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Assessment of neutrophil chemotaxis and random
migration in childhood
Comparison between leading-front and lower surface count methods

SARAB AL-NAKEEB AND EILEEN N THOMPSON

Department of Child Health, Welsh National School of Medicine, Llandough Hospital, Penarth,
South Glamorgan

suMMARY Neutrophil chemotaxis and random migration were studied in 65 healthy children and
18 normal adults. The method used, the leading-front technique, was more accurate and reproducible
than the lower surface count method. Chemotaxis in children under 15 years differed from that in
adults. This age effect was most pronounced in those less than 6 years, and particularly in those less
than 2 years. When investigating chemotaxis in childhood, comparisons with age-matched controls
should be made.

Many workers'-4 have drawn attention to immaturity
of specific and nonspecific immune mechanisms in
early childhood. Impaired neutrophil chemotaxis has
been demonstrated in early infancy,3 but studies at
other ages show conflicting results (P C Wilkinson,
1975, personal communication).7 Furthermore the
duration of the dysfunction found in the young
infant has not been established. Chemotaxis, the
directed migration of cells towards different
attractants, is an early and fundamental step in the
process of inflammation, while random migration
may be another mechanism of cell movement; yet a
selective defect of one mechanism, or both, has been
reported in different conditions of repeated
infection.8 Abnormalities in this function can be due
to humoral factors (abnormality in the serum) but
are most often the result of an intrinsic abnormality
of leucocytes,8 which may be congenital, acquired, or
developmental. The cellular aspect ofchemotaxis was
investigated and the efficiency of neutrophil poly-
morphonuclear neutrophil leucocyte migration in
infants and young children was compared with that
of adults.

Materials and methods

83 normal subjects were studied. 18 were adults aged
between 20 and 62 years (9 men and 9 women) and 65
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were children aged between 1 and 16 years. The child-
ren (except for 10) had either been seen in outpatients
for noninfective conditions or had been admitted for
minor elective surgery (all tests done before surgery).
No child was bled specifically for the test. The other
10 children aged between 9 and 16 years were
asymptomatic children of staff members; consent
was obtained from parent and child. Great care was
taken in selecting the control individuals to avoid
any factor that might affect chemotaxis-such as
infection (however trivial), drugs, or pregnancy.
These precautions were taken because certain drugs
are known to have a suppressive effect on chemotaxis,
and infections produce antigen-antibody reactions
which activate the complement system which in turn
stimulates migration.9 Furthermore, phagocytosis
of infecting organisms is known to release inhibitory
factors which prevent migration of these cells away
from the site of infection.'0

Chemotaxis. This was assayed by using Wilkinson's
modification9 of the Boyden technique. Ficol/Triosil
separated neutrophils, obtained from 10 ml venous
heparinised blood, were washed once in Hanks's
solution. Subsequently 2 x 105 were suspended in
Hanks's solution and added to the upper chamber.
The attractants used were: casein (Hammarstern
from Merck AG) at a concentration of 5 mg/ml, and
pooled normal human sera (5 donors per pool),
activated by adding 2 jig/ml Escherichia coli
endotoxin (Difco), a final concentration of 20% in
Hanks's solution was used. Neutrophil migration
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was quantified by two methods: the I
count method after 3 hours of incubal
leading-front technique after 50 minut
tion." After the appropriate incubatic
brane was separated, fixed in alcohol,
haematoxylin, and cleared with xyleni
surface count method was a ratio of tot
cells in 10 rectangles ( 15 x 7 m
Leitz Ortholux microscope) on the low
number of cells in 10 circles (1 * 5 mm dia
on the upper surface after 3 hours of inc
leading-front technique measured t
travelled by the leading front of neutrop
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micrometer on the fine adjustment of the microscope
( x 40 objective).

Random migration. This was assessed in the absence
of a concentration gradient. 20% serum was added
to both the upper and lower compartments of the
chemotactic chamber.

Results

:uoation. I Consistent results were impossible to achieve using
the distance the lower surface count method, due to the large but
ohils using the variable migration of cells through the membrane

into the fluid compartment below, which has been
noted previously.12 With the leading-front technique
consistent results were obtained in the same

* individual (chamber/chamber, filter/filter, and
z day/day variation <10%). However a wide person-

to-person variation was found in the 18 adults (11,
15, and 21 % of the mean in casein, serum, and
random migration respectively).

This interperson variation was much greater in
children, but when the values were looked at in
relation to age a steady increase was obtained
(Figure). There was a significant difference between
the 0- to 6- and the 6- to 15-year-old groups (P<0 *01,
P<0.001, and P<0.01) for casein, serum, and
random migration, and between the 6- to 15-year-old
and adult groups in casein and serum (P<0 .001) and
inrandommigration (P<0. 01).

Discussion

The leading-front technique for measuring
chemotaxis proved reproducible. The wide range of
values between normal individuals has already been
reported,5 1314 and shows the need to compare a
single result with a normal range, rather than a single
control run concurrently. This is particularly
important in children where the interperson varia-
tion is so much greater. Although delayed chemotaxis
in the very young (<2 years) is well documented, no
normal data for older children were available.
Our data clearly show an age-dependent effect. It

is of interest that Klein et al.14 using a different
method for measuring chemotaxis noted a similar
age-dependency. The failure of other workers0 "7 to
show this age-dependent effect is probably due to the

, ,.,.~... fact that they did not study a wide age range, and
6 Adults also used the lower surface technique. A recent study

by Farhoudi et al.15 ofchemotaxis in children with an
serum) and increased susceptibility to infection, compared the
taxis, results with adult controls, using a method identical
he distance with ours, and giving a similar adult control range.
ncubation. These workers did not cite a normal range for
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children, although they suggested that normal values
for children probably are in the lower normal adult
range. Our findings however, show a considerable
range of normality in childhood which is age-
dependent. Thus when investigating children in
whom a chemotactic defect is suspected, comparison
with age-matched controls is essential.
The reason for the relative inefficiency of

neutrophil chemotaxis in young children is unknown,
but as adult levels were ultimately achieved a
maturation defect seems likely. It is interesting that
other age-dependent mechanisms such as immuno-
globulin production' and lymphocyte transformation
to phytohaemagglutinin2 reach adult levels during
adolescence. The practical importance of delayed
maturation, both of the specific immune mechanism
and neutrophil function, is obvious in relation to the
well-known observation of increased susceptibility to
infection in childhood.
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