 13,

Epidermis, 72 hours after vaccination, showing Guarnieri’s
bodies,

. i

| Magnified by 301 )]

Fig. 14.

Epidermis, 72 hours after vaccination : Formation of buallms,
F"|.'|'Lr'|:||-|iil.i girands, and * balloons,™

i [ Magnified by 10K,
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FLATE XXVI.

Figa. 15 & 16,
Upper part of sfratum mucosum in the epidermis, 72 hours after
vaccination. Fig. 15 i8 nearer the site of inoenlation, and in both
fignres the right-hand portion is that furthest from the plane of

inoenlation.
| Magrnified |l_'. .:‘i-ll':].|

Fia. 17.

Micro-organismeg surrounded by lencocytes 96 hours after
vaccination.

Fiaz. 18.

Minute granules surrounded by the Z-granules, 72 hours after
vaccination,
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FLATE XXVII.

Fie. 19,

Vertical section of skin of calf one hour after vaceination.

[ Magnified by 50.]

Fia 20,

The same. 48 hours after vaceination.

: [Magnified by 50.]
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PLATE XXVII

Fia. 20,

Fia. 19.
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PLATE XXVIIL.
Fic. 21.

Periphery of skin-gection 72 hours after vaccination. Com-
mencing leucoevte infiltration. The distribution of the elastic
fibres is alsgo shown,

Fig. 22.

Periphery of skin-section 48 hours after vaccination.




at

PLATE XXIX.
Fic. 23, :

Z-grannles,
[ Magnified by 1,000.]

Fra. 24,

= e : ; ; : i
{ Pgendo-bacilli and eocei produced in the « osinophilons epidermal
cells, and in plasma cells by Gram’s method of staining.

[Magnified by 1,000.]
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PLATE XXX.
FIG. 2h.

:--'u.|_-.-"||||I stained Ly [, -tu:-]":- It|1;l|_;|:.L'LIE :Jll.'lhl-}ll.. .'||.JII"\.".'i.}lh: 111-
crease i size of Z-rranales 72 hoors after vaceination,

Fic. 26.

Similar section stained by Unna's polyehrome methylene-blue
fannin method




PFLATE XXXI.
F1a, 27.

Junetion of epidermis and dermis 72 hours after

[Magnified by 400.]

vaccination.

Fig. 28.
Microphotograph of Z-granules 72 hours after vaceination,

[ Magnified by 500.]
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PLATE XXXI1.
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e mm dtvcscdi ap, ir..:um alhings
esieg
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PLATE EXXIL

Fig. 20-31.

[encacvte infiltration of the dermia 72 hours after vaccination.

. 30 shows the elastic fibres as yet unaffected.

ge. 29 and M) are magnified by S0,
e, 31 is magnified by 300,

Fig
2
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PLATE XXXIII.
Figs, A ().

Vertical section of skin of calf 120
All three photographs are talken from the same gection. PFie A
18 taken at the ]u-l']|lh|‘r‘_'=' of the section, and F
line of inoculation.

honrs after vaccination

. : 1
Igr, L, close [o I]u-

[Magnified by 300.)
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