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Rh Disease . . . l 970  

It i s  unusual  t h a t  a d i s e a s e  e n t i t y  can be p r e d i c t e d ,  r ecogn ized ,  d e f i n e d ,  
treated and f i n a l l y  prevented,  a l l  i n  one ' s  1 i F e t i m e .  Siich i s  t h e  c a s e ,  however, 
f o r  Rh d i s e a s e  i f  you a r e  o ld  enough. 

The p rophe t i c  s t a t e m e n t  of D r .  Theobold Sini-th i n  1909 , "Passive an t ibody  mixed 
with a n t i g e n  r ende r s  t h e  a n t i g e n  q u i t e  i n a c t i v e  as an inmunixing a g e n t , "  i n  no way 
p r e d i c t e d  i t s  p r a c t i c a l  a p p l i c a t i o n  i n  19GS. 

It  was i n  1940 t h a t  Lands te ine r  and Wiener discovered t h e  Rh f a c t o r .  E i g h t  
years e a r l i e r ,  Diamond and h i s  a s s o c i a t e s  , on t h e  b a s i s  of c l i n i c a l  obse rva t ions  , 
r i g h t l y  observed t h a t  hydrops f e t a l i s  , i c t e r u s  g r a v i s  neonatorum and c o n g e n i t a l  anemia 
were a l l  symptoms of t h e  same c l i n i c a l  d i s e a s e  , which they  l a b e l l e d  "e ry th rob la s  t -osis .  I' 
There was then  a pe r iod  of c l i n i c a l  s p a r r i n g  i n  terminology - e r y t h r o b l a s t o s i s  v s .  
hemolyt ic  d i s e a s e  of t he  newborn - caus ing  g r e a t  d i f f i c u l t i e s  i n  i n t e r p r e t i n g  newborn 
and s t i l l b i r t h  dea th  c e r t i f i c a t e s .  F o r t u n a t e l y ,  m o s t  of t h e s e  d i f f i c u l t i e s  have been 
overcome by the  ref inement  i n  d i a g n o s t i c  t e c h n i c s .  

I n  1940, i t  was found t h a t  i n j e c t i o n  of r ed  blood c e l l s  of t h e  rhesus monkey 
i n t o  r a b b i t s  produced a serum f a c t o r  which caused t h e  aggLu t ina t ion  of monkey r ed  c e l l s .  
When t r i e d  wi th  red blood c e l l s  of human b e i n g s ,  about  857, of i n d i v i d u a l s  showed 
a g g l u t i n a t i o n  of red c e l l s ,  while  15% d i d  n o t .  There was no s e x  d i F f e r e n c e .  P. Levine 
and a s s o c i a t e s  t hen  c l e a r e d  t h e  vay by p o i n t i n g  o u t  t h a t  incompatible  t r a n s f u s i o n s  , o r  
i n j e c t i o n s  of incompatible  in t r amuscu la r  blood,  caused s e n s i t i z a t i o n .  Although t h i s  
i n c o m p a t i b i l i t y  was important  i n  males , i t  was e s p e c i a l l y  important  i n  females who 
were Kh n e g a t i v e ,  marr ied t o  Rh p o s i t i v e  males.  Half o r  a l l  of t h e i r  o f f s p r i n g  will 
be' Rh p o s i t i v e ,  depending whether he has. one o r  two genes f o r  R h  p o s i t i v e n e s s .  This 
s t a t e  of a f f a i r s  can !,est be  ca.r r ied out  by the  de t e rmina t ion  of Rh p o s i t i v e n e s s  o r  
nega t iveness  i n  r e l a t i v e s .  I f  an Rh n e g a t i v e  woman happens t o  be lucky enough t o  
marry an Eh n e g a t i v e  man, she  need have no wor r i e s  from t h i s  sou rce .  

Rh de te rmina t ions  were f i r s t  used t o  prevent  mismatched t r a n s f u s i o n s .  By 1945 , 
i t  was l ea rned  t h a t  10 t o  127, of bab ie s  born a l i v e  t o  an Rh n e g a t i v e  woman marr ied 
t o  an Kh p o s i t i v e  nan were a p t  t o  be s e v e r e l y  ill wi th  anemia and p o s t - n a t a l  jaillidice 
which , i f  u n t r e a t e d  , l ed  t o  permanent mental  damage i n c l u d i n g  mental  r e t a r d a t i o n ,  
motor d i s a b i l i t y  and even c e r e b r a l  pa l sy .  Autopsy showed k e r n i c t e r u s  , yellow s t a i n i n g  
of t h e  globus p a l l i d u s  and o t h e r  b a s i l a r  n u c l e i .  There were a l s o  many s t i l l b i r t h s  of 
hydropic  bab ie s  wi th  'a l a r g e  spongy p l a c e n t a .  Polyhydramnios was f r e q u e n t .  

A f t e r  a t r i a l  of i n t e n t i o n a l  premature d e l i v e r y  of t h e  i n f a n t  t o  p reven t  i n t r a -  
u t e r i n e  d e a t h ,  exchange t r a n s f u s i o n  w a s  i n s t i t u t e d  i n  1947 t o  minimize p o s t - n a t a l  
j aund ice  and n e o n a t a l  dea th .  I n  g e n e r a l ,  when t h e  i n f a n t ' s  cord blood was shown t o  
be Rh p o s i t i v e  and t h e  b i l i r u b i n  leve l  approached 20 mgs/100 c c  whole blood i n  a 
f u l l - t e r m  i n f a n t  and 12 mgs i n  a p rema tu re  baby, 250 t o  500 cc  of 0 neg,  low t i t e r  
A blood was i n j e c t e d  i n t o  an  i n f a n t  v i a  i t s  u m b t l i c a l  v e i n  i n  10 cc doses a f t e r  with-  
drawal of an  equa l  amount of blood ove r  a pe r iod  of two hours  o r  so.  With i n c r e a s i n g  
expe r i ence ,  t h e  n e o n a t a l  m o r t a l i t y  ra te  of s e n s i t i z e d  bab ie s  w a s  reduced from 50% t o  
5%. A number of t h e s e  u m b i l i c a l  v e i n  c a t h e t e r i z a t i o n s  were,  i n  f a c t ,  u n w i t t i n g l y  
i n t r a - a t r i a l  t r a n s f u s i o n s  , with t h e  c a t h e t e r  passed through the  ductus  venosus,  up 
t h e  i n f e r i o r  vena cava ,  i n t o  t h e  r i g h t  a t r i u n  and through t h e  foramen o v a l e  i n t o  the 
l e f t  a t r i u m ,  f o r  i t  was a w e l l  known dictum among p e d i a t r i c  r e s i d e n t s  t h a t  "when t h e  
blood withdrawn i s  r e a l l y  pink,  t h e  exchange t r a n s f u s i o n  works v e r y  w e l l . "  
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The nex t  advance came i n  t h e  1950's when Freda and o t h e r s  b r a v e l y  performed 
amniocentes i s  t o  de te rmine  t h e  b i l i r u b i n  c o n t e n t  of amnio t i c  f l u i d .  I t  had been 
obvious a f t e r  years  of expe r i ence  t h a t  t h e  mother 's  blood an t i -D  t i t e r s  du r ing  t h e  
l a s t  t r imester  had l i t t l e  t o  do wi th  t h e  c o n d i t i o n  of t h e  i n f a n t .  S e r i a l  amnio t i c  
f l u i d  b i l i r u b i n  de t e rmina t ions  r e s u l t e d  i n  a number of graphs which were u s e f u l  i n  
d e c i d i n g  when t o  do i? premature i n d u c t i o n  of l a b o r  o r  a c a e s a r i a n  s e c t i o n  t o  prevent  
a n  i n t r a - u t e r i n e  d e a t h  from e r y t h r o b l a s t o s i s .  

I n  1963, L i l e y  added t h e  l a s t  d ramat ic  touch t o  t r ea tmen t  of e r y t h r o b l c s t o s i s  - 
i n t r a - u t e r i n e  t r a n s f u s i o n  - which reduced t h e  f e t a l  m o r t a l i t y  from e r y t h r o b l a s t o s i s  
from 100% t o  60%. Now i t  appears  t h a t  t h e r e  i s  no need f o r  f u r t h e r  improvement i n  
therapy ,  f o r  complete p reven t ion  is a t  hand. 

' S h o r t l y  b e f o r e  1950, Wiener had sugges ted  a p l a u s i b l e  mechanism of t h e  s e n s i t i z a -  
t i o n  of a n  Rh n e g a t i v e  woman by h e r  Rh p o s i t i v e  baby - t r a n s p l a c e n t a l  b l eed ing .  

Even i n  t h e  f i r s t  t r imester ,  i t  has  been demonstrated t h a t  t r o p h o b l a s t  c e l l s  can 
be found i n  ma te rna l  blood and,  l a t e r ,  t h a t  a t ab r ine - t agged  materna l  r e d  c e l l s  can 
be  found i n  t h e  f e t u s .  There f i n a l l y  i s  a consensus of op in ion  t h a t  a t  t h e  t i m e  of 
d e l i v e r y ,  a v a r y i n g  amount: of f e t a l  blood c e l l s  f i n d s  i t s  way i n t o  t h e  ma te rna l  
i n t e r v i l l o u s  space  and v e i n s  d . ra ining t h e  p l a c e n t a  as  i t  separates from t h e  u t e r i n e  
wa l l .  K le i aue r  devised  a compara t ive ly  s imple  chemical  t e s t  t o  q u a n t i t a t e  t h e  number 
of f e t a l  c e l l s  which e n t e r  t h e  mother ' s  bloodstream. The b a s i s  i s  t h e  d i f f e r e n c e  b e t w e n  
Hgb F and Hgb A .  Some c l i n i c s  t a k e  t h e  t r o u b l e  t o  de te rmine  t h e  r e l a t ive  f e t a l - m a t e r n a l  
t r a n s f u s i o n  a f t e r  d e l i v e r y ,  b u t  most do no t .  

The e l i m i n a t i o n  of Rh d i s e a s e  i n  i n f a n t s  and s e r r s i t i z a t i o n  of t h e i r  mothers began 
w i t h  the r e c o g n i t i o n  t h a t  women incoIupat ihle  wi th  t h e i r  i n f a n t s  i n  t h e  AT50 sys t em,  
of t e n  were p r o t e c t e d  From be ing  s e n s i t i z e d  by Rh imcoinpat ib i l i ty .  It  seemed 1-ogical 
t o  deve lop  a n  anti-1311 g l o b u l i n .  Men ~ ~ h o  were Rh n e g a t i v e  were g iven  Rh p o s i t i v e  blood 
c e l l s  p lus  ant i -Rh a n t i b o d i e s .  None became s e n s i t i z e d ,  wh i l e  t hose  r e c e i v i n g  Ith p o s i t i v e  
c e l l s  al-one d i d .  

Ro doubt ,  as p u b l i c  h e a l t h  s p e c i a l i s t s  you are more i n t e r e s t e d  i n  t h e  p r e s e n t  
s t a t e  of a f f a i r s  t han  h i s t o r i c a l  backgrouad. 

About one i n  e i g h t  marr iages  involves  one of an  Rh n e g a t i v e  woman and a n  Rh 
p o s i t i v e  man. I t  i s  e s t i m a t e d  t h a t  2-300,000 women are a t  r i s k  a n n u a l l y  of be ing  
s e n s  i t i zed  . 

The es t ima ted  number of cand ida te s  depends on race and on previous  isoimmunizat ion 

The expec ted  number of wh i t e  Americans of  European descen t  and of Negroes are 
e i t h e r  by a mismatched blood t r a n s f u s i o n  o r  i n t r amuscu la r  b lood ,  o r  by a n  Rh p o s i t i v e  
baby. 
as fo l lows :  

White Negro 

A .  Rh negati .ve ( r . r )  15% 
A .  Homozygous RIi p o s i t i v e  ( R , R )  3 7% 
C. Heterozygous Rh p o s i t i v e  (R, r )  48% 

a l l  A x B matings will be  p o s i t i v e  .15 x . 3 7  = .0555 
.15 )i .68 = .0360 

.091.5 
.0079 

-- % A x C mat ings w i l l  be  p o s i t i v e  --- 
2 

-- Minus p r e v i o u s l y  iinmunized ( 0 8 5 ~ .  0915) 
. G836 

0 r 8 .[I 74 
The number of O r i e n t a l s  at r i s k  i s  Fi l igh t iy  less than t h a t  of Negroes. 



Rh imm1me g l o b u l i n  was l i c e n s e d  i n  A p r i l  1968. A second vacc ine  i s  about  t o  be 
l i c e n s e d .  I t s  u s e  i n  s u s c e p t i b l e  women w i t h i n  7 2  hours of t h e  b i r t h  of an R h  p o s i t i v e  
baby, s t i l l b i r t h  o r  m i s c a r r i a g e  is  remarkably s u c c e s s f u l  i n  p reven t ing  isoimiiunizat ion 
of t h e  mother,  as evidenced by h e r  l ack  of a n t i b o d i e s  and t h e  h e a l t h  of t h e  succeeding 
p o s i t i v e  baby. Of cour se ,  i t s  use  is  c o n t r a i n d i c a t e d  i n  women a l r e a d y  s e n s i t i z e d  t o  
t h e  D a n t i g e n .  Exchange o r  i n t r a u t e r i n e  t r a n s f u s i o n  w i l l  s t i l l  be needed i n  t h e i r  
bab ie s  u n t i l  t h e  end of t h e i r  r e p r o d u c t i v e  pe r iod .  

How many women who need t h i s  vacc ine  a r e  r e c e i v i n g  i t ?  A s.urvey of 99 m a t e r n i t y  
h o s p i t a l s  conducted by Mr. S tick1.e and myse l f ,  of The Na t iona l  Foundat ion,  i n  December 
1968 showed a 77% u t i l i z a t i o n  i n  wh i t e  women and a 61% u t i l i z a t i o n  i n  non-white women. 

What a r e  t h e  reasons f o r  t h e s e  low f i g u r e s ?  

1. Cost.  The o r i g i n a l  vacc ine  c o s t  $65.00 a dose (300 micrograms of immune g l o b u l i n ) .  
This  f i g u r e  i s  now down t o  $35.00 i n  t h e  United S t a t e s ,  wh i l e  i n  Canada i t  has  always 
been $10.03. I d e a l l y ,  a number of l a b o r a t o r y  tes t s  shoilld be performed b e f o r e  the  
vacc ine  i s  g iven  t o  s e e  i f  the mother 's  red c e l l s  are compatible with t h e  v a c c i n e ,  t o  
see i f  she has  no unusual  r a r e  an t ibod i . e s ,  e t c .  e t c .  These tests o f t e n  c o s t  a s  much 
as t h e  v a c c i n e ,  i f  not: more. In case of doubt as t o  t h e  r e s u l t s  of t h e s e  t e s t s ,  t h e  
adv ice  of most hemato log i s t s  i s  t o  g ive  t h e  vacc ine  anyway, s i n c e  t h e r e  seem t o  be no 
ill e f f e c t s  due t o  i t .  Thus, some h o s p i t a l s  a re  g i v i n g  t h e  v a c c i n e  i n t r a m u s c u l a r l y  t o  
every Rh n e g a t i v e  woriian fo l lowing  m i s c a r r i a g e ,  e c t o p i c  pregnancy, s t i l l b i r t h  or l i v e  
b i r t h .  

. 2.  Object ion tro receivj.ng - blood pro.duct.s I such as by Jehovah's t J i t n e s s e s .  

3 .  Dec la ra t ion  1 9 -  t h e  woman r h a t  sbc [ r i l l  have n c  inare pregpancies .  I t  i s  unsa fe  -- - 
t o  accep t  t h i s  statcme:ic u n l e s s  s t e r i l i z a t i o n  i s  perloriilcd. 

4 .  Res i s t ance  of t h e  phys ic i an  t o  introdl ice  a new t r ea tmen t  and l a c k  of educa t ion  
of t he  pub l i c  t o  denniarid jt. I n  o u r  su rvey ,  i t  was mentioned f r e q u e n t l y  t h a t  t h e  pliystcinn 
tras unailarc of t he  e r i s t e ! i ce  and be i i e f i t s  of  t h i s  new v a c c i n e .  Of t en ,  h i s  p a t i e n t  was 
t h e  one F : ~ O  brought i t  t o  h i s  a t t e n t i o n .  

A s  f o r  meeting t h e  c o s t  of t h e  v a c c i n e ,  s e v e r a l  avenues are hope fu l .  The c o s t  of 
one dose i s  coming down as compe t i t i on  becomes keener .  One s t a t e ,  I l a s s a c h u s e t t s ,  has  
enough vaccine prepared t o  cover  a l l  i t s  needs,  a t  $10.00 a dose,  and i s  a w a i t i n g  
o f f i c i a l  approval  of i t s  product .  The vacc ine  a s s i s t a n c e  a c t ,  passed by t h e  Senate 
and now b e f o r e  t h e  House, i nc ludes  Rh vacc ine .  An i n c r e a s i n g  number of hosp i t a l .  
i n su rance  plans are  i n c l u d i n g  t h e  c o s t  of t h e  vacc ine  and, o c c a s i o n a l l y ,  t h e  l a b o r a t o r y  
work i n  t h e i r  b e n e f i t s .  

I t  i s  obvious t h a t  blood grouping,  a t  l ea s t  of t h e  AB0 and Rh systems should be 
performed on premarital  blood samples drawn f o r  t h e  d i a g n o s i s  .of s y p h i l i s .  The presence 
of r u b e l l a  a n t i b o d i e s  a l so  should be  determined OE t h i s  sample. 
i s  under way i n  t h e  New York C i t y  Heal th  Department, a s s i s t e d  by The Na t iona l  Foundation- 
March of Dimes, a l though Diamond s ta tes  t h a t  blood grouping was r o u t i n e  i n  Massachuset ts  
on p r e m a r i t a l  blood samples  i n  t h e  e a r l y  1950's .  

Such a p i l o t  p r o j e c t  
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The r i s k  of h e p a t i t i s  from use o f  t h e  vacc ine  is  a l o g i c a l  q u e s t i o n  t o  ask. 
Gorman s ta tes  t h a t  as of A p r i l  1, 1970, h e p a t i t i s  has occurred fol.lowing v a c c i n a t i o n  
i n  no t  more than a dozen women. Sone of t h e s e  were i n  a r e a s  where h e p a t i t i s  i s  c.idemic. 
A c a u s a l  r e l a t i o n  between a d m i n i s t r a t i o n  of t h e  vacc ine  and occurrence of h e p a t i t i s  
has n o t  been e s t a b l i s h e d .  Gzmmaglobi1li1~ as i t  .is prepared f o r  t h i s  vacc ine  has  been 
shown t o  be remarkably f r e e  of t h e  h e p a t i t i s  v i r u s .  

Many a s p e c t s  of t h e  Rh problem have no t  been covered because of t i m e  l i m i t a t i o n s .  
I t  would be wi sh fu l  t h i n k i n g  t o  s t a t e  t h a t  t h e  Rh problem will soon be a t h i n g  of t he  
p a s t .  A s  L i l e y  p o i n t s  o u t ,  t h e  n e g a t i v e  a l l e l e ,  which i n  due t i m e  w i l l  d i s a p p e a r ,  
will now p e r s i s t .  
subdued. 

By d i l i g e n t  and consc ien t ious  e f f o r t ,  w e  can keep hemolyt ic  d i s e a s e  
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