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Abstract. Pathological studies were carried out on laryngotracheal and conjunctival
lesions caused by experimental infection with so-called Asian type Newcastle disease virus.
In them, strain 2440 of the virus was inoculated into two groups of chickens by the intra-
tracheal and intra-ocular route. The same symptoms and gross lesions as those of the
acute type in field outbreaks were observed in the birds of both groups during 3 to 6 days
after inoculation. Prominent necrosis of the epithelium and lymphatic areas and mild
to moderate proliferation of lymphoid cells were seen as characteristic changes in the
organs studied. The course of epithelial necrosis was initiated by vacuolation of the
cytoplasm, followed by the appearance of eosinophilic inclusions and the formation of a
network inside the cytoplasm and terminated by the disintegration of epithelial cells into
debris. Necrosis of the lymphoid area was similar to the change of lymphatic organs

previously reported by this author.

Newcastle disease (ND) was first de-
scribed by Doyle [1] and has been examined
pathologically by various authors from dif-
ferent points of view. Jungherr et al.[6]
made pathological comparison in details
between fowl plague and so-called Asian
type ND. Similar reports on pathological
investigation of Asian type ND have been
published by several workers [2-5, 10, 12].

There has been, however, few works on
pathological observation on laryngotracheal
and conjunctival lesions caused by Asian

type ND virus infection, because this virus

might have been recognized as having an
enterotropic nature.

Kawasaki et al. [9] reported that under
gross observation hemorrhage was some-
times noticed in the conjunctiva of natu-

rally infected chickens in addition to the
occurrence of laryngotracheal and cloacal
lesions. Recently, it was confirmed that
birds infected experimentally with Asian
type ND virus often associated with laryn-
gotracheal lesions characterized by hemor-
rhage, necrosis and ulcer [11].

There has been, however, no reports de-
scribing the transition of laryngotracheal
and conjunctival changes caused by Asian
type ND virus infection.

The purpose of this paper is to report
the laryngotracheal conjunctival
changes in chickens experimentally infected
with Asian type ND virus. Pathological ob-
servation and immunofluorescent studies
were made.
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Materials and Methods

1. Materials

Virus: ND virus used in the present study was
strain 2440 which had been isolated from a field
outbreak in 1967 at the author’s station and identi-
fied as ND virus. The virus had been passed 6
times through chiken embryos before this experi-
ment.

Chickens:  Seventy-two White-leghorn chickens,
36 days old, were used. The hemagglutination-
inhibition (HI) test was performed before the ex-
periment and HI titers were found to be unde-
tectable.

Direct fluorescent antibody
direct fluorescent antibody technique of Kawasaki
[8] was applied by using fluorescent-globulin pre-
pared from chickens which had been infected with
and recovered from Asian type ND.

2. Methods

The suspension of virus, strain 2440, was calcu-
lated to have an infective titer of 108-5 TCIDs/
0.1ml. Then a virus inoculum was prepared by
diluting the suspension to 1:1,000 with PBS (pH
7.0) containing 200mcg of dihydrostreptomycin
and 200i.u. of penicillin-G/1.0 ml.

Seventy-two birds were divided into 2 groups of
86 birds each and placed separately in special isola-

technique:  The

Table 1.

tion units.

Each bird of one group received intratracheal
inoculation with 0.1 m/ of the inoculum. On the
same day each bird of the other group was in-
oculated intraocularly (into both eyes) with 0.05 m!/
eye of the inoculum.

Clinical observation was made for 6 days post-
inoculation. On each day of experiment, 4 to 6
birds were randomly selected from each group and
subjected to necropsy. After gross observation was
made, portions of the larynx, trachea and conjunc-
tiva were taken and fixed in a 109, formalin solu-
tion. Thin sections of these portions were stained
with hematoxylin and eosin for histopathological
examination. The same tissues were also placed in
N-hexan refrigerated with a mixture of solid car-
bon dioxide and acetone, and sectioned by a cry-
ostat for immunofluorescent examination.

Results
1. Clinical symptoms and gross pathology

Clinical symptoms and gross changes ob-
served were generally identical to those
reported in typical Asian-type ND infec-
tion. Symptoms noticed were green diar-
rhea, depression, tic and cyanosis of the
comb.

Symptoms and gross lesions of conjunctiva and larynx in two groups

Day&"?j ntra-tracheal inoculation group

Intra-ocular inoculation group

?,féiz]aﬁm\ s Symptoms Conjunctiva Larynx Symptoms Conjunctiva Larynx
1 0000 OO00O 0000 0000 0000 0000
2 0000 OO0CO 00O O000 QOO0 0000
3 000 OO0 0000 0000 000D OO0
4 P20 300 @600 OO e0€e 30O
200 OO eoe®@ OOC e00O @00
5 900 000 000 G000 o9¢ o000
DO 000 000 06O 00 OO
6 0eOd 0600 66060 000 060 o000
OO0 000 00 OO eee 6se
Remarks.
QO : Indicates one bird. O : Negative. @ : Slightly positive.

@ : Dead.

@ : Moderately positive.

@ : Markedly positive.
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Table 2. Course of microscopic lesions in laryngo-trachea (intra-ocular inoculation group)
\\
Sites -
Days™ Trachea
after Larynx —
inoculation Upper part Middle part Lower part

1 0000
OO0
QOO

. 000
e 0D

. 000
0

, 000
00

[S)

w

0000
0000
0000

000
OQO

OOOD
OO0

O
L JOLO)

0000
0000
0000

000
00O

000
00O

OO0
dOD

O00O
0000
0000

00O
00O

00O
00O

000
QOO

Remarks.

O: Indicates one bird.

O : Negative.

O: Moderately positive.

Gross lesions detected were of hemor-
rhagic and necrotic nature. In chickens
killed 4, 5 and 6 days after inoculation,
occasional diphtheric involvement of the
larynx, trachea and conjunctiva was
noticed, as well as typical hemorrhagic
and/or necrotic lesions in the gastroin-
testines and lymphatic organs, such as the
bursa of Fabricius, thymus and spleen.

Symptom and gross lesions at the sites
studied of every bird are summarized in
Table 1.

2. Micropathology and immunofluorescent
studies

Larynx

Micropathology:
birds having received intratracheal inocula-
tion were similar to those induced intra-
ocularly. Described are findings in birds
injected intratracheally.

Laryngeal lesions in

(@ : slightly positive.
.: Markedly positive.

As shown in Table 2, the earliest lesions
appeared in the larynx where lympatic tis-
sues are normally abundant. This was
followed by the appearance of lesions in
the trachea descending from the upper part
to the lower part.

Changes 1 and 2 days after inoculation

The initial change was characterized by
vascular congestion and small foci of lym-
phatic cell-necrosis in lymphoid area. Some-
times edematous swelling was observed
partially in the epithelium and mucous
gland. A few heterophils were dissemi-
nated in those areas.

Changes at 3 days

Initial changes in the mucous gland were
not noticed. Some parts of the gland in-
volved fell into necrosis and vanished. Pro-
gress of degeneration in epithelial cells
varied. Slightly degenerated cytoplasm
swelled edematously and contained small
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vacuoles. The nuclear membrane of such
cells stained densely with hematoxylin.
The cytoplasm of moderately affected
cells swelled edematously and contained
large vacuoles. As a result, the involved
cytoplasm was arranged like a network.
The involved cells often contained eosino-
philic which looked to be
round, club-like or amorphous inside the
cytoplasm. In the most seriously affected
cells, the cell-boundry disappeared and the
cells themselves looked like basophilic or
eosinophilic granules. Desquamation of the
affected epithelium was often noted.

inclusions,

In the lymphoid area, lymphatic cells
almost vanished and reticuloendothelial
(RE) cells remained or proliferated. De-
generation and coagulation necrosis oc-
cured partially in small blood vessels ac-
companied with fibrinoid masses stained
densely with eosin in the perivascular area.

Changes at 4, 5 and 6 days

The lesions found were similar to those
observed 3 days after inoculation. There
was no dilference in progress of lesions
among 6 birds killed on the same day.

Most part of the larynx of chickens sacri-
ficed 5 and 6 days after inoculation showed
marked desquamation or lack of the epi-
thelium. Progressed changes were char-
acterized by complete necrosis in the epi-
thelial layer and lymphoid area. In con-
trast, there were some moderate cases in
which most epithelium was retained and
slight perivascular proliferation of imma-
ture lymphoid cells was observed.

In some cases, necrosis occurred in the
striated mauscle layer surrounding the
larynx.

Immunofluorescent Dissemi-
nated fluorescent granules were observed
in the cytoplasm of gland cells and the
upper side of epithelial cells in samples
collected 2 days after inoculation.

findings:

Three days after inoculation, cytoplasmic
fluorescent granules appeared brightly. The
fluorescence was brighter in gland cells
than in epithelial cells. Many fluorescent
foci were disseminated in the lymphoid
area. Fluorescence seemed to be present in
the cytoplasm of RE cells.

Immunofluorescent findings on 4-day
samples were similar to those on 3-day
samples, except that less fluorescence was
seen in the epithelium because of its de-
squamation.

Trachea

Microscopical lesions and immunofluo-
rescent findings in the trachea were similar
to those in the involved larynx.

Conjunctiva

Micropathology: Microscopic changes in
the conjunctiva in birds inoculated intra-
ocularly are described.

Changes 1 and 2 days after inoculation

There were no marked changes in the
epithelial layer, except slight vacuole-for-
mation inside the cytoplasm of epithelial
cells. Although there was no distinct lesion
in the epithelial layer, small and localized
necrosis consisted of debris of lymphatic
cells was found in the submucosal lym-
phoid area. Mild infiltration or prolifera-
tion of lymphoid cells was noted in the
perivascular area. Heterophils were scat-
tered throughout the lymphoid area and
the epithelial layer.

In this stage, the lesion of the conjunc-
tiva was generally restricted to the site of
the Fornix conjunctivae.

Changes at 3 days

Moderate vacuole-formation in the cyto-
plasm was present in epithelial cells. The
nuclear membrane of the cells stained
densely with hematoxylin. Mild to mod-
erate vanishment of lymphatic cells was
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noticed in the lymphoid area accompanied
with many heterophils disseminated.

Changes at 4 days

Marked vacuolation in the cytoplasm was
found in most epithelial cells. Desquama-
tion of these cells was often observed.
Eosinophilic inclusions resembling those in
the laryngotracheal epithelium were pre-
sent inside the cytoplasm. The nuclear
membrane of these cells was stained densely
with hematoxylin. In the epithelial layer,
small spaces were often formed and some-
times contained necrotic products.

In the most severely affected cases, epi-
thelial cells disappeared or disintegrated in
the epithelial layer, and lymphatic cells
vanished from the lymphoid area. Some-
times localized necrosis also destroyed RE
cells. Many heterophils were disseminated
throughout the epithelial layer and the

Fig. 1.

Remarks.

lymphoid area. Partial necrosis of small
blood vessels was often found. Homologous,
eosinophilic and amorphous masses, which
seemed to be fibrinoid, were deposited in
the perivascular area. Marked hemorrhage
was often found in the adjacent area.

Changes at 5 and 6 days

In addition to similar lesions observed in
samples collected at 4 days, small necrotic
foci were found in the squamous-cell layer.

Immunofluorescent findings: Three days
after inoculation, fluorescent granules were
found in the cytoplasm of some epithelial
cells. A bright fluorescence was observed in
the lymphoid areas of the conjunctiva 3
and 4 days after inoculation. The fluores-
cence in the lymphoid area seemed to be
present in the cytoplasm of RE cells. Four
days after inoculation the fluorescence of
the lymphoid area was distributed through-

Course of lesions in epithelia in larynx and conjunctiva

In conjunctiva the gland of this figure must be converted into goblet cells.

n: Epithelial cell. A ¢ Reticulum cell. ¢ : Red cell.

O : Acinal cell of mucal gland. @ : Heterophil. @ : Small blood vessel.
: Fibrinoi .

o : Lymphatic cell. 8 : Macrophage. 'va'\::ee:: :;U:rr:::in::ss
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out this tissue. The intensity of fluores-
cence varied from sample to sample. Strong
focal fluorescence was sometimes observed
in the perivascular area and necrotic foci

organs

of the squamous cell layer.
The course of microscopic changes and
immunofluorescent findings in the three

are shown diagrammatically in

Table 3. Comparison between degrees of laryngo-tracheal and conjunctival lesions in two groups

3

~J Groups Intra-tracheal

Intra-ocular
inoculation group

Days\\% inoculation group
after o,

2s - .
inoculation . Conjunctiva Larynx

Conjunctiva Larynx

1 O000 0000
2 0000 OOOOO
3 O000 0000

PO 00
00 000

, ©00 000
000 o000

O0O0O 0000
OO0 OO00O
OO OOOD
350

Remarks.
O: Indicates one bird.
@: Slightly positive.

: Not examined.

O: Moderately positive.

O : Negative.

. : Markedly positive.

Table 4. Situation of fluorescent antibody in two groups
Ny D@s Intra-tracheal Intra-ocular

Days &y inoculation group inoculation group

?,fﬁif,latic,n\m\"s Conjunctiva Tarynx Conjunctiva Larynx
1 OO0 OO0 OO0 O0O0
2 OO0 OO0 OO0 O0O0
3 2030 000 OOOO OOO
4 0090 COPO0O0 RO OOODO

Remarks.

O:‘Indicutes one bird.

O: Negative. : Not examined.

O: Moderately positive.

CD Slightly positive.
. . Markedly positive.



PATHOLOGY OF NEWCASTLE DISEASE 21

Fig. 1.

Situation of lesions and fluorescence in
laryngotrachea and conjunctiva: Laryngo-
tracheal lesions of the intratracheal inocula-
tion group were found prior to the lesions
in the conjunctiva, and vice versa in the
intraocular inoculation group (Table 3).

In the fluorescent findings of the intra-
tracheal inoculation group, the presence
of viral antigen in the laryngotrachea was
confirmed from the initial stage of infec-
tion. On the other hand, the conjunctival
fluorescence of this group was not found
on the same stage of infection. Fluores-
cence of detected sites was generally faint
in intra-ocular inoculation group compar-
ing with the intra-tracheal
group (Table 4).

inoculation
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Explanation of Figures

2. Bird showing a typical syndrome charac-
terized by marked depression, green diarrhea,
and edematous swelling in an area around the
eyelid.

3. Conjunctivae and tracheas of birds ex-
amined 4 days after intra-tracheal inoculation.
4. The same organs as those in Fig. 2, 4 days
after intraocular inoculation.

Figures 4, 5 and 6 show laryngotracheal lesions
of birds given intra-tracheal inoculation.

5. Site of small focus where lymphatic cells
vanished in lymphoid area of larynx, 2 days
after inoculation. Hematoxylin and eosin (HE)
staining. X80.

6. Upper portion of trachea. Desquamation
and formation of network inside the cyto-
plasm are marked in the epithelium, 4 days
after inoculation. HE staining. X320.

Figures 7, 8, 9 and 10 show conjunctival lesions of

Fig.

birds given intra-ocular inoculation.

7. Necrotic and hemorrhagic change accom-
panied with fibrinoid mass deposition around
small blood vessels is marked throughout the

Tig.

Fig.

Fig.

Fig.

Fig.

trachea in this figure, 5 days after inoculation.
HE staining. X80.

8. Fibrinoid deposition around small blood
vessels accompanied with infiltrative hemor-
rhage and vanishment of lymphatic cells, 8
days after inoculation. HE staining. X160.
9. Desquamated epithelial cells showing a
network inside the cytoplasm. Nuclear mem-
branes of these cells are stained densely with
hematoxylin, 4 days after inoculation. HE
staining. X800.

10. Perivascular fibrinoid mass deposition and
marked edema in an area around the blood
vessel, 4 days after inoculation. HE staining.
% 160.

11. Necrotic focus in the squamous cell layer,

"6 days after inoculation. HE staining. X160.
Fig.

12. Fluorescence in trachea of bird having
received intratracheal inoculation, 4 days after
inoculation. X80.

18. Fluorescence in conjunctiva of bird hav-
ing received intra-ocular inoculation, 4 days
after inoculation. X160.
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