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Migration of Macrophages Carrying Antigen into the Thymus 

M a c r o p h a g e s  m e d i a t e  t h e  i m m u n e  r e s p o n s e  to  c e r t a i n  
a n t i g e n s L  I n  c o n n e c t i o n  w i t h  s t u d i e s  o n  s u b c e l l u l a r  t u r n -  
o v e r  a n d  s t o r a g e  c o m p a r t m e n t s  for  h e a t  d e n a t u r e d  b o v i n e  
s e r u m  a l b u m i n  (cBSA)  w i t h i n  cells f r o m  p e r i t o n e a l  
e x u d a t e  (PEC)  t h e  q u e s t i o n  a ro se  w h e t h e r  t h e r e  is a 
f u n c t i o n a l  h e t e r o g e n e i t y  a m o n g  t h e  p h a g o c y t i c  cells f r o m  
p e r i t o n e a l  e x u d a t e s  of  C B A  mice .  

T h i s  p o s s i b i l i t y  w a s  t e s t e d  b y  l abe l l ing  P E C  in s h o r t  
t e r m  t i s s u e  c u l t u r e  w i t h  Cr ~ a n d  feed ing  t h e m  w i t h  I 1~ 
m a r k e d  c B S A  a t  t h e  s a m e  t ime .  T h e  cells w e r e  t h e n  
w a s h e d  a n d  i n j ec t ed  i.p. i n t o  n o r m a l  r e c i p i e n t  mice  a n d  
t h e  r a t i o  of  I ~ / C r  ~t w a s  d e t e r m i n e d  in  d i f f e r e n t  o r g a n s  
a t  i n t e r v a l s  a f t e r  in jec t ion .  A n y  a l t e r a t i o n  in t h e  r a t i o  of  
I ~ / C r ~  in d i f f e r e n t  o r g a n s  w a s  t h o u g h t  to  i n d i c a t e  cell 
h e t e r o g e n e i t y  in t e r m s  of  I ~ c B S A  or  Cr ~ u p t a k e  a n d  

d e s t i n a t i o n  of  m i g r a t i o n .  T h e  v a l i d i t y  of  t h i s  c o n c l u s i o n  
d e p e n d s  on  3 a s s u m p t i o n s .  (1) T h e r e  is n o  s u b s t a n t i a l  
t r a n s f e r  of  I X ~ c B S A  f r o m  t h e  p h a g 6 c y t i c  cells to  o t h e r  
cells. I t  h a s  b e e n  s h o w n  t h a t  m a c r o p h a g e s  re lease  I ~2~ as  
m o n o -  a n d  d i - i o d o t y r o s i n e  a n d  n o t  a s  B S A  *. (2) T h e  Cr nx 
a n d  I x*~ re l eased  f r o m  cells a f t e r  t r a n s f e r  is e x c r e t e d  
q u i c k l y  a n d  n o t  t a k e n  u p  a n y  m o r e  b y  o t h e r  cells. T h i s  
p o i n t  h a s  b e e n  s t u d i e d  z. (3) T h e  r a t i o  of free I tz~ a n d  Cr ~ 
in  t h e  c i r c u l a t i o n  is n o t  d i f f e r e n t  f r o m  t h e  r a t i o  of  t h e  cell- 
b o u n d  labe l  ( con t ro l l ed  b y  T C A  p r e c i p i t a t i o n  of  w h o l e  
b lood ,  T a b l e  I I ) .  

T h e  de ta i l s  of  t h e  I ~ c B S A  a n d  Cr ~ u p t a k e  b y  P E C  
in t i s s u e  c u l t u r e  f r o m  4 d i f f e r e n t  e x p e r i m e n t s  a re  s u m -  
m a r i z e d  in T a b l e  I.  T h e  d i s t r i b u t i o n  of  r a d i o a c t i v i t y  
a m o n g  seve ra l  o r g a n s  of  r e c i p i e n t  C B A  mice  a f t e r  t r a n s f e r  

"Fable I. Uptake of IlZ~eBSA, PS*cBSA and Cr 5~ by PEC in tissue culture= 

Exp. 1, I t2~ Exp. 2, I u~ Exp. 3, I t25 Exp. 4a, I TM Exp. 4b, I x~ 

PECflnl b 1 × 107 5 x l0 s 1.2 × 107 4.5 x 10 ~ 4 x 10 ~ 
Total volume (ml)e 20 20 20 10 10 
mg cBSA/ml a 0.6 0.6 4 0.03 0.03 
~ug uptakelmg cBSA in medium]10 s cells 3.75 17 7 15 11 
pC Cr~Xlml 12.5 12.5 12.5 - 
Uptake 6 × 10 -3 3 × 10 -2 3.75 × 10 -2 - 
/~g cBSA in PEC transferred into 2 mice 30 40 220 1.25 0.9 
No. of cells transferred into 2 mice 7.4 x 10 ~ 2 x 10 T 4 × 107 2.1 × 10 ~ 

* Cr sx as sodium chromate BP. Specific activity 300 pClpg. 112~ and I TM from the Radiochemical Centre, Amersham, in high specific activity 
(50-100 mClml). Iodide for protein iodination. Iodination according to s. Radioactivity was measured with a Packard autogamma spectrometer 
under conditions where 10% of the Cr ~ counts went into the I ~6 channel and less than 1% of I ~26 in the Cr ~ channel: the data were corrected 
for background and overlapping of Cr 51 with 11~5. b PEC from CBA mice, injected at day 3 with 3 ml thioglycolate (Difco), at day 0 washed out 
from the peritoneum with 4 ml tissue culture medium 199 (Glaxo). e Tissue culture medium 199, buffered with Tris pH 7.2 (0.05 mmol/ml); 
4% CO 2 in atmosphere, 37°C; 1 h incubation; Esco tissue culture dishes, a cBSA prepared according to '. 

Table II .  Recovery of I12ScBSA and Cr sl activity in different organs from recipients of labelled PEC L 

90min 2 h  4 h  9 h  20h  4 h  

I1251Cr ~l Ratio It25]Cr~l Ratio It2S/Cr ~l Ratio I12~]CrSt Ratio I125]Cr ~t Ratio I125]Cr 51 Ratio 
(heated cells) 

Blood 1863 
1164 

Spleen 744 
4269 

Liver 3024 
7440 

Lymph nodes 

Thymus 1047 
162 

PEC b 3447 
57027 

Supernatants of 
5 % TCA precipitation 
of blood fraction 

1.60 1823 2.40 1780 1.51 206 0.26 93 0.20 845 0.22 
764 1180 807 461 3829 

0.18 459 0.43 1252 0.25 332 0.11 85 0.20 2440 1.14 
1063 4959 2955 3706 2153 

0.41 5550 0.64 2714 0.44 1687 0.20 330 0.08 5867 0.86 
8640 6118 8304 4266 6827 

462 0.54 253 0.38 38 0.18 40 0.09 134 0.41 
855 675 209 471 327 

6.46 890 4.I0 825 1.83 146 0.30 13 0.08 42 0.67 
217 467 481 161 63 

0.06 9624 0.23 355 e 0.07 3078 0.14 < 1  <0 .01  15453 1.14 
42217 5185 c 21575 6489 13507 

486 1.92 584 1.44 48 0.27 15 0.24 256 0.26 
254 404 181 63 995 

Counts/3 min. Organs of 2 animals poole d. b Cells washed before counting, c Approx. 75% of cells lost during washing. Data for 90 min 
and from 2-20 h are 2 different experiments. Input  (90 rain) : 2.3 × 104 cpm of I12512 mice; recovery: 3.4 × 108 cpm of 112s " 15%. 6.2 × 104 cpm 
of Cr51/2 mice; recovery: 2.3 x 104 cpm of Cr sl ~- 37%. Input (2-20 h}: 6.7 x 104 cpm of 1126]2 mice; recovery: 2 h: 6.4 × 10 s cpm of 
11.5 & 9.6% ; 4 h: 2.4 × l0 s epm ~- 3.6% ; input: 1.2 × l0 s cpm of Cr5~]2 mice; recovery : 1.8 × 104 cpm of Cr 5~ & 14.5 % ; 6.3 × l0 s cpm ~ 5.1% ; 
4 h, heated cells: 8.2 × 10 s cpm ~ 12.3%, 8.9 x l0 s cpm ~ 7.2° . 
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of t h e s e  ceils is p r e s e n t e d  in T a b l e s  I I  a n d  I I I .  I n  t h e  f i r s t  
4 h a f t e r  t r a n s f e r  t h e  r a t io  of I~2~/Cr~ is m a r k e d l y  d i f fe ren t  
b e t w e e n  t h e  o rgans .  I t  is h i g h e s t  in t h e  t h y m u s  a n d  lowes t  
in t h e  P E C  recovered  f r o m  t h e  rec ip ien t s ;  t h e  d i f ference  
in  t h e  I ~ / C r  ~t r a t io  b e t w e e n  t h y m u s  a n d  P E C  is 18- to  
100-fold. T h e  d i f fe rence  b e t w e e n  t h y m u s  a n d  sp leen  is 
5- to  35-fold. A h i g h  ra t io  is also f o u n d  in  t h e  blood.  
D u r i n g  t h e  f i r s t  2 h a f t e r  t r a n s f e r  t h e  a b s o l u t e  a m o u n t  of  
I~2~cBSA in  t h e  t h y m u s  is h i g h e r  t h a n  in t h e  sp leen ;  a t  
4 h a n d  l a t e r  t h e  oppos i t e  r e su l t  is found .  

I t  is i m p o r t a n t  for  t h e  i n t e r p r e t a t i o n  of t h e  d a t a  t h a t  
t h e  I ~ / C r  ~ ra t ios  of  t h e  s u p e r n a t a n t s  of  5% T C A  pre-  
c ip i t a t i on  of t h e  whole  blood are  t h e  s a m e  as  in  t h e  whole  
b lood a t  a n y  g i v e n  t i m e  a n d  t h a t  t h e s e  s u p e r n a t a n t s  
c o n t a i n  o n l y  2 0 - 3 0 %  of t h e  r a d i o a c t i v i t y .  T h i s  shows  
t h a t  t h e r e  is no  excess  of one  i so tope  in  t h e  c i rcu la t ion .  
As  a f u r t h e r  con t ro l  a n  a l i q u o t  of t h e  cells p r e p a r e d  for 
t r a n s f e r  w a s  h e a t e d  for 10 rain  in boi l ing  w a t e r  a n d  t h e n  

Table III. Recovery of IX~cBSA and Cr ~x activity in different organs 
from recipients of labelled PEC ~ (an experiment similar to the one 
presented in Table II) 

4h  18h 24h 

I12~/Cr ~ Ratio Ius /co  ~ Ratio Iu~/Cr ~ Ratio 

Blood (1 ml} 837 1.95 44 0.47 175 0.50 
430 93 349 

Spleen 844 0.95 29 0.18 147 0.32 
885 166 466 

Liver 1798 1.31 44 0.11 663 0.31 
1369 405 2100 

Lymph nodes 97 0.78 8 0.66 9 0.14 
125 12 63 

Thymus 395 5.12 <~ 1 < 0.01 4 0.05 
77 24 70 

PEC ~ 824 0.16 < 1 < 0.01 238 0.15 
5294 396 1563 

Injected: 2.4 x 104 cpm of I1~5; 4.0 X 104 cpm of Cr~L Recovered 
a f t e r 4 h : 4 . 8 x l 0  scpmof1121 ~ 2 0 ~ o ; 8 . 2 x  10 ~cpmofCr 51 ~ 21%. 

cpm. Organs of 2 animals pooled. ~ Cells washed before counting. 

i n j ec t ed  in to  mice  (Table  II ,  l a s t  co lumn) .  I n  th i s  g r o u p  
o n l y  0 .17% of t h e  r ecovered  11~5 a c t i v i t y  w a s  f o u n d  in  t h e  
t h y m u s  a f t e r  4 h c o m p a r e d  to  4 . 8 - 1 1 . 5 %  a f t e r  in j ec t ion  
of l iv ing  cells. I n  a d d i t i o n  no m a r k e d  d i f ference  in  t h e  
ra t io  of II~5/Cr 51 could  be  f o u n d  in t h e  o r g a n s  s tud ied .  

Af t e r  9 h in  t h e  r ec ip ien t  mice  t h e  r a d i o a c t i v i t y  be-  
c o me s  e q u a l l y  d i s t r i b u t e d  a m o n g  t h e  o r g a n s  a n d  t h e  
a m o u n t s  r ecovered  b e c o m e  low. T h i s  is p a r t l y  d u e  to  a 
loss of c B S A - b o u n d  I ~25 b y  re lease  of I ~25 m o n o -  a n d  di- 
iodo ty ros ine .  On  t h e  o t h e r  h a n d  t h e  r a t e  of  loss of Cr 5t 
f r o m  cells is 5 % / h .  T h e s e  r e a s o n s  t a k e n  t o g e t h e r  al low 
no m e a n i n g f u l  ca l cu l a t i on  of t h e  d i s t r i b u t i o n  for t h e  
per iod  b e t w e e n  9 a n d  24 h a f te r  in jec t ion  of t h e  PE C.  

T h e  P E C  f r o m C B A  mice  i n d u c e d  w i t h  t h iog lyco la t e  
cons i s t  of a b o u t  80°//0 m a c r o p h a g e s  as j u d g e d  b y  h i s to -  
logical cr i ter ia .  F r o m  t h e  a m o u n t  of I~2%BSA car r ied  in to  
t h e  t h y m u s  i t  w a s  a l r e a d y  i m p r o b a b l e  t h a t  t h i s  w a s  t r a n s -  
p o r t e d  unspec i f i ca l ly  as  a c o n t a m i n a t i o n  of t h e  l y m p h o -  
c y t e  p o p u l a t i o n .  To  d i sp rove  th i s  poss ib i l i ty  fu r the r ,  P E C  
were  i n c u b a t e d  in  t i s sue  c u l t u r e  for 2 h ;  t h e n  cells n o n -  
a d h e r e n t  a n d  a d h e r e n t  to  t h e  p o l y s t y r e n e  d i shes  were  
s e p a r a t e d .  T h e  n o n - a d h e r e n t  p o p u l a t i o n  c o n t a i n e d  l y m -  
p h o c y t e s  a n d  a large  a m o u n t  of m a c r o p h a g e s .  A d h e r e n t  
a n d  n o n - a d h e r e n t  cells were  t h e n  fed in t i s s u e  c u l t u r e  
e i the r  w i t h  I I*seBSA (adheren t )  or I ~ l c B S A  (non-  
a d h e r e n t ) .  A f t e r w a r d s  t h e y  were  washed ,  pooled  aga in ,  
a n d  in j ec ted  i.p. i n to  n o r m a l  rec ip ien ts .  A t  i n t e r v a l s  t h e  
d i s t r i b u t i o n  of I ~21- a n d  I~3~cBSA in t h e  d i f f e r en t  o r g a n s  
w a s  t e s t ed .  I t  was  e x p e c t e d  t h a t  if t h e  r a d i o a c t i v i t y  
f o u n d  in t h e  t h y m u s  w a s  b r o u g h t  in  b y  l y m p h o c y t e s  t h e  
ra t io  of I ~ 5 / P  3~ w o u l d  be lower in  t h e  t h y m u s  t h a n  in  t h e  
o t h e r  o rgans .  T a b l e  I V  s h o w s  t h a t  t h e r e  is no  s ign i f i can t  
d i f ference  in  t h e  I~2~/I TM ra t io  b e t w e e n  t h e  o r g a n s  t e s t ed .  
T h e r e  c a n  be  no  s ign i f i can t  t r a n s p o r t  b y  n o n - p h a g o c y t i c  
cells. 
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Table IV. Distribution of IX25cBSA and I~StcBSA from adherent and non-adherent PEC in organs of recipients of pooled PEC* 

30 min 1 h 3 h 19 h 

I1~ I131 ll~S i~I  I12~ I13t I225 I121 

Radioactivity injected into 
2 mice at time 0 

Radioactivity recovered from 
organs of 2 mice 

% of injected 

Ratio I1~S/I lal in 

Blood (0.5 ml) 
Spleen 
Liver 
Thymus 
PEC 

1.11 x 105 3.27 x 105 1.11 × 105 3,27 × 10 ~ 1.11 × l0 s 3.27 X l0 s 1.11 X 105 3.27 X l0 s 

6.7 x 10' 2.0 x 105 5.0 × 104 1.6 × 105 2.7 X 104 8.6 × 10 a 4.8 × 103 1.2 × 104 

60 61 45 49 24 26 4.3 3.7 

0.344 0.311 0.325 0.345 
0.305 0.364 0.387 0.357 
0.328 0.310 0.342 0.358 
0.340 0.333 0.290 0.324 
0.375 0.312 0.212 0.385 

Counts/3 min. 
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T h e  h i g h  r a t i o  of Im/Cr3t in  t h e  t h y m u s  could  m e a n  
t h a t  a p o p u l a t i o n  of p h a g o c y t i c  cells inef f ic ien t  in  u p t a k e  
of Cr 51 m i g r a t e s  p re fe ren t i a l l y  in to  t h e  t h y m u s .  Th i s  
poss ib i l i ty  seems un l ike ly  since i t  is k n o w n  t h a t  free Cr ~I 
a f t e r  i .p. i n j ec t ion  i n to  mice  d i s t r i b u t e s  equa l ly  in to  
d i f f e ren t  o r g a n s  4. A l t e r n a t i v e  e x p l a n a t i o n s  a re  t h a t  a 
sma l l  p o p u l a t i o n  of P E C  t akes  u p  PZ6cBSA quickly ,  or  
s to res  i t  eff ic ient ly ,  or  t h a t  t h e  t h y m u s  p r o v i d e s  mac ro -  
p h a g e s  w i t h  a f a v o u r a b l e  e n v i r o n m e n t  for  r e t a i n i n g  
an t i gen .  

I t  is k n o w n  f r o m  s tud ie s  u s ing  Sss-BSA t h a t  a n t i g e n  
can  e n t e r  a n d  is r e t a i n e d  in t h e  t h y m u s  ~. M a c r o p h a g e s  
h a v e  also b e e n  o b s e r v e d  in  t h e  t h y m u s  s, w h e r e  in p a r t  
t h e y  m a y  ac t  as  s cavange r s ;  b u t  t h e y  h a v e  also b e e n  
f o u n d  in close c o n t a c t  w i t h  l y m p h o c y t e s  in  mi tos i s  w i t h i n  
t h e  t h y m u s  of A K R  m i c e L  I t  is conc luded  f rom t h e  
e x p e r i m e n t s  r e p o r t e d  in  t h i s  c o m m u n i c a t i o n  t h a t  eff ic ient  
p r e s e n t a t i o n  of a n t i g e n  to  t h y m u s  l y m p h o c y t e s  b y  o t h e r  
cells m a y  be  a p a r t  of t h e  n o r m a l  i m m u n e  response  x°. 

Zusammen[assung. M a k r o p h a g e n  aus  d e m  P e r i t o n e u m  
v o n  CBA-Miiusen,  die in  Ze l lku l tu r  h i t z e d e n a t u r i e r t e s  
R i n d e r - S e r u m a l b u m i n  p h a g o z y t i e r t  h a b e n ,  t r a n s p o r t i e r e n  

dieses bis  zu 4 h n a c h  T r a n s p l a n t a t i o n  v o r n e h m l i c h  in 
den  T h y m u s  n o r m a l e r  Empf~nge r t i e r e .  
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T r a n s v a s c u l a r  P a s s a g e  o f  A l b u m l n - I  m into Skin  

I t  is  p o s s i b l e  t h a t  changes  in  t h e  c o n n e c t i v e  t i ssue-  
i n t e r s t i t i a l  space  m a y  a f fec t  t h e  m a n n e r  a n d  t h e  r a t e  of 
t r a n s p o r t  of molecules  to  a n d  f r o m  t h e  c i r cu l a t o r y  s y s t e m  
a n d  t h e  cells. I t  h a s  b e e n  p roposed  t h a t  t h i s  sequence  m a y  
p l a y  a s ign i f i can t  role  in  ag ing  a n d  t h a t  t h e  c o n n e c t i v e  
t i s sue  c h a n g e s  m a y  r e su l t  f r om gene t i ca l ly  p r o g r a m m e d  
ch ronogen ic  p h e n o m e n a  a n d  exogenous ly  de r ived  p a t h o -  
genic  a l t e r a t i o n s  1. A m o n g  t h e  l a t t e r  a re  i m m u n o l o g i c  
processes.  A n t i g e n - a n t i b o d y  i n t e r a c t i o n s  a re  k n o w n  t o  
occur  in  t h e  i n t e r s t i t i a l  space  a n d  in b a s e m e n t  m e m -  
branes* .  These  i n t e r a c t i o n s  a n d  t h e i r  s equa lae  m i g h t  
r e su l t  i n  a l t e r a t i o n s  in  t h e  d i f fus ib i l i ty  cha rac t e r i s t i c s  of 
t h e  mil ieu t h r o u g h  w h i c h  molecules  m u s t  pass  on  t h e i r  
w a y  to  a n d  f r o m  t h e  cells, Th i s  s t u d y  was  u n d e r t a k e n  in 
o rde r  to  t e s t  t h i s  hypo thes i s .  

Method. Male mice  we igh ing  28 4- 1 g were  o b t a i n e d  
f r o m  a c o m m e r c i a l  supp l ie r  a n d  m a i n t a i n e d  o n  P u r i n a  
pellets .  1 g roup  of a n i m a l s  was  in j ec t ed  s.c. w i t h  0.5 ml  
of a 5 %  so lu t ion  of s o d i u m  case ina te ,  5 t i m e s  a week  for 
a pe r iod  of 6 weeks  acco rd ing  to  t h e  p r o c e d u r e  of 
CI-IRISTENSEN a n d  HJORT 3. E a c h  a n i m a l  rece ived  a t o t a l  
of  750 m g  of  s o d i u m  case ina te .  A n o t h e r  g roup  rece ived  a 
s.c. i n j ec t i on  of 0.2 m l  s t r ep tococcus  g roup  A e x t r a c t  
(BBL-74027B)  in  c o m p l e t e  F r e u n d ' s  a d j u v a n t  a n d  0.1 ml  
of  t h e  so luble  a n t i g e n  i.p. 4 weeks  la te r .  

48 h fo l lowing t h e  l a s t  i n j ec t ion  of  s o d i u m  case ina te ,  
a n d  2 weeks  a f t e r  t h e  l a s t  i n j e c t i o n  of  s t r ep tococca l  
an t i gen ,  t h e s e  a n i m a l s  a n d  t h e i r  con t ro l s  were  i n j ec t ed  
in  a t a i l  ve in  w i t h  1 #c  of  h u m a n  a l b u m i n - I  TM in a v o l u m e  
of  0.1 ml .  t n  some  an imals ,  a f t e r  4 m i n  a n d  in  o t h e r s  a f t e r  
2 h,  s amples  of b lood  were  o b t a i n e d  f r o m  t h e  i n t e r n a l  
occu la r  p l exus  a n d  t h e  mice  were  ki l led b y  cerv ica l  
f rac tu re .  The  sk in  was r e m o v e d  in a u n i f o r m  m a n n e r ,  
deha i red ,  sc raped  free of s,c. t issue,  d issolved in  fo rmic  
acid,  a n d  a s sayed  for b o u n d  I TM, as p rev ious ly  descr ibed  ~. 
0.02 m l  of s e r u m  was  used  for  I TM assay.  

Results and discussion. T h e  resu l t s  a re  s h o w n  in t h e  
Table .  As in t h e  p r ev ious  e x p e r i m e n t s  4, t h e  4 m i n  va lues  

of I m m u n i z e d  Mice 

were  a s s u m e d  to  c o r r e s p o n d  to  t he  m i x i n g  t i m e  in t he  
p l a s m a  a n d  t h e  r a d i o a c t i v i t y  in  t h e  sk in  was  t h o u g h t  to  
be  due  to  t h e  c i r cu la t ing  p l a s m a .  

T h e  m e a n  p l a s m a  v o l u m e s  in  t h e  skin  ca l cu la t ed  f rom 
4 m i n  va lues  were  0.0309 ml,  0.0411 m l  a n d  0.0435 ml,  
r espec t ive ly ,  in  t h e  cont ro l ,  case in-  a n d  s t r e p - a n t i g e n  
t r e a t e d  an imal s ,  Af t e r  2 h,  t h e  s e r u m  r a d i o a c t i v i t y  de-  
c reased  t o  64 .2%,  77 .9% a n d  91 .5%,  respec t ive ly ,  of t h e  

Albumin-I TM in serum and skin of immunized mice 

No. Weight Serum Skin 
(g) (cpm 0.02 ml) (epm total) 

4 rain 

Control 8 39.2 11990 4- 947" 18561 + 2061 
Casein 8 29.8 10026 4- 793 20623 4- 1037 
Strep-antigen 7 34.3 8537 4- 1039 18589 4- 1872 

2 h  

Control 8 39.5 7695 ~ 514 27173 4- 1678 
Casein 8 29.1 7810 4- 520 30027 4- II01 
Strep-antigen 7 34.7 7808 4- 320 29023 4- 2451 

i Standard error of the mean. 
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