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Int roduct ion

Flypersensit ivi ty reactions after immr-rnization r,vi th ei-
t l ter  d iphther ia  (D)  or  teranus (T)  toxoids are occasional ly
observed in atopic i incl rrorratopic individuals. In the l i tera-
ture,  a  low inc idence of  se r ious s ide ef fects  af ter  T immuni-
zat ion is  repor ted [ ] ,  2 ] .  In  young in fants,  preschool  and
school chi ldren repor-ted side ef fects are mostly minor local
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Abstract
Background:  In  order  to  invest igate,  rvhether  atopic  and nonatopic  ch i ldren
shor'v dif ferences in their specif ic IgE and IgG4 immune responses to retanus (T)
and diphtheria (D) antigens, we studied 538 chi ldren r.vho had been fol lorved
fronr birth on and f iom whorn records had been kept of al l  immunizations.
MethodJ: The prevalence of eczema and asthma rvas registered at regular in-
tervals and the cumulative incide nce of synrptorns was determine d at 24 months
of age. Total serum tgE and specifìc IgE to a panel of nine al lergens as well  as T-
and D-specif ic IgE and IgG4 were determined from the 24-monrh blood samples.
Resul ts :  Ourresul ts  show that  both atopìc ancl  nonatopic  ch i ldren are capable of
mount ing h igh levels  of  toxoid-speci f ìc  IgE ant ibody responses.  Chi ldren r ,v i th
cord b lood IgE >0.9 kU/ I ,  serunl  tgE l0-100 ktJ / l  and > 100 kU/ l  and at  least  one
sensi t izat ion to an a l lergen at  24 months of  age have s igni f icant ly  h igher  tgE
responses to T and D (p<0.001) .  In  contrast ,  speci f ic  IgG4 ant ibody concentra-
t iotts to T and D rvere not signif-rcantly dif f 'erent in chi ldren rvith elevated total
lgE levels at24 months. No dif ferences in subgroups of chi ldren wit i i  or rvi thout
early symptoms of atopy were observed. Conclusions: Our clata indicate that IgE
responses to toxoids such as T and D are not l imited to infants ivi th cl inical rnani-
festat ions of atopy in the f irst 2years of l i fe br,rt  are related to immunoloeical
parameters of atopy.
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reagtions, whiie systemic reactions are cluite rare [3. .1, 5.J.
The r isk of anaphylactic reactions ro reranus toxoid is ex-
tremely rare, although case reports have been published [6].
In 1952, Kuhns and Pappenheimer [7] fbund a signif icantly
higher rate of immediate wheal ancl t lare reactions to D tox-
o id in  a l ierg ic  cornpared to nonal lerg ic  ind iv ic lua ls ,  rvh i le
Facktor et al.  could not confinn the-se f indings for T toxoid
[8], Whether obsen'ed adverse reacrions to T or D immuni-
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zatiorrs r,vi th vaccine combinations with D and T (DT) or D,
pertussis (P) and T (DPT) are due ro an unspecif ic irr i tat ion
by the toxoids i tself  or by the aluminum component, has
been discussed controversially [3, 4, 9].

Elevated serum IgE antibody levers to T are observed af-
ter booster immunization with aluminum-adsorbecl T vac_
cine !0] and also in relat ion r,vi th Dpr vaccine in l-  to 2-
,vear-old chi ldren af ier the fìrst immunization [5].  In cross-
sectional sfudies on atopic adults as well  as 4 to l7-year_old
atopic children T and D IgE antibody levels were found to
be higher compared ro nonatopic i 'dividuals Ul, l2). Addi-
t ional ly, i t  was found, that order chi ldren with markedly ele_
vated total semm IgE levers synthesized increased anti_D
and ant i -T IgE ant ibodies [12] .

The objective of this study 'was to investigate the deter-
minants of the IgE and IgGa antibody responses to T and D
toxoid in 4 large cohort of 2-year-old children, after receiv-
ing their primary irnmunization course and to study the very
early IgE response to toxoid vaccination as a model in these
very young chi ldren to pinpoint similari t ies and dif ferences
befween atopic and nonatopic individuals.

lvlale. 9ó
Elevated cord b looc j  JgE (>0 q ku i l ) ,%
Total serum f gE (at 2 years of range)

< l0  kU/ l ,  9 /o
l0- t00 kut I ,v i ,
> 100 klJil,,,,1,

Spec i f ic  sens i t iza t ion (>  CAP c lass I  ) ,  9ó
Obvious atopic eczema, o/o

Recurrent rvheezi ng ( > 2 episod es), o/o

Table  1 .  Pat ienr  character is t ics

5 i . i
I  / . J

3 5 . 7
i2.  I
l " ì  î
T  L . J

26.0
19.4
8 .7

Table 2 .  NLrmber  o f  in rnrun izat ìons against  D and r  per  ant ibody
assay group

Number  o f
immunizat ions

D IgE D IgG4 T IgE r ryfa

I

f

J

Aî
5
total

76
1 7 2
5 5

306

l i l
237
72
5

425

t 2 8
1 1 ^

8 5
7

490

1 3 5
280
90
6
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2óMate r i a l  and  Me thods  ?

Study, Population
538 ch i ldren out  o f  a  cohor t  o f  n  =  1 ,3r4 l rorn  an ongoíng prospec_

t ive non- in tervent iona l  s tudy on the natura l  course o i  a topy in  ear ly
ch i ldhood (v tAS-90)  rvere incr r - rc ied in  our  invest igat ion,  par ient  char-
acter is t ics  are presented in  tab le  l .  Deta i ls  on th is  cohor t  were Dresent_
ed eJsewhere [13]

Br ie f ly ,  the cohor t  rvas Fo l lor .vec l  regu lar ly  a t  1 ,3 ,6 ,  12,  lg  and
24 month of age. Parents received a srructured interview about their
in fants '  d iseases,  a top ic  syrxptoms,  i rnmunizat ions and other  top ics .
The infants underwent a stancrardizecl physical examination by a pedi-
atr ic al lergist.  According to history and physical f indings, an obvious
or  probable  a top ic  eczema and wheezing was d iagnoseJus ing the fo l -
lowing cri teria: 'obvious 

wheezing' reqr.r ired at least two r,vheezing
episodes with shortness of breath, 'obvious 

eczema', a conrbination of
at least three typical morphologicar features at three typical si tes.

Cohort chi ldren',vere includecl in the study i f  thei had received at
least trvo immunizations against D and I before thei i  second birthdav
i f  the records o f  imnrun izar i r : '  i ^crud ing the crate  o f  .o . t  in1. . t ion
were complete  and i f  the ser t rnr  vo lume was suf f ic ient .  S ince IgG+
analysis was performed at a l :40 di lut ion, nìore rnaterial rvas avai lable
for this assay than for the IgE analysis r,vorking with uncií luteclserum.
If senrrn avai labi l i ry r.vas l imit ing, tetanus assays were given priori ty,
The number  o f  sera in  each test  and the s ta tL ls  o f  vacc inat ion o f  the
ch i ldren in  each panel  are g iven in  rab le  2 .

Tb tal ancl A I lergen-Spec iJìc Se rum IgE
Blood samples were raken at  b i r th  (corc l  b looc l - fgE)  ant i  a t  r2  and

24 monrhs for determining roral IgE and specifìc Igt antibocl ies to a
panel of common fbocl ancr inharant ai lergens (mirÈ, egg, soy, whear,
gra$s, birch, Dermatophagoìtres pteronyssinrlr', cats, àógsl" Ail IgE

I

I
i
l r
I

Not  i nc l uded  i n  t he  ana l ys i s .

determinat ions rvere done b1 '  the cAp- f lLrorescence enzyme immu-
noassay (FEIA,  Pharmacia) .  ch i ldren rvere cons idered sens i r ized,
rvhen the serum IgE concent ra t ion against  a t  least  I  o f  the 9  a l lergens
was h igher  than 0. i5  ku i  I  (>  cAp c lass l ) .  For  s ta t is t ica l  ana lys is  ch i l -
dren rvere divided into three groups accorcl ing to totalserum IgE Ie'els
< I0 ,  l0 -100,  >  100 kU/ l  a t  24 months o f  ase.

D and T lgî ttntl lgG,l Antibodt,.lssn-vs
D and r toxoicl rvere coupled to cNBr-activarecl sepharose (phar-

macia Fine chernicals; I  mg protein/g Sepharose; I  mg corresponds to
1,500 Lf  T  toxo id  and to  1 ,800 Lf  D toxo ic t ) ,  The Sepharose rvas sus-
pended at  2  mgiml  in  PBS conta in ing l0  mù/  EDTA.  0 .2% Tween 20
and 0.05 mg/ml  NaNr ( fgE) ,  pBS wi th  0 .5% sheep serum (v /v) , :1 .50,6
bovine senrm (viv), 0.29lo Trveen 20 (v/v), 0.:x gSa (rv/v) and l0 nI,1
EDTA (lgca). Tlre RAST fbr IgE and IgG4 rvas performecl by incuba-
t ion o f  50 pr l  o f  serum ( tgE undi ru tec l ;  Igc4 l :40 c l i lu r ion l  rv i th  25{)  1 t l
o f  Sepharose.  Af ter  incubat ion ovemight  washing rv i th  pBS-Trvee n
0.19 lo  (5  t imes) .  The second incubat ion rvas per formecl  rv i th  500gr l  o f
medirrm (0.5o/,t  sheep-serum, v/v; 4.5% bovine serum (vlv): 0.2%
Tween 20 (v/v); 0.3% BSA (rvlv); l0 rrrd, l  EDTA in pBS (pH 7,4)) pius
50 pr l  o f  sheep"polyc lonal  ant i - tgE or  iv i th  500 pt t  o f  módium ro. :x
BSA; 0 2% Trveen 20; l0 nr,t /  EDTA in pBS, pH 7.a) plus 50 prl  of
monoclonal  ant i - lgc4 (both ra< i io lab lec l  rv i th  r :51) .  r \ f ie r  l2  h  f ina l
rvash ing rv i th  pBS-Trveen 0, l% (4  t imes) ;  the percenrage of  bound , : i l
lvas measLlred in a gamma counter. The results rvere read from a srancl-
ard ca l ibra t ion curve t 'o r  lgE in  RAST uni ts  (RU) (27,  g ,3 ,  l ,  0 ,3  RU:

Immune Responses to Toxoids in Atooic
Chi ldren
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F ig .  1 .  D i s t r i bu t i on  o f  r hc  D  anc lT  I i {E  and
IgG4 ant iboc iv  responses.  ig l l  un i ts  (RL;  ie i t
s ide o f  the f ìgure)  anc l  IgG_l  Lrn i ts  iRU;  r rghr
side of the f igure) are shorv,r.r on the y_scale.
The- corresponding percenti les arc shorvn on
the X-sca le .  The percent i les  are shorvn in  l0 , ló
s teps in  the f ìgLr re  anc l  in  5% steps in  the tab le
Lrnder  the f igLr re .  Each X_scale  percent i le  va l_
ue has fbur corresponcl ing y_scale values
1i  D- lgE;  2 .  

- i - tgE;  
3 .  D_tgca; -1 .  1 : igC.r )

Forexarnple: 75. percenti le: l .  Oip"n_tge : Z;
2 .  Tet - lgE:  2 :  3 .  D iph_tgG4:  60:+.  fe i_ lg i+ :+: .

t  RL = l . i - t  IUlrnr) .  Fo. rgc4 arbi t rary RUs (a-RU) rvere carcuratecrbvan IgG srandard c*nc cr i r* t ion,  rvhich lvas a ' r ix ture 
" i ; ; ipì ; ;* , ,  i

iH ; - î : , : . i - t reared  
par ienrs  a t  c t i tu t ions  o f  l :45 ,  r ,qò ,  r :180,  l :3ó0 ,

r  .  l . l t t , r .

Stut is t ic ,u l t lnc t [y .s is  r
The s ta t is r ic . r  ana iys is  \v i ìs  per fbrmed us ing spss/pc.  S incc thedara o f  IgE uncr  fgc4 ant iboc iy  nreasurenrents  are pos i t ivery  skerved,they rve re I,g-tra'sfbrrnecl.  córrerat iors anlong ,rr.  , i i t i . r .nt t i rpes ofant ibod ies werc  s tud iecr  by comput íng par t iar  cor rerat ions ad just ingtbr the t ime perio-cr ( in ciayi l  afrer ' the rasi inrmunizatio,r.  D ancr T anti-body levels in dif ferent subgro'ps were comparecr by the rVfann_lVhit_ney u test r"rsing the BontbÀ-oni correction for murt ipre conrparisclns.' fo 

deter 'r ine rvhether subgroup cri f ferences in the IgE responses to T.and D ant igen arc  reratecr  to  t r r .  t i rne per iod bet r .veer i the rast  immuni -zat ion and lgE ant iboc iy  measurement ,  theszunc l i ' i c luary  var rabre pe_riods rvere grouperl into one tbur eq'at t ime inten,als.

Resul ts

No rnajo. systenric or rarge rocar cl inicar reactions werereported af ier irnnrunization with D and T toxoids.
T:specitìc serunr IgE antibocl ies were 4.t. . t .à in aboLrt509/o ofthe samples, D-specif ic tgp antrbocl ies were clete*-able i .  -5-5% of trre sampies, r,vrr ire T-specitìc IgG4 anribocr_ies could be fbLrncl in about g0% anct D-specifìc rgG4 anti-bodies in 859/o of the samples, as shown in t ìgure ì.The t ime inrervars between the rast D arrcl J '  immuniza-r ion and thc D- ancl T: speci l ic IgE antibocry anarysis rverevariable ranging f iorn l  week to-21rr;; ;h; i tr-  o ancr Tantibody response.',vas invesrigated r,vith regard io the tinreintervai since trre rast D and t ' i*nunization The i ' rerv;rrs
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9 - 1 2 m o n t h s  >  i Z r n o n t h s

last  T immunizat ion

Fig '  z '  T-spec i f ìc  serum IgE ant ibody concent ra t ions in  2-year-ordch i ldren rv i th  ar tc l  rv i thout  a tòp ic  sens i t iza t ion in  re la t ion ro  the t i rnein te^ 'a l  s ince the Iasr  immunizar ion.  For  e ,ach group,  nrean IgE 'arucsand 95o/o confidence inten,als are presentecl.

of  <5 ' ro ' ths,  5-g months g-r2 ' ront r rs  ancr  > r2 mo' thsshow cl i f ferences betrveen the gro'p rvith anci rvi thout atopicsensit izat ion. with a tendency for higher nrean D ancl T IgEantibody.esporìses in the group of cr i i rdren rvith aiopic sen_sit izat icln, chircrren ,,vi th shorter intervars (s4 months.5-8 months) to trre rast D antl  r  immunizatio. ancr atopicsensit izat ion tended to have higher nlean D and r a' t iboc.ryIe'els than chircrren wirh longeit inre inreryars (g-r2 monthsand >' l2 months). The results are presentecl in f ìqure 2.
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There was no correlat ion between D ancl T IgE serurì
levels and atopic farni ly history. gencler, social status or
number o f i rnmunizations.

T IgE and I 'gc4 antibody levels were posit ively correlat-
ed (ad.;usted fbr the t irne period after the last inrrrrLinization ).
Posit iv 'e correlat ions were also foLrncl between D IgE and
IgGa ant ibody levels ,  T IgE anci  D IgE ant iboc ly  levels  anci r
IgG4 and D IgGa antibody levels. D IgE anclT IgE antibody
Ievels lvere also correlated lvi th the total IgE level. chi ldren
,,vho did not receive any T or D immunization in the f lrst
2 years of l i fe did not show a detectable specif ic antibody
response to D or T toxoid. Results are sholvn in table 3.

,\ssociat ions betr.veen immunorogical parameters of ato-
py and the T and D tgE and IgG4 antibody response are
sho'uvn in table 4. Children r,vi th erevated cord bloocl IgE
(>0 9 ku/ l )  and h igher  rora l  IgE (10-100 and > r00 kui l )
at 24 month as r,vel l  as specif ic sensit izat ion at z4months
sho,,ved signif icantly higher D and r IgE anribody levels
than chi ldren rvith lower cord blood IgE or total IgE values.
chi ldren r .v i th  h igher  tora l  IgE leve rs  (10-100 ku/ l )  in  the D
igGa assay group and h igher  tora l  IgE levels  (10-100 a 'c l
> I00 ku/l)  in r l ie T IgG4 assay group tended to have higher
D and T f gG4 antibody responses.

ln conrrast to the dif fèrent T and D IgE resporìsesrde-
pending on the d i f fèrent  levels  of  immunologica l  parame-
ters of  a topy,  the median T or  D IgE ant ibody levels  d id not
dif fer signif icantly between chi lciren r,vi th and without arop-
ic  rnani festat ions ( tab le 4) .

D iscuss ion

or-rr rcsults clearly show that 24-month-olclchi lciren rvith
and lvi t i rout early nianifestat ion of atopic synrpton-ìs are ca_
pable of producing IgE antibodies in response ro T and D
immunizat ions.  About  50% of  the in fants in  th is  srudy de-
velopecl detectable specif ic T and D antibodies: comparable
fìndings were reporred previously t14]. chi ldren rvith im-
munologica l  ind icators of  a topy such as speci f ic  sensi t iz t r_
t ions a l ready at  the age of  2 shoiv  s igni f icant ly  h igher  tox-
o id-speci  f ìc  IgE responses.

other st 'dies investigated the specit ' ic IgE response be-
fore and afler booster immunizations anclthe data of a longi-
tudinal fbl lor,v-up rvith a temporary course in mostly older
ind iv ic lua ls  wi th r ,v ide age ranges l l0 ,  12,  l5 ] .  In  contrasr  ro
other study clesigns, \ ,ve present comparable data of chi lclren
of,the san-ìe age and complete recorcls of vaccinations anci n
number of dif terent immunological cJata fr.orn birth unti l
24  months  o f  aqe .

Table3.  Par t ia l  cor re la t ion coef f ic ients  o f  D anc l  r  tgE * . i th  D
and T lgc . t  a f ier  cont ro l l ing fbr  t imc per ioc l  a f Ìer  las t  i rnmunizat ion

Ant ibod ies Part ial correlat ion of D and T IeE and IeC.{

N D 95% CI  p  va lue

D IgE u. ' i t l i  D IgC4
T tgE rvith T IgC-l
D IgE wi th  T I_sE
D I_eC-+ r,r ' i th T IgC4
D IgE rv i rh  to ta l  IgE
T IgE iv i th  to ta l  IgE

/ o J

.18 6
i00
l f  l

a L  I

302
484

0 5 r
0.4 j
0 .85
v . t )

0.65
0.64

0 0 0 0 |
0 .0001
0 0 0 0 1
0.0001
0.0001
0.0001

I 9
60
94
J I

7
il

0.42-0.59
0. i6-0.50
0.82-0.88
0.67 -0.77
0.58-0.7 r
0.59-0.69

ND = Non detectable; cC : correlat ion coeff icient:9596CI = 959/o
conf rdence in ter -va l .

The analysis of roxoid-specif ic serum IgE antibody lev-
els in relat ion of dif ferent t ime intervals betrveen the last
immunization and the serological analysis indicates that
IgE antibodies tend to decrease after a period of g months
after the last imrnunization. Horvever, since IgE antibodies
rnay st i l l  be found afìer an interval of more than l2 nronths,
this IgE response is not short- l ivcd. we cannot clrar,v defìnite
conclusions about the duration of the specifìc I_eE antibocly
responses f iom oLrr study since only cross-sectional data ob-
tained at the a_sle of,2 are avai lable.

As is known from other sfudies, the developrnent and ex-
pression of, lgc4 are age dependent and vary widely among
chi ldren of  d i f ferenr  age groups [16- lg ] ,  This  might  be an
explanat ion tbr  our  resul rs  ind icat ing that  l5% of  the chi l -
dren of our study populat ion have untletectable tqc4 anti-
bodies ro both roxoids.

Toxoid-specif ic IgE and IgG4 antibocly responses are
fbund to be associated. correlat ions between specif ic IgE
and IgG4 responses are in agreement with the concept that
these immunoglobul ins are regulated in  a s imi lar  way v ia
IL-4 and rH2 cel ls although the mechanism of this resLr-
la t ion is  not  complete ly  understood yet  [14,  19,  20] .

l t  has been speculated rhat immunizing agents and their
adjuvants rnay infìuence the natural course of atopic cl isease
and may induce the dev'elopment of specif ic IgE antiboci ies
to atopic al lergerrs. Especial ly, the role clf  pertussis intèc-
t ions as '"vel l  as pertussis immr.rnizations as a st imulat irrg
fhctor fbr IgE antibody responses in both atopic ancj non-
atopic individuals has been acldressed in several srudies [g.
15. l7J. correlat ions betrveen totar senrnl IgE and pertussis
IgE antibodies have been describecl,  part icularty in atopic
chi lclren i l51. An igE-antibody-inducing ef,f ,ect of Dpr vac-
cine was observed by Vtatuhasi et al.  [5],  , ,vho clescnbed
elevated levels  of  T-speci f ìc  tgE anr ibodies in  ind iv iduals

Immune Responses to Toxoids in
Chi ldren



Table4. Differences in D and r rgE an<i 'gc4 anribociy responses according
-qroups, sensit izat ion status, atopic eczema ancl rvheezing at 2 years of age

to d i f ferent  to ta l  serum feE sub_

Subgroup D IgE T IgE
rnean SD median p va lue ' mean SD median p  va lue i

Cord b lood IgE
<0.9 ku/l
>0.9 ku/ l

I ì o ta l semm IgEr
< l0  ku/ l
I 0- t00 ku/l
> t00 ku/ t

Speci f ic  sens i t iza t ron
None
> l "pos i t ive  CAp

r\topic eczemit
No symptoms
Probable
ObvioLrs

Wheezing
None
Probable
> 2 episodes

250 2.30
4 5  4 . 7 1

107 0 .1  3
t 5 9  2 . 0 0
3 6  t ? . 3 2

2 1 9  t . 8  I
t7  4 .86

t 2 t  2 . 0 4
1 2 6  2 . 7 0
58 3 .66

274 2 .47
l n  i  i i

J . J J

2 0  3 . i 6

7 . 1 9  0 . 2 2
6 . 7 t  1 8 9  0 . 0 0 7

?:9 ??9 oooo,3 . l l  0 . 8 3  :
|  6.21 6 87 0.000 I

, :1?.  I  l l  o  ooo rI  0. : {4 1.32 v

4.30 0. i  3

, l:2 ? 11 3Í|  1 . 2 4  0 . 2 9  
v

6.91 0.25 n
8s I  o5e  I t n
7.33 0.5i  0 '6

3 8 9  1 . 7 2
80 4.03

t 7 4  0 . 1 5
249 1.64
6 t  8 .52

3 5 3  1 . 3 0
tz t  3 .99

t 7 6  t . 7 4
2 t 9  t . 7 8
94 3.3 3

426 2.07
1 9  2 . 5 0
4 0  2 . 0 1

5.12  0 .07
6.63  I  .9  I  0 .000 I

0.43 0.00
2.66  0 .17  0 .0001

t 3 . 0 6  1 . 3 3  0 . 0 0 0 1

3.27 0.03
9.48 t .  I  I  0.000 I

4.23 0.29
4.04 0 07 0-2

t0.24 0.  r8 0.3

s.98
4.34
5.27

0 . 1 8
0.19
0 0 0

0.57
0 3 9

Subgroup D IgG4 T IgC4
mean  SD median p  v a l u e l mean  SD median p va lue '

Tota l  serunr  IgEl
< l0  ku/ t
I  0-  100 ku/ t
> 100 ku/ t

I

154 42.1 I  84.6
2 1 0  t 7 9 . 6  1 6 9 . 0
5 5  2 7  L 4  9 0 7 . 4

6 . 9 1
2 2 . 3 1
22.73

0.000 r
0.3 8

0J  / . )

884. I
r048.6

1 ,1 a) . +  )

1 0 . 7 r
t7 .22

0.0001
0.08

t79 98.4
2 6 2  t 9 8 . 8
64 259.4

tVfann-whitney U test fbr the respective groups using Bonfèrroni correction for multipl..o,"nporiroilAt 2 years of age.

vaccinated with Dpr vaccine [10]. Haus and weinberg Ir7]s.uggest that aropic symptoms in a group of r-year-orcr chir-
dren rvere callsed by Dpr imrnunization during the first
year of l i fe. Fol low-up studies wil l  be needed in order to
determine r,vhether or not immunizations with toxoids ancl
the degree of the specific IgE responses to thern are praying
any role in enhancing or suppressing IgE-mecriated immune
responses to atopic al lergens or rnodulat ing the cl inical
course of atopic diseases, as suggested by ro*. investrga-
iors [21,22].

compared to other studies r,vhich observed hypersensi-
t ivi ty reactions or local side effects after immunization rvith
D, T or pertussis toxoicjs, no severe side effects were report-
ed.in ourr s,fudy. This confirms the observation that trre in-
cidence of local as weil  as serious systemic adverse reac-
t ions has remained lorv [ ] ,  2].

ln summary our data indicate that immunizations with D
and r toxoids result in the development of specif ic IgE anti_
bodies in about 50% of chi ldren. This antibody response is
not l imited to the subgroup of chi ldren with earrv crinicar
manifestat ions of atopic disease.
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