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The aim of this paper is to analyse the morphogenesis of tuberculosis, as
an expression of the reactivity of the infected organism. Studies on the tuber-
culous changes in connection with the consecutive reaction forms of embryonic
evolution shed light on the influence of reactivity on the pathological process.
On the other hand, the factthat tissues of differentreactivity are present within
the same embryonic organism, makes it possible to investigate the connection
between pathological changes and tissue reactivity.

To study the reactivity to infection, the embryonic complex was infected
with Koch bacilli of the human, bovine and avian type, respectively. Accord-
ing to Menkes, the embryonic complex consists of the body of the embryo
with all its appendages, with all its living environment. This concept includes
the maternal organism as well; as we shall, however, deal with avian embryos,
the term embryonic complex will mean only the embryo and the structures
included in the egg.

A total of 297 white Leghorn and Plymouth chicken embryos was studied
in 32 series. Bacterial infection of the hen’s egg and of the avian embryo com-
plex has extensively been studied, under both artificial and natural conditions
[2—5,14 —23, 27, 31 —33, 35, 36]. There seems to be general agreement in that
the pathogens may penetrate the intact shell before or after the laying of the
egg. This view is of particular biological significance, because it infers that the
embryonic complex, which repeatedly contacts various pathogens during its
phylo- and ontogenesis, would in some way adapt itself to the unusual circum-
stances created by the presence of the pathogen. Among others, the presence
of one or more bactericidal factors in the egg white seems to corroborate this
view. This adaptation develops probably in the most superficial living layers
ofthe embryo complex, which are most exposed to contact with external patho-
genic factors.

The few studies on the tuberculous infection of the embryo complex
were focussed not so much on the reactivity of embryonic tissues, as on the
circumstances of bacterial growth and the effects of certain drugs, and most
of the morphological investigations on the chorio-allantoic membrane [1, 5, 13,
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15, 19, 21—24, 28, 30]. These investigations yielded the following general
conclusions :

(i) The chicken embryo complex (used by most workers) can be infected
with all of the more important types of Mycobacterium tuberculosis.

(i) The site of tuberculous changes depends to a certain degree on the
mode of infection.

(iii) The nature and extent of changes are more or less influenced by
the type, quantity and virulence of the pathogenic agent, though there is also
some contradictory evidence as to the role of virulence.

(iv) The most marked changes occur in the chorio-allantoic membrane,
as well as in the liver and spleen.

(v) The changes in the chorio-allantoic membrane are partly mesenchymal
(infiltrations, foci, etc.) and partly ectodermal (epithelial proliferation, etc.)
The presence of giant cells is characteristic. In the internal organs the changes
are usually non-specific, consisting mainly of infiltration and necrosis.

6. The tuberculous changes develop much faster in the embryo than in
the adult organism.

7. Infection is most successful when carried out on the 10th to 12th day
of incubation.

8. According to certain authors, the nature of the tuberculous process
is influenced also by the species of bird used.

Methods

1. Direct infection of the chorio-allantoic membrane. In one case minced tissues from a
tuberculotic guinea pig were used. In other cases suspensions of Mycobacterium tuberculosis
(about 1 mg/ml physiologic saline), or minced chorio-allantoic membrane soaked in the sus-
pension were employed. In every case the chorio-allantoic membrane was infected after 7 or
8 days of incubation.

2. Direct infection of the embryo was carried out according to Menkes [27], placing
a piece of chorio-allantoic membrane soaked in the Mycobacterium tuberculosis suspension on
the neural tube opened on the third day of incubation.

3. Intraamniotic infection by injuring the body of the embryo. On the fourth day of in-
cubation a suspension of Koch bacilli was injected into the amniotic sac, afflicting with the
tip of the needle on injury at the caudal end of the embryo.

4. Intravenous infection. The suspension of Mycobacterium tuberculosis was injected into
the allantoic vessels of 12—-13 day old chicken embryos, by the slightly modified technique
of Eichhorn.

The embryos were worked up 6, 7, 8, 9, and 11 days after infection in case 1., 6 to
16 days after infection in case 2., 15 days after infection in case 3. and 6, 7, and 8 days after
infection in case 4. The specimens were fixed in Susa’s solution or in 4 to 5 per cent formol.
The embryos were usually examined every day, by the naked eye or under a binocular lens.
In some cases smears were made from the blood taken from the still beating heart, immedi-
ately after breaking up the shell, and were stained according to Pappenheim, or with haema-
toxylin-eosin. The histologic sections were stained with haematoxylin-eosin and by a Ziehl—
Neelsen technique adapted to staining tissues. Silver impregnation according to Géméri and
Papp was also carried out in some cases. Histologic sections and blood smears from normal
embryos of the same age were used as the control specimens.
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Results

1. Direct infection of the chorio-allantoic membrane with tuberculous guinea
pig tissues. The typical changes developed in about 10 days. Unevenly distribut-
ed, white foci appeared on the chorio-allantoic membrane, which turned
opaque and became oedematous. Under the microscope, infiltrations and foci,
composed mainly of eosinophile cells, were seen. In the more advanced stage
the foci contained polynuclear giant cells and necrosed areas (Figs 1, 2, 3).

Figs. 1—2
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Figs. 3—4

The inflammation was accompanied by an epithelial reaction. The ecto-
dermal epithelium became multi-layered and sometimes cornified (metaplasia).
At sites, epithelial bundles penetrated deep into the mesenchymal tissus of the
membrane (Fig. 4). In the inflammatory changes a considerable increase
of the argyrophilic fibre ground substance was visible (Fig.5). Large numbers
of Koch bacilli were present in the inflamed tissues (Fig. 6).
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Figs. 5—6

Thus, the tissues of the chorio-allantoic membrane develop marked
changes in response to the implantation of heterogenous infected tissues.

2. Direct infection of the chorio-allantoic membrane with a suspension of
Mycobacterium tuberculosis or with infected membrane. The first changes appear-
ed 4 to 5 days after infection, to become more and more marked subsequently.
Essentially, the same focal changes developed as described above. Under the
microscope, infiltrations, foci of similar nature, eventually necrotic changes
and a few polynuclear giant cells were visible.

The epithelium showed diffuse metaplasia, which was less marked than
in the former case. Sometimes small epithelial processes penetrated deep into
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the mesenchyma. In the inflamed tissue the number of argyrophilic fibres was
markedly increased and numerous Koch bacilli could be found. The internal
organs exhibited no particular changes.

Figs. 7—8

Thus, the tissue of the chorio-allantoic membrane develop diffuse and
marked changes in response to direct infection by various methods.

3. Direct infection of the embryo. In single cases circumscribed foci,
similar in gross and microscopic appearance to those described above, were
visible at the site of infection (Figs. 7, 8). Except for a few perifocal infiltra-
tions, there was no evidence of a spread of the process. These infiltrations were
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often the sole changes, the skin and its epithelium showing none whatever. In
some cases perivascular infiltrations composed of round cells or eosinophile
cells were present in the liver, kidney, and lungs (Fig. 9).

Figs. 9— 10

The chorio-allantoic membrane showed changes similar to those found
in the formed series. The changes were fully developed about 10 days after
infection. The membrane was gradually thickened, turned opaque, and there
was evidence of a circulatory disturbance. Some foci attained a considerable
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size and even formed conglomerates (Fig. 10). No epithelial response was
visible even in the presence of a very intense inflammatory reaction, except
when the epithelium had been infected directly. In the affected areas of the
embryo, the number of argyrophilic fibres had increased and Koch bacilli were
demonstrable.

The other annexes (yolk sac, amnionic sac) exhibited no marked changes.

Thus, under the same experimental conditions, within the same embryonic
complex and at the same time, the various parts of the complex respond differ-
ently to the same pathogenic agent, in the present case to Mycobacterium
tuberculosis. The response ofthe embryonic body is weak, local or totally absent,
whereas that of the chorio-allantoic membrane is diffuse and marked.

4. Intra-amniotic infection, with injury to the embryo. Although a few
embryos were only involved in this series, it was apparent that also on this
kind of infection the changes develop in the first place in the chorio-allantoic
membrane. They were essentially the same as those described above. In the
body of the embryo there were only non-specific perivascular infiltrations,
mainly in the liver.

5. Intravenous infection. No changes were usually demonstrable in any
part of the embryonic complex 6 to 8 days after infection. In some cases a slight
infiltration appeared in the chorioallantoic membrane at the site of the injec-
tion and mild perivascular infiltration in some viscera.

Biological tests were carried out to demonstrate the presence of virulent
tubercle bacilli. Guinea pigs or rabbits were inoculated with the bacillus contain-
ed in homogenized embryonic tissue, whereafter typical, rapidly spreading
tuberculous changes developed.

In a few cases living chicken were obtained from the infected eggs. As
determined 4, 8, 22 and 23 days after hatching, productive, circumscribed foci
were found in the liver, spleen and lungs. These were similar to the usual tuber-
culous changes. In some instances necrosis was also noted (Fig. 11, 12).

6. Morphology of the blood from normal and infected embryos. Compara-
tive analysis of the differential blood counts of normal and infected embryos
aged 18, 19 and 20 days showed the following changes for the infected
embryos:

a) a relative decrease in the number of eosinophile meta- and pro-
myelocytes ;

b) a marked relative increase in the number of pseudoeosinophile (neu-
trophile) metamyelocytes;

¢) a marked decrease in the relative lymphocyte (and sometimes pro-
myelocyte) count.

These changes varied in degree. The erythrocyte changes were less marked
only in some cases of intravenous infection was there a slight increase in
the number of young forms.
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Discussion
|

Our investigations have elucidated several phenomena of the develop-
ment of tuberculosis in the embryo complex. Some of the findings agree with
the data in the literature. This applies to certain of the fundamental changes
caused by tuberculous infection, to the specific reactions of the epithelium, as
well as to the relative incidence of changes in the liver and spleen.

7 Acta Morphologica 1X/1
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The other findings are somewhat at variance with the published evidence.
From our few observations it seems that the type of the pathogenic agent is
not of decisive significance from the point of view of morphological changes.
This applies in particular to the “characteristic” difference claimed by Moore
to exist between the actions of human and bovine types. We are also unable
to agree with the view that the optimum time for infection is the 12th day of
incubation, as attained with reproducible and characteristic results with early
infection.

The term “giant cell of the Langhans type” is used by many authors to
denote the giant cells arising in the embryo as a result of tuberculous infection.
We think that these giant cells differ in type, at least morphologically, from
those seen in human tuberculosis. This applies to the shape of such giant cells
(symplasts), to the localization of nuclei, etc. In our studies in guinea pigs the
giant cells produced by tuberculous infection were morphologically different
from the Langhans cells. As the shape or morphogenesis express the reactivity
of the living substrate, these morphological differences indicate a difference in
reactivity between the reacting organisms. It is interesting that the giant cells
occur usually in the proximity ofnecrotic foci, sometimes in radial distribution.
We have seldom found giant cells in the changes present in the body of the
embryo, although such cells were frequently found by some authors.

In contrast with Canat and Opie, we have not observed a reaction of
the embryonic epithelium in response to direct infection.

As regards the term “caseation” used by some authors to denote the
necrotic process, we agree with the considerations put forward by Lee and
Stavitzky. In fact, the necrosed foci observed by us were markedly different
from the usual pattern of caseous necrosis. The necrosed mass staining a dark
red and containing cellular detritus and sometimes erythrocytes cannot be
identified with tuberculous caseation. It has been suggested recently that
caseation would be a morphological manifestation of tuberculous hypersensi-
tivity. According to present knowledge, it is hardly justified to speak about
an allergic reaction during embryonic life.

Finally, one is not fully justified to use the term “tubercle” to denote
tuberculous changes in the embryo. The inflammatory foci observed consider-
ably differ in both composition and structure from the human tubercles. For
example, there occurs no lymphatic reaction. This fact alone makes it clear
that the specific reactivity of the substrate is of a decisive importance in the
development of morphological changes. It is obvious that the specific actions
so often claimed for certain components of the tubercle bacillus (for instance,
a mobilization of lymphocytes) can take effect only in the presence of ade-
quate reactivity.
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Our experiments have elucidated certain aspects ofthe problem investigat-
ed. From the point of view of methodology it is believed to be significant that
we have used relatively small numbers of bacilli for infection ; this is thought
to have certain advantages. Moreover, we have ensured a prolonged course of
the tuberculous process by carrying out infection on the third days. Fur-
ther, by means of experimental myelorachischisis the embryo was infected
directly.

The following of our results should be emphasized.

(i) The tuberculous infection ofthe chick embryo produces an ectodermal
epithelial reaction in the chorio-allantoic membrane and a reaction in the
embryonic mesenchyma.

A) The epithelial reaction is composed of two phenomena.

a) A simple, non-specific metaplasia, which develops in response to
various external effects and which corresponds to the adaptation that had
developed on the chorio-allantoic membrane, as the most superficial living
layer of the embryo complex.

b) A considerable non-specific epithelial reaction, which leads to a deep
invasion by epithelial cells and to the development of epithelial islets and pearls.
This seems to be the response to both the implanted tissue and the pathogenic
agent. The most marked reaction of this type was characteristically produced
by the implantation of infected tissue from another species (guinea pig). Simi-
lar observations have been made in connection with the transplantation of
certain malignant tumours [25].

When infection had been carried out on the third day, i.e. before the
development of the allantoic sac, the ectodermal epithelium ofthe chorio-allan-
toic membrane showed no substantial changes, despite the subsequent develop-
ment of marked focal changes. The reactivity of the membrane growing in
an infected medium seems to be altered in a short time. This is only natural in
view of the extreme plasticity peculiar to embryonic tissues.

B) The epithelium or skin of the embryo, unlike the ectodermal epi-
thelium of the chorio-allantoic membrane, exhibits no substantial reactions.

C) Notwithstanding the time of infection, the embryonic mesenchyma
of the chorio-allantoic membrane responds with inflammatory infiltrations and
with the development of foci. Necrosis and the appearance of giant cells are
characteristic features. Likewise, there is a remarkable increase in the argyro-
philic ground substance. The reaction is usually diffuse.

D) The mesenchymal response of the embryonic body is circumscribed.
In our opinion, the focus which develops at the site of infection originates
mostly from the implanted chorio-allantoic tissue and not from the organism’s
own tissues.
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(ii) Like our previous experiments with malignant tumours [25], the
present ones, too, showed that the reactivity of the body of the embryo differs
morphologically from that of the chorio-allantoic membrane. This difference
is related also to certain general biological and pathological laws.

A) It has been proved once again that the development of a pathological
change (in the present case, ofthe specific inflammation) depends greatly on the
reactivity ofthe substrate. Although the pathogenic agentis present throughout
the embryo, the changes develop selectively, in accordance with the reactivity of
the various parts of the embryo complex.

B) Our results suggest that (at least in our cases) reactivity is greatly
influenced by certain local, cellular factors. Otherwise it would be rather
difficult to explain the difference in reactivity between the body of the embryo
and the chorio-allantoic membrane. Local factors, especially in the non-innerv-
ated chorio-allantoic membrane, may have an important role to play.

v

The intravenous infection experiments showed, in agreement with the
data published by Lee and Stavitzky, that specific inflammatory changes are
absent, even though virulent pathogens were demonstrated in the embryo by
biological tests. One feels tempted to claim, especially in view of the results
obtained by myelorachischisis, that the body ofthe embryos were in some mea-
sure immune to the tubercle bacillus. However, it would be premature to draw
a final conclusion. According to our observations, the tuberculous changes
develop fully in about 9 to 10 days in the embryo complex. However, the
intravenous injections administered on the 12th or 13th day, only 8 to 9 days
are left from the hatching time. Experiments are in progress to prolong the
development of intravascular infection and it is hoped that their results will
bring us nearer to the solution of this problem.

The tuberculous changes of productive nature found in the viscera of
hatched chicks should be interpreted with caution. Hatching seems suddenly
to alter the reactivity of the organism and, as a result, the form of systemic
reaction. The occurrence of such an alteration is quite probable. According to
data in the literature [5], by the end of embryonic growth the inflammatory
reaction becomes similar to that seen in the post-embryonic stage. Nevertheless,
the small number of our observations does not allow for final conclusions.

Comparative studies on normal and infected embryos have shown that
in the period tested the haematological response of the embryo is similar to
that occurringin human and animal tuberculosis. Neutrophilia and lymphopenia
occur in man and experimental animal alike, according to data in the literature
and our own observations.
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Summary

1. The reaction of the chick embryo complex to tuberculous infection, as induced by
different methods, has been investigated.

2. The morphological response of the chick embryo complex exhibited the following
features.

a) Epithelial reaction of the chorio-allantoic membrane. This is either a simple, non-
specific response elicited by the widest variety of external effects, or a more marked reaction,
involving epithelial invasion and development of islets of epithelium. No epithelial reaction
takes place when the chorio-allantoic membrane has developed in an infected medium.

b) The epithelium of the body of the embryo does not respond to direct mechanical
intervention or to local inflammatory changes ; even the epithelial appendices develop nor-
mally.

¢) Reaction of the mesenchymal tissue of the chorio-allantoic membrane. This involves
the formation of infiltrations and foci of inflammation, necrosis and appearance of giant
cells. The reaction is marked and diffuse.

d) The local inflammatory focus which develops at the site where the embryo has
been directly infected is apparently due to the implanted tissue. A slight infiltration of the
mesenchyma occurs exclusively in the proximity of the focus.

e) Intravenous infection produces no specific changes, only non-specific infiltrations.
The process develops within a short time and therefore the problem requires further investi-
gation.

f) Productive focal changes have been found in the viscera of chicken, on the 4th to
23rd days after hatching, following infection with tubercle bacilli during embryonic life. This
phenomenon suggests that hatching may suddenly alter systemic reactivity.

g) The differential blood count from infected embryos showed marked changes on the
18th, 19th and 20th days of incubation. The number of neutrophile (pseudoeosinophile) leuco-
cytes increased, that of the eosinophils and lymphocytes decreased.

3. The giant cells found in the tuberculous changes of the embryonic complex differ
morphologically from the giant cells of the Langhaus type.

4. The necrotic changes in the embryonic complex differ from the usual pattern of
caseation.

5. The cellular composition of inflammatory foci is different from that of tubercles.
Epitheloid cells and lymphocytes are usually absent and mainly eosinophilic cells (mono- or
polynuclears) are found in their place.

6. A marked difference in reactivity is observable, especially between the body of the
embryo and the chorio-allantoic membrane. This corroborates the earlier findings of Menkes
et al. Under the same conditions of infection the chorio-allantoic membrane responds markedly
and diffusely, whereas the response of the body is weak and circumscribed. The marked reac-
tivity of the chorio-allantoic membrane is apparently due to a phylogenetic adaptation to
repeated external injuries.

7. The different changes found in the tissues of different reactivity corroborates the
significant role of the substrate’s reactivity in the development of a pathological process.
Moreover, in regard to the peculiar conditions prevailing in the embryo complex (presence
of tissues without innervation, etc.) it seems that local factors, too, may play a role in the
response to the pathogenic agent.
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O MPOB/IEME PEAKTUBHOCTWN 3APAXEHHOIO OPIrAHM3MA
B PA3BNTNN TYBEPKYJIE3A
N. WAHAOP

Peakuusi 3M6pMOHANbHOIO KOMMIEKCa LbINAAT B c/iyvae TyGepKy/ne3Horo 3apaxeHus
NposIBNSETCA B XapaKTePHbIX W3MEHEHUsIX. SnNuTenunanbHas peakuusi XOPUOH-a/naHToOUAHOM
MeMbpaHbl 60 npocTasi, HecreuuguUyeckasi, BO3HMKAKLLAS Ha MHOMOYUC/IEHHbIE BHELLHUE
BO3AeNcTBMA (YTONWEeHMe, MeTannasus), Nmbo oHa 60/iee BblpaXeHHasi, COMPOBOXAeHHas
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paspacTaHuem SnuTennsi Briybb, 06pa3OBaHMEM SMUTENNAIbHBIX OCTPOBOB, M CO CUJIbHOVA
mertannasveil. B NpoTMBOMO/IOKHOCTL 3TOMY 3MUTE/UIA 3apOABILLIEBOTO Te/a He pearupyer aaxe
Ha HenocpefCTBeHHble BO3AENCTBUA, U Pa3BUBAIOLLMIACA MECTHbIA O4ar He BAMSET Ha pasBUTUE
aNWTeNManbHbIX NMPUAATKOB, UM Ha XapakTep anuTenus. B meseHXWMe XOpMOH-annaHTOMLHO
MembpaHbl Pa3BMBAIOTCA MHAPUALTPALUM W 303MHOMUNbHBIE NN Xe OfLHOAAEpHble KPYrio-
KNeTOYHbIe 04ar ¢ HeKpo3amm 1 06pa3oBaHNEM TUFaHTCKUX KNeToK. Peakuws cunbHas u gud-
(ysHas. B cnydae HenocpefCTBEHHOrO 3apaXkeHns Tena 3apofblila, KpoMe MECTHOro Bocnau-
TE/IbHOTQ 04ara, He/b3f BbIABUTL 3HAYMTE/IbHBIX W3MEHEHWIA. B criydae BHYTPMBEHHOTO 3apa-
XeHus (BO BTOPOVi NOJOBUHE WMHKY6GaLUM) HAb/IIOAAIOTCS TONbKO HEGOsbLIME MH(MLTPaALMY
B OTAEMbHbIX BHYTPEHHUX OpraHax, OfHaKo, 3TOT BONpOC TpebyeT elle AanbHeMWnxX 1ccneno-
BaHWi. [Mocne TybGepKy/ne3HOro 3apaKeHus BO BHYTPEHHWMX OpraHax BblAYMAEHHbIX LbINAAT
06HApPYXKMBAIOTCA 0uYaroBble M3MEHEHWA MPOAYKTMBHOTO XapakTepa, MPeAnonoXuTebHO
B CBASU C M3MEHEHVEM PeaKTWBHOI CMoco6HOCTM Mmoc/e BbiaynieHus. TybepkyrnesHoe 3apa-
KeHne 06YC/OB/IMBACT BbIPAKEHHbIE W3MEHEHUS B KAPTMHE KPOBM 3apOfbILLEB UbINAAT (Heii-
TPOQUNBHLIA NENKOLMTO3, NMMGONEHNs U 303uHOMeHus). O6pasytolymecs B 3apOfbILLEBOM
KOMIMIEKCe TUFaHTCKME KNMETKW WM HeKpOo3bl OTIMYAKTCA C MOP(ONOMMYECKON TOUKW 3peHus
OT TWUraHTCKMX K/eTOK JlaHrxaHca M OT CTBOpaxmBaHus. COCTaB K/ETOK BOCMANUTENbHbIX
04aroB 10 BbINYM/IEHNS! OTK/IOHSETCS OT 06bI4HOTO KIETOYHOTO CoCTaBa «6yropkos». B npepe-
nax 3apOofiblLUEBOr0 KOMMIEKCa HabNofaeTCs BbIPaXEHHas PasHALA MEXOy PeakTUBHOMA
CMOCOGHOCTLIO Te/la 3apofiblla M XOPUOH-A/INAHTOMAHOW MeM6paHoii. BbipaxeHHas peakTue-
Hasi CMoCO6HOCTL MOC/edHeli PasBUBaeTCA MO BCE BEPOATHOCTM BCIEACTBUE MOBTOPHBIX (hnfio-
1 OHTOTEHETMYECKNX BCTPEY C BHELUHUMM BO3AENCTBUAMW. PasHWLa M3MEHeHW A TKaHel C pas-
NNYHOV PeakTVWBHON CMOCOGHOCTBIO MOAYEPKMBAET 3HAUMTENbHYK POMib, KOTOPYH uUrpaet
peakuus cybctpata B BO3HWKHOBEHWM NaTO/IOrMYECKOro MpoLecca.

BEITRAGE ZUM REAKTIVITATSPROBLEM DES INFIZIERTEN ORGANISMUS
IN DER ENTWICKLUNG DER TUBERKULOSE

I. SANDOR

Die Reaktion des Hihnerembryo Komplexes nach tuberkuldser Infektion manifestiert
sich in charakteristischen Verdnderungen. Die Epithelreaktion der Chorioallantois besteht
entweder in einer einfachen, nicht spezifischen, auf viele duBere Einwirkungen entstehenden
Reaktion (Verdickung, Metaplasie), oder sie ist ausgepragter, und mit Eindringen des Epithels
in tiefen Schichten, Entstehen, von Epithelinseln und starker M etaplasie verbunden. Hingegen
reagiert das Epithel des Embryokodrpers selbst auf direkte Einwirkungen nicht, der sich bil-
dende ortliche Herd beeinflufRt nicht die Entwicklung der Epithelanhdnge und den Charakter
des Epithels. Im Mesenchym der Chorio-allantois entstehen Infiltrationen von eosinophilen
bzw. einkernigen Rundzellen, mit Nekrosen und Riesenzellenbildung. Die Reaktion ist diffus
und ausgeprdgt. Bei direkter Infektion des Embryokdrpers kdénnen aufer dem &rtlichen
entzindlichen Herd keine wesentlichen Verdnderungen nachgewiesen werden. Im Falle intra-
venodser Infektion (in der zweiten Haé&lfte der Inkubation) kdnnen bloR geringe Infiltrationen
in einzelnen Innenorganen beobachtet werden, doch erheischt diese Frage noch weitere Unter-
suchungen. In den Innenorganen der nach tuberkuldser Infektion geschlipften Kicken kdnnen
Herdverdnderungen produktiven Charakters nachgewiesen werden, vermutlich im Zusammen-
hang mit der Veranderung der Reaktionsfdhigkeit nach der Schlipfung. Die tuberkulése
Infektion bedingt eine ausgepragte Verdnderung des Blutbildes der Hiuhnerembryonen (Neutro-
phylie, Eosino- und Lymphopenie). Die im Embryokomplex sich bildenden Riesenzellcn und
Nekrosen unterscheiden sich in morphologischer Hinsicht von den Langhansschen Riesen-
zellen sowie von der Verkdsung. Die Zellenzusammensetzung der Entzindungsherde vor dem
Ausschliupfen ist von der Ublichen Zellenzusammensetzung der »Tuberkeln« verschieden.
Innerhalb des Embryokomplexes besteht ein ausgepragter Unterschied zwischen der Reak-
tionsfahigkeit des embryonalen Ko&rpers und jener der Chorio-allantois.

Die bedeutende Reaktionsfdhigkeit der letzteren entsteht vermutlich infolge des wieder-
holten phylo- und ontogenetischen Zusammentreffens mit d4uferen Einwirkungen. Die Ver-
schiedenheit der Veranderungen von Geweben mit unterschiedlicher Reaktionsfahigkeit
bestatigt die bedeutende Rolle, welche die Substratreaktion in der Entstehung eines Krank-
heitzprozesses spielt.

Dr. Istvdn Sandor. Timisoara, Bv. Mihai Viteazul N° 24.. Rominia.
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