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T h i r t y - s e v e n s p e c i a l i s t s i n p h e n y l k e t o n u r i a a n d o t h e r i n b o r n e r r o r s o t m € -
tabo l i sm wh ich  may  cause  men ta l  r e ta rda t i on  a t t ended  an  In te rna t l " ona l  Con -

fe rence  on  Inbo rn  E r ro rs  o f  Me tabo l i sm in  Dub rovn i k ,  Yugos lav ia ,  May  30 -

June  3  ,  Lg66 .  Th l s  con fe rence  was  sponso red  by  t he  Fede ra l  I ns t l t u te  o f

pub l l c  Hea l t h  o f  Yugos lav ia  and  the  ch i l d ren ts  Bu reau ,  we l f a re  Admln i s t ra -

t i on ,  un i t ed  s ta tes  Depa r tmen t  o f  Hea l t h ,  Educa t i on ,  and  we l fa re .  The

pa r t i c i pan ts  we re  f rom Be1-g ium,  Germany ,  Greece ,  I nd ia ,  I r e l and '  I s rae l '

Mex i co ,  pak i s tan ,  po land ,  5 "o t i " . r d ,  Sweden ,  Yugos lav ia ,  and  the  Un i ted

S ta tes  o f  Amer i ca .

T h e  p a r t i c i p a n t s  r e p o r t e d  o n  t h e i r  c o u n t r i e s '  e f f o r t s  t o  d e t e c t  i n b o r n

urro i "  of  metabol ism and to develop t reatment  and management programs '

D i scuss ion  was  open  and  i n fo rma l .  Many  new ideas  l t e re  P resen ted t  ne t r {  t ech '

n iques  o f  exp lo r i ng  p rob lems  o f  i nbo rn  e r ro rs ' o f  me tabo l i sm cons ide red ,  and

gaps  i n  know ledge  no ted .

The  pa r t i c i pan ts  se t  a  number  o f  goa l - s  f o r  t hemse l - ves .  Tvo  o f  t hese  goa l s

\ rere to determine how many untreated Persons wi th phenylketonur ia grow up

"no rma l l y r "  and  unde r  wha t  cond i t i ons  d le ta ry  managemen t  i s  essen t i a l '  f o r

h o w  l o n g ,  a n d  w i t h  w h a t  r e s u l t .

Co -cha i rmen  were  Vukan  dup i i ,  M .D . ,  D i rec to r  o f  t he  Mo the r  and  Ch i l - d  Hea l t h

Ins t i t u te  o f  t he  Repub l i c  o f  se rb ia ,  Yugos l -av ia ,  and  Mt t cheL l -  I '  Rub in '  M 'D ' '

Cha i rman  o f  t he  Depa r t rnen t  o f  Ped ia t r i cs ,  S ta te  Un i ve rs i t y  o f  New York ,

Bu f fa lo ,  l . l ew  Yo rk ,  Un i t ed  S ta tes  o f  Amer i ca '

Th i s  con fe rence  was  the  f i r s t  o rgan i zed  and  suppo r ted  by  t he  Ch i l d ren ' s  Bu -

reau ,  us ing  un i t ed  S ta tes -owned  fo re ign  cu r rency  unde r  i t s  p rog ram fo r

i n te rchange  o f  exPer t s .

I t  was  no t  poss ib le  t o  g i ve  each  pa r t i c i pan t  o f  t he  con fe rence  an  oPPor -

tun i t y  t o  rev iew  th i s  manusc r i p t .  Hope fu l l y ,  no  s ta temen t  has  been

m i s c o n s t r u e d .
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CLINICAL ASPECTS OF
PHENYLKETONURIA
AND ALLIED CONDITIONS
GEORGE JERVIS, M. D.

United States

Th is  p resen ta t i on  i s  a  b r i e f  su rvey  o f  t he  c l i n i ca l  man i fes ta t i ons  o f
pheny l ke tonu r i a  and  a l l i ed  cond i t i ons .

PhenyLke tonu r i a  i s  cha rac te r i zed  by  nea r  no rma l  phys i ca l -  g row th .  phys i ca l
abno rma l - i t i es ,  such  as  d i s to r ted  fac ia l  f ea tu res  and  c ran ia l  anomar ies ,
a l t hough  occas iona l l y  obse rved ,  a re  l ess  cou rnon  than  i n  o the r  f o rms  o fseve re  men ta l  r e ta rda t i on .  Re ta rded  i n te l l ec tua l  deve lopmen t  i s  t he  mos ts t r i k i ng  c l i n i ca l -  f ea tu re .  Da ta  de r i ved  f rom ins t i t u t i ona l  popu la t i on  show
tha t  be tween  50  and  60  pe rcen t  o f -adu l t s  w i t h  pheny l ke tonu r i a  have  rQrs
be low  20 ;  some  30  Pe rcen t  have  rQ ts  be tween  20  and  50 .  The  rema in ing  g roup(amoun t i ng  to  no  more  than  l o  pe rcen t )  have  rQrs  be tveen  50  and  70 .

Pa t i en t s  r , r i t h  no rma l  i n te l l i gence  have  been  obse rved ,  and  abou t  2  d ,ozen
c a s e s  h a v e  b e e n  r e p o r t e d  i n  l i t e r a t u r e .  r t  i s  p o s s i b l e  t h a t  t h e  i n c i d e n c e
o f  t hese  cases  i s  h ighe r  t han  h i t he r to  repo r ted ,  bu t  no  l a rge  su rvey  o fno rma l  adu l t  popu la t i on  has  been  made

Acco rd ing  to  recen t  da ta  ob ta ined  by  t he  Gu th r i e  t es t  i n  newborns ,  when  men-ta l  s ta tus  obv ious l y  canno t  be  de te rm ined ,  t he  i nc idence  o f  pheny l ke tonu r i a
i s  1 :10 r000 '  Da ta  ob ta lned  f rom su rveys  among  re ta rded  i nd i v i dua l s  wou rdsugges t  t ha t  t he  i nc idence  i n  t he  gene ra l  popu la t i on  i s  abou t  1 :201000 .  Thed i sc repancy  be tween  these  two  f i gu res  i s  no t  cLea r .  one  o f  t he  exp lana t l ons
may  be  tha t  a  h ighe r - t han -expec ted  number  o f  pa t i en t s  w i t h  pheny l ke tonu r i a
w i l l  neve r  deve lop  men ta l  r e ta rda t i on .  Th i s  p rob lem i s  o f  bas i c  s i gn i f i -
cance  fo r  t he  eva lua t i on  o f  t he  d ie ta ry  t r ea t rnen t  o f  pheny l ke tonu r i a .

rn te l l ec tua l  de te r i o ra t l on  i s  sa id  t o  be  a  cha rac te r i s t i c  f ea tu re  o f  pheny l -ke tonu r i a .  A  ce r ta in  number  o f  pa t ren ts  show p rog ress i ve  d : c l i ne  i n  rQdur ing  the  f i r s t  5  t o  6  yea rs  o f  L i f e .  r t  i s  assuu red  tha t  a l l  bab les  w i t hphenyLke tonu r i a  a re  bo rn  w i t h  no rma l -  i n te r l - i gence ,  bu t  i t  wou ld  be  d i f f i cuL tto  p rove  th i s  assumpt ion  because  o f  me thodo log i ca l  d i f f i cu l t i es  i n  assess -i n g ' r i n t e l L i g e n c e "  d u r i n g  t h e  f i r s t  w e e k s  o r  m o n t h s  o f  l i f e .  A t  a n y  e v e n t ,l t  i s  a  ma t te r  o f  conunon  c l i n i caL  obse rva t i on  t ha t  t he  ex ten t  and  the  tempoo f  i n te lLec tua l  de te r i o ra t i on  va r i es  cons ide rab l y  f r om pa t i en t  t o  pa t i en t
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f o r  r easons  unknown .  Moreove r ,  t he  age  a t  wh i ch  an  i n te l l ec tua l  p l a teau  i s

reached  i s  s t i l l  unknown  and  p robab l y  va r i es .  E luc ida t i on  o f  a l - l  t hese

p r o b l e m s  c o n c e r n i n g  i n t e L L e c t u a l  d e t e r i o r a t i o n  i s  n e c e s s a r y  i n  o r d e r  t o  p l a n

a n d  a s s e s s  p r o p e r l y  d i e t a r y  t r e a t m e n t  o f  t h e  d i s e a s e '

Psycho t i c  man i fes ta tLons  a re  no t  ra re  i n  t he  d l sease .  I t  i s  no t  unco r t rnon  to

see  pheny l ke tonu r i c  ch i l d ren  w i th  t he  d iagnos i s  o f  ch i l dhood  sch i zoph ren ia "

Howeve r ,  no th ing  i s  cha rac te r i s t i c  i n  t he  behav io r  pa t te rn  o f  t he  pa t i en t s '

Ex t reme ly  d i s tu rbed  behav io r  may ,  l n  f ac t ,  be  obse rved  i n  some  ch i l d ren  and

q u l e t ,  p a s s i v e  b e h a v i o r  i n  o t h e r s .

Neu ro log i ca l  abno rma l i t l es  a re  con t rnon ,  pa r t i cu la r l y  i n  t he  ve ry  young .  H igh

pe rcen t i ges  (70 -90  pe rcen t )  o f  abno rma l  EEG reco rds  have  been  repo r ted ,  t he

mos t  f r equen t  pa t te in  be ing  thaE  o f  hypsa rhy thm ia .  Hype r ton i c i t y  o f

musc les ,  abno rma l i t i es  o f  r e f l exes ,  and  o the r  m ino r  s i gns  o f  ce reb ra l  i n -

vo l vemen t  a re  f r equen t l y  p resen t  i n  t he  PKU in fan t ,  bu t  a re  l ess  f r equen t  i n

t h e  a d u l t .

De fec t  o f  p i gmen ta t i on  i s  a  we l l  known  fea tu re  o f  t he  d i sease '  I n  a  h igh

pe rcen tage  o f  pa t i en t s ,  t he  ha i r  i s  b l ond  and  the  sk in  f i gh t '  Examp l -es  o f

b lond ,  l i gh t l y  p igmen ted  pa t i en t s  i n  da rk l y  p igmen ted  fam i l i es  o f  Span i sh

o r  T ta l i an  descen t  a re  on  reco rd .  Japanese  pa t i en t s  w i t h  ha i r  nuch  l i gh te r

than the ncrmal  members of  the fani ly  have been observed.  However,  the

de fec t  i n  p igmen ta t i on  i s  no t  a  cons tan t  f ea tu re ;  f u l l b l ooded  Negro  pa t i en t s

! i i t h  da rk  p tgu ren ta t i on  have  been  repo r ted '

De rma t i t i s ,  mos t l y  i n  t he  f o rm  o f  eczema o r  o f  a top i c  de rma t i t i s ,  occu rs  l n

20 -40  pe rcen t  o f  i n fan ts  and  ch i l d ren  w i th  pheny l ke tonu r i a '

The  c l i n i ca l  p i c tu re  t hus  fa r  ske tched  i s  no t  su f f i c i en t l y  cha rac te r i s t i c  t o

j us t i f y  a  d iagnos i s  o f  phenyLke tonu r i a  on  pu re l y  c l i n i ca l  obse rva t i ons '  The

i i . g r ro l i "  i s  u l t ima te l y  assu red  by  t he  demons t ra t i on  o f  a  h igh  b lood  l eve l

o f  pheny la lan ine  and  o f  u r i na ry  ou tpu t  o f  pheny lpy ruv i c ,  o ' hyd roxypheny l -

a c e t i c  a c i d s ,  a n d  o t h e r  d e r i v a t i o n s  o f  p h e n y l a l a n i n e .

O the rs  i n  t h l s  sympos ium w i l l  d i scuss  au tho r l t a t i ve l y  t he  va r i ous  aspec ts  o f

t he  b lochemica l  i i ag . ros i "  o f  pheny l - ke tonu r i a .  I t  has  been  sa id ,  no t  w i t hou t

some jus t i f i ca t l on ,  t ha t  un fo r tuna te l y  t oday  pheny l ke tonu r i a  has  been

equa ted  v i t h  hype rpheny la lan inemia ,  t hus  l os ing  i t s  c l i n i ca l  cha rac te r i s -

t i c s .  I t  may  be  t ime ly  a t  t h i s  sympos ium to  a t t emPt  a  P rov i s l ona l  c l ass i f i -

ca t i on  o f  cond i t i ons  accompan ied  by  i nc reased  b lood  l eve l s  o f  pheny la lan ine :

c lagg i ca l  Fo rm o f  Pheny l - ke tonu r !1  -  Th i s  i s  cha rac te r i zed  by  t he

pr""" r , IETt  t t *  runtaf  rani festat io" ;  and the neurological  abnormal i t ies

men t i oned  above ,  t oge the r  w i t h  t he  b iochemica l  f i nd ings  i n  b l -ood  and  u r i ne '

The  absence  o f  men ta l  r e ta rda t i on  does  no t  ru le  ou t  t he  d iagnos i s .

Hlpglphenyla laniEnia -  There is  no involvement  of  the centra l  nervous

syste i -and . r  * " . t "1 retardat ion.  The b lood level -  of  phenyla l "anlne is

usua l l y  be tween  5  and  15  rng .  pe reen t .  No  pheny lpy ruv i c  ac id  i s  p resen t  i n

the  b lood  o r  t he  u r i ne .  B lood  t y ros ine  l - eve l  i s  usua l l y  h igh .  No  cases  o f

- 2 -
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c lass i ca l  pheny l ke tonu r i a  a re  p resen t  i n  t he  f am i l y ,  no r  a re  re la t i ves
he te rozygous  fo r  t he  PKU gene .  Some ins tances  o f  t h i s  cond i t l - on  a re  t em-
Porary;  the f ind ings re 'ver t  to  normal  wi th in a few r^ ,eeks or  months af ter
b i r t h .  I n  o the rs ,  t he  b iochemica l  abno rma l i t y  pe rs i s t s  t o  ado lescence  and
b e y o n d .

"H igh "  PKU He te rozygo tes  -  The  b lood  l eve l  o f  pheny la lan ine  i s  usua l l y
be tween  5  and  15  u rg .  pe rcen t ,  bu t  bLood  t y ros ine  i s  no rma l .  Pheny l ke tone
u l€ l y  occas iona l l y  appea r  i n  t he  u r i ne ,  pa r t i cu la r l y  unde r  a  s t ress  cond i t i on
such  as  acu te  i n fec t i ous  d i sease .  The re  i s  no  cen t ra l  ne rvous  sys tem in -
vo l vemen t  and  no  men ta l  r e ta rda t l on .  The  ca r r i e r  t es t  f o r  t he  PKU gene  i s
pos i t i ve ,  and  the re  m ,ay  be  c lass i ca l  cases  o f  pKU in  re la t i ves .

have
w i th

l lvperphenylalaninemia Wlth Def ic ieggJ of TrgB$gingse
been repor ted .L / ! /  There  is  very  h igh  b looa fevJ l  o f
no  convers ion  to  pheny lpyruv ic  ac id .

-  O n l y  t w o  c a s e s
pheny la lan ine

-

I t  i s  p robab le  t ha t  o the r  cond i t i ons  accompan ied  by  i nc reased  b lood  l eveLs
o f  pheny la lan ine  w i l l  be  i den t i f i ed  i n  t he  f u tu re .

The  c l i n i ca l  aspec ts  o f  o the r  gene t l ca l l y  de te rm ined  me tabo l i c  d i seases  i n -
vo l v i ng  the  cen t ra l  ne rvous  sys tem a re  as  f o l l ows :

Homocys t i nu r l - a  -  The re  a re  cha rac te r i s t i c  f ea tu res  wh i ch  usua l l y  make
i t  p o s s i b l e  t o  r e c o g n i z e  t h e  d i s e a s e  c l i n i c a l l y .  D o l i c h o s t e n o m e l i a  i s  o f t e n
p resen t ,  s im i l a r  t o  t i r a t  wh i ch  i s  seen  i n  Mar fan ' s  synd rome .  The re  may  be ,
i n  a d d i t i o n ,  d i s c l o c a t i o n  o f  t h e  l e n s e s .  M e n t a l  r e t a r d a t i o n  i s  n o t  a L w a y s
p resen t .  Abno rma l i t i es  o f  t he  EEG a re  co rmton .  The re  i s  o f t en  ev idence  o f
nu l t i p l e  venous  o r  a r te r i a l  t h romboses .  F ina l  d l agnos i s  res t s  on  the  demon-
s t ra t i on  o f  homocys t i ne  i n  t he  u r i ne  and  i n : reased  b lood  l eve l  o f  me th lo -
n i n e .

Hi-s t id inemia  -  The c l in ica l  p ic tu re  i s  no t  charac ter is t i c .  Some de l -ay
in  phys ica l -  g rowth  nay  be  present .  Menta l  re ta rda t ion ,  when present ,  i s  no t
severe .  Speech de fec ts  a re  cor rnon.  ConvuLs ive  man i fes ta t ions  have been
observed.

Maple SvEl lp Ur ine-Dlsease -  A syndrome of  severe fa i lure to thr ive and
p rog ress i ve  men ta l  de te r i o ra t i on  w i t h  ev idence  o f  b ra in  damage  a re  p resen t .
The  pecu l i a r  o , l o r  o f  t he  u r i ne  makes  i t  poss ib le  t o  recogn l - ze  t he  d i sease
p romp t l y .

Few cases  o f  o the r  ra re  f o rms  o f  am ino  ac id  d i so rde rs  have  been  repo r ted ,
bu t  c l - i n i ca l  symp toms  and  s igns  a re  s t i l l  no t  we l l  known .  The  f r i ab le  ha i r
may  be  a  c l ue  fo r  cL in i ca l  d i agnos i s  i n  a rg in inosucc in i cac idu r l a ;  r ena l  i n -
vol -vement  may be for  hyperpro l inenia.

1 /  A n d e r s o n ,  J .  A . ,  F i s c h ,  R . ,  M i l l e r ,  E . ,  a n d  D o e d e n ,  D . :  A t y p i c a l _
Pheny lke tonur ic  Heterozygote .  JOJRNAL oF pEDrATRrcs ,  L966,  68 ,  351.
! /  Auerbach,  V .  H.  Persona l  cormm.rnLcat ion  to  George Jerv is .
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Carbohyd ra te  d i so rde rs  wh i ch  a re  cha rac te r i zed  by  men ta l  r e ta rda t i on  i nc lude

gaLac tosemia ,  ga rgoy l i sm,  and  Pompe Is  d i sease '

GSrgovL l sm -  A t  p resen t ,  seve ra l  t ypes  va ry ing  i n  c l - i n i ca l  man i fes ta -

t i ons - f t -  b i oehemicaL  f  l nd ings  a re  recogn i zed .  I n  a l l ,  osseous  changes  a re

p resen t .  I t  shou l -d  be  no ted ,  howeve r ,  t ha t  bone  changes  a re  i nconsp i cuous

in  t he  San f i l i ppo  synd rome ,  i n  wh i ch  men ta l  r e ta rda t i on  i s  seve re '

Pompe's-D-iggasg. a-Y.efretv-pE-Clygggggggis. - Cardiomegaly is one of the

m a i n  s i g n s .

D i so rde rs  o f  l i p i d  me tabo l i sm invo l v i ng  the  cen t ra l  ne rvous  sys tem show a

la rge  va r i e t y  o i  synp toms  and  s igns ,  f ew  o f  wh i ch ,  howeve r ,  a re  cha rac te r i s -

t i c .  Among  those  wh ich  a re  cha rac te r i s t i c  a re  t he  " che r r y  red  spo t r r  i n  t he

eyeg round  o f  r ay -sachs  d i sease  anc  the  sp lencmega l - y  o f  Gauche r r s  and

N iemann-P ick  d i seases  .

W i l s o n ' s  d i s e a s e  i s  a  m e t a b o l i c  d i s o r d e r  i n  w h i c h  t h e  c l i n i c a l  P i c t u r e  i s

qu i t e  cha rac te r i s t i c  and  Ehe  d iagnos i s  poss ib le  on  c l i n i ca l  examina t i on '

W i th  ra re  excep t i ons ,  t he  cL in i ca l  examina t i on  o f  pa t i en t s  a f f ec ted  by  f o rms

of  genet ica l l -y  determined mental  retardat ion r ' r i th  a l terat ions of  metabol- ism

is  no t  concLus i ve .  Howeve r ,  t he  as tu te  c l i n i c i an  i s  o f t en  ab le  t o  uncove r

d iagnos t i c  c l ues  vh i ch  a re  o f  cons ide rabLe  he lp  i n  t he  se lec t i on  o f  t he

p . o p " r  b i o c h e m i c a l  t e s t s .  T h e  d i a g n o s i s  r e s t s  u l t i m a t e l y  o n  t h e s e  t e s L s '

DISCUSSION

eas ies t  inborn  er ro r  o t
errors are rare, and some

of  these are  d iscussed in  [ ,q re  Inborn  Er rors  o f Metabol isrn in Chi ldren Wi. th
Bureau,  U. partment of

OTBRIEN (Un i ted  S la tes) :  Pheny lke tonur ia  i s  the

netabo l isn  to  d iagnose and t rea t .  Other  inborn

Menta l  Retarda t ion ,  pub l i shed by  the  Ch i ld ren 's

I t "a l t tb  Ed"ca t ion ,  and We1- fa re ,  1965 '

+

MXNKES (Un i ted  s ta tes) :  Apparent ly  ty ros ine  does  no t  damage the  bra in '

Cerebrosid" cha.rf f iay be secondary to myet in damage and not pr imary'  EEG

changes may be  revers ib l -e  even a f te r  n lany  years .  Pro te in  under -nu t r i t ion

p" t  
"u  

may a l te r  mye l in - - thus ,  the  danger  o f  a  d ie t  very  low in  pheny l -

a lan ine .  Some poss ib le  mechan isms o f  menta l  re ta rda t ion  assoc ia ted  w i th

pheny lke tonur ia  a re :

L .  Impa l red  sero ton in  syn thes is .

2. Impaired ganrma-aminobutyr ic acid synthesis '

3 .  Impa i red  ep inephr lne  syn thes is .

- 4 -
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4.  Impa i red  syn thes is  o f  mye l in  p ro te in .

5 .  In te r fe rence u l th  cerebros ide  fo rmat ion_

6.  In te r fe rence w i th  amLno ac id  t ranspor t  mechan ism.

7 .  Tox ic  e f fec ts  o f  e l -eva ted  amron ia .

ZETTERSTROM (SweCen): Some pat ients with tyroslnemia may be ur i ld ly re-
ta rded.  There  is  need fo r  much more  in fo rmr t ion  as  to  the  bas is  fo r  b re in
damage in  pheny lke tonur ia .  SweCen has  four  o r  f i ve  cases  o f  ty ros inemia
s in l la r  to  the  f i rs t  seven descr ibed.

GRIjTER (9ertary) :  Cerebral  deter iorat ion may cont lnue to 13 or 14 years
wLth  cont inued dysrnye l in iza t ion .

CAHAIJ'NE (Ireland):  There are probably 40 cases of homocyst lnur ia in l re-
land.  Some have in tes t inaL malabsorp t ion .

YIS 
(Be lg ium) :  The amino ac id  d is t r ibu t ion  o f  kwash iorkor  i s  shown on page

6.  In  kwash lorkor ,  there  is  impa i rment  in  the  degradat ion  o f  pheny la laa ine ,
ty ros ine ,  and h is t id ine .  The ra t io  o f  the  excre t ion  o f  hydroxypro l - ine  to
crea t in ine  serves  as  a  use fu l  de terminant  o f  maLnut r i t ion .  Otner  b lood and
ur inary  f ree  amino ac id  Leve ls  fo r  ch i ld ren  are  shown in  the  Eab les  and
c h a r t s  o n  p a g e s  7 - I 5 .

- 5 -
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ZETTERSROM (Sweden) :  B reas t  rn i l k  has  a  l ower  P ro te in  con ten t  t han  who le

m i l k .  Cou ld  t h i s  accoun t  f o r  t he  Love r  i nc idence  i n  Sweden  o f  pos i t i ves

fo r  pheny l ke tonu r i a  v i a  t he  Gu th r i e  t es t i ng  me thod?

SCOTT (Sco t l and ) :  Sco t l and  has  th ree  i n fan ts  w i t h  hype rpheny la lan inemia

r , l ho  ha l re  h ig t ,  t y ros ine  l eve l s  I  i n  one  case ,  t he  t y ros ine  l eve l  r ema ined

e l e v a t e d  f o r  9  m o n t h s .

Genera l  Co r rnen ts :  Behav io r  d i s tu rbance  w i th  no rma l  IQ  i s  occas iona l l y  seen

@ h e n y 1 k e t o n u r i a a 1 t e r a t l . o n s . P r o 1 o n g e d h i g h p r o t e i n f e e d i n g
in  p rema tu re  i n fan ts  may  resu l t  i n  pos i t i ve  f e r r i c  ch l -o r i de  u r i ne  t es t s

(p -hyd roxypheny lpy ruv i c  ac id ) ;  t he  pos i t i ve  resu l t s  d i sappea r  when  the

t e i n  l n  t h e  d i e t  l s  L o w e r e d .  O n  t h e  h i g h  p r o t e i n  d i e t ,  b o t h  t h e  b l o o d

pheny la lan ine  and  t y ros ine  may  be  e leva ted ;  when  the  d ie t  i s  r educed  to

g r : rms  pe rcen t ,  t he  t y ros ine  may  rema in  modera te l y  e leva ted  a t  t he  t ime

the  b lood  pheny la lan lne  has  re tu rned  to  no rma l .  These  eLeva ted  1eve l s

p rema tu re  i n fan ts  usuaL l y  have  re tu rned  to  no rma l  w i t h i n  6  weeks .  The

leve l  o f  pheny la lan ine  r i ses  i n  a l l  \ ^ , omen  i n  t he i r  t h i r d  t r imes te r  o f

P regnancy .
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LABORATORY SCREENING
AND DIAGNOSIS

ROBERT GUTHRIE, M. D.

United States

Methods of Screening

There  a re  p robab l y  on l y  t h ree  me thods  used  to  sc reen  young  i n fan ts  f o r
pheny l ke tonu r i a :

I .  F e r r i c  C h l o r i d e  T e s t i n g  _ o f  U r i n e s  -  T w e n t y - s e v e n  c o u n t y  h e a l t h  d e -
P a r t m e n t s  i n  C a l i f o r n i a  t e s t e d  2 4 0 , 0 0 0  i n f a n t s  b y  6 5 0 , 0 0 0  d i a p e r  t e s t s  a n d
f o u n d  o n l y  8  c a s e s  o f  P K U  ( 1 : 3 0 1 0 0 0 ) .  T h e  y o u n g e s t  c a s e  r , r a s  4  m o n t h s  o l d ,
a n d  f o u r  c a s e s  w e r e  1 - - y e a r - o l d s .  T h i s  p r o g r a m  i n  C a l i f o r n i a  w a s  c a r r i e d  o u t
d u r i n g  t h e  1 9 6 2 - 6 3  p e r i o d  w h e n  t h e  t r i a l  o f  t h e  b a c t e r i a l  i n h l b i t i o n  a s s a y
d e t e c t e d  3 9  c a s e s  a m o n g  4 0 5 , 0 0 0  n e w b o r n s  i n  2 9  o t h e r  S t a t e s .  T h u s ,  i t  w o u l d
a P P e a r  t h a t  d i a p e r  t e s t i n g  m i s s e s  m o r e  t h a n  o n e - h a l f  o f  t h e  c a s e s  a s  w e l l  a s
d e t e c t s  t h e m  t o o  l a t e .

U r i ne - impreg i - i a ted  f i l t e r  pape r  co l - l ec ted  fo r  f e r r i c  ch lo r i de  t es t i ng  by
a  c e n t r a l  l a b o r a t o r y  a p p e a r s  t o  g i v e  b e t t e r  r e s u l - t s .  D r .  B r i a n  T u r n e r r l - /
S y d n e y ,  A u s t r a l i a ,  h a s  d e t e c t e d  s i x  c a s e s  o f  P K U  a m o n g  1 0 0 , 0 0 0  i n f a n t s  b y
t h i s  m e t h o d .

2 .  F luo rome t r i c  Tes t i ng  -  The  McCaman-Rob ins  2 /  f l uo rome t r i c  me thod ,
us ing  d r i ed  b lood  spo ts ,  has  been  au toma ted  by  D rs .  Sun rne r  and  H i l l  3 /
( N o r t h  C a r o l l n a ) .  H o w e v e r ,  D r .  I r w i n  4 /  ( S u m e r l l n  M e m o r i a l  L a b o r a t o r y ,  S a n
D i e g o ,  C a l i f o r n i a )  c l a i m s  b e t t e r  a n d  m o r e  e f f i c i e n t  r e s u l t s  b y  p 1 - a c l n g  e a c h
p u n c h e d - o u t  d i s c  i n  d i s t i l l e d  w a t e r  i n  a  s m a l l  t e s t  t u b e ,  s h a k i n g  t h e  t u b e

1 /  Tu rne r ,  B r i an .  P r i va te  commun lca t i on  t o  Robe r t  Gu th r i e .
! /  l { cCawan ,  M .  W. ,  and  Rob ins ,  E . :  F luo rome t r i c  Me thod  fo r  t he  De te rm ina -
t ion of  Phenyla lanine in  Serum. JOURML OF THE LABORATORY AND CLTI] ICAL
M E D T C T N E ,  L 9 6 2 ,  5 9 ,  g B 5 - 9 9 0 .

3 /  H i L l ,  J .  B . ,  S u r m n e r ,  G .  K . ,  p e n d e r ,  I ' f .  W . ,  a n d  R o s z e l ,  N .  O . :  A n  A u t o -
ma ted  P rocedu re  fo r  B lood  Pheny la la , r i ne .  cL rNrcAL  cHEMrs rRy ,  1965 ,  11 ,
s4L -546 .
4 /  r r w i n ,  H .  R . ,  N o t r i c a ,  S . ,  a n d  F l e m i n g ,  w . :  B l o o d  p h e n y l a l a n i n e  L e v e l s
o f  N e w b o r n  I n f a n t s .  C A L I F O R N I A  M E D I C I N E ,  L 9 6 4 ,  1 0 1 ,  3 3 1 - 3 3 3 .
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CommentsonUseofBacter ia l lnh ib i t ionAssay forPKUScreen ing

A co r rec t i on  shou ld  be  made  i n  ou r  pub l l c ,a t i oo '7 ' l  Spo res  be ing  p repa red  as

a n  i n o c u t u m  s h o u l d  b e  " r t a s h e d "  b ;  
" l n i i i r " g i i g  

T t  a i s t i t t e a  w a t e r '  n o t  0 ' 9

pe rcen t  NaC l .  
" r t " '  

pas teu r i za t i l n .  Th i s  r i l - l  t u tove  the  dead  vege ta t i ve

ce l l s  and  ce l l u ra r  deu r i s ,  g i v i ng  a  more  s tab l -e  spo re  p repa ra t i on '

The  au toma t i c  dev i ce  manu fac tu red  by  Lhe  Fundamen ta l  P roduc ts  company  o f  Los

A n g e l e s e l i m i n a t e s h a n d w o r k i n p u n c . i , i n g o u t t h e . b l o o d d i s c s a n d p l - a c i n g t h e m
on  the  aga r  r rays .  such  a  mach ine  mak rs  poss ib le  o the r  m ic rob io log l ca l -

t e s t s f o r m a p l e S y r u p u r i n e d i s e a s e , g a l a c t o s e m i a , a n d h i s t i d i n e m i a w i t h
l i t t l e  o r  n o  a d d i t i o n a l  e f f o r t  '

Laboratory Confirmatory Procedure s

C h r o m a t o g r a p h y i s t h e b e s t a n d s i m p l . e s t l a b o r a t o r y p r o c e d u r e t o c o n f i r m t h e
i d e n t i t y  o f  p h e n y l a l a n i n e ,  

" "  " " i i  
a s  t o  e x c l u d e  a n  a s s o c i a t e d  t y r o s i n e

e leva t i on ,  wh i ch  i s  now known  to  be  an  impor tan t  c l ue  t o  a  hype rpheny l -

a lan inemia  no t  caused  bY  PKU '

we  have  a l r ^ rays  advoca ted  tha t  t hose  l abo ra to r i es  a l ready  us ing  the  Gu th r i e

s c r e e n i n g t e s t s h o u l d p r e p a r e t h e t y p e o f c h r o m a t o g r a m d e s c r i b e d i n C h i l -
d ren ' s  Bu reau  pub l i ca t i on  4L9 .81  S t r i ps  a re  cu t  f i o rn  t he  ch roma tog ran  and

p laced  on  the  .g " ,  
" " r "en ing  

pT" tu .  Such  ch roma tog rams  can  be  p repa red  f rom

dr ied  b lood  spo ts  o r  d r i ed  u r i ne - impregna ted  pape r .  They  w i l l  r eveaL  by

fo r  30  m lnu tes ,  and  then  fo l l ow ing  w i th  t he  usua l  McCaman-Rob ins  p rocedu re '

3 . P a p e r C h r o m a t o g r a p h v - - D r . S c r i v e r 5 / ( M o n t r e a l ) u s e s s e r u m f r o m
newborn  bab ies  f ; ; ; " - d i * "ns iona l  pape r  ch roma tog raphy  as  h i s  p r imary

me thod  fo r  de tec t i ng  PKU,  i n  add i t i o r r  Eo  took ing  fo r  o the r  am inoac idemias '

No  resu l t s  a re  ava l l - ab le  f o r  pKU,  i u t  he  has .de tec ted  o the r  abno rma l i t i es '

espec iaL l y  t y ros inemias .  D r .  r " r t i y - r r ron  Q l  (Bos ton )  does  no t  recou rnend  tha t

he r  pape r  ch roma tog raph i c  me thod  t "  s r rUs t l t u ted  fo r  t he  bac te r i a l  i nh ib i t i on

" ru "y  
o r  t f , e  f l uo r lme i r i c  me thods  fo r  PKU sc reen ing '

5 /  S c r i v e r ,  C .  R . ,  D a v i e s ,  E ' ,  a n d  C u l L e n '  A '  ! 1 ' :  A p p l i c a t i o n  o f  a  S i n p l e

Micromethod to  the  Sereen ing  o f  p lasma fo r  a  Var ie ty  o f  Aminoac idopath ies '

LANCET,  1964,  239 '232.
6 /  E f r o n ,  M .  L ,  Y o u n g ,  D . ,  M o s e r ,  H ' W ' '  a n d  M a c C r e a d y '  R '  A ' :  A  S i n p l e

Chromatograph ic  Screen ing  Tes t  fo r  the  Detec t ion  o f  D isorders  o f  Amino Ac id

M e T a b o l i s m . N E W E N G L A M J O U R N A L O F M E D I C I M , L g 6 4 ' 2 7 0 ' 1 3 7 8 - 1 3 8 3 '
7/ cuthr ie,  Robert ,  and Whitney, Stewart:  PHENYLKETONURIA DETECTION IN Tt lE

rnwsONN INFANI AS A ROUTINE HOSPITAL PROCEDURE..A TRIAL OF A PHEMLAIANINE

SCREENING METHOD IN 400,000 INFANTS.  U.  S .  Depar tment  o f  Hea l th ,  Educat ion ,

and Wel fa re ,  Wel fa re  Admin i " t r "g lo r , .  Ch i ld ren is  Bureau Pub l ica t ion  4L9 '

W a s h i n g t o n ,  D .  C . :  U '  S '  G o v e r n m e n t  P r i n t i n g  O f f i c e '  1 9 6 5 '  7 3  p p '

q l  C " a t t i e ,  n o b e r t ,  a n d  w h i t n e y ,  S t e w a r t '  o p '  c i t '
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growth  zones  the  R f  va lues  o f  t he  ac t i ve  subs tance  o r  subs tances ,  as  pheny l -
a lan ine  i n  b lood  o r  pheny laLan ine  p lus  pheny lpy ruv i c  ac id  i n  u r i ne  f r om
in fan ts  o ld  enough  to  pe rm i t  exc re t i on  o f  t he  ac id .

Quantitative Use of Bacterial Inhibition Assav

W e  d e v e l o p e d  t h e  t e s t  o r i g i n a l l y  i n  B u f f a l o  i n  1 9 5 7  t o  * = " r * e  t h e  l e v e l s  o f
b lood  pheny la lan ine  i n  ch lLd ren  w i th  PKU p laced  on  d ie t  t r ea tmen t .  We  im-
p regna ted  each  o f  t h ree  f - i nch  pape r  d i scs  r . r i t h  0 .01  m1 .  o f  se rum and  com-
pa red  the  g row th  zones  w i th  t hose  p roduced  by  se rum con t ro l s .  Fou r  yea rs
la te r ,  when  we  a t t emp ted  to  use  the  p rocedu re  fo r  sc reen ing ,  we  s imp ly  sub -
s t i t u ted  the  punched -ou t  d i sc  f r om a  d r i ed  spo t  o f  b l ood  fo r  use  o f  measu red
a l i q u o t s  o f  s e r u m . g /  F o r t u n a t e l y ,  b y  u s i n g , a .  s u i t a b l e  p a p e r  w i t h  a  h i g h
abso rp t i ve  qua l i t y  and  ca re  i ' r  p rope r  spo t t i ng  o f  b l ood ,  i n "  amoun t  o f  d r i ed
b lood  i n  t he  d i sc  punched  f rom the  cen t ra l  r eg ion  tu rns  ou t  t o  be  su rp r i s -
i n g l y  u n i f o r m ,  a p p a r e n t l y  w i t h  a s  l i t t l e  a s  5  p e r c e n t  v a r i a t i o n  ( t h i s  h a s
n o t  b e e n  s t u d i e d  c a r e f u l l y ) .

F u r t h e r ,  b y  a d j u s t i n g  t h e  c o n c e n t r a t i o n  o f  t h e  l n h i b i t o r ,  / 3 - 2  t h i e n y l a l a -
n i n e ,  \ ^ r e  c a n  a d j u s t  t h e  s e n s i t i v i t y  o f  t h e  a s s a y  t o  t h a t  r a n g e  o f  c o n c e n t r a -
t i o n s  m o s t  c r i t i c a l .  r n  p K U ,  t h a t  r a n g e  i s  1  t o  l o  r n g .  p e r c e n t .  w i t h i n
th i s  range ,  i t  has  nov  been  demons t ra ted  by  seve ra l  l abo ra to r i es  t ha t  t he
McCaman-Rob ins  me thod  fo r  se rum ana l ys i s  and  the  bac te r i a l  i nh lb i t i on  assay
o f  d r i e d  b l o o d  s p o t s  f r o m  t h e  s a m e  s e r i e s  o f  b l o o d  s p e c i m e n s  g i v e  r e s u l t s
w h i c h  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

Fo r  t h i s  reason r  many  t rea tmen t  p rog rams  i n  t he  Un i ted  S ta tes  and  o the r
coun t r i es  have  used  the  bac te r i a l  i nh ib i t i on  assay  exc lusLve l y  f o r  mon i to r -
i n g  t h e i r  c h i l d r e n  o n  d i e t  t r e a t m e n t .  T h e  p a r e n t s  h a v e  b e e n  t a u g h t  t o  c o L -
l ec t  t he  b lood  spo ts  f o r  t he  Labo ra to ry ,  and  de te rm ina t i ons  a re  now made
rou t i ne l y  as  f r equen t l y  as  once  pe r  week .  Th i s  pe rm i t s  more  sa t i s fac to ry
c o n t r o l  o f  t h e  p a t i e n t .

A  sunmra ry  o f  r esu l t s  as  o f  December  31 ,  Lg65 ,  f r om 40  S ta tes  i n  t he  Un i ted
S ta tes  shows  a  t o ta l  o f .  203  con f i rmed  cases  found  among  2 ,205 ,006  i n fan ts
s c r e e n e d - - o r  a  f r e q u e n c y  o f  1  p e r  1 0 r g 6 2 .  ( S e e  t h e  f o l l _ o w i n g  t a b l e s . )

I t  shou ld  be  no ted  tha t  i n  13  S ta tes  an  e f f o r t  was  made  to  re tes t  eve ry  i n -
f an t  be tweer . r  4  and  6  weeks  by  a  second  b lood  tes t .  ou t  o f  app rox ima te ry
3 5 0 1 0 0 0  s u c h  i n f a n t s r  6  o f  t h e  3 5  c a s e s  w e r e  m i s s e d  w i t h  t h e  f i r s t  t e s t  a n d
d e t e c t e d  o n l y  b y  t h e  s e c o n d  t e s t .  S o  t r t e  s i . , l T G s t  i s  s t i l l  m i s s i n g  c a s e s
o f  pheny l ke tonu r i a  i n  newborns ,  p resumab ly  because  o f  t he  ea r l v  t es t i ns
p r i o r  t o  d i s c h a r g e  o f  i n f a n t s  f r o m  h o s p i t a l s .

9 /  G u t h r i € ,  R . ,
Phe ny Lke tonur ia
3 2 ,  3 3 8 - 3 4 3 .

a n d  s u s i ,  A ' :  A  S i m p l e  p h e n y l a l a n i n e  M e t h o d  f o r  D e t e c t i n g
in  La rge  Popu la t i ons  o f  Newborn  rn fan ts .  pEDrATRrcs ,  1963 ,
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PKU DETECTION IN NEWBORN INFANTS IN FOREIGN COUNTRIES

(As of  December 31, lg6b)

Number Newborns Tested Number Cases Found

?/

Coun t r v

A u s t r a l i a

Be lg ium

Canada

De nmark

Germany

I re  l and

I s r a e  1

New Zea land

P a k i s t a n  b /

Po land

Sco t  l and

Sweden

Swi t ze r l - and

Yugos lav ia

T o t a l s

F requency  -

4 7 9

7  , 6 0 8

6 5 , 8 9 8

t 2  , 5 0 0

6 2  , 4 7  g

1 5 , 0 0 0

6 5 ,  1 5 9

1 , 8 4 0

5 , 4 8 1

1 3 0 ,  g  1 2

7 , 2 7 7

2 1 , 5 0 5

4 , 7 2 L

/  {  h  < \

424 ,493

0

5

6

0

R

2

5

0

n

2 L

n

1

0

J

5 1

1 :  8 , 3 2 3

a /  l J s i n g  t h e  I ' b a c t e r i a l  i n h i b i t i o n "  a s s a y  t e c h n i q u e  t o  t e s t  d r i e d  s p o t s  o f
b l o o d  '  F r o m  d a t a  c o m p i l e d  a s  a  r e s u l t  o f  r e p l i e s  t o  a  l e t t e r  m a i l e d  t o  t h e
v a r i o u s  l a b o r a t o r i e s  i n  A p r i l  1 9 6 6 .
b /  Aaaea  May  1966
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DISCUSSION

SZEINBERG (-fELgg!):  The phenylketonuria screening program in IsraeL is sum-
manized on the fol lowing charts.  l i lo phenylketonuria has been found among
t i ie  Eu: :ccean Jews in  Is rae l .

SU&(MARY OF THE PHENYLKETONURIA SCREENING PROGRAM AMONG

NEWBORNS IN ISRAEL

F i r s t  Yea r  Second  Yea r
L964-65 t965-66

Tota l -  nur , lber  of  l ive b i r ths

I r : f enEs  sc ree r :ed  a t  age  o f  3 -5  days

Sc ree r . i ng  cove rage

Pos . i t i ve  cases  de tec ted

63,788 66 ,685

2 7 , L L 3  3 8 , 0 4 5

+J to

3

57%

2

Frequency  o f  PKU among  newborns  1_ :9 ,038  I : L9 ,023

t tP resumed t r  pos i t i ve  resu l - t s  nega t i ve  on
seco i r c  t es t  6  7

F requency  o f  t r p resumed"  pos i t i ves  l _  : 4  r5L9  L :5  1435

Repeated examinat ions of  newborns at
1o-20  days  L ,4L3

.  - 22 -
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ETHNIC DISTRIBUTION OF NEWBORNS

(According to country of birth

F i r s t  Y e a r
L964-6s

SCREENED IN ISRAEL

of parents)

Second Year

Jews Ashkeoazi
Jews  non -Ashkenaz i  ( t o ta l )

Yemen
I r a q - I r a n
Turkey
Nor th  A f r i ca
Bu lga r i a -Greece
Sy r i a -Lebanon
A fghan i s tan
Ind  i a -Pak i s tan
Buchara
Nonspec  i f i ed

Jews  nonspec i f i ed
Arabs
Druzes
C i r cas  s  i ans
Armenians
S arnar ita ns

T o t a l s

ETHNIC DISTRIBUTION

Jews Ashkenazi
Jews  non -Ashkenaz i  ( t o ta l )

Yemen
I raq - I ran
Turkey
Nor th  A f r i ca
Bu lga r i a -Greece
Sy r i a -Lebanon
Ind ia
Nonspec  i f  i ed

Jews  nonspec i f i ed
Arabs

Tota l -

7 r788
18 ,254

2 ,494
3  r2L6

803
5 ,991

285
222
55

t39
20

5 ,039
7  , 0 !3
4 ,896

75
15
I
J

, * "

11292
1 r 6 5 3

1 6 5
1 , 9 0 6

8 2
7 7
2 5
B5
2 6

5 , 9 2 2

5 ,951
LL,233

7  , 033
2  , 858

32
2
4

27  , I L3

OF MENTALLY DEFICIENT SCREENED
ISRAEL IN 1965.66

70
L72

16
139

7
4
t

23

IN

1 7 3
4 3 2

167
_3

775
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ETHNIC DISTRIBUTION OF PKU CASES IN ISRAEL

Newborn

1964-65 1965-66

M e n t a l l v  D e f i c i e n t

L964-65 1965-66

Jews  AshkenazL
Jews  non -Ashkenaz i

Yemen  and  Aden
N o r t h  A f r i c a
I ran - I raq

Arabs

;
1
1

2

s c o T T  ( s c o t l a n d ) :  T h e  l e v e l  o f  6  r n g .  p e r c e n t  i s  c o n s i d e r e d  t h e  u p p e r  l i n i t

o f  no rma l  b lood  pheny la lan ine  i n  Sco t l and  because  330  " f a l se  pos i t i ves r r  w i t h

L e v e l s  o f  6 - 8  m g .  p e r c e n t  w e r e  f o u n d  i n  1 5 , 0 0 0  i n f a n t s .  T h i s  g i v e s  a

" f a 1 s e - p o s i t i v e r f  r a E e  o f  a p p r o x i m a t e l y  l : 4 5 '

CABALSKA (Po land ) :  Po land  began  sc reen ing  newbor  r s  f o r  pheny l ke tonu r i a  i t ' t

J a n u a r y  r o 6 s .  n y  A p r i l  1 9 6 6 ,  a  t o t a l  o f  1 3 0 r 9 1 2  n e w b o r n  b a b i e s  h a d  b e e r t

sc ree  ned  .

PHENYLALANINE LEVELS IN BLOOD IN 130,912 NEWBORN BABIES

SCREENED FOR PHEI'IYLKETONURIA IN POLAND

I
1
I

2

o

I

P h e n y l a l a n i n e  L e v e l
M q .  P e r c e n t

u n o e r  z
2

Over  2
Under  4

4
Over  4

T o t a l  s

Perc  e  n t

L30,9L2

5 0  . 2 0
4 2 . 6 9

q  o <

1  . 0 5
0  . 0 7

_ q . 0 4

1 0 0  . 0 0

Fo l l o r , r up  tes t  coq f i rmed  pheny l ke tonu r i a  f o r  2L  o f  t he  59  i n fan ts '  The  i nc i -

d e n c e  f o r  P o L a n d ,  t h e r e f o r e ,  i s  l ; 6 1 2 3 4 .

The  newborns  were  sc reened  by  t he  Gu th r i e  i nh ib i t i on  assay  me thod  be tveen

- 24 -

Number Screened

6 5  , 7  L 7
5 5 , 8 8 8

7  , 1 8 9
1  

" 7 )
L r J l  -
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t he  5 th  and  7 th  day  o f  l i f e  when  the  mo the r  and  baby  were  d i scha rged  f rom
t h e  h o s p i t a l .  T h e  s e c o n d  G u t h r i e  t e s t  w a s  m a d e  w h e n  t h e  i n f a n t s  w e r e  3
weeks  o ld ,  and  the  l eve l s  o f  pheny la lan lne  were  h ighe r  gene ra l l y  on  the
second  tes t .  The  Be r r y  quan t i t a t i ve  ch roma tog raph i c  me thod  1 /  and  the  co rn -
b lned  ch roma tog raphy - i nh ib i t i on  Gu th r i e  t es t  con f i rmed  pheny l ke tonu r i a  f o r
2 L  o f .  t h e  5 9  i n f a n t s  w i t h  p r e s u m e d  p o s i t i v e  r e s u l t s .  T h e s e  2 L  b a b i e s  w e r e
a l so  t es ted  by  t he  fe r r i c  ch lo r i de  me thod  be tween  the  6 th  and  B th  weeks  o f
t he  i n fan ts r  l i ves ;  abou t  ha l f  t he  i n fan ts  had  nega t i ve  resu l t s  f r om the
f e r r i c  c h l o r i d e  t e s t .

I n  Janua ry  L966 ,  Po land  began  to  use  the  enzymat i c  spec t ropho tome t r i c  LaDu
method  2 / f l  f . o r  quan t i t a t i ve  es t ima t i ons  o f  pheny l -a lan ine  and  t y ros ine  i n
b lood  and  quan t i t a t i ve  es t ima t l - ons  o f  pheny la lan ine  i n  u r i ne  and  s ta r ted
de te rm ina t i ons  o f  o r t hohyd roxyphenyLace t i c  ac id  i n  u r i ne  by  t he  ch roma to -
g raph i c  me thod .  ( see  page  56  fo r  d ie ta ry  t r ea tmen t  o f  t hese  i n fan ts . )

KIIAN (Pakistan) :  The rotal  number
5 1 4 8 1 .  N o  c a s e s  o f  P K U  w e r e  f o u n d
m e n t a l l y  d e f e c t i v e s  t e s t e d .

o f  i n fan ts  sc reened  i n  Pak i s tan  i s
I^ Ie d id f  ind f  our  cases among the 417

vrs  (Be le ium) :  The screen ing  program has  jus t  begun in  Be lg ium.  on ly
7 r 6 0 0  i n f a n t s  h a v e  b e e n  s c r e e n e d ,  b u t  f i v e  c a s e s  o f  P K U  h a v e  b e e n  d e t e c t e d

P U N E K A R  ( I n d i a ) :  T h e  A l l - I n d i a  I n s t i t u t e  o f  M e n t a l  H e a l t h  l n  B a n g a l o r e
rou t i ne l y  ca r r i es  ou t  c l i n i ca l  and  b iochemica l  i nves t i ga t i ons  as  a  pa r t  o f
i t s  s t u d y  o f  p h e n y l k e t o n u r i a .  I n  1 9 6 3 ,  t h e  I n s t i t u t e  r e p o r t e C  t h e  f i r s t
case  o f  pheny l ke tonu r i a  i n  I nd ia  ( rnany  au tho rs  e r roneous l y  c i t e  Bhaska ran rs
s t u d y  l /  t n  L 9 5 2  a s  t h e  e a r l i e s t  r e p o r t  o f  p h e n y l k e t o n u r i a  i n  I n d i a ) .  T o
da te  f i ve  cases  have  been  repo r ted ;  t h ree  came f rom the  gene ra l -  popu la t i on ,
and  t r " t o  f r om homes  fo r  t he  men ta l l y  re ta rded .

The  Ins t i t u te  sc reened  165  men ta l l y  de fec t i ve  ch i l d ren  du r i ng  Lg5g -6L .  On ly
one  ch i l d  gave  pos i t i ve  u r i na ry  reac t i on  t o  f e r r i c  ch lo r i de  and  d in i t r o -
p h e n y l h y d r a z i n e  t e s t s .  T h e  i n c i d e n c e  w a s  l - : 1 6 5 .  D u r i n g  L g 6 2 - 6 5 ,  4 9 9  m e n -
t a 1 l y  d e f e c t i v e  c h i l d r e n  w e r e  s c r e e n e d ,  a n d  n o  p h e n y l k e t o n u r i a  w a s  d e t e c t e d .
T h e  i n c i d e n c e  t h e n  d r o p p e d  t o  l : 6 6 4 .  T h e s e  f i g u r e s ,  o f  c o u r s e ,  d o  n o t  g i v e
a  t rue  f i gu re  o f  i nc idence .  The  on l y  way  to  a r r i ve  a t  such  a  f i gu re  wou ld

! /  Ber ry ,  H-  K . :  Paper  chromatograph ic  Method fo r  Es t imat ion  o f
alanine. PROCEEDTNGS 0F THE socrETy FoR EXPERTMENTAL Brol,ocy AND
L 9 5 7  ,  9 5 ,  7 L - 7 3 .
2 /  L a D u ,  B .  N . ,  a n d  M i c h a e l ,  P .  J . :  A n  E n z y m a t i c  S p e c t r o p h o t o m e t r i c  M e t h o d
for  the Determinat ion of  Phenyla lanine in  Blood.  JOURNAL OF THE LABORATORY
AND CL IN ICAL  MEDIC INE,  1960 ,  55 ,  49 I -496 .
3 /  LaDu ,  B .  N . ,  and  o the rs :  A  Quan t l t a t i ve  M ic rome thod  fo r  t he  De te rm ina -
t i on  o f  Pheny la lan ine  and  Ty ros ine  i n  B lood  and  l t s  App l i ca t i on  i n  t he
P i a g . n o s i s  o f  P h e n y l k e t o n u r i a  i n  r n f a n r s .  p E D r A T R r c s .  1 9 6 3 ,  3 1 .  3 9 - 4 6 .
1 /  Bhaska ran ,  R . :  Pheny l  Py ruv i c  O l i goph ren ia - -A  Sho i t  nev ie f f i i t h  t he
Repor t  o f  an  A f fec ted  Fami l y .  rMrAN MEDTCAL GAZETTE,  L952 ,  87 ,  506 -511 .
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be to  car ry  ou t  a  mass  screen ing  o f  newborns  and nenta l l y  de fec t ive  ch i ld ren
through the  Guthr ie  tes t .

The f i rs t  ch t ld  w l th  pheny lke tonur ia  ln  Ind ia  was a  male  H indu aged 9
s ton ths ,  we igh ing  6 .5  kg . ,  f rom Banga lore ,  Mysore .  The ch i l -d  was re fe r red  to
the  A1 l - rnd ia  Ins t i tu te  o f  Menta l  Hea l th  in  1963 because o f  reeent  convu l -
sLons ,  inab iL i ty  to  s i t ,  and  a  vague feeL ing  on  the  par t  o f  the  no ther  tha t
the  ch l ld  was no t  normal .  The boy  had a  fa i r  conp lex ion ,  l igh t ly  p igmented
skin, f laxen hair ,  and bror^ln eyes. The f lexures of arms and legs were
covered by  an  eczematous  rash .  Deta i led  ques t ion ing  revea led  tha t  the  ch i ld
had been a  s low feeder  s ince  b i r th  and had acqu i red  neck  cont roL  a t  7 l
months  -  Teeth  had no t  appeared,  and the  ch l ld  was unab le  to  recogn lze  h is
n o t h e r .

Neuro log ica l  examlnat ion  revea led  op is tho tonos  w i th  hyperk ines is ,  c ran ia l
nerve  pa ls ies ,  and no  abnormal t ty  in  s lgh t ,  hear ing ,  and fundus .  The car -
d lovascu la r ,  resp i ra to ry '  and gas t ro in tes t inaL sys tems were  noncont r ibu tory .
The roentgenogram of the skul l  revealed no abnormal i ty.  The l lassermann
react ion was negat ive. There \4tere no abnormal i t ies in the hematological  and
b iochemica l ,  cerebrosp ina l  f lu id ,  and ur ine  cons t i tuents  o f  the  ch i td .

Fer r ic  ch lo r lde  and d ln i t ropheny lhydraz ine  tes ts  had pos i t i ve  u r inary  reac-
E ions .  The ur ine  samples  were  tes ted  fu r ther  fo r  the  presense o f  o ther
ke tones  and acetoacetLc  ac ids  by  per fo rn i .ng  Rothera ts  and Gerhard t rs  tes ts ;
the  reac t l .ons  were  negat ive .

The b lood serun ,o f_ the  ch i ld  gave quant i ta t i ve  ana lys is  o f  a  phenyLa lan ine
concent rs t lon  o f  35  mg.  per  100 ml .

The Ins t i tu te  made a  PresumPt ive  d iagnos is  o f  pheny lke tonur ia  and began
ar rangements  fo r  a  low pheny la lan ine  d ie t  w l th  added ty ros ine .  Unfor -
tunate ly  the  ch i ld  d ied  sudden ly  a t  home o f  a  resp i ra to ry  in fec tLon be fore
t h e  d i e t  w a s  s t a r t e d .  A  p o s t m o r t e m  w a s  n o t  p o s s i b l e .

The fa ther  o f  the  ch i ld  was the  mother ts  materna l  unc le .  Both  parents
appeared to  be  o f  normal  in te l l igence.  Two s ib l ings ,  a  female  aged 5  years
and a  na le  aged 2  months  ( the  male  was born  a f te r  the  death  o f  the  ch i ld
w i th  pheny lke tonur ia ) ,  appeared to  be  normal .

centental l  and Kapur 2/ tn 1964 described an 8-year-old Musl lm gir l  f rom
Kol -a r  in  Mysore  s ta te ,  South  rnd ia .  she  had an  rQ o f  25 ,  aod h" ,  

" " . , r ,; :heny laLan ine  was 11  mg.  percent .  No fami ly  h is to ry  was ob ta ined.

centerwal-1 ! /  fn 1955 discovered trdo more chi ldren with phenylketonuric
charac terLs t ics -  one l tas  an  1 l -year -o ld  H indu g i r l  f rom-oe l i r i ,  Nor th  Ind ia ;
the  o ther ,  a  L0-year -oLd H lndu boy ,  a lso  f rom De lh i  bu t  unre la ted  to  the

?/  centerwal l ,  w.  R. ,  and Kapur ,  s . :  phenylketonur ia .  rMrAN pEDrATRrcs,
L964 ,  l ,  449 -454 .
1. /  centerwal l ,  w.  R.  personal  cornmunicat ion to  B.  D.  punekar .
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g i r l .  The g i r l  had  an  IQ o f  25  and a  serum phenyLaLan ine  leve l  o f  i9  ng .
p e r c e n t .  H e r  p a r e n t s  w e r e  f i r s t  c o u s i n s .

The boy  had an  IQ o f  25  and a  serum pheny la lan ine  leveL o f  20  mg.  percent .
H is  paren ts  were  th i rd  cous ins .  The younger  s is te r  o f  th is  H indu boy  wa"
pred ic ted  to  have PKU on the  bas is  o f  the  deser ip t ion  g iven by  the  fami ty
o f  her  re ta rded deve lopment ,  charac ter is t i c  odor ,  h is to ry  o f  tonvu ls icns ,
and re la t i ve  fa i rness  o f  co lo r ing .  No conf i rmat ion  o f  her  case hes  been
m a d e .

Four  o f  the  f i ve  ch i ld ren  w i th  phenyLketonur ia  beLonged to  l l i ndu  fa ;n i l ies .
A11 the  ch i ld ren  were  be low L1 years  o f  age.  The serum phenyLaLan ine  Leve ls
fo r  a lL  the  ch i ld ren  were  h igh .  The IQ 's  were  be low 25.  Three o f  the  four
sets of parents having chi ldren vi th phenylketonuria had consanguigeous mar-
r iages. Three of the f ive chi ldren with phenylketonuria came from Mysore.
The quest ion of whether cor isanguineous marr iages are more cotmlon in Mysore
than in  o ther  par ts  o f  Ind la  needs fu r ther  inves t iga t ion .

I t  has been suggested that India has a low incidence of phenylketonuyia as
compared \r i th Western countrLes. Some factors may be:

1 .  In fan t  u ror ta l i t y  i s  s t i l l  h igh  in  Ind ia .

2. In India, the incidence of courinon cht ldhood dLseases such as
kwashiorkar,  anemia, and tuberculous meningit ls ls high. As I  resulr : ,  c l in i-
c ians who are overburdened in treat ing these cornmon diseases often are
unab le  to  d iagnose and,  there fore ,  t rea t  pheny lke tonur ia .

3 .  Pro te in  ma lnu t r iE ion  is  a  ser ious  prob lem in  Ind ia  fo r  a  la rga  sec-
t ion  o f  the  popu la t ion .  The resu l ts  o f  the  screen ing  tes ts  fo r  pheny1-
ke tonur ia  a re ,  there fore ,  sorne t imes mis lead ing .

4- No one has yet undertaken an intensive study of the incidence of
phenylketonuria in the rural  areas. The predominant ly vi l lage l i fe of India
lessens  the  burden o f  menta lLy  hand icapped ch i ld ren  on  soc ie ty  because the
s low,  noncompet i t i ve  ru ra l  cond i t ions  do  no t  ca l l  a t ten t ion ,  as  u rban l i fe
does ,  to  weak in te l l igence and soc ia l  inadaptab i l i t y .

5 .  Menta l  re ta rda t ion  is  cons idered a  s t igma in  Ind ia .  A  Large sec-
t ion  o f  the  peop le  w i l l  no t ,  there fore ,  take  advantage o f  the  schoo ls ,
hones ,  and ins t l tu t ions  meant  fo r  nenta l l y  hand i " "pp-a  ch i ld ren .

ZAVAT.A (ggI i .g):  Three cases of phenylketonuria were detected in Mexico in
the  screen ing  o f  1 r500 menta l l y  re ta rded ch i ld ren .  These were  i rnmigran ts
and not Mexicans.

CAHALANE (-Irebna):  In Ireland the present incldence of posi t ive res,.r l - ts
f rom the  Guthr ie  tes t  i s  1 :314.  Tbo o f  the  cases  were  tes ted  on  the  3rd  day
of  L i fe ,  and leve ls  o f  b lood pheny laLan ine  were  h igher  than 20  mg.  Derce t r r .
There is no fol lowup test ing in Irel-and, so theoret ical-1y some cases of
phenylketonuria may be missed.
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PAMELAKIS (Grgec". ) :  The general - ized screening programs are just  get t ing

unde rway  i n  Greece .

ANDREJEVI i  Gggo" l "u i r ) ,  Du r i ng  the  pe r i od  Oc tobe r  5 ,  1965 ,  t o  May  23 '
1966 ,  t he  Mo the r  and  Ch i l d  Hea l t h  I ns t i t u te  o f  t he  Repub l i c  o f  Se rb ia
sc reened  231635  newborn  i n fan ts  f o r  PKU.  Th ree  i n fan ts  had  h ighe r  t han  no r -
ma l  concen t ra t i ons  o f  pheny la lan ine .  The  i nc idence ,  as  a  resu l t  o f  t h i s
t e s t i n g ,  w a s  l - : . 7  , 8 7 8 .

Case  1  -  Th i s  i n fan t  was  18  days  o ld  when  h i s  b lood  \ , r as  t es ted ;  he  had
concen t ra t i ons  o f  b l ood  pheny la lan ine  o f  10  mg .  pe rcen t .  When  the  i n fan t
was  admi t t ed  t o  t he  hosp i t a l  38  days  Ia te r ,  h i s  b lood  pheny la lan ine  l eve l
was  45  mg .  pe rcen t ,  u r i ne  was  a roma t i c ,  and  the  fe r r i c  ch lo r i de  t es t  was
pos i t l ve .  The  baby  had  eczena ,  v ras  res t l ess  and  hype r ton i c ,  and  had  a
s l i gh t  t r eno r  o f  t he  f i nge rs .  Th i s  i n fan t  had  a  7 -yea r -o ld  s i s te r  who  was
men ta l l y  re ta rded ;  t es t i ng  showed  tha t  she  a l - so  had  pheny l ke tonu r i a .

Case  2  -  Th l s  i n fan t  was  5  days  o ld  when  b lood  was  taken ;  t he  pheny l -
a l -an ine  l eve l  was  7 .4  ng .  pe rcen t .  He  was  admi t t ed  t o  t he  hosp i t a l  38  days
La te r  w i t h  a  b lood  pheny la lan ine  1eve l  o f  16  mg .  pe rcen t .  H i s  u r i ne  was  no t
a roma t i c ,  and  the  fe r r i c  ch lo r i de  t es t  was  nega t i ve .

Case  3  -  Th i s  i n fan t  was  tes ted  when  he  was  7  days  o ld ,  and  he  had  a
b lood  pheny la lan ine  l eve l  o f  l - 7  mg .  pe rcen t .  Twen ty - f i ve  days  l a te r  he  was
admi t t ed  to  t he  hosp i t a l  w i t h  a  b l -ood  pheny la lan ine  l eve l  o f  25  mg .  pe rcen t .

The  Ins t i t u te  t es ted  these  th ree  i n fan ts  t h ree  ways :  by  bac te r i a l  i nh ib i -
t i on  assay ;  one -d lmens iona l  ch roma tog raphy ,  us ing  the  He len  Be r r y  me thod ;1 /
and  comb ined  ch roma tog raphy  and  i nh ib i t i on  assay ,  us ing  the  Gu th r i e  me thod .
One  change  was  made  i n  t he  Gu th r i e  me thod :  t he  f i l t e r  s t r i p  w i t h  t he  d r i ed
b lood  spoL  \ ras  no t  i u rne rsed  i n to  d i s t i l l ed  wa te r .

The  i nh ib i t i on  assay  me thod  appea rs  t o  be  a  ve ry  sens i t i ve  and  reL iab le
sc reen ing  me thod  fo r  de tec t i on  o f  pheny l ke tonu r i a  i n  t he  hosp i t a l  nu rse ry .
The  fe r r i c  ch lo r l de  me thod  i s  no t  as  sens i t i ve :  i n  t he  t es t i ng  a t  t he  I n -
s t i t u te ,  t he  f e r r i c  ch l -o r l de  t es t  was  pos i t i ve  vh i l e  t he  b lood  pheny la lan ine
leve l  was  15  mg .  pe rce r t  o r  h i ghe r  and  nega t i ve  vh i l e  b lood  pheny la lan ine
was  20  mg .  pe rcen t .  (See  page  57  fo r  t he  d ie ta ry  t r ea tmen t  o f  t hese  i n -
f a n t s .  )

Gene ra l  Con rnen ts :  The re  shou ld  be  an  -oxchange  o f  spec imens  be tween  va r i ous
Labo ra to r i es  t o  ve r i f y  s l i gh t l - y  e leva ted  b lood  pheny la lan ine  1eve1s .  The
geog raph i c  d i f f e rences  i n  so -ca l l ed  no rma l  l eve1s  n igh t  be  re la ted  to  d ie ta ry
and  o the r  f ac to rs  wh i ch  p roduce  the  appa ren t  d i f f e rences  i n  b lood  pheny la la -
n ine  l eveLs  i n  no rma l  i n fan ts .  Ce r ta in  qu inone  de r i va t l ves  (as  i n  v i t am in
K)  m igh t  i nh ib i t  pheny la lan ine  hyd roxy la t i on  ac t i v i t y  ( t h i s  may  be  seen  pa r -
t i cu la r l y  i n  ma tu re  i n fan ts  rece i v i ng  v i t am in  K ) .

1 /  B e r r y ,  H .  K . :
nine. PROCEEDINGS
L 9 5 7  ,  9 5 ,  7 l - 7 3 .

Paper  Ch romatog raph i c  Me thod  fo r  Es t ima t i on  o f  Pheny la la -
OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE,
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A PROPOSED CLASSIFICATION
FOR THE
HY PERPH ENYLALAN IN EM IAS

JOHN H. MENKES, M. D.

United States

As  a  consequence  to  t he  i nc reas ing l y  w idesp read  use  o f  sc reen l -ng  p rog rams
des igned  to  de tec t  i nd i v i dua l s  w l t h  abno rma l i t i es  i n  se rum pheny la lan ine
leve l s ,  a  number  o f  pa t i en t s  w i t h  "a t yp i ca l  pheny l ke tonu r i a "  have  been  en -
countered .!/2/3/!/

I n  o r d e r  t o  f a c i l l t a t e  t h e  d i a g n o s l s  o f  t h e s e  " a t y p i c a l "  c a s e s ,  w e  w i s h  t o
p ropose  a  sys tem o f  nomenc la tu re  and  d iagnos t i c  c r l t e r i a  f o r  pa t i en t s  w i t h
e l e v a t e d  p h e n y l a L a n i n e  l e v e l s :

Tvpe  1 - -Phenv l ke tonu r i a

1 .  B l -ood  pheny la lan ine  1e ' ve1s  a re  ove r  20  mg .  pe rcen t .

2 .  F e r r i c  c h l o r i d e  t e s t  i s  p o s i t i v e  a f t e r  2  t o  3 0  d a y s  o f  a g e .

3 .  Exc re t i on  o f  pheny lpy ruv i c  and  o -hyd roxypheny lace t i c  ac id  i s  app rop r i a te
t o  t h e  b l o o d  p h e n y l a l a n i n e  c o n c e n t r a t i o n .

4 .  P h e n y l a l a n i n e  t o l e r a n c e  i s  v e r y  l o w ,  a n d  b l o o d  p h e n y l a l a n i n e  r i s e s  r a p -
i d l y  i f  pa t i en t  i s  f ed  much  more  than  the  da i l y  pheny la lan ine  requ i remen t .

5 .  B iochemica l  abno rma l l t i es  remaLn  unchanged  fo r  t he  du ra t i on  o f  t he
p a t i e n t  r  s  1 i f e .

1 /  K a n g ,  E .  S . ,  e t  a l . :  C l l n i c a l  O b s e r v a t i o n s  i n  P h e n y l k e t o n u r i a .  P E D I A T -
R r c s ,  1 9 6 4 ,  3 5 ,  9 3 2 .
2 /  \ l o o L f ,  L ,  r . ,  e t  a 1 . :  A t y p i c a l  p h e n y l k e t o n u r i a  i n  S i s t e r s  w i t h  N o r m a l
O f f s p r i n g .  L A N C E T ,  1 9 6 1  ,  2 ,  4 6 4 - 4 6 5 .
3 /  s c h n e i d e r ,  A .  J . ,  a n d  G a r r a r d ,  S .  D . :  D i a g n o s t i c  a n d  r h e r a p e u t l c  r m p l i -
ca t ions  o f  Pers is tan t  Hyperpheny la lan inemia  ln  an  In fan t  Heterozygous fo r
the  Gene o f  Pheny lke tonur ia .  JOURNAL 0F PEDrATRrcs ,  L966,  68 ,  704.
4 /  A n d e r s o n ,  J .  A . ,  F i s c h ,  R . ,  M i l l e r ,  E . ,  a n d  D o e d e n ,  D . :  A t y p t c a l  p h e n y l - -
ke tonur ic  Heterozygote .  JOURNAL 0F PEDIATRICS,  L966,  68 ,  351.
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Tvpe  2 - -PhenY la lan inemia  5 /

1 .  B l o o d  p h e n y l a l a n i n e  l e v e l s  a r e  o v e r  2 0  m g '  P e r c e n t '

2 .  F e r r i c  c h l o r i d e  t e s t  i s  n e g a t l v e  o r  o n l y  s l i g h t l y  p o s i t i v e  d u r i n g  l o a d -

i n g  t e s t s .

3 .  Exc re t i on  o f  pheny lpy ruv i c  and  o -hyd roxypheny lace t i c  ac id  i s  i napp ro -

p r i a te l y  l ov  f o r  pheny la lan ine  concen t ra t i on .

4 .  R i se  i n  b lood  pheny la lan ine  i s  s l ow  fo l - l ow ing  b t r t h ,  r equ i r i ng  up  to  4

weeks to reach maximum levels.

5 .  Pheny la lan ine  to le rance  i s  t ha t  o f  a  homozygo te  w l t h  pheny l ke tonu r i a
r \(  rype  r /  .

6 .  P h e n y l a l a n i n e  t o l e r a n c e  i n c r e a s e s  s l i g h t l y  w l t h  a g e '

Tvpe 3 9/Zl

1 .  B lood  l eve l s  du r i ng  neona ta l  pe r i od  a re  20  mg

2 .  F e r r i c  c h l o r i d e  t e s t  i s  p o s i t i v e .

pe rcen t  o r  h ighe r

3 .  Exc re t i on  o f  pheny lpy ruv i c  ac id  and  o -hyd roxypheny lace t l c  ac id  i s  app ro -

p r i a t e  t o  t h e  b l o o d  p h e n y l a l a n i n e  c o n c e n t r a t i o n s .

4 .  B iochemica l  abno rma l i t y  dec reases  s tead i l y  w i t h  age ,  and  th i s  t ype  rnay

be  unde tec tab le  a f t e r  2  t o  3  yea rs  by  measu remen t  o f  f as t i ng  b lood  l eve l s .

5 .  O n  p h e n y l a l a n i n e  l o a d i n g  t e s t ,  ( 1 0 0  m g .  o r  1 5 0  m C . / k C . ;  o r a l l y ) ,  n o  r i s e

in  t y ros ine  i s  obse rved ;  pheny la lan ine  i s  poo r l y  me tabo l i zed  ( ra t i o  o f  4

h o u r s / 2  h o u r s  l e v e l s  1 . 0  o r  g r e a t e r ) .

6 .  Phenv la lan ine  to le rance  i s  abno rma l  i n  one  pa ren t  '

rvpe 4 9/2/LolLL/

Fas t i ng  b lood  pheny la lan ine  l eve l s  a re  l ess  t han  20  mg .  Pe rcen t1

5 /  K a n g ,  E .  S . ,  e t  a l . ,  o P .  c i t .

.Q /  Menkes ,  John  H . :  Me tabo l i c  E r ro rs  A f fec t i ng  t he  Ne rvous

EAL PNOCSEDINGS, THE CH.ILDREN'S HOSPITAL OF THE DISTRICT OF

2 2 ,  2 2 7 - 2 3 5 .
7  l  E f ron ,  Mary ,  and  Kennedy ,  J .  Pe rsona l  con rnun i ca t i on  t o

M e n k e s .
8 /  W o o l f ,  L .  I . ,  e t  a l . ,  o P .  c i t .

9 /  S c h n e i d e r ,  A .  J . ,  a n d  G a r r a r d ,  S .  D . ,  o P .  c i t .

1 O /  n . t a e r s o n ,  J .  A . ,  F i s c h ,  R . ,  M i l l e r ,  E . ,  a n d  D o e d e D ,  D ' ,

1 1 /  M e n k e s ,  J o h n  H .  U n p u b l i s h e d  d a t a .
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2 .  F e r r i c  c h l o r i d e  t e s t  i s  n e g a t l v e  b u t  b e c o m e s  p o s i t i v e  d u r i n g  l o a d l n g
t e s t s .  l l /

3 .  Exc re t i on  o f  pheny lpy ruv i c  and  o -hyd roxypheny lace t i c  ac id  i s  app rop r i a te
t o  b l o o d  p h e n y l a l a n i n e  1 e v e 1 s .

4 .  B iochemica l  abno rma l i t y  rema ins  cons tan t  w l t h  age .

5 .  Pheny la lan ine  l oad ing  tes t  i s  abno rma l  i n  one  pa ren t .2 / J9 / JJ /

Tvpe  5 - -Tv rosv lu r i a  12 /

1 .  P h e n y l a l a n l - n e  l e v e l s  a r e  u s u a l l y  b e l o w  2 0  m g .  p e r c e n t .

2 .  B lood  t y ros ine  i s  e leva ted  more  marked l y  t han  pheny l_a lan ine .

3 .  F e r r l c  c h l o r i d e  t e s t  i s  p o s i t i v e .

4 .  Ty rosy lu r i a  l s  seen  i n  p rema tu re  i n fan ts  and  occas iona l l y  t n  f u l l - t e rm
i n f a n t s .

5 .  P h e n y l a l a n i n e  e l e v a t i o n  1 s  t r a n s l e n t ;  t y r o s i n e  e l e v a t i o n  m a y  p e r s l s t  f o r
s e v e r a l  m o n t h s .

6 .  Pheny la lan lne  l oad ing  tes t s  a re  no rma l  v rhen  b lood  l eve l  has  re tu rned  to
no rma l .

Tvpe  6 - -T rans ien t  Hvpe rphenv la lan inemia

1 .  Pheny la lan ine  l eve l s  a re  usua l l y  be low  8  rg .  pe rcen t  and  re tu rn  t o  no r -
m a l  w i t h i n  a  f e w  w e e k s .

2 .  Ty ros ine  l eve1s  a re  no rma l .

3 .  Subsequen t  pheny la lan ine  l oad lng  tes t s  a re  no rma l .

Tvpe  7  13 /

1 .  P h e n y l a l a n i n e  a n d  t y r o s i n e  l e v e l s  a r e  t r a n s i e n t l y  h i g h .

2 .  F e r r i c  c h l o r i d e  t e s t  i s  n e g a t i v e .

Fas t i ng  pheny la lan ine  l eve l s  f o r  pheny l ke tonu r i c  he te rozygo tes  (Type  1 )  a re

1 2 l  M e n k e s ,  J .  H . ,  a n d  A v e r y ,  M .  E . :  T h e  M e t a b o l i s m  o f  p h e n y l a l a n i n e  a n d
Tyroslne in  the Premature Infant .  BULLETIN 0F THE JOHNS HOPKINS HOSPITAL,
L 9 6 3 ,  1 1 3 ,  3 0 1 - 3 1 9 .
13 /  Aue rbach ,  V .  H . ,  e t  a l - . :  Pheny la lan inemla .  ABSTRACTS OF THE SOCIETY
FOR PEDTATRTC RESEARCH,  L965 ,  109 .
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a l m o s t  a l w a y s  b e l o w  3 . 5  m g .  p e r c e n t . 1 4 /  H o w e v e r ,  d u r i n g  t h e  l a s t  t r i m e s t e r

o f  p regnancy ,  f ema le  Type  t  he te rozygo tes  may  have  hype rpheny la lan inemia ,

bu t  t he  b lood  l eve l  o f  t he  am ino  ac id  usua l l y  rema ins  be low  15  mg .  pe r -
,  1 F  I

c e n E .  r ) /

When  g i ven  a  pheny la lan ine  to le rance  tes t ,  i nd i v l dua l s  he te rozygo r r s  f o r

pheny l ke tonu r i a  show an  e leva t l - on  o f  b l ood  pheny l -a lan ine  wh ich  i s  usua l l y

g rea te r  and  more  p ro longed  than  no rma l  i nd i v i dua l s .16 l

The  i nc idence  o f  t he  va r i ous  t ypes  o f  hype rpheny la lan inemia  among  55 r2L6

p a t i e n t s  t e s t e d  i n  M a r y l a n d  i s  a s  f  o l l o r ^ r s :

Type 1- -Pheny lke tonur ia

Type 2- -Pheny la lan inemia

Type 3

Type 4

Type 5- -Tyrosy lu r ia

6  (o r  L :9 ,200 )

t

z

2

2 5  p e r c e n t  o f  a l l
p rema tu re  i n fan ts

Type  6 - -T rans ien t  Hype rpheny la lan inemia  26

Type  7  o

W h i l e  i t  i s  l i k e l y  t h a t  T y p e  5  r e p r e s e n t s  a  d e f e c t  i n  t h e  c o f a c t o r  r e s P o n -

s i b l e  f o r  c o n v e r s i o n  o f  p h e n y l a l a n i n e  t o  t y r o s i n ' e r L 7 l \ 8 . 1  t h e  e n z y m a t i c

l e s i o n  f o r  T y p e s  2 ,  3 1  4 1  6 ,  a n d  7  i s  u n k n o w n .  I t  h a s  b e e n  p o s t u l a t e d  t h a t

i n f a n t s  o f  T y p e s  3  a n d  4  r e p r e s e n t  a t y p i c a l  h e t e r o z y g o t e s  f o r  p h e n y l -

k e t o n u r i a  ( T y p e  1 ) .  I n  p a r t ,  t h i s  a s s u m p t i o n  i s  b a s e d  o n  t h e  o b s e r v a t i o n

o f  t h e  n o r m a l  l o a d i n g  t e s t  i n  o n e  o f  t h e  t w o  p a r e n t s .  S i n c e  i t  i s  e q u a l l y

l i k e l y  t h a t  t h e s e  f o r m s  r e p r e s e n t  a  d o m i n a n t l y  t r a n s m i t t e d  d i s o r d e r ,  c o m -

p l e t e  g e n e t i c  e v a l u a t i o n  w i l l  b e  r e q u i r e d  t o  s e t t l e  t h e  u n c e r t a i n t y .

1 4 /  K n o x ,  W .  E . ,  a n d  M e s s i n g e r ,  E .  C . :  T h e  D e t e c t i o n  o f  t h e  H e t e r o z y g o t e ;

t he  Me tabo l i c  E f fec t  o f  t he  Recess i ve  Gene  fo r  Pheny l ke tonu r i a .  AMERICAN

JOURNAL OF HIr t tAN GENETTCS, 1958,  10,  53-60.

1 5 /  K a n g ,  E . ,  a n d  P a i n e ,  R .  S . :  E l e v a t i o n  o f  P l a s m a  P h e n y l a l a n i n e  L e v e l s

Dur ing  P regnanc ies  o f  Women  He te rozygous  fo r  Pheny l ke tonu r i a .  JOURNAL OF

P E D T A T R T C S ,  L 9 6 3 ,  6 3 ,  2 8 3 - 2 8 9 .
1 6 /  H s i a ,  D .  Y - Y . ;  P h e n y l k e t o n u r i a - - T h e  P h e n y l a l a n i n e - T y r o s i n e  R a t i o  i n

the  De tec t i on  o f  t he  He te rozygous  Car r i e r .  JOURNAL OF MENTAL  DEFIC IENCY

R E S E A R C H ,  1 9 5 8 ,  2 ,  8 - 1 6 .
1 7 /  M e n k e s ,  J .  H . ,  a n d  A v e r y ,  M .  E . ,  o P .  c i t .

1 8 /  B r e n n e m a n ,  A .  R . ,  a n d  K a u f m a n ,  S . :  c h a r a c t e r i s t i c s  o f  t h e  H e p a t i c

Pheny la lan ine  Hyd roxy la t i ng  Sys tem in  Newborn  Ra ts .  JOURNAL OF B IOLOGICAL

CHEMTSTRY ,  1965,  240,  36L7 .
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DISCUSSION

S Z E I N B E R G  ( I s r a e l ) :  T y p e  3  p a t l e n t s  c o u l d  p r o b a b l y  g o  o n  a  r e g u l a r  d i e t  a t
3  y e a r s  o f  a g e  e v e n  w i t h  a n  a b n o r m a l  t o l e r a n c e  t e s t .

ZETTERSTROM (Sweden) :  One  pa t i en t  was  g i ven  150  mg .  pe r  k i l o  pe r  day  o f
pheny la lan ine ,  and  the re  T / i e re  no  pheny l - ke tones  i n  t he  u r i ne .  When  the
pheny la l -an ine  i n take  was  ra i sed  Eo  L75  mg .  pe r  k i l o  pe r  day ,  t he  pheny l -
k e t o n e s  a p p e a r e d .

G U T H R I E  ( U n i t e d  S t a t e s ) :  S u c h  v a r i a t i o n s  i n  t h e  b l o o d  l e v e l s  o f  p h e n y l -
a lan ine  a re  no t  rea l l y  remarkab le ;  one  r , r ou ld  expec t  t o  f i nd  such  a  spec t rum
in  a  d i sease  l i ke  pheny l ke tonu r i a .  The  pheny la lan ine  requ i remen ts  va ry  f o r
i n d i v i d u a l s  a s  e a c h  h a n d l e s  t h e  p h e n y l a l a n i n e  d i f f e r e n t l y .

Genera l  Con rnen ts :  The re  a re  ques t i ons  abou t  t he  re l i ab i l i t y  o f  t es t i ng
func t i ona l  deve lopmen t  o f  t he  b ra in  i n  t he  i n fan t .  Some b road  comprehen -
s i v e  t y p e  o f  t e s t i n g  i s  n e c e s s a r y  f o r  a d e q u a t e  e v a l u a t i o n  o f  t h e  c h i 1 d .
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SCREEN ING TESTS
FOR OTHER CONGENITAL
ABNORMALITIES
DONOUGH O'BRIEN, M. D. , F. R. C. P.

United States

The object ives of screening programs need f i rst  of  al l  to be related to the
groups involved. For the newborn, i t  now seems just i f iable to test for high
blood phenylalanine levels and probably for galactosemia and homocyst inur ia.
Whether there are advantages in mult iple screening techniques for these
groups remains to be demonstrated--the Denver screening of 1r500 newborns
noted only evanescent elevat ions of tyrosine and branched-chain amino acids.

Among other r isk groups, that is,  among the retarded, the ernot ional ly dis-
tu rbed,  and young ch i ld ren  w i th  any  i l l -de f ined i l lness ,  more  e labora te
screening programs are required. These should include: one-dimensional pa-
per chromatograms of serum and ur ine, the ni troprusside cyanide test for
cyst ine and homocyst ine in ur ine, serum copper oxidase determinat ion, the
f luorescent  ga lac tosemic  screen ing  tes t ,  some fo rm o f  fe r r i c  ch lo r ide  tes t ,
and a precipiLat ion test using CTAB (cetyl t r imethylarmnoniumbromide) or
ce ty lpyr id in ium ch lo r ide  fo r  the  ac id  mucopo lysacchar idoses .

A s ing le  exper ience in  sc reen ing  some 3OO ins t i tu t iona l i zed  ch i ld ren  d is -
covered a number with undiagnosed phenylketonuria, about one for every two
known. One case of hist idinemia and one case of homocyst inur ia were noted
also. In addit ion, there were some apparent ly new condit ions, including two
with glycinur ia,  prol inur ia,  and hydroxyprol inur ia who had normal blood lev-
els for these amino acids. An unexpected f inding was six cases of cyst inur-
ia,  in four of which there was also evidence of renal tubular reject ion of
h i s t i d i n e .
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DISCUSSION

GUTHRIE @iLed States.) :  Ttre inhibi t ion assay pr inciple 1/ has been used to
develop a number of convenient agar-di f fusion microbial  tests.  These tests
have been appl ied to the detect ion of metabol i tes in human blood and ur ine as
associated with var ious diseases or with human development.  The screening
tes t  fo r  pheny lke tonur ia ,  employ ing  Bac i l lus  subt i l i s  inh ib i ted  by  B-2
th ieny la lan ine ,  has  been descr tbed.2 /

Four  c r i te r ia  fo r  rou t ine  screen ing  tes ts  fo r  such d iseases  are :

1 .  The tes t  must  be  app l icab le  to  a l l  newborn  in fan ts .

2. The test should be appl ied earlv,  before the infant leaves the hos-
p i ta l  nursery .

3. The method rmrst be inexpensive, rapid, and sensit ive.

4. There must be a rel iable conf irmation method avai lable.

The bacter ial  inhibiEion assav method meets these cr i ter ia.

Four inborn errors of metabol ism, for which early detect ion is desirable, are
PKU, maple syrup ur ine disease, galactosemia, and hist idinemia.

The b lood spec imens fo r  a l l  these tes ts  a re  co l lecLed care fu l l y  on  a  spec ia l
f i l te r  paper  w i th  each 7 /L6- inch  (11  mm.)  c i rc le  f i l l ed  w i th  b lood f rom a
heel puncture. These f i l ter papers are sent to the laboratory where punched-
out paper discs are tested upon a sol id agar medium inoculated with the test
o rgan ism.  Before  tes t ing ,  the  f i l te r  papers  a re  sub jec ted  to  a  b r ie f  per iod
in an autoclave to coagulate the blood pigrnents so that they wi l l  noE di f fuse
out into the agar medium and interfere with the reading of test results.
These test rnater ials are very inexpensive, and the agar cul ture medium is
easy to prepare. The melted agar medium is inoculated with Baci l lus subt i l -
is spores, poured into a large, f lat  dish, and al lowed to harden. Rows of

1 /  Gu th r i e  R . ,  and  T iecke lmann ,  H . :  The  Inh ib i t i on  Assay - - I t s  Use  i n
Screening Ur inary Specimens for  Metabol ic  Di f ferences Associated With Mental

Retardat ion.  London Conference on the Scient i f ic  Study of  Menta l  Def ic iency,

J u l y  1 9 6 0 .
2 l  Guthr ie,  R. ,  and Susi ,  A. :  A Simple Phenyla lanine l " Ie thod for  Detect ing

Large Populat ions of  Newborn Infants.  PEDIATRICS, L963,  32 '  338'343.
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blood discs are placed upon the agar surface al-ong with blood discs of known
amounts of the appropriate amino acids to serve as controls.

In  PKU,  b lood pheny la lan ine  is  de tec ted  by  inh ib i t ing  Bac i l lus -subt i l i s  w i th

R-2 tUi.enylalanine as a phenylalanine antagonist  at  1.5 x 10-)M. A growth

zone wi l l  then appear around the paper disc in response to any phenylalanine
present .  T l r i s  tes t  a t ready  has  rece ived ex tens ive  t r ia l .

In rnaple syrup ur ine disease, the branched-chain amino acid, leucine, is de-

tected by using 2-methyl leucine as an antagonist  to inhibi t  Baci lLus subt i l -

i s .  A f te r  exper iments ,  2 -methy l leuc ine  was se lec ted  w i th  a  dozen d i f fe ren t

chemical analogs of the branched-chain amino acids and with several  species

of Baci11us. In a concentrat ion of 10-3M, 2-methyl leucine is used in the
same minimal cul ture medium used in the PKU test.

For  h is t id inemia ,  Bac i l lus  subt i l i s  i s  inh ib i ted  by  azaser ine ,  a  h is t id ine-
antagonist  in this organism, by using 2 x 10-)M concentraLion. Azaserine is

rather unstable, and the concentrat ion range that produces a sat isfacLory
result  is rather restr icted. Nevertheless, this is the only inhibi tor found

so far that perrni ts a sat isfactory inhibi t ion assay for hist idine with this

microorganism.

As with the PKU test,  in these tests for maple syrup ur ine disease and his-

t id inernia, levels of the amino acids can be est imated over a range of L-ZO

rng.  percent .

For  a l l  th ree  tes ts ,  d r ied  Bac i l lus  subt i l i s  spores  ( t r ins tan t  bac ter ia r t )  was

employed as the inoculum, thus avoiding the problem of maintaining bacterial

stock cul tures. None of the usual ster i le precaut ions are required during

the procedure. These features permit  laborator ies unfamiLiar with bacter io-

log ica l  techn iques  to  eas i l y  use  these tes ts .

The test for galactosemia is based upon a di f ferent pr inciple.  This is des-

ignated a I tmetabol i te- inhibi t ion assay" because the substance tested for--
galactose--specif ical ly inhibi ts the test organism. Dr.  Kenneth Paigen of
Roswel l  Park Memorial  Inst i tute suggested the use of this t 'galactosemictt

mutant  o f  Escher ich ia  co l i ,  s t ra in  W-3101 ( i so la ted  by  Dr .  E .  Lederberg) .
This mutant has a specif ic def ic iency in the same enz1rme, ur idyl  t ransferase,
as is the case in the human galactosemic mutant for which we test.  I ts
growth is inhibi ted when galactose enters the bacter ial  cel l ,  is converted by
galactokinase to galactose-l-phosphate, which then accumuLates. This is the

same phenomenon that occurs in the human galactosemic where the freely dif-

fusible galactose molecules are converted to galactose-l-phosphate and the

latter nondif fusible substance is trapped inside the cel ls.  Because of these
propert ies of galactose-l-phosphate, the dr ied blood spots are not autoclaved
as has been the previous pract ice with the other tests.  Instead, they are

treated with g1-acial  acet ic acid vapor to spl i t  any accumulated galactose-1-
phosphate to free galactose. Such Lreatment also f ixes the blood pigments.

The ce l l s  o f  th is  Escher ich ia  coL i  s t ra in  can be  dr ied  a lso  by  t r f reeze dry '
ingr "  o r  by  a  more  s imp le  p rocedure  w i th t t ins tan t  bac ter ia r i l  wh ich  o f fe rs  the
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same conven ience as  dr ied  bac ter ia l  spores .  In  th is  tes t ,  the  b lood d isc  i s
surrounded by an inhibi t ion zone proport ional to the combined blood galactose
and ga lac tose-  1 -phosphate .

Current invest igat ion is directed toward a "mult iple testt t  for a number of
ra re  inher i ted  cond i t ions  assoc ia ted  w i th  e leva t ion  in  a  b lood cons t i tuent ,
such as methionine, glycine, prol ine, hydroxyprol ine, tyrosine, t ryptophan,
ci trul l ine, and sarcosine. A mixed inoculum, prepared from several  amino
acid-requir ing mutant auxotrophs, would be used as a mult iple screening test
requir ing but a single spot of blood from each infant.  Such a test would be
des igned to  show a  pos i t i ve  response to  a  s ing le  b lood d isc  f rom an in fan t
with any one of these rare condit ions. This procedure may make pract ical  the
screening of al l  newborns for many inborn errors, al though each condit ion
alone would be too rare for a separate procedure. Use of mutants, each with
a genet ic block early on the biosynthet ic chain, wi l l  expand the test re-
sponses to include other possible human inborn errors not yet actualLy dis-
covered.

SZEINBERG Q'rgqf ) :  Ttre ni troprusside cyanide test may be a personaL hazard
in  the  labora tory ;  perhaps  some sa fer  a l te rna t ive  can be  dev ised.

Because of streaking problems, Tel-Hashomer had modif ied the or iginal  Efron
technique.f /  samples are appl ied in the usual way, using s&S 903 paper for
col lect ion and Whatman 3 mm. 20 cm. x 20 cm. for running. Chromarograms are
run, 7 samples per sheet and L2 sheets per tank in the Shandon-type tank con-
t a i n i n g  a  r a c k  f o r  t h e  p a p e r s .  T h e  f i r s t  r u n  i s  i n  i s o p r o p a n o l : w a t e r , 3 : 1 .
T?re papers are then dr ied and rerun 24 hours later using the convent ional
bu tano l :ace t ic  ac id :water ,  L2 ' .3 :5 .  Papers  a re  s ta ined in i t ia l l y  w i th  n indy-
dr in and secondari ly with diazot i .zed sulfani l ic acid for hist idine and
Ehr l i chrs  fo r  c i t ru l l ine .  A  second paper  i s  s ta ined w i th  i sa t in  fo r  the
imino  ac ids .

Rout ine chromatography is  done for  indoles,  but  the f ind ings in  400 samples
have been var iable.  Almost  hal f  the chi ldren had increased ur inary indican,
i ndo le  ace t i c ,  and  i ndo le  l ac t i c  ac ids .  Th i s  was  a t t r i bu ted  to  d ie ta ry  con -
d i t i o n s .

O f  spec ia l  i n te res t  was  the  f i nd ing  o f  i ndo le
though t  t o  be  spec i f i c .  One -d imens iona l  and ,
chromatography of  phenol ic  compounds is  a lso
pe r i ence  has  been  too  l im i t ed  to  eva lua te  t he

acry ly l  g lyc ine,  which was not
i f  necessary,  two-dimensional

rout ine for  ur ine samples;  ex-
use fu lness  o f  t he  p rocedu res .

vrs AND THTRTAR @lgium): The availabiliry of column chromatography of
amino acids is important as a f inal  diagnost, ic technique.

1 /  E f r o n ,  M .  L . ,
Chromatographic
Metabol ism. NEW

Young ,  D . ,  Mose r ,  H .  W. ,  and  l l acCready ,  R .  A . :  A  S imp le
Screening Test  for  the Detect ion of  Disorders of  Amino Acid

ENGLAM JOURML OF I {EDICINE, L964,  270,  t378-1383.
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?ANIE IAK IS  (Greece ) :  G lucose -6 -phospha te  dehyd rogena$e  de f i c i ency  i s  i nd i -

rec t l y  an  impor tan t  cause  o f  ke rn i c te rus  and ,  t he re fo re ,  men ta l .  r eLa rda t i on .

Genera l  Commen ts :  One  shou ld  be  cau t i ous  i n  t es t i ng  d i l u te  u r i ne  sa rnp les  be -

cause the c l in ica l  tests would then be r , reaker  than one r^rould ant ic ipate.
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PHENYLKETONURIA--A PUBLIC
HEALTH RESPONSIBILITY
IN MARYLAND

BENJAMIN D. WHITE, M. D",  M. P.H.

United States

P h e n y l k e t o n u r i a  l e n d s  i t s e l f  t o  t h e  p h i l o s o p h y  a n d  p r a c t i c e  o f  p u b l i c  h e a L t h
p e r h a p s  m o r e  t h a n  a n y  o t h e r  c o n d i t i o n ,  d i s o r d e r ,  o r  d i s e a s e .  W i t h  p h e n y l " -
k e t o n u r i a ,  t h e  p r i n c i p l e s  o f  p r e v e n t i v e  m e d i c i n e  c a n  b e  a p p l i e d  f u l " l y
t h r o u g h  e a r l y  c a s e f i n d i n g ,  t r e a t m e n t ,  f o l 1 " o w u p  s e r v i c e s ,  g e n e t i c  c o u n s e l i n g ,
a n d  b a s i c  h e a l t h  e d u c a t i o n .

l n t e r e s t  i n  p h e n y l k e t o n u r i a ,  c o u p l e d  w i t h  v i g o r o u s  r e s e a r c h ,  h a s  l e d  t o
s i m p l i f i e d  m e t h o d s  o f  d e t e c t i o n  a n d  l r e a t m e n t .  F i r s t  c a m e  t h e  u r i n e -
s c r e e n i n g  m e t h o d ,  w h i c h  d e m o n s t r a t e d  t h a t ,  w h e n  1 0  p e r c e n t  f e r r i c  c h l o r i d e
w a s  d r o p p e d  o n  i h e  u r i n e - s a t u r a t e d  d i a p e r  o f  a n  i n f a n t  w i t h  p h e n y l k e t o n u r i a ,
a  d e f i n i t i v e  b l u e - g r e e n  c o l o r  a p p e a r e d ,  T h e  u r i n e - s c r e e n i n g  t e s t  v r a s  r e -
f i ned  fu r the r  when  a  commerc ia l  l abo ra to ry  deve i . oped  a  t es t  t ape  i r np regna ted
w i t h  d r i e d  f e r r i c  c h l o r i d e . l /  H o w e v e r ,  i t  w a s  f o u n d  t h a t ,  u n t i l  t h e  i n f a n t
r e a c h e s  4  t o  6  w e e k s  o f  a g e ,  t h e s e  t u r o  p r o c e d u r e s  h r e r e  n o t  r e l i a b l e .  T h e r e -
fo re ,  b ra in  damage  may  have  a l ready  occu r red  to  some  deg ree  be fo re  t r ea tmen t
c o u l d  b e  s t a r t e d .

I n  r e c e n t  y e a r s ,  D r . G u t h r i e  h a s  d e v e l o p e d  t h e  b i o a s s a y  s c r e e n i n g  p r o c e d u r e
wh ich  sem iquan t i t a t i ve l y  de te rm ines  the  b1ood  1eve1  o f  pheny la lan ine .? /1 /
Th i s  p rocedu re ,  wh i ch  can  be  pe r fo rmed  w i th  a  d rop  o f  b l ood  f rom the  hee l
o f  t h e  i n f a n t ,  m a y  b e  u s e d  w i t h  r e l i a b l e  r e s u l t s  w h e n  a n  i n f a n t  i s  a s  y o u n g
a s  2  o r  3  d a y s  o f  a g e ,

1 /  C e n t e r w a l l ,  W . R . .  C h i n n o c k ,  R . F . ,  a n d  P u s a v a t ,  A . :  P h e n y l k e t o n u r i a - -
Screening Programs and Test ing Methods.  AMERICAN JOURNAL 0F PUBLIC HEALTH
A N D  T H E  N A T T O N ' S  H E A L T H ,  1 9 6 0 ,  5 0 ,  L 6 6 7 - L 6 7 7 .
2 /  G u t h r i e ,  R . :  B l o o d  S c r e e n i n g  f o r  P h e n y l k e t o n u r i a .  / L " t t e r s  t o  t h e
Jou rna l . /  JoURNAL oF  THE A I ' IERTcAN MEDTcAL  ASSocTATT0N;196 r ,  L7g ,863 .
3 /  G u t h i i e ,  R . ,  a n d  S u s i ,  A . :  A  S i m p l e  P h e n ; r l a l a n i n e  M e t h o d  f o r  D e t e c L i n g
Pheny l ke tonu r i a  i n  La rge  PopuLa t i ons  o f  Newborn  rn fan ts .  pEDrATRrcs .  1963 .
32 ,  338 -343 .
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O b v i o u s l y ,  t h i s  m e t h o d  i s  h i g h l y  d e s i r a b L e - - i f  w e  b e l - i e v e  i n  t h e  p r e m i s e
tha t  t he  ea r l i e r  t he  t r ea tmen t  o f  pheny l ke tonu r i a  can  be  i n i t i a ted ,  t he
g r e a t e r  t h e  p o s s i b i l i t y  t h a t  m e n t a l  r e t a r d a t i o n  w i l L  b e  p r e v e n t e d , 4 /

S i n c e  p h e n y l k e t o n u r i a  i s  s u c h  a  r a r e  c o n d i t i o n ,  t h e  q u e s t i o n  h a s  b e e n  r a i s e d
f requen t l y  as  t o  whe the r  o r  no t  mass  sc reen ing  p rog rams  a re  t r uLy  j us t i f i ed .
I t  i s  impo r tan t  t o  remember ,  howeve r ,  t ha t  i n  t he  pas t  10  yea rs  t he  i nc idence
o f  " t r ue t r  pheny l ke tonu r i a  and /o r  hype rpheny la lan inemia  has  i nc reased  f rom an
e s t i m a t e d  1  i n  4 0 , 0 0 0  l - i v e  b i r t h s  t o  a n  e s t i m a t e d  l "  i n  1 0 , 0 0 0  l i v e  b i r t h s  a t
t he  p resen t  t ime .  Pe rhaps  the  i nc idence  w i1 "1  p rove  to  be  h ighe r .

W i th  t he  s imp l i c i t y  and  re la t i ve l y  l ow  cos t  o f  mass  sc reen ing  p rog rems ,  ea r l y
case f i nd ing  mus t  be  recogn i zed  as  t he  human i ta r i an  app roach  and ,  bas i caL l y ,
a  pub l i c  hea l t h  respons ib i l i t y .  Mass  sc reen ing  among  newborn  i n fan ts  has
a l ready  po in ted  ou t  t he  va r i a t i ons  i n  se rum pheny la lan ine  1eve1s  wh ich  he re -
t o f o r e  w e r e  n o t  r e c o g n i z e d ,  C e r t a i n l - y  t h i s  r e c o g n i t i o n  i s  q u i t e  i m p o r t a n t
s ince  i t  has  p rec ip i t a ted  more  ca re fu l  eva lua t i on  be fo re  t r ea tmen t  i s  begun
and  has  l ed  t o  more  ca re fu l  f oL lowuo .

Sc reen ing  w i th  Ehe  Gu th r i e  t es t  now  has  become a  rou t i ne  p rocedu re  i n  many
o f  o u r  h o s p i t a L s  i n  t h e  U n i t e d  S t a t e s ;  b u t .  b e c a u s e  o f  t h e  r a r i t y  o f  p h e n y l -
k e t o n u r i a ,  t h e  i m p o r t a n c e  o f  t h e  p r o c e d u r e  o f t e n  i s  n o t  r e i n f o r c e d  b y  t h e
a c t u a l  f i n d i n g  o f  a  c a s e .  T h e r e f o r e ,  t h e  n e e d  t o  m o t i v a t e  h o s p i t a l -  p e r s o n n e L
to  ca r r y  ou t  t he  p rocedu re  adequa te l y  and  respons ib l y  becomes  a  con t i nu ing
P r o c e s s .  P u b l i c  h e a l t h  a g e n c i e s  c a n  p r o v i d e  t h i s  s t i m u L u s  t o  h o s p i t a l  p e r -
sonne l  t h rough  the  use  o f  f i lms  and  ac tua l  demons t ra t i ons  on  the  mos t  e f f ec -
t i ve  t imesav ing  me thods ,  I n  Mary land ,  we  have  found  tha t  pe r i od i c  commun ica -
t i ons ,  such  8s  a  mon th l y  news le t t e r  on  the  ove ra l l  pheny l ke tonu r i a  sc reen ing
p r o g r a m ,  i s  a n  e f f e c t i v e  m o t i v a t i o n  d e v i c e  a 1 s o ,

Many  o the r  coun t r i es  have  begun  sc reen ing  p rog rams  fo r  phenyLke tonu r i a  o r
a r e  p l a n n i n g  t o  d o  s o .  S i n c e  t h i s  i s  a  r e l a t i v e l y  n e w  p u b l i c  h e a l t h  r e -
s p o n s i b i l i t y ,  i t  w o u l d  b e  e x t r e m e l y  h e l p f u l  i f  w e  c o u l d  s h a r e  o u r  e x p e r i e n c e s ,
i n c l u d i n g  p r o b l e m s  s p e c i f i c  t o  l a b o r a t o r y  p r o c e d u r e s ,  c a s e f i n d i n g ,  t , r e a t m e n t ,
and  fo1 l -owup .  The  commen ts  made  i n  t h i s  pape r  re la te  t o  t he  S ta te  o f
M a r y l a n d .  T h e  p r o b l e m s  f a c e d  a r e ,  n e v e r t h e l e s s ,  c o n m o n  t o  m o s t  o t h e r  p l a c e s .

M a r y l a n d  i s  a  f a i r l y  s m a l l  S t a t e ,  c o v e r i n g  a p p r o x i m a t e l y  L 0 , 5 7 7  s q u a r e  m i l e s .
E i g h t y - o n e  p e r c e n t  o f  i t s  3 , 4 6 5 , 6 4 0  p o p u l a t i o n  i s  c e n t e r e d  i n  t h e  m e t r o -
p o l i t a n  B a l t i m o r e  a n d  i n l a s h i n g t o n  a r e a s .  0 f  t h e  t o t a l  n u m b e r  o f  r e s i d e n t s ,
1 6 . 7  p e r c e n t  a r e  n o n w h i t e .  N i n e t y - n i n e  p e r c e n t  o f  a l l  b i r t h s  i n  t h e  S t a t e
t a k e  p l a c e  i n  o n e  o f  t h e  4 9  g e n e r a l  h o s p i t a l s  w h i c h  a r e  i n s p e c t e d  a n d
l i censed  by  t he  Mary land  S ta te  Depa r tmen t  o f  Hea l t h .

I n  Feb rua ry  1964 ,  t he  S ta te  Depa r tmen t  o f  Hea l t h  i n i t i a ted  a  p rog ram o f

sc reen ing  fo r  pheny l - ke tonu r i a  by  i n t rodue ing  the  Gu th r i e  t es t  on  a  p i l o t

4 l  LaDu,  Ber t  N .
Pheny l -ke tonur ia .

The  Tmpor tance  o f  Ea r l y  D iagnos i s  and  T rea tmen t  o f

ANNALS OF TNTERNAL MEDTCTNE,  L959 ,  51 ,  L427 -L433 .
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b a s l s  i n  f o u r  h o s p i t a l s  i n  B a l t i m o r e .  I n  J a n u a r y  L 9 6 5 ,  t h e  S t a t e  D e P a r t m e n t
o f  H e a l t h  o f f e r e d  t h e  p r o c e d u r e  a t  n o  c h a r g e  t o  a L l  4 9  h o s p i t a l s  i n  t h e

S E a t e .  A s  o f  M a r c h  1 9 6 6 , 4 4  h o s p i t a l s  l r e r e  p a r t i c i p a t i n g  i n  t h i s  s c r e e n i n g
program.  Each o f  the  o ther  f i ve  hosp i ta ls  was e i ther  per fo rming  the  Guthr ie
tes t  o r  hav ing  i t  done by  a  commerc ia l  labora tory  approved by  the  Sta te
D e p a r t m e n E  o f  H e a 1 t h .

Basic Problems

The mass screen ing  program fo r  pheny lke tonur ia  has  presented  a  number  o f
p rob lems,  most  o f  wh ich  have been reso lved dur ing  the  p i1"o t  per iod  th rough
c o n s c i e n t i o u s  e f f o r t s  o n  t h e  p a r t s  o f  p h y s i c i a n s ,  t h e  m e d i c a l  c e n t e r s ,  a n d
the  Sta te  Depar tment  o f  HeaLth .  In  the  ear ly  s tages  o f  the  program'  an  in -
su f f i c ien t  quant i t y  o f  b lood fo r  the  spec imen in  the  Guthr ie  co l lec t ion  un i t

represented  a  major  p rob lem.  One reason fo r  th is  was the  use  o f  unsu i tab le

lancets  fo r  mak ing  adequate  hee l  punc tures .  Th is  p rob lem was so1-ved by

chang ing  f rom lancets  w i th  very  f ine  po in ts  to  those w i th  b road po in ts .

Another  p rob lem has  centered  around deveLop ing  adequate  fo l lowup Procedures
to  be  cer ta in  tha t  a  repeat  spec imen is  rece ived f rom each in fan t  whose
in iE ia l  spec imen had an  insu f f i c ien t  quant i t y  o f  b lood or  had a  pheny la lan ine

conten t  o f  4  mg.  percent  o r  h igher .  As  recommended by  Guthr ie ,  4  mg.  Percent
or  h igher  i s  cons idered to  be  a  p resumpt ive  pos i t i ve .  As  the  program has
groarn ,  communica t ions  have improved and these probLems are  decreas ing .

In  the  ear ly  s tages  o f  the  Program,  there  was a  tendency  among the  sma11
hosp i ta ls  whose matern i ty  serv ices  were  l im i ted  to  re ta in  b lood spec imens
unt i l  a  la rge  number  had been accumula ted .  Th is  p rob lem has  been a l lev ia ted
b y  r e q u i r i n g  a l l  h o s p i t a L s  t o  m a i l  s p e c i m e n s  d a i l y ,  r e g a r d L e s s  o f  n u m b e r .

T h e  p r o b l e m s  s p e c i f i c  t o  t h e  l a b o r a t o r y  h a v e  b e e n  m i n o r  b u t ,  n e v e r t h e l e s s ,
bo thersome.  In  the  in i t ia l  s tage o f  the  program,  one o f  these prob lems was
the  tendency  to  t tover - read i l  the  Guthr ie  tes t  resu l ts .  Proper  l igh t ing  and
background fo r  read ing  have reduced the  day- to -day  var ia t ions  in  tes t
resu l ts .  The labora tory  a lso  had prob lems w i th  med ia  in  dehydra ted  fo rm
because they  absorbed mois tu re  f rom the  a tmosphere  dur ing  pro longed s to rage.
T h i s  l e d  t o  d i f f i c u L t y  i n  i n t e r p r e t a t i o n  o f  r e s u l t s .  T h i s  h a s  b e e n  c o r r e c t e d
now.

Procedures

I t  i s  ve ry  necessa ry  t o  adop t  sound  p rocedu res  i n  t he  l abo ra to ry  i f  t he

sc reen ing  p rog ram i s  t o  be  ca r r i ed  ou t  op t ima l l y .  The  Mary land  S ta te

Depar tmen t  o f  Hea l t h  Labo ra to ry  has  deve loped  a  s t r i ngen t  rou t i ne  f o r  rou t -

i ng  and  reg i s te r i ng  spec imens  fo r  PKU tes t i ng  and  repo r t i ng  resu l t s .  Th i s

rou t i ne  i s  ou t l i ned  on  page  47 .
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Recommended Staffing Patter:n for Labclratory

T h e  a c c u r a c y  o f  t h e  G u t h r i e  t e s t  i s  d e p e n d e n t  u p o n  p e r s o n n e l  w h o  a r e
s u f f i c i e n t l y  t r a i n e d  i n  t h e  t e c h n i q u e  a n d  w i r o  r e c e i v e  p r o p e r  s u p e r v i s i o n .
A f te r  15  mon ths  o f  ope ra t i on ,  t he  l ' l a r yLand  S ta te  Depa r tmen t  o f  I i ea l t h
Labo ra to ry  has  found  Lha t  t he  p rog ram can  be  ra r r i ed  o r . r t  cp t ima l l y  i f  t he
s u p e r v i s i o n  a n d  f i n a i .  r e s p o n s : - b i l i t , v  r e s t  w i t h  a  i n j . c r c l b i o l o g i s t ,  p r e f e r a b l v
w i t h  e x p e r i e n c e  i n  m i c r o b i o l o g i c  a s s a y  p r o c e i . i u r e s .  K n o w l e r l g e  o f  t f i e  p r o b -
l e m s  a s s o c j a t e d  w i t h  b i o l o g i c a l  a s s a y s  i s  e s s e n t j a l .

O n e  l a b o r a t o r y  a s s i s t a n t  w o r k s  u n d e r  t h e  s u p e r v i s i o n  o f  t h e  m i c r o b i o l o g i s t .
T h e  a s s i s t a n t  i s  r e s p o n s i b l e  f o r  p r e p a r i n g  m e d i a  a n d  r e a g e n t s ,  s e t t i n g  u p
s p e c i m e n s .  a n d  r e a d i n g  a n d  r e p o r t i n g  r e s u l t s  u n d e r  t } ' r e  s u p e r v l s i o n  o f  t h e
m i c r o b i o l o g i s t ,  E x p e r i e n c e  h a s  s h o w n  t h a t  o n e  q r i a l i f i e d  l a b o r a t o r y  a s s i s -
t an t  can  hand le  app rox ima te l - y  300  spec imens  a  da l '  a l ong  w i th  t he  i nc iden ta l
p a p e r w o r k .  I f  a  c L e r k  i s  p r o v i d e d  t o  h a n d L e  t h e  p a p e r w o r k ,  t h e  l a b o r a L o r y
a s s i s t a n t  c a n  p r o c e s s  5 0 0  s p e c i m e n s  a  d a y ,  G e n e r a l l - y  s p e a k i n g ,  o n e  ] a b o r a -
t o r y  a s s i s t a n t  a n d  o n e  c L e r k  s h o u L d  b e  a i - . 1 e  t o  h a n d l e  a  s c r e e n i n g  a n d
fo1 -1owup  P rog ram invoLv ing  100 ,000  spec imens  a  yea r .  Expe r i ence  has  shown
t h a t  t h e  l a b o r a t o r y  a s s i s t a n t  n e e d s  o n l y  a  m i n i m a 1  e d u c a t i o n a l  b a c k g r o u n d
a n d  l h a t  P e r s o n s  w i t h  m o r e  s o p h i s t i c a t e d  e d u c a t i o n a l  b a c k g r o u n d s  ( f o r  e x -
a m p l e ,  a  c o l l e g e  d e g r e e )  t e n d  t o  b e c o m e  b o r e d  v e r l '  q u i c k l " y  w i t h  t h e  r o u t i n e .
A s  a  c o n s e q u e n c e .  t h e  a c c u r a c y  o f  t h e  t e s t  i s  j e o p a r d i z e d .

Analysis of the Maryland Program

A n a l v s i s  o f  d a t a  o b t a i n e d  d u r i n g  t h e  1 5  m o n t h s  o f  t h e  l l a r y l a n d  s t a t e w i d e
s c r e e n i n g  p r o g r a m  r e v e a l e d  t h a t  t h e  S t a t e  D e p a r t m e n t  o f  H e a l t h  L a b o r a t o r y
p r o c e s s e d  5 5 . 2 1 ( r  s p e c i m e n s  f o r  t h e  G u t h r i e  t e s t .  T h i s  m e a n s  t h a t  8 0  p e r c e n t
o f  t h e  6 8 , 7 8 9  i n f a n t s  b o r n  i n  t h e  S t a t e  b e t w e e n  J a n u a r y  1 ,  L 9 6 5 ,  a n d  M a r c h  3 1 ,
L 9 6 6 ,  w e r e  t e s t . e d .  A s  p r e v i o u s l y  n o t e d "  f i v e  h o s p i t a L s  a r e  n o t  p a r t i c i p a t i n g
i n  t h e  s t a t e w i d e  p r o g r a m ,  a n d  L 2 , 3 6 1  b i r t h s  t o o k  p l a c e  i n  t h e m  d u r i n g  t h i s
pe r i  od  .

0 f  t h e  5 5 , 2 1 6  s p e c i m e n s  p r o c e s s e d  b y  t h e  S t a t e  D e p a r t m e n t  o f  H e a l t h ,  L , 6 9 4
i n i t i a l  s p e c i m e n s  ( o r  3 0 6  p e r  1 0 , 0 0 0  s p e c i m e n s  r e c e i v e d )  w e r e  u n s a t i s -
f a c t o r y ;  r e p e a t  t e s t s  w e r e  m a d e .  A s  e x p e c t e d ,  m o s t  ( o r  9 , 9 8 9  p e r : 1 0 , 0 0 0
s p e c i m e n s )  h a d  p h e n y l a l a n i n e  1 e v e 1 s  i n  t h e  r a n g e  o f  2  m g .  p e r c e n t  o r  l e s s .
F o r t y  s p e c i m e n s  ( o r  7  p e r  1 0 , 0 0 0  s p e c i m e n s )  w e r e  i n  t h e  4 - * g . - p e r c e n t  r a n g e ;
r e P e a t  t e s t s  h a d  r e s u l t s  i n  t h e  n o r m a l  r a n g e  f o r  a l l  4 0 .  T w e n t y - f o r - r r  s p e c i -
m e n s  ( o r  4  p e r  1 " 0 , 0 0 0  s p e c i m e n s )  h a d  r e a d i n g s  o f  6  m g .  p e r c e n t  o r  h i g h e r .
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ANALYSIS OF SERUM PHENYLALANINE AND TYROSINE FOLLOWUP

ON 24 INFANTS WHOSE INITIAL GUTHRIE TEST RESULTS WERE

6 MG. PERCENT OR HIGHER

C a s  e

Number

1
2

5
o

7
8
9

1 0
1 1
L 2
1 3
L4
1 5
1 6
L 7
1 8
1 9
2 0
2 1
2 2
2 3
2 4

M g ,  P e r c e n t

6
6
6
6
6
6
b

6
6
6
6 - 1 0
6 - 1 0
6 -  1 0
6 - 1 0
6 - 1 0
6 - 1 0
Great  e r
G r e a t  e r
Great  e r
Great  e r
Great  e r
GreaE er
Great  e r
G r e a t  e r

TJ*q.rqe

Normat al
Normal q/
Normal a/
Normal a/

1 l

L\Orma I a /
NormaL a/
Norrnal  a/
Norrnal a/
No rma l  a /
Normal"  a/
3L .2  c l
3 ] 1 L  c /

D ie ta ry

T reatment

Yes
Y e s

G u t h r i e  T e s t  R e s u l t s "l,qnjr *SjJ,tS e"1-19q!t!

t h a n  2 0
than 20
t h a n  2 0
t h a n  2 0
t h a n  2 0
than 20
t h a n  2 0
than 20

Pheqlla lgpine,

Nor"rna I a /
Normal  a /
Normal a/
Normal a/
Norrna 1 a /
Normal a/
Normal al
Normal  a /
Greater  than
Greater  Lhan
Normal" a/
Normal  a /
Normal 4./
Greater  than

a t

Norma  I  a /
t lor rnal  g/
Grea te r  t han
Grea te r  t han
Grea te r  t han
G r e a t e r  t h a n
G r e a t e r  t h a n
G r e a t e r  t h a n
Grea t  e r  t h .an
Ll reate ' :  t i re .n

20
20 b-/

10 !.;'

20
2A
20
20

2A
20
20

5 .5
Normal
Normal
Norma I
Normal
NormaL
Normal
Normal
Normal-
Normal
Normal
I'Torma 1

a /
a l
2 /
q/
e l
a /
a /

4 /
a /
a /
a /

Y e s
Yes
Y e s
Y e s
Y e s
Y e s
Yes
Y e s

a /  No rma l  range  i s  l ess  t l r an  / r  mg .  Pe rcen t  .
E /  Se rum pheny la lan ine  rema ined  a t  6 *8  rag .  pe rcen t  w i t h  pa t i en t  on  no rma l

d i e t  a t  8  m o n t h s  o f  a g e .
c /  T y r o s i n e  1 e v e 1 s  r e t u r n e d  t o  n o r m a l  w i t h i n  l - - 4  v e e k s "

$ /  Se rum pheny la lan ine  rema j -ned  a t  6 - *g " -pe r :€nL  l eve1  w i thou t  t r ea tmen t .
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The  tab le  on  the  p reced ing  page  shows  an  ana l ys i s  o f  t he  resu l t s  o f  a  se rum
pheny la lan ine  fo l l owup  on  24  i n fan ts  whose  i n i t i a l  Gu th r i e  t es t  r esu l t s  we re
6  tng .  Pe rcen t  o r  h ighe r .  Cases  1  t h rough  10  had  i n i t i a l  Gu th r i e  resu l1s  o f
6  mg .  pe rcen t .  Resu l t s  o f  subsequen t  se rum pheny la lan ine  ana l yses  by  t he
LaDu method were in  the normal  range for  e ight  of  the in fants and above 20 mg.
pe rcen t  f o r  lwo .  These  two  i n fan ts  we re  p laced  on  t rea tmen t .  The  t rea tmen t
was  d i scon t i nued  fo r  one  o f  t hem a t  t he  age  o f  B  mon ths ;  when  he  was  hos -
p i t . a l i zed  fo r  reeva lua t i on  and  p laced  on  a  no rma l -  d i e t ,  h i s  pheny la lan ine
leve l  r ema ined  be tween  6  and  B  *g .  pe rcen t .

C a s e s  1 1  t h r o u g h  1 6  h a d  i n i t i a l  G u t h r i e  r e s u l t s  o f  6 - 1 0  m g .  p e r c e n t .  S e r u m
ana lyses  revea l -ed  e leva ted  t y ros ine  l eve l s  bu t  no rma l  pheny la lan ine  l eve l s
i n  t h ree  cases .  The  t y ros ine  l eve l s  re tu rned  to  no rma l  w i t h i n  a  f ew  weeks .
The  o the r  t h ree  cases  had  no rma l  pheny la lan ine  and  t y ros ine  l eve l s  by  t he
LaDu  me thod .

Cases 17  th rough 24
cent ,  and the  serum
a l l .  T h e s e  i n f a n t s

I n  suu rna ry ,  a  t o ta l  o f  n i ne  i n fan ts
a n  i n i t i a l  G u t h r i e  r e s u l t  o f  6  m g .
t e s t  r e s u l t s  o f  g r e a t e r  t h a n  2 0  m g .
t h r e e  o f  t h e s e  i n f a n t s  a r e  N e g r o e s ;
no t  been  comp le ted .

h a d  i n i t i a l  G u t h r i e  t e s t  r e s u l t s  g r e a t e r  t h a n  2 0  r n g .  p e r -
ana l ys i s  f o r  pheny la lan ine  was  above  20  mg .  pe rcen t  f o r
we re  p laced  on  t reaEmen t  whe re  they  have  rema ined .

a r e  n o w  b e i n g  t r e a t e d .  O n e  o f  t h e s e  h a d
pe rcen t ,  and  e igh t  had  i n i t i a l  Gu th r i e

p e r c e n t .  O f  i n t e r e s t  i s  t h e  f a c t  t h a t
de te rm ina t i ons  abou t  wh i t e  ances t r y  have

RESULTS OF PSYCHOLOGICAL EVALUATIONS OF FIVE INFANTS
WITH PHENYLKETONURIA AT B MONTHS OF AGE

C a s  e
Number Psvchomet r i c  Resu l t s

S u s  p e c t
Normal
Norma 1

Suspec t  t o  No rma l
Normal

Age  T rea tmen t
S t a r t e d
1 month

16  days
I  month
I  W S E A

2 1  d a y s

I

2
3
4
5

Con t ro l
Poor
Good
Good
Good
Good

7 r
7 r
d l

;/

a /  G o o d  c o n t r o l  i s ma in tenance  o f  pheny la lan ine  l eve1  o f  2 -6  mg .  pe rcen t

The  above  tab le  shows  the  resu l t s  o f  psycho log i ca l  f o l l owup  eva lua t i on  f o r
f i ve  o f  t he  n ine  i n fan ts  who  had  d iagnoses  o f  r r t r ue i l  pheny l l ce tonu r i a  and  a re
be ing  t rea ted .  A  psycho log i s t  expe r i enced  i n  i n fan t  t es t i ng  made  the
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eva lua t i ons  when  a l l  t he  i n fan ts  we re  B  mon ths  o f  age .  The  resu l t s  we re

inconc lus i ve  bu t  encou rag ing  i n  t ha t  none  o f  t he  bab ies  showed  marked  re -

t  ardat  ion .

Th ree  i n fan ts  l r e re  cons ide red  to  be  we l l  w i t h i n  t he  no rma l  range  o f  pe r fo rm-

ance  fo r  t he i r  age .  D ie ta ry  t r ea tmen t  was  begun  fo r  t hese  th ree  a t  16  days '

21  days ,  and  1  rnon th ,  r espec t i ve l y .  The  con t ro l  was  cons ide red  good ,  w i t h

se rum pheny la lan lne  l eve l s  s tay ing  i n  t he  range  o f  2 -6  mg ,  pe rcen t  '  one  i n -

f an t  was  pe r fo rm ing  i n  t he  " suspec t i l  r ange  a t  6  mon ths ,  and  h i s  d ie ta ry  con -

t ro l  was  cons ide re i  poo t .  The  i i f t n  i n fan t  was  func t i on ing  i n  t he  I ' suspec t "

t o  no rma l  range ;  t he  d ie ta ry  con t roL  was  cons ide red  good  fo r  t h i s  i n fan t '  I

shou ld  be  no ted  tha t  t he  f i f t h  baby  was  be ing  ca red  fo r  i n  an  adop t i on  i n -

s t i t u t i o n ,  a n d  s o m e  o f  t h e ' t s u s p e c t i l  p e r f o r m S n c e  m a y  r e l a t e  t o  t h i s  f a c t '

Public Health ResPonsibilitY

Pub l i c  hea l t h  agenc ies  mus t  go  beyond  s imp le  case f i nd ing  p rov ided  th rough

m a s s  s c r e e n i n g  p r o g r a m s .  T o  t h i s  e n d ,  p a r t i c i p a t i o n  i n  t h e  p r e v e n t i v e

a s p e c t s  o f  t o t a l  c a s e  m a n a g e m e n t  i s  i m p e r a t i v e '

I n  m o s t  i n s t a n c e s ,  i t  i s  i m p o s s i b L e  f o r  m e d i c a l  c e n t e r s  t o  o f f e r  t h e  n e c e s s a l

f o l Lowup  se rv i ces  i n  t he  homes  o f  pa t i en t s  w i t h  pheny l ke tonu r i a '  Ye t  i t  i s

t he  d ie ta ry  con t ro l  o f  t he  i n fan t  i n  h i s  own  home tha t  i s  t he  t r ue  tes t  o f

t he  e f f ec t i veness  o f  t he  t r ea tmen t .  Expe r i ence  has  shown  tha t  mos t  mo the rs

o f  young  i n fan ts  w i t h  pheny l ke tonu r i a  a re  f r i gh tened  and  bew i l de red '  I n

o rde r  t o  ove rcome these  obs tac les  t o  p rope r  managmen t ,  suPPor t  f o r  t he  mo the r

i s  needed .  Th i s  suppo r t  i s  r a re l y  p rov ided  th rough  a  week l y  o r  even  rnon th l y

v i s i t  t o  a  c l i n i c  o i - h o s p i t a L ,  T h e  o c c a s i o n a l  p e d i a t r i c i a n  i n  p r i v a t e  p r a c -

t i ce  who  chooses  to  t r ea t  h i s  own  cases  can  ra re l y  g i ve  t h i s  con t i nu ing

s u p p o r t  w h i c h  i s  n e e d e d  t o  a s s u r e  s u c c e s s f u l  t r e a t m e n t '

Pub l i c  hea l t h  agenc ies  mus t  be  accep ted  as  an  impor tan t  pa r t  o f  a  mu l t i -

d i sc ip l i ne  app roach .  They  can  p rov ide  e f f ec t i ve l y  t he  con t i nu ing  suPpor t  t o

the  fam i l y  t h rough  b road  se rv i ces  wh i ch  a re  no t  l im l t ed  to  t he  i nd igen t  '

W h e t h e r  t h e s e  s e r v i c e s  a r e  s u c c e s s f u l ,  h o w e v e r ,  d e p e n d s  u P o n  a n  i n l e n s i v e

educa t i on  p rog ram fo r  p ro fess iona l  pub l i c  hea l t h  pe rsonne l "  as  t o  t he  na tu re

o f  pheny l ke tonu r i a  and  how Ehey  can  g i ve  ass i s tance  to  t he  phys i c i : i n  and

m e d i c a l  c e n t e r ,  a s  w e l l  a s  t o  t h e  p a r e n t  i n  t h e  h o m e .  I n  m o s t  i n s t a n c e s ,

the  pub l i c  hea l t h  nu rse ,  w i t h  P roPer  o r i en ta l i on ,  can  g l ve  gu idance  to  t he

pa ren ts  o f  ch i l d ren  w i th  pheny l ke tonu r i a .  She  can  ve ry  e f f ec t i ve l y  ma inLa in

a  con t i nu ing  l i a i son  w i th  t he  med icaL  cen te r  and  p rac t i c i ng  phys i c i an '  keep -

i n g  t h e m  i n f o r m e d  o f  s p e c i f i c  p r o b l e m s ,  i L l - n e s s e s ,  f a m i l y  c r i s e s ,  o r  a n y

o the r  de te r ren ts  t o  t he  e f f ec t i ve  t r ea tmen t  and  i nd i v i dua l  case  managemen t  '

Pub l i c  hea l t h  agenc ies  shou l -d  be  p repa red  a l - so  t o  p rov ide  con t i nu ing  nu t r i -

t i ona l  consu l t a i i on  se rv i ces  t h rough  the  med ica l  cen te r  o r  phys i c i an  manag-

ing  the  case .  such  consu l t a t i on  may  be  i n  t he  f o rm  o f  d i rec t  se rv i ce  t o  t he

tam i t y  o f  t he  pa t i en t  o r  t o  t he  pub l i c  hea l t h  nu rse  who  w i l l -  make  f requen t

v i s i t s  t o  t h e  h o m e .
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To  go  beyond  mass  sc reen ing  o f  i n fan ts ,  f u r t he r  case f i nd ing  can  be  p rov ided
t h r o u g h  f a m i l y  s t u d i e s ;  i t  i s  i n  t h i s  a r e a  t h a t  p u b l i c  h e a L t h  a g e n c i e s  c a n
make  a  ma jo r  con t r i bu t i on .  Howeve r ,  i t  i s  d i f f i cu l t ,  i f  no t  imposs ib le ,  f o r
med ica l  cen te rs  and  p r i va te  phys i c i ans  to  reach  beyond  the  i rmned ia te  f am i l - y
o f  t he  pa t i en t  f o r  f u r t he r  sc reen ing  fo r  pheny l ke tonu r i a .  PubL i c  hea l t h
a g e n c i e s  a r e  b e t t e r  e q u i p p e d  f o r  t h i s  k i n d  o f  s u r v e y i n g .  B e c a u s e  o f  i t s
gene t i c  pa t te rn .  t he  h igh - r i sk  g roup  i nc ludes  no t  on1 "y  t he  pa ren ts  and  s ib -
l i n g s ,  b u t  r e l a t i v e s  a s  w e l 1 . 5 /

The  su rvey  b rough t  ou t  ano the r  impor tan t  aspee t  wh i ch  mus t  rece i ve  emphas i s
i n  p rog ram p lann ing - - t he  need  fo r  heaL th  educa t i on .  A  ques t i onna i re  p repa red
to  f i nd  ou t  j us t  how  much  the  pa ren ts  o f  ch i l d ren  w i th  con f i rmed  phenyL -
ke tonu r i a  knew abou t  t he  cond i t i on  revea led  tha t :

Six ty -one percent  d id  no t  know tha t  the  d isorder  was inher i ted .

2 .  F i f t y -e igh t  percent  d id  no t  unders tand the  impor tance o f  earLy
d iagnos i  s  "

3 .  F i f t y - s i x  p e r c e n t  h a d  n e v e r  d i s c u s s e d  t h e  c o n d i t i o n  w i t h  a  p r o -
f e s s i o n a l  p e r s o n .

4 ,  F i f t y -s ix  percent  d id  no t  know tha t  the  cond i t ion  can be  t rea ted
w i t h  a  s p e c i a l  d i e t .

Th is  po in t  was  demonst ra ted  by  the  Mary land Sta te  Depar tment  o f  Hea l th  2
years  ago when i t  under took  a  survey  w i th in  the  Sta te  o f  fami l ies  and c lose
re la t i ves  o f  persons  known to  have pheny lke tonur ia .  Parents ,  s ib l ings ,  f i r s t
and second cous ins ,  and,  in  a  number  o f  ins tances ,  aunts  and uncLes t re re
s c r e e n e d ,  u s i n g  t h e  f e r r i c  c h l o r i d e  u r i n e  t e s t .  A f t e r  s c r e e n i n g  2 5 8  i n d i v i d -
ua ls  in  th is  h igh- r i sk  popu la t ion ,  16  add i t iona l  cases  o f  pheny lke tonur ia
w e r e  c o n f i r m e d . 9 /  S i x  o f  t h e s e  c a s e s  h a d  n o t  b e e n  d i a g n o s e d  p r e v i o u s l y .  A 1 1 "
s ix  were  ch iLdren under  12  years  o f  age,  and each was severe ly  menta l l y
re ta rded.  I t  was  d i f f i cuL t  to  unders tand why a  s imp l -e  fe r r i c  ch lo r ide  sereen-
ing  procedure  had never  been car r ied  ou t  on  any  o f  these ch i ld ren .  In  any
c a s e ,  t h e  r e s u l t s  o f  t h i s  s u r v e y  u n d e r s c o r e d  t h e  f a c t  t h a t  s c r e e n i n g  o f  r e l a -
t i ves  o f  pa t ien ts  w i th  pheny lke tonur ia  shou ld  be  an  in tegra l  par t  o f  pub l " i c
hea l th  pheny lke tonur ia  de tec t ion  programs.

Casef ind ing  th rough screen ing  procedures  shou ld  be  expanded fu r ther  by  phys i -
c ians  and pub l ic  hea l th  agenc ies  to  inc lude aL l  pa t ien ts  w i th  neuro log i la i

5/  FOUR SURVEYS OF PHENYLKRTONURIA HIGH RISK GROUPS. Washington, D.C.:  U.S
Depar tment  o f  Hea l th ,  Educat ion ,  and Wet fa re ,  Wel fa re  Admin is t ra t ion ,  Ch iL-
d r e n f s  B u r e a u ,  L 9 6 1 .  1 4  p p .

! /  Kramer ,  L loyd  I . ,  and Whi te ,  Ben jamin  D. :  A  SURVEY OF FAI , I IL IES AND
REI,ATIVES OF PROVEN PHENYLKETONURIA (PKU) PATIEMS IN MARYIA,ND. Paper pre-
sented  a t  N ine ty -Second Annua l  Meet ing ,  Amer ican Pub l ic  Hea l th  Assoc ia t ion ,
October  1964.
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d i f f i c u l t i e s ,  s u c h  a s  c o n v u l s i v e  d i s o r d e r s .  I t  h a s  b e e n  s t a t e d  t h a t  2 5  p e t -

cent  o f  pa t ien ts  w i th  pheny l -ke tonur ia  have se izures .  Hence,  the  d iagnos is

o f  ep i lepsy  may resu l " t  in  over look ing  the  poss ib i l i t y  o f  pheny lke tonur ia '  An

abnormal  e lec t roencepha logram shou ld  no t  lead  to  ru l ing  ou t  pheny lke tonur ia

because ) '9  percent  o i  ina iv idua ls  w i th  pheny tke tonur ia  have abnormaL EEGts-7 /

F ina l1y ,  pub l i c  hea l th  agenc ies  shou ld  assume the  respons ib i l - i t y  fo r  sc reen-

i n g  a 1 i  m l n t a l l y  r e t a r d e d  c h i l d r e n  i n  t h e  s p e c i a l  c l a s s e s  o f  p u b l i c  a n d

p r i v a t e  s c h o o l s .  S u c h  a  p r a c t i c e  w o u l d  u n c o v e r  o t h e r  h i g h - r i s k  p o p u l a t i o n s '

many o f  whom are  in  the  
"h iLdb"a t ing  

age and might  benef i t  f rom genet ie

c o u n s e l i n g ,  a l o n g  w i t h  h e a L t h  e d u c a t i o n '

W h i l e  t h i s  p a p e r  c o n c e r n s  i t s e i - f  w i t h  e a s e f i n d i n g  a s  i t  r e l a t e s  t o  p h e n y l -

k e t o n u r i a ,  i t  i s  n o t  i n t e n d e d  t o  o v e r l o o k  L h e  p o s s i b i l i t i e s  f o r  o t h e r  m e t a b o -

l i c  d i s e a s e s .  T h e  p u b l i c  h e a L t h  a p p l i c a t i o n  o f  b r o a d e r  s c r e e n i n g  p r o c e d u r e s

a w a i t s  o n l y  t h e  p r o v e n  r e s u l t s  o f  r e s e a r c h .  T h e  f u t u r e  o f  t h i s  p r o g r a m

represent "  
"  

r r , r l  cha l lenge.  On ly  th rough a  c lose  coopera t ive  re la t ionsh ip

" *org  
research  cenLers ,  med ica l  cen ters ,  and prac t ic ing  phys ic ians  can I

pub l l c  hea l th  depar tment  cont r ibu te  to  i t s  fu l - les t  pogent ia l .  I t s  success

wil l  be dependenl upon an open l ine of comrnunicat ion among al- l  concerned.

Wi th  th is  ach ieved,  v te  can hope to  fu1 f i1 l  our  ob l iga t ion  to  humani ty

chrough the  prevent ion  o f  d iseases  and hand icapp ing  cond i t ions .

Procedures of the Maryland State Department of Health Laboratory

for Routing and Registering specimens for PKU Testing

and Reporting Results

A.  Rece ip t

1 .  A11  spec imeng  rece i ved  fo r  PKU tes t i ng  a re  sen t  i nuned ia te l y  t o  t he

B ioassay  Labo ra to ry  f o r  number ing  and  p rocess ing '

2 .  I n  t he  B ioassay  l - abo ra to ry ,  t he  spec imens  a re  numbered  consecu t i ve l " y

(w i t h  dup l i ca te  numbers  on  the  h i s to ry  f o rm  and  the  f i l t e r  s t r iP )  '

3 .  The  numbered  h i s to ry  f o rms  a re  sepa ra ted  f rom the i r  f i L te r  s t r i ps .

a .  T h e  h i s t o r y  f o r m s  a r e  s e n t  t o  t h e  R e g i s t r a t i o n  O f f i c e ,  w h e r e  a

repo r t  shee t  on  wh ich  the  spec imens  a re  l i s t ed  i n  numer i ca l  o rde r  i s  p repa red

f o r  e a c h  h o s p i t a l .

1 /  ? a i n e ,  R . S . :
Phenylketonur ia

Provided by

Var iab i l i t y  i n  Man i fes ta t i on  o f  Un t rea ted  Pa t i en t s  l l J i t h

PEDTATRTCS,  L957 ,  20 ,  290 -302 ,
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b .  T h e  B i o a s s a y  L a b o r a t o r y  r e t a i n s  t h e  f i L t e r  p a p e r  s t r i p s  f o r
f u r t h e r  p r o c e s s i n g .

B . Report  ing

1- .  Resu l - ts  o f  the  PKU Lescs  are  recorded on  repor t  sheets ,  wh ich  are
t h e n  s i g n e d  a n d  d a t e d  b y  t h e  p e r s o n  r e a d i n g  t h e  r e s u l t s .  T h e  r e p o r t  s h e e t s ,
w i th  the  appropr ia te  h is to ry  fo rms,  a re  re tu rned pronpt ly  to  the  Reg is t ra t ion
O f f i c e  s o  t h a t  t h e  r e s u l t s  c a n  b e  t r a n s m i t t e d  t o  t h e  h o s p i t a l s .

2 .  One  copy  o f  each  repo r t  shee t  i s  re ta ined  i n  t he  B ioassay  Labo ra to ry
and  i s  f i l ed  unde r  t he  name o f  t he  hosp i t a l .  Fo r  spec imens  rece i ved  f rom
p r i v a t e  p h y s i c i a n s ,  c o u n t y  h e a l t h  d e p a r t m e n t s ,  o r  s o u r c e s  o t h e r  t , h a n  h o s -
p i t a l s ,  t he  h i s to ry  f o rms  a re  f i l - ed  i n  t he  B ioassay  Labo ra to ry  i n  a lpha -
b e t i c a l  o r d e r  b y  t h e  p a t i e n t s r  n a m e s .

Fo 1 lowup

1 .  Any  spec imen  found  "Unsa t i s fac to ry ' r  f o r  any  reason  i s  repo r ted  on  a
B lood  Pheny la lan ine  Fo l l owup  Fo rm.  A  copy  o f  t he  f o rm  i s  sen t  t o  t he  hos -
p i t a l  o r  pe rson  submi t t i ng  t he  spec imen  and  to  t he  hea l t h  depa r tmen t  i n  t he
c o u n t y  w h e r e  t h e  m o t h e r  r e s i d e s ,  A  c o p y  i s  f i l e d  i n  t h e  I n c o m p l e t e  F i l e  u n t i l
a  s a t i s f a c t o r y  s p e c i m e n  i s  r e c e i v e d .  I f  a  s p e c i m e n  i s  n o t  r e c e i v e d  w i t h i n  2
w e e k s ,  a p p r o p r i a t e  a c t r o n  i s  t a k e n  b y  t h e  s t a t e  D e p a r t m e n t  o f  H e a l t h .

2 .  Fo r  spec imens  found  to  have  phenyLa lan ine  l eve l s  o f  4  *g .  pe rcen t  by
the  Gu th r i e  t echn ique ,  a  reques t  f o r  a  second  b lood  f i L te r  pape r  ca rd  i s
made  on  a  spec ia l  f o rm .  Cop ies  a re  sen t  t o  t he  hosp i t a l  o r  pe rson  sub rn i t t i ng
the  spec imen  and  to  t he  hea l t h  depa r tmen t  o f  t he  coun ty  whe re  the  mo the r
r e s i d e s .  A  c o p y  o f  t h i s  r e p o r t  i s  f i l e d  i n  t h e  T n c o m p l - e t e  F i L e  u n t i l  a
fo l l owup  spec imen  i s  rece i ved .  I f  t he  f o l l owup  spec imen  i s  no t  rece i ved  w i th -
i n  2  w e e k s ,  a p p r o p r i a t e  a c t i o n  i s  t a k e n .

3 .  Fo r  spec imens  found  to  have  pheny la lan ine  Leve l s  o f  6  mg .  pe rcen t  o r
h ighe r  by  t he  Gu th r i e  t echn ique ,  a  reques t  f o r  a  c l o t t ed -b lood  spec imen  i s
made  by  t he  same p rocedu re  as  desc r i bed  i n  s tep  2  above .  A  copy  o f  t h i s
reques t  i s  f i l ed  i n  t he  I ncomp l -e te  F i l e  un t i l -  a  f o l l owup  spec imen  i s  rece i ved .

DISCUSSION

dupt i  (yugos l -av ia ) :  For ty  percent  o f  the  in fan ts  in  Yugos l .av ia  a re  born  in
the  home;  th is ,  there fore ,  p resents  a  d i f f i cu l ty  in  sc reen ing  the  newborns
for  pheny lke tonur ia .  Perhaps  spec imens fo r  sc reen ing  th is  g roup cou ld  be
obta ined when the  hea l th  teams went  in to  the  homes to  vacc ina te  w i th  BCG.

-  48 -

Provided by the Maternal and Child Health Library, Georgetown University

L



SCOTT (Sco t l and ) :  The re  has  been  a  gene ra l  t endency  i n  Sco t l and  fo r  phys l -

c i a n s  n o t  t o  a p p r e c i a t e  t h e  s i g n i f i c a n c e  o f  t h e  r e s u L t s  o f  t h e  G u t h r i e  t e s t -

i ng ,  Ano the r  p rob lem i s  t ha t  i n  Grea t  B r i t . a i n  t echn i c i ans  mus !  have  6  yea rs t

t r a i n ing ;  t h i s  requ i remen t  makes  i t  d i f f i cu l t  t o  rec ru i t  pe rsonne l -  t o  pe r fo rm

a  monogonous  rou t i ne  p rocedu re .  E igh ty  pe rcen t  o f  t he  b i r t hs  occu r  i n  hos -

p i t a l - s ,  whe re  i n fan ts  rema in  un t i L  6 -8  days  o f  age .

FARQUI IAR (Sco t l and ) :  F i f t een  pe rcen t  o f  t he  i n fan ts  a re  bo rn  a t  home in

@ a r t o n t h e n e x t p a g e s h o w s t h e a r r a n g e m e n t t o i n s u r e t h e
sc reen ing  o f  i n fan ts  bo rn  a t  home .
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PROCEDURE USED IN  SOUTHEAST SCOTTAND FOR GUTHRIE TEST

To  med i co l

heo l t h  o f f i ce r
Not i f  i co t ion

o f  b i r th
re  g  i s te  r

o f  dom ic i l e  o reo
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o f  dom ic i l e

Blood  spec imens
ond  po t ien t
in fo rmot ion
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DIETARY MANAGEMENT

DOZENT DR. MED. WERNER GRUTER

Germany

Sixty-eight cases of phenylketonuria were registered at Marburg between l960
and March L966. Forty-f ive of these pat ients are on a diet at  the present

t ime. The dietary treaLment of the oldest 13 chi ldren was stopped for a va-
r iety of reasons. Ten chi ldren had severe cerebral  damage and, therefore,
were  no t  t rea ted .

The phenylalanine requirements of normal ly developing chi ldren were deter-

mined for various age groups up to 6 years by means of a column chromatogra-
phy and microbiologic determinat ions. For an infant,  the requirements \^7ere
determined to be 30-50 nrg. phenylalanine per kg. per day; for the 2- and 3-
year -o lds ,  20-30  mg.  pheny la lan ine  per  kg .  per  day ;  and fo r  those 4-6  years
old, 10-20 rng. phenylalanine per kg. per day.

When diet is started in Ehe f i rst  3 months of l i fe,  the chi ld with phenylke-
tonuria ul t imately obtains a normal IQ. When diet is started between the 4th
and 6th months, the IQ ei ther remains stable or improves sl ight ly.

No chi ld at Marburg obtained a completely normal developmental  quot ient.
When the diet was started between the 7th and 12th months, the chi ldren a1-
ready had severe developmental  retardat ion. Improvement was possible occa-
sional ly.  Only one chi ld became worse; the condit ions of his biochemical
control  were, however,  very poor,

I f  dietary treatment is started in the 2nd year of l i fe,  the developmental
quotient may rise 40 points or more. The average improvement at Marburg vlas
20 points;  f inal  developmental  quot ients ranged between 23 and 88.

I f  t reatment is started at 3 years of age or later,  good results are possible
but  ra re .

I f  the  d ie t  i s  s ta r ted  a f te r  7  years  o f  age,  i t  i s  poss ib le  Lo  prevent  the
s low,  p rogress ive  de ter io ra t ion  o f  the  un t rea ted  course  o f  the  d isease.  We
bel ieve the deter iorat ion cont inues unt i l  puberty.  In contrast to the mental
retardat ion, one can, however,  inf luence a few reversible or direct ly toxic
symptoms, even in the adult .  These are, for instance, cerebral  disturbances
of affect and behavior,  extrapyramidal hyperkinesia, electroencephalographic
changes, seizures, skin and hair  color and eczena.

-  5 1  -
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With  good b iochemica l  con t ro l  (0 .8  to  4 .0  mg.  pheny la lan ine) ,  the  amino ac id

pattern in the blood remains normal under the diet.  In overtreaLed cases
jphenylalanine levels at less than 0.5 mg. percent),  one obLains a general-

ized aminoacidemia and aminoaciduria.  With phenylalanine leve1s at greater

than 8 mg. percent,  an isolated phenylalaninemia is observed. Osteodystrophy

*.y o""rri. The growth in terms of height and weight is normal in untreated

chi ldren, but remains somewhat below average in chi ldren on a diet.  The

electroencephal-ographic f indings frequent ly improve with treatment but,  how-

ever ,  do  no t  para l le l  in te l lec tua l  deve lopment .

Every chi ld with phenylketonuria diagnosed in his lst  or 2nd year should be

treaied. ' rFormes- frustesrt  with blood levels above 8 mg. percent aLso should

be treated so long as there is no agreement on the t tdanger level"  of  phenyl-

alanine or other metabol i tes for the brain. Levels below 8 mg. percent

should be fol lowed careful ly but not t reated. Three- and four-year-o1d pa-

t ients should be treated for a tr ia l  per iod of I  year.  Chi ldren 5 years and

older should be treated only when their  IQts are above 40, and then for a

t r ia l  per iod  o f  I  year .

Ttre age at which diet can be terminated is uncertain. Perhaps i t  is possible

to place 7- or 8-year-o1d chi ldren with PKU on a low-protein diet i f  they are

fo l lowed c lose ly .

Biochemical control  should aim at phenylalanine Levels of 1-3 mg. percent '

with a maximum of 4 mg. percent. During fever and inflanaratory diseases, a

supplement of 30-50 grams of mi lk per day is necessary. Overtreated pat ients

can be better recognized by column chromatographic analysis of blood and

urine than by blood phenylalanine est imations.

DISCUSSION

COI{EN (Israe!):  the Tel-Hashomer Unit  has treated a total  of  19 chi ldren

ri th ph@tonuria (see p. 22' for discussion of laboratory screening).

Three infanLs have been on treatment onLy 3 months and are not included in

this discussion. Eight infants died of infect ion. The remainder of the 49

were considered too old or too retarded to benef i t  f rom therapy.

The char ts  on  pages 53-54 show the  e thn ic  g roups  w i th  wh ich  Is rae l  has  had

to  work .
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ETHNIC DISTRIBUTION OF INFANTS WITH PHENYLKETONURIA

DIAGNOSED BY THE TEL-HASHOMER IJNIT

Or ig in

Number
S ib ship s
Af fec ted

Number
Chi ldren
Af fec ted

Number
Consanguineous

Famil ies

Yemenite

Iranian
and Afghan

Iraqi

North Afr ican

Arab

Ashkenazi

Tota ls

Iranian
and Afghan

Iraqi

North Afr ican

Arab

Tota ls

1 5

7

4

6

1

0

3 3

25

1

8

1

0

a t

8

2

J

1

I

9
l 5

Number
Independent

Genetic

CHILDREN WITH PHEI.]-YLKE TONIJRIA IN ISRAE L

Number Total
Number

Number
PKU Cases Probable PKU Cases

Origin Diasnosed Died. Not Examined PKU Cases Sources

Yemenite 23 I J

6

4

6

I

30
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10

10

1

51 6

8

10

10
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FAIVIILIAL STI]DIES IN ISRAEL

Numb er Nornnal--Si-blingqNumber Infants
wirh

?henvlketonuria

Secondary
u 4 b g J

Examined
by

Guthr ie
Tota l  Tes t

Number
Other
NormaI
FamiIy

Members
Examined

Pedigree
known

Pedigree
unknown

Tota ls

o/,

B

l +

t +

t 8

1 8

5 6

5 6

52

5 6

205 Z

4

Examined

L02

Tel Hashomer treated only chi ldren under 3 years of age at the onset of the

program buL recent ly decided to try therapy for older chi ldren also.

The usual pract ice \^/as to hospital ize these cases; put the infants on a nor-

mal- diet ;  and carry out within 2-4 days after admission general  and neurolog-

ical examinations, urine examination for phenylpyruvic and orthohydroxyphe-

nylacet ic acid, chromatography of ur ines for amino acids and indoles, blood

t lst  for phenylalanine levels,  and other rout ine hematological  and biochemical

invest igat ions. An EEG was obtained on the f i rst  psychological  examinat ion'

Ihe chi ldren hTere then started on low phenylalanine diets by accepted proce-

dures  us ing  Lo fena lac@ and d ischarged as  soon as  the  b lood pheny la lan ine
l e v e l s  w e r e  s t a b i l i z e d  a t  2 - 6  m g .  p e r c e n t .  T h i s  u s u a l l y  t a k e s  2 - 4  w e e k s .

Fol lowup consisted of weekly Guthr ie test ing of specimens sent by mai l  and

monthly attendance at the hospital  for physical  and psychological  examinat ions

until the child was 12 months of age. The children were examined every 3

months up to 2 yeaxs and then at 3-6 month intervals; the Guthrie testing of

specimens sent by mai l  were cont inued on a monthly basis.

The main problems in Israel were:

1. Defective Phvsical Developmelrt and Lack of Weight G - This may
beel c iused by unduly str ict  control  with blood phenyl-alanine levels be-

2 ng. percent. Tel--Hashomer nor,/ aims at 2-6 mg. percent on Guthrie test-

2. Food Stealing - Ttris became especiall-y marked after the infants l^/ere

2 years o1d, walking wel l ,  and social ly independent.  Sol ids, except for
frui ts and vegetables low in phenylalanine, were di f f icul t  to supply.

- 5 4 -
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There was no suitable bread subst i tute. Ttre low-phenylalanine bread mix

avai l -able from the Universi ty of Toronto in Canada was very expensive--$1.50 a

loaf--and, because of inadequate refr igerated storage in the homes, became in-

edible within 1-2 days. A low-protein biscuit  f rom Liga Foods in Hol land was

acceptable but rather expensive. Baking bread 1ocalIy proved unsuccessful .

3.  Vomit ing -  Ttr is has been troublesome and on occasion has been asso-

ciated with low phenylalanine levels. Usually no explanaLion was found. The

vomiting has been severe enough occasionally for hospitalization and intrave-

nous therapy. Ant i-emetic drugs were of no value.

4 .  Soc ia l  Contac t .  In  some cases ,  ch i ld ren  were  kept  ou t  o f  k indergar -

ten to avoid dietary indiscret ions; this possibly resulted in a l i rni t ing ef-

fect on their  development.  Tel-Hashomer tr ied to impress on the parents the

importance of normal social  contact for the chi ldren with phenylketonuria.

5. Hvperkinet ic i tv -  This was not as troubl-esome as reported elsewhere.
Weaker chi ldren were parEicular ly affected but only mi ldly,  and drug therapy

was not needed. Ttre specif ic ethnic or cul tural  background may explain this;
this is being invest igated further.

RESULTS OF PSYCHOLOGICAL TESTING OF INFAIVTS WITH

PHEI.IYLKETONURIA TREATED WITH DIET

AT THE TEL.HASHOMER UNIT

Age at
Star t  o f
Treat

Group I  -  Diet started before

Case 1 2 months

Case 2 17 days

Case 3  16  days

Case 4 17 days

Case 5 10 days

Case 6 12 days

Case 7 2| months

Present

infants were 3 months of

13 months

15 rnonths

20 months

19 months

30 months

25 months

5 years g/

- 5 5 -

Mean DQ
or IQ

Before
Treatment

age-

1 1 6

108

90

80

8 3

50

5 0

1 1 8

9 8

9 L

7 6

8 1

6 7

40
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Age at
Star t  o f

1 year,  7 monLhs

1 year,  7 months

I year,  6 months

Present

3 years, 3 months

4 years

6 years

Idean DQ
or IQ

Before
Present
Mean DQ

Treatment Age Treatment or IQ

Group I IA -  Diet started when chi ldren were between 3-24 months of age;
chi ldren responded to treatment.

Case 8 9 months 5 years, 7 months 60 81

Case 9 16 months 3 years, 3 months 40 81

Case 10 3 months 3 years, 9 monEhs 62 64

Case 11 2 years 3 years, 9 months 30 60

Case 12 9 months 2 years, 3 months 50 64

Case 13 7 months 5 years, 6 months 30 40

Qg_o!!__-I-I9 - Diet started when children were between 3-24 months of age;
chi ldren did not respond to treatment.

Case 14

Case 15

Case 16

28

20

15

J1+

20

30

g/ Diet terminated at 4l  years.

The IQts of  the chi ldren t reated at  the Te1- l lashomer Uni t  were lower than for

chi ldren at  other  centers.  The unsui tabi l i ty  of  tests for  the ethnic groups

in Israel  rnay be the reason.  Normal  s ib l ings in  fami l ies in  Israel  a lso

tes ted  ou t  a t  t hese  l eve l s .

Te l -Hashomer  s t ressed  the  use  o f  a  d ie t i t i an  i n  con t ro l l - i ng  t he  ch i l d r s  d ie t .
V i s i t s  t o  t he  homes  by  a  d ie t i t i an  and  psycho log i s t  du r i ng  t h i s  l as t  yea r

have improved markedly the level  of  contro l .  Spot  checks on the fami l ies
were  mos t  use fu l .  The  d ie t i t i an  a l so  co l l ec ted  b lood  spec imens  fo r  Gu th r i e
tes t i ng  on  h i s  v i s i t s .  The  se rv i ces  o f  t he  d ie t i t i an  and  psycho log i s t  we re
made avai lable to other  doctors and hospi ta ls  want ing to t reat  thei r  pat ients
wi th phenylkeEonur ia.  Maintenance of  in terest  in  the screening program by
hosp i t a l s  and  doc to rs  was  rega rded  as  essen t i a l .

CABALSKA @.lg"d): Each baby found to have phenylketonuria began his dietary
t reatment  in  the c l in ic  (see page 24 for  a d iscussion of  laboratory screening
and d iagnosis) .
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Ttre stay in the hospital was genelalLy 4-6 weeks. when phenylalanine and its

metabol i tes disappeared from urine, when the blood phenyLalanine level de-

creased to normai values, when the baby was eating welL and gaining in weight'

he was discharged from the clinic. The dietary treatment at home was system-

at icalLy controLl-ed by Lhe Guthr ie inhibi t ion assay and ferr ic chlor ide ur ine

t e s t s .

The development of al l  babies was evaluated by:

1. General  pediatr ic examinat ion; measurements of weight,  height,  c ir-

cumferenee of head and chest.

2 .  Neuro log ica l  con t ro l .

3 .  Psycho log ica l  con t ro l .

4.  ElectroencePhalogram.

5. Blood biochemical examinat ions for phenylaLanine, tyrosine, t rypto-

phan, serotonin, hematocr i t ,  protein serum level,  and protein electrophore-

s i s .

The oldest group of babies with phenylketonuria seem to have normal somatic

and psychic development.

VULOVIC (-yqgoslavia): Ttre Mother and Child Health Institute of the Republic

of Serbia hospital ized the three infants with phenylketonuria (see page 28

for a discussion of the laboratory screening and diagnosis).

The amino acid blood levels of these infants are shown in the fol lowing

charL.

A11 three infants at the age of 6-8 weeks were placed on a low phenylalanine

diet of  Lofenalac@ or Cymogran@ . In order to attain an opt imal concen-

trat ion of phenylalanine in the b1ood, Lofenalac@ or Clmogran@ was supple-

mented w i th  powdered rn i l k ,  vegetab les ,  egBS,  cerea ls ,  and ju ices '

- 5 7 -
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AMINO ACID BLOOD LEVELS OF INFANTS WITH PHEIVYLKETONURIA
IN YUGOSLAVIA

Case I Case 2 Case 3

I ' tn . / i  1 ' {9 . /100 M1.M m . / 1  I ' € . / 1 0 0  M l . W. / t  Me .  /  L00  M l .

Lysine *
Ornithine

His  t id ine

Arginine

Aspar t i c  ac id

Threonine

Ser ine

Glutamic acid

Pro l ine

Glycine

Alanine

Cyst ine

Val ine

Methionine

Isoleucine

Leucine

Tlrosine

Phenylalanine

236,5

109 .  B

46.4

10 .3

79 .3

2s7  . 6

L54.L

131 .  1

115 .0

L95 .5

3 .5

1 .8

0 .8

0 .  14

0 .9

a 1

z . J

1 q

0 .9

L .7

t race

? 1 ?  O  '  (

8 .0  0 .  I

54 .L  0 .7

78 .2  1 .0

69  . 2  L .25

L75r .5 28.9

trace

456  . 0  5 .3

s9 .2  0 ,9

L52 .0  2 .0

248  .0  3 .3

L98 .4  3 .6

L28L.6 2L.2

250.2 3 .7

108 .5  | , 9

5 .25  0 .  L

87 .5  1 .0

453  . 2  4 .8

206 .5  3 .0

L57 .5  L .2

210 .0  1 .9

trace

L99  . 5  2 .3

11 .9  4 .2

73 .5  1 .0

L3L .2  L .7

52 .5  1 .0

L438.5 23.8

400 .0

84 .8

80 .0

LI .2

206,4

524 .8

L24 .8

4L6 .0

L74 .4

49 r .2

I . J

t . 4

0 .  15

2 ,5

5 .5

1 R

4 .8

1 .3

- 5 8 -

Provided by the Maternal and Child Health Library, Georgetown University



rn Lno N |') o r-- Ln rn r-.1 o tn o to lno
\t $ \O O \t \O cO -t { O\ \O "'{ cq'$'+ e')

. . 1

O O O C q O O ( \ I O O O  O O O O O O

\O oO O @ cO N cO oO O O O \t @ N \O \t oO
O\ C{ \t ca O\ F{ tn O t-- -+ q N N r-l \O rn O\

. . $
t-- N.ci F\ cO Ln r--r c,'\ r-r c.) lf \O N tn O' \+ $

N + J

o c\ F- rn N o rn co r\ o aJ \o \o r- cf) co N
\O O\ \O \O O\ ln F O O l-- O O\ -f \O O \O CO

. . $
@ N cO O\ $ rn cO O N cO tr \O O Ln O Ln \+

N F l  +J  F l

tn cO \O \O O\ O\ tn O\ \O € O tn O l-- -f cO c')
@ @ rn O N \t cO \O O cO O cO $ N F- N Ol

.  o  .  . $
r\ N cn co <. Ln c.) o\ N co $r \o N Ln o\ tn.$

N + J

r-- r--.t F\ -{ $ ca $ \O cO O qJ N @ O cO aJ cO
C.) tn \O t^ J O\ Cn .-{ O\ Cr) O CO tn O \+ O\ O\

. . 1 6
F N cO F \t \t F.{ Or F-l eO tr \O F{ tr) O\ \+ -$

N + J

E E q )
.F.l .r{ tr
O O " {
c d  c d  o O  q

c ,  
- o  

d d  ( s
d  o  o  d  o  . F { . J  c J F {
. - |  d . J . F r  ' n  O  O  O  O  C  o  c J  t r  $

o E . - t u  d  a J  E  d  d  d  d  o  o  5  d . - l  F l
d . ' . {  d  r r  O  C  c d ' . { ' . 1  

" { ' . {  
t r ' r ' {  O ' F r  Q  > l

. . 1  J J . J  d  O . . {  r . r F {  O  d  + ! . n - C F - {  O  O  C
( / )  o  b o p . H  I r  5  O  > d  ( / ) - l  + r  O  5  l r  C )
5'.r{ lr o -C O F-{ l-r Fi -'t Fr $.Q o Al :Xt

j'Fd < < F (/1 (J Ar (J < O > E r_r Ft H pr

- 5 9 -

Provided by the Maternal and Child Health Library, Georgetown University

f i l  E5
gl a.) g
H l  b o o
$ l  $ r l
CJI .IJ FLI

l d

f i l  3t
o l  ! r J
l i l  c ) O

rr{l P{ H

s | '=
t r S l  O  a )
5 . - r l  O  { J
qJ .'{l '--.r o
+J El '\ t{
( / )  |  . p {
gl '

r l
:  I  r *..r I o0 .,r
E  I  ( d o r

Jl +r +r
! o l  t r o
o ' r {  o  t l
H  o l  o A l
o o l  r r' o  I  c J ( |

B lp {o
P r l

E I  oo" ' l
. F r s l d c )
o O l  + r l r
$ E I  H  O
s F l  o $
cJ Ol O Cr
$ t r r l  t r

F 1  I  a i q +
I  n .  n

l r  I  oO..r
.J rrl d aJ
> Ol +J .lJ
o . o l  t r  o
+ J F l  o t r
o  o l  o t r r
rd Prl t{

F1  |  o . t . r

(n

oo
h

frl
F
O
14
Fl

a
fr

2
fr1
Frzo
O

U

oz



N

. t

H

b0

r.l
. t

rn
ca

c.)
O F r

@ \ t

Cf) F-{

cn \a(\

| n @

r | N
c\

a)
@
d
+J
d

o c.)

c J d

d ! a )

O . U t r
+ J O C J
O .-l P.

A E

cn aO $ O cr) $ O\ c.) cO \g \+ -{ N c.) Fr N
O O O N O O . - { O O O  O O O O O O

. . 1
v u v v u v v v v v

o
@ 0O N \O \t cO \O N \O N O N cO cO $ \O @
N O Fi C\t F{ Fr F\ C.) O -t d N O r{ Cr) F{ -

" l'{
v v v v v v

c)
r-r N c.) O CO \+ tn J @ co O ro CO @ J O' IO
\a CO O l-\ Cr] tn \g @ tn Ot d O\ F{ Ln O\ l') Cr)

o o i r
N O F{ N Fr Fr \O N O O +J F{ O F{ N Fr r-l

c)
ca \O cO cO O @ \O \O @ O\ O @ oO CO l-- N tn
@ \o @ @ o N ra c\t \t r- 6 -t rn N N N Fr

'  ' l - {
r-r O O F{ F{ Fl la N O O lJ Fl O Fl N Fl F{

CJ
@ \+ O, N Or \O O\ N N J C, \O @ N O \t Ln
Ln Ln r- \o oo o Ln o\ *:r F- cd cf) ca o o o o

" $ . r'-r O O F{ O F-t \+ .-{ O O +J -{ O F{ N r-l r-t

' o E o
.Fr .rr d
O O . J
0 d  d  o o  t r

t r  O  O  C  O  . r . t . F t  O -. . .{  d.-t .Fr . ' r  oJ o o o d o aJ tr $
c J ' I J ' - l  + r  d  ( J  E  d  d  d  d  O  O  5  d . J -
d . - 1  d  f r  O  d  $ . . . 1 . ' l . i l . F r  C . F r  O . F l  o  > '.rl lJ .Fl (S CJ .J {J r-{ O d +r '.1 -d F-{ O O fi
o  o  b 0 o . t r  t r  J  o  > r d  o - { + J  o  3 l r  a )
x...1 l] o -d cJ r--{ li r-{ -r x d cJ o o >,-c

Fl :E < < H (n C, A C) < c) > E H Fl H A

- 60 -

Provided by the Maternal and Child Health Library, Georgetown University

o l  q l
+ J l  O . l J
ot  , t
t.{l O b0
l-rl b0 .F{
d l  d q )
U I  + J 3

I t r
d f  ^ r  -

* t e #
o l  O ( ,
a.Jl H q)
H l  O l r

r q l  A t r l

t j <
J l  F {
F{ I .Fl

: .Jl  E
> l

I q-{
-o l  o
arl
N l

.r{ | F{

! l  E
5 l
. r l

+rl o
Ol r"{
dt  ' \
A ' I

I  r h

r l r Jj l l s
r-{ I O0
'F{ | 'rl

E l q )
JdI B.o ol

aJ .-l
lr Ol
o o l' u l
B I F {
o l ( d

o r | J J
o

H

HJ
o o l
$ !l r+{
p F l  o
o o l
rd F{l
F1 |

r j l b 0
.J Lrl <d
> O l  l J
o ' d l  c
rJ Fl c)
o o l  o

s*l i l' P i

a

o
fr

H
Er
O
F1
Fl
14
a
Fri

Fz
F1
Fz
o
O

O

oz
=



The infants '  blood and ur ine phenylalanine levels were determined regular ly
( in the beginning each day and later three t imes each week) by inhibi t ion
assay or by one-dimensional paper chromatography. The effect iveness of the

diet was tested also by the ferr ic chlor ide test.  Tfre aim of the dietary
treatment was to keep the serum phenylalanine levels in the range of 3 '7
mg./100 ml. ,  the ur ine phenylalanine levels between 25-L5O gamma/mL.,  and the

ferr ic chlor ide tests negat ive. The hospital  regular ly examined the blood

for hemoglobin and proteins. The babies had psychological  examinat ions,
EEGrs, and X-rays of the wrist .  T\^ro mothers were tested and found to have

normal blood serum level-s of phenylalanine.

After the infants had been on diets for 3-6 days, the bl-ood and ur ine phenyL-

alanine reached the desired levels. TLre phenylal-anine intake t,hen was in-

c reased up  to  73  *g . /ke . /day ,

The length of stay in the hospital  was determined by two factors: the envi-

ronment of the infantrs family and the avai labiLi ty of rni lk with low concen-
trat ion of phenylalanine.

JERVIS @itgd States.): The diet should be maintained as 1-ong as there is
myel inat ion, which is complete by the t ime the chi ld is 5 or 6 years of age.
Even though i t  is di f f icul t ,  the diet should be conf irmed after the chi ld is

6  years  o f  age.

GRUTER GS*"anI): Myelination continues after 5 or 6 years of age. The diet

should be maintained even after 20 years, as protein synthesis cont inues in
the higher tracts.

PALMSTIERI{A Gggg"n): Attempts are made in Sweden to move families having
children with phenylketonuria from the rural areas to l-ocations nearer medi-
cal centers in order that proper treatment nay be obtained for the children.

GeneraL Conrnents: After an infant with phenylketonuria has been on the diet
for 3 months, he should then be placed on a nornal diet  for I  to 2 days to
determine whether the blood phenylalanine leve1 again r ises sharply and con-
t inued diet control  is necessary.

In farni l ies having chi ldren with phenyLketonuria,  the IQ of s ibl ings, Par-
ents, and f i rst  cousins could be used for comparat ive values. IQ alone is
no t  a  su f f i c ien t ly  b road tes t .

Vomit ing is a compl icat ion of low blood phenylalanine leveLs. the addit ion
of fat ty acids to the diet helped to improve dermati t is.  With low blood phe-
nylaLanine Levels,  there is an increase in the blood leve1 of other amino
acids, and there may be an overf low aminoaciduria.

Chi l -dren treated at speciaLized centers respond better than those who are
n o t .

Chi ldren do wel l  at  bl-ood phenyLaLanine levels of 4-6 ng. percent.  Because
of the di f f icul ty in diet controL, Lower blood tevels are often not sought.
Ttrere is also the possibi l i ty of  compl icat ions from phenylalanine def ic iency.
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SUGGESTED FOLLOWUP

Many  techn i ca l  l abo ra to r i es  do  no t  have  the  s ta f f  w i t h  t he  ab i l i t y  t o  i n te r -
p r e t  a n d  g i v e  a d v i c e  o n  t h e  r e s u l t s  c f  t e s t s  t o  d e t e c t  m e t a b o l i c  d i s o r d e r s
wh ich  p roduce  b ra in  damage .  The  pa r t i c i pan ts  r re re  asked  to  submi t  a  l i s t  o f
spec ia l -  l abo ra to ry  t es t s  t hey  wou ld  be  w iL l i ng  t o  ca r r y  ou t  on  spec imens
sen t  t o  t hem.

The  pa r t i c i pan ts  o f  t he  con fe rence  unan imous l y  sugges ted  tha t  t he  Ch l l d ren ' s
Bu reau ,  We l fa re  Admin i s t ra t i on ,  Un i t ed  S ta tes  Depa r tmen t  o f  Hea l t h ,  Educa -
t i on ,  and  We l fa re ,  coo rd ina te  e f f o r t s  t o  co l - l ec t  da ta  on  the  b lood  l eve l - s
and  deve lopmen t  o f  a l l  s l b l i ngs  o f  i n fan ts  w i t h  pheny l ke tonu r i a  de tec ted  by
screening ner^rborns .

The  pa r t i c i pan ts  t hanked  the  Fede ra l  I ns t i t u te  o f  Pub l i c  HeaL th  o f  Yugo -
s lav ia  f o r  i t s  hosp i t a l i t y .  A  f o l l owup  con fe rence  l i as  reco ruoended ,  and  i t
was  sugges ted  tha t  f u r t he r  d i scuss ion  n igh t  t ake  p lace  i n  Sep tember  L967  a t
t he  F i r s t  Cong ress  o f  t he  I n te rna t i ona l  Assoc ia t i on  f o r  t he  Sc ien t i f i c  S tudy
o f  M e n t a l  D e f i c i e n c y  i n  M o n t p e l l i e r ,  F r a n c e .

T h e  C h l l d r e n ' s  B u r e a u  a g r e e d  t o  s e n d  p e r i o d i c a l l y  t o  t h e  c o n f e r e n c e  p a r t i c i -
pan ts  i n fo rma t i on  o i - r  sc reen ing  p rog rams  and  new deve lopmen ts .
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PARTICIPANTS

BELGII]M

Dr.  Miche l  J .  Th i r ia r
Un ivers i te  L ib re  de  Bruxe l les
Facu l te  de  Medec ine  e t  de

Pharmacie
CL in ique de  Medec ine  In fan t i l -e
115,  Bou levard  de  WaterLoo
Brusse ls ,  Be lg i r :m

GERMAI{Y

D r .  H e n r i  L .  V i s
Un ivers i te  L ib re  de  Bruxe l les
Facu l te  de  Medec ine  e t  de

Pharmac ie
Cl in ique de  Medec ine  In fan t i le
115,  Bou levard  de  Water loo
Brus se 1s ,  Be 1-gium

Dozent  Dr .  med.  Werner  Gru ter
Leitender Lrzt der Nerven-

k l in ik  &  Ans ta l ten  HePhata
Treysa, Germany

GREECE

P r i v .  D o z .  D r .  R .  G r t i t t n e r
Un ivers i tH ts  K inderk l in ik
Mar t in is t rasse  52
2 Hanburg 20, GermanY

D r .  V a s s o  D e l i y a n n i
Sen lo r  Reg i s t ra r  i n  B iochemis -

t ry
Ch i l - d ren '  s  Hosp i t a l  AGHIA

SOPHIA
A t h e n s  6 0 9 ,  G r e e c e

INDIA

D r .  S .  N .  P a n t e l - a k i s
Resea rch  D i rec to r
Ins t i t u te  o f  Ch i l d  Hea l t h

Ch i l d ren '  s  Hosp i t a l  AGHIA

SOPHIA
A t h e n s  6 0 9 ,  G r e e c e

D r .  B .  D .  P u n e k a r
Head  o f  t he  Depa r tmen t

chemis  t r y
A l -L - Ind ia  I ns t i t u te  o f

Hea l t h
Bangalore 27 ,  I -odLa

o f  B i o -

Me nta l
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IRELAND

Dr.  Seamus F .  Caha l_ane
Patho log is t
T h e  C h i l d r e n r s  H o s p i t a l
Temple Street
Dub l in ,  I re land

ISRAEL

D r .  B e r n a r d  E .  C o h e n
Di rec tor ,  Ped ia t r i c  Depar t -

ment B
Government Hospital
Te l -Hashomer ,  Is rae l

ME)ilCO

D r .  A .  S z e i n b e r g
Head ,  Depa r tmen t  o f  Chemica l

Pa tho logy
Gove rnnen t  Hosp i t a l
Te l -Hashomer ,  I s rae l

Dr.  Ruben Vare la  Tor res
Laborator io de Bioquirnica
Programa de Genetica
Av. Revol-ucion / t1608
M e x i c o  2 0 ,  D .  F . ,  M e x i c o

PAKISTAN

D r .  C a r L o s  Z a v a l a
The Ga l ton  Labora tory
Depar tment  o f  Human Genet ics

and Biometry
Un ivers i ty  Co l lege London
Gower  S t ree t
L o n d o n ,  W .  C .  1 ,  E n g l a n d

Dr .  Hamid  A l i  Khan
Pro fesso r  o f  Ped ia t r l cs  and

Ch ie f  C l i n i ca l_  I nves t i ga to r ,
PKU Resea rch  p ro jec t

J i nnah  Pos tg radua te  M ,_ .d i ca l
Cen t re

Karach i ,  Pak i s tan

POLAND

Dr. M. Ataur Rahman
Pro fessor  o f  B iochemis t ry
Jinnah Postgraduate Medical

Ce n t re
Karach i ,  Pak is tan

Dr. Maria Barbara Cabalska
Ped ia t r i c ian  Consu l tan t
Ins t i tu te  fo r  Mother  and Ch i ld
17 Kasprzaka
Warsaw, Poland

Dr .  N ina  Duczynska
Biochemls t
Ins t i tu te  fo r  Mother  and Ch i ld
L7 Kasprzaka
Warsaw, Poland
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SCOTLAND

Dr.  James W.  Farquhar  Dr .  John Scot t
Depar tmeat  o f  ch i ld  L i fe  and Depar tment  o f  Bac ter io logy

H e a l t h  S t o b h i l l  G e n e r a l  H o s p i t a l
Un ivers i ty  o f  Ed inburgh GLasgow,  N.  1 ,  Scot land
1 7  H a t t o n  P l a c e
Ed inburgh 9 ,  Scot land

SWEDEN

Professor  Ro l f  Ze t te rs t rom Dr .  Hans Pa lmst ie rna
Karo l - inska  Ins t i tu te t  Ped ia t -  Assoc ia te  Pro fessor

r iska  KL in iken PKU -  Undersokn ingen
Kronpr insessan Lov isas  Barns-  Pos tbox  6021

jukhus  Stockho lm 6 ,  Sweden
Polhemsgatan 30
Stockho lm K,  Sweden

UNITED STATES OF AMERICA

D r .  R o b e r t  G u t h r i e  D r .  M i t c h e l l  I .  R u b i n
NARC Research  Assoc ia te  Pro fessor  o f  Ped la t r i cs  and
Pro fessor  o f  Ped ia t r i cs  Cha i rman o f  Depar tment
Sta te  Un ivers i ty  o f  New York  S ta te  Un ivers i ty  o f  New York
C h i l d r e n ' s  H o s p i t a l  C h i l d r e n ' s  H o s p i t a l
Buf fa lo ,  New York ,  14222 Buf fa lo ,  New York ,  L4222
U .  S .  A .  U .  S .  A .

YUGOSLAVIA

I ' I r s .  Go rdana  And re jev i c  D r .  L j ub i ca  Bas ta
Ch ie f  o f  Labo ra to ry  Depa r tmen t  Ped ia t r i c i an
The  Mo the r  and  Ch i l d  Hea l t h  Ma te rna l  and  Ch i l d  Hea l t h

Ins t i t u te  o f  t he  Repub l i c  o f  Se rv i ce
Serb ia  Fede ra l  I ns t i t u te  o f  Pub l i c

Rado ja  Dak i ca  B  Hea l th
Nov i  Beog rad ,  Yugos lavLa  Savska ,  35

Be lg rade ,  Yugos lav ia

Dr .  Mar i j  Avd in
P r o f e s s o r  i n  P e d i a t r i c s
P e d i a t r i c  C l i n i c
U n i v e r s i t y  C h i l d r e n r  s  H o s p i t a l
Vtazov t rg I
L j ub l j ana ,  Yugos lav ia

P r o f e s s o r  V u k a n  C u p i c ,  M . D .
D i r e c t o r
The  Mo the r  and  Ch i l d  Hea l t h

Ins t i t u te  o f  t he  Repub l i c  o f
S e r b i a

Rado ja  Dak i ca  B
Nov i  Beog rad ,  Yugos lav ia
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Professor  d r .  Pe tar  Erak  Dr .  M i ros lav  VuEkov ic
P r o f e s s o r  o f  P e d i a t r i c s  A c t i n g  C h i e f  o f  t h e  A n a l y t i c a l
D i rec to r ,  Ped ia t r i c  C l - in ic  Depar tment
Zagreb, Yugoslavia The Mother and Chi ld Health

I n s E i t u t e  o f  t h e  R e p u b l i c  o f
Serb ia

Rado ja  Dak i ia  8
Nov i  Beograd,  YugosLav ia

Dr .  Herber t  Kraus  Dr .  D imiEr i je  Vu lov i i
D i rec to r  Ch ie f ,  DePar tment  fo r  the
Federa l -  Ins t i tu te  o f  Pub l ic  S tudy  o f  Er ro rs  o f  Metabo-

Hea l th  l i sm
Savska,  35  The l4o ther  and Ch i ld  Hea l th
Be lgrade,  Yugos lav ia  Ins t i tu te  o f  the  Repub l ic  o f

S e r b i a
Rado ja  Dak i ia  8
Nov i  Beograd,  Yugos lav ia

P r o f e s s o r  K a r L o  P a n s i n i ,  M . D .
The Ins t i tu te  o f  Mother  and

Chi ld  Hea l th  o f  the  Repub l ic
o f  Croat ia

K I a l I C e V a  I O

Zagleb, YugosLavia
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SPECIAL CONSULTANTS

D r .  K a t h e r i n e  B a i n D r .  J o h n  H .  M e n k e s
A s s i s t a n t  C h i e f  f o r  I n t e r -  D e p a r t m e n t  o f  P e d i a t r i c s

na t i ona l  Coope ra t i on  Un i ve rs l t y  o f  Ca l i f o rn ia  a t
C h i L d r e n ' s  B u r e a u  L o s  A n g e l e s  S c h o o l  o f
U .  S .  D e p a r t m e n t  o f  H e a l t h ,  M e d i c i n e

Educa t i on ,  and  We l fa re  Los  Ange les ,  Ca l i f o rn ia ,  90024
W a s h i n g t o n ,  D .  C . ,  2 0 2 0 L  U .  S .  A .
U .  S .  A .

D r .  D o n o u g h  0 t B r i e n
D r .  M i l a n  B l a s k o v l c s  D e p a r t m e n t  o f  P e d i a t r i c s
c h i l d r e n r s  H o s p i t a l  u n i v e r s i t y  o f  c o l o r a d o  M e d i c a l
4614  Sunse t  Bou leva rd  Cen te r
Los  Ange les ,  Ca l i f o rn ia ,  90027  4200  Eas t  9 th  Avenue
U .  S .  A .  D e n v e r ,  C o l o r a d o ,  8 0 2 2 0

U .  S .  A .

Mr .  Rudo l f  P .  Ho rmu th
Spec ia l i s t  i n  Se rv i ces  f o r  Mrs .  Ba rba ra  Pav lov i i

M e n t a l l y  R e t a r d e d  c h i l d r e n  F e d e r a l  r n s t i t u t e  o f  p u b l i c

Ch i l d ren rs  Bu reau  Hea l - t h
U .  S .  D e p a r t m e n t  o f  H e a l t h ,  S a v s k a ,  3 5

Educa t i on ,  and  We l fa re  Be lg rade ,  yugos lav ia

W a s h i n g t o n ,  D .  C . ,  2 0 2 0 I
U .  S .  A .

D r .  B e n j a m i n  D .  W h i t e
Ch ie f  ,  D i v i s i on  o f  Co rnnun i t y

Dr .  Geo rge  Je rv i s  Se rv i ces  f o r  Men ta l  Re ta r -
T h i e l l s ,  N e w  Y o r k ,  1 0 9 8 4  d a t i o n
U .  S .  A .  S t a t e  H e a l t h  D e p a r t m e n t

B a l t i m o r e ,  M a r y l a n d ,  2 L 2 0 L
U .  S .  A .

Mrs .  Jean  M.  Lang
D i v i s i o n  o f  R e p o r t s
Ch i l d ren rs  Bu reau  Mrs .  B ranka  Zvek i i
U .  S .  Depa r tmen t  o f  Hea l - t h ,  Fede ra l  I ns t l t u te  o f  pub l i c

Educa t i on ,  and  We l fa re  Hea l th
W a s h i n g t o n ,  D .  C . ,  2 0 2 0 L  S a v s k a ,  3 5
U .  S .  A .  B e l g r a d e ,  y u g o s l a v i a
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of rnetabolisrn

May 30 - June 3, 1966

Dr.b rovnik, Ytrgo s I avi a

Ckrairnf.en:

Prof. Vukandupii
Dr. Mitchell I. Rtrbin
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MOI{DAY

MAY 30, 1966

Morning

CLINICAL MATiIIFE STATIONS

Phenyl-ketonuria

Galactosemla

Maple Syrup Urine Disease

Hist idinemia, etc.

Importance of standard psychol-ogical evaluation (in
relat l -onship to nonaffected slbl lngs)

Neurologic evaluat ion
Untreated and treated cLinlcal  course
Effect of  t ransi tory elevat ion of tyroslne and

phenylalanine in premature infants

Presenter:  Dr.  George Jervis

Dl-scusser:  Dr.  Donough Or Brl-en

Afternoon

DISCUS$ON SESSION

C'halrman: Dr. George Jervis

COCKTAILS
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TUESDAY

May 31, 1966

Morning
LABORATORY SCREENING AND DIAGNOSIS

Screenl-ng Llethods

Varlous methods
Reproduc ib i l i t y
B lood vs  u r ine  in  d iagnos is

Confirmation

Methods avai l_ab1e

Presenter :  Dr .  Rober t  Guthr le

DLscussers :  Dr .  Werner  Gr i i te r
Dr .  A .  Sze inberg

DISCUSSION SESSION

Chairman: Dr.  Robert  Guthr le

Afternoon
INTERPRETATION OF LABORA]. URY DATA

Signif icarrt  Blood Levels

Inf luence of l latur l ty and Age

Other Condit ions ProducLng El"evated Blood PhenylaLanine-
(Without Actual Phenylalanine Hydroxyl-ase Def ic lency of
the Homozygous Type (r 'Classic PKI-I I )

Hef erozygosl- ty
Prematur i ty
Elevated phenylalanine and elevated tyroslne
Others

Presenter:  Dr.  John Menkes

Discussers :  Dr .  George JervLs
Pro f .  Ro l f  Z i t te rs t fom

DISCUSSION SESSION

Chainnan: Dr. John Menkes

Provided by the Maternal and Child Health Library, Georgetown University



WEDNESDAY

June 1, 1966

Morning

SCREENING TESTS FOR OTHER CONGEMTAL
ABNORMALITIES

Mlcroblologlcal Methods

Ghrornatographic Methode

ChemlcaL ltethods

Presenter: Dr. D. C. Cugtrorth

Dlscusser:  Dr.  Robert  Guthr le

DISCUS$ON SESSION

Chairrnan: Df. D. C. Cusworth

Afternoon

L ABORATORY ORGATiil ZA TION

Qual i f icat lons of Personnel-

Equipnent

Specimen Col lectLon

Relatlonship of Screening Laboratory to Comunity

Laboratory Reference Center

Presenter:  Dr.  BenJamln Whlte

Discussers: Prof.  Vukan C[piC
Dr. John Scott

DISCUSSION SESSION

ChaLrman: Dr. BenJamin Ifhlte

Provided by the Maternal and Child Health Library, Georgetown University



. 
THURSDAY

June 2, 1966

Morning

DIETARY MA}.IAGEMENT

bpes of DLets and Aval labLl l ty and
EvaLuatlon

Effect of Regul-ar Dlet GLven for Short
Interval-s (for Flnal ConfLrmation of
Ortginal Dlagnosis)

Adverse Effects of Ionr Phenvlalanine
Die t

How Iong Is I t  Necessary to Uee Dlet?

Presentert  Dr.  Werner Gri i ter

DLscusser:  Dr.  Bernard E. Cohen

Afternoon

DISCUSSION SESSION

CtraLrman: Dr. Werner Griiter

Provided by the Maternal and Child Health Library, Georgetown University
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FR,IDAY

JUNE 3, 1966

SI'MMARY SESSION

Dr. Katherine Bain
Rudolf ?. Hormuth

Each presenter wLll present a short sulmary.

Establishment of a Center to pooL infor^rnatlon
gathered ln dlfferent countrl-es and to act as
an lnforrnatLon bureau to participants ln the
program and other Lnterested partLes (nemrsletter);
data poollng and proceseing.

Provided by the Maternal and Child Health Library, Georgetown University



PARTICIPANTS

Belgium

Dr. Michel_ J.  Thir iar Dr,  Henry L. Vis
Faculte de Medecine et de Pha:macl-e UnLversite Libre de BruxeLles
115, Boulevard de Water loo Cl lnique de Medec{ne Infant i le
BrusseLs, Belglum Rue Haute, 320

Brusse ls ,  Be lg ium

Ceylon

Dr. E. H. Mirando
Chl ld renrs  Hosp i ta l
CoLombo, Ceylon

Germany

Docent Dr.  med. Werner Gri l ter Pr l .v.  Doz. Dr.  R. GruEtner
Leltender Arzt des psychiatr lschen Universi tats KinderkLinik

Krankenhauses Hephata Martinistrasse 52
Treysa, Kreis Ziegenhain Hamburg, Gerrnany
Nordhessen, Western Germany

Greece

Dr. S. N. Pantelakis Dr.  Vasso Del iyannl
Research Dlrector Senlor Registrar in Biochemistry
Institute of Chtld Health Gb.lldrenr s HospLtal AGHIA SOPHIA
Clr lLdrents Hospital  AGIIIA SOPHTA Athens 609, Greeee
Athens 609, Greece
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India

Dr. B. D. Punekar
Head of tbe Department of Biochemistry
A11-Indta Inst i tute of Mental  Health
Bangalore, Indla

Ireland

Dr. Seamnrs F- Cahalane
Pathologlst
the Chlldrenr s Hospital
Tenple Street
Dublln, Ireland

Israe1

Dr. Bernard E. Cohen Dr. A. SzeLnberg
Directorr PediatrLc Deparrment B. Head, Deparment of ChemicaL
Government Hospital
Tel-Hashomer, Israel

Pathology
Government Hospital
Tel--Hashomer, Lsrael

Mexico

Dr. Ruben Varela Torres Dr, C. Zavata
Laboratorio de BLoqulmlca the Gslton Laboratory
Programa de GenetLca Department of Hurnan Genetics
Av. Revolucion /11608 and Blo'metry
Mexlco 20, D. F., MexLco Unlversity College of Iondon

Gower Street, Iondon WC 1.
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Pakistan

Dr. Harnld Al-t Kban Dr. Ataur Rahman Khan
Ctr ief  Cl lnical  Invest l -gator ?rofessor of Biochemistry

PKIJ Research ProJect Jinnah Postgraduate Medl-cal
Jinnah Postgraduate Medl.cal Centre Centre
Karachl-, Pakistan Karachi, PakLstan

Polard

Dr. I' larla Barbara Cabalska Dr. Nlna Duczynska
Pediatr ic ian Consultant BLochemist
rnstLtute for Mother and chtld Instltute for Mother and chtLd
17 IQsprzaka 17 Kasprzaka
Warsaw, Poland Warsaw, Poland

Scotland

Dr, Jgnes W. Farquhar Dr. John Scott
Royal Hospltal for Slck Ctrlldren Department of Bacteriology
Edlnburgh, Scot land Stobhl l l  General  Hospltal

Gl-asgolv,  N.1, Scot land

Sweden

Professor Rolf Zttterstrom Dr. Iians Palmstrierna
- Karol lnska Inst i tutet PedLatr lska AssocLate Professor

Klinlken PKU - UndersoknLgen
Kronprl-nsessan IovLsas Barnsjukhus Postbox 6021
Polhemsgatan 30 Stockholm 6, Sweden
Stockholm K, Sweden
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Yugoslavta

Professor Vukan Cirpic, M.D. Dr. Herbert Kraus
Dl.rector Director
the Mother and Chtld Health Institute Federal InstLtute of PubLic

of Republ ic of SerbLa HeaLth
Belgrade, Yugoslavia Savskar 35

Belgrade, Yugoslavia

Dr. Ljubica Basta Dr. }hrlj Av6ln
Pedlatr icLan Professor ln Pedlatr ics
l"traternsl and Ctrlld llealth ServLce Paediatrlc Cllnlc
FederaL lnstitute of PublLc Health Vrazov tlg 1
Savska, 35 LJubljana, Tugoslavla
Belgrade, Yugoslarr{a

l4rs. Gordana AndreJevlc'
Speclal lst of Blochemistry
Ihe Mother and Chtld Healtb

Instltute of the Republlc of Croatia
Serbia

Belgrade, YugoslavLa

Professor lbrlo Panslnl, M.D.
Instltute of Mother and Chlld

Health of the Republlc of

KlaJldeva 16
Zagreb, Yugoslavia

Dr. Dlnltrije Vulovlc' Dr. MLroslav VuEkovic
Chlef Actlng Cbief of the Analytical
Department for the Study of Department

Errors of Metabollsm Ttre Mother and Chlld HeaLth
Ihe Mother and Chll-d Heal-th Institute Institute of Republlc of

of Republ-Lc of Serbla Serbia
RadoJa DakLca 8 RadoJa Dakl.ca 8
Belgrade, YugoslavLa Belgrade, YugoslavLa

United States

Dr. ll itchel-l- Rubin Dr. Robert Guthrle
Professor of PedlatrLcs and I{ARC Research Associate

GbaL:man of the Deparbent Professor of PedLatrics
UnlversLty of Buffalo }tredical School University of BuffaLo Medlcal
ChiLdrenr s Hospital  School
Buffalo, New York, L4222 ChlLdrenr s HospLtal

Buffalo, New York, L4222
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