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Summary. Canine distemper is a systemic viral disease characterized by immuno-
suppression followed by secondary infections. Apoptosis is observed in several
immunosuppressive diseases and its occurrence on canine disienaperhas

not been published. In this study, the occurrence of apoptosis was determined
in lymphoid tissues of thirteen naturally infected dogs and nine experimentally
inoculated puppies. Healthy dogs were used as negative controls. Samples of
lymph nodes, thymus, spleen and brain were collected for histopathological pur-
poses. Sections, bm thick, of retropharingeal lymph nodes were stained by HE,
Shorr, Methyl Green-Pyronin and TUNEL reaction. Shorr stained sections were
further evaluated by morphometry. Canine distemper virus nucleoprotein was
detected by immunohistochemistry. Retropharingeal lymph nodes of naturally
and experimentally infected dogs had more apoptotic cells per field than controls.
In addition, DNA from thymus of infected dogs were more fragmented than
controls. Therefore, apoptosis is increased in lymphoid depletion induced by
canine distemper virus and consequently play a role in the immunosuppression
seen in this disease.

I ntroduction

Canine distemper (CD), a contagious systemic disease, causes respiratory, gas-
trointestinal and nervous system disorders [4]. Despite the widespread use of
vaccines, CD remains an important viral disease [17, 16,Qaf}ine distemper
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virus(CDV) is a member of the geniyor billivirus of the familyParamixoviridae
as well adMeades virus andRinderpest virus [21].

CDV infects dogs of all ages, but puppies are more susceptible [4, 10, 14]. The
incubation period ranges from one to four weeks or more [3]. Clinical signs vary
in range and severity, and some dogs show no symptoms [5]. Some dogs develop
neurological signs combined or following systemic or subclinical disease [2, 3].
The most consistent gross lesion is thymic hipotrophy [2]. Lymph nodes may be
enlarged or shrunken, depending on the phase of the disease [6]. Lymph nodes
and thymus begin to show lymphoid depletion in absence of necrosis on the sixth
day post infection [16].

Apoptosis plays a central role in the homeostasis of all multicellular organisms
by eliminating dangerous cells such as mutant or viral infected [30]. Apop-
totic cells are isolated (anoikyc), shrunken with acidophilic cytoplasm and nuclei
show chromatin margination, condensation and fragmentation. Cell fragments
into apoptotic bodies [32] and is rapidly sequestered by professional phagocytes or
neighboring cells, avoiding inflammatory reaction [19]. Internucleosomal cleav-
age of DNA into multiples of 180 bp fragments is a marker of apoptotic process
as consequence of endonucleases activities [8, 31].

Apoptosis can be triggered by physiological and pathological stimuli. It is
prevalent in several immunosuppressive diseases of humans and animals [1, 18,
24]. Ito et al. [12] suggested that apoptosis may play a role in the measles virus
(MV) immunosuppressive mechanism. Guo et al. [11] showed apoptogiso
caused by CDV. Others have addressed the question of apoptosis or necrosis
importance in the pathogenesis of oligodendroglial degeneration in distemper
[25]. Likewise CD immunosuppression may also involve apoptosis. Additionally,
lymphoid depletion in lymph nodes and thymus, in absence of necrosis, has been
already reported in CD [16].

Little is known about apoptosis in the pathogenesis of iGRivo. In this
regard, thiswork sets out to investigate apoptosis in lymphoid tissues of natural and
experimentally CDV infected dogs. Whether involved as a mechanism of lymphoid
depletion, apoptosis may play an important role in the CD immunosuppression.

M aterials and methods

Virus

Snyder Hill strain of CDV, kindly supplied by Dr. Max J. G. Appel (Cornell University, Ithaca,
New York, 14853, USA), was used for animal inoculation.

Animal groups and samples

Naturally infected dogs — Forty-two dogs, 3 months to adult, with clinical CD were necropsied.
Samples of retropharingeal and tracheobronchial lymph nodes, spleen, thymus, cerebrum
and cerebellum were collected. Experimentally infected dogs — Fifteen mongrel puppies,
from Centro de Controle de Zoonoses (Belo Horizonte, MG, Brazil), were dewormed two
days before inoculation. Dogs were fed with commercial food three times a day and water
ad libitum. The experiments were performed in four steps: [i] Four puppies from two different
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litters (50 and 100 days old) were split in two groups, each one containing one puppy from
each litter: (a) two controls not infected; (b) two inoculated with 0.25 ml of virus inoculum
(Snyder Hill strain 5/71) via intra peritoneal and intra nasal routes. Dogs were housed in
separate isolation units and clinically evaluated daily up to the tenth day of post inoculation.
The dogs were sacrificed ten days post inoculation and necropsied. Thymus, retropharingeal
and tracheobronchial lymph nodes, and spleen specimens were collected and processed for
light microscopy. [ii] Six puppies, 52 days old, from the same litter were split into 2 groups:
two puppies were kept as controls and four were inoculated. [iii] Five puppies, 33 days old,
from the same litter were split into two groups: two puppies were kept as controls and three
inoculated. Blood was collected on days 0, 3, 6 and 10 days post infection for hematological
analysis.

Histology and mor phometry

Samples were fixed in 10% buffered formalin, processed and embedded in paraffinnt-ive
thick sections were stained by HE and Shorr. Retropharingeal lymph nodes sections stained by
Shorr were used for morphometry. Total and apoptotic cells were registered (40 fields/slide)
in a digital image analyzer; the apoptotic index was calculated. Morphometry was performed
with a specific software (Kontron KS 300V 2.0).

TUNEL reaction: thein situ genome fragmentation was detected using the Oncogene—
TdT-FragEL-DNA fragmentation detection kit (Cat # QIA33). The reaction was carried out
as described by the manufacturer. Briefly, slides were incubated witlg/20l of proteinase
K (SIGMA) and endogenous peroxidase was quenched with 2@ lih methanol. TdT and
deoxynucleotides were applied and slides placed in humid atmosphere@f@71.5 h. The
reaction was stopped by blocking buffer, the slides were treated with peroxidase streptavidin
conjungate plus DAB and counter stained with methyl green.

Methyl Green Pyronin stain (M GP): sections from retropharingeal lymph node were
deparaffinized, hydrated with distilled water and MGP covered for 2 min. Sections were blot
and air dried for 5 min, differentiated with distilled water, dehydrated and mounted.

Immunohistochemistry: the anti-CDV nucleoprotein monoclonal antibody (MoAb) was
kindly provided by Dr. Alex Walender (Canada). Slides were deparaffinized, predigested
with proteinase K and reduced with sodium borohydride. Peroxidase was quenched with
hydrogen peroxide. Tissues were stained with MoAb, treated with biotinylated horse anti-
mouse IgG, incubated in vectastain ABC reagent and DAB peroxidase reagent applied (Vector
laboratories). Sections were counter stained with hematoxylin.

DNA electrophoresis

Approximately 0.2 g of thymus tissue was ground in 0.5 ml of TTE lysis buffer (10 mM Tris;
0.25% Triton x-100; 1 mM EDTA), spun at 500 g/10 min and the DNA extracted from

the supernatant by standard procedures [22]. DNA pattern was analyzed in 1.5% agarose gel
standard electrophoresis.

Satistical analysis

A cut-off value of the minimal representative number of microscopic fields was established to
guantify apoptosis in canine lymph node, by the standard deviation (SD) instability analysis
described elsewhere [23]. A Shorr stained section of tracheobronchial lymph node from a
CDV infected dog was used. Apoptotic indices from 300 microscopic fields in the same
slide were registered, using image digital analyzer (Kontron KS 300V 2.0). Ten samples of
5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 random fields were set as experimental units and had
their descriptive statistics calculated. SD for each sample size was plotted against its size to
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visualize the trend. SD values decreased as the number of microscopic fields increased. When
the oscillations of the SD between consecutive samples were smaller than 5%, a cut-off was
established, since the number of fields in that sample was considered representative enough
to dispense larger sampling. Hereby, such stabilization of SD occurred at a cut-off of 40 fields
per slide. Descriptive statistics and analysis of variance were applied to all morphometric
parameters.

Results
Natural infection

Myoclonus was the most prevalent clinical sign among naturally infected dogs.
Others included abdomen pustules, opisthotonos, seizures, pedal movements,
bilateral purulent conjunctivitis, apathy, ataxia, chewing, salivation, crying and
pad hyperkeratosis. Gross lesions of the lymphoid system varied on necropsy.
Lymph nodes were diminished in some animals and enlarged in others. Puppies
thymuses were diminished about 5-6 times. One showed only thymus remnants.
The histopathological lesions considered for CD diagnosis were: demyelination of
the cerebellum and optic tracts; inclusion bodies (Sinegaglia-Lentz) and syncytia
formation. Definitive diagnosis was obtained by immunohistochemical detec-
tion of viral antigen. The lymph node cortexes were atrophic and depleted. The
apoptotic indices of the retropharingeal lymph nodes of 13 CDV and 6 control
dogs were plotted in Fig. 1. Statistical analysis showed significant differences
(P < 0.05) between control and natural infected dogs, considering theS® of:

[i] total number of cells (controk 2183 + 51.9; CDV infected= 196+ 53.3);

€l €2 (€3 ¢4 3 €6 INl IN2 IN3 IN4 INS IN6 INT7 ING8 IN9 INIO INII INIZ2 IMI3

Animals

Fig. 1. Average of the apoptotic index (number of apoptotic cells/total number of cells) per 40

fields studied per retropharingeal lymph node of CDV naturally infected animals. Standard

deviations (SD) are shown as bars. Conti©) énd natural infectionIN) X 4+ SD were
0.06 4 0.03 and 009 + 0.04 respectively
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Fig. 2. Typical agarose gel electrophoresis of DNA extracted from thymus of cormdyol (

experimentally €) and naturally if) CDV infected puppies. Electrophoresis was performed

inal.5% agarose gel A TE, 1 hat 120 volts. DNA bands were stained with ethidium bromide

(0.5ng/ml). m=marker (gene ruler — 100 bp DNA ladder, MBI); Qualitative differences of

high molecular DNA and ladder pattern of degradation are observed between controls and
infected animals

[ii] number of apoptotic cells (contrek 13.2 + 5.1; CDV infected= 17.4 + 7.7)
and [iii] apoptotic indices (contrak 0.06 4+ 0.03; CDV infected= 0.09+ 0.04)
(Fig. 1).

The classical DNA “ladder pattern” was observed by agarose gel electrophore-
sis of the thymus DNA from infected and control animals (Fig. 2). Controls showed
more integral high molecular DNA than infected dogs. The DNA ladder was more
intense in the infected animals.

Experimental infection

Puppies had similar clinical signs varying in intensity between those in the same
litter and among different litters. Signs were apathy, anorexia, bilateral ocular and
nasal discharge (serous to mucopurulent), cough, diarrhea and vomiting, dehydra-
tion and progressive loss of weight. Two puppies died before the end of the experi-
ment. The relative counts of lymphocytes and platelets varied. Five dogs showed
lymphopenia after six days post infection. Leukopenia was present in one dog
(Table 1). Apoptotic cells in blood smear were more observable in inoculated ani-
mals. The main gross lesion was hipotrophy of lymphoid organs, more evident in
thymus which was diminished 5-6 times. Sometimes only remnants were present.
Retropharingeal lymph nodes showed lymphoid depletion and no cortex-medulla
demarcation (Fig. 3A). Apoptotic cells, shrunken and surrounded by an halo with
condensed and fragmented nuclei, were observed either isolated or in groups
(Fig. 3C, D). Apoptosis was confirmed by TUNEL reaction (Fig. 3F). Several
syncytia formation, sometimes presenting apoptotic nuclei, were also labelled
(Fig. 3G, H). Additionally, MGP also evidenced apoptotic cells (Fig. 3D, G).
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Table 1. Hematological results from puppies experimentally inoculated with CDV

Animal/step  Main results/collection

day O pi day 3 pi day 5 pi day 10 pi

Li (%) Pla Li (%) Pla Li (%) Pla Li (%) Pla
ci1 50 34200 26 23300 72 454000 28 618800
C1/2 20 205000 53 352000 32 480000 35 514800
11/1 49 205000 55 14100 53 450000 8 108000
11/2 31 179400 58 452000 9 453000 3 330400
c211 83 277300 NA NA NA NA T NA
C2/2 38 220000 NA NA NA NA % NA
12/1 27 NA NA NA NA NA 18 343000
12/2 39 NA NA NA NA NA & NA
12/3 29 359450 NA NA NA NA 25 180000
12/4 25 264960 NA NA NA NA 14 250000
C3/1 27 288000 NA NA 45 430000 16 474000
C3/2 18 501120 NA NA 21 430000 43 473000
13/1 14 331200 NA NA 12 404000 NA
13/2 28 593750 NA NA 8 480000 14 412000
13/3 20 244860 NA NA 18 296000 5 398000

Li LymphocytesPla plateletspi post inoculationfr = dead before the end of the experiment;

NA not available

Severe lymphoid depletion was observed in spleen, associated to increased apop-
tosis inlymphoid follicles. No demarcation cortex to medulla along with decreased
cellularity and cystic formation were observed in thymus (Fig. 4). Syncytia and
apoptosis were frequent (Fig. 4B, C). Morphometric analysis showed statistical
differences P < 0.05) between control and natural infected dogs, considering the
X 4+ SD of: [i] total number of cells (controk 2257 4+ 37.03; CDV infected=
187.6 £ 41.4); [ii] number of apoptotic cells (contret 12.2 + 4.7; CDV in-
fected=28.2 + 16.6) and [iii] apoptotic indices (contret 0.05+ 0.02; CDV
infected= 0.16+ 0.1) (Fig. 5). Agarose gel electrophoresis of thymus DNA
showed typical genome fragmentation of apoptosis. Controls had more integral
high molecular DNA than infected dogs, while DNA ladder was more intense in

CDV-inoculated animals (Fig. 2).

>

Fig. 3. Retropharingeal lymph node of puppy inoculated with CDV with a reduced
cortical and absence of follicles (HE, 60>8;control puppy with evident lymphoid follicles
(HE, 60X); C presence of apoptotic cells (arrows, HE, 600R)apoptotic cells evidenced
by MGP (arrows, 600X)E control puppy with few apoptotic cells labeled by TUNEL
(60X); F CDV-inoculated puppy with apoptotic cells labeled by TUNEL (arrows, 60@X);
syncytium (arrow) containing apoptotic nuclei (MGP, 600X) &hidbeled by TUNEL (arrow,

1400X)
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Fig. 5. Average of the apoptotic index (number of apoptotic cells/total number of cells)
per 40 fields studied per retropharingeal lymph node of CDV experimentally infected
animals. Standard deviations (SD) are shown as bars. Coafrahd experimental infection

(I) X & SD were 005+ 0.02 and 016 + 0.1 respectively

Discussion

The clinical signs manifested by natural and experimentally infected dogs were
similar to those reported for canine distemper [2, 4, 27, 28]. A great variation in
clinical signs among litters and within puppies from same litter was also present
in accordance to others observation [5]. Hematological results varied as much as
clinical signs. Lymphopenia was the most important alteration as described before
[15] reflecting immunosuppression [28]. The most severe lymphopenia occurred
in two puppies, 60 and 100 days old, at the time of inoculation. It is well known
that puppies are more susceptible when passive antibodies are fading away [4, 10].

Gross lesions observed in lymphoid tissues were compatible to those already
described [2, 16]. Thymus hipotrophy varied in severity though present in all
natural and experimentally infected puppies. These results are in agreement with
other findings [2, 16, 20].

A severe lymphoid depletion was observed in retropharingeal lymph nodes of
natural and experimentally infected dogs. Iwatsuki et al. [13] related necrosis to
lymphoid depletion in lymph node follicles of CDV naturally infected dogs. On

<
Fig.4. Thymus ofA a control puppy with evident demarcation between cortgarid medulla

(M) (HE, 60X);B inoculated puppy with absence of demarcation between cortex and medulla,
and presence of cysts (*) and syncytium (arrow) (HE, 6@Xpresence of apoptosis (smaller
arrows) and syncytium (bigger arrow, HE, 600X)
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the other hand, Krakowka et al. [16] reported lymphoid depletion in absence of
necrosis. In the present study, while depletion occurred in the absence of necrosis,
apoptosis was the main process observed. To our knowledge, this is the first work
approaching apoptosis as a mechanism involved in the pathogenesis of the canine
distemper immunosuppression. In this regard, apoptosis does not induce inflam-
matory reaction, differently from necrosis [8, 19]. In this study, no inflammatory
response in lymphoid organs was detected, despite the lymphoid depletion. Others
have reported the involvement of apoptosis in immunosuppressive diseases [1, 18,
24]. Therefore, CD may be a target for further studresitro andin vivo of the
apoptotic pathway that leads to immunosuppression.

A characteristic feature of CDV infection is the syncytia formation, which is
a diagnostic tool for distemper [26]. In this study, apoptotic nuclei were observed
inside several syncytia. Esolen et al. [7] also reported apoptosis in syncytia, as
induced by other morbillivirus — the measles virusyitro. This observation of
apoptosis in syncytia is worthy of future research for better understanding of
cell-virus interactions.

Shorr stain was primarily used to obtain better visualization of Sinegaglia-
Lentz inclusion bodies, since trichromic stains can provide better differentiation
as for other cellular components [9]. Surprisingly, Shorr also helped to distin-
guish apoptotic cells yielding a better contrast of nuclei. Thus, it was used for
sections under morphometric analysis. Morphometry showed higher cellularity
and less apoptosis in control dogs than in infected animals. Apoptosis is remark-
ably increased in lymphoid depletion, which suggests that its importance as the
main mechanism involved in the cellularity decrease in these immunosuppressive
conditions.

Thymus DNA showed higher degree of genomic fragmentation in CD than in
controls, suggesting a higher incidence of apoptosis in these tissues, as observed
in Fig. 2. Moreover, apoptosis may represent an important mechanism in thymus
hipotrophy during distemper evolution. In such a way, several viruses infecting
lymphoreticular tissues can cause transient or prolonged immunosuppression [29].
This interaction of viruses and lymphoid system can induce inadequate activation
and apoptosis of lymphocytes as in AIDS [1], Gumboro’s and Newcastle diseases
in chickens [18] and feline immunodeficiency virus infection in cats [24].

In conclusion, the present work is the first approach showing important ob-
servations that infection of CDV results in increased apoptotic cell population in
lymphoid tissues. The data here obtained by morphometry, DNA electrophoresis,
TUNEL and MGP staining support that apoptosis play an important role on
lymphoid depletion induced by CDV. A remarkable aspect here is the usage of
an animal model system to address the importance of CDV infection in canine
distemper pathogenesis. Further research is necessary to elucidate the molecular
mechanisms involved in these conditions. The analysis of the CDV RNA expres-
sion may contribute to elucidate the role of viral components that participate in
the pathogenesis of CD. For the first time apoptotic cells were seen in syncytia
and in the blood smear of CDV-infected animals. These observations should be
more explored in the future. Blood smear from inoculated dogs reflected what
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was occurring in the lymphoid organs. The presence of apoptotic cells in blood
smear may be helpful in diagnostic purposes.
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