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Neutrophil function in infection-prone children
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SUMMARY Seven variables connected with the function of the neutrophil granulocyte were studied
in 24 children who had undue susceptibilities to infections. The phagocytosis rate of IgG-coated
latex particles by the patients' neutrophils was significantly reduced compared with an age-matched
control group. The chemokinetic effect of patients' sera on normal polymorphonuclear neutrophil
leucocytes was reduced too, especially in heated (56°C, 30 min) serum. Spontaneous chemotactic
activity in the patients' sera was significantly lower than in sera from healthy adults and from the
age-matched control group. A functional index based on the 7 variables of neutrophil function was
constructed. The score of the functional index was correlated to the severity of the patients' clinical
condition and discriminated well between normal children and those with undue susceptibility to
infections.

Defence against bacterial infections mainly depends
on the proper functioning of the neutrophil granulo-
cyte. There are many reports that deal with defects of
this function in adults.1-4 With the exception of the
X-linked chronic granulomatous disease of child-
hood5 most reports on children have been limited to
descriptions of single severely ill patients.6-9 How-
ever, frequent, but less severe, episodes of bacterial
and viral infections are common in some children
and an investigation of the neutrophil function in
such children is therefore of interest. There have been
two studies on this topic. In one, Hill et al.10 found a
defective neutrophil chemotactic response in children
with recurrent episodes of otitis media but only in
those who also had chronic diarrhoea. The chemo-
tactic activity improved when the patients became
symptom-free, suggesting that the defect was
secondary to the infection. In the other study
Farhoudi et al.11 classified the defect into primary or
secondary by studying the cell function of the
parents ofchildren with defective neutrophil mobility.
We have studied some aspects of the neutrophil

function in a selected group of children with higher
than normal incidence of infections. The purpose
was to evaluate the clinical applicability of certain
tests and to investigate whether the patients' clinical
symptoms were correlated to one serious defect or to
a combination of certain defects. We also tried to
gather information about the underlying mechanisms
for the undue susceptibility to bacterial infections
in order to find the correct treatment.

Patients

Each of the 24 patients was chosen because he had an
undue susceptibility to infections-that is, at least 6
bacterial infections during the previous year
(Table 1). Most children, especially the younger ones
(1-5 years), suffered from frequent upper respiratory
infections with otitis. The total number of diagnosed
infections with otitis varied between 8 and about 20.
Many older children (6-13 years) had suffered from
frequent middle ear infections earlier but their
current problems were generally pharyngotonsillitis
with fever every month, or every other month, and
recurrent skin pustles. All children were investigated
during a noninfectious period. The number of white
cells was normal in all children. A slight hypogam-
maglobulinaemia (below the - 2 SD limit for age)
was found in one child (Case 18). This girl had been
treated with monthly gammaglobulin injections for
6 months and during this time she had been free
from any infection. Four children (Cases 3, 15, 23,
24) had an IgE value above the + 2 SD limit for age.
In all children serum concentrations of IgA and IgM
were normal. Serum complement concentrations
(C3 and C4) were found to be normal or slightly
raised in all children.
The control group comprised 8 children with

allergy to birch-pollen (blood-sampling was done
during a symptom-free period) and 12 children who
were admitted to the hospital for operations of non-
infectious diseases-such as abdominal hernia. The
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Table 1 List ofpatients
Case Age Sex Major clinical symptoms Functional

(years) index
score

1 9 M Recurrent tonsillitis -4
2 13 M Recurrent tonsillitis -4
3 8 F Chronic parotitis, otosalpingitis,

recurrent bacteriuria -4
4 2 M Recurrent otitis media -4
5 5 M Chronic respiratory infections, low

IgA and IgM, mentally disturbed -3
6 2 F Recurrent otitis media -3
7 1 M Recurrent episodes of skin pustles,

eosinophilia -3
8 10 M Recurrent episodes of respiratory

infection with bronchitis -2
9 5 M Recurrent episodes of respiratory

infection with bronchitis -2
10 2 M Recurrent otitis media, low IgM -2
11 3 F Recurrent otitis media -2
12 11 M Recurrent episodes of skin pustles -1
13 5 M Recurrent otitis media -1
14 5 M Recurrent otitis media -I
15 3 M Recurrent otitis media -1
16 1 M Recurrent otitis media -1
17 1 M Recurrent otitis media -1
18 3 F Recurrent otitis media,

hypogammaglobulineamia -1
19 1 M Relapsing haemophilus meningitis -1
20 1 M Recurrent otitis media -1
21 9 M Recurrent episodes of skin pustles 0
22 6 M Recurrent sinusitis 0
23 2 F Recurrent otitis media 0
24 1 M Recurrent otitis media -

M male F = female.

mean age of children in the control group was 9 years

(range 1 to 16). There were also 30 apparently
healthy blood donors who acted as adult controls.

Methods

The white cell function tests were performed on

heparinised blood within 2 hours after the sampling.
From another blood specimen serum was separated
after clotting and frozen at -700C until analysed.
IgG, IgA, C3, and C4 in serum were assayed by
means of an immunological nephelometric method,12
IgM was assayed by the method of Mancini et al.,"
and IgE by the Phadebas Prist method (Pharmacia,
Uppsala, Sweden).

Phagocytosis of IgG-coated latex particles was

measured kinetically by means of a Thrombocounter
as described in detail.14 Briefly, 2 x 106 isolated and
washed polymorphonuclear neutrophil leucocytes
(PMN) (purity about 90 %) were mixed with 20 x 106
IgG-opsonised latex particles (volume 4*06 x 10-1'l)
in a final volume of 1 ml in a siliconised glass tube.
Incubation was made at 370C during constant
magnetic stirring (1600 rev/min). Aliquots of 100 ,d
were taken out from the mixture every minute for 6
minutes and latex particles not cell-associated
counted in the Thrombocounter. The initial rate of
disappearance of the latex particles was used as a
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measure of the initial rate of phagocytosis and
expressed in minutes. When the effect of serum on
phagocytosis was evaluated IgG-coated latex
particles were incubated for 10 minutes in 20%
serum at +370C before mixing with normal PMN.
The phagocytosis rate in these experiments was
expressed as a percentage of the 100% control-that
is phagocytosis in the presence of a freshly frozen
(-700C) pooled normal serum.

Migration. Migration of PMN was measured by the
'leading-front' method15 using a modified Boyden
chamber.16 The micropore filter (Millipore, SA
France) had a pore size of 3 pm and was about
150 ,um thick. Isolation of the PMN was made by
dextran sedimentation followed by hypotonic lysis
of the erythrocytes. The PMN were washed twice in
0-15 mol/l sodium chloride and finally suspended in
Gey's solution to the working concentration of
1-5 x 109 PMN/l. Casein 1 g/l or fresh serum, in
each case diluted in Gey's solution, was used as an
attractant. Incubation time was 75 minutes at 370C.
The filters were fixed with 95% ethanol and stained
with Mayers Haemalun l6sung (Merck, Darmstadt,
West Germany). The chemotactic activity of a
patient's serum was expressed as a percentage of the
activity of a freshly frozen (-700C) pooled serum.
The effect of serum on PMN migration was

evaluated after preincubation for 10 minutes at room
temperature of normal PMN with 10% fresh or
heat-inactivated (560C, 30 min) serum. The serum
was present throughout the incubation in the
chemotaxis chamber. The results were expressed as a
percentage of the migration of the same cells after
preincubation with 10% heat-inactivated (560C,
30 min) normal pooled serum. Reconstitution of
patient's serum with normal serum was made by
mixing 9 parts of patient's serum with 1 part of
normal pooled serum. The mixture was allowed to
incubate for 30 minutes at +40C before it was
diluted to 10% serum concentration and used in the
experiments as described above. For practical
purposes we have in this report used the following
definitions for random migration, chemotaxis, and
chemokinesis. Random migration was defined as the
migration of PMN with Gey's solution below the
filter. Chemotaxis was defined as the migration of
PMN with casein or serum below the filter.16
Chemokinesis was defined as the alteration in the
speed of migrating PMN, achieved in this case by the
preincubation of PMN with serum and the presence
of serum throughout the incubation. The chemo-
kinetic effect was studied both with Gey's solution
and with casein below the filter, as true chemokinetic
factors by definition17 affect random migration and
chemotaxis equally.
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778 Hakansson, Foucard, Hallgren, and Venge

Student's t test was used in the statistical evaluation
of differences between groups.

Results

Serum-independent phagocytosis of IgG-coated
particles by patient PMN. The ability of PMN
isolated from the patient's blood to ingest IgG-
coated latex-particles was studied in the absence of
serum. The results (Fig. 1) show that the group of
infection-prone children as a whole had a significantly
(P <0001) lower rate of ingestion compared with
the healthy adults and the control children. In 7
children we were able to repeat the measurement
6 and 12 months later, and in all 7 patients the rate of
ingestion of the IgG-coated particles was similar on
both occasions.

Phagocytosis of IgG-coated particles by normal PMN
in the presence of patient serum. Phagocytosis of
IgG-particles in the presence of patient serum was
performed in order to test the opsonic activity of
serum by preopsonisation of the IgG-particles with
serum, and to find out if there were inhibitors
directed towards the cell. A reduced capacity to
ingest particles in this system could thus imply either
a lack of opsonins-that is primarily complement
components-or the presence of inhibitors directed
towards the opsonins or the neutrophil. To screen
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for these possibilities normal PMN were used and
their capacity to ingest IgG-coated particles was
studied with the patient serum. With the exception of
one patient (Case 7) no difference could be found
between the control group and the patients, so gross
deviations from the normal were thus excluded.

Migration of normal PMN in the presence of patient
serum. When fresh serum was used there were no
differences between the two groups of children with
respect to the effect of their sera on random migra-
tion or chemotaxis (Fig. 2). However, sera from 6 of
the infection-prone children had an effect on random
migration that was clearly inferior to that of the
control group. In the presence of heated serum,
random migration of normal PMN was as a whole
significantly (P <001) reduced in the patients
(Fig. 2). The effects on chemotaxis were not very
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Fig. 1 Phagocytic rate of IgG-coated latex particles by
isolatedPMNfrom two control groups (adults and
children) andfrom the infection-prone children, the last
group on two occasions. Horizontal lines indicate
arithmetical means. The phagocytic rate of the infection-
prone children (0 49 ± 0 *12 (SD)) was significantly
(P<0 001) reduced compared with the children's control
group (0* 63 ± 0 * 17 (SD)) and the adult control group
(O* 60 ± 0 * 12 (SD)).

Fig. 2 Chiemokinetic activity offresh and heated sera.
Random migration and chemotaxis of normalPMN
performed in the presence of 10% serum, from the
children's control group or from the patients with
samples taken on two different occasions. Migration was
expressed as a percentage of that in the presence of a
heat-inactivated normal pooled serum. Horizontal lines
indicate arithmetical means. Random migration in the
presence of the heated patient's sera (88 - 16 (SD) was
significantly (P< 001) reduced compared with the
children's control sera (101 t 15 (SD)).
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Neutrophil function in infection-prone children 779

different, but the sera from 13 patients showed an
activity which was below 84% that of the control
sera; only 3 control sera had such a low activity. At
follow-up between 6 and 12 months later, the activity
was normal both for random migration and chemo-
taxis in most heated sera. However, the pattern for
fresh sera taken at this time was more diverse. In
some sera the activity was the same, but in others
both higher and lower activities were found compared
with the activity one year earlier.

Migration of normal PMN towards patient serum.
The spontaneously existing chemotactic activity in
serum from the infection-prone children was
measured by allowing normal PMN, suspended in
buffer, to migrate towards 10% fresh serum present
below the filter. Fresh sera from healthy adults were
used as the 100% control. Sera from the group of
infection-prone children as a whole showed a
significantly reduced (P<0 '001) chemotactic activity
compared with sera obtained from healthy adults and
with sera from the control group (Fig. 3). At follow-
up 6 to 12 months later activity was normal.

Effect of the addition of normal serum to some
abnormal patient sera. Normal serum at a final
concentration of 10% was added to some sera from
the infection-prone children which had shown a
deviation from the control children in any of three
different systems (Table 2). Spontaneous chemotactic
activity of the fresh serum was made normal in 2 of 4
cases by adding normal serum; this probably
indicates a deficiency in these 2 sera. However the
other 2 sera could not be made normal and they
therefore probably contained inhibitors of chemo-
tactic activity. The effect of patient serum, fresh or
heated, on random migration was made normal in
each case by adding normal serum, thus indicating a
deficiency in these sera.

Scoring of granulocyte function (functional index).
In some variables the results overlapped considerably
between controls and patients. In order to judge the
collective function for each patient we constructed
a functional index (FI) based on the 7 variables
studied in this report. The patient was given one
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Fig. 3 Chemotactic activity offresh serum. Isolated
normalPMN were allowed to migrate towards 10%
fresh serum obtainedfrom the control groups (adults and
children) or the infection-prone children, andfrom the
last group on two different occasions. Migration was
expressed as a percentage of that obtained towards 10%
fresh pooled normal serum. Horizontal lines indicate
arithmetical means of respective group. Migration
towards patient's serum (75 ± 20 (SD)) was significantlv
(P< 0 001) reduced compared with the children's control
group (97 ± 18 (SD)) and the adult control group
(98 ± 7 (SD)).

Table 2 Chemotactic and chemokinetic activity of
patients' sera after adding 10% normal serum

Chemotactic activity, Chemokinetic activity, Chemokinetic activity,
fresh serum (%) fresh serum (%) heated serum (Y.)

Case Normal serum Case Normal serum Case Normal serum

Absent Present Absent Present Absent Present

15 58 99* 2 55 105* 5 70 102*
16 77 107 8 43 83 11 71 101
14 37 35 19 60 89 1 74 106
7 49 48 11 51 90 4 65 101

6 66 89

*The activity of normal serum was 100%.
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Fig. 4 A functional index of the neutrophil function of
the infection-prone children.
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780 Hckansson, Foucard, H/illgren, and Venge

negative point for every variable that fell below the
lower confidence limit of the 950% probability level.
Theoretically, the chance of finding an individual in a
normal population with an Fl of -1 would be
0 025 x 7 x 100 =17-5%,anFIof -2(0025 x
7)2 x 100=3 1%,anFlof -3(0 025 x 7)3 x 100
= 0 * 5 Y, an Fl of -4 = 0 * 09% etc. As shown (Fig.
4), the infection-prone children had a greater number
of negative Fl scores than expected. Individual scores
of the patients are given in Table 1. There seems to be
a relationship between the degree of negative Fl
scores and the diversity and severity of the infections.

Discussion

Impairment of the neutrophil function is a widely
accepted cause of decreased resistance to bacterial
infections. The impairment may have cellular or
humoral causes. We chose to study 7 different aspects
of neutrophil function. One aspect was a test of the
cellular function and the other 6 were tests of the
humoral conditions necessary for a proper cell
function.

Phagocytosis was evaluated using a method which
measures the kinetic uptake of opsonised latex parti-
cles by the cells.14 It has proved to be a very sensitive
method and has been suitable for evaluating neutro-
phil phagocytosis in other groups of patients such
as those with systemic lupus erythematosus, rheu-
matoid arthritis,'8 heat-burn,19 and uraemia.20 Our
data show that the neutrophils of the infection-prone
children have a reduced capacity to ingest IgG-
opsonised latex particles, and that the reduction is a
cellular defect as the patients' sera did not inhibit
normal cell phagocytosis. The reduction was prob-
ably not an acquired defect caused by the frequent
infections, as the presence of an infection might have
been expected to stimulate phagocytosis.2' Further-
more the phagocytosis rate of the neutrophils in 7
children was unaltered after a period during which
there was clinical improvement in the frequency of
infections.
The finding that some of the patients' sera were

less effective in stimulating neutrophil migration,
especially random migration, might be explained
theoretically either by a lack of stimulating factors or
by the presence of inhibitors. For example, high IgA
concentrations have been shown to inhibit neutrophil
chemotaxis.22 This possibility can however be
excluded by the normal serum levels of IgA in all
patients. The presence of inhibitors was probably
excluded by the fact that the activity was restored
in all patients' sera by adding normal serum. The
defect is more likely to be caused by a deficiency in
these sera.
The cause of the deficiency could be a consumption

of the 'factor' due to the presence of a subclinical
infection. This notion is supported by the finding in
heated serum that most children who had normal
activity when followed up some time later also had an
improved clinical condition. The tendency towards
normalisation in fresh serum was much less clear;
this probably indicates that several factors both
heat-labile and heat-stable are active in the serum-
mediated stimulation ofPMN migration.31 There are
other explanations for the less effective stimulation of
migration by the patients' sera. One such explanation
is that the cells had been deactivated by spon-
taneously existing heat-stable chemotactically active
components such as C5a.23 This explanation is
unlikely since spontaneously existing chemotactic
activity in the patients' sera was significantly reduced
compared with control sera, and in other experiments
the existing activity was found to be heat-labile.31
The low spontaneous chemotactic activity in
patients' sera also tended to become normal in
parallel to the improvement of the clinical condition,
suggesting that the defect was caused by the in-
fections. The nature of this particular defect is prob-
ably diverse. In 2 sera the addition of normal serum
made the activity become normal, suggesting a
deficiency similar to that described above. In the
other 2 sera the activity was unaffected, suggesting
the presence of inhibitors of chemotactic activity.
Similar activity has been described in many other
groups of patients24 and has also been isolated and
characterised by Ward. 25-26
With the exception of a few children who had

profound defects with respect to only one variable,
the most severely ill children were generally to be
found among those who had the highest Fl scores.
Thus there appears to be a relationship between the
clinical condition of the children and the results of the
tests made in this study. This also indicates that the
major cause of decreased resistance to infections is
more often the entire effect of several minor defects.
The reduced phagocytic activity of the PMN seems

to be a primary defect whereas the defects found in
the sera from the patients are likely to be secondary
to the infections. One could therefore speculate that
one mechanism operative in the development of an
increased infection-propensity is initiated by a heavy
challenge of a bacterial or viral infection in an
individual with a reduced resistance. Due to the slow
elimination of the pathogen either due to a defective
phagocytosis or due to other defects such as
cellular defects of migration or killing capacity the
infection sustains in the organism producing
secondary changes in other important systems. These
secondary changes reduce the host's ability to
eradicate the pathogen or give rise to an increased
susceptibility to the attack by further pathogens. So
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Neutrophil function in infection-prone children 781

the patient ends up in a vicious circle with one
infection after another. Several other examples of
secondary changes caused by the infection either
viral or bacterial,27 have also been described, these
include reduced bactericidal capacity,28 reduced
content of bactericidal granule proteins,29 and
migration defects.30

We thank Ms Karin Olsson for technical assistance.

This work was supported by the Swedish Medical
Research Council and the Medical Faculty of the
University of Uppsala.

References

Klebanoff S J, Clark R A. The neutrophil: function and
clinical disorders. Amsterdam: North Holland, 1978.

2 Boxer L A, Hedley-Whyte E T, Stossel T P. Neutrophil
actin dysfunction and abnormal neutrophil behavior.
N Engl J Med 1974; 291: 1093-9.

3 Edelson P J, Stites D P, Gold S, Fudenberg H H. Dis-
orders of neutrophil function. Defects in the early stages
of the phagocytic process. Clin Exp Immunol 1973; 13:
21-8.
Gray G R, Klebanoff S J, Stamatoyannopoulos G, et al.
Neutrophil dysfunction, chronic granulomatous disease,
and nonspherocytic haemolytic anaemia caused by
complete deficiency of glucose-6-phospate dehydrogenase.
Lancet ii: 530-4.
Berendes H, Bridges R A, Good R A. A fatal granulo-
matous disease of childhood. The clinical study of a new
syndrome. Minn Med 1957; 40: 309-12.

6 Chusid M J, Gallin J I, Dale D C, Fauci A S, Wolff S M.
Defective polymorphonuclear leukocyte chemotaxis and
bactericidal capacity in a boy with recurrent pyogenic
infections. Pediatrics 1976; 58: 513-20.
Hlill H R, Quie P G. Raised serum IgE levels and defective
neutrophil chemotaxis in three children with eczema and
recurrent bacterial infections. Lancet 1974; i: 183-7.

8 Weening R S, Roos D, Weemaes C M R, Homan-Muller
J W T, van Schaik M L J. Defective initiation of the
metabolic stimulation in phagocytizing granulocytes: a
new congenital defect. JLab Clin Med 1976; 88: 757-68.
Gallin J 1, Malech M L, Wright D G, Whisnant J K,
Kirkpatrick C H. Recurrent severe infections in a child
with abnormal leukocyte function. Possible relationship
to increased microtubule assembly. Blood 1978; 51:
919-33.

0 Hill H R, Book L S, Hemming V G, Herbst J J. Defective
neutrophil chemotactic responses in patients with recur-
rent episodes of otitis media and chronic diarrhea. Am J
Dis Child 1977; 131: 433-6.

" Farhoudi A, Harvey B A M, Soothill J F. Clinicopatho-
logical findings in patients with primary and secondary
defects of neutrophil mobility. Arch Dis Child 1978; 53:
625-30.

12 Lizana J, Hellsing K. Polymer enhancement of automated
immunological nephelometric analysis, as illustrated by
determination of urinary albumin. Clin Chem 1974; 20:
415-20.

13 Mancini G, Carbonara A 0, Heremans J F. Immuno-
logical quantitation of antigens by single radial immuno-
diffusion. Immunochemistry 1965; 2: 235-54.

14 Hallgren R, Jansson I, Venge P. Kinetic studies of phago
cytosis of IgG-coated latex particles with a thrombocyte-
counter. JLab Clin Med 1977; 90: 786-95.

1 Zigmond S H, Hirsch J G. Leucocyte locomotion and
chemotaxis. New methods for evaluation and demonstra-
tion of a cell derived chemotactic factor. J Exp Med 1973;
137: 387-410.

16 Wilkinson P G. Chemotaxis and inflammation. Edinburgh:
Churchill Livingstone, 1974.

17 Keller H U, Wilkinson P C, Abercombe M, et al. A
proposal for the definition of terms related to locomotion
of leukocytes and other cells. Clin Exp Immunol 1977;
27: 377-80.

18 Hallgren R, Hhkansson L, Venge P. Kinetic studies of
phagocytosis. I. The serum independent particle uptake by
PMN from patients with rheumatoid arthritis and systemic
lupus erythematosus. Arthritis Rheum 1978; 21: 107-13.

19 Ransjo U, Artursson G, HAkansson L, Venge P. Some
aspects of neutrophil function in burn patients. Burns
1979; 5: 255-9.

20 Hallgren R, Fjellstrom K E, HAkansson L, Venge P.
Kinetic studies of phagocytosis. II. The serum independent
uptake of IgG-complexes by PMN from uremic patients
on regular dialysis treatment. J Lab Clin Med 1979; 94:
277-84.

21 Stossel T P. Evaluation of opsonic and leukocyte function
with a spectrophotometric test in patients with infection
and with phagocytic disorders. Blood 1973; 42: 121-30.

22 Van Epps D E, Palmer D L, Williams R C, Jr. Characteri-
zation of serum inhibitors of neutrophil chemotaxis
associated with anergy. J Immunol 1974; 113: 189-200.

23 Till G, Ward P A. Two distinct chemotactic factor
inactivators in human serum. J Immunol 1975; 14: 843-7.

24 Quie P G, Cates K L. Clinical conditions associated with
defective polymorphonuclear leukocyte chemotaxis. Am J
Pathol 1977; 88: 711-25.

25 Ward P, Becker J L. The deactivation of rabbit neutro-
phils by chemotactic factor and the nature of the activat-
able esterase. J Exp Med 1968; 127: 693-709.

26 Ward P A, Ozols J. Characterization of the protease
activity in the chemotactic factor inactivator. J Clin
Invest 1976; 58: 123-9.

27 Solberg C 0, Hellum K B. Neutrophil granulocyte
function in bacterial infections. Lancet 1972; ii: 727-30.

28 Koch C. Acquired defect in the bactericidal function of
neutrophil granulocytes during bacterial infections. Acta
Pathol Microbiol Scand (B) 1974; 82: 439-47.

29 Venge P, Stromberg A, Braconier J H, Roxin L-E,
Olsson I. Neutrophil and eosinophil granulocytes in
bacterial infection. Sequential studies of cellular and
serum levels of granule proteins. Br J Haematol 1978; 38:
475-83.

30 Anderson R, Rabson A R, Sher R, Koornhof M J.
Defective neutrophil motility in children with measles.
J Pediatr 1976; 89: 27-32.

31 HAkansson L, Venge P. The influence ofserum on random
migration and chemotaxis of PMN. Methodological
evaluation utilising sera from infection-prone patients
and normals. ScandJ Immunol 1980; 11: 271-82.

Correspondence to Dr Per Venge, Department of
Clinical Chemistry, University Hospital, S-750 14
Uppsala 14, Sweden.

Received 19 June 1979

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.55.10.776 on 1 O

ctober 1980. D
ow

nloaded from
 

http://adc.bmj.com/

