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Skin  te s ts  a n d  in v itro  ly m p h o c y te  s tim u la tio n  assays w ere  done  in  
21-trisom ie ch ild ren  an d  contro ls. S k in  te s ts  w ith  tubercu lin , m o n ilia  e x tr a c t  
an d  in  v itro  s t im u la tio n  o f  ly m p h o cy tes  b y  P H A  show ed no s ig n if ic a n t d iffe r
ence.

A n im p a ire d  in trad e rm a l r e a c t iv i ty  to  P H A  and  a w eak en in g  o f  th e  
re ac tio n  b e tw een  24 an d  48 h rs  w as fo u n d . T h ere  w as no co rre la tio n  be tw een  
th e  P H A  resp o n ses in vivo and  in  v itro .
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Down’s syndrome (DS) or trisomy- 
21 is the most frequent chromosomal 
abnormality causing mental defici
ency. The condition is well-known 
for its being associated with an in
creased susceptibility to infections 
[21] and, in addition to the congenital 
heart anomalies, it is the most im
portant cause of the high mortality 
of children with DS [11, 12]. Further
more, a number of data has been 
published about the increased inci
dence of leukaemia among DS patients 
[8, 9, 13, 15]. Persistent Australia 
antigen (HAA) positivity is also more 
frequent in this group of patients 
[4, 10, 24]. Results are contradictory 
as to the serum immunoglobulin levels 
in DS [17, 19], so recently the cellular 
immune reactions have been em
phasized as the possible causative 
factors in the high infection frequency 
ofDS children [14, 18, 25]. Bonforte 
et al. [5] could not, however, de
monstrate any difference in cell-

mediated immune responses between 
normal controls and 21-trisomic pa
tients. Apart from this latter report 
we could not find any data concern
ing the intradermal application of 
phytohaemagglutinin (PHA) in DS 
children.

The present study deals with our 
own experience using tuberculin, mo
nilia extract and PHA for skin tests 
and the in vitro lymphocyte stimula
tion assays carried out in 21-trisomic 
children and controls.

M a t e r i a l  a n d  M e t h o d s

Selection of patients. T he  s tu d ie s  w ere 
c a rr ied  o u t  in  55 B C G -v acc in a ted  D S 
p a tie n ts .  A ll w ere 21 -trisom ie k a r io ty p ic a lly . 
T h e  c o n tro l g roup  consisted o f  33 ch ild ren , 
w ho  h a d  b een  a d m itted  for a  m in o r  o p e ra 
t io n  o r  fo r a  genera l ex am in a tio n . I n  th is  
g ro u p , th e  h is to ry  and  th e  c lin ica l and  
la b o ra to ry  d a ta  h av e  ruled o u t th e  p resence  
o f  a n y  haem a to lo g ic , im m unologic  o r  tu b e r 
cu lo u s d iso rd e r.

S ex  d is tr ib u tio n  w as th e  sam e  in  b o th  
g ro u p s . M ean  age was 8.01 (3 — 15) years
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in  th e  D S  g roup  an d  7.72 (3 — 14) years 
in  th e  c o n tro l group.

T h e  follow ing stud ies w ere  ca rr ied  ou t.
1. Tuberculin skin tests. F ir s t ,  0.1 m l 

o f a l  : 100 d ilu tion  ( =  100 U) o f  com m er
c ia l o ld  tu b e rcu lin  (H um an , B u d ap es t)  w as 
in je c te d  in trad e rm ally . T he  sk in  reac tio n  
w as re a d  a f te r  48 and  72 h rs ; a n  in d u ra tio n  
10 m m  in  d iam ete r w as considered  positive. 
T h is  sk in  te s t  w as carried  o u t in  a ll o f th e  
33 c o n tro l  ch ild ren  and  in  50 p a tie n ts  w ith  
21 - tr iso m y .

T h e  31 D S children , w ho  w ere  negative  
w ith  th i s  am o u n t o f tu b e rcu lin , w ere  te s ted  
a f t e r  14 — 30 days again  w ith  1000 U  o f old 
tu b e rc u lin , an d  in  11 p a tie n ts , w ho were 
s t il l  n e g a tiv e  for th is  dose, w e re p e a te d  th e  
sk in  t e s t  w ith  1000 U  o f  p u rif ie d  p ro te in  
d e r iv a t iv e  (P P D  Pow der, H u m a n , B u d a 
p e s t)  a f t e r  th e  sam e in te rv a l. T h e  contro ls 
w ere  n o t  s tu d ied  w ith  th e  h ig h e r  doses of 
tu b e rc u lin .

2. Candidin (monilia extract) skin test. 
0.1 m l o f  a  1 : 1000 d ilu tio n  o f  C andidine 
( P a s te u r  In s ti tu te , P aris , B a tc h  N o . 44743) 
w as a p p lie d  in trad e rm a lly  in  a ll o f  th e  33 
c o n tro ls  a n d  in  51 D S p a tie n ts . E v a lu a tio n  
to o k  p la c e  a f te r  24 an d  48 h rs  in  th e  sam e 
w a y  a s  w ith  tubercu lin .

3. P H A  skin tests. 1 a n d  la te r  10 //g 
o f  P H A  (P urified  P h y to h aem ag g lu tin in , 
B o rro u g h s  W ellcom e an d  Co., M R  68, L o t 
К  6117) w as in jec ted  in tra d e rm a lly  in 0.1 
m l iso to n ic  saline so lu tion , a n d  th e  skin 
r e a c t io n  w as m easured  a f te r  24 a n d  48 hrs. 
T h e  c r i te r io n  o f p o s itiv ity  w as a  hy peraem ic  
in d u ra t io n  a t  least 5 m m  in  d iam e te r . T est
in g  w ith  1 /ig w as done in  32 c o n tro l cases 
a f t e r  24 h r s  an d  in  30 co n tro ls  a f t e r  48 hrs. 
W ith  10 yg  o f P H A  th e  re a c tio n  was 
e v a lu a te d  in  24 con tro l cases. 29 D S chil
d re n  w ere  te s ted  for b o th  P H A  doses.

C a rry in g  o u t these sk in  te s ts  w ith  th e  
th r e e  su b s tan ces , iso tonic sa line  w as in jec t
ed  in tra d e rm a lly  to  exclude aspec ific  in flam 
m a to r y  reac tions . The te s ts  w ere  app lied  
o n  th e  b a c k , below  th e  scap u la .

4. I n  vitro lymphocyte stimulation by 
P H A .  A  10 —15 m l volum e o f  b lood  was 
o b ta in e d  b y  v en ip u n c tu re  in to  heparin ized ,

s te rile  tu b e s , and  allowed to  se d im e n t a t  
37 °C fo r 1 h ou r. The buffy  c o a t w as  c e n tr i
fuged  a t  1200 r . p . m . for 20 m in  o n  a  F ico ll- 
U ro m iro  g rad ien t. The ob ta in ed  leu k o cy te s  
w ere w ash ed  3 tim es w ith  TC-199 m ed iu m . 
E a c h  c u ltu re  vial co n ta in ed  2.5 X 10s 
ly m p h o c y te s  in  0.25 m l TC-199 m ed iu m  
w ith  20%  in ac tiv a ted  A B -serum , 100 U /m l 
o f p en ic illin  G, and  100 //g/rnl o f  s t r e p to m y 
cin. F o r  stim u la tio n , 2 yg  o f  P H A  (P H A — 
P , D ifco , L o t  553372) w as used in  e a c h  tu b e . 
T he c u ltu re  vials w ere gassed  w ith  5% 
CO 2 in  a ir , closely stoppered , th e n  in c u b a t
ed a t  37 °C fo r 70 hrs, a t  w h ich  t im e  1 y d  
o f 3H -th y m id in e  w as added  to  e a c h  cu ltu re  
(3H -th y m id in e -m e th y l, specific a c t iv i ty  10 
Ci/m M , A m ersham , E ng land) a n d  th e  cells 
w ere in c u b a te d  for fu r th e r 2 h rs . T h e  v ials 
w ere th e n  im m ersed in  ice an d  th e  su sp en 
sion w as filte red  th rough  W h a tm a n  G FC 
filte r  d isk s. T he cell-residue w as  w ashed  
w ith  m e th a n o l and  5% tr ich lo ro ace tic  acid . 
T he d rie d  filte r  disks w ere p la c e d  in to  
P a c k a rd  tu b e s  and  3H -th y m id in e  in co rp o 
ra t io n  w as  m easu red  using a  P a c k a rd  Tri- 
c a rb  S c in tillom eter. The re su lts  a re  g iven 
in  c o u n ts  p e r  m inu te  (CPM) a f t e r  b a c k 
g ro u n d  su b tra c tio n .

T h e  re s u lts  w ere ev a lu a ted  s ta tis tic a lly  
using  S tu d e n t’s t te s t.

R e s u l t s

1. Tuberculin skin tests. In 9 con
trols and 36 DS children the reaction 
to 100 U  of old tuberculin was nega
tive after 48 hrs. Measuring the re
action in millimeters and regarding 
the traceless response as zero, the 
mean values were similar in the two 
groups. After 72 hrs, 6 controls and 22 
DS patients had a negative response. 
The mean size of the reactions did not 
differ significantly at this time either.

In the 36 DS children, who were 
negative for 100 U of old tuberculin 
at 48 hrs, the skin test was repeated
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with a tenfold dose, then with PPD. 
8 cases remained completely negative 
after 72 hrs.

2. Candidin skin test. After both 
24 and 48 hrs, 21 controls of 33 gave 
a negative response. In the trisomie 
group, 31 of 51 tested children were 
negative after 24 hrs, and 34 after 
48 hrs. The mean size of the reaction 
was almost the same in both groups.

3. PHA skin tests. All of the control 
patients showed a positive skin reac
tion to 1 pg of PHA after both 24 
and 48 hrs. Among the DS children, 
4 patients had a negative response 
after 24 hrs and this number increased 
to 13 by 48 hrs. The mean size of the 
reaction was significantly lower in the 
trisomie than in the control group.

To 10 fig of PHA, all the controls 
gave a positive response, while in 
the DS group 2 cases were negative 
after 24 hrs and 7 cases after 48 hrs. 
The size of the reaction was signifi
cantly smaller again in the DS group 
than in the controls. (Table 1,)

4. In vitro lymphocyte stimulation by 
PH A  (Fig. 1). Spontaneous thymidine 
incorporation was the same in DS 
patients as in controls. Addition of 2 
yg  of PHA to the cultures resulted 
in a 15 fold average increase in 3H- 
thymidine incorporation in the control 
group with a wide scattering. A similar 
increase was observed in the trisomie 
group, and no significant difference 
was found between the two groups.

D is c u s s i o n

As the earliest information con
cerning the humoral immunity sta
tus of DS patients, S i e g e l  [21] re

ported a decreased antibody response, 
while other authors [17, 19] found 
that any or all of the 3 main classes 
of immunoglobulin may be decreased, 
unaltered or increased. It has been 
suggested that all changes in the 
immunoglobulin levels were second
ary [19, 23].

In the present study only the cel
lular immunity of DS children was 
studied, which is postulated to have 
a great importance in the increased 
incidence of infections, the virus 
persistence and susceptibility to leu
kaemia in such patients [24, 25].

Of the functions of the thymus- 
dependent (T-) lymphocytes we stu
died the delayed-type hypersensitivity 
skin reactions and the stimulation by 
PHA of cultured lymphocytes in vitro.

S u t n i c k  et al. [25] examined skin 
reactions using 6 substances and 
found a low index of skin reactivity 
in DS. This hyporeactivity was signif
icant only with PPD and mumps 
antigen, while the other 4 reactions 
were unaltered. As already mentioned, 
B o n f o r t e  et al. [5] could observe 
no difference in skin reactions of 
DS patients.

For skin testing, tuberculin was 
applied as bacterial antigen. Accord
ing to Hungarian data [22], 45% 
of non-tuberculous, BCG-vaccinated 
children are negative with 100 U of 
old-tuberculin, which was the first 
dose applied in our study. Our DS 
group at 48 hrs showed a 72 % negativ
ity against 27 % in the controls. After 
72 hrs the frequency of negative re
sponses (44%) corresponded to the 
mentioned figure, while in the control
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ерш X 103

П З  normal } = SD

Ш  syndrome C = contro1' without PHA 
PHA=stimulation with PHA

F i g . 1

group 19% were negative. We cannot 
explain this latter finding.

As to the possibility of distinguish
ing between reactions on the basis of 
the size of response, this has failed 
there having been no significant dif
ference in this respect between the 
two groups. It was, however, re
markable that scattering was much 
wider in the DS group than in the 
controls.

Since high doses of tuberculin are 
not being used for screening, no con
clusions could be drawn from the 
persistent negativity in 14% of the 
trisomie patients.

On testing with monilia extract, 
there was no difference between the 
two groups in either the form of the 
response or its size.

The intradermal PHA test looks

back to a much shorter history than 
the application of specific antigens. 
Schreck  and Stefa n i [20] were the 
first to study the skin reaction to PHA 
in humans. Recently it has been 
shown [2, 3, 7] that the intradermal 
injection of PHA resulted in adelayed- 
type skin reaction, the histologic ap
pearance of which corresponded to 
other delayed-type reactions of the 
skin. All normal subjects including 
premature infants respond to the 
mitogen within 24 hrs [6]. Among 
the cases reported in literature we 
found only 14 patients with expressed 
immunodeficiency, who failed to re
spond to intradermal PHA [6, 16].

In our study all controls gave a 
positive skin reaction to PHA in both 
doses. In the DS group, 4 cases were 
negative to 1 pg of PHA after 24 hrs
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T a b l e  I

R esu lts  o f  sk in  te s ts  in  ch ild ren  w ith  D ow n’s synd rom e an d  con tro ls

C ontro l D ow n’s sy n d ro m e

S tim u la n t Dose T im e
(HRS) n + -

X  ±  SD 
(m m ) n + - X ±  SD  

(m m )

P
(C on tro l-D o w n ’s s .)

1 0 0  и 48 33 24 9 7.87±5.91 50 14 36 6.56±6.57 p >  0.05

OLD- 72 33 27 6 8.51±5.32 50 28 2 2 5.94±6.20 p >  0.05

Tuberculin 1 0 0 0  и 48 31 18 13

OLD- 72 31 15 16

PPD 48 11 4 7

72 1 1 3 8

Candidin 1 : 1 0 0 0 24 33 1 2 2 1 3.36±4.50 51 2 0 31 3.27±4.41 p >  0.05

48 33 1 2 2 1 3.51 ± 4 .94 51 17 34 3.04±4.50 p >  0.05

1 g 24 32 32 0 10.32±3.90 29 25 4 6.15±3.23 0 .0 1  >  p >  0.001

PHA 48 30 30 0 9.73±3.14 29 16 13 2.86±2.91 p <  0.001

lOjUg 24 24 24 0 12.66±3.41 29 27 2 8.53±3.05 p <  0.001

48 24 24 0 12.06±2.30 29 2 0 7 4.70±3.45 p <  0.001
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and further 9 after 48 hrs. Repeating 
the test with a tenfold dose, 2 children 
persisted in remaining negative at 
24 hrs, arid by 48 hrs the number of 
negative cases increased to 7 (Table 
I). Among the above-mentioned nega
tive cases (6) only 1 patient with 
congenital rubella failed to respond 
to both 2 and 10 pg of PHA.

Comparing the size of the reaction, 
the DS children showed a significant 
hyporeactivity to both doses of intra- 
dermal PHA. The difference was 
even more expressed after 48 hrs, as 
the reaction showed a significant 
(P <  0.001) decrease in size from 24 
to 48 hrs, with both doses of PHA 
(Fig. 2). In the control group, too, 
the size of the reaction decreased 
after 24 hrs, similarly as in the cases 
of Amo et al. [2], but less than in the 
trisomie patients (p О  0.05). In the 
DS group, the size of the reaction 
to the other two antigens showed a de
creasing tendency, while such a change 
was not observed in the controls.

The in vitro stimulation test showed 
no difference between the two groups 
apart from a wider scatter in the 
DS group. Pertaining data are diffi
cult to compare in view of differences 
in methods and doses. H a y a k a w a  
et al. [14] observed a hyperreactivity 
to 1 pg of PHA in DS patients, where
as R ig a s  et al. [18] found a hypo- 
reactivity to the same dose and so 
did A g a r w a l  et al. [1] even when 
applying 25 jttg of PHA.

There seems to be evidence of a 
dissociation of the PHA response in 
vitro from the in vivo skin reactions 
to this substance [2, 6].

The skin reactions and stimulation 
in vitro were compared in DS pa
tients who were negative for 1 pg 
of PHA at 24 hrs (Table II). Only one 
of them had completely negative 
skin tests. Among the 4 children, 3 
were tested by PHA stimulation in 
vitro and the stimulation index was 
above 8 in all of them. Analyzing the 
question from the point of view of 
stimulation, of 37 in vitro assays in 
DS children, 9 were reacting weakly 
with a stimulation index of 8 or less 
(Table III). All these children respond
ed to old tuberculin and 2 were also 
positive with monilia extract. All the 
9 weak reactors displayed a strong 
positivity with 1 fig of PHA.

There are several theories to ex
plain the dissociation of the PHA 
response in vitro and in vivo. R ig a s  
et al. [18] postulated two cell popu
lations different in reactivity. Ac
cording to B o n f o r t e  et al. [6], the 
in vitro techniques are measuring 
the response of all the cells, whereas 
only a fraction of the cells has to react 
to give a positive skin reaction in 
vivo. This hypothesis offers an ex
cellent explanation of the positive 
reactions in vivo and the negative 
results in vitro in chronic lymphocytic 
leukaemia [2] and sarcoidosis [6]. Nev
ertheless, this explanation is not sa
tisfactory for our present results, as 
in our DS group the response to PHA 
in vivo was inhibited, which, accord
ing to the above hypothesis, would 
require less responding cells.

In our experiments, the hypo- 
reactivity in one of the skin tests and 
the unaltered function of the lympho-
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F ia . 2

T a b le  i i

S kin  te s ts  a n d  in  v itro  s tim u la tio n  in d ex  in  p a tie n ts  w ith  D ow n’s 
synd rom e w ho  w ere  n eg a tiv e  for J f ig  o f  P H A  a t  24 h rs

Candidin 100 U TUB. 1000U TUB. PPD STIM. cpm/ 
/Control cpm

1 * - - - - 18

2 - - + 0 9

3 - - + 0 38

4 * - + 0 0 0

TUB. =  Old Tuberculin 
0  =  N ot tested
* =  Negative for 10 g of PHA

cytes in vitro, provided no conclusive 
basis for supposing or excluding an 
impairment of cell-mediated immu
nity in DS. There were, however, a 
remarkable hyporeactivity and in 
addition a weakening of the skin 
reaction to PHA with time in DS 
children. Further research is needed

to clarify the details of an eventual 
cellular immune deficiency in Down’s 
syndrome.

*

W e a re  g re a tly  in d eb ted  to  D r. M . M 
Szo n d y  a n d  D r. L . H orváth  fo r k in d  
p e rm iss io n  to  exam ine th e ir  p a tie n ts ,  a n d  
to  M iss. A . M olnár and  Mrs. E . Z a h a lk a  for 
skilled te c h n ic a l assistance.
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T able  I I I

Candidin Tuberculin PHA

1 :1000 100 U 1000 u PPD 10|Ug

1 - - + 0 + +

2 - - + 0 + +

3 - - + 0 + +

4 - + 0 0 + _L

5 - + 0 0 + +

6 - - + 0 + +

7 + - + 0 + +

8 + + 0 0 +  ■ +

9 - + 0 0 + +

0  = n o t  te s ted
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