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The newborn infant is particularly susceptible to infection in
the first weeks of life and this may be, in part, related to
functional impairment of neonatal neutrophils in regard to ad-
herence, chemotaxis, and migration. Differences in expression of
the neutrophil adherence molecules, L-selectin and CD11b/CD18
(Mac-1), have been previously demonstrated in cord blood and in
very young infants (� 48 h) compared with adults, but it is
unknown for how long these differences persist. We measured
surface expression of neutrophil L-selectin and CD11b using flow
cytometry in healthy term human newborns from 24 h through 4
wk of age. We also measured levels of soluble L-selectin using an
ELISA in neonates though the age of 4 wk. Compared with
adults, neonates expressed significantly less L-selectin on resting
neutrophils through 4 wk of age, with the lowest levels being at
24 h. Expression of L-selectin on the neutrophil after activation
with N-formyl-methionyl-leucyl-phenylalanine was less in the
neonate than in the adult (p � 0.05) for the first week of life.
Soluble L-selectin showed a steady increase with age in the

neonates. Soluble L-selectin was significantly lower in the 24-h
neonate compared with the adult and was higher in the 4-wk
neonate compared with the adult. CD11b expression was similar
between neonates and adults on unstimulated neutrophils, but
upon activation, the neonatal neutrophil demonstrated signifi-
cantly lower up-regulation of CD11b on the neutrophil surface
through 4 wk of age compared with adults (p � 0.05 for all ages
except 1 wk). These findings that differences in expression of
L-selectin and CD11b from that in adults persist throughout the
neonatal period provide further evidence that these differences
may play a role in the neutrophil defects observed during the
neonatal period. (Pediatr Res 53: 132–136, 2003)

Abbreviations
FMLP, N-formyl-methionyl-leucyl-phenylalanine
Mac-1 (CD11b/CD18), macrophage antigen-1
PMN, polymorphonuclear leukocyte

The newborn infant is particularly susceptible to severe
bacterial and fungal infections (1, 2). It is unknown for how
long this susceptibility persists, but it is a clinical practice to
treat these infants as immunocompromised for at least the
length of the neonatal period (first 28 d of life). Neonatal
neutrophils, compared with those of adults, have been found to
have functional impairments in their ability to adhere to an
activated endothelial surface and to migrate in response to
chemotaxins (2–6). These impairments may delay or prevent
neutrophils from reaching inflammatory sites, thus inhibiting
the ability of the neonate to effectively fight infection.

Adherence of neutrophils to the vascular endothelium is an
early step in the process of neutrophil migration into inflamed
tissue and is mediated by proteins expressed on the surface of
the neutrophil and the endothelium. Members of two important
families of adhesion molecules located on the surface of the
neutrophil are L-selectin and the �2-integrins. L-Selectin is
found on neutrophils and other leukocytes and recognizes
carbohydrate ligands on the endothelial cell, including sialyl
Lewis � (7). L-Selectin is thought to mediate, along with other
selectin proteins, initial attachment of neutrophils to the endo-
thelium and “rolling” down the vessel under conditions of
shear force (7). L-Selectin is constitutively expressed on the
neutrophil surface and is rapidly down-regulated within min-
utes of in vitro neutrophil activation (8, 9). Down-regulation of
L-selectin appears to be due to proteolytic cleavage of the
protein from the neutrophil surface, leaving a functionally
intact soluble extracellular portion of the molecule (10).

The �2 leukocyte integrins, lymphocyte function-associated
antigen (LFA-1), Mac-1, and p150,95, are adhesion glycopro-
teins expressed on the leukocyte surface that are involved in
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neutrophil adherence (11, 12). CD11b (Mac-1) is expressed
constitutively at low levels on the neutrophil surface. It is
stored in intracellular granules and translocated to the neutro-
phil surface upon activation of the neutrophil, resulting in an
increase in surface expression (12, 13). Not only do neutrophils
increase their number of surface receptors, but the affinity of
CD11b receptors increases after stimulation (14). CD11b pro-
motes firm attachment of the neutrophil to the endothelium,
which then allows transendothelial migration into inflamed
tissue (11).

Previous studies have primarily examined the expression of
L-selectin and CD11b on neutrophils from human cord blood.
Cord blood neutrophils express a decreased amount of L-
selectin when compared with adult controls (4, 5, 15, 16). Most
studies have shown a diminished up-regulation of CD11b
expression after stimulation of neonatal neutrophils (5, 17–19).
These studies suggest that there are early differences in expres-
sion of the adhesion molecules on neutrophils of cord blood
and in very young term neonates. However, no studies have
systematically compared neonatal expression with that of the
adult in term neonates older than 48 h, nor have they examined
when expression of adhesion molecules approximates that of
the adult. Because the deficit in neonatal neutrophil function
probably lasts for several weeks, we hypothesized that differ-
ences in adhesion molecule expression between adults and
neonates would persist throughout the neonatal period. To
study the expression of the adhesion molecules over the neo-
natal period, we examined the expression of L-selectin and
CD11b on activated and unactivated neutrophils of term neo-
nates at 24 and 72 h and 1, 2, and 4 wk of life. We also
examined amounts of soluble L-selectin in the serum of neo-
nates through 4 wk of life.

MATERIALS AND METHODS

Selection of research subjects. The Institutional Review
Board of The University of Texas Medical Branch approved
the protocol for use of human subjects in this study. In-
formed consent was obtained from a parent of each partic-
ipant before inclusion. Peripheral blood was obtained by
venipuncture from 38 full-term neonates at the following
ages: 24 h (n � 12), 72 h (n � 9), 7 d (n � 7), 2 wk (n �
7), and 4 wk(n � 8). Some infants had blood drawn more
than once. Not all measurements were completed for each
infant due to occasional inadequate sample size. The figure
legends give the numbers of infants in each specific data set.
Infants were excluded who were preterm (�36 wk gesta-
tion), had documented infection with positive blood cultures
or suspected infection requiring antibiotic treatment, had
5-min Apgar scores of �8, or had life-threatening congen-
ital anomalies. Infants were included if they met the inclu-
sion criteria and if they had another indication for venipunc-
ture at one of the sampling time points. Maternal history and
history of neonatal complications were obtained from the
infant’s medical record. Twenty-eight adult controls were
included in the study. Their ages ranged from 20 to 40 y of
age and all were in good health without symptoms of
infection.

Preparation of neutrophils. Peripheral blood (approximate-
ly 0.5 mL) was obtained by venipuncture, placed in a heparin-
ized tube, and immediately transported on ice to the laboratory
for processing. Processing was accomplished within 1 h of
collection. Adult samples were analyzed concurrently with
neonatal blood samples and were processed in a similar
fashion.

For measurement of L-selectin and CD11b on unactivated
peripheral blood neutrophils, aliquots of whole blood were
incubated at 4°C for 25 min with murine antibody to human
L-selectin (Leu 8, BD Biosciences, San Jose, CA, U.S.A.) at a
final concentration of 2 �g/mL and murine antibody to human
CD11b (DAKO, Carpinteria, CA, U.S.A.) at a final concentra-
tion of 10 �g/mL. Both primary antibodies were conjugated to
R-phycoerythrin. A simultaneous phycoerythrin-conjugated
isotype IgG control was run with each set of samples. The red
blood cells were then lysed using FACS lysis buffer (BD
Biosciences) and rinsed. The remaining white blood cells were
fixed with 1% paraformaldehyde and stored at 4°C in the dark
until analysis by flow cytometry. After fixation, samples were
stored for up to 72 h before flow cytometric analysis. We
verified that L-selectin and CD11b expression on unstimulated
neutrophils did not differ between fixed samples analyzed
immediately and those stored for up to 72 h before analysis.

For measurement of L-selectin and CD11b on activated
peripheral blood neutrophils, N-formyl-methionyl-leucyl-
phenylalanine (FMLP) was used as the activating agent. FMLP
(10 �7 M final concentration) was added to aliquots of whole
blood and the samples were incubated at 37°C for 30 min.
After incubation and rinsing with PBS, samples were then
stained with L-selectin and CD11b as described above and
processed in an identical manner to the unstimulated samples.

Flow cytometry. Samples were analyzed by single-color
flow cytometry in a flow cytometer equipped with a 15-mW
argon-ion laser tuned to 488 nM (FACScan, BD Biosciences).
An electronic gate was set on the neutrophil and non-neutrophil
populations based on forward-angle versus light scatter. Anal-
yses were conducted with the LYSIS II program. CaliBRITE
beads were run before each analysis to monitor instrument
performance and to set detector levels for phycoerythrin. Mean
channel fluorescence of each sample was corrected by the IgG
control.

Measurement of soluble L-selectin. Samples were obtained
for soluble L-selectin from adults and neonates through 4 wk of
age. Serum samples were processed for measurement of solu-
ble L-selectin by centrifugation of whole blood at 9700 � g and
freezing at �70°C until measurement. Soluble L-selectin was
measured using a sandwich ELISA method (Human L-Selectin
Immunoassay, R&D Systems, Minneapolis, MN, U.S.A.).
Samples were diluted at 1:100 and analyzed in duplicate.
Human recombinant L-selectin controls were used at concen-
trations of 2.5–33 ng/mL to develop a standard curve.

Statistical analysis. Results of mean channel fluorescence
were expressed as mean � SD. Differences between neonates
and adults at each neonatal age were analyzed by one-way
ANOVA using Newman-Keuls correction for multiple com-
parisons. For non-normal distributions, a Kruskal-Wallis anal-
ysis was used with Mann-Whitney rank sum tests to compare
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groups. Comparisons of results by mode of delivery were also
made using ANOVA. Comparisons of other neonatal compli-
cations and of leukocyte and granulocyte counts were made
using unpaired t tests and linear regression analysis. A differ-
ence of p � 0.05 was considered significant.

RESULTS

Blood was obtained from 38 full-term neonates. Mean birth
weight of neonates was 3481.3 � 449.2 g. Fifty-two percent
were male and all were inborn. The mean Apgar score at 5 min
was 8.96.

L-Selectin expression. Figure 1 demonstrates L-selectin ex-
pression on neonatal neutrophils at 24 and 72 h and at 1, 2, and
4 wk of life compared with adult neutrophils. The mean
channel fluorescence of L-selectin on neonatal neutrophils was
significantly lower than that on adults from 24 h through 4 wk.
Expression at these time points was 41–60% of that in the adult
and was lowest at 24 h.

After activation with FMLP, adult neutrophils expressed less
than 50% of their baseline, unstimulated L-selectin. Activated
neonatal neutrophils expressed less L-selectin than did adults
through 1 wk of age. However, the percent of L-selectin lost
from each unstimulated sample of adults and neonates did not
differ at any of the time points.

Soluble L-selectin. Levels of soluble L-selectin in the serum
of adults and term neonates through 4 wk of age are shown in
Figure 2. Values for soluble L-selectin are in the range of those
reported by previous investigators (15, 20). Soluble L-selectin
was lowest at 24 h and showed an increase through the
neonatal period to above adult levels at 4 wk. Soluble L-selectin
was significantly lower in the 24-h neonate compared with the

adult. Interestingly, it was significantly higher than the adult
and than all other neonates at 4 wk of age.

CD11b expression. The expression of CD11b on peripheral
blood neutrophils of adults and neonates is shown in Figure 3.
There were no differences in CD11b expressed on the unstimu-
lated neutrophils of neonates and adults. After activation of
neutrophils with FMLP, the neonatal neutrophil expressed a
significantly lower amount of CD11b than did the adult neu-
trophil through age 4 wk except at the 1-wk time point.

Clinical correlates to adhesion molecule expression. De-
livery was vaginal in 50% of infants and by cesarean section in
50%. Of those with cesarean section, 39% underwent labor and
61% had elective cesarean section without labor. For those

Figure 1. Mean channel fluorescence for L-selectin on unstimulated neutro-
phils (black bar) and neutrophils stimulated with FMLP (gray bar). Data are
expressed as mean � SD; *p � 0.05 for adult vs neonate in unstimulated
samples; #p � 0.05 for adult vs neonate in FMLP-stimulated samples. Num-
bers in each group are as follows: unstimulated—adult (n � 28), 24 h (n � 9),
72 h (n � 7), 1 wk (n � 8), 2 wk (n � 6), and 4 wk (n � 8); stimulated—adult
(n � 24), 24 h (n � 9), 72 h (n � 6), 1 wk (n � 5), 2 wk (n � 6), and 4 wk
(n � 6).

Figure 2. Soluble L-selectin (ng/mL) in serum of adults and neonates through
2 wk of age. Data are expressed as mean � SD; *p � 0.05 for adult vs neonate.
Numbers in each group are as follows: adult (n � 8), 24 h (n � 8), 72 h (n �
5), 1 wk (n � 5), 2 wk (n � 7), and 4 wk (n � 7).

Figure 3. Mean channel fluorescence for CD11b on unstimulated neutrophils
(black bar) and neutrophils stimulated with FMLP (gray bar). Data are
expressed as mean � SD; *p � 0.05 for adult vs neonate in unstimulated
samples; #p � 0.05 for adult vs neonate in FMLP-stimulated samples. Num-
bers in each group are as follows: unstimulated—adult (n � 28), 24 h (n � 9),
72 h (n � 8), 1 wk (n � 7), 2 wk (n � 6), and 4 wk (n � 8); stimulated—adult
(n � 24), 24 h (n � 9), 72 h (n � 6), 1 wk (n � 5), 2 wk (n � 5), and 4 wk
(n � 8).
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samples obtained within the first 3 d of life, L-selectin values
were 53.54 � 13.88 for vaginal delivery and 58.12 � 11.7 for
cesarean section without labor. CD11b values were 275.03 �
137.14 for vaginal delivery and 140.96 � 56.22 for cesarean
section without labor. There were no statistical differences
between L-selectin and CD11b values by mode of delivery.
There were also no differences between cesarean section with
or without labor. Four infants had fetal distress with fetal heart
rate decelerations requiring emergency delivery. Three of these
were in the cesarean section with labor group and one was in
the vaginal group. There were no differences in L-selectin or
CD11b expression between these infants and the cesarean
section group.

Leukocyte counts were available in nine infants. In these
infants, levels of L-selectin and CD11b on the neutrophil
surface did not correlate to total leukocyte or granulocyte
counts (NS by linear regression analysis). Despite the exclu-
sion criteria, some complications were noted in the histories of
the subjects. These complications included ABO incompatibil-
ity (n � 6), nuchal cord (n � 3), gestational diabetes (n � 3),
and pregnancy-induced hypertension (n � 2). Although the
numbers were low, no differences between the mean L-selectin
or CD11b values were noted in the groups with and without
these complications.

DISCUSSION

In the present study, we demonstrated that expression of
L-selectin is lower on human neonatal neutrophils compared
with adults and that this difference persists for at least 4 wk.
Our findings of lower L-selectin on unstimulated term neonatal
neutrophils are similar to those of previous studies in cord
blood (4, 5, 15, 16) and in neonates up to 48 h of age (4).
Koenig et al. (21) have reported that lysates of PMN from term
neonatal cord blood have lower total L-selectin than adults,
corroborating a cellular deficiency in the neonate. However,
our findings of a similar loss of L-selectin compared with
baseline between neonatal and adult neutrophils after FMLP
stimulation differ from most previous studies, which have
reported less shedding of L-selectin from neonates (4, 5, 21).
We used high doses of FMLP, which may have masked
differential losses at lower FMLP concentration. Our results
agree with those of Rebuck et al. (15), whose method of
processing neutrophils was similar to ours (processing at 4°C
and staining of whole blood). Several investigators have dem-
onstrated that temperature affects levels of the adhesion mol-
ecules on neutrophils, presumably by low-level activation (15,
22). Processing at higher temperatures (30°–37°C) and with
commonly used procedures to isolate neutrophils, such as
dextran sedimentation and Ficoll/Hypaque sedimentation, di-
minishes the ability of neutrophils to respond to FMLP (15,
22). Therefore, our method of processing neonatal neutrophils
may have allowed demonstration of a greater response to
FMLP.

Several mechanisms could account for the lower constitutive
expression of L-selectin on the neonatal neutrophil. Smith et al.
(23) reported that neutrophils from human preterm fetuses have
expression of L-selectin similar to that of the adult. This would

suggest that the developing infant is capable of producing
L-selectin on the surface of its neutrophils. It is possible that
soluble proteases are released around the time of term gestation
that degrade the L-selectin molecule or that there is a develop-
mental change at term rendering the L-selectin molecule more
susceptible to cleavage by protease. It is also possible that a
cytokine or other compound is released at the time of term
gestation that results in partial activation of the neutrophil and
loss of L-selectin. On the other hand, our findings that neonatal
neutrophils are able to lose a substantial amount of L-selectin in
response to FMLP would suggest that they are not previously
activated.

Regardless of mechanism, these observed adherence differ-
ences could account, at least in part, for the observed defects in
neonatal neutrophil function. Evidence that L-selectin is important
for early neutrophil recognition of inflammatory sites includes
findings that previously activated neutrophils, which have dimin-
ished L-selectin on their surfaces, do not localize to sites of
inflammation (9). Multiple studies have shown the importance of
L-selectin for certain inflammatory conditions, although some
conditions appear to be L-selectin independent (7, 24). In regard to
the neonate, Anderson et al. (4) have shown that the decrease in
adhesion of cord blood neutrophils under conditions of shear force
is directly related to diminished L-selectin levels on the neutro-
phils. In neonatal rabbits, Fortenberry et al. (25). have demon-
strated decreased emigration of neutrophils into an inflammatory
site that was L-selectin and CD18-dependent. Studies have shown
that neonatal L-selectin expression is decreased after dexametha-
sone treatment (26) and in cord blood of neonates with acute
bacterial infection (16).

In regard to soluble L-selectin, our finding that 24-h neonates
have lower levels than adults is comparable to results of
previous studies, which have reported lower levels of soluble
L-selectin in the cord blood of neonates compared with adults
(15, 21, 27). Buhrer et al. (27). found the lowest levels in cord
blood of premature infants with a correlation between soluble
L-selectin and gestational age. Similarly, in our neonates, there
was a trend toward increases in soluble L-selectin with chro-
nologic age. In fact, the soluble L-selectin in 1-mo neonates
was higher than adults. If L-selectin is lost from the neonatal
neutrophil surface because of activation associated with deliv-
ery, soluble L-selectin would be expected to be higher in the
early neonatal samples than in adults. However, soluble L-
selectin may not be simply correlated with expression or loss of
L-selectin on circulating neutrophils, but may be related to
long-term neutrophil turnover and shedding of L-selectin (15,
20). In keeping with this hypothesis, Scheiffenbaum et al. (20)
have shown that the amounts of soluble L-selectin found in
human serum are 10–25 times higher than could be accounted
for by release of L-selectin from the number of neutrophils
present in their samples. Because neonates have diminished
bone marrow stores of neutrophils (28), this deficiency may
contribute to lower levels of overall neutrophil turnover and,
hence, lower soluble L-selectin concentration.

We found no differences in levels of CD11b expression
between unstimulated neonatal and adult neutrophils. As ex-
pected, all samples showed significantly increased expression
after activation with FMLP. However, after FMLP stimulation,
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neutrophils from neonates throughout the neonatal period
showed reduced up-regulation of CD11b compared with
adults, except at the 1-wk time point. Our results are in
accordance with other studies of CD11b up-regulation on
neutrophils from cord blood (5, 17–19). The findings of Jones
et al. (13) suggest that the mechanism of decreased neonatal
up-regulation may be deficient mobilization from gelatinase-
rich intracellular granules. Anderson et al. (18) have shown
that the diminished up-regulation of Mac-1 on neonatal (ap-
proximately 48 h of age) and cord blood neutrophils causes
decreased adherence in response to FMLP. They also found
that diminished neonatal neutrophil transendothelial migration
was related, not only to quantitative abnormalities in CD11b,
but also to functional deficits in stimulated binding to the
ligand, ICAM-1. CD11b up-regulation has been reported in the
clinical setting of neonatal sepsis (29, 30) and extracorporeal
membrane oxygenation (31).

We found no statistical differences in adhesion molecule
expression with mode of delivery. Other studies have shown no
differences with mode of delivery, as well (5, 16, 19, 29).
However, Weinschenk et al. (32) did find a positive correlation
between CD11b expression and labor length. Usmani et al.
(33) showed no differences in PMN function (chemilumines-
cence, motility, and chemotaxis) related to labor or mode of
delivery. Interestingly, these authors (33) did note differences
in PMN function after emergency cesarean section, which they
attributed to the effects of decreased uteroplacental perfusion
and asphyxia. We found no differences in adhesion molecule
expression in the four infants in our study whose deliveries
were by emergency cesarean section. However, infants whose
5-min Apgar scores were �8 were excluded from the study, so
we cannot comment about the effects of asphyxia.

In summary, we demonstrated that, compared with the adult,
the term neonate has reduced expression of neutrophil L-selectin
and diminished up-regulation of CD11b through 4 wk of age.
Although the mechanism is unknown, in view of the prolonged
nature of these differences, they are probably not related to a brief
physiologic response associated with delivery. The differences in
expression of these adhesion molecules reflect the time course of
the persistent neutrophil function defects and increased suscepti-
bility to infection of the neonate. This is further evidence that the
adherence molecules, L-selectin and CD11b, play a role in the
observed neutrophil function defects of the neonate.
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