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Plasma hypoxanthine and xanthine levels in the
early newborn period in problem-free preterm
babies and those with idiopathic respiratory

distress syndrome

L kK armazsix, G Balla

Department of Paediatrics, University Medical School,
Debrecen, Hungary

The use of hypoxanthine measurements for quantitative monitoring
of intrauterine asphyxia is generally accepted. A high level in blood or in
CSF is a consequence of tissue hypoxia. Hypoxanthine and xanthine were
measured by selective high pressure liquid chromatography in mature
newborns, in healthy, symptom-free preterm babies, and in preterm babies
affected by idiopathic respiratory distress syndrome. The measurements
were carried out from peripheral venous blood within three hours after birth
and at the age of 48—72 hours. In mature newborns the mean hypoxanthine
level was 11.10 jUmol/l in the early determinations, and 8.45 /tmol/l in the
second set of measurements. In unaffected prematures there were significantly
higher levels, and the highest values (44.22+15.13 /rmol/1) were encountered
in premature babies subsequently dying of severe hypoxia. Xanthine showed
a similar course. In addition to establishing normal values for prematures we
desired to clarify the changes in the levels of purine metabolites during
idiopathic respiratory distress and their prognostic value. Hypoxanthine and
xanthine levels were found to be informative in postnatal hypoxia, especially
together with other parameters.

Catabolism of purine nucleotides
is a complex process consisting of
several steps. In man, the final me-
tabolite is uric acid arising by oxida-
tion of hypoxanthine and xanthine,
a process catalyzed by xanthine oxi-
dase (Fig. 1). Metabolism of nucleic
acids, purine containing coenzymes
and nucleotides carrying high-energy
phosphate bounds is channelled to this
final step. The relationship of oxygen
and energy carrying purine compounds
has long been known. In hypoxia,
characterized by anaerobic conditions,
their synthesis is impaired and their
breakdown is enhanced, ATP is used
up [5]. Hypoxanthine, an intermedi-

1

ary product of purine catabolism,
is regarded as a good indicator of the
severity of hypoxia at all ages [12].
In neonatal hypoxia its level may be
increased by two factors. First, ATP
is used up at a dramatic speed, this
leads to formation of ADP, AMP and
hypoxanthine. Second, there is a
direct action of the lack of oxygen;
xanthine oxidase, converting hypo-
xanthine to xanthine and xanthine
to uric acid, only works in the presence
of oxygen. The enzyme cea3a3 to
function in hypoxia, thus resulting in
an elevation of hypoxanthine and
xanthine levels in tissues and body
fluids [11].

Acta Paediatrica Hanjarica 21, 1981



2 L Karmazsin, G Balia: Xanthine and hypoxanthine

Accumulation of
cellular energy

Utilisation of
cellular energy

. or. 6*
Xanthineoxidase

Fig 1. Breakdown of purine derivatives

Improvement inlaboratory tech-
nigques added hypoxanthine measure-
ment to the list of indicators of
hypoxia; lactate, base deficit and pH
measurements.

For exact measurement of purine
metabolites, enzymatic, column chro-
matographic and oxygen electrode
methods are available [13]; the meth-
od utilizing oxygen electrodes is the
most exact one but its drawback is its
inability to determine the individual
metabolites separately, thus to distin-
guish between xanthine and hypo-
xanthine. High pressure liquid chro-
matography (HPLC) is now the
method of choice, being suitable for
separate determination of hypoxan-
thine and xanthine [2, 4, 6, 9, 10, 14].

HPLC was used for measuring the
plasma hypoxanthine and xanthine
levels in symptom-free premature
babies and those affected by idio-
pathic respiratory distress. Mature
healthy babies born by normal deliv-
ery after an uneventful pregnancy
were chosen for a control group.

Material

Hypoxanthine and xanthine determi-
nations were performed in all babies ad-
mitted ot our intensive care centre, without
any selection during the study period.
Gestational age was determined on the
basis of obstetrical data and the maturity
score of Dubowitz. Babies exhibiting
intrauterine growth retardation with clini-
cal symptoms of injury were excluded
from the study. The distribution of new-
borns according to gestational age and
birthweight is shown in Fig. 2; birthweight

Fig 2. Distribution of newborns according to gestational age and birthweight

Acta Paediatrica Hungarica 26, 1985
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Table |

Grouping of newborns and distribution of prematures affected
by idiopathic respiratory distress syndrome, according to
outcome, mean gestational age and birthweight in the various groups

Table la

Newborns studied

Age at blood sampling

Within 3 hours 48-72
after birth hours
Number of cases 70 60
Mature newborns
n 15 15
gestational age, weeks 39.3+1.0 39.3+£1.0
birthweight, g 29181406 2918+406
Premature newborns
Healthy
n 24 24
gestational age, weeks 321+2.8 321+2.8
birthweight, g 14444397 1444 +397
IRDS
n 31 21
gestational age, weeks 30.6+2.7 31.4+2.8
birthweight, g 1498+392 1616+399

n: number of cases
means and standard deviations
IRDS: idiopathic respiratory distress syndrome

Table Ib
Prematures affected by IRDS

n geﬁa&g}g o, Birthweight, g

All cases 31 30.6+2.7 1498+392
Survivors 13 31.5+2.2 1641 +285
Died during the
neonatal period

within 72 hours 10 29.1+1.4 12524243

between 4 —7 days 8 31.3+3.8 1576+558

together 18 30.0+£2.9 1396+432

dying of pulmonary

haemorrhage 11 30.1+2.9 1406 +459
Sepsis score points

exceeding 10 14 30.0+2.3 1349+354

died within 72 hours

after birth 4 29.8+2.9 1250+334

died within 7 days

after birth 8 28.6+2.4 1258 £450

means and standard devations

n:number of cases
IRDS :idiopathic respiratory distress syndrome

Acta Paediatrica Hungarica 26, 1985



4 L Karmazsin, G Balia: Xanthine and hypoxanthine

was between the 10th and 90th percentiles
in all cases [8].

The symptom-free babies needed only
care. The babies affected by idiopathic
respiratory distress syndrome exhibited
all clinical and radiological signs of the
condition and needed respiratory treatment
and correction of acid-base imbalance.
In all babies who died of IRDS, necropsy
revealed the presence of hyaline membrane
and alveolar haemorrhages.

Since the idiopathic respiratory distress
syndrome can be simulated by sepsis, a
score for establishing the probability of
severe infection was used; a score value
exceeding 10 made sepsis highly probable
[18]. Respiration itself may cause infection,
therefore the above-mentioned score was
applied several times during IRD S and the
highest value was taken as the indication
for therapy and grouping. Grouping,
number of cases, their gestational age and
birthweight and the outcome of IRDS are
shown in Table I. Autopsy confirmed the
primary pulmonary changes resulting from
immaturity leading to severe hypoxia in all
fatal cases.

The blood samples were drawn from a
peripheral vein. Clotting was prevented by
addition of one part of 3.8% sodium citrate
to nine parts of blood. Hypoxanthine and
xanthine were determined in plasma.

Mkthod

Hypoxanthine and xanthine were first
extracted from the plasma [14]. A double
volume of ice-cold, freshly prepared 10%
trichloroacetic acid (TCA) was added to

each plasma sample, the precipitate was
removed by centrifugation. TCA was
removed from the supernatant by 1.5
volume of diethylether saturated with
water. The aqueous phase was filtered
through a 0.5 /im Millipore filter and the
sample was stored at —20°C. This extrac-
tion procedure could be carried out from
samples of 100 /.

The measurements were carried out in a
Hewlett-Packard 1084/B typeHPLC device
by the method of Khym and Simmonds
modified by ourselves [6, 14]. The column
consisted of ODS-Hypersil, length: 10 cm,
mesh size: 6 nm, pressure: 86 bar, working
temperature: 30°C. The detector with
variable wavelength sensitivity was sensi-
tive to ultraviolet light, a lambdamax of
255 nm was used for hypoxanthine deter-
mination, 270 nm for xanthine. The flow
speed was 1 ml/minute. The eluent was
0.01 mol/1 potassium hydrogen phosphate
pH 6.3, containing 1% methanol. The 20 /tl
sample was injected by automatic injector.
Quantitative determination of xanthine
and hypoxanthine was achieved by estab-
lishing calibration curves and computer
evaluation ofthe areabelow the correspond-
ing peak in the chromatogram (Fig. 3).

For calibration, serial dilutions ofplasma
hypoxanthine and xanthine (Sigma) were
used. From all artificial plasma samples
the whole procedure including extraction,
was carried out and the area below the
curve was measured and taken as the rela-
tive unit. Figure 3illustrates, in addition to
the calibration curves, a chromatogram
as well. The lower limit of sensitivity was
0.1 fimolfl of hypoxanthine and xanthine,
respectively.

Added quantity of hypoxanthine and xanthine, /jmol/I

Fia 3. High pressure liquid chromatography curve of a plasma
extract and calibration curves of hypoxanthine and xanthine

Acta Paediatrica Hungarica 26, 1985
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Since the determinations were carried RESULTS
out in citrated blood, real hypoxanthine
and xanthine levels in plasma were cal-

culated as follows: real concentration = Figure 4 shows the plasma hypoxan-
measured concentration o) oA thine level found in the newborns.
where PCV meant packed cell volume. Within three hours after birth the
n :Number of cases m: p less than 0.05
X : Mean mm: p less than 0.01

ns: Not significant mmm Zp less than 0.001

Fig 4. Plasma hypoxanthine levels of newborns within three hours after birth and
between 48 and 72 hours of life

n :Number of cases m:p less than 0.05
X :Mean mM : p less than 0.01
ns: Not significant m*m : p less than 0.001

Fig 6. Plasma xanthine levels of newborns within three hours after birth and between
48 and 72 hours of life

Acta Paediatrica Hungarica 20, 1985
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lowest values were encountered in
mature healthy babies. A mean value
nearly twice as high was obtained in
premature babies free of symptoms
or problems, while in premature neo-
nates affected by idiopathic respira-
tory distress syndrome the mean
value was about three times higher
than that of the mature babies.
In prematures with IRDS dying
subsequently of intractable hypoxia
the mean was even higher, 34.57
pmol/1.

In the 15 mature newborns, the
mean value observed between 48 and
72 hours after birth was significantly
lower than the first mean value.
In the premature babies, on the
contrary, there was a slight increase
instead of a decrease. An especially
marked increase was seen in the 8 pre-
matures affected by IRDS in whom
the 48—72 hour measurement could
stillbe carriedoutbut of whom twodied
thereafter: the mean value amount-
ed to 44.22 pmol/l. In some babies
dying during the perinatal period,
values as high as 100 /imol/1 were
measured.

Similarly, both the values obtained
within three hours and on the third
day of life were higher in the preterm
than in the term newborns. The
increase was even more pronounced
in the babies affected by IRDS.
Again, in the newborns dying subse-
guently, a considerable fall occurred
by the third day compared to the
three-hour value. In the whole mate-
rial, the lowest values were encoun-
tered in mature newborns on the third
day of life while the highest values at

Acta Paediatrica Hvvgarica 26, 1985

three hours after birth in premature
neonates dying during the perinatal
period. The extreme values were
454 and 9.51 /imol/l, respectively
(Fig 5).

Discussion

The key to perinatal adaptation is
the baby’s cardiorespiratory function.
Postnatally there are more possibili-
ties for diagnosis and treatment than
immediately before birth, but estima-
tion of the severity of hypoxia is still
difficult. Measurement of the hypo-
xanthine level has primarily been
used for judging the degree of intra-
uterine asphyxia; its value was com-
pared to that of the Apgar score,
blood lactate, blood pH, base deficit
and individual asphyxia scores [1,
15, 17]. It was found that plasma
hypoxanthine had a complementary
value in this series of tests [16].
The highest hypoxanthine levels in
neonates delivered after intrauterine
asphyxia were usually measured 20
minutes after birth. The base deficit
was highest at 30 minutes, the maxi-
mum of lactate during the first three
hours. There is a strong correlation
between the three parameters but
none could be found between the
blood pH and plasma hypoxanthine,
probably because of the rapid changes
in pC02[15]. In intrauterine hypoxia
the optimum time for plasma hypo-
xanthine determinationis 10—20 min-
utes after delivery, but elevated
values are still encountered three
hours after birth [3]. If a single
determination is carried out, the



L Karmazsin, G Balia: Xanthine and hypoxanthine 7

hypoxanthine level may not be corre-
lated with the clinical features. This is
due to the fact that the plasma
hypoxanthine concentration is influ-
enced not only by hypoxia but also by
other factors. Since hypoxanthine is
electrically neutral, it seems very
probable that it can escape from the
hypoxic cells to the extracellular
space by simple diffusion, hence it can
easily reach the blood plasma. It
appears in the plasma immediately
after the hypoxic episode but this may
be hindered by poor circulation.
After birth thereisamarked peripher-
al vasoconstriction in all newborns,
even in mature babies, and this is
especially pronounced in asphyxiated
neonates. Under pathological condi-
tions the pump function of the heart
is impaired and redistribution of the
circulating blood occurs: perfusion of
all organs but of the brain and the
heart deteriorates. Hypoxanthine ap-
pears in the circulation of the arteries
or veins available for blood sampling
only when the peripheral circulation
has improved and the bloodstream is
able to wash out hypoxanthine from
the tissue that had been hypoxic.

The primary determinant of an
elevated hypoxanthine level is hypox-
ia, but its effect may be retarded by
impaired heart function and disturbed
microcirculation. Furthermore, the
plasma hypoxanthine level can be
altered by the volume of plasma and
the she of the extracellular space.
From the practical point of view it is
important that no difference should
occur between the arterial and venous
hypoxanthine levels.

Timing of the first blood sampling
within three hours after birth has been
chosen on the basis of the dynamics of
hypoxanthine levels. In addition to
clarify the severity of perinatal and
very early postnatal hypoxia, we
also wanted to establish the range
of basal values for healthy premature
babies. To see the course of hypoxan-
thine and xanthine levels, they were
measured in mature newborns, in
prematures without problems and in
prematures affected by IRDS, 48—72
hours after birth. Determinations in
the healthy mature babies had the
purpose of obtaining normal values
of our own.

The normal values for hypoxanthine
and xanthine obtained in this study
fell within the upper third of the
range described in the literature.
In some instances we compared the
hypoxanthine and xanthine levels
determined by an oxygen electrode
or by high pressure liquid chromatog-
raphy; the results are shown in
Table I1. It can be seen that the ranges
obtained by the two methods were
similar but the individual values of
the two different determinations did
not coincide. We think that the uni-
formity of the method throughout
our present study has contributed
to the reliability of our findings.

The lowest early values were found
in healthy mature babies. The values
then decreased by the third day of life.
This indicates that a certain degree of
hypoxia occurs even during normal
delivery but is soon abolished after
birth, consequently the blood level
of the purine derivatives is normalized

Acta Paediatrica Hungarica 26, 1085



Author

Saugastad [12]

Lipp-Zwéhlen
[7]

Bratteby [3]

Thiringer [16]
O’Connor [11]

Swanstrom [15]

Simonds [14]

Boulieu [2]
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Method
p 0 Zlectrode

p02electrode
p02electrode

p 0 2electrode
p 0 2electrode

p 0 2electrode
p02electrode
p02electrode
HPLC

HPLC

Table Il
Normal plasma hypoxanthine and xanthine concentrations obtained by various authors

when circulation and respiration have
become fully adapted. The significant-
ly higher value observed in healthy
prematures three hours after birth can
be explained by their slightly impaired
cardiorespiratory adaptation causing
a somewhat protracted transitory
hypoxia in the tissues. But in these
babies, too, the hypoxanthine level
fell by the third day of life, pointing
to an improved cellular respiration.
Thus, hypoxanthine estimations have
proved here a useful laboratory mark-
er of adaptation.

In the case of prematures suffering
from IRDS, the relative role of intra-
uterine asphyxia, immaturity and
postnatal respiratory distress in caus-
ing high hypoxanthine levels can
hardly be established, but the high
value itself shows that the persisting
respiratoryfailure maintains a hypox-
ia. Successful respiratory treatment,
restoration of the circulation and

Acta Paediatrica Hungarica 26, 1985

Site of blood MeanzSD
Isgrgpling Compound Jurmol/ Range
cord hypoxanthine 5.8+3.0 0-11
umbilical artery hypoxanthine 16.1+5.7 —26
umbilical vein = hypoxanthine 14.4+4.7 **9-24
umbilical artery hypoxanthine 119 - 0-23.8
umbilical vein ~ hypoxanthine 9.0 1.4-18.9
cord hypoxanthine 5.745.8 0-18.3
cord hypoxanthine 51 1-14.0
umbilical artery hypoxanthine 7.7+5.9 —
adult blood hypoxanthine 2.04+0.6 —
xanthine 0.61+0.21 —
adult blood hypoxanthine 32 —
xanthine 20 —

correction of the imbalance of acid-
base equilibrium result in a fall in the
plasma hypoxanthine level, as it has
been observed in out survivors of
IRDS, and the contrary could be seen
in the group of prematures who
subsequently have died. If attempts
to restore cardiorespiratory functions
fail, the hypoxanthine level inexorably
increases, showing the persistence of
severe energetical disturbances at the
cellular level. In this group the xan-
thine level was comparatively low. It
appears that as a consequence of
hypoxia, the failure of xanthine oxi-
dasefunction prevents normal catalysis
of the conversion of hypoxanthine
to xanthine and thus the xanthine
level falls in spite of extremely high
hypoxanthine concentrations.

Our results suggest that plasma
hypoxanthine and xanthine are good
indicators not only of intrauterine
asphyxia but also of postnatal adap-
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Factor VIII related antigen in term and preterm
newborns with severe neonatal haemorrhage

G Balla, L Karmazsin

Department of Paediatrics, University Medical School,
Debrecen, Hungary

Plasma factor V11l related antigen (VIIIR:Ag) concentrations were
studied in term and preterm newborn infants. The control population was a
group of normal children 2to 12 years of age without any manifest disorder.
The aim of the present investigation was to follow the change of VTIIR:Ag
in the newborn and to study its level in sick preterm infants with severe
bleeding disease. The VIIIR:Ag level in the control childrenwas 86.2 + 20.5%.
The lowest concentration was measured in term infants between 48 —72
hours of life. The highest VIIIR:Ag level (129.1+ 8.1%) was found in those
preterm newborns who died of pulmonary and intracranial bleeding in the
early neonatal period. VIIIR:Ag is a useful marker of endothelial cell damage

in the perinatal period.

Haemorrhage, both localized and
generalized, is a significant cause of
mortality and morbidity in the neo-
natal period [11,13,17,20]. Numerous
studies have demonstrated deficiencies
of various blood coagulation factors
in the normal newborn and more
severe ones in preterm infants [5, 8,
9, 18]. The endothelial cells and plate-
lets have an important role in the
maintenance of vascular integrity and
their factors, besides ensuring the
normal balance, are useful markers
of pathological conditions. Endotheli-
al cell injury is probably a primary
event in the pathology of a number
of diseases affecting blood vessels.
Plasma level of factor VIII related
antigen (VIIIR:Ag) may be a sign
of intimai damage [I, 4, 7].

Factor VIIl/von Willebrand factor
complex (FVITI/NWE), being a glyco-

protein of high molecular weight,
has distinct constituents, i.e.: factor
VIl procoagulant activity protein
(VII:C), the antigenic expression of
VII:C (VIII:CAg), von Willebrand
factor protein, the antigenic expres-
sion of von Willebrand factor (VIIIR:
Ag), and the ristocetin cofactor

(VIIIR:RCo) [22]. VIIIR:Ag and
VIIIR:RCo are closely related. Both
are synthesized by vascular endothe-
lial cells and possibly by megakaryo-
cytes and platelets [14, 16, 19).

Estimation of VIIIR :Ag in plasma
by precipitation with rabbit antiserum
is a simple and useful parameter of
endothelial cell injury.

The aetiological factors that have
been suggested as the basis of endo-
thelial cell damage in the perinatal
period are the respiratory distress
syndrome, asphyxia, acidosis, infec-
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tions, hypoglycaemia, hypercapnia, ic-
terus, congenital heart disease, fetal
distress and the mode of delivery [10].
In these disorders, oxygen radicals
are produced in large quantity in
hypoxia and hyperoxia, especially
during the rapid change from hypoxia
to hyperoxia [2]. This state may lead
to severe damage of cells and tissues,
mainly in preterm infants whose
endogenous antioxidant activity is
weak [3]. The endothelial cell injury
then affects the microcirculation, lead-
ing to generalized neonatal bleeding
syndrome with massive pulmonary
and intracranial haemorrhage.

The aim of the present investigation
was to study the plasma VIIIR :Ag
level in normal children, term and
preterm infants and in those sick
preterm infants who died in conse-
guence of pulmonary and intracranial
haemorrhage.

Material and Methods

The VIIIR:Ag level was estimated in
children hospitalized at our Department.
Blood samplings were carried out only
when blood was needed for other purposes,
too. A total of 67 children were examined;
their grouping was as follows.

Group 1. Thirty control children 2 to 12
years of age, without any manifest disorder.

Group 2. Twelve term newborn infants
of 37to 41 (mean 39.3+1.1) weeks gestation-
al age and 3203+ 378 g mean birthweight,
without any adaptational problems.

Group 3. Eleven preterm newborn
infants of 26 to 36 (mean 31.2+ 2.7)
weeks gestational age and 1457+ 364 g
mean birthweight, without any risk factor
considered to be important in the develop-
ment of endothelial cell damage.

Group 4. Fourteen preterm newborn
infants of 26 to 36 (mean 30.5+ 2.6)
weeks gestational age and 1358+ 389 g
mean birthweight who then died at 1 to
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8 (mean 3.6+ 2.5) days of age with severe
pulmonary and/or intracranial haemor-
rhage confirmed at necropsy.

The first blood sample was drawn of
these infants within the first four hours,
the second between the 48—72 hours of
life. In the fourth group, in 6 infants we
could not measure the second VIIIR:Ag
level, because they died earlier.

VIIIR:Ag was determined in citrated
venous plasma. Blood was mixed 9:1 with
3.8% trisodium citrate solution and plasma
was prepared by centrifuging at 3000 g at
4°C for 15 minutes and stored at —30°C.
VIIIR:Ag was measured by the Laurell
rocket immunoelectrophoretic technique
using rabbit antiserum (Behring Diagnos-
tics, Germany). Serial dilutions of the pool-
ed and test plasma were prepared for
each plate and run simultaneously; the
amount of VIIIR:Ag in the patients’
plasma was compared to that of the pooled
plasma and the result was expressed in
percents [21].

Statistical analysis was performed by
Student’s t -test.

Results

The VIIIR:Ag level of the control
children in Group 1was86.2+ 20.5%
of the normal adult level (Fig. 1).
In Group 2 the protein concentration
was higher (106.7+ 15.8) in the first
hours of life than in Group 1, but on
the third day the level fell significantly
by 23.7% and reached the normal
level. Group 3 showed shortly after-
birth a level (89.6+ 12.2%) lower than
in Group 2, but it increased 3 days
later. The highest VIIIR:Ag concen-
tration was measured in Group 4,
where in the first hours the VIIIR:Ag
concentration (119.8+ 18.0%) was
significantly higher than in Group 3,
and in those 8 children who survived
the first three days, the level (128.1 +
+ 8.1%) was the highest between 48
and 72 hours of age.
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Group 1 2
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n 30 12 12
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p0.001

3 4
89.6 98,3 1198 1291
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Fig 1. Plasma VIIIR :Ag levels in the four groups. Group 1: control children; Group 2:

term newborns; Group 3: preterm newborns; Group 4: preterm newborns with bleeding

disorder. Blood samples were obtained within the first four hours, and between the 48 —72
hours of life

Discussion

The aim of the present study was to
follow the circulating VIIIR :Ag level
in the neonatal period and especially
in preterm infants. The VIIIRrAg
value of control children 2—12 years
of age was found to be lower than the
normal adult level. The reason for
this might be a decreased synthesis of
VIIIR:Ag, or an increased resistance
of the endothelial cells of children
against damaging effects. The only
fact supporting the latter assumption
is that thromboembolism and angio-
pathies are less frequent in children
than in adults.

The stress during delivery might be
the reason for the high concentration
of VIIIR:Ag in term newborn infants.
The placenta can also be the source
of VIIIR:Ag, because obliterations

may occur during delivery. In term
infants the decrease of VIIIR:Ag
concentration three days after birth
points to improvement in the micro-
circulation and in the condition of
endothelial cells.

The initial low value of VIIIR:Ag
in preterm babies increases with time,
indicating the sensitivity of endothe-
lial cells. The cardiovascular system is
also immature and the stress situations
impair the repair mechanism. The phe-
nomenon is reflected in the VIIIR :Ag
concentration measured in preterm
infants suffering from generalized
bleeding syndrome; the highest va-
lues were observed in that popula-
tion. Sometimes, the damage to endo-
thelial cells is further increased by
medical treatment; one of such factors
is the toxicity of oxygen. Thus,
VIIIR :Ag is a good marker of endo-
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thelial cell damage in the perinatal
period. We found the highest
concentrations in that population
where generalized bleeding had devel-
oped in the early neonatal period.
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Intracranial sonography in infancy

G Habmat

Institute of Neurosurgery, Budapest, Hungary

Neonates and older infants were subjected to sonography through the
anterior fontanelle with grey-scale compound scanner. The patients were
referred to us from neurosurgery or showed clinical symptoms of perinatal
CNS damage (ventricular or intracerebral haemorrhage, subdural effusion,
etc.) or malformations (meningomyelocele, encephalocele, cystic brain,
cerebral dysgenesis, etc.).

Sonography is the simplest non-invasive diagnostic method to exclude
suspected hydrocephalus in cases of macrocephalus, or when the head of
premature infants grows more rapidly than the rest of the body. When
screening showed alterations,sonography was performed weekly or fortnight-
ly according to the extent of deviation from the normal. In cases of progres-
sive hydrocephalus, whenshuntsurgery was indicated, ultrasound was used to
monitor the operation of the shunt. In early age, ultrasound is a tool equal in
value to CT, but is far less expensive and the examination can safely be

repeated at any time.

During the 24 years of its existence,
ulrasound examination hasdeveloped
into one of the most important tools
of preventive medicine. Before that
the intracranial cavity could only
be examined by invasive procedures
such as pneumo-encephalography or
iodine ventriculography. CT scanning
is a method with comparatively low
radiation dosage but the exposure to
radiation limits its serial repetition.

The ultrasound technique is a non-
invasive diagnostic procedure which
is completely harmless, painless and
which can be repeated at will. In neo-
nates and infantsit gives reliable infor-
mation on the cerebral ventricles
until the anterior fontanelle remains
large enough i.e. until the 8—10 post-
natal month.

Initially, ultrasound as an exami-
nation technique was applied prin-
cipally for echo-encephalography. This
was based on the A-echo technique
but this required extensive experience
and there was a large margin of error
[18].

Two-dimensional ultrasound exa-
minations were first used extensively
in obstetrics to visualize the fetal
skull. This then gave rise to the idea
of trying to examine the intracranial
region. The possibility of examining
the cerebral ventricles and brain
structures of neonates and young
infants through the anterior fontanelle
seemed self-evident [2, 3, 4, 13, 16].

Through this acoustic window it
was generally possible to get a look
into the intracranial cavity until the
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fontanelle was open. At the beginning,
the size of the transducers limited
accurate depiction. Depending on the
angle of penetration (60—120°) the
mechanical real-time heads generally
gave a suitable picture in the plane in
guestion.

Ofthe two ways used for visualizing
the intracranial structures, the one
which spread more rapidly in the
beginning was the real-time technique
and this was then followed by the
advanced grey scale method. The
latter gave structural distinctions
using the black and white colour scale,
thus creating two-dimensional pic-
tures. A cross-sectional picture with
far more detail is obtained from the
multifocal compound scanning method
which also gives gross morphological
cross-sectional depiction [3, 4, 8, 16].

There is no real difference in
qguality between real-time and com-
pound scanning installations with
up-to-date digital ancilliaries but the
linear arrays depict only part of the
important regions [10]. The break-
down of detail on modern digital
real-time scanners coincides with that
of compound scanning. With compu-
ter-aided link-up of several transducer
heads it is possible to examine the
intracranial cavity of children older
than two years but since the skull
bone refracts the majority of acoustic
energy, the pictures contain less
detail even with use of a water bag
[5, 6].

Intraoperative real-time ultrasonic
sector scanning was performed through
the wunincised dura mater of the
intact brain surface during cranioto-
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my, to define the location, configura-
tion and consistency of the tumour
mass [12, 15, 16].

As far as the cerebral ventricles
and cerebral structures are concerned,
the accuracy of echotomographic ex-
amination shows a good coincidence
with the results of CT examination
[3, 6, 7, 8].

Method

A Briiel —Kjaer type 3402 real-time
sector scanner was used for screening and
a Briiel —Kjaer type 3401 one forcompound
scanning. The nominal frequency of the
transducer heads was 4 and 5 MHz and the
transducer diameters were 12 and 5 mm,
respectively. (These are short-focussed
transducers). The sole requirement of the
examination is the presence of an open
anterior fontanelle of at least 1 cm2 area.
No sedation was required. A restless infant
could always be placated by feeding during
the examination. Satisfactory temperature
conditions were provided for premature
and small-for-dates infants. Average exam -
ination time was ten to fifteen minutes,
the maximum was twenty minutes. For
documentation a video-recorder orphotog-
raphy was used.

Planes of Section and Normal Anat-
omy

Ready given specific planes of
section should be used to standardize
documentation and facilitate repeti-
tion. We used serial frontal and
sagittal planes (Figs 1and 2).

Clinical indications for intracranial
examination

Premature Babies

Low birth weight premature infants
require special attention since intra-
cranial haemorrhage is more frequent
among them than in full-term infants.
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Fig 1. A: Standard frontal planes. — Scheme and pictures: a) The frontal section is the
plane of the coronal suture (the plane of the sutura coronaria toward the base following
the line of the external auditory canal) showing normal lateral ventricles (V) of echo-free,
butterfly-shaped form; the anterior longitudinal cerebral fissure with the echogenic dura;
the falx cerebri (F); the cingulate sulcus (s), the thalamic area (T), the Silvian fissure (FS),
the external capsule (ce), and the temporal lobe (TL). R: right side, b) The second frontal
plane aimed backwards and downwards from the coronary suture. The third ventricle
usually gives a narrow echo-free zone (V3). c) The third frontal section where the plane is
even further backwards and downwards, behind the foramen occipitale magnum. It shows
the posterior areas of the lateral ventricles, the transition of the temporal horns and the
choroid plexus in homogeneous, echogenic symmetric form (ch), surrounding a narrow
echo-free space, i.e. the lateral ventricle (LV)
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Fig 2. B: Standard median and parasagittal sections. Scheme and pictures: d) The median
sagittal section shows the echo-free third ventricle (V3) with the echogenic massa inter-
media (mi), above this the foramen of Monro (FM) and the connected Sylvian aqueduct
(aS), the fourth ventricle (V4) and the mixed echogenic cerebellum (Cb). F: frontal, O:
occipital direction, e-e’) In the parasagittal sections the planes are shifted on both sides,
displaying the full echo-free arc of the lateral ventricle, its frontal (Lv, f) and temporal
(Lv, t) parts, the thalamic area (T), the caudate nucleus (nc), and the periventricular
germinal matrix which is a common site of intracranial haemorrhage in preterm
infants. The most echogenic structure is the choroid plexus (ch)



Fig 3.
distress syndrome. He had intracranial hypertension, and the lumbar puncture showed
sanguinolent CSF. Right parasagittal section. Enlarged ventricle. In the frontal horn of
the lateral ventricle (Lv, f) the place of the germinal matrix, above the caudate nucleus.
An echogenic area representing subependymal bleeding (sb) and in the temporal horn a
blood

2*
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Table |

Clinical Indications for intracranial sonography

Pre-term, full term and small-for-dates babies under 1500 g in all cases.

Over 1500 g birth weight

Complications (asphyxia or other) during delivery

Respiratory distress, hypoxia and post-hypoxic conditions, artificial respiration,
CPAP, PEEP

Any type of bleeding

Small for-dates

High-risk neonates

Monosymptomatic or multiple developmental anomalies (myelo-meningocele, congenital
hydrocephalus, etc.)

Macrocephalus (suspect cerebral malformation)

Perinatal infection

Older infants
Rapidly increasing head circumference
Inflammatory conditions of CNS
Subdural effusion
Ventriculitis
Parenchymal changes (abscess, cyst or others)
Traumatized or asphyxiated infant, “battered child” syndrome, follow-up after surgery
(shunt placement, etc.)

Suspicion of intracranial space occupying process, hypertension (tumour, cyst)

Older children (over two years)

Intra-operative monitoring or guide through a bone flap
Shunt placement
Biopsy (through bone flap or directly)

A three weeks old preterm infant of 2000 g birthweight had required CPAP for

clot are visible (be). Subependymal and intraventricular haemorrhage, dilated
ventricles

Acta Paediatrica Hungariai 26, 1985
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Fig 4. 5 day old full term infant after complicated delivery had had various neurological
symptoms such as repeated apnoeic periods, convulsions. He required intubation, artificial
respiration and became anaemic, a) The first frontal plane shows expressed intra and
periventricular echogenicity (h-black) and in the temporal pole of the right lateralventricle
(Lv, t) a moderately increasing echodensity (hwhite). b) Intraventricular haemorrhage on
right side. The expressed asymmetry of the ventricles in the third frontal plane is evident
from the comparison of the echo-free left ventricle (LV-white) with the echodense right
ventricle (LV-black). The full arc is filled with blood (h) (arrows). R: right side

To increase the proportion of success-
ful interventions it is necessary to
conduct regular and broad-scale exam-
inations as early as possible. Hae-
morrhage is most likely to occur in the
weight group under 1500 g born before
the 32nd week of gestation. The
frequency of intracranial haemorrhage
in such infants is estimated at
40—45% [8, 10, 11]. In low birth
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weight prematures requiring artificial
respiration the percentage is even
higher, near 70% (Fig. 3).

In infants with a birthweight under
1500 g born before the 32nd week of
gestation, sonographic examination
should be done within 48 hours after
birth and should be repeated at 7 to
10 days, this being the time when
changes are likely to occur. Most
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haemorrhages occur at this time and
may or may not progress.

Haemorrhage usually begins with
subependymal bleeding in the area of
the periventricular germinal matrix
and may later break into the ventricles
(Fig. 4). In survivors, hydrocephalus
may often develop due to intermenin-
geal adhesion or to occlusion of the
aqueduct [1, 10, Ll, 15, 19].

Preliminary detection of intracere-
bral haemorrhage including most sub-
ependymal and intraventricular hae-
morrhages in the neonate should be
verified by real-time sonography in
the newborn ward. If a haemorrhage
is detected, the infant should be
monitored by sonographydaily or ev-
ery second day, and it is essential to
follow it up for at least 12 months,
in view of the danger of hydrocephalus
and various necrotic processes caused
by the bleeding [17].

Term neonates and infants

All neonates should be examined
following complicated delivery, as-
phyxia or hypoxia, or any disorder
involving resuscitation. Abnormal cra-
nial ultrasound findings have been
reported in infants with severe as-
phyxia [2].

Infants with suspected intracranial
defects equally requires sonographic
examination. Congenital hydrocepha-
lus, intracranial cyst, porencephalis,
arachnoid cyst, Dandy Walker cyst,
septum pellucidum cyst, etc., may be
detected. Sonography may help to
determine whether or not neurosurgi-
cal intervention is possible or neces-
sary (Figs 5, 6).

Moderate ventricular dilatation in
neonates and the dilatation almost
always observable in premature in-
fants as well as an asymmetric
ventricular system should also be
monitored. They may indicate idio-
pathic changes such as acute transi-
tional dilatation, or may show the
result of an earlier subependymal
bleeding (Fig. 7).

Subdural effusion is a special type
of infantile intracranial disorder. It is
often a complication of meningoen-
cephalitis or subdural haemorrhage,
and may also be a concomitant of
hydrocephalus. Since the subdural
effusion usually takes a mantle-like
form, its ultrasound diagnosis is
reliable only if there is a large amount
of fluid (Fig. 8).

Neonates with meningomyelocele

Only 29% of such patients show
clinical symptoms of hydrocephalus
while 97% actually have ventricular
dilatation, smaller or larger in size.

It is necessary to clarify the neuro-
logical status of the patient as well
as to determine the initial size of the
ventricle prior to reconstruction sur-
gery. In the postoperative period,
sonography repeated every two weeks
is in most cases sufficient to monitor
even a rapid progression of the hydro-
cephalus but in some cases progression
is extremely rapid and the examina-
tion must be repeated weekly. In these
cases shunt surgery should be consid-
ered. If progression is not rapid,
then monthly controls are sufficient
to determine whether surgery is
indicated, as in some cases a balance

Acta Paediatrica Hungarica 2G, 1985
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Fm 5. Arachnoid cyst (Cys) with hydrocephalus. Four months old infant with multiple

defects (cleft lip, palatoschisis, internal hydrocephalus). On the coronal section enlarged

frontal (Lv, f) and temporal (Lv, t) horns, moderately echo-free third ventricle (V3) with
separate anechoic lesion pressing the third ventricle to close the CSF passage

Fig 6. Three and half month old boy with neurological symptoms i.e. positive transillumi-

nation on right side and hypertensive macrocephalus. Cystic porencephaly complicated

with internal hydrocephalus, a, b) The first and third frontal planes showe a moderately

dilated ventricular system with asymmetric cyst (Cy) on right side and other cystic

echo-free spots on left side (*) on the third section. Frontal (L, v, f) and temporal (Lv, t)
horns of the lateral ventricles (LV)



G Harmat: Intracranial sonography 23

Fig 7. Subependymal haemorrhage and posthaemorrhagic hydrocephalus. Second frontal,
plane of preterm baby with 2100 g birthweight, organic heart defect. After heart surgery
ventricular haemorrhage and posthaemorrhagic hydrocephalus developed. Subependymal
bleeding (sb) with arrows in the typical area. Lateral ventricle (LY), third ventricle (V3)

develops between fluid formation and
absorption (Fig. 9).

All infants suspect of primary
or secondary hydrocephalus should be
screened since dilated cerebral ventri-
cles due to delayed CSF outflow,
prolonged elevated intracranial pres-
sure, compression of the brain mantle,
ischaemia and thinning precede the
rapid growth of head circumference
which earlier was the main sign of
hydrocephalus (Fig. 10/a.) Early de-
tection of the impending ventricular
dilatation may help the surgeon to
choose the time suitable for shunt
surgery.

The degree of ventricular dilatation
can also be monitored by sonography.
Two weeks are sufficient to show
even a moderate dilatation of the
ventricles (Fig. 10/b). In cases of
progressive hydrocephalus a ventri-
culo-atrial or ventriculo-peritoneal
shunt should be implanted (Fig. 10/c).
Then the ventricular dilatation de-

clines during 18 to 36 days while the
head circumference remains un-
changed, due to expansion of the
brain tissue (Fig. 10/d).

Sonography during the postopera-
tive phase helps the detection of
favourable changes in ventricle size
and the recognition of eventual prob-
lems with the implanted shunt. Com-
plete obstructionofthe shunt produces
symptoms of increased intracranial
pressure, but diagnosis of a partial
obstruction in the shunt system is
more complicated. This is one of the
reasons why long-term follow-up is

required.
In cases of bacterial or viral CNS
infections (meningitis, meningoen-

cephalitis) ultrasound detection is
possible if intermeningeal adhesion,
secondary hydrocephalus or parenchy-
mal change (cystic disorders or ab-
scess) are present. Ultrasound results
are somewhat better in the detection
of moderate hydrocephalus and post-
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Fig 8. Large subdural effusion on right side with dislocated, enlarged ventricles in seven-

month-old boy after reconstruction surgery because of myelodysplasia, a, b) Slight ven-

tricular dilatation and expressed asymmetric subdural effusion (se) onrightside (R) on the

frontal section (a) and the right parasagittal section (b) above the brain mantle (br) as an

echo-free space. Frontal horn of the lateral ventricle (Lv, f) and temporalhom ofthe lateral

ventricle (Lv, t) with brain mantle on right side about 2 cm wide. The subdural fluid has
dislocated the brain to the left side

operative ventriculitis. In some cases
a change in echodensity indicates the
subependymal reaction (Fig. 11).
Primary brain tumours are a rarity
in infants. It is possible to detect
them with ultrasound if there is a
change in the normal echogenity of the
brain tissue (an increase caused pos-
sibly by calcium deposition or a de-
crease due to cavity formation, etc.).
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Emergency ultrasound examina-
tion should be considered in every case
when there is a sudden deterioration
in the neurological status of the infant,
or convulsions or repeated apnoeic
episodes occur, since ultrasound-guid-
ed ventricular punction or drainage
may be necessary. Antibiotic treat-
ment administered directly into the
ventricle under ultrasound guidance
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Fig 9. Progressive hydrocephalus. 19 days old boy after reconstruction surgery for lumbo-

sacral myelodysplasia, a) The second frontal section shows slight ventricular dilatation.

Frontal horn of lateral ventricle (Lv, f) and temporal horn near normal in size (Lv, t).

Falx cerebri (fc) and thalamic area (T). b) Same section two weeks later, moderate hydro-

cephalus. c: brain mantle, c¢) four weeks later,at two months ofage.The same section shows

progression of hydrocephalus. Subdural effusion (s) is seen as an echo-free area on the
right side (R). V3: third ventricle
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Fig 10. Hydrocephalusregression after shunt surgery. Three months old infantwith macrocephalusand moderate ventricular dilatation.

a) In the second frontal plane, dilated frontal (Lv, f) and temporal (Lv, t) horns of the lateral ventricles and the third ventricle (V3).

b) The same section two weeks later. Large ventricular dilatation. After progression of hydrocephalus shunt surgery was performed.

c) Three weeks after implantation of the, ventriculo-atrial shunt. The shunt tube is visible as a double-walled echodense line (sh)

in the right parasagittal section. Lateral ventricle (LV). d) Six weeks following shunt surgery. The intraventricular pressure has
decreased. The coronal section shows near normal lateral ventricles (LV) and the brain mantle has expanded
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Fig 11.Ventriculitis and internal hydrocephalus in one month old infant with myelodys-

plasia. a, b) Diffuse low echogenicity in both lateral ventricles. On the ependymal surface

of the left ventricle a fibrin clot is seen in both the coronal and parasagittal sections.
Ependymal-subependymal fibrin reaction (sr)

Acta Paediatrica Hungarica 26, 1986
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Fig 12. Large internal hydrocephalus in two years old boy with macrocephalus with

consequential occlusion of aqueduct, a, b) The frontal first and third sections (lateral

ventricle) (LV), C: brain mantle, ¢) Comparison with CT shows excellent agreement.
R: right direction

is also possible if the ventricles are
near-normal in size [14].

Sonography is the most harmless
method for examining the intracranial
space of an infant suspected of having
hydrocephalus (Fig. 12).

Often one single examination at the
outpatient clinic will allow to arrive
at a final negative diagnosis and thus
to save the costs of hospital admission.

Acta Paediatrica Hungarica 26, 1985
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Acute monosymptomatic aseptic meningitis
caused by Toxoplasma gondii

G Vukmirovits, P Juhasz, MJanké, L Téth

Laszl6 Hospital for Infectious and Tropical Diseases, and National Institute of Hygiene,
Budapest

Acute monosymptomatic aseptic meningitis was observed in a 4 year
old male patient. Toxoplasma gondii tachyzoites were detected in Giemsa-
stained smears prepared from the CSF. Inoculation of mice gave the same
result. The patient was cured after the application of pyrimethamine and

sulpha drugs.

On basis of the smears, the serological results and data in

the literature, a direct infection through the nasal cavity has been assumed.

Toxoplasma gondii (T. g.), this
obligate intracellular protozoon, is
widespread throughout the world
and can be found both in humans and
in animals. According to surveys
conducted in different countries, a
large portion of the world’s popula-
tion proved to be infected by T.g. at
one time or another [14, 17]. In Hun-
gary the frequency of symptomless
toxoplasma infection is between 30
and 50%. The first infection is
symptomless in two thirds of the
cases, while mild, non-specific mani-
festation is observed in the rest.
There is a great difference in the num-
ber of T.g. infections and the number
of diseases attributed to T.g., due to
the difficulty of diagnosis.

Acquired toxoplasmosis manifests
itself with lymphadenitic, cerebrospi-
nal, exanthematous, ocular and myo-
cardial forms [18]. Meningitis caused
by T.g. infection is rarely mentioned;
even special monographs hardly de-
vote more than a sentence to it [4, 17].

Some papers occasionally mention
cases which, considering the changes
in antibody titre, could be regarded
as T.g. meningitis, although the
pathogenic agent was not found in
the smears nor was the infection
proved by inoculation of mice [1,7,8,9,
10, 11, 13, 15, 19]. Reporting the
case of our patient, we aim at provid-
ing clinical data to acute, acquired
T.g. induced, extremely rare mono-
symptomatic aseptic meningitis suc-
cessfully diagnosed, proved and treat-
ed.

Report of a Case

The history of F.S., a 4 year old boy,
did not contain data worth mentioning.
On 1st October, 1982, he awoke with a
headache, then projectile vomiting and
a temperature of 38°C were noted. The
doctor found occipital stiffness and positive
Kernig sign and sent the child to our
hospital with the diagnosis of meningitis.
Upon admission the temperature was
38.5°C and the patient complained of
mild headache.Physicalexamination showed
no pathological change apart from the
mild occipital stiffness. On lumbar puncture
water-clear CSF of slightly increased pres-
sure was obtained. It contained 0.24 g/1
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Table |

Verification of Toxoplasma gondii infection

Date
01.10. 0210. 04.10. 07.10. 28.10. 03.02.

Demonstration oftachy- o

zoites in smears positive positive
Isolation ofthe organism positive
IgM, 1gG/IF negative
Complement fixation test negative negative  negative
Indirect haemagglutination

test negative

Figs 1—1

protein, 3.14 mmol/1 glucose and the cell cranially and 0.3 ml intraperitoneally;
count was 30 n//tl, with 50% granulocytes ten days later a large number of T.g.

and 40% lymphocytes. The Giemsa stained
smear prepared from the sediment revealed
a large number of T.g. tachyzoites extra-
cellularly and a few intracellularly, indi-
cating an acute infection (Figs 1, 2, 3and 4).

Treatment with pyrimethamine, tri-
methoprime-sulfamethoxazole and folic
acid was administered for a month. In two
days the temperature became normal, the
complaints and symptoms ceased complete-
ly. A second lumbar punture gave a CSF
with slightly increased pressure, but this
time the cell count was normal and a
single T.g. was only discovered.

CFLP strain mice weighing 15—20 g
were inoculated with 0.02 ml CSF intra-
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tachyzoites was found in the abdominal
exudate. Results and verification of the
T.g. infection are summarized in Table I.
Further examinations, including X-rays
ofthe head and chest, ECG, EEG, ophthal-
mologic examination, biochemical tests
and quantitative immune electrophoresis
did not reveal any pathological change.

Discussion

The positivity of the smear and the
inoculation result were regarded as a
proof of fresh T.g. infection. On due



O Vukmirovis et al: Toxoplasma meningitis 33

treatment and possibly by the pro-
tective mechanism of the hostimmune
system the tachyzoites could not
invade the tissues and encyst there.
This is the explanation why no de-
monstrable quantity of antibody was
produced (Table I).

The ability of the host immune
system to protect against T.g. infec-
tion has been confirmed by the studies
of Hauser and Remington [6] who
found that some of the anti-T.g.
immune globulins act as opsonin
against tachyzoites, most probably
by activating the complement system
and through the C3 linked to the
immune complex. This was a signifi-
cant observation because phagocytosis
of the tachyzoite may occur without
opsonization, as indicated by other
data, too [20], in that from blood of
healthy subjects formerly not infected
by T.g. more than 80 % of the freshly
isolated monocytes and 50% of the
polymorphonuclears rapidly destroyed
the intracellular T.g.

In our case the linkage ofextracellu-
lar T.g. tachyzoites to lymphocytes
and granulocytes indicated the pres-
ence of humoral antibodies (Figs 1, 2,
3 and 4) although cellular immunity
to T.g. infection develops only some
months after infection [12]. It was
remarkable that although the ratio
of granulocytes and lymphocytes was
nearly equal in the smears, the tachy-
zoites adhered principally to lympho-
cytes. A possible explanation of this
may have been that while lympho-
cytes possess mainly 1gG2 receptors,
granulocytes and macrophages pri-
marily have 1gGxand 1gG3 receptors,

3

to which antibodies have the greatest
affinity and the anti-T.g. immune
globulins belong primarily to the 1gG2
subclass and to a lesser extent to the
IgG3 subclass [5]. In CH2 and CH3
domaines the Fc receptors of lympho-
cytes bind only molecules in the
immune complex, therefore the pref-
erence of tachyzoites to bind to
lymphocytes may be considered an
indirect sign of the presence of specific
immune globulins. In the smears we
have observed several times tachy-
zoites that formed a bridge-like con-
nection between a granulocyte and
a lymphocyte (Fig. 3). An interesting
characteristic of tachyzoites is their
sporadical clustering around a pole of
the cell, thereby capping it (Fig. 4).
The same phenomenon was observed
in 5—20% of the T.g. tachyzoites by
Dzbenski et al [3] who assumed that
cap formation and later detachment
of the T.g. surface antigen and corre-
sponding antibody from the host cell is
an indication of the tachyzoite trying
to escape from the host immune
system.

The distribution of T.g. in our case
pointed to the presence of specific
immune globulins. Why was then
the IgMIF result negative? We sup-
pose that the infection was discovered
in its early stage when only a small
guantity of IgM was present and could
not be demonstrated by the rather
insensitive IF method. ISTeot and
Remington [16] compared the IF
methodology with the more sensitive
double-sandwich IgM-Elisa test and
found that in 259% of the acute cases
the IgM IF was negative. Neverthe-
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less, in 93 % of the examined sera the
double-sandwich IgM-Elisa test was
definitely positive while the IgM IF
result was negative. Recently, McCabe
and Remington have concluded that
the absence of IgM type antibodies by
IF test does not necessarily mean
that the infection is not acute [14].

Itis conceivable that the pathogen-
ic agent had entered the host organ-
ism through the nasal cavity and
from here, just like Naegleria and
Acantamoeba [2], it passed through
the cribriform lamina, reached the
meninx along the olfactory nerve and
induced meningitis. Infection was
possible, for the child often played
in the neighbouring sandy play-
ground frequented by cats, and he had
a habit of picking his nose.
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Breast feeding as prophylaxis for atopic eczema:
a controlled study of 368 cases

L Shohet, E Shahar, S Davidson

Department of Paediatrics, The Chaim Sheba Medical Centre, Tel-Hashomer, and Sackler
School of Medicine, Tel-Aviv University, Tel-Aviv, Israel

The present study was undertaken in an attempt to draw data whether
breast-feeding is beneficial in prevention of atopic eczema. Three-hundred
and sixty-eight babies given different feeding modalities were examined
for the presence of atopic eczema at the age of three and six months. Seven
percent of breast-fed infants developed eczema compared to 10% of formulae-

fed and 6% of mixed breast and formulae-fed infants.

No difference in the

severity of atopic eczema was recorded in the three study groups. Our experi-
ence demonstrates the absence of a protective effect of breast-feeding against
the development and severity of atopic eczema.

Atopic eczema during infancy is an
annoying condition with disappoint-
ing treatment results. The role of
breast-feeding and dietary elimination
of foreign antigens in the prevention
of atopic diseases has long been contro-
versial. Some authors indicated that
prolonged breast-feeding is a protec-
tive measure for infants prone to
atopic diseases by hereditary factors
[6]. Matthew et al [10] and Saarinen
et al [13] reported that breast-feeding
prevented atopic eczema up to one to
three years of age, respectively. Other
studies, however,failed to demonstrate
any prophylactic benefit of breast-
fed in comparisonto bottle-fed babies
in prevention of atopic eczema [1,
11]. Conducting a detailed study of
636 children referred with atopic
eczema, Kramer and Moroz [8] have
concluded that breast-feeding and
delay in introduction of solid artificial

3*

food did not protect against atopic
eczema.

The present prospective controlled
study including 368 babies was de-
signed in an attempt to draw data
whether breast-feeding could be re-
commended for prevention of atopic
eczema.

Material and Methods

The study included 394 healthy babies
at the age of three to six months who were
examined during 1980. Only 368 babies
fulfilled the study criteria. Sex, ethnic
group, family history, duration and severity
of atopy were recorded. The babies were
examined for the presence of atopic
eczema at the age of three and six months.
Infants with contact dermatitis were
excluded because of the known inverse
relation between this condition and atopy

7].

[ ]M others were interviewed by a qualified
nurse prior to their babies’ examination
and were requested not to give any infor-
mation regarding their babies’ feeding.
Diagnosis of atopic eczema was established
by a skilled paediatrician and only babies
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with definite eczema were included in the
study. During the study period all babies
were examined by the same paediatrician
and nurse in order to ensure comparability
of cases.

In order to qualify as having breast-fed,
an infant must have been breast-fed for at
least six months with no extra bottle
feeding (Group A). Partial breast-feeding
included all babies in whom breast-feeding
was discontinued or only partially given
before the age of six months (Group B).
The third group of patients included babies
who were bottle-fed immediately after
birth with no breast-feeding (Group C).

Criteria used in the diagnosis of atopic
eczema were derived from Hanifin and
Lobitz [4]. Determination of the severity
of the condition was classified in three
grades. Severe eczema was called definite
when a chronic course and extensive
distribution with papules, vesicles, oozing,
crusting, erythema and scaling were
encountered. Mild eczema had an episodic
course and localized distribution with
erythema, pigment changes and mild
scarring. Moderate eczema had intermedi-
ate features between the mild and severe
forms.

Results

Age, race and ethnic origin in the
three groups were found to be con-
founding. The family history of atopy
was found to be of no significant
difference between the three groups.
Four out of 13 babies with family
history of atopy in Group A, three
out of 10 in Group B, and three out
of 15 in Group C developed eczema.
More babies from atopic families
developed eczema compared to those
from non-atopic families. Babies with
a family history of atopy suffered
from more severe and prolonged
eczema (Table I).

Twenty-six outof 128 (20%) breast-
-fed babies developed atopic eczema
at the age of three months and nine
(7%) at the age of six months. In
group B which included 99 breast and

Acta Paediatrica Hungarica 26 ,1085

bottle feeding babies there were 14
(14%) cases of atopic eczema at the
age of three months and six (6%) at
the age of six months. Thirty out of
141 bottle fed babies had atopic
eczema at the age of three months
and 14 (10%) at the age of six
months.

Table Il indicates that breast-feed-
ing did not change the incidence of
atopic eczema compared to bottle-fed
or mixed-fed babies. The severity of
atopic eczema in the different feeding
groups was not significantly different
(Table I11).

Discussion

Mothers should be encouraged to
breast-feed which has many physiolog-
ic and psychologic advantages. The
development of aritificial formulae
was followed by a decline in the pre-
valence of breast-feeding in many
parts of the Western world. Human
milk contains bacterial and viral
antibodies, including relatively high
concentrations of secretory IgA anti-
bodies [10]. It has been shown that
growth of different types of viruses
can be inhibited by substances in
human milk [12]. Macrophages are
present in human milk and colostrum
which may have the ability to synthe-
size complement, lysozyme and lacto-
ferrin [9]. Stevenson et al [14] noted a
higher incidence of respiratory infec-
tions during the second six months of
life of formulae fed infants. Allergy
and intolerance to cow’s milk includ-
ing diarrhoea, intestinal bleeding and
colic are less commonin infants receiv-
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Table |

Atopic eczema in babies with a family history of atopy

Atopic Family Atopy in babies with family history
Total eczema history
(6Mon)  ofatopy Total Mild Modarate ~ Severe
Breast-feeding 128 9 13 4 | 2 1
Bottle-feeding 141 14 is 4 | 2 1
Mixed breast and
bottle feeding 99 6 10 3 | 1 1
Table Il
Severity of atopic eczema in relation to breast-feeding
Mild Moderate Severe
3Months  6Months  3Months  6Months  3Months 6 Months
Breast-feeding 8 6 13 2 6 2
Bottle-feeding 14 8 10 5 6 1
Mixed breast and bottle feeding 9 4 3 1 2 1
Total 31 17 26 8 13 4
Table Il
Incidence of atopic eczema in different groups of babies
Atopic eczema Asymptomatic
Total
3Months 6 Months 3 Months 6 Months
Breast-feeding 26 (20%) 9 (7%) 102 119 128
Bottle-feeding 30 (21%) 14 Elo%) 111 127 141
Mixed breast and bottle
feeding 14 (14%) 6 (6%) 85 93 99
Total 70 29 298 339 368

ing human milk [9]. Cow’s milk is
the basis for most formulas and a
reduction of morbidity and mortality
from gastrointestinal infections result-
ed from sterilization and refrigeration
of the formulae.

A possible benefit for the dietary
effect of human milk is that special
vulnerability to sensitization is tran-

sient as in IgA deficiency which
commonly precedes allergy [15]. It
was also suggested that sensitization
requires antigen entry with E. coli
endotoxin which is greatly restricted
by human milk formulae [5]. A child
lacking these protective mechanisms
may have general sensitization, and
atopic eczema isprobably one of them.
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The protective effect of breast-
feeding against the development of
atopic eczema was found by several
authors [10, 13] whereas other inves-
tigators concluded that breast-feeding
did not provide such prophylaxis [1,
11]. Halpernet al [3] reported allergy
in 128 out of 803 children with a fami-
ly history of allergy, either being
breast-fed, cow’s milk fed or soya
milk fed. Glaser et al [2] found that
only 15% of children from allergic
families fed soya bean milk from
birth to six months developed allergic
diseases by the age of six years, com-
pared with 52 %of retrospective non-
related controls fed cows’ milk for-
mulae.

Babies’ feeding was a self selected
maneuver and could not be assigned
in our study. It is likely that there is
some difference between breast-feed-
ing mothers and those choosing bottle-
feeding. It is probable that some ba-
bies were specially breast-fed in order
to prevent allergic disease. In our
study we could not control the moth-
ers’ diets and, as a result, breast-fed
babies could have been exposed to
foreign antigens.

A possible explanation of the large
difference in the incidence of atopic
eczema at the age of three and six
months is probably the inclusion in
the diagnosis of seborrhoeic dermatitis
which is not necessarily an allergic
disease.

We thus concluded that breast-
feeding regardless of its many im-
portant advantages does not protect
against the subsequent development of
atopic eczema. Onset, duration and
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severity of atopic eczema did not
change significantly between the three
groups. Babies with a family history
of atopy had higher prevalence and
more severe form of atopic eczema
which was not altered by the source
of food.
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The effect of fenoterol on fetal metabolism: cord
blood studies

L Kovécs,APél, K Horvath

Department of Obstetrics and Gynaecology, University Medical School, Szeged, Hungary

Albumin, total protein, total bilirubin, glucose, cholesterol, trigly-
cerides, blood urea nitrogen, alkaline phosphatase and glutamic oxaloacetic
transaminase levels were determined in the serum of cord blood of neonates
born to mothers previously treated with the betamimetic drug fenoterol.
The results were compared with those of untreated controls. More deviations
from the control were found if the interval between termination of treatment
and delivery was shorter than 48 hours. A longer drug-free interval seems
more favourable for the metabolic balance of the newborns. Newborns whose
mother has received beta-sympathomimetic tocolytic treatment need careful

supervision.

The side-effects of beta-sympatho-
mimetic treatment of imminent pre-
mature delivery on the maternal
circulation and metabolism are well-
known [13, 14]. Less is known about
the effects on the fetus or on the
neonate born following such treat-
ment. A few papers have already
pointed out that newborn babies
born during betamimetic treatment,
i.e. after unsuccessful tocolysis or
following betamimetic therapy ap-
plied during labour are prone to me-
tabolic acidosis and hypoglycaemia [1,
5]. These effects may be secondary to
maternal effects but also direct effects
of the drugs on the fetus may occur,
since their passage through the pla-
centa has been confirmed [2, 9, 10,
17].

Thus, it seemed justified to study
the fetal effects of betamimetic drugs.
We have attempted to clarify whether
changes in cord blood composition
indicating drug effects on fetal metab-
olism can be demonstrated following
betamimetic tocolysis. We also com-
pared newborns born immediately
after tocolysis and those delivered
after an interval following completion
of tocolytic treatment. Isolated blood
samples taken from the umbilical
vein and the arteries have also been
compared.

Methods

The following metabolic indicators were
determined from cord blood: bilirubin,
total protein, albumin, serum GOT, alka-
line phosphatase, triglycerides, cholesterol,
urea nitrogen and glucose. The blood was
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sampled immediately after cutting the cord,
before birth of the placenta. Mixed cord
blood was obtained after easing the ligation
of the cord, paying attention to avoid
admixture of maternal blood to the sam-
ples. Isolated venous and arterial blood
samples were taken by cannulating the
corresponding blood vessel of the ligated
cord. The blood was centrifuged immedi-
ately after clotting, the serum was kept at
—20°C until analysis. All measurements
were performed by a Technicon MT Il
Autoanalyser.

Material

1. Neonates born immediately after toco-
lysis. Fifteen babies were born by delivery
taking place during the intravenous period
of betamimetic treatment or during the oral
period of sustained betamimetic therapy,
within 48 hours after termination of treat-
ment. Nineteen newborns born by uncom-
plicated delivery during the same period
and after a gestation similar in duration
served as controls. The two groups were
comparable on the basis of gestational age,
birthweight, Apgar-score, and duration of
delivery, as tested by the two-sample
i-test. The mean duration of tocolysis was
25.29+13.42 days, the mean interval
between termination of therapy and birth
was 30.07+ 17.40 hours. In these groups
isolated venous and arterial blood samples
were also collected.

2. Neonates born later after completion of
tocolytic treatment. Fourteen newborns born
after sustained betamimetic treatment and
26 untreated newborns were examined.
The mean duration of tocolysis was 24.14 +
15.92 days and the mean interval elapsing
between termination of therapy and birth
was 21.00+ 8.59 days. The treated and
control groups were again comparable in
respect to the above obstetrical criteria.

Betamimetic treatment with fenoterol
was administered in all cases for imminent
premature labour. The treatment was
introduced by a saturating dose of 2 fig/mia
given in intravenous infusion, this was
followed by a maintenance dose of 1 ,ug/mm
over 12—16 hours. Thereafter oral therapy
was given with one 5mg tablet administer-
ed every 6—8hours. In each case the treat-
ment was supplemented with verapamil in
an intravenous dose of 40—80 [itg/min
during intravenous tocolysis, and one 40
mg tablet for each tablet fenoterol. None
of the mothers had received glucocorticoid
treatment during pregnancy.

Statistical analysis of the data was
carried out by the two-tailed i-test (Stud-
ent and Welch).
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Results

It has to be stressed in advance
that neither clinical observations nor
the examinations revealed any symp-
tom ascribable to deranged fetal
metabolism. In the group treated with
betamimetics, one newborn died, he
was severely malformed and died of
peritonitis when three days old. All
the other newborns were healthy
during their six-day stay in hospital
and at discharge.

Results are summarized in Table 1.
In addition to cord blood results, the
maternal venous values obtained in
Group 2 are also indicated for infor-
mation. Evaluation of these values or
searching for an eventual relationship
between the maternal and fetal values
was not intended.

Several parameters obtained in the
group born immediately after tocoly-
sis, Group | in Table I, were found to
be significantly different from the
values measured in the control group.
In the treated group serum cholesterol
(p < 0.01) and blood urea nitrogen
(P < 0.05) were higher, while total
protein (p < 0.001) and serum albu-
min (p < 0.01) were lower than in the
controls. There was a trend for higher
blood glucose and lower SGOT in the
treated newborns than in the controls
(p ™~ 0.05).

The values ofGroup 2, the newborns
born later after termination of beta-
mimetic therapy, differed less from
the control values. The albumin and
triglyceride levels of the treated
newborns were slightly but signifi-
cantly lower and the urea nitrogen
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Table |

Cord blood values of newborns born to mothers treated with fenoterol
resp. to untreated mothers

Group 1 Group 2
" treated controls m&t%al treated controls
15 19 1 14 2%
albumin, g/1 36.3+5.3** 41.1+3.0 40.1+£3.2 36.8+2.3* 39.1+3.3
total protein g/l 56.7 £4.7*** 63.5+5.8 71.3+5.2 55.5+4.4 58.3+5.6
bilirubin, fimol/I 29.4+10.1 28.3+9.6 8.6+3.6 32.819.2 29.5+6.5
glucose, mmol/1 4.99+0.83~* 435+ 118 5.52+120 3.94+1.46 4.91+1.45
cholesterol, mmol/1 2.94+0.C4** 2.26+x0.51 611+ 119 227+0.55 231+0.37
triglyceride, mmol/1 0.35+0.14 0.37+£0.24  3.02£1.02 0.28+0.11* 0.38%0.17
urea nitrogen, mmol/l  3.57+0.69* 3.09£0.70 3.95+1.04 3.23%x0.97* 2.44+0.80
alkaline phosphatase
u/l 171.2+46.4 201.5+65.1 183.8+73.6 162.0+41.7 186.0+62.2
SGOT, U/l 45.6+15.4~* 67.4+£19.3 36.5+17.0 42.8+11.3 47.2+17.7

Group 1: newbornsborn within 48 hours after discontinuation of tocolysis

Group 2: newbornsborn beyond 48 hours after discontinuation of tocolysis plus maternal
values (venous blood)

The data are means + SD

***: p < 0.001

**: p < 0.01

*:p < 0.05

~+: 0.05 <p <0.07

no sign: not significant

Table Il

Results in venous and arterial blood of newborns of mothers treated with fenoterol and of
untreated mothers
Means and standard deviations

Treated Controls
n ] :
Arltgry V%n Ari[gry Vleén
t
albumin, g/1 35.5+5.0 36.8+5.5 40.7+£2.9 41.6+£3.2
total protein, g/1 56.2+8.3 57.6+6.9 64.5+£6.0 64.5+5.7
bilirubin, fimol4 30.6+10.0 28.4+ 10.3 26.8+10.0 29.7+9.2
glucose, mmol/1 4.85+0.69 5.08+0.92 4.34+0.84 4.27+ 1.33
cholesterol, mmol/1 3.26+ 1.02 2.79+0.77 2.28+0.55 2.23+0.47
triglyceride, mmol/1 0.33+0.11 0.39+0.14 0.36+£0.22 0.36+0.22
urea nitrogen, mmol/1 3.71+£0.99 3.45+0.86 3.11+0.70 3.06+0.71
alkaline phosphatase, U/I 169.2+48.8 179.2+53.1 204.1+63.5 203.0+68.4
SGOT, U/l 55.2+33.6 445+23.2 55.1+22.7 59.1+17.1

For none of the parameters was there a significant difference between venous and arterial
values
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values slightly but significantly higher
than the control values (p < 0.05).
Blood glucose appeared lower in the
treated group but the difference from
the control values did not attain the
5% level of significance.

None of the parameters differed
between the isolated venous and arte-
rial samples (Table I1).

Evaluation of the results was partly
hampered by the scarcity of normal
cord blood values in the literature.
On the basis of several sources, the
normal mean value for glucose is 3.8
mmol/l with a range of 2.36—5.05
mmol/1 [5, 7], for cholesterol 1.75
(1.38—2.49) mmol/1 [1, 8]. We found
a single set of normal data for trigly-
cerides [1]: 0.30 (0.24 -0.47) mmol/1;
for total protein [7]: 61.0 (43.0 —73.0)
g/1, and for SGOT [7]: 5—120 U/I.

Discussion

Brazy and Pupkin [4] observed a
significantly higher incidence of hypo-
tension, hypoglycaemia, hypocalcae-
mia and intestinal paralysis and an
increased mortality rate in newborns
born to mothers treated with isox-
suprine as compared to babies of
untreated mothers. The betamimetics
have been demonstrated in the blood
of neonates born after tocolytic thera-
py by several investigators. Lierde
and Thomas [10] administered rito-
drine to mothers prior to elective
Caesarean section and in the cord
blood they found one third of the
betamimetic concentration of the
maternal blood. Brazy et al [2] found
0 35.6 pg/ml isoxsuprine in the cord
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blood of newborn babies of mothers
treated with the drug in the last 24
hours prior to delivery. There was a
negative correlation between the isox-
suprine concentration in the cord
blood and the time elapsing between
termination of maternal treatment
and delivery; values exceeding 10
/ig/ml were only encountered if the
baby was born within 2 hours after
termination of maternal betamimetic
therapy. Severe complications in the
newborn only occurred if that level
had been exceeded. The relationship
between time of betamimetic exposi-
tion and incidence and severity of
complications was more marked in
preterm babies. The half-time of
isoxsuprine was 1.5—3 hours in term
neonates while in preterm babies it
was as long as 6—=8 hours [2, 3].

In this study we have attempted to
clarify the fetal effects of maternal
betamimetic treatment by determin-
ing some chemical parameters in
cord blood. The newborns in both
treated groups appeared healthy in
clinical terms, none of the complica-
tions described in the literature have
been encountered in any of them.
Blood chemistry, however, revealed
clear-cut differences between the treat-
ed and the control infants. The
alterations were more pronounced
in babies born within 48 hours after
termination of betamimetic therapy,
as for four parameters out of nine the
difference was statistically significant
and for two other parameters there
was a clear trend for a difference.
In the babies born a longer time after
the cessation of betamimetic therapy
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only three parameters differed from
the control values and the difference
was slight statistically.

Cord blood glucose was higher in
the babies born immediately after
cessation of betamimetie treatment
than in the controls. This finding was
in agreement with data in the litera-
ture [5, U, 12] and can easily be
explained by the well-known effect of
betamimetics on carbohydrate metab-
olism. Weidinger et al [15] on the
other hand found diminished blood
glucose levels in cord blood of neo-
nates born immediately after tocolytic
therapy, but were unable to explain
the unexpected finding. Sustained
fetal hyperglycaemia may set off
hyperinsulinism, and this and the
depletion of hepatic glycogen stores
during prolonged glycogenolysis may
convert hyperglycaemia to hypogly-
caemia soon after birth [5]. In our
material, the babies born a long time
after maternal betamimetie therapy
had lower blood glucose values than
the controls; the difference was,
however, not significant statistically.
It may be speculated that the low
blood glucose level encountered at
birth was a consequence of forced
glycogenolysis elicited by prolonged
betamimetie treatment of the mother;
restoration of the liver glycogen
contents could, however, be expected
to occur a few days after discontinua-
tion of betamimetie therapy.

The cholesterol value was elevated
in the babies born immediately after
tocolysis. We found a single report in
the literature on a similar finding
observed after simultaneous adminis-

tration of ritodrine and betamethasone
[1]; these authors attributed the
hypercholesterolaemia to the cortico-
steroid treatment and not to the
betamimetie therapy. Since in our
cases no corticosteroids were given,
only the betamimetie therapy could
have been the cause of the increased
cholesterol level, and we anticipate
that the same was the case in the
material of Andersen and Friis-Hansen
[1]. The triglyceride level, the other
indicator of lipid metabolism in this
study, exhibited no difference.

An eventual effect of betamimetie
drugs of fetal liver function has been
put forward by several authors: it may
namely be anticipated that the en-
zymes of the fetal liver play a role in
the metabolism of betamimetie drugs.
Rosanelli et al [12] found increased
bilirubin levels in newborns born
after maternal tocolytic treatment
while Weidinger et al [16] observed
hyperbilirubinaemia in 28% of new-
borns following betamimetie treat-
ment. Brazy et al [2] could not
demonstrate any alteration in the
liver function of neonates whose
mother had undergone isoxsuprine
treatment and supposed that either
the betamimetics had no influence on
liver enzymes or they may induce
those metabolising the drug itself,
leaving the bilirubin metabolism un-
altered. In our study, fenoterol had no
measurable effect on the cord blood
bilirubin level. The slight decrease
of alkaline phosphatase and SGOT
activity encountered in both treated
groups might be ascribed to an even-
tual effect on liver function.
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Serum total protein and albumin
levels were lower in both treated groups
than in the controls. This finding
was paradoxical, being at variance
with the anabolic effect of betamimet-
ic drugs promoting fetal growth
demonstrated in several previous stud-
ies. It should also be noted that
although the differences were statis-
tically significant, all mean values fell
within normal limits.

The informative value of cord blood
findings may depend on the fact
whether the sample was taken from
the umbilical vein or from one of the
arteries, e.g. in case of pH measure-
ments. It was thought therefore that
the metabolic parameters might also
differ depending on the kind of blood
vessel from which the sample had
been drawn. Anyhow, it has turned
out that none of the parameters
differed in this respect significantly.
Similar studies have only been pub-
lished on differential values of blood
glucose, the venous and arterial values
were identical [6]. It can thus be
concluded that isolated blood sam-
pling is not necessary for such purposes,
mixed cord blood being suitable in
similar studies.

In summary, several metabolic in-
dicators in cord blood taken from
newborns delivered following beta-
mimetic treatment differed signifi-
cantly from the control values, and
this points to an effect of such treat-
ment on fetal metabolism. The
changes -were more pronounced in
babies born immediately after betami-
metic tocolysis. In spite of statistical-
ly significant differences, the deviati-

Acta Paediatrica Hungarica 26, 1985

Fenoterol and fetal metabolism

ons were of no biological importance
since even the differing means fell
within normal limits and the treated
newborns were free of clinical symp-
toms.

The following conclusions have been
drawn.

- In spite of demonstrable meta-
bolic alterations, tocolysis performed
according to accepted standards does
not lead to considerable fetal compli-
cations;

- newborns delivered following
betamimetic tocolysis need intensive
observation;

- the indication of betamimetic
tocolysis should carefully be weighed
in cases with unfavourable prognosis,
as unsuccessful treatment is not only
superflous but may lead to metabolic
effects unfavourably influencing the
preterm baby’s condition.
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The Thyroxine Screening Index in congenital
hypothyroidism screening

O Hnikova, P K raomar
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Prague 10, Czechoslovakia

A modification of the RIA total thyroxine assay from a dry drop of
blood has been applied in 5-day-old neonates for the screening of congenital
hypothyroidism. For first classification, the thyroxine screening index was
used in 13 500 newborns; it proved to be simple, rapid and economically
acceptable. In borderline cases, more detailed examinations were carried out,
viz. estimation by RIA of thyroid stimulating hormone, thyroxine and
thyroxine-binding globulin from venous blood. The incidence of permanent
and transient impairment of thyroid function isshown in a special graph.

Two methods are usually employed
for mass screening of congenital
hypothyroidism, radioimmunoassay
(RIA) and enzyme immunoassay
(ELISA) for determining thyroid hor-
mones in the blood serum of neonates.
It is possible to determine the levels
of thyroxine (T4 and of thyroid-
stimulating hormone (TSH) or their
combination; the latter may be regard-
ed as the best solution [4, 6]. TSH has
hitherto been considered a more reli-
able indicator of thyroid function
than T4 especially in the case of
ectopic thyroid glands [6]. It has,
however, been shown recently that
primary T4 screening may have a
similar sensitivity as TSH for mass
screening programs for congenital
hypothyroidism [1].

To introduce the method in Cze-
choslovakia, we elaborated and tested
clinically a modification of the total
thyroxine assay from a dry drop of

4

blood in neonates by the so-called
single step T4RIA [5].

For first classification, we adopted
a procedure which employed the
thyroxine screening index (TSI). This
was used for assessing the borderline
and pathological values.

Material and Methods

For single step T4RIA, a drop of blood
is withdrawn from the heel. On Schleicher
and Schiill 2992 filter paper the spot mea-
sures 12 mm in diameter. Spots 3 mm in
diameter containing about 3.0 /il of blood
(1.5 /il of serum with an assumed hae-
matocrit value of 50%) were cut out and
analysed. The method is based on single
step addition of the reagents. One ml of a
stock solution containing specific serum,
a buffer, labelled antigen, immunoglobulin
G, polyethylene glycol and 8-amino-1-
-naphthalene sulphuric acid were pipetted
into test-tubes, then the dried blood spot
was added.

For determining TSI, the original
determination of total T4 was modified
by eliminating the calibration curve and
modifying the calculations. Instead of
employing several samples for constructing

Acta Paediatrica Hungarica 26, 1083
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Fig. 1. Correlation between total T4 and TSI in 115 blood samples collected on the 5th
day of life. Numerals indicate the number of estimations for a given value

the calibration curve, we used a pooled
sample from normal donors as the reference
standard. Samples for estimation were
processed in series. Each series contained
estimated and reference sera for the calcu-
lation of TSI. The reference sample was
represented by the pooled T4 values of
blood donors. For checking the error of
analysis, we used serum from a patient
with confirmed hypothyroidism. Results
were evaluated by calculating TSI from
the ratio of the reference and tested
samples, viz.

__ cpm reference sample
cpm unknown sample

In a normal newborn, the TSI value was
1.0+ 0.1. Values between 0.90—0.99 indi-
cated that the analysis must be repeated
to eliminate some laboratory error. A recall
was essential when TSI was below 0.90
(1.0 sigma). The validity of the analysis
was controlled by the value of non-specific
binding, the dispersion of values of the
reference samples, and the value of the
control sample. The long-term stability
of the above-mentioned parameters was
followed in profile diagrams.

The relation of TSI values and T4 levels
was studied in 115 neonatal blood samples
collected on the 5th day after birth. Total
T4 concentrations were determined in the
same samples by T4RIA kit (DRG) from
a dry blood spot (Fig. 1). It is evident that
there was a significant correlation between
these values of r = 0.962 at the 0.0005
level of significance. So far we have exam-
ined 13 500 6-day newborns employing
the TSI parameter.
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Results and Discussion

TSI was found to be a simple,
rapid and economically acceptable
test which proved useful for providing
first information about the functional
state of the neonatal thyroid gland.
The results were classified into three
groups (Rig. 2).

In Group A, pathological values
are shown which require animmediate
detailed assay from venous blood.

Group B includes borderline values
which require repeated examination
from original samples of dry blood
on filter paper.

Entirely normal values were found
in Group C.

From this scheme it is evident that,
if necessary, this first examination
can be specified in more detail by
further tests such as RIA T4 TSH
and/or TBG. TSI is in accordance with
the instructions of the European
Thyroid Association for introducing
SKH and the procedure which was
recommended by Fischer et al [2]
for use in the USA.
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A B C

Fig.2. Evaluation of TSI results of screening for congenitul hypthyroidism. Group A:

pathological values which require immediate detailed assay from venous blood. Group B:

includes borderline values which require repeated examination of the original sample of
dry blood. Values in Group C correspond to normal values

Fig. 3. Statistical distribution oftotal T4and TSH values in neonatal venous blood serum.
The black arearepresents the highest frequency attained during a given period :
360/6: 360 1.U ./l TSH, 6 nmol/1 T4 — primary hypothyroidism (athyreosis)
110/78:110 1.U./1 TSH, 78 nmol/1 T4 — primary hypothyroidism
(rudimentary thyroid gland)

32/80:32 1.U ./l TSH, 80 nmol/1 T4 — transient hypothyroidism
28/30:28 1.U ./l TSH, 30 nTol[ T4 — transient hypothyroidism
9/34:9 1.U ./l TSH, 34 nmol/1 T4 — defect in TBG production
3/40:3 1.U./I TSH, 40 ntol T4 — defect in TBG production

In our material we encountered 3 Fig. 3. The radioimmunological values
cases of primary hypothyroidism, of total T4 obtained by the method
2 cases of TBG defect and 3 cases of of single step analysis are on the
transient hypothyroxinaemia. abscissa, while the TSH values on the

The distribution of the results of ordinate. The TSH values were obtain-
venous serum samples is shown in  ed by RIA using the Calbiochem
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semikit. The black area represents
the highest incidence of neonates
recalled during the given period.
In the upper part of the map are
cases of primary hypothyroidism,
such as athyreosis and ectopic thyroid
gland, and below are the cases of
transient hypothyroidism. In the bot-
tom part are cases of secondary
hypothyroidism and those with a
defect in TBG production.

After having introduced a national
screening program for congenital hy-
pothyroidism, computer evaluation
is being planned for processing the
results of the above model.

Our investigations are part of a
pilot study which is being employed
in five regions of Czechoslovakia,
where 60 252 newbornswere examined
on the fifth day after birth by the end
of 1982 [3]. The incidence was so far
1:5 000 newborn infants. It is expect-

ed that in the near future this screen-
ing program for hypothyroidism will
cover the whole of Czechoslovakia.
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Complete recovery from paraquat poisoning
causing severe unilateral pulmonary lesion

G Poder, P Oszvald, L Hegyi, Gy(’jrgyi Mezei, ZSUZSa Schmidt

First Department of Paediatrics, Semmelweis University Medical School, and Tétényi
Metropolitan Hospital, Budapest, Hungary

Poisoning by paraquat, a plant-protecting agent, its clinical manifes-
tations and treatment are discussed. The case of a 6-year-old boy who had
ingested an unknown quantity of paraquat is described. Peritoneal dialysis
proved to be effective in overcoming renal and hepatic failure. Subsequently,
a pulmonary lesion with unilateral preponderance developed; this showed
marked radiological regression and in a year nearly complete functional

recovery ensued.

Paraquat was synthesized during
the last century and has been used as
an oxidoreduction indicator in chem-
istry [4]. Since the sixties of this
century it has been utilised as a plant-
protective agent, in granulated form,
or 20 %solution in aerosol. Its aqueous
solution is reddish-brown in colour,
and may be mistaken for beer or
Coca-cola. Paraquat is a quaternary
bipiridyl cation, it inhibits the con-
version of NADP to NADPH in the
cells, and induces damage to the cell
membrane by polymerising the un-
saturated lipids.

Since 1966, several hundred papers
reported on accidental or suicidal
paraquat poisoning. Most frequently,
the agent enters the organism orally;
its aerosol may penetrate the skin at
plant spraying [13, 23] or directly
invade the airways [8]. Absorption
of the orally ingested agent is poor,
only 1—5% is absorbed, the rest
is excreted with the stools [4, 11, 15].

The major part of the absorbed
paraquat is excreted by the kidneys,
a small proportion appears in the bile;
the pathogenesis of renal and hepatic
damage is thus obvious. A third
target organ is the lung [24], the
paraquat concentration in the pulmo-
nary tissue exceeds about fifty times
that of the plasma. This explains the
occurrence of severe pulmonary com-
plications.

Paraquat can be demonstrated in
the urine and this test may be of use
in judging the effect of treatment.
Knowledge of the blood level may also
be useful. It can be measured by
spectrophotometry, ion exchange, gas
chromatography and RIA [4, 10, 14,
21, 22]. A blood level exceeding 0.1
0.2 /ig/ml is usually lethal within
24—48 hours, but exceptional survi-
vors displaying higher levels have also
been described [10, 15, 21]. The
mortality rate is very high, amounting
to 33-60% [3, 4, 24].
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Ingestion of 6—10 g paraquat leads
to convulsions, pulmonary oedema,
shock and death within several hours
or a few days. Smaller doses cause
burning sensation in the mouth,
oesophageal erosions and sometimes
perforation [1], abdominal pain and
hepatic and renal failure followed by
adult respiratory distress syndrome
ending in death. Cellular damage may
occur in the adrenal glands manifest-
ing with cortical necrosis [20]. If
smaller doses are ingested, the pulmo-
nary changes ensue only after 2 or 3
weeks. They consist of oedema, dam-
age to the alveolar epithelium, haemor-
rhage, atelectasis, infiltrates, pleural
effusions, bullous changes and ulti-
mately alveolar and interstitialfibrosis
[2, 4, 7, 11, 24, 26]. These changes
can be followed radiologically and by
pulmonary function tests [8, 17].
Time is the most important factor in
therapy: the mortality rate of cases
whose treatment was started beyond
the first five hours after ingestion of
the agent was as high as 64% as
observed in a material of 68 cases
[12]. First aid comprises binding of
the agent to prevent its absorption
application of an emetic, cautious
gastric lavage (dangerofperforation !),
administration of Fuller’s earth and
purgation. The second step is elimi-
nation of the poison by forced diuresis
[10. 21]. haemopsrfusion [19, 21, 23,
27], haemodialysis, plasmapheresis
[5] or peritoneal dialysis [15]. Admin-
istration of ascorbic acid may be of
benefit [9]; steroids or even immuno-
suppressive drugs have been attempt-
ed for prevention of pulmonary dam-
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age [4, 15]. In addition, administra-
tionof airwith alow oxygen concentra-
tion not exceeding 20 %even in hypo-
xia has been recommended; breathing
of nitrogen gas may be useful in
preventing or slowing down the oxida-
tive process initiated by paraquat
[6,21].

Report of a Case

P. K., a five-year-old boy, was adm itted
on 18 May, 1982. Three days earlier he had
drunk an unknown quantity of 20% para-
quat solution. On the next day he had vo-
mited but the general practitioner did not
find any abnormality. On the following day
he had had haematemesis andwas adm itted
to a country hospital. There the oral ero-
sions and haematemesis suggested some
poisoning and then the parents remembered
that the child may have drunk of the
plant-protecting agent. Gastric lavage was
performed, Fuller’s earth was administered
and the child was admitted to our depart-
ment.

At admission the child was azotaemic,
with a blood urea nitrogen level of 39.8
mmo”and a serum creatinine of 465 /tinol/I.

Chest X-rays revealed no abnormality
and all other laboratory findings were
normal. Only traces of paraquat could

be shown in blood and urine taken at the
time of admission. In view of the renal
failure peritoneal dialysis was instituted;
it was terminated after five days when the
blood urea nitrogen and creatinine levels
had returned to normal values. On the
fifth day of treatment slight jaundice
appeared, laboratory findings revealed
mild hepatic damage (serum GOT, 82 U/I;
GPT, 52 U/Il; serum bilirubin, 13 /miol/l).
On the seventh day, tachypnoea of 70—80
per minute set in and repeated chest
X-rays showed a large infiltration in the
whole right lung, with a minor infiltrate
in the left lung (Fig 1). A high dose of
méthylprednisolone (250 mg per day), later
daily 20 mg dexamethasone, antibiotics
and 20% oxygen were administered;
lower oxygen concentrations were not
applied as the p02value was low.

The patient’s condition improved gra-
dually, the respiration rate diminished.
Chest X-rays on the 46th day showed
mediastinal dislocation to the right, rare-
faction within the right lung and several
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bullae could be demonstrated by tomog-
raphy (Figs 2, 3). Increased transparence
of the left lung accompanied by a fascicular
pattern in the basal parts was then found.
Treatment was complemented by adminis-
tration of atomised mucosolvents and ste-
roids, the dose of oral corticosteroids was
gradually diminished.

Pulmonary scintigraphy, carried out
after the acute phase, showed markedly
decreased perfusion in the right lung, with
complete absence of activity in the apical
region. The effective capillary perfusion
of the right lung was 25—30% of that
of the left lung (the normal proportion is
right: left = 60—55%:40 —45%).

Repeated lung function tests pointed
to the possibility of pulmonary fibrosis:
forced vital capacity (FVC) was markedly
depressed, intrathoracal gas volume (IGV)
and tidal volume (TV) showed low values.
All lung function findings are shown in
Table I.

After termination of corticosteroid treat-
ment, aerosol therapy was complemented
with respiratory exercises. The patient
was discharged with normal respiratory
rate and normal renal and hepatic function
tests on the 84th day after admission.

At home respiratory exercise was pre-
scribed and the patientwasregularly follow-
ed at the clinic. Blood gas analysis and
bicycle ergometry revealed normal values.
The parents reported on normal activities
of the boy at home, lung function tests
demonstrated gradual improvement. By
the end of the first year all values reached
or exceeded the lower limit of normal.
A second lung scintigraphy demonstrated
reduced perfusion but the improvement
was striking (Fig. 4). The chest X-rays
also revealed gradual improvement and
on 15August, 1983,they showed the media-
stinum in nearly normal position and a
nearly normal translucency of the right
lung (Fig. 5).

Fig.l. Chest X-rays 10 days after ingestion of paraquat: massive infiltration of whole right
lung, moderate infiltrate on left side

Table |

Results of lung function tests

RO FEV
ml percent ml percent
29 June, 1982 662 (45) 424 (35)
9 August, 1982 896 (01) 666 (55.5)
12 April, 1983 1125 (77.5) 923 (77)

15 August, 1983 1120 (77) ~ 980 (79)

PEFR It IGV
Usec  percent "*’s';c”” percent ml  percent
144  (49) _ - _
1.86  (63.4) 17.25 (297) 315 (39)
3.09 (105) 58 (100) 932 (110)
3.02  (104) 57  (99) 926 (115)

Figuresin brackets: percentage of the corresponding normal value
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Figs 2. 3. Tomography on 46th day: bullous changes in right lung, the mediastinum
is dislocated to the right

Acta Paediatrica Hungarica 26, 1985



Plder et al: Paraquat poisoning 57

Fig. 4. Scintigraphy, immediately after the acute phase: very marked diminution on right
side. After half a year: distinct improvement

Fig.s. X-rays on 15 August, 1983: nearly normal finding, the mediastinal dislocation has
almost completely disappeared, increased transparency of right lung
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Discussion

In spite of improvement of the
therapeutic methods applied in para-
guat poisoning, the quantity ingested
and the time of introduction of treat-
ment are the factors determining the
outcome. In our case the ingested
guantity of paraquat remained un-
known, it may however, be anticipated,
that it had not been within the lethal
range. The symptoms showed a com-
paratively late onset, the administra-
tion of Fuller’s earth could not have
been effective [12].

In this situation treatment of renal
failure and the liver damage seemed
of primary importance; haemoper-
fusion was not done because only
traces of paraquat could be found in
the patient’s blood and urine. Steroid
treatment introduced at admission
did not prevent the development of
pulmonary damage although it has
been recommended for this purpose
[4. 8, 21]. Mahieu et al [15] succeeded
in preventing pulmonary damage by
bleomycin, forced diuresis and perito-
neal dialysis. In our patient the
pulmonary complication was nearly
completely restricted to the right
lung, as confirmed by X-rays and
scintigraphy; bullous changes devel-
oped in addition.

We have been unable to find any
report on recovery from a pulmonary
complication as severe as seen in our
case. In the case described by George
and Hedworth-Whitty [8] pain in the
chest, dyspnoea and abnormal auscul-
tation findings ensued after inhalation
of paraquat aerosol but as the X-rays

Acta Paediatrica Hungarica 26, 1985

revealed no abnormalities in spite
of diminished FEV~ VC and PEFR
values, they thought of interstitial
damage (fibrosis?). In the literature
there are descriptions on 8 paediatric
cases of paraquat intoxication; two
of them died, in the other six patients
there were no pulmonary complica-
tions demonstrable by X-rays or lung
function tests [18, 23, 25]. The toxic
effect of oxygen in paraquat poisoning
has long been known; in an environ-
ment rich in oxygen the free paraquat
radicals induce cellular damage, pri-
marily to the pneumocytes. In addi-
tion, the drug radicals initiate super-
oxide formation as well [3, 4, 6].
On the basis ofthese findings, admin-
istration of low (10—20%) oxygen
concentrations has been recommended
for treatment of hypoxaemia. In our
case, we applied 20% oxygen for a
short time.

In our opinion the unilateral com-
plication itself andits nearly complete
healing, as demonstrated by X-rays,
scintigraphy and lung function tests
carried out repeatedly during the
one-year follow-up, were unique fea-
tures of the case presented. The expla-
nation of this rare event may lie in the
better regenerative power of children.
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Wolman disease in twins

| Marosvari

Janos Municipal Hospital, Budapest, Hungary*

In newborn twins at three hours of age adrenal calcification has been
detected. In addition to hepatomegaly, vomiting and diarrhoea, characteristic
radiological findings confirmed the diagnosis of the rare heritable lipidosis,

Wolman’s disease.

Bilateral adrenal calcification may
be caused by several pathological
conditions [2]. Primary familial xan-
thomatosis or Wolman’s disease [8]
has to be considered in the first days
of life. The characteristic radiological
finding accompanying the clinical
symptoms may be the first sign con-
firming the diagnosis [4]. As a conse-
guence of lacking lysosomal acid
esterase [5, 6], cholesteryl ester and
triglycerides are stored in the liver,
adrenals and bone marrow. The pres-
ence of typical foamy histiocytes in
the bone marrow is pathognomonic

[71-
Case REPORTS

Of the female twins originating from a
first cousin marriage of a Libyan Arab
couple (Fig 1), the first-born had a birth-
weight of 2100 g, the second-born member
of the pair weighed 1700 g. Both were
admitted at three hours of age. Twin A had
anaemia with 101 g/1 haemoglobin and
0.34 11 packed cell volume. She was
therefore transfused with blood of her
own blood group. The twins were mono-

placental, monoamnial and monochorial.
Their blood groups were identical within
the ABO, Rh. Lutheran, Kell and Duffy
systems. Physical examination revealed
a prominent abdomen with hepatomegaly
in both babies. Abdominal X-rays taken at
three hours after birth showed bilateral
calcification of the adrenal glands of both
children (Figs 2 and 3). These changes
were even more conspicuous in twin B two
weeks later (Fig 4); in the same baby
adrenal calcification accompanied by severe
hepatomegaly was seen at four months
of age (Fig 5). Feeding difficulties appeared
as early as three days of age in both new-
borns, soon joined by profuse vomiting
and watery diarrhoea. The patients needed
glucose-saline infusions. The condition of
twin A was more severe in spite of her
higher birthweight. In addition to anaemia
the leukocyte count was 3 G/1, platelet
count 120 G/1, reticulocytes 1.10-3. In the
blood film 36 nucleated erythrocytes per
100 leukocytes were found, the distribution
of leukocytes was normal. Twin A also
had a congenital heart defect, and septic
symptoms appeared accompanied by heart
failure. In spite of broad spectrum anti-
biotics and mechanical ventilation she died
at two weeks of age. Necropsy could not be
performed, being prohibited by Libyan
laws.

Vomiting of twin B ceased during intra-
venous fluid therapy buther stools contin-
ued to be of watery consistence. She failed
to thrive in spite of adequate caloric intake.
The patient had to be given blood transfu-
sion several times. At three months of age

* Former working place: General Hospital, Tajoura, Libya
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Fig. 1. Pedigree of the patients

Fig. 2. Plain abdominal X-ray of twin B at three hours of age. The cap-shaped calcifica-
tions in both adrenal regions are indicated by arrows
Fig. 3. Plain abdominal X-ray of twin A. Adrenal calcification of the right side is partly
covered by the umbilical catheter, intestinal gases cover the calcification on the left,
the lesions are less pronounced than in twin B

she weighed 2420 g; at thistime her parents
took her home. At discharge from hospital
her liver was palpable 2cm below the costal
margin, the spleen could not be felt.

One month later the infant was readm it-
ted because of fever and diarrhoea. At that
time she weighed 2850 g. An enlarged,
soft liver was palpated 3 cm below the
costal margin, only the tip of the spleen
could be felt. There were no demonstrable
neurological signs. Her laboratory findings
were: haemoglobin: 82 g/1, PCV: 0.36 11,
leukocyte count: 5.3 G/1, platelets: 80 G/1,
differential leukocyte count: striking
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vacuolisation of lymphocytes. Bone mar-

row: diminished erythropoiesis, foamy
histiocytes. Liver function tests: direct
bilirubin: 3.4 /unol/], indirect bilirubin:

6.8 ftmol/1, SGOT: 17 oA, SGPT: 10 IU/1,
LDH: 416 roj, alpha-HBDH: 292 rogj,
gamma-GT: 61 1U/1, alkaline phosphatase:
254 T04, ESR: 28 mm/hour. Urine analysis
revealed no abnormality. Stool bacteriology
and parasitology: negative. BUN: 3.0
iinnol/l, serum sodium: 136mmol/l, potas-
sium: 3.1 711014, chloride: 102 nunol/l.
In view of the vomitings, diarrhoea and the
underlying disease, glucose, saline, amino-
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Fig. 4. Plain abdominal X-ray of twin B attwo weeks of age. Pronounced calcification in
the right adrenal region, on the left side it is covered by intestinal shadows. Hepatomegaly
and bronchopneumonia can be observed
Fig. 6. Plain abdominal X-ray of twin B at four months of age. Adrenal calcification
unchanged, marked hepatomegaly

acid solutions and protein were given.
The patient died of apnoea and cardiac
arrest 10 days after admission.

Discussion

In type | of Wolman’s disease the
characteristic features are hepatosple-
nomegaly, diarrhoea, adrenal calcifi-
cation, vacuolized lymphocytes in the
blood smear, foamy histiocytes in the
bone marrow and neurological symp-
toms like clonus, hyperreflexia and
opisthotonus [1]. In the second type,
neurological signs are missing. Our
cases appeared to belong to type Il
although the patients died at an early
age.

Wolman disease as a lipid storage
disturbance has to be differentiated
from Gaucher disease and Niemann—
Pick disease. Adrenal calcifica-

tion may occur in neuroblastoma
when the abnormality is unilateral.
In case of adrenal haemorrhage the
changes may be bilateral but the
adrenals usually decrease in size in
such cases [3]. Demonstration of lack-
ing or markedly depressed activity
of lysosomal acid esterase in liver
biopsy material or leukocytes confirms
the diagnosis.

The enzyme deficiency can be
diagnosed at 3 or 4 months gestational
age from fibroblast cultures obtained
by amniocentesis. In our cases the
clinical features, the radiological find-
ings and demonstration of foamy
histiocytes in the bone marrow have
confirmed the diagnosis of Wolman
disease.

Therapeutic attempts with choles-
tyramine, d-thyroxine, clofibrate or a
medium chain triglyceride diet con-
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taining much protein and rich in
calories have hitherto failed. Cortico-
steroid treatment may be attempted.
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Neonatal pulmonary haemorrhage, birthweight,
gestational age and intrauterine growth

MFekete, ANémeth
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Pécs, Hungary

The relation

between neonatal

pulmonary haemorrhage and its

underlying cause was studied by reviewing the clinical data and necropsy
records of 315 newborn babies who had died between day 0 and 31 of life.
Necropsy revealed massive and focal pulmonary haemorrhage in 6.9% and
19.3% of the infants, respectively. It has been concluded that pulmonary
haemorrhage is a complication of various neonatal diseases related to hypo-

xia and/or infection, which occur in preterm

infants with a much higher

frequency than in term babies. Among patients with pulmonary haemor-
rhage, males and low birthweight babies predominated.

Neonatal pulmonary haemorrhage
continues to be an enigma. The lack
of uniform definition may well be one
of the causes of the widely scaterring
frequency of pulmonary haemorrhage
reported in the literature. Nonethe-
less, technical thoroughness and the
diagnostic criteria applied at post-
mortem examination, just like the
morbidity characteristics of the new-
born population studied may also
influence the reported frequencies in
the different populations. The ques-
tion, whether pulmonary haemorrhage
was a clinical entity or merely a
preterminal syndrome has not been
decided, nor is it known whether it is
justified to separate either clinically
or pathologically the massive haem-
orrhages from focal ones. Further-
more, apart from anecdotical reports,
we have no solid knowledge about
direct or indirect relationship between

gestational age, birthweight and in-
trauterine growth, and the frequency
of pulmonary haemorrhage in the
newborn infant.

The present study was undertaken
as an attempt to shed more light on
the above detailed problems.

Patients and Methods

During the period from 1/1/1980 to
31/12/1982, in our Intensive Care Unit 315
babies had died before the age of 1 month.
Detailed postmortem examination was
performed in every case, histology of the
lungs included. All babies with histological-
ly proven pulmonary haemorrhage of any
location — alveolar, interstitial and mixed
forms — and extension were selected for
further study. Pulmonary haemorrhage
was considered to be massive when at
least one lobe seemed to be involved at
gross examination. Less extensive haem-
orrhages were described as focal. For
histology a tissue specimen was excised
from each lobe of both lungs and after
fixation and embedding it was stained
with haematoxylin-eosin and PAS. By
microscopic examination pulmonary haem-
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orrhage was diagnosed if a considerable
amount of erythrocytes were seen in the
alveolar spaces and/or the perivascular
and peribronchial tissues and also in the
dilated lymph vessels.

On admission all babies were weighed
and their length measured to an accuracy
of 10.0g and 1.0 cm, respectively. Gestation-
al age was calculated according to the
date of the last menstrual period of the
mother and expressed in completed weeks.
Intrauterine growth relative to gestational
age was judged by using alocally construct-
ed intrauterine growth chart. Those with
birthweight equal or less than the 10th
centile were considered small for dates.
In addition, the pondéral index deseribed
by Rohrer [22] of each infant was also
calculated, which truly reflects body mass
relative to body length, in other words
the degree of leanness.

The data and clinical course of all in-
fants with pulmonary haemorrhage were
then thoroughly reviewed and evaluated.
Hyaline membrane disease and the various
disorders of cardiorespiratory adaptation
due to or related with perinatal hypoxia
were termed RDS-1 and RDS-II, respec-
tively. Survival time was calculated in
hours. For statistical analysis, standard
mathematical methods were used.

Results

Pulmonary haemorrhage and birth-
weight. In 83 of the 315 succumbed
infants (26.3%) pulmonary haemor-
rhage was found at post mortem, but
the frequency of massive pulmonary
haemorrhage was considerably less,
i.e. 6.9% (22/315). When looking for a
relationship between birthweight and

Pulmonary haemorrhage

pulmonary haemori'hage, a decreasing
incidence could be observed in heavier
babies, especially in those with birth-
weight > 2000 g. In patients with
birthweight /> 2500 g, the frequency
of focal haemorrhage rose again re-
markably (18.0%) in contrast with
that of massive haemorrhage which
had a frequency of 2.1% (Table ).
Therefore, the frequency of massive
haemorrhage seemed to be more
weight-related than the occurrence
of focal haemorrhages. Figure 1 shows
that in babies of birthweight </ 1500 g
and > 2500 g, massive pulmonary
haemorrhage occurred in 8.7% and
2.1 % of the patients, respectively.
Pulmonary haemorrhage and gesta-
tional age. As expected, similar trends
were observed when the relationship
between gestational age and pulmo-
nary haemorrhage was studied. Mas-
sive and focal haemorrhage was found
in 9.5% and 23.8% of the infants
with gestational age <( 30 weeks. After
that, the frequency of massive haem-
orrhage decreased with advancing
maturity, but there was again a
sharp rise in the incidence (21.8% —
28.8%) of focal haemorrhage in full
term infants (gestational age > 37
weeks), whilst the frequency of mas-

Table |

Frequency of pulmonary haemorrhage in newborn infants with different birthweight
(weight-specific percent frequency in parentheses)

Birthweight (q) 1000 1001—4500
All deaths 47(100 79(100)
Pulmonary haemorrhage 18(38.2)  24(30.3)
Massive haemorrhage 6(10.6) 6(7.6)
Focal haemorrhage 13(27.6) 18(22.7)
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1501—2000 2001—2500  >2500 Total
67(100)  38(100)  94(100)  315(100)
17(29.8)  5.(13.1) 19(20.2)  83(26.3)

7(12.2)  2(5.2) 2(21)  22(6.9)
10(17.6)  3(7.8)  17(18.0) 6L119.3)
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Fig. ].

<i 1500 g and > 2500 g (part A) — and with gestational age

67

Gestational age

Frequency of pulmonary haemorrhage in newborn infants with birthweight

33 weeks and ;> 37

weeks (part B) «0 = pulmonary haemorrhage; U-A\= massive pulmonary haemorrhage;
[T = focal pulmonary haemorrhage

sive haemorrhage decreased further on
(Table I1). It is seen in Fig. 1that in
infants of gestational age <[ 33 weeks,
massive  pulmonary  haemorrhage
occurred twice as frequently than in
the term babies (8.4% vs 3.8%). In
contrast, no difference was found
between the two groups in the fre-
guency of focal haemorrhage; what is
more, it was slightly higher in full
term infants (20.7% vs 25.9%).
Pulmonary haemorrhage and intra-
uterine growth. Since the gestational
age of 14 of the 83 study patients was

% 27 weeks, intrauterine growth of
only 69 babies could be quantified
with the growth chart used. Table Til
shows that one-third of preterm and
term infants with pulmonary haem-
orrhage were growth retarded by the
adopted definition (birthweight <[ 10
centile). Furthermore, the birthweight
of two-thirds of the pulmonary haem-
orrhage infants did not exceed the
25 centile of the standard distribution.
A closely similar distribution of birth-
weights was found when only babies
with massive haemorrhage were stud-

Table Il

Frequency of pulmonary haemorrhage in newborn infants with different gestational age
(gestational age-specific percent frequency in parentheses)

Gestational age (week) 730 3133
All deaths 105(100) 73(100)
Pulmonary haemorrhage 35(33.3) 17(23.2)
Massive haemorrhage 10(9.5) 5(6.8)
Focal haemorrhage 25(23.8) 12(16.4)

5*

%-36 37-38 539 Total

60(100)  32(100)  45(100)  315(100)
8(13.3)  9(28.1) 14(31.1) 83(26.3)
4(6.6) 2(6.2) 12.2)  22(6.9)
4(6.6) 7(218)  13(28.8)  61(19.3)
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p<0.05

Fig. 2. Percentage deviation of birthweight of preterm (o) and term (¢) infants with
pulmonary haemorrhage from the median appropriate for their gestational age and sex

Tabte Il

Birthweight centile distribution of newborn infants with pulmonary haemorrhage (per-
centage values in parentheses)

Centile zones Preterm Term Total

<,10 15(32.6) 6(26.0) 21(30.4)

11-26 13(28.2) 7(30.4) 20(28.9)

26-50 10(21.7) 3(13.0) 13(18.8)

51-75 5(10.8) 3(13.0) 8(11.5)

76-90 3(6.5) 3(13.0) 6(8.6)
>90 — 1(4.3) 1(1.4)

46(100.0) 23(100.0) 69(100.0)
Table [Y

Gestational age, birthweight, pondéral index and survival time (mean+ SEM) of preterm
and term infants suffering from pulmonary haemorrhage, associated with hypoxia and/or

infection
Gestational age, week  Birthweight, g Pondéral index Survival time, h

Preterm

Hypoxia(41) 29.2+£0.45** 1190+58** 2.20+0.04 72.6+8.2%**

Infection (19) 31.3+0.59 1542+100 2.27+0.06 213.9+2.16
Full term

Hypoxia (13) 38.2+£0.39* 2792+162 2.41+0.12 88.4+14.1**

Infection (10) 39.4+0.37 3180+141 2.55+0.06 189.5+32.3

Student’sitest: *p < 0.05, **p < 0.01; ***p < 0.001
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Table V

Clinical characteristics of the study patients

Preterms (60) Full terms (23)
II—\IP/poxia (41) Infection (19) I’;}ypoxia (13)  Infection (10)
oftotal  percent Noftotal percent Noftotal percent No/total percent
Pathologic delivery 14/41 34.1 3/19 157 3/13 23.0 2/10  20.0
Resuscitation 20/41 48.7 6/19 263 5/13 384 2/10  20.0
Oxygen therapy (head-box) 9/41 21.9 8/19 421 5/13 384 6/10  60.0
Oxygen therapy (CPAP) 17/41 41.0 7/19 368 5/13 384 1/10  10.0
Oxygen therapy (11'TV) 33/41 80.4 12/19 631 8/13 615 2/10  20.0
RDS-1 - RDS-11 41/41  100.0 16/19 84.2 11/13 846 0/10 0.0
Pneumonia 0/41 0.0 13/19 68.4 0/13 0.0 6/10 60.0
Septicaemia 0/41 0.0 4/19 210 0/13 0.0 4/10  40.0
Meningitis 0/41 0.0 2/19 105 0/13 0.0 0/10 0.0
Severe congenital malformation 2/41 4.8 1/19 52 3/13 23.0 6/10 60.0
Clinical symptoms with pulmonary
haemorrhage 8/41 195 2/19 105 2/13 153 0/10 0.0
Massive pulmonary haemorrhage 12/41 29.2 7/19 36.8 2/13 153 1/10  10.0
Focal pulmonary haemorrhage 29/41 70.7 12/19 631 11/13 84.6 9/10  90.0
iedinthis respect (5/18, 27.7% </ 10 bies (m/f = 16/7) were considered

centile and 7/18, 38.8% </ 25 centile).
Figure 2 clearly shows the shift in
weight of pulmonary haemorrhage in-
fants towards the lower ranges. The
mean SEM) percsntual deviation
from the median was  18.552.8%0and

7.473.2% in the preterm and term
infants (p < 0.05). 14/60 (23.3%)
and 5/23 (21.7%) preterm and term
babies had a pondéral index of < 2.00
and < 2.20, respectively, indicating
that a similar part, nearly one-fifth
of both preterm and term pulmonary
haemorrhage infants were growth
retarded on the basis of these criteria
too.

Distribution by sex. Of the total
population of infants with pulmonary
haemorrhage 66.2% were male (55/83)
and 33.7% (28/83) were female. The
twofold numerical dominance of male
infants remained unchanged when
preterm (m/f= 39/21) and term ba-

separately, and also if only those with
massive haemorrhage were studied
in this respect (m/f = 15/7).

Nome clinical details and associated
conditions are shown in Tables TV and
V. In reviewing the clinical courses
and evaluating them in the light of
the necropsy findings, two fundamen-
tal aetiopathogenetic factors emerged
from the chain of multiple pathologic
events leading finally to death, speci-
fically a perinatal hypoxia of shorter
or longer duration, and some types of
infection. When the patients were gro-
uped according to these two main pat-
hogenicfactors, itwasfound thatbabies
who had suffered hypoxia were
considerably lighter and less mature
and had a significantly shorter survi-
val time than those whose death could
primarily be ascribed to infection,
in the group of both preterm and term
infants (Table I1V). By correlation
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Table VI

Association of subependymal,

intraventricular and spinal-epidural haemorrhage with
pulmonary haemorrhage in preterm and term

infants who had had hypoxia and/or

infection
Preterm (60) Full term (23)

Hypoxia (42) Infection (19) Hypoxia (13) Infection (10)

MPH FPH PMH FPH MPH FPH MPH  FPH

12 ) U] 12 @ (m ® )
Subependymal or intraventricular

haemorrhage 8 17 1 5 2

Spinal-epidural haemorrhage 5 7 1 3 2 2 — 4
Abbreviations: MPH = massive pulmonary haemorrhage; FPH = focal pulmonary
haemorrhage;
analysis, however, no statistically Discussion

significant relationship was found
between birthweight, gestational age,
pondéral index and survival time.
Table V shows that both massive
and focal pulmonary haemorrhage
were in association with either severe
cardiorespiratory adaptation disorders
which needed oxygen therapy, or
with different kinds of infection.

It was, however, notable that mas-
sive pulmonary haemorrhage occurred
more frequently in preterm than term
infants, independently of whether
hypoxia or infection was the main
operating factor causing the death
of the patient. In vivo symptoms
indicating pulmonary haemorrhage
like bleeding or haemorrhagic dis-
charge from the upper respiratory tract
were detected only in 10 -20 % of the
cases. Table VI shows how frequently
hypoxia-related intracranial haem-
orrhage was associated with either
massive or focal pulmonary haemor-
rhage.
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The pathogenesis of neonatal pul-
monary haemorrhage continues to be
acontroversial topic in the literature.
The wide variety of diseases thought
to be related to pulmonary haem-
orrhage, like perinatal asphyxia
[3, 12, 14, 17, 23], hyalin membrane
disease [23], central nervous system
lesions [3, 11, 12], aspiration [14, 23],
pneumonia [8, 16], hypothermia [5,
7], septicaemia [4, 14], congenital
heart disease [3, 4, 13, 17], coagula-
tion disorders [1, 9, 21],tranfusionand
infusion therapy [17], oxygen [6, 15,
18, 24] and ventilation therapy [19]
reflect much uncertainties. A possible
synthesis of the numerous divergent
theories seems to emerge on the basis
of suggestions made by Adamson et al
[2] and Cole et al [10], according to
which pulmonary haemorrhage is
basically a haemorrhagic oedema of
the lungs, caused primarily by hypox-
ia and acidosis, and secondary left
heart failure.
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The data of our study patients
convincingly proved that nearly all
formerly suggested aetiologic factors
may have had a role in the clinical
course of the infants, many of them
acting in combination. All babies were
oxygen-therapy dependent and need-
ed respirator therapy, transfusions
and parenteral fluid administration
by drip infusion. In a considerable
number of the patients infection was a
complication of decisive importance,
either due to major surgery because
of malformations or to a iatrogenic
infection in consequence of the inten-
sive care.

Neonatal pulmonary haemorrhage
is a postmortem diagnosis since patho-
gnomonic clinical symptoms do not
occur regularly before death. In the
present series of observations haemor-
rhagic discharge or bleeding from the
upper respiratory airways was record-
ed in 10—20% of the cases, though
some authors reported an incidence of
50%. Considering the great number
ofneonatal diseases which occasionally
are associated with pulmonary haem-
orrhage and also the wide variability
of their outcome, the incidence of
pulmonary haemorrhage can only be

estimated postmortem. In the 3
year study period, an incidence
of 6.9% of massive pulmonary

haemorrhage was found which corre-
sponded well to formerly published
frequencies [3, 14, 16, 17, 25, 26].
Focal pulmonary haemorrhage could
be observed in a further 19.3% of
the infants. It is worth to note that
both massive and focal haemorrhages
had complicated very similar dis-
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eases, furthermore that hypoxia and
infection played a determining role in
the final outcome of all patients,
independently of whether they had
massive or focal haemorrhage at
necropsy (Table V). No difference in
survival time was found between
babies with massive (122+22 hours)
or focal (112+14 hours) haemorrhage,
which finding proves again the pri-
mary importance of the basic pathol-
ogy and the secondary role of pul-
monary haemorrhage, be it massive
or focal. Tnsupport of this conclusion
is that no significant correlation
existed between birthweight, gestation-
al age, pondéral index and survival
time of the babies. Within the groups
of preterm and term babies, those
whose death may have primarily
been attributed to infection were
heavier, more mature and survived
for a longer time than those with
pulmonary haemorrhage due first
of all to hypoxia (Table IV). It is
supposed that the more favourable
outlook certainly related with the
advanced maturity of these babies
had been altered by infection, malfor-
mation or surgery.

When examining the relationship
between pulmonary haemorrhage and
the maturity of the newborn infant,
preterm and in general low birthweight
babies were found to be at higher risk.
It should be emphasized at the same
time that preterm infants are much
more predisposed to every condition
frequently associated with pulmonary
haemorrhage. The increased frequency
of focal haemorrhage in term babies
was remarkable. The cause remains
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obscure, but to suppose the role of
maturity-related pathophysiologic re-
sponses does not seem to be unrealis-
tic.

Intrauterine growth retardation has
been known to predispose to pulmo-
nary haemorrhage, most likely due to a
reduced intrauterine oxygen supply
via the disturbed placental circula-
tion. In fact, one-third of the preterm
and term infants with pulmonary
haemorrhage were small for dates
by the definition used, and nearly
60% of them had a birthweight of
equal or less than the 25th centile
(Table ITT). The mean deviation from
median weight was significantly great-
er in the preterm than in the term
newborns (Fig. 2). All these obser-
vations are, however, to be evaluated
with caution. They could never prove
a direct relationship between retarded
fetal growth and pulmonary haemor-
rhage but raised the possibility of some
relation existing between fetal body
growth and composition and neonatal
pathology, elucidation of which would
need further research. We think that
the same applies to the 2/1 male/female
ratio in babies who died with pulmo-
nary haemorrhage.

In conclusion, it is suggested that
neonatal pulmonary haemorrhage is
not a clinical entity but much rather
a preterminal complication of severe
disorders of cardiorespiratory adapta-
tion, which are in cause-and-effect
relation with hypoxia. Closely similar
final pathomechanisms must be acting
when pulmonary haemorrhage presents
itself in the final stage of severe pul-
monary or generalized infections. Mas-
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sive pulmonary haemorrhage develops
much more frequently in small birth-
weight, preterm infants than in more
mature ones. The frequency of focal
pulmonary haemorrhage —in contrast
with that of massive haemorrhage
rises again in term babies, after a fall
with advancing maturity. The numer-
ical preponderance of small for
gestational age and male babies
amongst pulmonary haemorrhage pa-
tients was remarkable. The questions
remain, however, unanswered whether
these babies are more susceptible to
pulmonary haemorrhage or retarded
intrauterine growth, and male sex was
predisposing to conditions of which
a complication would be the pulmon-
ary haemorrhage.

References

=

. Aballi AJ, de Lamerens S: Coagulation
changes in the neonatal period and
early infancy. Pediatr Clin North Am
9: 758, 1962
2. Adamson TM, Boyd RDH, Normand
ICS, Reynolds KOR, Shaw JCL:
Haemorrhagic pulmonary oedema
(massive pulmonary haemorrhage) in
the newborn. Lancet 1: 494, 1969

3. Ahvenainen EK: Massive pulmonary
haemorrhage in newborns. Ann Paediatr
Fenn 2: 44, 1956

4. Ahvenainen EK, Call JD: Pulmonary
hemorrhage in infants. Am J Pathol
28: 1, 1952

5. Arneil GC, Kerr MM: Severe hypother-
mia in Glasgow infants in winter.
Lancet 2: 756, 1963

6. Boothby CB, deSa DJ: Massive pul-
monary haemorrhage in the newborn.
A changing pattern. Arch Dis Child 48:
21, 1973

7. Bower MD, Jones LF, Weeks MM:
Cold injury in the newborn. Br Med J
1: 303, 1960

8. Browne FJ: Pneumonia neonatorum.
Br Med J 1: 469, 1922

9. CelanderO: in Jonxis JPH,VisserHKA,

Troelstra JA (ed.) The Nutricia Sym-



10.

11.

12.

13.

14.

15.

16.

17.

M Fekete, A Németh

posium on the adaptation of newborn

infant to extrauterine life. Charles C
Thomas, Springfield 1 1964

Cole VA, Normand ICS, Reynolds
EOR, Rivers RPA: Pathogenesis of

hemorrhagic pulmonary edema and
massive pulmonary hemorrhage in the
newborn. Pediatrics 51: 175, 1973
Driscoll SG, Smith CA: Neonatal pul-
monary disorders. Pediatr Clin North
Am 9: 325, 1962

Esterley JR, Opperheimer EH: Massive
pulmonary hemorrhage in the newborn.
I. Pathological considerations. J Pe-
diatr 69: 11, 1966

Fedrick J, Butler NR: Certain causes
of neonatal death. I'Y. Massive pulmo-
nary haemorrhage. Biol Neonat 18:
243, 1971

Fekete M, Jarai I, Mestyadn Gy: Pulmo-
nary haemorrhage in the newborn.
Acta Paediatr Acad Sei Hung 9: 85,
1968

Kotas RV, Wells TJ, Mims LC, Trainer
EJ, Wiles CL: A new model for neona-

tal pulmonary hemorrhage research.
Pediatr Res 9: 161, 1975
Landing BH: Pulmonary lesions of

newborn infants (A statistical study).
Pediatrics 19: 217, 1957
McAdams A J:Pulmonary haemorrhage
in the newborn. Am J Dis Child 113:
255, 1967

: Pulmonary' haemorrhage
18.

19.

20.

21.

22.
23.

24.

25.

26.

Received March

MFekete MD
JozsefAu 7

H-

7623 Pécs, Hungary

73

Mead J, TakishimaT, Leith D: A model
of pulmonary elasticity. J Appl Physiol
28: 596, 1970

Normand ICS, Reynolds EOR, Strang
LBJ: Passage of macromolecules be-
tween alveolar and interstitial spaces

in foetal and newly ventilated lungs
of the lamb. J Physiol 210: 151, 1970
Rhaney K, McGregor AR: Pneumonia
in the newborn resulting from the
inhalation of gastric contents. Arch Dis
Child 23: 254, 1948

Roberts TJ, Davies AJ, Bloom AL:
Coagulation studies in massive pulmo-

nary haemorrhage of the newborn.
J Clin Pathol 19: 334, 1966
Rohrer F: Eine neue Formel zur Be-

stimmung der Kdrperfulle. Korresp —
Blatt. Ges Anthropol 39: 5, 1908
Rowe S, Avery ME: Massive pulmonary
hemorrhage in the newborn. J Pediatr
69: 12, 1966

Shanklin DR, Wolfson SL: Therapeutic
oxygen as a possible cause of pulmonary
haemorrhage in premature infants.
New EnglJM ed 277: 833, 1967
Sivanesan S: Neonatal pulmonary path-
ology in Singapore. J Pediatr 59: 600,
1961

Thorburn MJ: Neonatal death and
massive pulmonary haemorrhage in
Jamaica. Arch Dis Child 38: 589, 1963

5, 1984

Acta Paediatrica Hungarica 26, 1985






Acta Paediatrica Hungarica, 26 (1), pp 75—77 (1985)

The effect of unprocessed wheat bran on blood
glucose and plasma immunoreactive insulin
levels during oral glucose tolerance test in

obese children

D Moinar, | Déber, G Soltész

Department of Paediatrics, University Medical School,
Pécs, Hungary

Blood glucose and plasma immunoreactive insulin concentrations
were measured during oral glucose tolerance test in 10 obese children. Oral
glucose was given by itself or combined with 15 g unprocessed wheat bran.
Bran significantly reduced the blood glucose and plasma immunoreactive
insulin concentrations at 30 min of the tolerance test. It is concluded that
supplementation of obese children’s diet with unprocessed bran is advanta-

geous.

The effect of dietary fibre on carbo-
hydrate metabolism has widely been
studied in adults. Most studies seem
to agree that fibre or at least some
types of it (guar, gum, tragacanth,
pectin) lower the glucose level during
glucose tolerance tests [4, 8] and after
meals [3, 9, 10]. The results concern-
ing the glucose-lowering effect of
cellulose are, however, contradictory
[2, 6, 8] and there is even less agree-
ment on the influence of dietary
fibre on plasma insulin levels. Some
of the studies showed that lower blood
glucose levels were accompanied by
lower insulin levels [3, 4, 9] while
others denied this [8, 10]. Such inves-
tigations have not yet been carried
out in obese children. The purpose
of the present study was to investigate
the blood glucose and plasma insulin
concentrations in obese children when
unprocessed wheat bran was given at
the beginning of a standard oral
glucose tolerance test.

Patients and Methods

Oral glucose tolerance test (1.75 g/kg
b.w.) was carried out in 10 obese children
(4 girls and 6 boys) after 10— 12 h fasting.
Oral glucose was given by itselfor combined
with 15 g unprocessed wheat bran (21%
cellulose, 26% hemicellulose, 3% pectin,
4% lignin). The most important data and
anthropometric parameters of the children
are shown in Table |. Capillary blood
samples were obtained by fingerprick
before and 30, 60, 90, 120 and 180 min
after the consumption of wheat bran
and/or glucose solution.

Blood glucose was measured with the
orthotholuidine method, plasma immuno-
reactive insulin (IRI) with radioimmuno-
assay using the charcoal separation
technique. Relative body weight and body
fat were calculated as described earlier
[7]. Normal range of blood glucose and
plasma IR | were used as given by Guthrie
et al [1]. The statistical significance
between the means was evaluated with the
paired i-test.

Results

Glucose tolerance was normal, mean
blood glucose levels fell into the
normal range (Fig. 1). Glucose-induced
plasma IR | concentrations were above

Acta Paediatrica Hungarim 26, 1085
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Tasbe |

Anthropometric values (M iSE) of the investigated children

i Body weight, . Bel. body weight, Body fat
Age, jT kg Height, cm percent percent
12.04 63.39 151.2 148.4 38.59
+0.61 +3.46 +3.31 +6.04 +1.92

Fm. 1. Blood glucose and plasma immunoreactive insulin (IR1) concentrations in 10 obese

children during oral glucose tolerance test with — -—

and without —-——- added bran.

Vertical bars represent standard errors. Am asterisk shows where the difference between
the means is significant (p < 0.02). The range between the 3rd and 97th percentile of the
distribution of normal values [1] is shown by the shaded area

the 97th percentile of the distribution
of normal values. Unprocessed wheat
bran significantly reduced blood glu-
cose levels and plasma IR 1 concentra-
tion at 30 min, but all blood glucose
and plasma IRI values tended to be
lower when bran was consumed with
glucose.

Discussion

Wheat bran caused a moderate but
significant decrease in blood glucose
and plasma IRI concentration in the
early phase of glucose tolerance test.
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Similar results were obtained in adults
by Jenkins et al [4]. Bran possibly
reduces or delays the absorption of
glucose and this leads to a secondary
decrease in IRl concentration. By
reducing carbohydrate absorption
wheat bran may help weight reduction.
Hyperinsulinaemia is not a primary
cause of obesity although it may play
a role in the development of severe
obesity [5]. Hypertriglyceridaemia,
which is a frequent finding in child-
hood obesity [7], has also a bearing
on hyperinsulinaemia.
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Considering the above-mentioned
facts the blood glucose and plasma
IRI lowering effects of wheat bran
seem to be advantageous in childhood
obesity. In addition, volume for vol-
ume, fibre-rich foods provide less
available energy than fibre-depleted
foods. The increased bulk and low
calorie density may be advantageousin
reducing energy intake by displacing
foods of high caloric density from
the diet. However, before recommend-
ing the use of bran in the treatment of
overweight children, the long-term
effects of high fibre diet on carbohy-
drate and lipid metabolism have to be
investigated.
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R. Witkowski, O. Pbokop: Genetik erbli-
cher Syndrome und MiBbildungen jir die
Familienberatung. 3., erweiterte Auflage in
2 Bénden. 1502 Seiten. Akademie-Verlag,
Berlin 1983. Preis M 95,—

Die vorangehenden zwei Auflagen die-
ses Buches waren populdre Hilfsmittel
fir jene genetischen Ratgeber, die im
deutschen Sprachgebiet arbeiten. Die jetzi-
ge Auflage widerspiegelt die rapide Ver-
mehrung der Kenntnisse und den ange-
wachsenen Anspruch auf genetische Be-
ratungsstellen.

Der erste Band enthalt die lexikale
Beschreibung der einzelnen Krankheiten,
wiéhrend der zweite Band aus literarischen
Angaben und auf 165 Seiten einem per-
mutierten Symptomregister besteht.

Der Aufbau des lexikalen Teiles hat
sich in der vorliegenden Ausgabe nicht
gedndert. Die Besprechung eines jeden
Syndroms besteht aus einer Beschreibung
des genetischen Ursprungs (oder dessen
Mangels), der wichtigsten Symptome, The-
rapiemdglichkeiten, Hé&ufigkeit und Vor-
kommen; abschlieRend wird die Familien-
beratung besprochen. Der Gebrauch des
Buches wird dadurch erleichtert, daR ein
jedes Synonym, das in der Literatur unter
mehreren Benennungen erwéahnt wird, in
alfabetischer Reihenfolge bei den Schlag-
worten steht. Ein weiteres Verdienst der
Autoren ist, daB neben der langen Reihe
der dysmorphischen Syndrome und En-

zymopathien auch jene 6fters vorkommen-
de Krankheiten (z.B. Polyarthritis, Rheu-
matismus, Reye Syndrom usw.) angefihrt
werden, wegen deren die genetisohe Be-
ratungsstellen oft in Anspruch genommen
werden.

Ein relativer Nachteil der zweibéndigen
Auflage besteht darin, daB man zum
Heraussuchen der literarischen Daten ein
zweites Buch beniutzen muf, statt diese
unter den Sohlagwdrten direkt auffinden
zu koénnen. Vielleicht kdénnten in einer
ndchsten Auflage die zwei Bé&nde in der
Reihenfolge der Stichwdrter redigiert wer-
den. Auch hétte man gerne ein erfrischtes
Literaturverzeichnis gesehen, da unter den
zitierten Arbeiten sehr wenige nach 1980
erschienen sind.

Das permutierte Symptomregister bietet
eine bedeutende Hilfe bei der Diagnostik,
da die Diagnose oft bei der Beratung
gestellt oder wenigstens angenéhert werden
muf.

Die Autoren hielten es vor Augen, dal}
sie dem genetischen Berater ein leicht und
gut verwendbares Handbuch in die Hande
geben sollen. Das ist restlos gelungen, und
das ausgezeichnete Syndromen-Lexikon ist
fur alle, die in der Krankheitsversorgung
beschéaftigt sind, ebenfalls nutzlich, da die
Resultate und Methoden der praktischen
Humangenetik heute bereits in samtlichen
Gebieten der Medizin téglich angewandt
werden.

Magda Osztovics
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Aktuelle Probleme der padiatrischen Aller-
gologie. Herausgegeben von U. Wahn.
X -fl80 Seiten mit 44 Abbildungen und 29
Tabellen. Gustav Fischer Verlag, Stuttgart
1983. Preis DM 68,—

Der Band enth&lt das Material der im
Oktober 1982 in Bochum veranstalteten
Konferenz, an dem drei Schwerpunktthe-
men diskutiert wurden:

a) atopische Erkrankungen wund Zu-
sammenhang zwischen erblichen und exo-
genen Faktoren;

b) Kuhmilchallergie;

c) obstruktive Bronchitis im Sauglings-
und Kleinkindesalter.

a) Das einleitende Referat von Kdnigorischen

und M itarb. befat sich mit der Anti-IgE-
Synthese und vor allem mit der Funktion
der die IgE-Produktion regulierenden

Suppressor T-Zellen. In diesem Zusammen-
hang wurden auch die Mdglichkeiten zur
therapeutischen Beeinflussung der IgE-
Produktion angedeutet. Der Beitrag von
Siraganianbehandelt die aus den M astzellen
und basophilen Zellen frei werdenden
M ediatoren; nach dergegenwaértigen Eintei-
lung k6nnen diese in der Zelle praformiert
anwesend sein oder aberunterW irkung von
Aktivitdt entstehen. Die neuen Kenntnisse
der vergangenen Jahre ermdglichten dem
Autor, ein hypothetisches Scheme hinsicht-
lich des Freiwerdens der Mediatoren zu
konstruieren. In dem Beitrag von Marsh
wird die Steuerung der IgE-Regulation
erdrtert. Nach dem heutigen W issen steht
die atopische Erkrankung unter genetischer
Kontrolle, wobei jedoch auch &uRere
Reize hinzukommen. Die genetische Re-
gulation durfte die Folge eines zum
HLA-System gehdrenden und eines von
diesem unabh&ngigen Systems sein. Her-
vorzuheben sei ferner der Beitrag von
Bousquet und Mitarb. Uber die Bestim-
mung des Risikoseinerspdteren allergischen
Krankheit bereits im Sé&uglingsalter. Eine
positive familidre Anamnese soll auf die
35—80% Wahrscheinlichkeit einer spéte-
ren Erkrankung hindeuten. Der IgE-Gehalt
der Nabelschnur und die atopische Krank-
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heit der M utter sollen einzeln und zusam-
men die Wahrscheinlichkeit einer spéteren
Atopie beim Kind erh6hen. Ein Beitrag von
Saarinen ist der Prophylaxe gewidmet; bei
Kindern aus atopischen Familien kann das
verladngerte Stillen und verzégerte Gemuse-
zufuhr,Verminderung desHaushaltsstaubes
undtierischenEpithelszurHerabsetzungder
Probleme dieser »Risikosduglinge« beitragen.

b) Mehrere Vortrdge beschéftigen sich
mit der Kuhmilchallergie; so fassen Savi-
lahti und M itarb. die intestinalen morpho-
logischen Verdnderungen zusammen, wéh-
rend die Beobachtungen von Freier und
Mitarb. jene Theorie unterstiitzen, daR die
Kuhmilch-Intoleranz einer immunregula-
Stérung zuzuschreiben ist; ob
dabei die Storung der Helperzelle oder der
Suppressorzelle dominiert, ist fraglich.
Hill und Mitarb. fassen das Klinikum der
Kuhmilch-Intoleranz zusammen. Es sei
bemerkt, daR hier zwischen Text und
Tabelle 8 ein Widerspruch besteht und die
Angaben in bezug auf die spotane Heilung
schwer zu bewerten sind.

c) In diesem Themenkreis wird im Refe-
rat von Geubelle und Mitarb. festgestellt,
daB es bei etwa 10—20% der Sé&uglinge
mindestens einmal zu einer obstruktiven
Bronchitis kommt. Warum ein Teil der
Infektionen zu einer dieses Krankheitsbild
hervorrufende Ursache wird, und warum
aus einem Teil dieser sieh Asthma ent-
wickelt, ist jedoch ein ungeklartes Pro-
blem.Riedel und Mitarb.weisen darauf hin,
daB die atopische Beschaffenheit in sich zu
Bronchiolitis pradisponiert, Reinhardt und
Mitarb. darauf, daB im Sduglingsalter die
Beta-Rezeptoren der Bronchusschleimhaut
noch unreif und folglich die Betamimetika
relativ. wirkungslos sind und schlieBlich
schreibt von der Hardt, dal im Hinter-
grund derrezidivierenden Bronchitis haufig
anatomische Abnormitdten des Bronchial-
systems stehen, was auch die Beobach-
tungen von Székely bekraftigen.

Das Buch bietet ein umfassendes Bild
Uber den gegenwaértigen wissenschaftlichen
Stand der angefihrten drei Themen:

E Cserhati
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W . Catel :Das gesunde und das kranke Kind
12.,neubearbeitete Auflage.Herausgegeben
von E. Gladtke, J. Oehme, J. Schaub.
XXV IH + 868 Seiten mit 489 Abbildungen,
10 Farbtafeln und 104 Tabellen. Georg
Thieme Verlag, Stuttgart 1983. Preis DM
89,-

Dieses von W. Catel — dessen Diagno-
stik zu seinerzeit mitRecht zu den berihm-
testen pédiatrischen Bilichern gehdrte —
begriindete Lehrbuch fir Kinderkranken-
schwestern erschien zuerst im Jahre 1939
wdahrend seiner Leipziger Tatigkeit und
erlebte bis 1977 elf Ausgaben. Die vorlie-
gende zwolfte, vollig neue Bearbeitung
wurde notwendig durch die erhebliche
Vermehrung des Wissensstoffes, den heute
eine Kinderkrankenschwester beherrschen
sollte. Der grundsétzliche Aufbau des
Buches wurde beibehalten. Die bewahrte
Darstellung der Spezialgebiete innerhalb
einer Kinderklinik wurde auch beibehalten,
doch neu bearbeitet.

Das Lehrbuch dient in erster Linie zur
Ausbildung, aber auch die im Beruf
stehenden Kinderkrankensehwester und
Kinderkrankenpfleger kénnen es als Nach-
schlagwerk benitzen, und in der Fortbil-
dung kann es ebenfalls eine bedeutende
Rolle spielen. Das Buch ist in 42 Kapitel
gegliedert. Es fadngt mit dem Berufsbild
derKrankenschwester und einem geschicht-
lichen Ruckblick an. Dann folgen die
Grundkenntnisse: Physik, anorganische
und organische Chemie, Anatomie und
Physiologie, klinische Chemie, Radiologie
einschlieBlich Computertomographie, Sono-
graphie, Nuklearmedizin und Strahlen-
schutz, Hygiene und Mikrobiologie, und
Medikamentenlehre. Weitere Kapitel sind
die korperliche, geistige und seelische
Entwicklung des gesunden Kindes, Er-
nédhrungs- und Stoffwechsellehre, Human-
genetik, Sozialpadiatrie, Gynékologie und
Geburtshilfe.

Mit dem 16. Kapital fangt die eng
genommene Kinderheilkunde an, mit der
Beobachtung des kranken Kindes. Nach
den Neugeborenen und Frihgeborenen,

den speziellen Erkrankungen des Sauglings
und der Sé&uglings- und Kindererndhrung
behandelt das Buch die Krankheiten der
verschiedenen Organe und Organsysteme.
Es fehlen aber auch nicht die Kinder- und
Jugendpsychiatrie, Infektionskrankheiten,
Intensivmedizin, Kinderchirurgie, Kinder-
orthopédie, Narkose und Erste Hilfe bei
Zwischenféallen, Hals-, Nasen-, Ohren-
krankheiten, Augenkrankheiten, Gyna-
kologie des Kindes- und Jugendalters und
Unfallverhutung. Zur raschen und guten
Orientierung im Lehrbuch verhilft das
Inhalts- und Sachverzeichnis.

Die einzelnen Kapitel sind klar, gut
verstandlich und leicht erlernbar. Dazu
helfen viele Abbildungen, Tabellen und
schéne Farbtafeln. Die am Ende der ein-
zelnen Kapitel angegebene Literatur bietet
eine grofe Hilfe fir ausfohrlichere Kennt-
nisse.

Zusammenfassend: dieses Werk hat die
Grundrisse, die Tradition der fruheren
Ausgaben beibehalten und hat es mit den
neuen Kenntnissen ergdnzt und somit
sein vorgesetztes Ziel, die Aus- und Fort-
bildung der Kinderkrankenschwestern und
Kinderkrankonpflegern weitgehend und
restlos erreicht.

K Schmidt

W. K rause: Aktuelle Probleme der Geburts-,
medizin. 267 Seiten mit 130 Abbildungen
und 66 Tabellen. Georg Thieme, Leipzig
1983. Preis M 66,-

Das Buch befallt sich mit den geburts-
hilflichen Beziehungen der perinatalen
Medizin und durfte als Nachfolger des 1972
publizierten Buches von Tosetti-Krause:

»Der intrauterine Patient« betrachtet
werden.
Die vorliegende Arbeit ist in drei

Hauptteile gegliedert, 1. moderne diagno-
stische Methoden in der Geburtsmedizin,
2. mit erhohtem mdutterlichen und fetalen
Risiko einhergehende Krankheitshilder)
und 3. Fragen der Geburtsleitung und
Geburtsbeendigung.

Acta Paediatrica HungaHca 26, 1985



82 Book Reviews

Im ersten Teil findetman ein zusammen-
fassendes Kapitel Uber die Themen: ante-
partale Kardiotokographie, Ultraschall-
diagnostik, Plazentaperfusionsdiagnostik
mit Radioisotopen. Von den diagnostischen
Methoden wird auch die Plazentabiopsie
nach der 36. Schwangerschaftswoche er-
wdahnt, die bei fortgeschrittener Schwan-
gerschaft jedoch nicht brauchbar ist;
daB dem Verfahren eine genetisch-diagno-
stische Rolle in der frihenSchwangerschaft
zukommt, wird nicht angedeutet. Hervor-
zuheben wdre das Kapitel Uber die fetale
Uberwachung, die telemetrischen Moglich-

keiten, deren vorteilhafte Anwendung in
der Erd6ffnungsperiode beim Stehen oder
Gehen der Patientin unschétzbar sind,
ferner die Kkontinuierliche transkutane

fetale Sauerstoff- und pH-Messungwdhrend
der Geburt, die Mikroblutgasanalyse als
Grundverfahren zur Einschdtzung der
feto-maternen Stoffwechselsituation; die
M ikroelektronik und ein entsprechend
geplantes Computerprogramm durften bei
der Analyse der diagnotischen Angaben
besonders wertvolle Hilfe leisten.

Im zweiten Teil werden einige schwan-
gerschaftspathologische Krankheitsbilder
geschildert, wie z.B. Schwangerschafts-
toxikose, Frihgeburt, Diabetes mellitus.
Die dbrigen hier behandelten Zustdnde
wie z.B. Schwangerschaftsikterus oder
megaloblastische Andmie sind heute keine
Hauptprobleme der perinatalen Medizin.
Diese Kapitel sind entsprechend verfalit,
doch erhalten sie wenig Neues. Das Kapitel
Uber Diabetes und Schwangerschaft muf}
jedoch hervorgehoben werden.

Der dritte Teil falt praktische Fragen
zusammen. Bei der Induktion wird gegen-
Uber Oxytocin das Methyloxytocin be-
vorzugt. Prostaglandine sind bei Plazenta-
insuffizienz oder deren Verdacht mit
Recht als kontraindiziert beurteilt. Bei
Frihgeburten in Beckenlage wird der
Kaiserschnitt nur nach der 31. Woche
empfohlen, dieser Zeitpunkt wird als die
Grenze der realen Lebensfédhigkeit ange-
sehen.

Das Buch ist gut iberblickbar. Aus dem
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Schrifttum ist es festzustellen, daf das
Manuskript bereits 1980 abgeschlossen
wurde.

L Kovacs

Begeh,Anneliesund Autorenkollektiv:
Rehabilitative Bewegungserziehung. 176 Sei-
ten mit 20 Abbildungen und 19 Tabellen.
Verlag Volk und Gesundheit, Berlin 1983.
Preis M 36, —

*

Die Monographie, die auch als Lehrbuch
zu dienen scheint, ist das Ergebnis lang-
jahriger Zusammenarbeit zwischen Mit-
arbeiter der Sektion Rehabilitationspédda-
gogik und Kommunikationswissenschaft
der Humboldt-Universitdt zu Berlin und
der Fakultdat fur Defektologie Zagreb.
Das Ziel ist die Bedeutung der Bewegungs-
erziehung fur die Rehabilitation geschadig-
ter Kinder den Lesern zu vermitteln und
theoretisch zu begrinden. Von den Auf-
falligkeiten geschadigter Kinder ausgehend
wird die Spezifik der rehabilitativen Be-
wegungserziehung abgeleitet. Die Darle-
gungen ricken die fur alle Kategorien der
Geschéadigten gultigen Aspekte in den
Vordergrund. Um die theoretischen Aus-
gangspunkte, die die Autoren fur alle
Schéadigungsgruppen gilltig halten, zu ver-
deutlichen, wdéhlen sie drei Gruppen —
gehdrlose, stotternde und schwachsinnige
Kinder — aus, an denen sie exemplarisch
die Zusammenhénge aufzeigen. Nach ihrer
Uberzeugung miissen bei der Bestimmung
von Zielen, Inhalten und Methoden immer
die dominant gestérten AuBerungsbereiche
mitbericksichtigt werden. Unter diesem
Aspekt ist die Bewegung als M ittel anzu-
sehen, mit dessen Hilfe auf Sozialverhalten,
Wahrnehmungs-, Denk- und Sprachtdtig-
keit eingewirkt wird. Die spezifische
Bedeutung ihrer rehabilitativen Bewe-
gungserziehung liegt darin, dall sie auf
Beseitigung, Minderung oder Verhitung
der Lembehinderung gerichtet ist, aber
auch zur Aktivierung der Entwicklung der
Gesamtpersdnlichkeit dient. Erfolgreiche
Arbeitaufdem Gebieterfordert vom Péda-
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gogen fundierte Kenntnisse von anato-
misch-physiologischen GesetzmélRigkeiten,
sport- und rehabilitationsp&dagogischen
Methoden usw., vor allem aber die Einsicht
in Zusammenhénge und gegenseitiges Be-
dingen. Die Wirksamkeit des rehabilita-
tionspéddagogischen Prozesses héangt ab
vom Engagement des P&dagogen fir die
rehabilitative Zielstellung, von seiner Fé&-
higkeit, Bewegungsfreude wecken und
entwickeln zu kénnen, von seiner Beobach-
tungsgabe, qualitative Verdnderungen in
allen AuRerungbereichen der Lembehinde-
rung erkennen zu kénnen und von seinen
schopferischen Mdglichkeiten, immer neue
Wege zu finden, um fur das geschéadigte
Kind addquate Bedingungen zu schaffen.

Judith Falk

Anorektale Fehlbildungen. Herausgegeben
von S. Hofmann-v. Kap-herr. X+251
Seiten mit 89 Abbildungen und 108 Tabel-
len. Gustav Fischer Verlag, Stuttgart 1984.
Preis DM 72,—

An der Kinderchirurgischen Klinik zu
Mainz wurde im Juni 1983 ein wissen-
schaftliches Treffen mit Teilnehmern aus
18 Lé&ndern Uber das Thema Anorektale
Fehlbildungen veranstaltet. Der unge-
wohnlich schnell, schon Januar 1984
publizierte vorliegende Band fallt die
Vortrdge dieser viertdgigen Konferenz
zusammen. In dem im Aufbau einer Mo-
nographie nahestehenden Buch werden die
Erfahrungen und Uberlegungen in diesem
Themenkreis von 60 Fachspezialisten bzw
Arbeitsgruppen angefihrt, angefangen von
der Historik dieser Fehlbildungen, Uber
Diagnostik und Therapie, bis zu den
psychischen Stérungen.

Von den Vortrdgen seien hervorgehoben
die Besprechung der verschiedenen Be-
handlungsmdéglichkeiten, die Betonung der
prédnatalen Ultraschalldiagnostik, dieNach-
untersuchungen bei den sog. erfolgreichen
Eingriffen, ferner die Schilderung der die
Kontinenz fordernden Methoden.

6+

Wie jede derartige Publikation, weist
auch diese die Zeichen des KongreSmateri-
als auf, d.h. daB ein einheitlicher Leitfaden
und Stil nicht zum Ausdruck kommen
kann. Dies wird jedoch durch die Aktuali-
tdt der einzelnen Vortrdge und auf den
Erfahrungen der verschiedenen Zentren
basierenden wertvollen theoretischen und
praktischen Richtlinien und die instrukti-
ven Abbildungen reich kompensiert.

Ein weiterfuhrendes Schrifttum ist am
Ende eines jeden Beitrages zu finden, und
ein Stichwortverzeichnis am Ende des
Buches verhilft zur raschen Orientierung.

T Verebély

Paediatric Oncology edited by W Duncan
X -f-116 pages with 28 figures and 38 tables.
Springer-Verlag Berlin—Heidelberg —New
Y ork—Tokyo 1983. Price DM 98,—

This volume of the Recent Results in
Cancer Research series contains the pro-
ceedings of the fourth symposium of the
Royal College of Radiologists held in
London in 1982 on the actual problems of
paediatric oncology. Most of the partici-
pants were widely known experts on the
subject and the clear and concise style of
their papers has to be emphasized. The
guiding principle of up-to-date treatment
and its results are discussed in the common
forms of tumour such as the leukaemias,
malignant lymphoma, brain tumours, neu-
roblastoma, Wilms tumour, bone tumours
and soft tissue sarcomas, mainly rhabdo-
myosarcoma. There is an excellent review
of the epidemiology of children’s neoplas-
mas from the ManchesterTumour Registry,
and of the pathology, natural history and
localization of tumours. In every chapter
it is not so much the detailed results that
are in the centre, the main emphasis being
on up-to-date classification, the guiding
principles of therapy and its possible side
effects. Separate chapters deal with the
diagnostic significance of radiography,
scintigraphy and sonography, and with
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supportive treatment. Late side-effeets
and their prevention and treatment are
also discussed, a question that gains
increasing importance with the rapidly
improving results of therapy.

The book doesnot aim at supplementing
the text and data of previous monographs
or at presenting new knowledge. At the
same time it will be useful for practising
physicians, paediatricians and oncologists
who wish to have directives and a short
overview of the now actual questions of
paediatric oncology.

D SCHULER

Fetal physiology and medicine. Eds: RW
Beard, PW Nathaniels/. Second, revised
edition. X | 823 pages with illustrations.
Marcel Dekker Inc. New York, and Butter-
worth, London, 1984. Price £ 70.00

This revised volume has been edited
within a series of textbooks and mono-
graphs on reproductive medicine. The ma-
jority of the authors are Anglosaxons
from both sides of the Atlantic, but smal-
ler countries are also represented. The aim
of the editors has not been to offer a full,
didactic review of maternofetal medicine
but to select the most exciting topics.
They succeeded in presenting a nearly
complete spectrum ofnew data of perinatal
medicine.

The book is excellent. All its parts are
concise, logical and up-to-date. The con-
tent of the volume can hardly be criticised,
one can only wonder whether there has
not been progress enough in intrauterine
diagnosis of inborn errors and in research
ofintrauterine growth retardation to devote
individual chapters to these topics. It is
true that the former has been fully dis-
cussed in the second volume of the series,
and much knowledge on growth retarda-
tion is scattered in various chapters of the
book.

There are some wuseful overlappings
(diabetes, for instance); this is not at all
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disturbing since the different descriptions
of the same problem are not at variance.
It is hard to choose the best section; from
a practical point of view the chapters on
ultrasound in antenatal diagnosis of struc-
tural anomalies, diabetes mellitus, the
prevention of preterm delivery and espe-
cially that on maternal and fetal infection
are of utmost importance and excellence.
But even the seemingly most theoretical
chapters have bearings to present or future
neonatal practice.

This book should not be missing from
the shelf of all doctors interested in the
care of pregnant mothers and newborn ba-
bies.

P. Cholnoky

Giardia and Giardiasis. Edited by Stanley
L Erlandsen,Ernest A Meyer.XXIV +
407 pages. Plenum Press, New York 1984.
Price $65.00

This exemplary monograph consists of
22 chapters divided into three parts. These
deal with the morphologic features and
biology of Giardia, the diagnosis, pathology
and treatment of giardiasis, and the third
section with epidemiology. The most
impressive of the three sections is the first
one with its many TEM and SEM pictures
of the trophozoite and its individual parts,
and the cysts of the parasite. A single
look at the multitude of trophozoites
attached to the microvillous border and
covering the surface of the villi almost
completely will suffice to make the reader
to understand why severe giardiasis must
cause malabsorption. After a detailed
chapter on the metabolism of Giardia, the
methods of its isolation and cultivation
are described extensively.

The reader, if he is a paediatrician, will
be less impressed by the second section.
The data cited are correct and up-to-date
but most of them relate to adults as if the
incidence in children would not be over-
whelmingly higher than in adults and also
some symptoms different from theirs.
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Thus, steatorrhoea and weight loss, very
important sequels of giardiasis in the grow-
ing child, are not at all or only quite
cursorily mentioned and a number of ques-
tionswhich nowadays intrigue the paediatri-
cian, e.g. the incidence of the infection in
different parts of the world, the underly-
ing cause of giardial malabsorption and
expeeially that of fats, the relation of
blood groups and giardiasis, etc., cannot
be found in the book. Nor is it mentioned,
what materials the Giardia need and where

through their ventral disk or their
back — they ingest them, in other words
whether they obtain their food from the
host’s tissues or from the intestinal con-
tents. As to treatment, it is difficult to
understand why in the USA the otherwise
quite common metronidazole is not ap-
proved for use in giardiasis when this was
recommended nearly ten years ago by
Ament in the 1976 edition of Nelson’s
Pediatrics, and the best of all current
drugs, timidazole, is still not available on
the other side of the Atlantic.

The third and largest section deals with
epidemiology. The waterborne epidemics
in Leningrad and at different locations in
the USA, the detection of cysts in drinking
water, the methods of water filtration,

transmission by foods, sexual contact and
by various animals are discussed in extenso.
Since the different Giardia species cannot
be distinguished and we do not know
whether the many animals found to be
passing cysts have been contaminated by
each other or by humans, or the humans
by the same animals, we hope that the
proposed extermination of such likable
animals as the beaver will not take place.
The more so as the total number of those
infested in the waterborne outbreaks in
the USA in the last 20 years does not
amount to more than 20,000 people, while
for instance in England there are now
about 3 million hosts and among the 10
million inhabitants of Hungary the fre-
quency in adults is 3 to 10% and in
children, 10 to 20%, in any case without
the intervention of beavers.

Summing up, the book is an excellent
monograph which is perhaps more inter-
esting for those working in public health
and epidemiology than for clinicians, but
the legion of data to be found in it and
the lists of references that include all the
up-to-date literature up to 1984 will make
it useful also for clinicians and especially
paediatricians.

PV VEGHELYI
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Erythrocyte enzyme allotypes in the X-linked
recessive disorders, Duchenne muscular
dystrophy and haemophilia-A hemizygotes
and heterozygotes

Aranka Laszlo, F. Kosa, | lona Zimanyi, Agnes E gyed

Department of Paediatrics, University Medical School Szeged,
Institute of Forensic Medicine, Semmelweis University Medical School, Budapest,

Pal Heim Children’s Hospital, Budapest, and
Blood-Transfusion Centre, Szombathely, Hungary

The erythrocyte enzyme-systems acid phosphatase, phosphogluco-
mutase, glutamate pyruvate transaminase, adenosine desaminase, adenylate
kinase, glyoxase, glucose-6-phosphate dehydrogenase and esterase-D-iso-
enzyme phenotypes were studied for their percentile distribution and were
compared with their incidence in the diseases with X-linked recessive hered-
ity, Duchenne muscular dystrophy (DMD) and haemophilia-A, in hemi-
zygous male children and heterozygous mothers.

Considering the frequency distribution of the above mentioned iso-
enzyme phenotypes of the enzyme-systems in DMD, the phenotypes proved
to he homogeneous, only the X transmitted 6-phosphogluconate dehydro-
genase (6-PGD) isoenzyme types were found to be genetic markers in DMD
hemizygotes and heterozygotes. In these genotypes the 6-PGD A phenotype
showed a decrease while the phenotypes 6-PGD AB and B were significantly
increased.

The adenylate kinase (AK) 2-1 isoenzyme phenotype was increased
to 25% against the population frequency of 6.34%, while the AK 1-1 pheno-
type occurred in 76% against its population frequency of 93.69%, showing
a significantly decreasing tendency in haemophilia-A hemizygotes and

heterozygotes.

The frequency distribution of phe-
notypes of erythrocyte enzyme-sys-
tems may have an informative value
in population genetics and forensic
medicine, as in genetically determined
disorders it may serve as a marker
concerning the different genotypes
(homo- and heterozygotes) [6, 30, 16,
9]. Lamm et al [18] showed the close
connection between glyoxase | and
the chromosomal HLA-B region. In
insulin dependent diabetes a connec-
tion was found between age and the
frequent occurrence of a rare allele of
the properdin factor [15] but the
frequent occurrence of the same allele

could not be proved in Graves disease
[28].

In DMD and haemophilia-A hemi-
zygous male patients and in gene-
carrier mothers the frequency distri-
bution of erythrocyte enzyme allo-
types was therefore investigated with
the aim of searching for genetic
markers.

Methods

The red cell enzyme allotypes acid phos-
phatase (AP), glutamate pyruvate trans-
aminase (GPT), phosphoglucomutase
(PGM), adenosine desaminase (ADA), ade-
nylate kinase (AK) [20] and their Hungar-
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ian frequency data were compared to those
observed in hemizygote and heterozygote
groups of X-linked disorders of recessive
heredity. The frequency of glyoxalase
phenotypes in the healthy control group
was compared to that reported by Wenzel
et al. [28].

In the DMD group, the AP phenotype
was studied in 19, PGM in 18, GPT in 18,
ADA in 14, AK in 14, GLO in 19, EsD
(esterase-D) in 17, G-6 PD (glucose-
e-phosphate dehydrogenase) in 26 DMD
hemizygote male children, and AP in 8,
PGM in 9, GPT in 12, ADA in 12, AK
in 10, GLO in 10, EsD in 10 and G-6 PD
in 14 DMD gene-carrier mothers.

In the haemophilia-A group the AP
phenotype was studied in 36, PGM in 38,
GPT in 34, ADA in 23, AK in 24, GLO
in 32, EsD in 36, G-6-PD in 28 hemizygote
male children, and in gene carrier mothers
the AP phenotype was studied in 26 cases,
PGM in 26, GPT in 27, ADA in 12, AK
in 12, GLO in 19, EsD in 26 and G-6-PD
in 18 patients.

The isoenzymes of the erythrocyte en-
zyme systems were separated by starch-
gel electrophoresis, and PGM by gel-elec-
trophoresis [26], AP according to Hopkin-
son et al. [14], GPT according to Chen and
Gibblett [4a], ADA according to Spencer
[24], AK according to Fildes and Harris
[7], GLO according to Kompf et al. [17],
EsD according to Hopkinson [13] and
G-6-PD according to Eildes and Parr [8].

The frequency of individual isoenzyme-
phenotypes was compared to the popula-
tion frequency and evaluated by the X2
test.

Results

In the case of DMD-hemizygotes
(Table I) and heterozygotes (Table II)
the frequency distribution of erythro-
cyte enzyme-phenotypes proved to be
homogeneous with the control group
(Table V), only the X-linked trans-
mitted G-6-PD phenotype A showed

Aeta Paediatrica Hungarica 26,1985

a decrease, while phenotype AB and
B were significantly increased. In the
haemophilia-A male children (Table
I11) and the gene carrier mothers
(Table 1V) the percentile frequency
of the AK 2-1 heterozygote pheno-
type was as high as 25% against 6%
in the control group, and the frequen-
cy of the AK 1-1 phenotype was only
75% against the 93% frequency in the
population.

Discussion

Among the DMD genotypes (hemi-
and heterozygotes), from the erythro-
cyte enzymes only the 6-PGD pheno-
type proved to be a genetic marker.
Phenotype 6-PGD A was decreased
while the phenotype AB and B was
increased.

Fildes and Parr [8] described the
inherited electrophoretic variations
of human erythrocyte 6-PGD (NADP
oxidoreductase: E.C. 1.1.1.44) and
several papers [4, 5 10] reported on
further genetic data by comparing
the enzymatic properties of some of
the variants.

According to astudy of 461 families
with 864 children from the area of
Marburg and Tibingen [21], the fre-
guencies of X-linked inherited 6-PGD
alleles were as follows: 6-PGDa=
0.9775; 6-PGDb= 0.218; 6-PGDf =
0.0003; 6-PHD' = 0.0002x; 6-PGDh
= 0.0002, where f stands for the Frei-
burg, r for the Richmond and h for
the Hackney variant. In Southern
Germany the distribution of 6-PGD
phenotypes was reported as A:
95.83% AB: 4.02% and B: 0.15%,
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Tabte |

DMD -hemizygotes

n per cent x2 PGM n per cent GPT n per cent x2 ADA n per cent X+

6 32 0.02 T-i 10 56 0.001 2-2 3 17 0.25 -1 12 86 0.02

6 32 0.40 2-1 6 33 0.004 1-1 3 17 0.38 2-1 2 14 0.01

1 6 0.001 2-2 2 1 0.39 2-1 12 66 1.47 14

2 10 0.21 U 18

4 21 0.66
TsT

n per cent x* sLo n  per cent x2 EsD n  per cent x* G6PD n  percent x2 P

2 14 0.44 2-1 13 68 0.87 T-i 14 82 0.02 A 20 76.92 8.07 <0.01
12 86 0.42 2-2 6 32 0.01 2-1 2 12 0.12 AB 4 15.38 1.88 >0.05
14 1-1 0 0 2.25 2-2 1 6 0.44 B 2 7.69 29.7 <0.01

nr TT 26

le 19 ojzse v
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Tabte 1l

DMD-carriers

per cent x2 PGM n per cent X2 GPT n  per cent x2 ADA n per cent X2
12 0.70 T-i 6 67 0.03 2-2 0 0 0.85 f-i 10 83 0.08
39 0.02 2-1 2 22 0.31 1-1 4 67 0.005 2-1 2 17 0.06
0 0.02 2-2 1 1 0.01 2-1 8 33 0.20 "nr
12 0.01 9 12
25 0.27
12
per cent x2 GLO n per cent x2 EsD n per cent x2 G6PD n  percent x2 P
20 0.11 2-1 4 40 0.40 - 6 60 1.57 A 12 86 0.35 >0.05
80 0.11 2-2 3 30 0.12 2-1 4 40 1.93 AB 1 7 0.21 >0.05
1-1 3 30 0.77 2-2 0 0 111 B 1 7 8.92 <0.01

11e 18 01zse7 v

sadAl0]e awAzua a1h%04y1fi3
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AB
BC
AC

AK

YN

[

per cent

25
52.78

5.56

13.89
2.78

per cent

25
75

Xz

0.62
1.34

0.03

3.06
0.83

X*

10.5*
10.36*

* p<0.05

Table 111

Erythrocyte enzyme markers in haemophilia-homozygotes

PGM n per cent X« GPT n per cent x* ADA n
1-1 24 63.16 0.17 2-2 9 26.47 0.000 1-1 22
2-1 1 28.95 0.63 1-1 9 26.47 0.03 2-1 1
2-2 3 7.89 0.17 2-1 16 47.06 0.002 231
38 34
oLo n per cent x* EsD n per cent x* G-6-PD n
2-1 15 46.88 0.54 I - 25 69.44 2.18 A 26
2-2 14 43.75 2.18 2-1 11 30.56 2.93 AB 2
1-1 3 9.38 0.40 2-2 0 0.00 0.005 "28"
32 36

le 18 0|zse v

sadAo|1e awAzus a1k004y1k13
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Table IV

Erythrocyte enzyme markers in haemophilia-heterozygotes

AP n per cent X2 PGM n per cent X2 GPT n per cent X2 ADA n per cent Xs

A 5 27.78 2.39 I-i 13 50 0.37 2-2 8 29.63 0.1 1-1 12 100 0.07

B 6 33.3 0.04 2-1 9 34.62 0.001 1-1 9 33.33 0.34

AB 7 38.89 0.0004 2-2 4 16.38 3.25 2-1 10 37.04 0.99

18 26 27

AK n  per cent X2 GLO n per cent X2 EsD n per cent X2 G-6-PD n per cent X2 P
2-1 3 25 4.12* 2-1 13 68.42 0.87 I-i 22 88 0.43 A 17 94.44 0.08 >0.05
1-1 9 75 4.05* 2-2 3 15.79 1.19 2-1 3 12 0.26 AB 1 5.56 0.09 >0.05

12 * pc0.0S 1-1 3 15.79 0.05 2-2 0 0 0.11 “uT

19 25

e 19 0]zse7 V

sadAoj1e sawAzus 91004 ki3 :
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Table V
Controls
AP *(n=63) PGM*n=33) GPT*u=2314) ADA*n=1234) AK*n=73) GLO(n= 119)x
per cent per cent per cent per cent per cent per cent
B 32.80 T-i 68.18 2-2 2484 1-1 88.00 2-1 6.34 2-1 66
AB 41.61 2-1 36.90 1-1 2611 2-1 11.68 1 1 93.69 2-2 30
BC 7.76 2-2 486 2-1 49.05 2-2 042 2-2 0.06 1-1 16
AC 6.39 1by Wenzel
A 12.52
C 0.00
k(i —
Es Dper(nce—ntlzlii)) G-6PD**(n = 1080)  per cent
1 1 8074 A 1008 93.36
2-1 1797 AB 71 6.67
2-2 1.28 B 1 0.1

* See reference
** See reference ICa.

the gene frequencies of PGDA were
0.9784 and of PGDB, 0.0216 [1]. The
red cell PGD polymorphism in the
population of West-Berlin was re-
ported by Smerling [23]; the detected
gene frequencies were PGDA= 0.9775
PGDB = 0.02295, the phenotypes
were PGD (A) 95.59%, PGD (AB)
4.23% and PGD (B) 0.18%.

The frequency of PGDB gene varies
among different populations; it is in
England 0.021 [19], in whites in USA
and Mexico 0.024 0.039 [4, 5, 10],
among Australians 0.041 [2], in Chine-
se populations 0.066 [22] and in Hun-
garian populations 0.0395 [16a]. In-
herited variants of the enzyme also
occur. A new variant is for instance
the Freiburg one with a frequency of
0.0004 [27]. Beside the forms named
Hackney, Richmond and Friendship,
three different new 6-PGD variants
have been discovered in Greece with
a frequency between 0.2 and 0.5%

[26]. They characterize the permissive
enzyme tolerance to changes of amino
acid composition without an impor-
tant loss of function. The Lod scores
for the linkage relations of 6-PGD and
ADA loci with each other and with
15 other loci have also been studied
[29]; little evidence was found for the
linkage of 6-PGD and Rhesus loci,
the probability was one of 0.69.

In the haemophilia-A hemi- and
heterozygotes, the frequency of phe-
notype AK 21 was significantly
higher than in the general population.
The enzyme AK is a genetically de-
termined myokinase (EC: 2, 7, 4, 3),
phosphotransferase, catalysing revers-
ibly the transformation of 2 ADP to
ATP -]- AMP. AK is present mainly
in muscle [7] but also in other tissues
and erythrocytes. The isoenzyme com-
position is the same in every tissue.
The sex difference is not significant,
the 2-1 phenotype occurred in English

Acta Paediatrica Hungarica 26, 1985
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males in 11.1%, and in females in
8.3%. Two autosomal alleles (AKland
AK?2) are responsible for its formation,
the AK individuals are homozygotes
(AK1 AK1J), the AK 2-1 individuals
are heterozygotes. The AK2 gene fre-
guency in the English population is
0.05, AK2 AK?2 occurs in 1 :400.

The sera of DMD patients contain
high AK (ATP-AMP phosphotrans-
ferase, EC: 2.7.4.3) activity, in addi-
tion to their characteristically high
creatine Kkinase (ATP: creatine N-
phosphotransferase, EC: 2,7,3,2) ac-
tivity. An aberrant adenylate kinase
isoenzyme has also been detected in
the serum of DMD patients [12]. The
mobility of their enzyme on agarose
gel appeared to be similar to that of
the normal human hepatic AK. The
presence of this aberrant liver-type
AK could be demonstrated by charac-
teristic inhibition patterns with P P5
di(adenosine-5’)-pentaphosphate, 5,5’-
dithio bis (2-nitrobenzoate) and phos-
phoenolpyruvate, but structurally it is
a muscle type enzyme or one derived
from a muscle type enzyme, as shown
immunologically by inhibition reacti-
ons with anti-muscle-type AK. Wheth-
er this is a fetal type isoenzyme of AK,
will require further investigation.

We observed a high AK 2-1 pheno-
type frequency against the popula-
tion frequency in the hemi- and hete-
rozygotes for haemophilia-A. In the
latter genotypes we could not detect
aberrant AK isoenzyme. Semi-quan-
titative determination of AK on the
basis of AK isoenzyme densitometry
will only supply some further bio-
chemical information.

Acta Paediatrica Hungarica 26,1985

PGM (phosphotransferase, EC: 2.7.
5.1) catalyses the transfer of the phos-
phate group between glucose 1 and 6.
Its physiological role in erythrocytes
is not known [25]. Three autosomal
loci have been described to determine
the isoenzymes PGM"™ PGM2 and
PGMS3. These isoenzymes are codified
by two alleles, PGM1and PGM2, the
phenotypes are marked by the allele
compounds PGMt 1-1, PGMj 1-2 and
PGMX2-2.

The GPT phenotypes show asignif-
icant population-ethnical deviation
[4a], GPT as an alanine-transferase
(EC: 2.6.1.2.) catalyses the reversible
transformation of L-alanine and alfa-
ketoglutarate into L-glutamate and
pyruvate. The phenotypes are GPT
1-1, 2-1, 2-2 and their gene-frequency
in the Caucasian population is 0.496,
in Afro-Americans 0.814, and in Ori-
ental Americans 0.598. GPT has two
molecular forms :one is a soluble cyto-
plasmatic enzyme, the other is mito-
chondrial [3]. There is a great amount
of soluble GPT in the liver and the
heart muscle [11]. The molecular
weight is about 100,000 daltons. The
serum GPT level is a useful indicator
of cellular liver destruction. On starch-
gel electrophoresis the isoenzymes
move towards the anode, their mark-
ers are GPT1I GPT2M, and GPT2
GPT 1 has 1 stripe, GPT 2 has 2
stripes and GPT 2-1 consists of 3
stripes. The former phenotypes are
regulated by the 2 autosomal allele
genes GPT 1 and GPT 2. GPT 1 and
2 are homozygote phenotypes and
GPT 2-1 is a heterozygote type.
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Subacute sclerosing panencephalitis
in twins

R Michaeowicz, Barbara Karkowska, R Ignatowicz, J Michaekiewicz,
J Wyszkowski

The Child Health Centre, Warsaw, Poland

Development of subacute sclerosing panencephalitis after measles has
been observed in twins although the disease seems to be quite exceptional
in members of the same family, and no report has been found on its occur-

rence in twins.

Subacute sclerosing panencephalitis
(SSPE) or Dawson’s encephalitis sel-
dom occurs in members of the same
family. In spite of this we have ob-
served SSPE in two boys, 8 and 9
years of age, respectively, who were
cousins [4]. Since then we observed
the disease in twin sisters who earlier
had had measles.

Case Reports

Case 1 Girl C. A., born with a birth-
weight of 2450 g on 24th February
1972 as the third child of a family was
admitted to our Institute at the age
of 11 years with the suspicion of
SSPE. Her two brothers were healthy
and had not had measles. The patient
at the age of 15 months had had
measles with a severe clinical course.
After the measles her somatic and
psychomotor development had been
excellent and unchanged until Janu-
ary 1983, when the first signs of
SSPE were observed. Then abnormal-

ities of behaviour, aggression and
troubles in school were noted, so far
she had been an excellent pupil. At
admission psychomotor slow motion,
bewilderment and jerks of limbs were
observed. Psychological examination
showed low spirits and sensitivity,
misunderstanding of oral informa-
tion, weakening of memory and a sig-
nificant decrease of sight perception.
During her stay in hospital the
girl’s clinical condition became gradu-
ally from bad to worse. The motor
signs (tremor, myoclonic jerks) in-
creased considerably and so did the
pyramidal signs. Ophthalmological
examination did not reveal any ab-
normality, the EEG showed a typical
Rademecker type record (Fig. 1).
The level of anti-measles antibodies,
as estimated by the H.l. method, was
1:32in serum and 1:8in CSF. The
CSF immunoglobulin level was in-
creased to 33.2%, and the IgG to
28 mg/dl. The gold chloride curve was
of paralytic type. Other laboratory
tests of the CSF gave normal values.
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Fig. 1. EEG of Case 1. Typical Rademecker type record

Blast transformation test with PHA
and ConA, specific activators of T
cells, were normal (66 000 cpm and
45 000 cpm, respectively), in agree-
ment with our currently done studies
on other patients with SSPE (data not
shown). The serum level of immuno-
globulins, estimated by the Mancini
technique, was in the normal range
(lIgG, 1960 mg/dl; I1gA, 167 mg/dl).
The amount of IgG antibodies in CSF
was 128 mg/dl, much higher than
normal (2.71 £ 47 mg/dl). IgM anti-
bodies were not present.

In the brain, computer tomography
showed focal demyelination and a
narrow ventricle system. All other
tests, blood and urine analyses gave
normal values. The patient’s blood
group was AIRRh+,

On the basis of the laboratory tests
and clinical findings, SSPE in Jab-
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bour’s stage [11/111
diagnosed.

Case 2 Girl C. Ag. was the twin sister
of Case 1. The neonatal and infantile
periods had been normal. She had
contracted measles at the age of
15 months simultaneously with her
sister. The clinical course of the dis-
ease was less severe than of Case 1

In August 1981, psychomotor slow
motion, troubles at school, difficulties
in memorizing, reading and writing
were observed, and she had distur-
bances of balance and of speech (para-
phasia). Somewhat later epileptic
seizures, myoclonic jerks and spastic
paralysis of the limbs occurred. Oph-
thalmological examination revealed
oculomotor palsy. The EEG showed
a lack of basic functions typical of her
age and the presence of delta type
waves (1—3/sec). The level of anti-

[1, 2, 3] was
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measles antibodies, estimated by thi
H.l. method, was 1 : 64 in serum and
1 :8in CSF. The amount of immuno-
globulins in the CSF was increased up
to 18% and [d-globulins up to 18%.
Other laboratory tests were in the
range of normal values. She belonged
to ilood group A Rh+. On the basis
of laboratory tests and the clinical
course SSPE in stage II/1I1 was
diagnosed.

Both patients were subjected to
methisoprinol and amantadine treat-
ment; these drugs had no effect, they

even failed to slow down the course
of the process. The first child is still
alive but in a very poor condition,
the second died a year ago.

We have reported these cases of
SSPE in cousins and especially those
in twins not only because we could
not find any publications concerning
the problem, but we thought that these
observations might prove useful in
investigations into slow virus diseases
and into the role of genetic factors in
the aetiology and pathomechanism
of SSPE.
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Isolation and physicochemical and functional

properties of a calcium binding
gluten fraction

M Szabolcs, Z Nagy, Florence Jeney, S Csorbal

Central Research Laboratory and ‘Department of Paediatrics,
University Medical School, Debrecen, Hungary

Each milligram gluten protein isolated from bread contains 0.03—
0.06 /tmol calcium. On theoretical grounds we have concluded that this
calcium quantity is bound to the free carboxyl groups not participating in
peptide bonds of dicarbonic aminoacids, especially gfutaminic acid, making
up a large proportion within the aminoacids of gluten. After treatment with
EGTA, a well-known calcium complex forming compound, two gluten frac-
tions can be distinguished: water-soluble gluten-ES, and gluten-EP soluble
in acetic acid.

The aminoacid composition of gluten-ES is similar to that of un-
fractionated gluten. It isrich in aminodicarbonic acid (glu), aminodicarbonic
acid amide (gin) and proline. Further properties of gluten-ES are: immuno-
logical similarity to gluten; a molecular mass of 36 000 dalton; an absorption
maximum at 275.6 nm; a Ca2+-binding capacity of 0.72 /mini Ca2+/mg
protein as measured by atomic absorption spectrophotometry and by Ca2+
ion selective electrode; inhibitory effect of a small quantity (25— 30 fig) of
the compound on the Ca2+—Mg2+ dependent ATPase and Ca2+-uptake of
fragmented sarcoplasmatic reticulum. Preliminary experiments have demon-

strated that gluten-ES has an

influence on other calcium ion mediated

systems like actomyosin superprecipitation.

We put forward the hypothesis that by its Ca2+-binding capacity,
gluten-ES is capable of influencing the level of free calcium and may thus
play a part in the pathomechanism of coeliac disease.

In previous publications [15, 20]
we have shown that gluten proteins
isolated from bread contain 45 47%
aminodicarbonic acids (glu, asp) and
aminodicarbonic acid amides (gin,
asn). 40—44% of the total aminodi-
carbonic acid content is free acid or
simple salts, the rest occurs as amides.
In other words, 20 —21% of all amino-
acids of the gluten proteins are ami-
nodicarbonic acids (glu -f- asp).

It is a well-known fact that the free
carboxyl groups not participating in
peptide bonds of aminodicarbonic
acids are capable of binding calcium;

in the case of troponine-C [8], parval*
bumin [5], thermolysine [2], cal-
sequestrine [12] and staphylococcus
nuclease [1] the free carboxyl groups
of the aminodicarbonic acid units
have been shown to be capable of
binding calcium. Thus, it follows that
also gluten protein might possess this
property and play a part in the patho-
mechanism of coeliac disease e.g. by
influencing the tonicity of intestinal
muscles or the membrane structure
of the microvilli.

On the basis of our previous experi-
ments [14, 15, 20, 21] we have at-
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tempted to find, isolate and charac-
terize the physicochemical properties
of gluten protein components capable
of altering the concentration of com-
pounds acting under physiological
conditions (adenosine, Ca2+, etc) and
of playing thus a secondary or even
primary part in the pathomechanism
of coeliac disease.

For this purpose a gluten fraction
capable of binding calcium was pre-
pared from gluten by the use of EGTA
(ethylene  glycol-bis-)2-aminoethyl-
ether)-N,N,N’,N’-tetraacetic acid), a
compound forming a complex with
calcium. Homogeneity, molecular
mass, absorption spectrum, amino-
acid composition, calcium ion binding
capacity and influence on Ca2+-Mg2+
dependent ATPase and calcium up-
take of fragmented sarcoplasmic retic-
ulum (FSR) of this gluten fraction
were investigated. In this paper we
shall describe our results.

Materials and Methods

Isolation of gluten proteins from bread,

This was carried out as described in a
previous paper [21].

EGTA treatment of gluten proteins

To 10 ml of a gluten protein solution
containing 4 mg protein/ml, 12 ml ion-free
water, 8 ml 100 mmol/1 aqueous solution of
EGTA pH 7.0, and 0.2 ml 500 mmol/l
TRIS-buffer was added and the pH was
adjusted to 6.0—6.5. This corresponded to
a ratio 20 /miol EGTA/1 mg protein, the
optimum found in previous experiments
described in Results. All manipulations
were carried out in plastic vessels previ-
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ously soaked in 1 mol/l1 HC1 and washed in
ion-free water. The protein-EGTA suspen-
sion was stirred and then kept at 37°C for 2
hours, this was followed by centrifugation
in a Lh-413 (BVG) centrifuge, at 1800 g,
25°C, 60 minutes. The supernatant, called
further gluten-ES, was dialysed against sev-
eral samples of cold ion-free water of a 400-
fold volume in order to eliminate EGTA. The
efficacy of dialysis was checked by arsen-
azo 111 [19]. The precipitate obtained by
centrifugation (gluten-EP) was dissolved
in a solution containing 10 mmol/1 acetic
acid and 0.8 mmol/l sodium azide and
dialysed against the same solution to re-
move eventual EGTA residues.

Aminoacid analysis

This was performed as described in a

previous paper [14].

Sodium dodecylsulphate polyacrylamide gel
electrophoresis (SDS-PAGE) atpH 7.0 and
polyacrylamide gel electrophoresis without
sodium dodecylsulphate

was done as described
paper [14].

in a previous

Immune diffusion combined with polyacryl-
amide gel electrophoresis (immunodisk elec-
trophoresis)

The solutions necessary for preparation
of gels and for electrophoresis were made
as described in a previous paper [17]. The
acrylamide was polymerised in the shape
of an empty cylinder. Each protein sample
was run double, after polyacrylamide gel
electrophoresis of gluten and gluten-ES
each one gel was taken from the gel tube
and directly stained with Coomassie bril-
liant blue (R-250) in a medium containing
trichloroacetic acid. The parallel gel tube
was provided with a plug without a hole
and its lumen filled up with original or
diluted immune serum produced against
gluten. After 24—48 hours incubation the
immune serum was removed from the
lumen of the gel and stored at — 18°C until
next use. Then the gels were removed
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from the glass tubes and the proteins that
had not participated in the immune reac-
tion were washed out by several samples
of physiological saline over 72—96 hours.
After washing the gels were stained again
with Coomassie brilliant blue, densitom-
etry was performed and the samples
were photographed. This method elaborat-
ed by us [17] has successfully been used
for demonstration of the related immune
structure of other proteins [23].

Production of immune serum

5 mg protein/ml gluten solution isolated
from bread was emulsified in a ratio 1:1
with complete Freund’s adjuvant (DIFCO)
and injected to rabbits. The animals were
killed by exsanguination on the sixth day
after the last injection. The sera were in-
activated at 56°C and stored at —18°C
in deep-freeze.

Determination of the absorption spectrum
and the protein content

The absorption spectra of the proteins
were established in a double-beam photom-
eter Specord M-40. The protein content
was measured by the method of Lowry et
al. [11]. For calibration, bovine serum
albumin (Serva) was used.

Determination of calcium content of gluten
preparations

This was performed in an atomic ab-
sorption spectrophotometer AAS 1 Carl
Zeiss, Jena.

Determination of calcium binding capacity
of the gluten fractions by calcium ion selec-
tive electrode

A miniature Ca2+-selective electrode
Nuestro Research Inc. was used, for refer-
ence a Radelkisz calomel electrode was
applied. An OP 208 Radelkisz digital pH-

meter was used as amplifier, connected
with an OH-814/1 Radelkisz potentio-
2

metric recorder for registration of mV
values. In these experiments, 0.5 ml sam-
ples of gluten-ES, ion-free water or dialys-
ing medium were mixed with 0.6 ml
20 mmol/l TRIS-HC1 buffer (pH 7.2). The
calcium ion selective and reference elec-
trodes were dipped into this mixture. Under
continuous stirring by magnetic mixer,
0.02—0.04 fimol Ca2+ was added through
a micropipette every two minutes and the
potential changes (mV) due to free calcium
were registered.

Preparation of fragmented sarcoplasmic retic-
ulum (FSR)

FSR was isolated from rabbit muscle
by the method of Suko and Hasselbach
[13].

Measuring ATPase activity of FSR

For the measurement an incubation
solution containing 100 mmol/1 KC1, 20
mmol/l TRIS-maleate, 5 mmol/l MgCI2
6 mmol/1 potassium oxalate, 0.0—0.1 mmol
per 1 CaCl2 and 5 mmol/l ATP, pH 6.76,
was used. The solution was designated as
ATP-containing incubation solution. 1 ml
of this solution contained 0.1 mg FSR
protein, and — in inhibition experiments —
28 fig gluten-ES or 640 fig gluten protein
in addition. The samples were incubated
at 23°C for 10 minutes, then 0.1 ml 6%
sodium dodecylsulphate was measured to
the samples in order to inactivate and
solubilize FSR ATPase. The inorganic
phosphorus content (Pj) was determined
by the method of Taussky and Shorr [22].

Measuring the calcium ion uptake by FSR
absorption increment

The measurements were carried out at
350 nm under continuous stirring in an
Opton PM 2 DL single-beam photometer.
Each 2 ml sample of ATP-containing in-
cubation solution contained 0.2 mg FSR
protein and in inhibition experiments ad-
ditional 28 fig gluten-ES protein. Incuba-
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tion was started at the addition of FSR,
the extinction was continuously registered
by a Radelkisz potentiometric recorder.
The principle of estimation of calcium up-
take by FSR was as follows. In previous
studies [16] we observed that if the sulph-
hydryl groups of FSR are titrated at 412
nm by the method of Ellman [7] under
controlled Ca-uptake conditions, Ca2+-up-
take makes the FSR shrink and thereby
its absorption increases. This increment in
absorption is even more pronounced at
lower wavelengths — e.g. at 350 nm
than at 412 nm. Therefore, the measure-
ments were carried out at 350 nm because
at this wavelength there is no more ab-
sorption in the ATP containing incubation
medium used in these experiments. Our
method for investigating the effect of vari-
ous factors on FSR calcium ion uptake
was based on this principle [18].

M Szabolcs et al:
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R esults

First, gluten protein was prepared
by the method described in the pre-
vious section. The calcium content
measured by atomic absorption spec-
trophotometry was found to be 0.03
0.06 jumol/mg gluten protein. Then we
attempted to remove the calcium from
gluten by addition of EGTA. Then
the effect of the EGTA/protein ratio
on the fractions and their calcium
content was investigated. Table |
demonstrates the composition and
guantity of solutions used in these
experiments. After mixing the mea-
sured volumes, the suspensions con-
taining EGTA and gluten were kept

Tabte |

Composition of reaction mixtures at fractionation of gluten proteins
using various quantities of EGTA

Solutions
0 2.5
100 mmol/l EGTA, ml 0 0.05
4.0 mg/ml gluten, ml 0.5 0.5
ion-free water, ml 1.2 1.15
600 mmol/l TRIS, ml 0.01 0.01

at 37°C for two hours, centrifuged on
a Lh-413 centrifuge at 1800 g, 25°C
for 60 minutes. The protein and cal-
cium content of gluten-ES and gluten-
EP was determined; the results are
illustrated in Figure 1. As can be seen,
with EGTA/protein ratios between
5 and 20 pmol/mg, 20% of the protein
and 96% of the calcium appeared in
the supernatant. The rest, 80% of the
protein and 2—4% of the calcium,
was in the precipitate.

Acta Paediatrica Hungarica 26, 1985

Ratio //mol EGTA: mg gluten

5.0 10 15 20 40
0.1 0.2 0.3 0.4 0.8
0.5 0.5 0.5 0.5 0.5
11 1.0 0.9 0.8 0.4
0.01 0.01 0.01 0.01 0.01

A large quantity of gluten-ES was
then prepared using a ratio of 20 //mol
EGTA/mg protein and its properties
were examined. After fractioning,
gluten-ES was dialysed against ion-
free water, the efficacy of dialysis was
checked by the use of arsenazo Il
[19].

Homogeneity of EGTA-free super-
natant (gluten-ES), gluten-EP and
unfractionated gluten and their molec-
ular mass distribution was investigat-
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ed by SDS PAGE. Figure 2 shows the
values. Untreated gluten (Gel 1) and
gluten-EP (Gel 5) contained com-
ponents of 73 000, 66 000 and 36 000
dalton while gluten-ES (Gels 2, 3 and
4) only a component of 36 000. PAGE
without SDS (Figure 3) resulted in
gluten with 5 components (I—V) near
the catode (Gel 1). A similar picture
was obtained for gluten-EP (Gel 4).
Gluten-ES consisted mainly of com-
ponents I, IV and V while 11l was
present in a reduced quantity and Il
was hardly visible (Gels 2 and 3).
Inimmunodisk electrophoretic stud-
ies of gluten, (the immune serum pro-
duced in rabbits by injection of un-
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fractionated gluten), precipitation of
the components I, 11 and 111 occurred
(Figure 4, Gel 2). Similar results were
obtained with gluten-ES (Figure 4,
Gels 4 and 6). This proves that gluten
and gluten-ES are related immuno-
logically.

Table 11 shows the results of amino-
acid analysis of our preparations. In
this respect there was a striking simi-
larity between gluten and gluten-ES.
The composition of gluten-EP differed
markedly: its asparaginic acid -)- as-
paraginic acid amide (Asp -f- Asn)
and methionine (Met) content was
markedly increased, and so was the
percentage of the less polar amino-

Fig. 1. Effect of EGTA on the partition of the calcium and protein content of gluten.
The experiments were carried out under conditions described in Table |

2

3 5

Fig. 2. Pictures of gluten (Gel 1), EGTA supernatants of various protein content (Gels
2, 3 and 4) and EGTA precipitate (Gel 6) after sodium dodecylsulphate polyacrylamide
gel electrophoresis and staining

2*
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1 2 3 4

Fig. 3. Pictures of gluten (Gel 1), EGTA supernatants (Gels 2, 3) and EGTA precipitate
(Gel 4) after polyacrylamide gel electrophoresis, without sodium dodecylsulphate treat-
ment and after staining

Fie. 4. Pictures of gluten (Gels 1 and 2), EGTA supernatants (Gels 3 and 5, and 4
and 6) after immunodisk polyacrylamide gel electrophoresis, incubation with immune
serum (Gels 2,4 and 6), and staining

Tabtle Il

The aminoacid composition of gluten, the supernatant of
gluten-EGTA (gluten-ES) and the precipitate of gluten-EGTA

(gluten-EP)
Aminoacid Gluten ~ CIUERES  Glyten-EP
Lys 0.14 0.18 1.66
His 140 1.36 2.12
Arg 111 1.09 1.33
Asp -f- Asn 2.02 1.86 8.04
Thr 1.66 2.13 2.60
Ser 4.42 6.76 6.84
Glu + Gin 47.12 43.17 27.84
Pro 16.65 17.47 17.80
Gly 2.04 4.00 3.06
Ala 2.03 2.30 2.79
Val 2.76 2.40 3.12
Met 0.52 0.63 3.00
He 4.30 3.97 4.66
Leu 7.24 6.48 7.60
Tyr 1.96 2.46 3.00

Phe 364 377 4.65
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Fia. 5. Absorption spectra of EGTA precipitate of gluten (gluten-EP), EGTA super-
natant (gluten-ES) dialysed against 200-fold resp. 400-fold volume of water. The outer
scale on the ordinate refers to gluten-ES, the inner scale to gluten-EP

Fig. 6. Changes in potential (mV) measured by a calcium

ion selective electrode in

gluten-ES dialysed against a 400-fold volume of ion-free water (v), in ion-free water and
in the dialysis fluid taken at completion of dialysis of gluten-ES (D) after addition of
various quantities of calcium

acids (Pro, Gly, Ala, Met, Val, He,
Leu, Phe), while the glutaminic acid
amide (Glu + Gin) content was de-
creased. As demonstrated in Figure 1,
this fraction had a markedly lower cal-
cium content than gluten or gluten-ES.

Figure 5 shows the absorption
spectra of our preparations measured

by a Specord M 40 double-beam
photometer. Both gluten and gluten-
ES exhibited an absorption maximum
at 275.6 nm. During dialysis of glu-
ten-ES the spectrum had changed:
after dialysis with a 200-fold volume
of water the peak was pointed while it
was rather flat after dialysis with
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a 400-fold volume. Studies with cal-
cium-ion selective electrode showed
that gluten-ES preserved its Ca2+-
binding capacity even after dialysis
with several 400-fold water samples.
Figure 6 illustrates the changes in mV
after the addition of exogenous cal-
cium ions to gluten-ES, ion-free water
or dialysis fluid after dialysis. As can
be seen, 0.04 pmol Ca2+ already in-
duced an increase by 20—25 mV in
water and the dialysing medium. In
contrast, a similar change in gluten-
ES containing solutions was caused
by quantities of calcium as large as
0.18—0.20 pmol. This clearly proved
the calcium-binding property of glu-
ten-ES.

The volume of dialysing medium
affects the absorption spectrum of
gluten-ES. Therefore, we investigated
the effect of dialysis conditions on
the absorption spectrum. After EGTA
treatment of gluten, 25 ml gluten-ES
preparation was dialysed against
2000 ml ion-free water for 24 hours.
Then 2 ml of gluten-ES solution was
removed and designated as dialysed
once, the rest was exposed for a

Fig. 7. The effect of dialysis with Ix (----),

Calcium-gluten

second dialysis against another vol-
ume of 2000 ml ion-free water for
24 hours. By this procedure gluten-
ES dialysed one, two, three and four
times was obtained. For each sangile
we determined the calcium content
by atomic absorption spectrophotom-
etry, the Ca2+-binding capacity by
an ion-selective electrode and the ab-
sorption spectrum (Figure 7). To
characterize the flattening of the
spectral peaks, the quotient of the
extinction values measured at 276 nm
(the maximum) and at 252 nm (the
minimum) was calculated. The results
were compared with those obtained
for calcium-free ovalbumin void of
calcium-binding capacity. As can be
seen from Table 111, the value of this
guotient gradually decreased with the
increasing degree of dialysis; this
points to a flattening of the spectrum
curve. It may be supposed that the
calcium content ofthe gluten-ES prep-
aration increases with dialysis and
this in turn may be ascribed to an
altered conformation of the molecule.
It appears contradictory that the
preparation should bind more calcium

2x ( ), 3x ( ) and 4x (....)

80-fold volume of ion-free water on the absorption spectrum of gluten-ES

Acta Paediatrica Hungarica 26, 1985
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Table 111

Effect of number and volume of dialysis portions on E 276/E 262 nm
quotient, calcium content and Ca2+-binding capacity of gluten-ES

109

GlLtonES diaysed  E 2Z6rm  Proteinbound 0a UGN Pl CalGUT Dincng
n times E 252 nm mol Ga /nnol /ﬁl’agfcga}/é'*'
mg protein mg protein X
mg protein
I1X 171 0.0888 0.673 0.761
2X 1.67 0.160 0.680 0.840
3X 161 0.268 0.660 0.808
4X 1.47 0.341 0.396 0.737
Ovalbumin 1.86 0.0005 0.0005

when dialysed against ion-free water
but according to our calculations and
measurements the 2000 ml ion-free
water still contained 0.1 0.2 /imol
calcium (20 ml ion-free water was
evaporated to dryness in a quartz
tube, the residue was dissolved in 1 ml
ion-free water, and the calcium con-
tent was determined with AAS). With
progressing dialysis the calcium con-
tent increased and the calcium-bind-
ing capacity decreased. In the fifth
column of Table 111 the values exhibit
a maximum of 0.840; this may have
been due to EGTA remnants in the
gluten-ES preparation where the

EGTA concentration of the latter ex-
ceeded the value of 3 /uol/1.

Further experiments were carried
out to see whether gluten-ES was cap-
able of influencing the Ca2+-level of
the medium. Sarcoplasmic reticulum
of the muscle regulates the free cal-
cium concentration within the muscle
fibre by a calcium pump sensitive to
the free calcium ion concentration and
operating by a Ca2+-Mg2+-dependent
ATPase. We investigated the effect
of gluten and gluten-ES on the ATP-
ase activity and calcium ion uptake
of FSR prepared as described in the
chapter on Methods. The results are

Gluten,pg — 640 — - —

Gluten-E-S, jug— -

Fio.

8. The inhibitory effect of gluten and gluten-ES on the ATPase activity and Ca2+
uptake of fragmented sarcoplasmic reticulum

isolated from rabbit muscle

Acta Paediatrica Hungarica 20,1985
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demonstrated in Figure 8. 640 pg
gluten inhibited the ATPase activity
of FSR by 9—10%, while a much
smaller quantity (28 yg) of gluten-ES
did so by 13—15%. A similar inhibi-
tion is reflected in the diagrams illus-
trating Ca2+ uptake. From these find-
ings it is clear that gluten-ES has a
marked influence on calcium ion con-
centration.

Discussion

Since the first description by Dicke
[6] of the causal relationship between
wheat and rye gluten and coeliac
disease, several attempts have been
made to elucidate the aetiology and
pathogenesis of the disorder [4]. Proof
has been obtained that some enzyme
deficiency associated with the pres-
ence of HLA-B8 tissue antigen may
be responsible for the manifestation
of coeliac disease [3]. In our opinion,
however, the primary cause is not
necessarily a lack of some protease
but the ultimate defect may lie in one
or more enzymes responsible for the
synthesis of certain component(s) of
the membrane of intestinal epithelial
cells.

The presence of certain HLA anti-
gens may predispose to abnormal im-
munological reactions to otherwise
innocuous proteins like gluten [9].
The incidence of coeliac disease has
decreased since the return of breast-
feeding and the spread of gluten-free
baby-foods [10]. Feeding with cow’s
milk predisposes to enterocolitis and
this, together with the immaturity of
the intestinal mucosa and the immu-
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nological defence system may precip-
itate coeliac disease at the moment
of introduction of cereals into the
child’s diet. In a previous paper [14]
we offered a hypothesis on the role of
structure, composition and protease
resistant particles of gluten in the
pathogenesis of the disease. The large
number of various gluten components,
their similarity in aminoacid composi-
tion and sequence and in molecular
mass, the difficulty of obtaining the
components in pure homogeneous
form and the lack of a suitable test
model for toxicity research greatly
hamper progress in this field.
Gluten-ES, prepared by us by
EGTA, proved to be a homogeneous
compound by SDS-PAGE, having a
molecular mass of 36 000. However,
by PAGE without SDS and immuno-
disk PAGE it appeared to be inhomo-
geneous. Undoubtedly, there is an
immunological similarity between glu-
ten and gluten-ES, as confirmed also
by their similar aminodicarbonic acid
plus aminodicarbonic acid amide and
less polar aminoacid content.
Gluten-ES is water-soluble, remains
in solution in the presence of electro-
lytes, its absorption maximum is at
275.6 nm. The spectrum curve, how-
ever, flattens if the volume of the
dialysis fluid is increased. By use of
a calcium ion selective electrode we
have shown that gluten-ES dialysed
against a 400-fold volume of water
was capable of binding calcium, dur-
ing dialysis the calcium content of
the preparation paradoxically in-
creases, it takes up calcium from the
“ion-free” fluid still containing small
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guantities of calcium (0.1—0.2 pmol),
with sustained dialysis the calcium
content of the preparation increases
while its calcium binding capacity
falls. Flattening of the spectrum curve
may be related to these phenomena,
the degree of flattening can be charac-
terized by the extinction quotients
measured at 276 and 252 nm. If the
dialysis volume is increased, changes
in conformation of gluten-ES may
occur as indicated by the icreased
calcium content and decreased cal-
cium binding capacity.

In previous studies [20] we found
that our gluten resp. gliadin prepara-
tions contained 20 21% aminodi-
carbonic acids (95—96% of these is
glutaminic acid), one of the carboxyl
groups does not participate in the
chain-forming peptide bonds. In glu-
ten-ES, having a molecular mass of
36 000 and being capable of binding
calcium ion, there must be glutaminic
acid of 7200—7600 molecular mass,
corresponding to 49—52 mol free
carboxyl suitable for the binding of
calcium ion. 1f we anticipate that two
free carboxyl groups bind one calcium
ion, 1 mol gluten-ES can bind 24
26 mol Ca2+. Further calculations lead
to a figure of 0.667 0.720 pmol Ca2+
bound by 1 mg gluten-ES. This is in
fair agreement with the figure obtain-

Calcium-gluten 11

ed in our experiments and shown in
Table 111 in the last column, where
bound calcium plus calcium binding
capacity is indicated: this is 0.737
pmol. The possibility, however, can-
not be excluded that a proportion of
glutaminic acid present in gluten-ES
is gamma-carboxyglutaminic acid.
The calcium binding property of
our preparation has been proved also
by the fact that it is capable of inhibit-
ing the ATPase activity and calcium
uptake of FSR. This shows that glu-
ten-ES may influence the free cal-
cium level and thereby muscle func-
tion. This mechanism may play a
certain role in the pathogenesis of in-
testinal muscle hypotonicity charac-
teristic of coeliac disease. We are now
investigating the effect of gluten-ES
on various calcium ion mediated pro-
cesses and membrane structures and
could already show that the prepara-
tion markedly inhibits the super-
precipitation of actomyosin.
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Experience based on 800000 newborn
screening tests of the Budapest
Phenylketonuria Centre

L Szabé, Csilla Somogyi, Mechtild Mate

National Institute of Infant and Child Health, Budapest

800 000 newborns were screened for hyperphenylalaninaemia by the
Guthrie-test in the Budapest PKU Centre in the 10 and a half years since
1 May, 1973. The blood samples were taken from mature newborns on the
fifth and from premature babies on the fourteenth day of life. All infants
exhibiting a level equal to or exceeding 12 mg/dl were telegraphically invited
to the Centre and those having a level of 15 mg/dl or higher were put on an
appropriate diet. The patients were classified according to the result of
the phenylalanine tolerance 73 were found to have classical phenyl-
ketonuriaand 15had atypical phenylketonuria. The total incidence of phenyl-
ketonuria was thus 1:9091. The mean age at introduction of diet was
30 + 15 days during the first period, while 21+11 days during the second
period. Infants having an initial value of 4—12 mg/dl were kept under con-
tinuous control; among them 69 were found to have benign hyperphenyl-
alaninaemia (HPA). The PKU/HPA ratio amounted to 1.28. Both screening
and care were carried out by the Centre, and the practice of care is described
in detail. A preliminary evaluation of the therapeutical results with a view
of the patients’ social class is offered. Phenylalanine levels during the diet

were greatly influenced by the familial background and the sociocultural

environment.

The first report on the prevalence of
phenylketonuria (PKU) in Hungary
was published in 1961: among 1500
mentally handicapped children 0.66%
were found to have PKU. The dis-
order showed the highest prevalen-
ce, 2.2%, in residence institutions.
Screening for PKU during the neo-
natal period was initiated on anational
scale in 1968 using the Guthrie-test
[7]- The University Children’s Depart-
ment in Szeged was charged to organ-
ize the screening. This centre gradu-
ally extended its activities over the
Eastern part of the country. During
the first five years 100 000 newborns

were screened, the incidence was some-
what higher than 1:10000. In 1973,
a second PKU screening centre was
established in Budapest, and by the
beginning of 1975 continuous mass
screening and care had become obliga-
tory for the whole country. The Na-
tional Institute of Child Health pub-
lished a booklet describing the diag-
nostic and therapeutic principles of
PKU, its essential features, the prin-
ciples of diagnosis andtreatment and a
detailed formulary adapted to Hungar-
ian conditions, supplying information
for parents, health visitors and doc-
tors.

Acta Paediatrica Hungarica 26, 1985
Akadémiai Kiadé, Budapest
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Organization of the screening pro-

gramme

In Hungary, having 10.6 million
inhabitants, nearly all births take
place in obstetric institutions and all
mothers delivering at home are ad-
mitted to hospital as soon as possible.
The mean number of births per annum
was about 150 000 during the reported
period, the rate of low-birth-weight
newborns (under 2500 g at birth) was
high, 10% throughout the period.

The introduction of the screening
programme was preceded by informa-
tion spread by mass media and
circulars to the public. The obligatory
character of screening was accepted
without any difficulty. This may have
been due to the fact that preventive
vaccinations including BCG have been
a common practice in the country.

The blood sample from mature
babies is obtained on the fifth day of
life, the usual day of discharge from
hospital; for infants with a low birth
weight blood sampling is postponed
to the fourteenth day. Screening and
care are carried out by the two centres
supplied with up-to-date laboratory
facilities. The centres maintain a close
contact with the neonatal health insti-
tutions, practitioners, kindergartens,
schools and especially with the parents.

The leader of the department car-
ing for the newborn is responsible for
the completeness of screening. From
the centres an annual report on the
number of blood samples obtained
from each institution is sent to the
responsible persons who can then
check the figures for completeness.

Acta Paediatrica Hungarica 26,1985

The centres mutually inform each
other about all problems and report
the number of screened newborns,
test repetitions and the definite num-
ber of diagnosed cases to the National
Institute of Child Health. Every year
this institute organizes with the
Ministry of Health a conference for
the chief paediatricians of the coun-
ties where the results, difficulties and
further tasks are reported.

The two centres have proved suffi-
cient for this work; each of them
receives 70 000 blood samples annu-
ally, a number thought to be the opti-
mum. It seems advantageous that the
centres work in the framework of
paediatric institutions [10, 23]. The
centres are now also charged with
neonatal screening for galactosaemia,
also performed by the microbiological
Guthrie-test [8]; this screening has
been obligatory since 1977.

In the Budapest centre the screen-
ing and care of PKU patients is car-
ried out by a team comprising a full-
time paediatrician expert in clinical
genetics, a chemical engineer, a biol-
ogist, three technical assistants and
a part-time psychologist. All members
of the team make personal acquaint-
ance with all affected families, pos-
sess appropriate practical knowledge
on treatment and diet of the disorder
and all share success and failure alike.
In addition, the team participates in
diagnostic tasks of other inborn errors
of metabolism, research into clinical
genetic problems, graduate and post-
graduate teaching of medical students
and doctors, health visitors and tech-
nical assistants.
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Material

During the 10 years and 9 months from
1 May, 1973, to 31 January, 1984, a total
of 800 000 blood samples was received on
Schleicher-Schull No. 2994 filter paper.
During this time there was first a steep
increase in birth rate followed by a pro-
nounced but gradual decrease. During the
first period, from 1May, 1973, to 31 Decem-
ber, 1978, the number of samples increased
every year, the highest figure, 92 000 was
attained in 1976. The rate of completeness
during the first period increased from 80 to
91%. During the second period, from 1
January, 1979, to 31 January, 1984, the
demographic wave had abated, and this
was reflected in a decrease of the annual
number of blood samples, but the rate of
completeness increased to 98.6% by 1983.
This high rate was due to three facts:
(i) The screening had become obligatory;
(i) obligatory training of all nurses work-
ing in neonatal institutions; (iii) in 1982,
when hypothyroidism screening was also
included into the programme, a large-scale
organizatory and information campaign
took place. Since then all institutions fulfil
their obligation to post the samples twice
every week. Thereby the age at introduc-
tion oftreatment could markedly be lower-
ed. The parents of newborns exhibiting a
positive or suspect level receive a direct
telegram, thus only 1—3 days elapse be-
tween abnormal reading and the institution
of treatment.

Methods
Gutlirie-test

The Guthrie-test is used for mass screen-
ing [7]. For semiquantitative evaluation,
haemoglobin and the plasma proteins are
denatured by heat for three minutes. Stan-
dard blood samples containing 4, 6, 10, 16
and 20 mg/dl of phenylalanine are used.
They are prepared by addition of known
quantities of phenylalanine to blood with
phenylalanine level measured by spectro-

fluorometry. The filter papers containing
the separate blood samples are dried on
a horizontal grid [19]. The standard blood
samples are stored in a refrigerated desic-
cator [14]. The optimum spore/inhibitor
ratio is adjusted for every culture. The
culture medium is poured into plastic
plates, each plate is used for culturing
120 disks 7 mm in diameter. The standards
and the blood samples originating from
persons suspected to have high levels are
placed to the centre of the plate, and the
4 mg/dl standards are placed into the
corners.

An area exhibiting growth inhibition of
B. subtilis develops in about 3% of the
blood samples. In a minor fraction of these
cases this is due to antibiotics taken by the
mother or the newborn. In the majority
of cases the filter papers must have been
contaminated with some inhibitor during
storage or transfer. Repeated use of auto-
clave heat reduces the percentage of inhibi-
tion to 0.2%. If growth inhibition is ob-
served after repetition, the health visitor
of the child is asked to send a second blood
sample taken by her in the newborn’s
home.

Blood samples originating from children
on diet were used for control. In these sam-
ples phenylalanine is routinely determined
by spectrofluorometry. By sampling as
late as the fifth day of life, by the use of
appropriate standards to increase sensitiv-
ity of the semiquantitative Guthrie-test,
and by the use of quality control all sam-
ples containing more than 4 mg/dl of
phenylalanine are noted with certainty.

An increased level was encountered in
two cases of galactosaemia. Two false posi-
tive results occurred; in one case the sample
was contaminated with casein hydrolysate,
in the other case two samples originating
from an affected child were sent in under
two different names. We were aware of two
false negative findings. Both cases were
recognized at the age of six years at family
screening. One of them had atypical PKU
manifesting itself with severe behavioural
disturbances and emotional lability, his

Ada Paediatrica Hungarim 26,1985
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IQ was 90. The other false negative case
at screening had severe classical PK U with
a very low 1Q.

Supplementary tests

Serum phenylalanine is measured by the
spectrofluorometric method of McCainan
and Robins [16]. For this purpose the
Sigma kit No. 60-F, based on the same
principle, has been used since 1980. A com-
parison between these findings and those
obtained by the Guthrie-test has shown
that the difference does not exceed 10%
with blood samples containing about
4 mg/dl. In 29 blood samples containing
15 mg/dl out of the 45, the microbiological
test measured values higher by 2—4 mg/dlI.
Three quarters of the blood samples with
a phenylalanine level exceeding 20 mg/dl
by the Guthrie-test were found to contain
more than 20 mg/dl by spectrofluorimetry.
This was in agreement with the findings
of Belton et al. [1].

Serum tyrosine was determined quan-
titatively by the Sigma 70-F kit based on
the spectrofluorimetric method of Waalkes
and Udenfriend [27]. In earlier years the
method of Efron et al. was used for serum
and urine aminoacid chromatography [6],
and more recently thin-layer chromatog-
raphy has been applied [13]. For demon-
stration of phenolic acids in urine, the
ferrichloride reaction and thin-layer chro-
matography were used; preparation of the
material was carried out by the Koch-
Light method [13], and the samples were
run according to Schmidt [24]. By this
method phenylpyruvic acid and/or o-
hydroxy-phenylacetic acid were found in
all urine samples of affected children before
the age of five weeks.

Results

Differential diagnosis of hyperphenyl-
alaninaemia

Figure 1 shows the strategy for
further tests depending on the results
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of the first Guthrie-test. Negative
results are not sent to the local health
workers. A second blood sample is
asked for if the result of the first test
was 4 12 mg/dl; if a similar result is
obtained, monthly checking is de-
manded. If two subsequent blood
samples furnished normal phenylala-
nine levels within the first year of
age, the condition was designated
transitory  hyperphenylalaninaemia
(HPA). If the level falling between 4
and 12 mg/dl persisted beyond the
first year of life, sustained hyper-
phenylalaninaemia was diagnosed and
regular checking was maintained.
Whenever a level of 12 mg/dl or more
is found the parents are asked in a te-
legram to come and present the child.
If in such a child a level of 15 mg/dl
or higher is found with an increasing
intermittent tendency, a phenylala-
nine-poor diet is immediately pre-
scribed. If the blood sample taken
from the presented child is lower than
15 mg/dl, the possibility of atypical
(variant) phenylketonuria is consid-
ered and regular checking of the child
on normal protein intake (2—2.5 ¢/
kg/day) is recommended. In some
cases treated like this the phenyl-
alanine level increased again and then
a phenylalanine-poor diet had to be
prescribed. In other cases the phenyl-
alanine falls rapidly and stabilizes at
a level of 4 10 mg/dl, pointing to
sustained mild HPA.

As early as 1976, a loading test with
natural protein [3] was introduced for
differential diagnostic and prognostic
purposes. Since this test proved to be
of no practical value it was abandoned
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Fig. 1

in 1979. Now the following param-
eters are used for estimating phenyl-
alanine tolerance: (i) Speed and de-
crease in serum phenylalanine after
initiation of a diet with restricted
phenylalanine content, (ii) The rate
by which natural protein could be
reintroduced, (iii) The quantity of
natural protein, principally cow’s
milk, tolerated during the second year

of life for maintenance of the desir-
able phenylalanine level of 4—8 mg/
dl. (iv) Severity and duration of
derangements of phenylalanine metab-
olism elicited by intercurrent dis-
eases.

Classification of our patients on diet
has been based on phenylalanine
tolerance. Patients aged between 1
and 2 years with a phenylalanine

Acta Paediatrica Hungarica 26, 1985
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tolerance of daily 30 - 60 mg/kg (daily
total intake less than 500 mg) were
classified as classical phenylketonuria
(severe or mild), those tolerating daily
75—100 mg/kg (daily total intake
more than 500 mg) were regarded as
atypical (variant) PKU as can be
seen in Table I

Classical PKU

72 patients kept on diet during the
neonatal period have been registered,
41 boys and 31 girls; 4 of them were
low-birth-weight infants. Most were
breast-fed prior to the first blood-
sampling. The results of the first
Guthrie-test are shown in Table II.

Table 111 illustrates the levels ob-
tained during diet, as grouped ac-
cording to the periods within the
10 years. The result obtained at ad-
mission exceeded 20 mg/100 ml in all
infants, by spectrofluorimetry the
mean phenylalanine level was 44.5 +
183 mg/dl and the mean tyrosine
level, 21 = 0.9 mg/dl. This is in
agreement with the findings obtained
by O’Flynn et al [17] in 216 classical
PKU patients in U.S.A. The mean
phenylalanine/tyrosine ratio was 23.6
+ 12.8 in our material.

At first admission to our depart-
ment, 61% of the patients were ex-
clusively breast-fed, mixed feeding
was given to 11%, only a high-protein

Table |

Distribution of various types of hyperphenylalaninaemia
among 800 000 screened newborns

Type

Classical PKU

n

72

Transitory PKU 1+
Atypical (variant) PKU 7
Late-onset atypical PKU 7
Intermittent PKU 6
Permanent HPA 69
Transient HPA 111
+: died

Tabte Il

Result of Guthrie test in classical
PKU patients at screening

Phenylalanine, mg/dl n

4-14
16-20
Higher than 20

Acta Paediatrica Hungarica 26,1985
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Table 111

Data of classical I’KU patients concerning diet during two periods, means and
standard deviations

Age at admission, days
Age at introduction of diet, days

Length of hospital stay for diet adjustment, days
Time needed for introduction of 100 ml cow’s

milk into the diet, days
Quantity of tolerated milk at discharge, ml

Phe tolerance at discharge from hospital, mg/kg/day

Formula at discharge

formula was administered to 15% and
a low-protein formula to 13%. There
was no difference in the phenylala-
nine level among the groups at ad-
mission.

Transitory PKU with an extremely
rapid improvement of phenylalanine
tolerance was encountered in one
case. By the sixth month of life the
phenylalanine level was stable below
4 mg/dl in spite of a normal diet. This
child, offspring of caravan-dweller
Gypsies, died of pneumonia when one
and a half years old.

Atypical PKU

During the neonatal period, 7 cases
of atypical (variant) PKU were found,
6 girls and 1 boy. All were mature
babies. In two, the phenylalanine
level was very high by the Guthrie-
test, 15 and 30 mg/dl, respectively,
both were put on diet on the 17th day

3

Period 1 Period 2
1 N%/eclgm— 1 Jan 197931 Jan
31 1978 1984

27+12 2010
3015 21+11
28+10 27+14
21716 12+ 6
148+49
65+28
Berlophen 60%: Berlophen
(Berlin 30%: Nofelan (Polfa)
Chemie) 10%: Albumaid XP
only (Maizena)
10%: P-AM (Maizena)

of life, then they had a phenylalanine
level of 20.2 and 28 mg/dl, respective-
ly. The other five patients had a level
between 6—8 mg/dl; four of these
were put on diet between six weeks
and three months of age because of an
increasing level by the time of the
first control, then they had levels
between 35 44 mg/dl. In the seventh
child the increase was slower, 15 mg/dl
was exceeded as late as by the third
repetitive control, she was put on diet
when two and a half months old.

At discharge, after adjustment of
the diet, their mean phenylalanine
tolerance was 75 mg/kg/day, with a
range of 65 125. At the age of two
years all were tolerating daily 200
250 ml cow’s milk with a serum
phenylalanine level of 4—8 mg/dl.
There has been no relapse in their
phenylalanine tolerance ever since,
their daily intake is above 500 mg.
The oldest child is now 8 years and
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the youngest 3 years old; all have

shown a normal intellectual and
behavioural development.
Table 111 shows the phenylalanine

tolerance of classical PKU patients
at discharge after prescription of the
diet. As can he seen, there was no
difference in this respect between
classical and atypical PKU at this
age.

In the course of continuous check-
ing of the group affected by perma-
nent HPA, we encountered biological
variants hardly known in the inter-
national literature; in these cases,
indication of the diet was a great
dilemma. These patients could be
classified into two subgroups. In late-
onset atypical PKU (seven cases)
a rapid increase of the phenylalanine
level occurred between six and ten
months of age, and all biochemical
parameters fulfilled the criteria of
atypical (variant) PKU. In intermit-
tent PKU (6 cases) extreme fluctua-
tions of the phenylalanine level were
observed, with unpredictable period-
icity and intensity. The character-
istics of these patients will be reported
in a separate paper.

Permanent benign hyperphenylalanin-
aemia

This group consisted of 69 cases,
35 boys and 34 girls. All had an initial
screening value of 4—12 mg/dl. At
immediate repetition the level was
4 mg/dl or higher. They were checked
monthly during the first year of life,
every three months during the second
year, and annually twice after the end
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of the second year. In half of the pati-
ents there was a single peak of about
15 mg/dl at the age of 3—4 or 8—
11 months, on all other occasions they
had a level not exceeding 10 mg/dl.
The peak could be related with the
introduction of protein-rich food.

All children were seen by us around
their first birthday, and clinical and
laboratory examinations were then
conducted. In the meantime we kept
a close contact with the child’s health
visitor. Mean age of the patients now
is 5.9 years, the majority attends
school or kindergarten. We receive
regular information about their
achievements, they have made
a problem-free intellectual and per-
sonality development not deviating
from the mean.

Incidence of hyperphenylalaninaemia

The area covered by our screening
comprises the capital with more than
two million inhabitants, and 8 out of
the 19 counties of Hungary with about
3 million inhabitants. Table IV shows
the incidence of the various forms of
hyperphenylalaninaemia as calculated
from the 800 000 screening results,
the false negative cases included. The
early and late-onset forms of atypical
phenylketonuria are in the same
group.

The two centres, in Budapest and
Szeged, have screened 1 760 042 new-
borns up to 31 December 1983. Among
these, 212 cases of PKU have been
found [22], corresponding to an over-
all incidence of 1:8302. Accord-
ing to comparative studies [9, 26]
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Table IV

Incidence of hyperphenylalaninaemia types,
based on 800 000 screening test results

Type

1. Classical PKU*

2. Early- and late-onset atypical
PKU**

All PKU (1 plus 2) on diet
3. Intermittent PKU
4. Permanent HPA

* negative neonatal result: one ease
** negative neonatal result: one ease

this incidence is somewhat higher
than in some adjacent countries like
Austria, Czechoslovakia or the Ger-
man Democratic Republic and com-
parable to the 1:8956 observed in
Poland. In the area of the Budapest
centre the ratio PKU/HPA is 1.28,
much higher than in the above men-
tioned countries, especially in Poland
where this value amounts to 9.94.
Exact statistical comparison is, how-
ever, greatly impeded by differences
in terminology.

As can be seen in Table 1V, all types
of HPA have a higher incidence out-
side Budapest than in the capital
although they were almost equally
represented in the material (53 and
47%, respectively). It is noteworthy
that the overwhelming majority of
the parents, and even more of the
grandparents, were born in small
settlements irrespective of the birth-
place of the child. Quite strikingly,
a single case has only been found
among Gypsies, a minority still isolat-

3=

n

Budapest Country
18 65 1: 10969
3 12 1: 63333
21 67 1: 9091
- 6 1: 133 333
13 66 1: 11594

ed within the Hungarian population;
their number is estimated at 500 000.

Current practice of care

In Hungary medical help is gratu-
itous for every citizen. In the case of
phenylketonuria this can be trans-
lated into the following terms: PKU
dietary formulas are gratuitous;
starch containing foods are gratu-
itous ; expenses of travel for examina-
tions of the child and both parents
are repaid to the family; child benefit
is paid also for a single child (other-
wise it is only paid for two or more
children) ; the mother of a PKU child
may have paid leave until the child
is six years old (with healthy children
this is due for three years).

The blood samples of the children
registered in our centre are taken at
home and sent to us together with
a diet control sheet. This is filled out
by the parents assisted by the health
visitor, registering the child’s weight,
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appetite, intellectual and motor devel-
opment, eventual intercurrent dis-
eases, etc. Questions concerning the
diet may be asked by the parents. The
result of the test is sent back to the
parents, the letter usually includes
advices. Children under three years
of age are seen by us at least every
half year, in case of difficulties more
frequently. From three years on all
children undergo psychological exami-
nation at least once a year. All chil-
dren above three years are sent to
kindergarten, initially for a half day,
later for a whole day. In such cases
the parents supply the foods. This
type of activity has proved excellent
for the personality development of
the child and his subsequent entry to
school is facilitated.

For the parents of PKU children,
meetings are organized by our centre.
For schoolchildren affected by the
disorder there are separate reunions.
Meetings between the parents are pro-
moted, an experienced skilled parent
may be most helpful in giving advice
especially in the details of diet. A
report is supplied by the teacher of
each child annually, preferably at the

L Szabd et al: PKU screening

time of the psychologicalexamination.

Mean age of our patients now is six
years. They were classified into one
of five social classes according to their
father’s educational level, as shown
in Table V. The children’s condition
was then scored as good, medium or
bad according to the following points:
educational level of both parents,
dwelling conditions, monthly income,
cultural claims, the child’s other dis-
eases, quality of child-parent bond,
educational methods of the parents,
cooperation, keeping the diet, reports
released by the health visitor or
leader of the kindergarten or teacher,
progress in school, and 1Q. As seen
from Table V, there was a strong cor-
relation between the score and the
social class, especially in the 36 chil-
dren who were regularly subjected to
an intelligence test. Unsatisfactory
keeping of the diet only occurred in
the social classes 1V and V with three
exceptions.

The effect of the strictly kept diet
was unsatisfactory in two cases. In
one of these, lack of movements,
muscular hypotension, hyperflexibil-
ity of the joints were striking from

Tabte V

Preliminary evaluation of therapeutic effect

Social class (Paternal educational level) n Good Medium Bad 1Q, mean + SD
I. University or equivalent degree u 9 2 0 108+17
Il. Secondary school (graduation at grammar 15 12 2 | n= 10
school or secondary technical school)
I11. Skilled worker (Eight years elementary 31 12 17 2 100+12
school plus 3 years technical school) n= 12
IV. Semiskilled worker (Eight years elementary 18 1 12 5
school plus course) 88+12
V. Unskilled worker (Primary school with or 1 1 4 0 n= 14

without final examination)
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the first month of life. The damage
may have been due to perinatal lesion
but also to maternal hyperphenyl-
alaninaemia, since the mother’s level
was found to be as high as 10 mg/dl
in repeated tests. In the other child,
keeping the diet was made difficult
by frequent vomiting, intercurrent
febrile infections and recurrent hyper-
calcaemia of obscure origin during
the first ten months of life. No hyper-
tonicity of the muscles or progressive
neurological symptoms characteristic
of malignant PKU were encountered
in this patient.

Discussion

The well-known clinical and bio-
chemical variability due to genetical
heterogeneity has been reflected in
our material. In recent years much
progress in classification has been
achieved by the advent of in vitro and
in vivo determinations of phenyl-
alanine hydroxylase activity. How-
ever, the rest activity of the enzyme
still divides groups overlapping be-
tween classical and variant forms. In
addition, there is no method predict-
ing the further individual development
of the untreated child [2, 4, 5, 11, 12,
15, 18].

Over the whole world phenylalanine
levels are the best indicator for thera-
py. It appears that, in contrast to the
USA where the limit value for thera-
peutic intervention is 20 mg/dl [21],
many European countries, including
the U.K., have become more conserva-
tive, proposing therapy for neonates
with a level of 15 mg/dl ; this is already

near to the 10 mg/dl initially proposed
by Bickel [4]. In consequence, the
number of newborn found by screen-
ing to have atypical variant PKU is
increasing; this is, however, not in-
dicated in the national statistics of
the individual countries [4, 9, 26].

In our practice, 15 mg/dl is the
limit value of blood phenylalanine for
therapeutic intervention. The course
of phenylalanine tolerance is still a
primary tool in classifying PKU into
severe, mild and atypical PKU, and
this, too, has an impact on the quality
and duration of the diet. In spite of
lowering the age at introduction of
therapy (Table 1) our results are
negatively influenced by the fact that
nearly half of the parents had low
sociocultural and psychosocial ratings.
In a large number of families the lack
of parental cooperation and respon-
sibility led to failure of our efforts to
maintain the phenylalanine level at
4 8 mg/dl, especially after the age
of one and a half years.

Our experience suggests that the
efficacy of care must be improved by
the principles as follows:

PKU children, their parents and
grandparents need individual care in
view of their variable familial back-
ground.

A description of the familial
environment should be asked for im-
mediately after confirmation of the
diagnosis.

Organization of a parent patro-
nation system seems promising; ex-
pert parents of successfully treated
PKU children should be encouraged
to visit or accept beginners in their
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homes, the sight of a successfully
treated child is a most effective emo-
tional tool.

— Parents who cannot cope with
the problems should be encouraged to
give their child to State care, special
homes should be set up for this
purpose.

- Early education of the child
should be extended to special knowl-
edge about his or her own disorder,
the limitations imposed by it and their
reason. If this does not happen, the
child will brake the diet by stealing
or other surreptitious self-feeding,
especially after the early years. The
disorder should not be kept in secret
from the relatives and the neighbours.

Knowledge of the diet should
be extended to all family members,
especially to the father and grand-
parents.

- For children in whom aversion
against casein hydrolysate has devel-
oped, products consisting of synthet-
ic amino acid mixtures should be
secured.

- The parents’ attention should
increasingly be drawn to the fact that
the diet has to be kept also during
periods of intercurrent febrile dis-
eases; thereby the severity and dura-
tion of a liyperphenylalaninaemic
period can be shortened.

L Szabo et al: PKU screening

Gradual omission of the diet of
patients with classical PKU is recom-
mended after the age of 10 years [5,
20, 25, 28], in children with weak
school performance or with parents
willing to go on with the diet even
later. The period of relaxation is
planned for two years. During this
period the children are checked twice
yearly, when EEG and psychological
examinations are carried out and the
teacher is asked for a report. Special
attention is paid to the child’s behavi-
our. After this period of transition,
a decision is made by us together with
the parents as to a change for a
natural diet poor in protein; when its
risks and the eventual necessity of a
return to the diet are discussed.
Female children are told about the
necessity of diet before conception
of a future child of her own. For
atypical PK U, relaxation is instituted
from the age of six years but until
the age of ten years the blood level
must never exceed 15 mg/dl.
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Influence of beta-receptor stimulation on

catecholamine and phos

_ olipid concentrations
In lungs of fetal rabbits

J Urban, Krystyna Dzienis

Institute of Obstetrics and Gynaecology, Medical School, Bialystok, Poland

It was studied whether the beta-receptor stimulating fenoterol had
any influence on endogenous catecholamines in the lung tissue of fetuses.
On the 23rd, 27th and 31st days of pregnancy,concentrationsofnoradrenaline
and dopamine in the lung homogenate of mature and immature rabbit
fetuses were determined by fluorometry, and the basic surfactant components
total phospholipids and lecithin by colorimetry, in a group receiving beta-
mimetic treatment and in a control group receiving physiological salt solu-
tion. The concentration of noradrenaline decreased with the progression of
pregnancy but the concentration of dopamine did not change significantly.
Application of fenoterol caused an increase in total phospholipids and lecithin
in the lungs of 23 and 27 day old rabbit fetuses and decreased the con-
centration of catecholamines, especially of noradrenaline. The drug had no

such effect in mature (31 day) fetuses.

Insufficiency of surfactant, anoxia
and coagulation disturbances are es-
sential factors determining the inci-
dence of idiopathic respiratory distress
in premature babies [2, 3, 9, 10, 20,
27]. Anoxia and subsequent tissue
acidification inhibit lecithin synthesis
[16, 28] on the one hand and on the
other evoke a release of catecholami-
nes, especially noradrenaline [20, 21]
which increases resistance of the pul-
monary vessels [1, 5]. Anoxia and the
high circulatory resistance enhance
the permeability of blood vessels for
proteins and plasma, and result in
protein-rich exudate in the lung.

Synthesis of surfactant is realized
by stimulation of adrenergic beta-
receptors [13, 24], hence all beta-
mimetics intensify the process. Clini-
cal and experimental examinations

have confirmed the beneficial influi
ence of beta-receptor stimulating
drugs on maturation of the lung tissue
[4, 6, 7, 8, 14, 22, 23, 30].

The aim of the present experiments
was to clarify the influence of feno-
terol on the behaviour of phospho-
lipids and catecholamines in the lungs
of fetal rabbits.

Material and Methods

Examinations were carried out on
176 Belgian rabbit fetuses obtained from
22 females. Dead fetuses were excluded
from the examinations. Duration of preg-
nancy was calculated from the date of
female covering. Examinations were car-
ried out on the 23rd, 27th and 31st days
of pregnancy. The rabbits were divided
into two groups (Table ). The experimental
group included 11 pregnant rabbits which
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Table |

Grouping of rabbits

J Urban, K Dzienis: Betamimetics in jetai rabbit

Examined subjects Controls
Day of gestation Number Number
pregnant rabbits fetuses pregnant rabbits fetuses
23 4 34 4 35
27 4 30 4 31
31 3 22 3 24

received 0.1 mg/kg body weight of feno-
terol in intravenous drip infusion. The
control group consisted of 11 pregnant rab-
bits which received physiological solution
intravenously. Then 24 hours after ad-
ministration of the last dose of fenoterol
all the fetuses were taken out in general
anaesthesia In this way, 86 fetuses were
obtained in the experimental group and
90 fetuses in the control group.

After removing the lungs, they were
dried on Whatman paper, weighed, and
subsequently homogenized in ice bath.

Fig.

Total phospholipids and lecithin in ex-
tracts of the lung tissue were determined
by means of the colorimetric method of
Yoshida et al. [31]. Extraction of phospho-
lipids and lecithin from the lungs was car-
ried out by the method of Folch et al. [15].
The obtained results were analysed using
Student’s t test.

Catecholamines (noradrenaline and do-
pamine) in lung tissue homogenates were
determined by the fluorimetric method of
Spano and Neff [29] and Chang [11],
respectively.

Phospholipids

rb

3l day of
prégnancy

1. Concentration of total phospholipids and lecithin in lung homogenates before

(control group) and after fenoterol administration
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Results

Total phospholipids and lecithin

Concentration of total phospho-
lipids and lecithin in fetal lung homo-
genates was found to increase with the
age of pregnancy (Fig 1).

In 23 day fetuses, mean concentra-
tion of total phospholipids in the lung
amounted to 5.78 £ 0.319 /xmol/g and
lecithin to 3.93 £ 0.30(3 /xmol/g. On
the 27th day of pregnancy, the mean
value of total phospholipids was
9.51 *+ 0.452 /xmol/g and of lecithin
5.34 =+ 0.411 /xmol/g. In mature fetu-
ses i.e. on the 31st day of pregnancy,
total phospholipids in the lung homo-
genate amounted to 20.10 £ 0.876
/xmol/g and lecithin to 14.50 + 0.495
/xmol/g tissue.

After administration of fenoterol,
in 23 day fetuses the level of total
phospholipids amounted to 6.84 +

+
+

16
12
b
N 08
0A I
3 27 a
Control

0.553 and the level of lecithin to
4.80 = 0.396 /xmol/g. In 27 day fetuses
the mean of total phospholipids was
10.66 = 0.155 and of lecithin 5.97 +
0.170 /xmol/g. The increase was sta-
tistically significant in both groups.
In the mature fetuses, however, feno-
terol caused no change, total phospho-
lipids amounted to 20.29 d: 0.598 and
lecithin to 14.68 + 0.354 /xmol/g.

Catecholamines (noradrenaline and
dopamine)

The behaviour of catecholamines
was different from that of phospho-
lipids and lecithin. The concentration
of noradrenaline in the lung homo-
genates decreased with the age of
pregnancy while the dopamine con-
centration was unchanged (Fig 2).

On the 23rd day of pregnancy,
noradrenaline amounted to 1.27 +
0.197 and dopamine to 1.09 + 0.23

Noradrenaline

O Dopamine

(il

23 27
After fenoterol

3l day of
pregnancy

Fio. 2. Concentration of noradrenaline and dopamine in lung homogenates before
(control group) and after fenoterol administration
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nmol/g. In 27 day fetuses the con-
centrations were 0.452 + 0.06 nmol/g
and 1.150 * 0.156, respectively, while
in mature fetuses 0.450 + 0.06 and
1.0 dr 0.156 nmol/g respectively. After
administration of fenoterol, concen-
tration of dopamine and noradrena-
line on the 23rd and 27th days of
pregnancy was lower than in the
control group, while in the lungs of
mature fetuses i.e. on the 31st day
of pregnancy no significant changes
occurred in the concentration of
catecholamines (Fig 2).

Discussion

The examinations showed that the
concentration of total phospholipids
and lecithin increases whereas the
concentration of noradrenaline de-
creases in the lungs of the fetal rabbit
in the course of pregnancy. The dop-
amine content, on the other hand,
showed no change. These results have
confirmed the findings of other re-
ports on the role of the adrenergic
system in maturation of pulmonary
tissue [13, 17]. It should be empha-
sized that our lecithin values did not
differ considerably from the data of
other workers who used alternative
techniques of lecithin estimation [18,
19]. Similar observations were done
by Hallman and Raivio [18] and
Hayden et al [19] in lungs of rabbit
fetuses on the 27th and 30th days of
gestation, respectively. Administra-
tion of betamimetics was found to
intensify the observed changes, i.e. to
stimulate the maturation of lung
tissue.
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Decrease of noradrenaline concen-
tration when the dopamine concen-
tration is relatively high, improves
the blood supply to the lungs. Like in
the placenta, dopamine decreases the
blood vessel resistance and thus in-
creases the pulmonary blood flow
[26]. High concentrations of dopamine
when the noradrenaline content is
low, are observed in placenta and lungs
i.e. the organs where the blood flow
plays an essential part. Improvement
of the blood supply in the lungs
ensures the adequate metabolism of
the lung tissue which is reflected by
an increased concentration of total
phospholipids. The decrease of the
noradrenaline concentration may be
explained by the effect of fenoterol
on the endogenous inhibitor of dopa-
mine, beta-hydroxylase [25].

The obtained results confirmed the
hypothesis that application of beta-
mimetics in the treatment of pre-
maturity simultaneously serves the
prevention of neonatal respiratory
disturbances.
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Bronchial hyperreactivity after infantile
obstructive bronchitis

G Poder, Gydrgyi Mezei, | Romhanyi, G Veress, P Somogyvari

with the technical

assistance of K Imrei and K Koéczai

First Department of Paediatrics, Semmelweis University Medical School, Budapest

A follow-up study was performed on 406 patients treated for infantile
obstructive bronchitis during the period between 1964 and 1973. Their mean
age was 12.6 years at the time of the study. The male : female ratio was 1.7.
Forty-three patients (11%) became asthmatic within 10 years after onset

of the wheezy episode of infancy.

In one-third of the 363 non-asthmatic

children, bronchial hyperreactivity was shown by acetylcholine and hista-
mine provocation. There was a significant correlation between the number
of recurrent obstructive episodes and the length of the period of recurrent
wheezing on the one hand and bronchial hyperreactivity on the other hand.

Obstructive bronchitis is a common
disease during infancy and early
childhood. It is characterized by
fever, dyspnoea, expiratory wheezing,
sometimes crepitation, dry, later pro-
ductive cough, pulmonary hyperin-
flation, depressed position of the dia-
phragm, on X-rays hyperaeration of
lungs, and sometimes atelectasis. Ob-
structive bronchitis is usually accom-
panied by upper airways catarrh and
not infrequently by bronchopneu-
monia.

The condition is also termed spastic,
asthmatic or wheezy bronchitis; Clark
and Godfrey wrote of a “wheezy baby
syndrome” [2]. Some Anglosaxon
authors apply the term bronchiolitis
to all forms of wheezing, but most
experts distinguish the disease caused
by respiratory syncytial virus from
obstructive bronchitis [2, 5, 14, 22].
Williams and MecNicol regard ob-
structive bronchitis as one extreme of

the broad spectrum of asthmatic dis-
eases [20]. Still, the phrase “all that
wheezes is not asthma” [19] means
that the symptom does not unequi-
vocally mean asthma. Indeed, wheez-
ing during childhood may be a mani-
festation of cystic fibrosis, tracheal
or bronchial malformation, foreign
body, heart defect, gastrointestinal
reflux, etc. About 10% of all children
experience at least one obstructive
episode before their second birth-
day [1].

Ten to 27% of children affected by
obstructive bronchitis during infancy
develop asthma in subsequent years
[1, 11, 12, 13]. Host factors may here
play an important role [5, 14]. There
may be hereditary factors at work
since allergy is more frequent in the
families of patients with infantile
obstructive bronchitis ; its prevalence,
however, is not as high as in families
of asthmatic children [2, 19, 20].
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A characteristic feature of bronchial
asthma is a hyperreactivity of the
bronchial system [3]. Bronchial hyper-
reactivity has been found in both
short and long-term follow-up studies
performed in patients with infantile
obstructive bronchitis; the provoca-
tive factor may be exercise [6, 7, 9],
histamine [13] or acetylcholine [12].
Similarly, bronchial hyperreactivity
has been observed after infantile
bronchiolitis [4, 17]. Heredity of
bronchial hyperreactivity occurring
after “wheeze disease” has been as-
sumed [4, 5 16] and confirmed by
family and twin studies [7, 8].

The present follow-up study on
children having experienced obstruc-
tive bronchitis during infancy was
initiated in 1979; its aim was to see
whether bronchial hyperreactivity
could be demonstrated 10 years or
more after the primary wheezing
episode and to examine its relation-
ship to certain factors.

Material
During the period between 1964 and
1973, 27 724 infants and children were

admitted to our department; in 744 in-
stances (about 3%) the diagnosis was
obstructive bronchitis, 660 patients were
involved. 406 of these 660 patients (62%)
answered positively to our request to
participate in the follow-up. Their mean
age was 12.6 years (range, 9— 18 years) at
the time of the study. The male : female
ratio of the 406 participants was 1.70 while
among the original 660 infants this was
1.73. No fatality due to obstructive bron-
chitis occurred. Two children had died of
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heart defect and one of eclampsia; in one
child cystic fibrosis, bronchial anomaly,
chronic foreign body, in another a heart
defect was found. 98 healthy children, free
from any chronic complaint and matching
in age served as controls.

Methods

The children were asked in a letter to
visitour outpatient department. A detailed
case history was then taken, data of earlier
admissions were reconsidered, physical
examination and lung function tests were
carried out. Provocation tests were per-
formed in children free from symptoms
and complaints for at least two weeks.
Bronchial reactivity was examined after
acetylcholine and histamine provocation.
Acetylcholine provocation was carried out
in all 406 participants, while histamine
provocation only in 313 out of the 363
non-asthmatic patients.

First, resting FEV X(forced exspiratory
volume in the first second) and PEFR
(peak expiratory flow rate) were deter-
mined; the best value of three determina-
tions was chosen. A 1% solution of acetyl-
choline, 0.02, 0.05 and 0.10% solutions of
histamine were applied step-wise by a
Tur-Usi 50 ultrasound nebulizer, each solu-
tion for maximum 3 minutes. Each time
the loading test was interrupted after
4—>5 initial inspirations in order to see if
an early reaction occurred. The above
mentioned parameters were measured 3,
5 and 10 minutes after the cessation of
provocation. A value exceeding the initial
value by more than 15% was regarded as
a sign of bronchial hyperreactivity [15,
18]; in the control group no increment
larger than 12% was encountered.

The data of the 406 children were fed to
a Videoton ft-10 (VT-1010) computer and
analysed statistically by the t and vyl
tests.
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Results

(i) 43 children out of the 406 partic-
ipants (11%) became asthmatic some
time after the initial obstructive bron-
chitis episode and the time of the
study. The diagnosis of asthma was
based on our own data or on data
obtained in other hospitals. In earlier
years the diagnosis rested on clinical
data, later, with increasing frequency,
on skin tests, aspecific or specific air-
way provocation, etc. The male : fe-
male ratio of asthmatic children was
1.86, in the non-asthmatic subjects
only 1.68. Seventeen children had
asthmatic complaints at the time of
study, 26 of the asthmatics had been
free from symptoms for at least one
year and had not received any kind
of treatment.

(ii) Bronchial hyperreactivity was
observed in 122 children out of 363
non-asthmatic participants (33.6%0).
The distribution of positive results
according to the kind of provocation
was as follows.

only acetylcholine 87 positive
(363 children) results
only histamine 20 positive
(313 children) results
both 15 positive
(313 children) results
all: 122 patients

The rate of hyperreactivity was
identical for the two genders: 33.7%
in boys, 33.3% in girls.

There were three pairs of twins, one
of them uniovular. The monozygotic
twins were concordantly negative, in
one dizygotic pair both members ex-
hibited a positive result, while in the
other, one was positive and one was
negative.

(in) The number of episodes of ob-
structive bronchitis showed the fol-
lowing distribution.

one 91 children
(25%)
two or three 118 children
(33%)
more than three 154 children
(42%0)

Fig. 1. Relationship between rate of bronchial hyperreactivity and number of episodes
of obstructive bronchitis. In the group with more than 3 episodes, the rate is signifi-
cantly higher (p < 0.001), n = 363
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Figure 1 demonstrates the relation-
ship between the number of obstruc-
tive episodes and bronchial hyperre-
activity. In the group with more than
three episodes bronchial hyperreac-
tivity was significantly more frequent,
X = 49.336, p< 0.001. It is note-
worthy that even in the group with
a single obstructive episode, one fifth
of the patients exhibited bronchial
hyperreactivity.

(iv) The recurrent episodes disap-

Bronchial hyperreactivity

all

f = 6.114, p < 0.05

present
absent
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peared by the age of ten years, only
7 children had obstructive symptoms
accompanying respiratory infections
beyond the seventh year of life. In
54% the obstructive symptoms dis-
appeared by the end of the second
year of life, in 85% by the end of the
fourth year of life (see Figure 2).
There was a certain relationship be-
tween the length of the period charged
with obstructive episodes and the
rate of bronchial hyperreactivity:

Length of period

less than more than

4 years 4 years

97 (31%) 25 (47%)
213 (69%) 28 (53%)
310 53

Fia. 2. Length of period with recurrent obstructive bronchitis and rate of bronchial

hyperreactivity. In the group exhibiting recurrences beyond the fourth year of life there

is a significantly higher rate of bronchial hyperreactivity (p <c 0.05). The continuous line

represents the patients in whom the recurrence ceased in the given year; this is 197 for

two years and 84 for three years of age. The height of columns represents the rate of
bronchial hyperreactivity

As can be seen, there was a signif-
icantly higher rate of bronchial hyper-
reactivity among children with re-
current episodes of obstructive bron-
chitis beyond the fourth year of life.
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Discussion

In a considerable proportion of in-
fants affected by obstructive bronchi-
tis, asthma develops during child-
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hood. Conversely, in a proportion of
asthmatic children the complaints
begin before the age of two years
[10]. The rate of asthma developing
in subsequent years in infants with
obstructive bronchitis has been found
11% in our study; this is in agreement
with published data [1, 13], although
the length of follow-up was not uni-
form.

Bronchial hyperreactivity is a char-
acteristic feature of childhood asth-
ma,; it can be demonstrated by aspecif-
ic stimuli like provocation with cold
air or body exercise. A similar hyper-
reactivity has been found in follow-
up studies on infants with obstructive
bronchitis, both shortly or a long
time after the primary disease. Scis-
licki et al [13] found hyperreactivity
on histamine provocation in 16% of
42 patients, Konig and Godfrey dem-
onstrated hyperreactivity to exer-
cise in 18 children [6, 7]. In patients
with recurrent obstructive bronchitis,
87% hyperreactivity was found by
Lenney and Milner while the patients
were symptom-free [9]. The high

rate (33%) of hyperreactivity found
by us among 363 non-asthmatic
children was significantly higher than
that found among healthy children
by acetylcholine and/or histamine
provocation.

Inheritance of bronchial hyperre-
activity has been suggested by Konig
and Godfrey, on the basis of exercise
provocation studies on family mem-
bers and twins of patients with ob-
structive bronchitis [8]. The number
of twins in our material was too small
for conclusions in this respect.

Bronchial hyperreactivity was
found to occur at a higher rate in
children with more than three recur-
rences of wheezy bronchitis, respec-
tively in those whose disposition per-
sisted beyond the fourth year of life.
Such a relationship has not yet been
investigated according to the litera-
ture available to us. Further follow-
up studies are necessary to determine
whether this high rate of hyperreac-
tivity, exceeding 50%, predicted an
increased risk for chronic respiratory
disease or bronchial asthma.
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Effect of oral and intravenous calcium load on

glucose-induced insulin secretion in
obese children
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The effect of intravenous (IV) (10 ml of 10% calcium gluconate) and
oral (3 g calcium) calcium on plasma immunoreactive insulin (IR1) and blood
glucose levels was investigated during intravenous (0.6 g/kg bwt. glucose)
and oral (1.75 g/kg bwt. glucose) glucose tolerance test in 21 control (body
fat 14.0 + 0.6%) and 34 obese (body fat 36.1 + 0.7%) children. Calcium
given before 1V glucose tolerance test and IV or oral calcium by itself did
not alter blood glucose and plasma IR 1 concentrations in either group.
Oral calcium load significantly increased the glucose-induced IR 1 response
and decreased the blood glucose levels in obese children with impaired
glucose tolerance (n = 7) compared to the levels without calcium. Since
IV calcium did not alter the plasma IR | concentration, it has been assumed
that oral calcium exerts its effect by influencing the secretion of an insulin
secretogogue gastrointestinal factor (gastric inhibitory polypeptide ?). This
effect, however, was observed only in obese children with impaired glucose

tolerance.

The important role of calcium in
cell activities, especially hormone
secretion, has been widely recognized
and numerous hormones were shown
to require calcium for their secretion
[6, 15, 20]. In vitro [5, 11, 13] and in
vivo [9, 10, 23] studies have demon-
strated that calcium is an essential
requirement for insulin secretion in-
duced by various stimuli. The present
study was planned to investigate the
effect of oral and intravenous calcium
load on glucose-induced insulin secre-
tion in obese children.

Materials and Methods

The investigations were carried out
after an overnight fastin 21 non-obese and
34 obese children with body weights more

than 20% in excess of the ideal body
weight. Anthropometric measurements and
the calculation ofrelative body weight and
body fat were done as described earlier
[17]. The relevant data of the children are
given in Table I.

Oral load of 1.76 g/kg body wt. glucose
was given with and without an oral load
of 3 g calcium (calcium carbonate and
calcium lactogluconate) in 18 obese and
6 lean children. In the second part of the
study 0.5 g/kg body wt. glucose was admi-
nistered intravenously with and without
the intravenous injection of 10 ml 10%
calcium gluconate in 6 obese and 5 control
children. In addition, 5 overweight and
5 control children received a similar oral
or intravenous calcium load without glu-
cose. Capillary blood samples were taken
by fingerprick for the measurement of
blood glucose, plasma immunoreactive in-
sulin (IR1) and plasma calcium concentra-
tion. Blood glucose was determined with the
glucose oxidase method, plasma calcium
with flame photometry. Plasma IR | levels
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Table |

Physical characteristics of the investigated children (mean

) Height,

0 o
Control 11.9 150.5
n=21 +0.5 +2.6
Obese 11.8 153.7
n= 34 +0.5 +3.0

were measured by radioimmunoassay, us-
ing commercially available kits (lsotope
Institute of the Hungarian Academy of
Sciences, Budapest). Normal (NGT) and
impaired (IGT) glucose tolerance were de-
fined according to the criteria of Guthrie
et al. [12]. Statistical analysis was per-
formed by paired and unpaired Student’s
f test.

+SE)
Weight, Relative weight, ~ Body fat,
kg per cent per-cent
42.4 99.5 14.0
+2.2 +1.6 +0.5
68.7 150.1 36.1
+3.6 +3.7 +0.7
R esults

Fasting blood glucose and plasma
calcium levels were similar, but fast-
ing plasma IRI concentrations were
elevated in obese children as com-
pared to controls (Fig 1).

Calcium administration

iv.

per os

Blood Glucose

mmol/l

Plasma IR

pmol/l

400
300

a1 11

Plasma Calcium

mmol/l

2
30

20
0 40 80 120

w o Control

n=>5
e—< Obese n=5

6 60 120 180min.

Fig. 1. Effect of intravenous (IV) and oral calcium load on blood glucose, plasma IR
and calcium levels (mean +SE). 1 p < 0.05 Control vs Obese; 2 p < 0.05 Preload vs
Postload values
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Control
n=5

Obese
n=6

Blood Glucose

mmol/l

»-0 Glucose iv.

*—s Glucose «Calcium iv.

Fig. 2. Effect of intravenous glucose and

intravenous glucose + calcium on blood

glucose, plasma IR 1 and calcium levels (mean “SE). 1 p < 0.05 Glucose vs Glucose +
— calcium; 2 p < 0.05 Preload vs Postload value; 3 p < 0.05 Control vs Obese

Intravenous (1V) or oral calcium
load did not alter blood glucose or
IRI levels in either group. Plasma
calcium rose significantly 10 min
after 1V administration of calcium
while it was not affected by oral cal-
cium load in overweight and lean
children (Fig 2).

Blood glucose levels of obese chil-
dren were significantly higher 20, 40
and 60 min following IV glucose in-
jection and IRI concentrations were
higher throughout the test than in
controls (Fig 2). These two param-
eters, however, were not altered by
the simultaneous IV injection of cal-
cium in both obese and control chil-
dren (Fig 2). IV7glucose load decreased

plasma calcium at 40, 60 and 40, and
60 and 80 min in the control and
obese groups, respectively. When glu-
cose and calcium were injected to-
gether, a transient rise of plasma cal-
cium concentration was observed at
10 and 20 min in the controls and
at 10 min in the obese children
(Fig 2).

The glucose-induced increase of
plasma IRI concentration was signif-
icantly higher at 30 and 60 min in
the obese children when oral calcium
was given, compared to the levels
without calcium, whereas the com-
parison of blood glucose values re-
vealed a significant decrease at 30,
60, 90 and 120 min in the group with

Acta Paediatrica Hungarica 26, 1085
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Control
n=6

Obese
n=18

Blood Glucose

mmol/I

Plasma IRl

pmol /I

Plasma Calcium

mmol/Il
30

20
L

6 60 120 180

¢« Glucose orall

0 60 120 180min.

Y
¢ Glucose*Calcium orally

Fig. 3. Effect of oral glucose and oral glucose + calcium on blood glucose, plasma IR |
and calcium levels (mean £SE). 1 p < 0.05 Glucose vs Glucose -)- calcium; 3 p < 0.05
Control vs Obese

oral calcium load (Fig 3). None of
these values showed significant
changes after oral calcium load in
6 controls. No changes were detected
in plasma calcium concentrations
following oral calcium and glucose
intake in either group (Fig 3).

The above demonstrated influences
of oral calcium on plasma IRl and
blood glucose levels during oral glu-
cose tolerance test were, however,
variable in the overweight children.
The stimulation of glucose-induced
IRl secretion and decreased blood
glucose levels after oral calcium load
were marked and occurred only in
obese children with IGT (Fig 4),
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whereas in the group with NGT it had
no effect whatsoever.

The early phase of glucose-induced
IRl response was defective in the
IGT group, demonstrating lower plas-
ma IRl concentrations at 30 min
(543.0 £ 16-8 pmol/1) than in the NGT
group (1072.0 = 1545 pmol/l) (p <
0.01). Plasma IR after oral glucose +
calcium load was similar in the NGT
and IGT obese subgroups (Fig 4).

Age (NGT: 123 + 0.46 yr, IGT:
10.3 £ 1.8yr), body fat (NGT: 36.9 +
0.74%, IGT: 37.2 = 0.78%) and dura-
tion of obesity (NGT: 6.4 d 0.7 yr,
IGT: 4.7 + 0.78 yr) were not different
in the two obese subgroups.
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n=1

IGT
n=7

Blood Glucose

«—0Glucose orally

«—» Glucose ¢ Calcium orally

Fio. 4. Effect of oral glucose and oral glucose -(- calcium on blood glucose and plasma
IR I levels (mean +SE) in obese children with normal (NGT) and impaired (IGT) glucose
tolerance. 1 p < 0.05 Glucose vs Glucose + calcium

Discussion

In the present study IV or oral cal-
cium by itself, or IV calcium in com-
bination with glucose load had no
effect on blood glucose and plasma
IRI levels in obese and control chil-
dren. Increased glucose-inducedinsulin
secretion and a secondary fall in blood
glucose concentration was observed
in obese children with IGT, but not
in children with NGT and controls
after oral calcium load.

The role of extracellular calcium in
the secretion of insulin is well docu-
mented. High and low extracellular
calcium levels have been shown to
enhance and suppress, respectively,
glucose-induced IR secretion in vitro

[5, 11, 13] and in vivo [14, 23, see 22
for review]. In patients with islet cell
tumour, IV calcium infusion caused
a release of insulin and proinsulin,
but no such effect was obtained in
normal subjects [10]. Calcium appar-
ently acts on & cell membrane or
enters the cell before insulin release
[16]. Such a direct effect of calcium
on pancreatic ® cells, however, was un-
likely in the present investigation
since an increase in plasma calcium
concentration following 1V calcium
administration did not influence glu-
cose-induced insulin response. An in-
sulin  secretogogue gastrointestinal
factor stimulated by oral calcium
might explain why IV calcium had
no effect on insulin secretion whilst
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oral calcium had such an effect. To
date, gastric inhibitory polypeptide
(GIP) best fulfils the criteria for such
a factor [3]. GIP is released at the
ingestion of glucose and fat [1,2] and
potentiates glucose-induced IRI re-
lease [1, 7, 19]. Exaggerated GIP
response of obese subjects and animals
[4, 8, 21] to glucose or standard test
meal has been reported. The higher
the GIP response to glucose, the more
pronounced insulin response is ob-
served [4]. The IV administration of
purified GIP increased IRI secretion
in the early phase of glucose tolerance
test [7], resembling the effect of oral
calcium in obese children with IGT
observed in the present study.

On the basis of the present results
and earlier data it can be hypothesized
that oral calcium increases glucose-
induced IR secretion by stimulating
GIP secretion in the obese subgroup
with IGT and a low insulin response,
whereas in the hyperinsulinaemic
obese children with NGT the presum-
ably high GIP level cannot be stim-
ulated further by oral calcium. It is
likely that the enteroinsular axis can
be stimulated by oral calcium in
obese children with IGT as it was
observed in diabetics by Fujita et
al [9]. The pathological significance
of the present observation, however,
is not known and needs further in-
vestigation.
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Chromatographic screening of 70,328 neonates
for inborn errors of amino acid metabolism

K Meéhes, Eva Juhasz, Viktoria Ruszinké

Department of Paediatrics, County Hospital, Gy6r, Hungary

Between the years 1974 and 1984, amino acid chromatography was
performed from dried blood spots and partly from urine of 70 328 neonates.
Six cases of phenylketonuria, one histidinaemia, one hyperglycinaemia and
three cystinurias were found. Since all these could have been detected by
other methods, the regional screening was discontinued in agreement with

international recommendations.

The enthusiasm elicited by the first
results of neonatal mass screening for
phenylketonuria (PKU) in the early
sixties animated to the early detec-
tion of as many inborn errors of amino
acid metabolism as possible [6]. This
tendency was promoted by the elabo-
ration of simple screening methods
including a variety of chromato-
graphic procedures from dried blood
or urine spots [1, 7, 13, 14, 15, 16].

In accordance with the internation-
al trend, we also introduced a regional
neonatal amino acid screening; its
results are presented here.

Material and Methods

From January 1, 1974, to Awpril 30,
1984, capillary blood samples dried on
filter paper were collected from the live-
born neonates in the 5 obstetrical units of
county Gyér-Sopron (North-West Hun-
gary). In the first two years of the pro-
gramme urine samples were also obtained,
from 1976 only blood spots were examined.

The materials were taken on the 5th or 6th
day of life, and the filter papers were sent
to our laboratory.

Here two-dimensional thin-layer amino
acid chromatography was performed ac-
cording to White [16]. When the result
was equivocal, the procedure was repeated
from another disk of the original filter
paper. If the finding was still uncertain or
pathological, the infant was called to our
department where fresh blood and urine
samples were taken, the child was thor-
oughly examined, and hospitalized, if
necessary. In these cases quantitative
amino acid concentrations were determined
with a Beckman Multichrom 4226 column
analyser.

From January 1, 1976, parallel blood
samples were analysed in the frame of the
nationwide screening for PKU by means
of Guthrie’s bacterial inhibition test.

Results

A total of 70,328 newborn infants
were screened. This covered 95.5% of
all the liveborn neonates of the region
in the given period.
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In 1158 cases, i.e. in 1.65%, the
chromatography had to be repeated,
mainly because of insufficient separa-
tion of the individual amino acid
spots. Only 79 infants, i.e. 0.11% of
the whole material, had to be recalled
for further investigation.

In 11 infants, some inborn error of
amino acid metabolism could be veri-
fied with the following distribution:

PKU 6
Histidinaemia 1
Ketotic hyperglycinaemia
(propionic acidaemia) 1
Cystinuria 3

Discussion

In the first years of our screening
programme this organisation proved
to be undoubtedly useful. It contrib-
uted to the high efficiency of the
nationwide PKU - galactosaemia
screening, and obviously helped to
prepare the introduction of regional
hypothyroidism screening in Hungary
[10].

Having gathered more experience,
it became evident that mass screening
for all amino acid disorders was not
rentable. In contrast to several sur-
veys applying different methods, no
aminoacidopathies other than PKU
were discovered in the chromato-
graphic screening of 40,454 neonates
by Giovannini et al [9], whose organ-
ization and methods were almost
identical with our ones.

In the roughly 70,000 babies of our
study, 5 non-PKU cases were found.
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Three of them were cystinurias de-
tected in the first two years of our
programme, when urine specimens
were also analysed. These would have
been overlooked later when only
blood spots were examined. The only
patient with histidinaemia needed no
therapy, the early diagnosis caused
rather unnecessary anxiety in his
family. The girl infant with hyper-
glycinaemia was a seriously ill neo-
nate with vomiting and metabolic
acidosis. On the basis of her grave
symptoms this child would certainly
have undergone more detailed exam-
inations, and her disease could have
been diagnosed even without chro-
matographic screening. All the 6 cases
of classical PKU were also discovered
by the centralized screening service;
the diagnosis made a few days earlier
in our local laboratory did not mean
a significant advantage in treatment
and prognosis.

Our results are in agreement with
the well-established international re-
commendations according to which
the only enzymopathies screened for
on a population-wide basis should be
congenital hypothyroidism, hyper-
phenylalaninaemia,  galactosaemia,
and maple syrup urine disease [3, 4,
5, 8, 10]. Since the screening of the
first three conditions has been solved
on a nation-wide basis in Hungary,
and maple syrup urine disease seems
to be as rare as about 1 : 150,000 to
1 : 200,000 [2, 4, 12], we have stopped
our regional chromatographic screen-
ing programme on April 30, 1984.
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Coincidence of paternal 13pYq translocation
and maternal increased 13p NOR activity
in a child with arthrogryposis and other

malformations

Katalin Bajnéczky, Veronika Meggyessy

County Hospital, Gyér, Hungary

Cytogenetic examination of a boy with congenital multiple arthrogry-

posis, VSD and dysmorphic facies revealed a probable t(Y;

13)(q?; pi)

translocation and three NOR-positive dots on one of the chromosomes 13.

The latter variant could be followed in the family of the mother,
the 13/Y translocation was found in the relatives of the father. Since all the
family members affected by one or the other cytogenetic anomaly were
healthy, the abnormal phenotype of the propositus was interpreted as

coincidence by chance.

Translocations of a Y chromosome
to an autosome are rare, and involve
most frequently a genetically inactive
part of the Y chromosome translocat-
ed to chromosomes 15 or 22. Here we
report a familial 13pYq translocation
combined with a peculiar NOR vari-
ant of chromosome 13.

Report of a Case

K. G., a male infant was born at
term weighing 3550 g after an un-
eventful pregnancy. At birth club
foot, stiff joints, and a systolic mur-
mur were recorded, and congenital
multiple arthrogryposis and VSD
were diagnosed.

At 8 months of age he was referred
to our department because of failure
to thrive and increased susceptibility
to infections.

At admission he weighed 4220 g,
his length was 58 cm, with a head
circumference of 40 cm. He gave the
impression of severe physical and
mental retardation. His main symp-
toms were, a broad nasal bridge, epi-
canthic folds, strabism with exoph-
thalmus on the right side and optic
coloboma, high arched palate, large
ears (Fig. 1).

Both arms and the right lower ex-
tremity were stiff with extension con-
tractures of the elbows and the right
knee, and with flexion of the hands
and the right foot (Fig. 2). The testi-
cles were not palpable. Cardiology
revealed a ventricular septal defect.
No characteristic bone anomalies were
seen at radiologic examination. Blood
and urine chemistry proved to be
normal.
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Fig. 1. The face of the propositus

Fig. 2. Arthrogryposis and dystrophy of the patient

Cytogenetic analysis

In routine G-banded karyotypes of
the proband the chromosome number
was consistently 46, but one of the

Acta Paediatrica Hungarica 26, 1985

chromosomes 13 had longer short
arms in each of the examined mitoses
(Fig. 3). With Q- and C-banding the
plus material on 13p proved to be
positive with the intensity of Yq
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Fig. 3. Partial karyotype of the patient showing and extra material on 13p

Fig. 4. Sequential Q and C-banding of the same chromosome

(Fig. 4). Since in 23% of interphase
lymphocytes two fluorescent Y-bodies
were found (Fig. 5), the anomaly was
interpreted as t(Y;13) (g?pl) trans-
location. In NOR preparations a
further peculiarity was noted: one of
the chromosomes 13 had three darkly
stained dots in each of the mitoses.

5*

Family investigations

The pedigree is demonstrated in
Fig. 6. As shown by the symbols, the
lymphocyte cultures of 15 family
members in three generations were
analysed by means of G, C and Q
bandings and NOR techniques. Ex-
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Fia. 6. Two fluorescent Y-bodies in the interphase lymphocytes

Fig. 6. Pedigree of the family. Symbols: personally examined, cytogenetically tested;
O O subjects with 13pYq translocation; C) family members with three NOR positive

dots on 13p;

cept for the proband all the subjects
examined were phenotypically nor-
mal. The father (I11/7) had the same
t(Y;13) (g?pl) translocation as his
son.

The father’s youngest sister (11/10),
a healthy 18-year-old girl, had the ab-
normal 13p-f- with one fluorescent
Y-body in her interphase lympho-

Acta Paediatrica Hungarica 26,1985

normal karyotype

cytes. The other paternal relatives had
normal karyotypes.

The mother (11/6), her 5-year-old
daughter from her first marriage
(111/8) and the maternal grandmother
(1/5) had a normal karyotype, but in
each of the mitoses an increased num-
ber of satellite association was noticed
(Fig. 7). In the NOR preparations of
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Fig. 7. Increased tendency to satellite-associations in the mother (I1/6)

Fig. 8. Three NOR positive dots on one of chromosomes 13

these subjects the conspicuous three
dots on one of the chromosomes 13
was observed (Fig. 8).

Discussion

Investigation of the family could
have been more reliable with the
application of distamycin A-DAPI
banding for distinction between Yq

and possible extra large satellites [3],
with determination of H-Y antigen
for estimation of genetic activity of
the presumed extra Y material, and
with in situ r-RNA-DNA hibridiza-
tion in order to clarify the nature of
the peculiar three NOR dots on
chromosome 13. Since, however, in
the majority of the presumptive Y/
autosome translocations called in
guestion retrospectively [1, 4] the
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autosomes involved were Nos 15 and
22, it was unequivocally No. 13 in
our family. Since the carrier father
and aunt were somatically and psy-
chologically normal, we believe that
they had a duplication of a genetically
inactive part of the Y chromosome
translocated to chromosome 13. This
would mean that the symptoms of
the proband had nothing to do with
the 13/Y translocation.

We have no explanation for the
familial NOR variant on the maternal

side but, considering the observations
of Schwarzacher et al [2], one may
reckon with an unusually increased
NOR-activity in this region. The
phenomenon may be interpreted as
a probably rare population variant,
which has certainly no phenotypic
consequences. However, the coinci-
dence of two presumably harmless in-
herited anomalies of chromosome 13
in a severely malformed child seems
at least curious.
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