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The following experiments are being re- 
ported because of previous studies pointing 
to a definite pathological and immunological 
relationship between canine distemper and a 
human respiratory disease( 1.2). Pinkerton. 
ct d ( 3 )  suggested a possible biological re- 
lationship between measles and distemper 
principally on the basis of pathological data. 
Both measles and distemper viruses produce 
characteristic cytoplasmic and intranuclear 
inclusion bodies in epithelial tissues. and also 
have the property of causing multinucleated 
giant cells(4). As yet. however. no evidence 
has been submitted of an immunological rela- 
tionship between these two agents. The find- 
ing that measles or rubeola virus (Edmonston 
strain)(S) could be established in HeLa cell 
cultures( 6'4) as well as K B  cells( 7 )  and Hep- 
2 cells( 6),  suggested a method of exploring 
the problem. The experiments reported here 
indicate that measles propagated in HeLa cell 
cultures could be neutralized by specific 
canine distemper (Carre's virus) antiserum 
obtained from immunized ferrets. and that 
distemper virus infection in animals could be 
neutralized by measles antiserum. These im- 
munological cross-reactions suggest that com- 
mon antigenic components are shared by the 
viruses of measles and distemper. 

Materials and method. Methods o,f stud?l. 
Three principal methods were employed to 
demonstrate the immunological relationship 
between measles and distemper viruses: 1. 
In tissue culture. measles virus was neutral- 
ized by specific distemper antiserum. The 
antiserum was prepared in ferrets by inocu- 
lation with either egg-adapted or mouse- 
adapted distemper virus. 2 .  In ferret pro- 
tection studies, ferrets were immunized with 
measles virus and subsequently challenged 
with virulent distemper virus. 3. Mouse- 

* Supported by research grant from Xational Insti- 
tutes of Health, U.S.P.H.S. 

adapted distemper virus was neutralized by 
human measles convalescent sera and by sera 
from ferrets that were immunized with 
measles virus. 

Viruses. The Edmonston strain of the 
measles virus was successfully propagated and 
maintained in HeLa cell cultures. Cytopathic 
changes consisted of characteristic multinu- 
cleated giant cells with cytoplasmic and intra- 
nuclear inclusion bodies (Fig. 1 ) .  The iden- 
tity of the virus propagated in HeLa cells was 
established by neutralization and comple- 
ment-fixation tests (Table I ) .  The neutral- 
ization test was carried out by mixing 200 
KD.? , ,  of the viral tissue culture supernatant 
with dilutions of acute and convalescent 
serum from patients with typical measles. 
These mixtures were incubated a t  37°C for 
14 hour and a t  4OC for an additional 5 hour 
before inoculation of HeLa cultures. Super- 
natant fluids from infected cultures were also 
employed as antigens for complement-fixation 
tests. These tests indicate that significant in- 
creases in neutralizing and complement-fixing 
antibodies occurred in the serum of the pa- 
tients with clinically diagnosed measles. 

The Lederle strain of avianized distemper 
virus (8)  was maintained by successive serial 
passages on the chorioallantoic (CA) mem- 
hrane of 8-9-day-old chick embryo. A 10% 
('A membrane suspension of 1 ml amount was 
injected intraperitoneally into ferrets, which 
subsequently survived a challenge of 100 
MLD virulent ferret distemper virus. 

The mouse-adapted distemper virus( 9,10, 
11)  was developed by successive serial pas- 
sage in brain of suckling mice with egg- 
adapted distemper virus. The LDso of this 
virus after 45 passages in suckling mice is 
about 10-3.5 with an incubation period of 4-5 
days. Ferrets were inoculated intraperi- 
toneally with 1 ml of 20% brain suspension 
from the 54th passage material. These fer- 
rets subsequently survived a challenge of 100 
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TABLE I. Measles Neutralization and Comple- - Serum dilution 7 
Seutralization 

Sample Seruni titer CF  ti ter 

ment Fixation Tests with Human Sera. 

1 Acute <1/10 <1/ 16 
Convalesce11 t 1/80 1/128 

2 Acute <1/10 <1/ 16 
Convalescent 1/40 1/ 64 

MLD virulent ferret distemper virus. 
Neutralization of measles virus. The HeLa 

cell cultures were grown and maintained in 
medium containing 60% yeast extract me- 
dium ( 12), 20% Scherer’s maintenance solu- 
tion(l3), 10% calf serum and 10% brain 
heart infusion broth. The medium was 
changed every 3-4 days. In the neutraliza- 
tion studies measles virus representing 2 0 0  
TCD50 was mixed with equal amounts of di- 
luted test sera. Mixtures were incubated at 
37°C for 5 hour and placed in the refriger- 
ator for an additional % hour. All test sera 
were inactivated a t  56°C for hour prior to 
use. A standard inoculum of 0.2 ml was 
added to the HeLa cell culture tubes and ob- 
served daily for 2 1  days. Tests were also car- 
ried out by mixing diluted serum with serial 
virus dilutions and incubating similarly be- 
fore inoculation of HeLa cell cultures. 

Ferret protection studies. In 3 separate ex- 
periments ferrets were immunized with 
measles virus and subsequently challenged 
with virulent distemper virus. In  the first 
experiment, 8 ferrets were given 2 intramus- 
cular injections of HeLa passage measles virus 
2 weeks apart and challenged 2 weeks later 
with approximately 100 MLD virulent ferret 
distemper virus. In the second experiment, 
5 ferrets were given 4 intramuscular injections 
of measles virus at approximately 3 week in- 
tervals. These animals were challenged 3 
weeks after the final injection with approxi- 
mately 50 MLD virulent ferret distemper 
virus. In the third experiment, 7 ferrets were 
inoculated intramuscularly with 1 ml of a 
mixture of measles virus and adjuvant ( 14) 
prepared as follows: 1 part arlacel A, 9 parts 
bayol F and 10 parts HeLa virus suspension. 
Approximately 1 month and 2 months later, 
the animals were again inoculated intramus- 
cularly with 1 ml of measles virus without 
adjuvant. These animals were subsequently 
challenged with 100 MLD virulent ferret dis- 
temper virus. In each experiment, control 
ferrets included animals receiving no previous 
treatment and also animals receiving normal 
tissue culture fluid instead of measles virus 
suspensions. 

FIG. 1. Photomicrograph of HeLa cell tissue culture showing typical cytopathology with multi- 
nucleated giant cells produced by measles virus. Photographed by Timothy Dodge. 
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TACTJF: I T .  Eff(bct of Aclclitioii of Fresh or l i c n t d  
Sorni:il Giiiliu Pig Sernm 011 Sentralizing Capac- 

tection was revealed by prolonged incubation 
periods and modified illness with survivals. 
These results are summarized in Fig. 2. 
Among the 20 experimental animals, 8 sur- 

vived the challenge among 17 controls. Se- 

:3 1 / :32  - 1/1% received only distemper virus showed a rise 

ity. 

S(>u t wli zi ng ant iscnini tli lut (’(1 wit 1 1  

,\lit iscwiin 1ii:ic t i w  t cvl F r csli 

I /  2 l /  2 1/ 16 

>:il111)1(,> 1:~s - s.G.P. stfir11111 S.G.P. b(tr\lln vived and 12 died, whereas only 1 animal sure 

- ) ] / ] t i  1/16 I/ ti4 rum from the 1 surviving control ferret which 1 

Neutralization of distemper ztirus. Equal 
amounts of the mouse-adapted distemper 
virus and serum were incubated a t  37°C for 

hour and 4°C for additional ;,< hour before 
injecting 0.0 1 ml intracerebrally into suckling 
mice. Neutralization was determined by sur- 
vival of the animals. Tests were also carried 
out by mising serum with serial virus dilu- 
tions and incubating similarly before inocula- 
tion. All test sera were inactivated a t  56°C 
for hour before being employed for neu- 
tralization studies. 

Results. The neutralization data show that 
sera from ferrets immunized with mouse- 
adapted and egg-adapted distemper virus in- 
hibited cytopathogenesis due to measles virus. 
Final serum titers of 42, ,:4, 3.4 and rarely 
greater than 1/16 were recorded. These sera 
were drawn 4 weeks following the severe dis- 
temper challenge. Tn no case did preimmuni- 
zation or normal serum show any inhibition 
of measles virus. A representative neutraliza- 
tion test which was carried out by mixing 
1/5 dilution of ferret serum with serial virus 
dilutions shows that 2.5 logs of measles virus 
were neutralized by the serum from a ferret 
immunized with mouse-adapted distemper 
virus. 

When complement as present in fresh nor- 
mal guinea serum was added to the ferret 
sera, the enhancement of neutralizing proper- 
ties was demonstrated : when normal guinea 
pig serum was ifiactivated by heating for 
hour a t  56°C no enhancement was evident 
(Table 11). 

Animal studies employing ferrets have been 
partially successful in confirming the findings 
in tissue culture. In  the following 3 experi- 
ments ferrets were immunized with measles 
virus and subsequently challenged with viru- 
lent ferret distemper virus. Evidence of pro- 

in measles antibody from 0 to s. 
Rep resen ta t ive results of neutralization of 

mouse-adapted distemper virus by specific 
measles antiserum prepared in ferrets are pre- 
sented in Table TIT. Employing 300 LD50 
of mouse-adapted distemper virus and undi- 
luted measles antiserum obtained from ferrets 
in the preceding experiments, neutralization 
studies were carried out by inoculation of the 
misture intracerebrally into 1- and 2-day-old 
mice. These results indicate that specific 
measles antiserum completely protected the 
mice against the lethal effects of the virus, 
whereas, preimmunization serum and control 
ferret serum had no inhibitory effect. Dilu- 
tion studies revealed complete protection at 
:<. Neutralization of the virus was also evi- 
dent when mouse-adapted and egg-adapted 
distemper antisera were employed in the 
study. Similarly, when neutralization tests 
were carried out by mixing undiluted ferret 
sera with serial virus dilutions, 3.5 logs of dis- 
temper virus were neutralized by the serum 
from a ferret immunized with HeLa passage 
measles virus. 

Table IV  illustrates the fact that mouse- 
adapted distemper virus is neutralized by se- 
rum antibodies developing during the course 
of clinically diagnosed measles. Employing 
100 LDSo of mouse-adapted distemper virus 
and sera obtained from acute and convales- 

T.IRT,E IIT. X;cutralization of Mouse Adapted 
1 )istemper Viriis with Ferret. Measles Antiserum. 

Suckling mice, 
Serum samples # dead/# inj. 

Norin:il ferret (pre-immunization) 8/8 
Ferret  immunized with measles 0/7 
Normal ferret (pre-immunization) 4/4 

Ferret  inimunized with : 
Ferret  ininiunized with measles 019 

Control culture 7/7 
Avian-distemper 0/6 
Mouse-distemper 0/7 
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TABLE IV. Neutralization of Mouse-Adapted 
Distemper Virus by Human Convalescent Measles 

Sera. 

Neutralizing 
Sample Serum serum dilution* 

1 Acute <1/ 4 
Convalescent 1/64 

2 Acute <1/ 4 
Convalescent 1/43 

* Expressed as dilution of serum which protected 
5OT’ of suckling mice from death. 

cent stages from 2 patients with measles, neu- 
tralization tests were carried out in suckling 
mice. These results indicate that significant 
increases in distemper neutralizing substances 
occurred in the serum of both patients. These 
two patients also had significant increases in 
measles antibody in complement-fixation and 
neutralization tests. 

Discussion. It would appear that measles 
and distemper are as yet 2 distinct entities 
caused by well recognized respiratory viruses 
in their respective hosts, man and dog. Al- 
though both of these diseases occur in epi- 
demics with similar incubation periods and 
are characterized by similar symptom pat- 
terns including a rash, there exist many un- 
solved problems with respect to the antigenic 
properties of the agents. The measles virus 
is readily adaptable to many different tissue 
culture preparations whereas the distemper 
virus, although adapted to certain animals, 
mice and the chick embryo, has been found 
difficult to produce cytopathogenesis in tissue 
culture. The pathologic similarities have been 
emphasized in previous reports (3,4), includ- 
ing the striking formation of multinucleated 
giant cells, and typical cytoplasmic and intra- 
nuclear inclusion bodies produced by both 
viruses in epithelial tissues. 

Cross neutralization studies reported in this 
paper have demonstrated the development of 
neutralizing factors in the serum of animals 
and man by both measles and distemper virus. 

It has been demonstrated(l,2) that human 
serum was capable of neutralizing distemper 
infection in chick embryos and in ferrets, and 
in this paper human serum from patients re- 
covering from measles has been shown to pro- 
tect mice completely from death caused by 
distemper virus. The acute or early specimen 
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FIG. 2. Summary of 3 experiments showing re- 
sults of challenge with distemper virus of ferrets 
immunized with measles virus ; duration of illness 
(11) and survivals ( S )  is charted for  comparison 

with the controls. 

from these same patients has failed to pro- 
tect the mice from dying. Recently both Kar- 
zon ( 15) and Carlstrom ( 10) demonstrated 
distemper antibodies in human beings. In 
both studies, the serum dilutions employed 
were 1/5. It is possible that cross-neutraliza- 
tion between measles and distemper might be 
responsible for the data presented. 

In  tissue culture studies, the 
Edmonston strain of measles virus was neu- 
tralized by distemper antiserum prepared in 
ferrets with the egg-adapted and mouse- 
adapted strains of distemper virus. All nor- 
mal ferret sera failed to show any neutraliza- 
tion of measles virus. In  animal studies, fer- 
rets immunized with measles virus and sub- 
sequently challenged with virulent distemper 
virus showed some evidence of protection as 
revealed by prolonged incubation periods, 
modified illnesses and survivals. The mouse- 
adapted distemper virus was completely neu- 
tralized by measles antiserum prepared in fer- 
rets, whereas, normal serum failed to show 
any neutralization. Mouse-adapted distem- 
per virus was also neutralized by human 
measles convalescent sera. These results sug- 
gest that common antigenic components are 
shared by the viruses of measles and dis- 
temper. 

Summary. 
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The possible effect of various emotional 
factors upon development of hypercholester- 
emia and atherosclerosis in laboratory animals 
also given a cholesterol enriched diet rarely 
has been studied. I t  was thought advisable to 
.attempt such a study in respect to one emo- 
tional factor, namely, degree of aggressiveness 
as observed in young male chickens. This 
species was considered for such a study be- 
cause of the well known pecking order (which 
might be considered a form of aggression) 
often observed in a flock of chickens( 1,2) and 
susceptibility of chickens to dietary induced 
atherosclerosis(3). 

Methods. In  order to study male chickens 
ostensibly exhibiting either “aggressiveness” or 
“passiveness”, a total flock of approximately 
2500  male chickens (.\vg. age: 6 weeks) was 
observed carefully by one of us (C..\.) for a 
number of hours both before, during and after 
feeding periods. A preliminary selection of 
100 most (‘aggressive” chickens and 100 most 
“passive” chickens then was made. The 
characteristics of aggression were considered 

*Aided bv a arant from the Alameda Heart Assn. 

to be (1) insistence and speed of obtaining 
proffered feed, ( 2 )  over-all general physical 
activity and ( 3 )  agitation and belligerent re- 
sistance when handled. Passive characteris- 
tics were considered to be the converse of the 
preceding traits. 

Following this preliminary selection, the 2 
groups were housed in respective coops and 
were observed daily for 2 weeks during which 
tim.e, the 310 most “aggressive” and 30 most 
“passive” chickens were selected from each. 
-4f ter this selection, the chickens were tagged 
with leg bands. Each group then was housed 
in 2 coops (approximately 5 feet square). The 
b*aggressive” chickens were removed from their 
coops every 2 weeks, intermingled and then re- 
placed in the coops. This was done in order 
to prevent a few from gaining group ascend- 
ancy. The “passive” chickens in the other 2 
coops were treated similarly. 

The animals were fed twice daily with a 
standard poultry mash (Albers Pullet Grower) 
enriched with cottonseed oil ( 5 % )  and chol- 
esterol ( 2  ”/o ) . Routinely, the “passive” 
chickens were fed first and time allowed for 

, v  feeding was one hour. At  the end of this 


