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Summary 
Rabbits  immunized with measles- and mumps viruses grown in monkey 

kidney cells and chick embryo fibroblasts and with their water- and organic 
solvent fractions obtained by  Tween-ether t reatment  developed immediate type 
skin hyperreactivity (Arthus phenomenon-like) to challenge with the complete 
viruses and calf serum, but not to challenge with tissue antigens prepared in the 
absence of calf serum. The skin reaction in animals immunized with ether frac- 
tions was stronger than in animals immunized with water fractions or complete 
virus, respectively. The intensity of individual skin reactions in each animal was 
better  correlated to the presence of precipitating antibody against calf serum or 
a component thereof than to the H I  titer against the viruses used for immunization. 

1. Introduction 
The recent reports on local and systemic reactions after administration of 

live a t tenuated measles vaccine and also on atypical severe measles after exposure 
to wild virus in prior recipients of the formalin-killed alum-adsorbed measles 
vaccine of monkey kidney culture origin prompted this present investigation. 

This study in rabbits was designed to determine the nature of the allergic skin 
reaction and the responsible sensitizing factor in experimental lots of tween ether 
split and live measles and mumps virus preparations. 

1 The seriological tests for measles and mumps were supported by the Bundes- 
minister fiir Jugend, Familie und Gesundheit, Bonn, BRD. 



212 O. BO~IN et al. : 

2. Materials and Methods 
2.1. A n i m a l s  

Adult white New Zealand rabbits of either sex, obtained from a commercial 
breeder were used in the experiments. Their weight range was 2200 to 4200 g (mean 
2800 g) at the time when immunization was started. 

2.2. A n t i g e n s  
2.2.1. Viruses 

Four virus batches of different hemagglutinin- and tissue-specificities were prepared 
by growing measles virus and mumps virus in monolayer cultures of chick embryo 
fibroblasts and monkey kidney cells, each: 

1. Measles virus, at tenuated SeHwA~z-strain (17) was grown in primary or second- 
ary fibroblastic monolayer cultures prepared from 9-- 12 day old chick embryos origi- 
nating from a normal commercial flock (Antigen MEA/CEF). 

2. Measles virus, strain 1677, described by END~s-RrzcKL~ (16) was grown in 
primary Cercopitheeus monkey kidney cell cultures (Antigen MEA/MK). Most of this 
material was obtained by courtesy of Dr. R. Mauler, Behringwerke AG, Marburg 
(Lahn). 

3. Egg adapted mumps virus, strain E~DERS (6), kindly supplied by Dr. J. F. 
Enders, Boston, was grown in chick embryo fibroblasts (Antigen MU/CEF). 

4. A mumps virus strain was isolated in Frankfurt  (Main) h'om throat washings 
of an infected child and adapted to multiply in primary monkey kidney ceils by 5 
serial passages. It  was identified serologically as mumps virus and used for virus pro- 
duction in its 6th passage in Cercopithecus monkey kidney cell cultures (Antigen 
MU/MK). 

2.2.2. Propagation o] Viruses 

A technique similar to that described in the US-regulations for at tenuated measles 
vaccines (20) was used. This includes the use of calf serum during the phases of cell- 
outgrowth unti l  after infection with the virus and multiple harvests from washed 
cells. 

2.2.3 Measurement o] Virus Concentration 
Each harvest was checked for virus concentration by hemagglutination tests at 

37 ~ C before further processing. Cereopitheeus monkey red ceils were used for measles 
tests and Cereopithecus and/or guinea pig red cells for mmnps tests. Approximately 
the same titers for mumps virus were obtained in some parallel tests with either type 
of erythrocytes. 

2.2.4. Puriiication and Concentration 
Individual  harvests were concentrated and partially purified by low speed (30 

minutes/I,600--2,500 • g) and subsequent high speed eentrifugation (1 hour/26,000- 
68,000 • g). Pellets were resuspended in a volume of Parker medium 199 (without 
serum, but containing penicillin, streptomycin and neomycin) to give an at least 
30-fold concentration numerically. The increase of hemagglutinin titers, however, 
achieved by this procedure was only about eightfold or tenfold maximMly. 

About 1/3 of the volume of each virus concentrate was stored at --60~ without 
further processing to be used as antigens for immunization, skin testing, and immuno- 
diffusion tests (antigens: MEA/CEF/V, MEA/MK/V,  MU/CEF/V, and MU/MK/V). 
About 2/3 was subjected to fraetionatiou by Tween 80 and ether. 

2.2.5. Tween-ether Treatment 
The virus concentrates were treated with Tween 80 (final concentration 0,025%) 

and fresh anaesthesia grade ether (half the volume of virus concentrate). The mixture 
was shaken mechanically for 15--45 minutes (depending on volume) at room temper- 
ature and was then centrifuged in a reh'igerated centrifuge for 20 minutes at 1,500-- 
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2,400X g. The water  phase was separa ted  f rom the  gelat inous in terphase  and the 
ether superna tan t  fluid. Residual  e ther  in the  aqueous phase was r emoved  by  s t ream- 
ing ni t rogen gas over  the  surface of the  sample  (during stirring) unt i l  the  odor of the  
ether  had  disappeared.  To p reven t  a reduct ion  of H A  t i ter  bubbl ing of the  gas t h rough  
the solut ion was avoided  carefully.  

The  wate r  phase of each virus  concent ra te  was s tored at - -60~  unt i l  used as 
ant igens for immun iza t i on  (antigens:  M E A / C E F / W F ,  M E A / M K / W F ,  M U / C E F / W F ,  
and M U / M K / W F ) .  

The  ether  phases were concent ra ted  by  evapora t ing  ether  in a ro ta t ing  v a c u u m  
evapora to r  at  room tempera ture .  Abou t  10 ml  Hanks-solut ion were added before 
evapora t ion  was s ta r ted  to keep the  l ipoproteins  in suspension. Af ter  e ther  was eva-  
pora ted  wi th in  less than  1 hour  the  vo lume  of e ther  f ract ion was brought  to about  
50 ml  by  adding Hanks-solut ion.  The mi lky  suspension was s tored for a few days in 
a refr igera tor  pr ior  to use for immun iza t i on  (antigens:  M E A / C E F / E F ,  M E A / M K / E F ,  
M U / C E F / E F ,  and M U / M K / E F ) .  Dur ing  s torage some c reamy mater ia l  separa ted  
f rom the  suspension which was easily homogenized  by  shaking the  vials before use. 

2 .3 .  I m m u n i z a t i o n  

Groups of 4 rabbi ts  were immunized  wi th  each of the  12 ant igens described above.  
I m m u n i z a t i o n  consisted of 4 in t raper i tonea l  in ject ions  of 2.0 ml  of ant igen given at  
7 days intervals .  Blood was taken  for an t ibody  de te rmina t ions  and skin tests  were 
per fo rmed  7 - -10  days after  the  last immun iz ing  inject ion.  All sera were s tored at  

- -  20 ~ C unt i l  test ing.  

2 .4 .  S k i n  T e s t s  

The t r y p a n  blue test ,  or iginal ly  described by  M ~ : I N  (11) was employed  for skin 
test ing.  The t echn ique  was similar  to the  modif ica t ion  used by  STICKL et al. (18) in 
the i r  exper iments  wi th  vace in ia  virus.  

Rabbi t s  were shaved  at the  abdomina l  area and t rea ted  wi th  a depi la tory  cream 
the  day before skin tests were performed.  I m m e d i a t e l y  before skin tests  the  animals  
received 0.6 ml  per  kg body  weight  of a p rewarmed  I~ t r y p a n  blue solut ion in phos- 
pha te  buffered saline in t ravenously .  They  then  were in jec ted  in t racu taneous ly  wi th  
0.1 ml  of the  4 un t r ea t ed  virus ant igens (MEA/CEF/V, M E A / M K / V ,  M U / C E F / V ,  
and MU/MK/V)  and wi th  a control  fluid. 

In  addi t ion  4 non- immunized  rabbi ts  or iginat ing f rom the  same sh ipment  and 
housed together  wi th  the  test  animals  were subjec ted  to the  same procedure  (K 1--  K 4). 

The composi t ion of control  f luid var ied  at different  tes t ing days. Medium 199 
wi thou t  serum and ant ibiot ics  was used for the  animals  tes ted  at days 7 and 8 af ter  
the  last  in ject ion and the  control  an imal  K 1. The same med ium bu t  conta in ing  2% 
calf serum and ant ibiot ics  (penicillin, s t r ep tomyc in  and neomycin)  was used for the  
rabbi ts  tes ted  at  day  9 and control  K 2. The animals  tes ted  at day  10 and the  controls 
K 3 and K 4 received as control  f luid med ium 199 conta in ing ant ibiot ics  only. 

Skin react ion was measured  as the  s ta ined area 2, 4, and 6 hours  af ter  in t ra-  
cutaneous inject ion.  Two diameters  of the  blue area were measured  and the  ex ten t  of 
skin react ion was expressed by  its surface calculated by  the  ellipse formula.  The  
ind iv idua l  skin react ion for each an imal  and each in jec t ion  site was calcula ted as 
the  a r i thmet ic  mean  of the  blue areas in square  mi l l imeters  measured  on the  three  
occasions. 

Ind iv iduM skin react ions were expressed by  a grading sys tem according to the  
following scheme : 

- -  : less t han  10 m m  2 
( + ) :  11--50 m m  ~ 

Jr : 51--  100 mm~ 
A- A- : 101--200 m m  2 

A- A- -4- : more than  200 m m  2 
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2.5.  S e r o l o g i c  T e s t s  

The antibody titrations for measles and mumps virus were carried out by the 
hemagglutination inhibition test. 

Meas le s  H I  tests were performed as described previously (3), but using a microtiter 
procedure in disposable U-type plastic microtrays (purchased from Fa. Greiner, 
Niirtingen, Germany). The HA antigen was prepared by Tween-ether t reatment  from 
lyzed cells and fluids of Fl-cultures infected with measles virus strain 1677. The rabbit 
sera were inactivated for 30 minutes at 56 ~ C at a dilution of 1 : 2 and then absorbed 
with an equal volume of a 10% suspension of Grivet monkey red cells for removal of 
non-specific agglutinins. Serial twofold dilutions of sera in 0.025 ml phosphate buffer 
(pH 7.2) were mixed with equal volumes of HA antigen diluted so as to contain 4 HA 
units per cup. After incubation for 20 hours at 4~ and subsequently for 1 hour at 
room temperature 0.025 m of a 0.75% suspension of Cercopithecus monkey red 
cells was added. Readings were done after incubation for 90 minutes at 37~ HI  
titers were recorded as the reciprocal of the highest serum dilution inhibiting hem- 
agglutination completely or almost completely. The titers given refer to 0.025 ml 
of the initial serum dilution. A hyperimmune rabbit anti-measles serum and the inter- 
national human measles standard serum were included for reference purposes. All 
sera were analysed in one test. 

The m u m p s  H I  tests were also performed by the microtiter method. The virus 
antigen used was amniotic fluid from eggs infected with the Enders strain of mumps 
virus. The sera were pretreated with receptor destroying enzyme, according to the 
technique recommended for influenza serology (15). The sera then were absorbed 
with equal volumes of a 20% guinea pig red cell suspension. 

Serial 2-fold dilutions of serum in 0.025 ml phosphate buffer (pH 7.2) were mixed 
with equal amounts of antigen containing 4 HA-units per volume. After incubation 
for 20 hours at 4~ and 1 hour at room temperature 0.025 ml of a 1% suspension of 
guinea pig red cells was added. Readings were done after incubation for 1 hour at 4 ~ C. 
Titers were expressed as the reciprocal of the highest serum dilution giving complete 
inhibition of hemagglutination, The lowest serum dilution tested as 1:10 and titers 
refer to 0.025 ml of the initial dilution. A human mumps convalescent serum pool, 
a negative human serum and an anti-mumps hyperimmune serum from guinea pigs 
served as references. 

2.6.  I m m u n o d i f f u s i o n  T e s t s  

The serum from each animal was tested by immunodiffusion methods against the 
following antigens : 

1. antigen MEA/CEF/V as used for immunization, 

2. antigen MEA/MK/V as used for immunization, 

3. antigen MU/CEF/V as used for immunization, 
4. antigen MU/MK/V as used for immunization, 

5. a chick embryo cell antigen, prepared from secondary chick embryo cell cul- 
tures grown without calf serum after the 1st trypsinization and lyzed by 3 cycles 
of freezing and thawing (1 ml corresponding to approx. 2--5  • 105 cells), 

6. a monkey kidney cell antigen, prepared from primary Cercopithecus monkey 
kidney cell cultures grown in absence of calf serum for 14 days and lyzed by 3 
cycles of freezing and thawing (1 ml corresponding to about 2 • 106 cells), 

7. a control fluid consisting of medium 199 containing 5% calf serum, and 

8. medium 199 without calf serum. 

Immunodiffusion tests were performed in 0.8% agarose (purchased from Fa. 
Serva, Heidelberg, Germany)jel ly in barbiturate buffer, pH 8.5 containing merthiolate 
1:10,000 by two different techniques: 

a) a microprecipitation test on microscopic slides covered with an agarose layer 
of about 1 mm thickness using the LKB well cutter with 8 wells surrounding the cen- 
tral hole. Two drops of undiluted serum were placed into the central welt and 1 drop 
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of each antigen (diluted 1 : 4 for all antigens except No. 5 which was used in 1 : 2 dilu- 
tion) into the outer wells. 

b) a microprecipitation test similar to that  described by B]~AL]{ and MASON (2). 
One drop of serum and antigen (diluted 1 : 2 for all antigens except No. 5 which was 
used undiluted) was placed into holes cut into a piece of plexiglass fixed on an agarose 
layer of 1 mm thickness on a microscopic slide. 

Both precipitation tests were incubated for 18 hours at room temperature and 
stained with Amidoblack 10 B by the routine methods after excess antibody was 
washed out by 0.85% sodium chloride solution (3 hours) and distilled water (2--3 
hours). 

Technique b has proven to be more sensitive since more precipitation lines were 
seen than with method a. This allowed to grade the intensity of the precipitation lines 
seen in each system in a semiquantitative manner according to the following scheme: 

-- = no lines in either technique. 
(+ )  = a discrete line in the more sensitive technique. 

-~ = discrete lines in both techniques. 
+ + = clear lines in both techniques. 

+ § + = thick or double lines in both techniques. 
All immunodiffusion tests were run twice on one microscopic slide. The first 

test was performed with the original rabbit  serum and the second one with the same 
serum absorbed with calf serum. One drop of cMf serum was added to 0.2 ml of rab- 
bit immune sera in order to remove all antibodies with specificities directed against 
calf serum. 

3. Results 

48 rabbi ts  were immunized  with the various ant igen preparations.  4 animals  
died dur ing the period of immuniza t ion ,  thus  only 44 could be tested for skin 
reaction and  antibodies.  4 animals  served as non- immunized  controls. 

Table 1 presents in  detail  the results of the studies on the immedia te  type  skin- 
reaction, the H I  an t ibody  response and of the immunodiffus ion tests. 

3 .1 .  S k i n  R e a c t i o n s  

Skin reactions of the type  of Arthus  phenomenon,  leading to ext ravasa t ion  
of the dye injected previously, were observed in 40 of 44 immunized  rabbits .  One 
of the non-react ing animals  (~Io. 830) apparen t ly  was in poor condit ion and  suf- 
fered from diarrhoea, the remaining 3 showed no abnormal  clinical signs. 

I n  most  of the rabbi ts  the skin react ion was recognizable 2 hours after intra-  
dermal  in ject ion of the test  ant igens and usual ly reached its m a x i m u m  between 
the 2nd and  the 4th  hour. I t  was diminishing already after 6 hours. 

No skin reactions of the delayed type  were observed in  this study. All animals  
were reexamined at  days 2, 4, and  7 following in t radermal  inject ion of test  ant i-  
gens. Neither indura t ions  nor  other local reactions could be detected dur ing this 
period except the slowly disappearing blue maculae due to the Arthus  phenomenon-  
like skin reaction. 

No skin react ion at all was seen in  the non- immunized  control rabbits ,  nei ther  
of the immedia te  nor  of the delayed type.  

Al though there is considerable var ia t ion  from animal  to animal,  it  is immedi-  
ately evident  t ha t  for measles and mumps  virus the Ar thus  phenomenon-l ike  skin 
react ion was much stronger in  animals  immunized  with ether fraction as compared 
to the animals  immunized  with the complete virus or the water fraction. No clear 
difference could be detected between the groups of animals  immunized  with the 
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two latter types of antigens. There also was no clear difference between skin 
reactions evoked by immunization with measles or mumps viruses grown on mon- 
key kidney epithelial or chick embryo fibroblast cells. 

Both viral antigens grown on monkey kidney cells following intradcrmal 
injection caused a little more severe skin reactions than the antigens from chick 
embryo cells. There is, however, no evidence tha t  homologous testing for hem- 
agglutinin- or tissue specificities would have revealed more pronounced skin 
reactions than hcterologous testing. 

All animals injected intradermally with a control fluid containing 2~o calf 
serum in medium 199 (indicated as CS in the head of the Table) presented skin 
reactions of almost the same average intensity as those injected with the various 
viral antigens. ~qo such reactions could be observed with serum free medium 199, 
even if it contained penicillin, streptomycin and neomycin in the same concen- 
tration as the viral antigens. 

3.2.  H I  A n t i b o d y  R e s p o n s e  
All animals developed H I  antibodies to the viral antigens used for immuni- 

zation. No antibody reaction to either virus could be demonstrated in the 4 non- 
immunized control rabbits at the end of the experiment. Furthermore no heteros 
logous antibody was found in the 3 animals tested. The H I  titers for measles 
varied between 8 and 4096, the geometric mean being 149.1. H I  titers for mump- 
ranged between 10 and 320 with a geometric mean of 49.2. 

Due to the small numbers of rabbits within the individual test groups (maxi- 
mum 4 animals) mean titers between groups cannot be compared. Thus estimates 
of the immunogenie potencies of the various viruses and fractions thereof used 
in the study cannot be made. 

3.3.  I m m u n o d i f f u s i o n  T e s t s  

Precipitation lines against at least one of the test  antigens were seen in im- 
munodiffusion tests with the scra of all but 3 immunized animals. Sera of the 
rabbits presented precipitin reactions of varying intensity to 3- -5  of the eight 
test  antigens used in the study. No prccipitin reactions were seen with the un- 
infected monkey kidney- and chick-embryo fibroblast antigens grown in the 
absence of calf serum and with medium 199 only. However, all but 5 rabbit  sera 
produced precipitation lines with a control antigen consisting of medium 199 
containing 5~o calf serum. The intensity of such lines varied from animal to ani- 
mal but generally corresponded to that  of the lines produced by  the viral antigens. 
In  some instances identity reactions between the lines produced by  the control 
fluid and the viral antigens were observed. No precipitation lines appeared against 
test antigens containing no calf serum. 

Correspondingly no preeipitin lines were detected if one drop of calf serum 
was added to 0.2 ml of rabbit  immune serum prior to testing. The latter findings 
and the results with serum free tissue antigens (see above) are not included into 
the Table, since they were consistently negative in all tests performed. 

3.4.  S k i n  R e a c t i o n  a n d  H I - t i t e r  
Attempts  to correlate the intensities of maximum skin reaction and the H I  

antibody titers are presented in Fig. 1. The left part  of the diagram gives the 
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results in animals immunized with measles virus preparations and the right part 
such of rabbits immunized with mumps virus preparations. Although an exact 
statistical analysis is prevented by the small numbers of animals per group it 
can be seen at least for the right diagram that no correlation seems to exist. For 
the animals immunized with measles virus there is a tendency that  some rabbits 

Rabbits immunized with Rabbits immunized with 
meosLes virus preparations mumps virus preparotions 

~4096 u ~ ~ 51 

i2048 . ~25 

1024 'f 0 ~ 12 

i o. 32 �9 O 0  r162 r162 

I- i6 vo V Vql V 

8 
- ) + + 4 - + + +  + 4-+ 4-++ 

Skin reaction Skin reaction 
_Symbols: T: Ro.bbit immunized with complete virus 

4k: Rabbit immunized with wQter fraction 
O: RGbbit immunized with ether fraction 

Fig .  1. M a x i m u m  ind iv idna l  sk in  reac t ion  and  H I  an t i body  t i t e r  in  r abb i t s  i m m u n i z e d  w i t h  meas les  
a n 4  m u m p s  vi ruses  and  thei r  f rac t ions  

with high HI  titers also present severe skin reactions. However, a clear correlation 
between skin reaction and concentration of HI  antibody does not exist. Both 
diagrams confirm the observation that immunization with the ether fraction 
(circles) evoked more severe skin reactions than immunization with complete 
virus or water fraction (triangles and squares). 

3.5. Sk in  R e a c t i o n  a n d  P r e c i p i t a t i n g  A n t i b o d y  

A similar attempt to correlate the intensities of skin reaction and precipitin 
reaction for each animal is presented in Fig. 2 (assuming that these reactions are 
due to a common non-viral antigen the maximum individual skin reaction of 
each animal was selected for this comparison). Some degree of correlation seems 
to exist between these two parameters. I t  is of interest that  3 of the 4 non-reactors 
in the skin test had also no precipitating antibodies against this common antigen 
and that  the fourth non-reacting animal possessed only very limited amounts of 
such antibody. 

In addition Fig. 2 shows that  the intensity of skin reaction and the concen- 
tration of precipitating antibody were highest in rabbits immunized with ether 

15" 
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fraction and less in animals immunized with complete virus and water fraction -- 
irrespective, whether measles or mumps preparations were used for immuniza- 
tions. With the only exception of one rabbit in poor condition (No. 830) all ani- 
mals immunized with ether fractions presented skin reactions ranging from q-q- 
to q - q - +  intensity and precipitin reactions graded between q- and q - q - + .  
The reactions in animals immunized with complete virus or water fraction varied 
much more in intensity. Rabbits showing weak skin reactions, however, generally 
also had less amounts of precipitating antibodies in their blood serum. 

f: 
o 

++§ 
O 

i- 
.-- + + 
Q. 

e~ 

t-- 

90 

YY�9 

Vr 

$ � 9  

Y�9 @@@@ 

VO0 VO0 

Y@�9 

V O0 

YY$ $0 �9 

r V O0 

Y~ 

V VO 

(+) -I- t " t "  ++- I -  
I n t e n s i t y  of skin reaction 

Symbols: I1' Rabbit immunized with complete virus 
@ Rabbit immunized with water f ract ion 
�9 Robbit immunized with ether f ract ion 

Filled symbols: immunized with measles v i rus preparations 
Empty symbols: immunized with mumps virus preparations 

Fig .  2. M a x i m u m  i n d i v i d u a l  s k i n  r e a c t i o n  a n d  p r e c i p i t i n  r e a c t i o n  i n  r a b b i t s  i m m u n i z e d  w i t h  m e a s l e s  
a n d  m u m p s  v i r u s e s  a n d  t h e i r  t r a c t i o n s  

4. Discussion 

The allergic skin reactions elicited with various measles- and mumps virus 
antigens and non-viral control preparations in rabbits immunized with the respec- 
tive materials differ from those described in children pre-immunized with the alum 
precipitated inactivated measles vaccine. LE~?r et al. (9), F~LGI~I~I et al. (5) 
and FULGI~ITI and Ax~Taui~ (4) have reported in 1968 on skin reaction of the 
delayed type in children immunized with 3 doses of killed and 1 dose of live measles 
virus vaccine on re-immunization or intradermal skin tests with live measles 
vaccine. Development of delayed type skin hyperreactivity in guinea pigs was 
reported by SHELDOX et al. (18), M_ATTE et al. (10) and other authors mentioned below. 

In our experiments in rabbits immunized with various fractions of measles- 
and mumps-virus no similar reaction could be noticed although the animals were 
observed for at least 7 days. The rabbits presented a cutaneous hypersensitivity 
of the immediate type (Arthus phenomenon-like) which resembles more that  
described in the studies of H r ~ r s s ~  and MAVLER (7) and API~rL~ et al. (1). 
The former authors reported that  guinea pigs immunized with complete measles 
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virus of monkey kidney culture origin presented a strongly positive Schultz- 
Dale-reaction when tested with Tween-ether extract of the virus, but  only mini- 
mal reactions in tests with the water fraction (from which the lipoproteins were 
removed by such treatment). The latter authors reported about the sensitizing 
ability of different inactivated and live adsorbed commercial and experimental 
measles virus vaccines to non-viral protein components of the various tissue culture 
systems as shown by the passive cutaneous anaphylactic (PCA) test and the 
Schultz-Dale-reaetion. In  contrast the non-adsorbed inactivated vaccines of mon- 
key kidney culture origin and live attenuated measles vaccine from chick embryo 
tissue culture showed minimal sensitizing activity against tissue culture compo- 
nents of monkey kidney and chick embryo fibroblast cultures. However, if the at- 
tenuated measles virus of CETC origin used for immunization contained human al- 
bumin as stabilizer the guinea pigs showed a positive PCAreaction on challenge with 
0.1% human albumin, 10% monkey sara and measles virus fluid of CETC origin 
containing human albumin. The observation that  the water-phase of the Tween- 
ether treated measles virus of monkey kidney culture origin provoked a stronger 
reaction than the ether-phase on challenge in guinea pigs sensitized with inactiv- 
ated adsorbed and also live attenuated measles vaccine is in contrast to the 
results of HE~]~SSE~ and M_XvLwR (7) and our present findings. This discrepancy 
may be due to technical factors of Tween-ether treatment and purification methods 
or may depend on the presence or absence and the concentration of adjuvants. 

Speei/icity o/ skin reaction: The available clinical and experimental data 
indicate that  the allergic hyperreactivity causing skin reactions in children is 
neither due to measles virus specific antigens nor to host tissue specific components 
of the challenge antigens. All authors working in this field therefore suspect 
that  a common tissue culture component must be the cause of such allergic hyper- 
reactivity. The hypothesis that  trace amounts of calf serum or other proteins 
present in the tissue culture fluids could be the sensitizing antigen has already 
been discussed by LEN~ON and ISAACSO~ (8), NORRBu et al. (13) and APRILE 
et al. (1); convincing evidence for this suggestion, however, was lacking so far. 

The experiments reported in this paper confirm this hypothesis. They sub- 
stantiate the present knowledge by reasonable evidence that  an antigenic com- 
ponent related to calf serum proteins is the sensitizing antigen for allergic skin 
reactions, at least of the immediate, Arthus phenomenon-like type. 

In our study such reactions were produced in sensitized animals not only 
with measles- and mumps virus preparations grown in chick embryo fibroblast 
or monkey kidney cell cultures but  also with a control fluid containing only low 
molecular weight substances and 2% calf serum. No such reactions occurred at 
the sites of injection of medium 199 alone or containing 100 IU penicillin, 100 y 
streptomycin, and 100 y neomycin per ml; sensitization against antibiotics, 
therefore, seems not to play a major part  in development of skin hyperreactivity. 

Further evidence on the antigenic effect of calf serum may be derived from 
the results of the immunodiffusion studies. All precipitation lines seen in such 
tests may be explained by an antigen-antibody reaction the specificity of which 
is indistinguishable from that  of calf serum (or a component thereof). 

Evidence for this opinion is based on four observations: 
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1. Whereas all skin-test antigens (concentrates of TC fluids from infected 
cell cultures) gave precipitations of varying intensities, no precipitation at all 
was seen with pure tissue-culture antigens prepared in absence of calf serum 
(details see "Materials and Methods"). 

2. All sera reacting positive in the immunodiffusion test with one or more 
of the skin test antigens also gave precipitation lines with a control antigen con- 
sistiug of medium 199 containing small amounts of calf serum. In  some instances 
identity reactions were observed between the precipitation lines produced by such 
antigens and the calf serum control. 

3. The immune sera lost their ability to form precipitates with the skin test 
antigens and the calf serum control antigen after 1 drop of calf serum was added 
to eaeh 0.2 ml of immune serum. 

4. Sera of animals immunized with one specific virus preparation (measles or 
mumps from chick embryo- or monkey kidney origin) did not reveal stronger 
precipitation in homologous test systems (for hemagglutinin- and tissue speci- 
ficity) than in heterologous systems or in the control system containing calf 
serum as the only antigenic component. 

I t  seems easy to understand tha t  the antigen preparations used for immuni- 
zation and skin tests may  have contained trace amounts of calf serum. The virus 
suspensions used for preparation of these antigens were grown by  the multiple 
harvest method from cells which have been in contact with such serum until 
after infection with the virus. Furthermore, infected cell cultures cannot be 
washed as vigorously as uninfected cells to avoid loss of the infective centers in 
the cell sheet. 

Production of antibodies directed against calf serum in rabbits by immuni- 
zation with measles virus grown in monkey kidney tissue culture has been demonst- 
rated in unpublished experiments of v. METTE~EIM and GSISG (personal 
communication). VA~ RAMSHORST and POLAK (14) have reported tha t  guinea 
pigs hyperimmunized with poliovirus D-antigen preparations also developed 
precipitating antibodies against calf serum. ASRIL]~ et al. (1) have shown tha t  
hnman albumin contained in the immunizing antigens may  lead to delayed-type 
skin hyperreactivity to such protein. 

Further  evidence for the hypothesis that. the calf serum rather than the viral 
antigen was the sensitizing component in the virus preparations used for im- 
munization may  be derived from the two graphs presented in section "Results".  
There was no, or almost no clear correlation between the H I  antibody titers of 
individual rabbits against measles- or mumps virus and their skin reaction. The 
intensities of skin reaction and of precipitin formation seem to correlate rather 
well. The small numbers of animals per group prevent an exact statistical analysis 
of these correlations. 

Intensi ty  o/ skin reaction and precipitin reaction: From the Table presented 
under "Results"  it is evident tha t  rabbits immunized with ether fractions de- 
veloped stronger dermal hypersensitivity than animals immunized with complete 
virus or water fractions. This may  be due to the following factors: 

1. The lipoproteins of the viral particles and particularly of the tissue culture 
components accumulate after Tween-ether t reatment  mainly in the ether frae- 
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tion. H E ~ E S S ] ~  and MAULER (7) showed that  the former evoked a stronger 
Schultz-Dale-reaction and our studies demonstrate that  the ether fraction seems 
to be the stronger skin-sensitizing antigen. That  the ether fractions used in these 
experiments were no pure lipoprotein preparations is shown by  the fact tha t  
they induced H I  antibodies in rabbits of a similar level as did the water fractions 
or the complete virus preparations. Experiments with more purified ether- and 
water fractions are necessary to prove this hypothesis and to clear up the contro- 
versial results of APRrLE et al. (1). 

2. The ether fraction could represent a greater antigenic mass. Actually one 
immunizing dose (2 ml) of ether fraction was derived from a greater volume of 
original virus suspension than the same dose of water fraction or complete virus 
antigen. This hypothesis, however, seems not very likely, since the ether fraction 
only induced stronger skin hypersensitivity and higher concentrations of calf 
serum precipitating antibodies and gave no rise to significantly higher titers of 
antibodies directed against the viral hemagglutinins. 

3. The lipoproteins contained in the ether fraction could have some adjuvant  
effect. The importance of aluminium adjuvants for the development of skin hyper- 
reactivity of the delayed type has been stressed already by  WILSOn and APRIL~ 
(20) and APRILE et al. (1). The ether fractions used in our experiments were milky 
suspensions with a relatively high content of lipids which could have acted as oil 
adjuvants.  

Further work is required to define the antigenic components of measles virus 
vaccines necessary for adequate immunization and those responsible for adverse 
skin sensitization and systemic reaction. In  addition, the mechanism for the 
occurrence of the atypical severe illness in prior recipients of inactivated measles 
vaccine - -  so far only observed after use of the formalin-killed alum-adsorbed 
type - -  on later exposure to wild virus has to be clarified. 

I t  appears from our rabbit  experiments and also from a survey (3) of children 
immunized with the Tween-ether split measles vaccine (Quintovirelon) and re- 
vaccinated with at tenuated live (Schwarz) virus vaccine that  at least for the 
avoidance of local reactions the use of a vaccine consisting mainly of the water 
phase of the Tween-ether split product is a better  approach to the ult imate goal 
of highly purified vaccines than  the formalin-inactivated vaccines containing 
whole virus. This is particularly the case for inactivated vaccines which reqnire 
for adequate immunogenicity concentration of antigen and addition of adjuvant.  

I f  the Tween-ether inactivated and AI(OH)s adsorbed German and the purified 
HA-fluid measles vaccine of NORRBY and ( ~ D  (12) are also advantageous in 
regard to prevention of the atypical measles, is less sure and warrants further 
surveillance. 
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