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A Study of the Relationship Between Canine Distemper and Measles in the
Dog.* (26171)
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Fvidence has been presented for(1-3) and
against(4,5) the suggestion that the viruses
of human measles and canine distemper are
antigenically related. This report describes
the results of inoculation of dogs with live
measles virus and subsequent challenge with
virulent canine distemper virus. Despite the
minimal canine distemper antibody response
which followed the measles inoculation, all
these dogs resisted challenge with distemper
virus.

Materials and methods. The Edmonston
strain of measles virus(6) was obtained from
Dr. John F. Enders, after 28 transfers in
human kidney tissue culture. Two pools of
live measles virus were used. Pool 1 had
been passaged 3 times in rhesus monkey kid-
ney tissue culture and had an infectivity titer
of 10%°/0.1 ml in that system. Pool 2 was
in the 6th tissue culture passage and titered
10+2/0.1 ml. Control material consisted of
uninoculated monkey kidney tissue culture
fluid derived from the same batch of cells in

* Supported in part by a grant from The National
Foundation.
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which the measles virus was produced.

The Snyder Hill strain of distemper virus,
maintained by serial intracerebral transfer in
dogs, was previously reported(7) to produce
convulsions and/or death in dogs with regu-
larity, when given intracerebrally. This
same strain, when administered as spleen sus-
pension by the intravenous route, produced
the classical disease described by Dunkin and
Laidlaw(8).

The dogs used in these studies came from
a purebred colony of beagles, reared and
maintained in isolation by the Veterinary Vi-
rus Research Inst. The 19 dogs represented
6 different litters, ranging in age from 5 to
24 weeks at time of measles injection. FEach
litter was placed together in a separate isola-
tion unit for observation a few days prior to
inoculation.

Three groups of dogs were inoculated with
measles virus or control tissue culture fluid,
then challenged with distemper virus, the
time and route of challenge varying with each
group. Group A (Tables 1 and II) included
9 dogs, consisting of 3 separate experiments
with litters of 3 dogs each. In Group A, 2
dogs of each litter were injected intravenously
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TABLE I. Protective Effect of Live Measles Virus Inoculation against Subsequent Canine Dis-
temper Virus Challenge in Dogs.

Distemper
challenge Effects of challenge
No.of Inoculation Clinieal Time )
Group dogs material response (days) Route Fever Convulsions Died
A 6 Measles None 24-28 Intrav. 0/6% 0/6 0/6
3 Tissue culture ” 24-28 ” 3/3 0/3 1/3
control
B 3 Measles ” 84 ” 0/2 0/2 0/2
2 Tissue culture ” 84 ” 2/2 0/2 0/2
control
C 3 Measles ” 45 Intracer. 2/31 0/3 0/3
3 Tissue culture ” 45 ” 3/3 3/3 2/3
control

* Fraction — No. positive/No. tested.

with 1 ml of live measles virus. The remain-
ing dog was injected intravenously with 1
ml of control tissue culture fluid. Twenty-
four to 28 days after injection, each dog was
injected intravenously with 1 ml of a 10%
suspension of spleen containing Snyder Hill
virus strain. Group B consisted of 2 dogs
inoculated with measles virus and 2 with tis-
sue culture control material. The distemper
virus challenge was delayed until 84 days
after inoculation. In Group C, 2 litters of 4
and 2, respectively, were used as split litters
kept together in the same unit. Three dogs
were injected intravenously with 1 ml of
measles virus. The other 3 were injected in-
travenously with 1 ml of control tissue cul-
ture fluid. Forty-five days later, each dog
was injected intracerebrally with 0.25 ml of
a 20% brain suspension of Snyder Hill virus.

In all experiments, the dogs inoculated
with tissue culture control material were
maintained in the same isolation unit as their
litter mates inoculated with measles virus.
Dogs in Groups A and B were given measles
virus pool 1, and those in Group C were given
pool 2. Serum was obtained from the dogs
prior to each injection and 28 days after chal-
lenge with distemper virus, if still living.
Temperatures were recorded and animals ob-
served for signs of illness daily. The abdo-
men was shaved on some of the dogs, so that
a rash could be detected more readily.

The egg-adapted Onderstepoort strain of
distemper virus was used in the distemper
neutralization test. After inactivation at

t Fever lasted only 2 days.

56°C for 15 minutes, each serum was diluted
in phosphate buffered saline, pH 7.2. Each
serum dilution was mixed with an equal vol-
ume of virus that contained 300 EIDjo of
Onderstepoort virus. The mixtures were in-
cubated at 6°C for 2 hours. A group of 5
fertile eggs that had been incubated for 7-8
days was inoculated with 0.2 ml of the mix-
ture on the chorioallantoic membrane, by the
method of Gorham(9). The eggs were exam-
ined for lesions after further incubation of
6-7 days.

In the measles neutralization test, approxi-
mately 100 TCIDj, of measles virus was in-
cubated with serum dilutions at room tem-
perature for 1 hour. The mixture was inocu-
lated into monkey kidney tissue culture and
the endpoint read after 7 days’ incubation.
Measles complement-fixation tests were per-
formed using untreated virus grown in mon-
key kidney tissue culture as antigen.

Results. All dogs given measles virus in-
travenously remained well and developed no
rash. Twenty-four to 28 days after measles
injection, the measles neutralizing titers of 6
dogs in Group A ranged from 64 to greater
than 256 (Table I1). Despite the substan-
tial measles neutralizing antibody response,
there was a minimal distemper response. The
distemper neutralizing titers of 4 dogs were
less than 2.5 and the other 2 had titers of §
and 7, respectively. The measles neutralizing
titers of 2 dogs in Group B, 84 days after
measles injection, were 64 and 128, while dis-
temper titers were 5 and 12. Measles comple-
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TABLE II. Neutralization Response of Dogs to Measles Virus and Canine Distemper Virus.

Neutralization titers® ;
Canine distemper ——

- Measles ~ -
Inocula- Pre- Pre- Pre- Pre-
tion Dog measles distemper Post- measles distemper  Post-

Group material No. inoe. challenge challenge inoe. challenge challenge
A Measles 753 <4 128 32 <2.5 <2.5 1,100
754 <4 128 1024 <2.5 <2.5 10,000
728 <4 >256 256 <2.5 <2.5 500
731 <4 64 64 <2.5 <2.5 400
771 <4 128 128 <2.5 7 300,000
772 <4 128 128 <2.5 5 8,000

Tissue culture 752 <4 <4 trace <2.5 <2.5 b3%;
control 729 <4 <4 <4 <2.5 <25 15,000

770 <4 <4 died <2.5 <2.5 died
B Measles 768 <4 128 >1024 <2.5 12 300,000
769 <4 64 256 <2.5 5 4,000
Tissue culture 766 <4 <4 <4 <2.5 <2.5 30,000
control 767 <4 <4 <4 <2.5 <2.5 300,000
C Measles 786 <4 32 128 <2.5 28 3,000,000
790 <4 N.D. 256 <2.5 28 300,000
787 <4 128 32 <2.5 30 60

Tissue culture 788 <4 <4 died <2.5 <2.5 died
control 789 <4 <4 <4 <2.5 <25 100,000

791 <4 N.D. died <25 <25 died

* Reciproeal of 509 serum neutralization endpoint.

ment-fixing antibody rise paralleled the neu-
tralizing response in all cases. The 5 unit
contact dogs in Groups A and B, given con-
trol tissue culture fluid, remained well. They
had no demonstrable measles or distemper
antibodies after 24 or 84 days.

When given Snyder Hill virus intrave-
nously 24-84 days later, the 8 dogs inocu-
lated with measles virus (Groups A and B)
showed no signs of illness. Twenty-eight
days later, their measles antibody titers
ranged from 32 to greater than 1024, and
distemper antibody titers ranged from 400 to
300,000. The 5 unit control dogs that were
similarly injected showed typical signs of dis-
temper infection, with a diphasic temperature
curve and catarrhal signs, and 1 died. The 4
survivors had distemper antibody titers rang-
ing from 535 to 300,000 twenty-eight days
later. Dog No. 752 with the titer of 55 had
a more severe clinical illness than the other
survivors. Two months after challenge,
when complete recovery had taken place, its
serum titer was 2250. Injection of Snyder
Hill virus into the unit control dogs produced
no measles neutralizing antibodies, or only a
trace.

The Group C dogs given measles virus de-

N.D. — not done.

veloped measles neutralizing antibody titers
of 32 and 128 and distemper neutralizing an-
tibody titers of 28 to 30, on the 45th day.
Following intracerebral challenge with Sny-
der Hill strain, 1 dog (No. 787) showed no
signs of illness, whereas the other 2 dogs
(Nos. 786 and 790) had a definite febrile re-
action 2 days after inoculation, for 2 consec-
utive days, with no other observable signs.
These dogs developed distemper antibody
very rapidly and to high titer. Eight days
after intracerebral inoculation, the distemper
neutralizing antibody titers were 25,000 and
250,000, and at 28 days, 300,000 and 3,000,
000, respectively. In contrast, the non-feb-
rile dog had a neutralizing titer of 60 at the
8th and 28th days. The 3 Group C unit con-
tact dogs had no neutralizing antibodies to
distemper virus or measles virus at the time
of intracerebral distemper challenge. These
dogs developed characteristic central nervous
system manifestations and 2 died at 7 and
8 days post-inoculation. The survivor had a
distemper neutralizing titer of 7 at 8 days
and 100,000 at 28 days after challenge.
Discussion. The challenge tests demon-
strate that live measles virus given intrave-
nously protects dogs against virulent distem-
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per virus given 24-84 days later. Control
dogs failed to develop neutralizing and com-
plement-fixing antibody to measles virus and
were presumably not infected, though they
were maintained in close contact with dogs
inoculated with measles virus. Furthermore,
they became ill when challenged with dis-
temper virus.

Our data support the concept that these 2
viruses have an antigenic relationship. Of
the 11 dogs inoculated with measles virus, 7
developed low but definite distemper neutra-
lizing titers, ranging from 5 to 30. However.
the possibility that interference may be oper-
ative in the protection afforded by measles
virus is difficult to eliminate entirely. The
dependence of interference upon continued
association of the interfering agent with the
host cell(10) makes this unlikely, in view of
the long period (84 days) over which the pro-
tection was demonstrable. The antibody re-
sponse to live measles virus in the dog sug-
gests that the virus replicates in that host.
Following a single intravenous inoculation of
measles virus, high titers of both neutraliz-
ing and complement-fixing antibodies are pro-
duced in the dog, quantitatively resembling
the response to measles infection in man or
monkey. It has Dbeen reported(11) that
measles virus was propagated serially in pup-
pies, producing mild illness with viremia, fe-
ver and rash. For these studies, virus ob-
tained directly from blood and pharyngeal
washings from children in the acute stage of
measles was used, as compared to the tissue
culture adapted Edmonston strain used here.

Studies by Warren et al.(3) agree closely
with the present experiments. These authors
demonstrated production of measles neutra-
lizing and complement-fixing antibodies in
dogs, following inoculation with live measles
virus grown in human heart tissue culture.
Despite the fact that relatively low levels of
canine distemper virus neutralizing antibody
resulted from measles immunization, a partial
protection against intraperitoneal challenge
with virulent Snyder Hill strain of distemper
virus was observed by these authors. On the
other hand, it was found that the ferret was
resistant to infection by measles virus, as
judged by failure to produce measles comple-
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ment-fixing antibody in that host. Further-
more, inoculation of ferrets with live measles
virus did not protect against distemper chal-
lenge. Cabasso et al.(5) similarly failed to
protect ferrets against distemper by hyper-
immunization with measles virus-adjuvant
mixture.

The rapid and high titered canine distem-
per neutralizing antibody response following
intracerebral challenge in 2 dogs of Group C
(Nos. 786 and 790) may be interpreted as an
anamnestic response. The dogs had brief
febrile responses and developed titers of 25,-
000 and 250,000 on the 8th day following ca-
nine distemper virus administration. Such
levels are usually not attained following pri-
mary infection until 3 to 4 weeks have
elapsed. This brief febrile response and
anamnestic reaction has been observed re-
cently in distemper immunity studies in dogs
given a series of 2 or 3 injections of inacti-
vated distemper virus at two week intervals,
followed by intravenous injection of virulent
distemper virus 3 months later. The third dog
in Group C (No. 787) had no illness and no
increase in titer, suggesting that sufficient
protection was present at time of intracere-
bral inoculation to interfere with production
of illness and antibody increase. Similar re-
sults have been observed in studies of the im-
mune mechanism in distemper(12,13), Ze., a
low antibody titer (20-80) may in some in-
dividuals result in an apparent complete re-
sistance to distemper virus replication, and
consequently no illness or increase in neutra-
lizing antibody titer occurs.

These studies strengthen the case for an
antigenic relationship and emphasize the
need for virus challenge as well as serologic
studies in establishing the immunological re-
lationship of viruses.

Summary. Dogs inoculated with live
measles virus readily developed neutralizing
and complement-fixing antibodies to measles.
The dogs showed no signs of illness and did
not spread the infection to unit contact litter
mates. Following measles inoculation, 7 of
11 dogs developed low titers of canine dis-
temper neutralizing antibody. All measles-
inoculated dogs, including those with no de-
monstrable canine distemper neutralizing an-
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tibody, were protected against intravenous or
intracerebral challenge with virulent canine
distemper virus, while the contact controls,
not receiving measles virus, became ill, and
some died. The dogs which had received dis-
temper virus alone developed distemper neu-
tralizing antibody, but developed no measles
neutralizing antibody.
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It has been reported previously(1,2) that
niacinamide has no significant effect on cere-
bral blood flow when given in doses of 50 to
100 mg intravenously. Large doses of the
drug (3-5 g, i.v.) have been shown to increase
cardiac output in the dog to a remarkable de-
gree(3) and it was thought that there might
be an associated increase in cerebral blood
flow. Consequently the effects of small and
large doses of niacinamide on cerebral circu-
lation were determined to test this hypothesis.

Method. Dogs were anesthetized by pen-
tobarbital 40 mg/kg i.v. Cerebral blood flow
was measured by the N.O method described
by Kety and Schmidt(4-6). The sagittal
sinus was exposed and punctured by a needle
(15 gauge) and connected by polyethylene
tubing with a 3-way stopcock, a manometer
(1 mm I.D., 45 cm height) and a heparinized
sampling syringe(6,7).

As we had no ready made NyO(15% )-O2
(21%)-N2(64%) mixture we mixed O. and
N.O in the ratio of 60 to 40 by a flowmeter.
The O. content of the mixture was analyzed
by a Scholander gas analyzer(8) and it was

found that the gases mixed successfully in the
desired ratio.

Control blood samples were obtained 15
min. after puncture of the sinus. After an-
other 15 min interval, the drug was injected
intravenously in 20 ml of water and 5 to 15
min later blood samples were taken again.
The samples were analyzed in a Van Slyke-
Neill manometric apparatus by the method
of Orcutt and Waters(9). Mean arterial
blood pressure (MABP) readings were taken
from the femoral artery. O consumption of
the brain (CMRO;) was determined by mul-
tiplying arteriovenous O, difference and cere-
bral blood flow (CBF). The data were
treated by t-test(10).

Results. The effect of large doses of nia-
cinamide (350 mg/kg) on cerebral circulation
in 7 dogs 5-15 min after injection is shown in
Table I. CBF/100 g/min increased signifi-
cantly from 39.4 + 7.2 (mean =+ se.) to
56.2 + 12.0 ml (P<.01), and CMRO,/100
g/min. from 2.71 - 0.85 to 4.18 =+ 1.47 ml
(P<.05), while MABP decreased from 139.3
+ 22.3 to 95.0 = 16.6 mm Hg (P<.001)



