
0031-399819413606-0799$03.0010 
PEDIATRIC RESEARCH 
Copyright O 1994 International Pediatric Research Foundation, Inc. 

Vol. 36, No. 6 ,  1994 
Printed in U.S.A. 

L-Selectin Is Down-regulated in Umbilical Cord 
Blood Granulocytes and Monocytes of Newborn 

Infants with Acute Bacterial Infection 
CHRISTOPH BUHRER, JOHANNES GRAULICH, DIETGER STIBENZ, 

JOACHIM W. DUDENHAUSEN, AND MICHAEL OBLADEN 

Departments of Neonatology, Children's Hospital, and Obstetrics, Women's Hospital, Rudolf 
Virchow Medical Center, Berlin Free University, 0-14059 Berlin, Germany 

: . ~ ~ i ; ~ ~ ~ ~ # ~ ; < ~ ~ T i ~ . ~ i : j : ? : i ~ < ~ F X r ; i i : j . : : 5 y . :  . . . . .  . . . . .  ::.:: ::::-r;:::~v-n'~~,'~'":>!:!~:I:,~ 
. . .  . . .  . . . . . .  . . . . . .  . . .  . . . . .  I . .  . . . .  . . . . 

. . . . .  . .  , . . . . . . . . 

The leukocyte glycoprotein L-selectin mediates an early 
step in the recruitment of leukocytes to sites of inflamma- 
tion. L-Selectin surface expression is rapidly down- 
regulated by inflammatory signals in vitro. In a prospective 
study, we found L-selectin expression on umbilical cord 
blood granulocytes and monocytes to be significantly de- 
creased in newborn infants with acute bacterial infection 
compared with controls ( p  < 0.01). A significantly reduced 
L-selectin expression of both granulocytes and monocytes 
was also found to be associated with an increased neutro- 
phi1 immature/total ratio (p < 0.01) but not with other 
laboratory markers of neonatal sepsis. There was no ap- 
parent impact of prematurity, low birth weight, gestational 
hypertension, or gestational diabetes on L-selectin expres- 

sion. Although the mode of delivery did not affect granu- 
locyte L-selectin expression, umbilical cord blood mono- 
cytes showed an increased L-selectin expression after 
emergency cesarean delivery compared with samples ob- 
tained after elective cesarean or vaginal delivery ( p  < 
0.01). We conclude that acute systemic inflammation re- 
sults in down-regulation of granulocyte and monocyte L-se- 
lectin expression in vivo similar to that observed in vitro. 
(Pediatr Res 36: 799-804, 1994) 

Abbreviations 
CRP, C-reactive protein 
FMLP, N-formyl-methionyl-leucyl-phenylalanine 
I/T, immatureltotal 

L-Selectin (CD62L) is a 90- to 100-kD surface glyco- 
protein constitutively expressed by mammalian leuko- 
cytes. L-Selectin is critically involved in initiating revers- 
ible attachment of neutrophils and monocytes t o  
activated endothelium under nonstatic conditions ("roll- 
ing") (1, 2). Leukocyte rolling in inflamed venules and 
extravasation of neutrophils into inflammatory sites are 
inhibited by blocking L-selectin (3-5). In addition, L-se- 
lectin is involved in neutrophil homotypic aggregation (6) 
and neutrophil adherence to activated platelets (7). A 
differentially glycosylated form of L-selectin expressed 
on lymphocytes mediates lymphocyte homing to lymph 
nodes and gut-associated lymphoid tissue (8) as well as 
sites of chronic inflammation (9). 

Expression of L-selectin on neutrophils and monocytes 
is rapidly down-regulated by inflammatory signals in vi- 
tro, possibly after a short-lived transient rise in L-selectin 
affinity to endothelial carbohydrate structures serving as 
counterreceptors (10). L-Selectin down-regulation occurs 
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via proteolytic cleavage from the cell surface (11). Agents 
eliciting L-selectin down-regulation from neutrophils in 
vitro include the bacterial chemotactic peptide FMLP, . . 

cytokines such as  granulocyte-macrophage colony- 
stimulating factor, tumor necrosis factor-a, IL-8, neutro- 
phil-activating peptide-2, and other soluble chemoattrac- 
tants, e.g. the activated complement fragment C5a and 
leukotriene B4 (12-14). Granulocyte colony-stimulating 
factor and interferon-y exert little influence on neutrophil 
L-selectin expression, and there are conflicting data on 
neutrophil L-selectin down-regulation elicited by IL-1, 
platelet-activating factor, and lipopolysaccharides (12, 
13, 15, 16). Both granulocyte-macrophage colony- 
stimulating factor and C5a induce L-selectin down- 
regulation also in monocytes (13, 17), whereas monocyte 
L-selectin expression is not affected by the monocyte- 
specific chemotaxin monocyte chemoattractant protein-1 

(18) - 
Baseline granulocyte L-selectin expression and FMLP- 

induced down-regulation have been reported to be dimin- 
ished in full-term healthy newborn infants compared with 
adults (19,20), whereas no difference in L-selectin surface 
reactivity was found in fetal neutrophils (21) and neonatal 
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monocytes (20) compared with adult cells. No data were 
available on the impact of conditions associated with 
activation of the immune system in vivo on L-selectin 
expression of neonatal phagocytic leukocytes. The aim of 
the prospective study presented here was to determine 
whether L-selectin surface expression of circulating gran- 
ulocytes or monocytes is down-regulated in newborns 
with acute bacterial infection in vivo. 

METHODS 

Subjects. Umbilical venous cord blood was collected 
from 52 girls and 75 boys born at a tertiary perinatal 
center, most of whom had pediatric attendance at birth 
and who are not representative of infants born during the 
study period in this hospital. Pregnancies had been com- 
plicated by multiple gestation (n = 24), gestational hy- 
pertension (n = 7), gestational diabetes (n = lo), and 
premature labor activity leading to administration of 
fenoterol (n = 14) and betamethasone (n = 33) to the 
mother. Maternal laboratory markers associated with 
suspected amnion infection syndrome were increased 
CRP serum levels (>30 mg/L, n = l l ) ,  peripheral leuko- 
cytosis (215 000/pL, n = 15), and fever (rectal temper- 
ature r 37.9"C, n = 13) before birth; 23 mothers received 
i.v. antibiotic treatment with cefotiam. Forty-four infants 
were born prematurely (gestational age < 37 wk); 12 had 
a birth weight of < 1  500 g. Cardiotocography suggested 
fetal distress in 27 cases. Seventy-three infants were born 
vaginally (28 assisted by forceps or vacuum extraction), 
44 by elective cesarean delivery, and 10 by emergency 
cesarean delivery. Rupture of the membranes more than 
24 h before birth occurred in 14 newborns and asphyxia 
(umbilical cord artery pH < 7.15) in six; 37 infants were 
born from meconium-stained amniotic fluid. 

Admission to the children's hospital was initiated in the 
delivery room in 53 newborns. Following institutional 
guidelines, blood was obtained by peripheral venipunc- 
ture for bacterial culture, white blood cell count, differ- 
ential blood cell count, platelet count, and CRP serum 
level. Another blood culture was obtained from the 
freshly cut umbilical cord after local disinfection with 
70% isopropanol. Antibiotic treatment was given at the 
discretion of the attending physician after cultures had 
been taken. In newborns who were clinically unstable or 
who received antibiotics, blood examinations were rou- 
tinely repeated 18-24 h later and thereafter whenever 
appropriate. 

Seventy-four newborns without clinical symptoms 
were placed under surveillance at the nursery of the 
women's hospital. In 42 of these newborns having risk 
factors such as maternal fever, prolonged rupture of 
membranes, or meconium-stained amniotic fluid, clinical 
surveillance was augmented by blood laboratory workup 
and bacterial cultures. Six of these infants were admitted 
to the children's hospital during the first 24 h after symp- 
toms developed at the postnatal ward, with subsequent 
sepsis workup as described above. A total of 38 new- 

borns from both groups were put on i.v. antibiotics dur- 
ing the first 24 h of life. 

For the purpose of this study, acute bacterial infection 
was diagnosed if clinical symptoms leading to the insti- 
tution of antibiotics within the first 24 h of life were 
confirmed by a positive blood culture and at least one 
pathologic laboratory parameter of the following four 
(22): absolute neutrophil count I 2 000/pL, I/T ratio r 
0.2 (first sample obtained during the first 24 h of life; 
neutrophils were classified as bands if no nuclear segmen- 
tation was present or the width of the nucleus at any 
constriction was more than one third the width at its 
widest portion) (23); CRP serum level 2 10 mg/L (peak 
during the first 36 h of life) (24); and platelet count < 
150 000IpL (nadir during the first 72 h of life) (25). When 
antibiotics had been administered i.v. to the mother of 
the baby for suspected amnion infection syndrome before 
delivery, acute bacterial infection was also assumed in 
culture-negative newborns undergoing subsequent anti- 
biotic treatment if two or more of the laboratory param- 
eters outlined were pathologic. 

Of the 127 newborns studied, 38 were defined as nor- 
mal, healthy, term newborns (no gestational hyperten- 
sion or diabetes, vaginal delivery, umbilical artery pH 2 

7.15, gestational age 3742  wk, no admittance to the 
children's hospital, no antibiotic treatment of the new- 
born). For comparison, venous blood of 28 healthy adult 
volunteers was collected and analyzed alongside neona- 
tal samples. 

L-Selectin expression. Blood was prevented from clot- 
ting by addition of sodium citrate and processed within 6 
h after delivery. Fifty pL  of blood were incubated for 30 
min on ice with 15 pL  of FITC-coupled MAb anti-Leu8 
directed against human L-selectin or an IgG2 isotype 
control (Becton Dickinson, Heidelberg, Germany). Then 
a commercially available, formaldehyde-diethylene gly- 
col-based fixing and lysing solution (FACS lysing solu- 
tion, Becton Dickinson) was added for 10 min. Samples 
were processed as specified by the manufacturer's in- 
structions and subjected to a final fixation with 1% para- 
formaldehyde. Cells were analyzed on a FACScan flow 
cytometer (Becton Dickinson) within 48 h after fixation. 
Lymphocytes, granulocytes, and monocytes were gated 
on forward and side scatter diagrams. A total of 10 000 
events, and a minimum of 2 000 events in the monocyte 
gate, were recorded. The instrument was subjected to 
weekly calibrations to ensure comparability of the fluo- 
rescence measurements performed on a log scale with 
1 024-channel resolution. L-Selectin expression was cal- 
culated in arbitrary units representing the difference be- 
tween the median fluorescence of the FITC-Leu8-stained 
and the FITC-IgG2 control sample. 

Statistical analysis. Differences between two or more 
groups were  compared by  the  Mann-Whitney 
U-Wilcoxon rank sum W test or the Kruskal-Wallis one- 
way analysis of variance (for numerical variables) or by 
the X 2  test (for categorical variables), with Fisher exact 
values being used if one expected cell value was 15. 
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Analysis of variance was used to simultaneously assess 
the effects of multiple factors. p 2 0.05 was regarded as 
not significant. 

RESULTS 

Technical limitations. A variably increased resistance of 
neonatal red blood cells to the lysing method used was 
found to result in considerable contamination of the lym- 
phocyte gate with residual red blood cells, whereas adult 
red blood cells were lysed completely by the same pro- 
cedure. Therefore, L-selectin expression of lymphocytes 
could not be accurately determined and was omitted. 

In the granulocyte gate, no effort was made to discrim- 
inate between neutrophils and eosinophils. In Wright- 
Giemsa-stained smears, eosinophils composed 0-24% 
(median 2%) of granulocytes, and the eosinophil percent- 
age of granulocytes was not found to be related to acute 
bacterial infection, I/T ratio, tocolysis, gestational age, or 
granulocyte L-selectin expression. 

Patients with acute bacterial infection. A total of nine 
newborns met the criteria set for acute bacterial infec- 
tion. Group B streptococcus and Escherichia coli grew 
in blood cultures obtained from two newborns each of 
these nine. In five newborns with clinical and labora- 
tory signs of acute bacterial infection, the causative 
agent could not be identified after previous administra- 
tion of i.v. antibiotics to the mother within 12 h before 
delivery. 

Enterococcus and Proteus vulgaris were isolated from 
cord blood cultures of one newborn each, neither of 
whom had clinical or laboratory signs of infection. Both 
remained stable throughout the neonatal period without 
administration of antibiotics; the bacteria isolated were 
regarded as contamination, and the babies were assigned 
to the control group. 

The group of newborns with acute bacterial infection 
did not differ significantly from the control group with 
respect to maternal age, fetal sex, multiple gestation, 
preeclampsia, gestational diabetes, administration of be- 
tamethasone or fenoterol, cardiotocographical signs of 
fetal distress, prolonged rupture of membranes, mode of 
delivery, prepartal maternal temperature, maternal white 
blood cell count or maternal CRP serum level, presence 
of meconium in the amniotic fluid, umbilical artery pH, 
gestational age, or birth weight. However, six of nine 
mothers in the group of children with acute bacterial 
infection had received antibiotics i.v. for suspected am- 
nion infection syndrome, compared with 17 of 118 in the 
control group, and five newborns with acute bacterial 
infection were found to be large for date, compared with 
14 in the control group ( p  < 0.001). Neonatal blood 
analysis showed infants with infection to have a higher 
I/T ratio, a lower granulocyte L-selectin expression (both 
p < 0.001), a lower monocyte L-selectin expression, a 
lower hematocrit (both p < 0.01), a higher peak CRP 
level, a lower absolute granulocyte count, and a lower 
platelet count nadir (allp < 0.05). 

L-Selectin expression. Umbilical cord blood granulo- 
cytes and monocytes of newborns with acute bacterial 
infection expressed significantly less L-selectin than con- 
trols (Figs. 1 and 2). Median granulocyte L-selectin ex- 
pression (median relative fluorescence) in newborns with 
acute bacterial infection (n = 9) was 298, compared with 
351 in controls (total group, n = 118) and 345 in normal- 
term healthy newborns (n = 38, p < 0.001 for both 
comparisons). Median monocyte L-selectin expression in 
newborns with acute bacterial infection was 223, com- 
pared with 308 in controls and 307 in normal-term healthy 
newborns ( p  < 0.01 for both comparisons). There was no 
difference in granulocyte or monocyte L-selectin expres- 
sion between the total control group, normal-term 
healthy newborns, and the control group with the later 
excluded ( p  > 0.1). 

Newborns with a pathologic I/T ratio ( ~ 0 . 2 ) ~  regarded 
as the single most sensitive routine laboratory test in 
early-onset sepsis scores (22,26), had a significantly ( p  < 
0.01) lower L-selectin expression of granulocytes (median 
fluorescence: 293 versus 350) and monocytes (median 
fluorescence: 223 versus 308). Granulocyte L-selectin ex- 
pression was also found to be decreased (median fluores- 
cence: 297 versus 350) in newborns of mothers with 
elevated CRP serum protein levels before delivery (>30 
mg/L, p < 0.05 both by single- and multiple-factor com- 
parison analysis), whereas no association was found be- 
tween maternal CRP serum protein level before birth and 
umbilical cord blood monocyte L-selectin expression. 

By single- or multiple-factor comparison analysis, no 
difference of umbilical cord blood granulocyte or mono- 
cyte L-selectin expression was found in infants of groups 
characterized by one of the following data, compared 
with the corresponding controls: gender, prematurity 
(gestational age < 37 wk), very low birth weight (<1 500 
g), gestational diabetes, gestational hypertension, multi- 
ple gestation, prolonged rupture of membranes (>24 h), 
administration of cefotiam or betamethasone to the 

I controls I 

acute bacterial infection ! 
Granulocyte L-selectin expression 

Figure 1. Granulocyte L-selectin expression (relative fluorescence in- 
tensity, arbitrary units) of newborns with acute bacterial infection 
(bottom, n = 9) and newborns of the control group (top, n = 118). Boxes 
contain 50% of values (25th to 75th percentile range), with bars indi- 
cating median, whiskers showing extremes, and diamonds denoting 
outliers. 
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I controls ! 

I acute bacterial infection 

Monocyte L-selectin expression 

Figure 2. Monocyte L-selectin expression (relative fluorescence inten- 
sity, arbitrary units) of newborns with acute bacterial infection (bottom, 
n = 9 )  and newborns of the control group (top, n = 118). Boxes contain 
50% of values (25th to 75th percentile range), with bars indicating 
median, whiskers showing extremes, and diamonds denoting outliers. 

mother before delivery, maternal fever (r37.9OC), car- 
diotocographical signs of fetal distress, asphyxia (umbil- 
ical artery pH < 7-15), neutropenia (absolute neutrophil 
count 5 2 0001pL on first day of life), low white blood 
cell count (5.5 OOOIpL), hematocrit > 60% or < 45%, 
thrombocytopenia (platelet count nadir < 150 0001pL 
within first 72 h of life), or elevation of CRP serum levels 
(peak value r 10 mg/L during the first 24 h of life). 

When newborns were grouped according to the admin- 
istration of fenoterol to the mother, no difference of 
monocyte L-selectin expression was found, whereas 
granulocyte L-selectin expression was reduced after toc- 
olysis (309 versus 349, p < 0.05). However, the signifi- 
cance of this association was lost when acute bacterial 
infection was considered as a covariate. 

Monocyte L-selectin expression was significantly in- 
creased after emergency cesarean delivery (median fluo- 
rescence: 346 versus 300, p < 0.01) compared with all 
other modes of delivery. There was no difference in 
L-selectin expression among infants born by elective ce- 
sarean, regular vaginal delivery, or assisted vaginal de- 
livery ( p  > 0.1). Asphyxia (median fluorescence: 241 
versus 307) and the presence of meconium-stained amni- 
otic fluid (298 versus 308) were associated with a de- 
creased monocyte L-selectin expression, although these 
differences attained significance ( p  < 0.05) only when 
acute infection was considered as a covariate. Granulo- 
cyte L-selectin expression was not affected by the mode 
of delivery, asphyxia, or meconium-stained amniotic 
fluid. 

When umbilical cord blood samples (n = 127) were 
compared with blood samples from cubital veins of 
healthy adult volunteers (n = 28), L-selectin expression 
was significantly higher in granulocytes from adults (me- 
dian fluorescence: 412 versus 343, p < 0.001). This was 
also true when the nine neonates with acute bacterial 
infection were excluded or when the analysis was re- 
stricted to normal-term healthy newborns. Monocyte 

L-selectin expression in adults and newborns was indis- 
tinguishable (median fluorescence: 311 versus 303, p > 
0.1). 

There was a considerable overlap in the range of rela- 
tive L-selectin fluorescence intensities of both granulo- 
cytes and monocytes between the group of newborns 
with acute bacterial infection and the respective control 
group (Figs. 1 and 2). However, eight of nine newborns 
with acute bacterial infection had a granulocyte or mono- 
cyte L-selectin expression below the 10th percentile of 
the control group (sensitivity 89%) compared with 19 of 
118 controls (specificity 84%). Calculations of negative 
and positive predictive values were not applicable due to 
the design of the study. 

DISCUSSION 

Although L-selectin down-regulation induced by a 
number of inflammatory signals in vitro has been estab- 
lished in murine and human neutrophils (10-17), this 
study now links reduced L-selectin expression of granu- 
locytes and monocytes to activation of the immune sys- 
tem in vivo. L-Selectin down-regulation occurring during 
acute bacterial infection in vivo may be triggered either 
by bacterial products, such as FMLP-related peptides or 
lipopolysaccharides, or host-derived soluble mediators 
released during an ongoing acute systemic inflammatory 
response, such as cytokines, leukotriene B4, or C5a. 
However, the association of reduced L-selectin expres- 
sion and acute bacterial infection may also be explained 
by the presence of a more immature phenotype in the 
circulation either as a risk factor or as a consequence of 
acute bacterial infection. The latter view is strengthened 
by the close mutual associations between acute bacterial 
infection, I/T ratio, and L-selectin expression. 

Diminished L-selectin surface expression is supposedly 
linked with an impairment of L-selectin-dependent func- 
tions, such as extravasation, aggregation, or attachment 
to immobilized platelets (1-7, 14-16, 19). However, be- 
cause the loss of L-selectin surface expression observed 
in newborns with acute infection is partial rather than 
total, it may also be associated with focusing the extrava- 
sation of preactivated phagocytes on the most inflamed 
areas, where the reduced leukocyte L-selectin density is 
counteracted by an increased density of endothelial L-se- 
lectin ligands. This mechanism may balance the limited 
phagocyte supply from the bone marrow in newborns 
with acute bacterial infection, who typically present with 
leukopenia rather than leukocytosis (23). 

Little is known about mechanisms involved in up- 
regulating L-selectin expression. To a variable extent, 
L-selectin is expressed on all stages of granulocyte and 
monocyte precursor cells in the bone marrow (27), and 
L-selectin-negative granulocyte and monocyte precur- 
sors have been induced to express L-selectin by 3-d 
culture with IL-1, IL-2, IL-5, or IL-6 in vitro (28). How 
this may relate to complex events in vivo, e-g. emergency 
cesarean delivery, is presently unknown. Acute lack of 
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oxygen itself does not appear to induce L-selectin up- 
regulation, inasmuch as both a low umbilical cord artery 
pH and the presence of meconium in the amniotic fluid 
were found to be associated with a small L-selectin down- 
regulation (monocytes) or with no change at all (granu- 
locytes). 

In a previous study of umbilical cord blood lympho- 
cytes isolated by Percoll density-gradient centrifugation, 
we found lymphocyte L-selectin expression to be down- 
regulated in acute bacterial infection of newborn infants 
in vivo (22). A number of leukocyte isolation procedures 
have been demonstrated to result in artificial loss of 
L-selectin from the surface of monocytes (29), whereas 
preparation methods involving sedimentation with dex- 
tran or hydroxyethyl starch have the additional risk of 
also inducing loss of neutrophil L-selectin (13, 29). Thus, 
analysis of unpurified blood is mandatory in correctly 
assessing L-selectin expression of all leukocyte popula- 
tions simultaneously. Unfortunately, the lysing proce- 
dure used in this study did not allow accurate measure- 
ment of lymphocyte L-selectin expression due to variable 
contamination of the lymphocyte gate with residual unl- 
ysed red blood cells. This problem may be overcome in 
the future by increasing the time of lysis and changing the 
composition of the lysing solution or by double- 
fluorescence analysis using phycoerythrin-conjugated an- 
ti-CD45 MAb. 

In fetal umbilical cord blood sampled percutaneously 
at 23 to 34 wk of gestation (21), eosinophils have been 
reported to constitute a large proportion of the granulo- 
cytes (median 46%, range 10-88%). However, seven of 
the eight samples had been from fetuses with isoimmune 
disease such as Rh incompatibility shown previously to 
be associated with increased eosinophil counts in fetuses 
of less than 34 wk gestation (30). Compared with those 
data published for specimens obtained antenatally (21), 
the values we found were significantly lower (p < 0.01) 
for both absolute eosinophil counts (0-530/pL, median 
1101pL) and eosinophil percentages of total granulocytes 
(0-20%, median 2%) in umbilical cord blood of newborns 
of less than 35 wk gestation (n = 27). Eosinophils from 
fetuses, term newborns, and adults have been reported to 
express L-selectin at about one third the level of neutro- 
phils in the same specimen (21, 31). L-Selectin down- 
regulation occurs also in eosinophils in response to cal- 
cium ionophores, but the role of physiologic stimuli has 
not been elucidated yet (30). In the postnatal specimens 
of the study presented here, eosinophils constituted only 
a small proportion of granulocytes irrespective of gesta- 
tional age, and results are unlikely to have been con- 
founded by varying proportions of eosinophils. Eosino- 
phi1 percentages of Wright-Giemsa-stained blood smears 
were not related to granulocyte L-selectin surface expres- 
sion measured by flow cytometry or to any parameter 
associated with altered granulocyte L-selectin expres- 
sion. The question may be addressed prospectively using 
double-fluorescence measurements with antLCD16 and 
anti-L-selectin MAb. 

No single presumptive test has proved sufficient to 
identify the newborn infant with early-onset sepsis or to 
rule out bacterial infection in newborns presenting with 
ambiguous clinical signs. Most institutions use an array 
of different parameters to increase sensitivity and speci- 
ficity of laboratory workup. Granulocyte and monocyte 
L-selectin expression both display an overlap of ranges of 
newborns with and without acute bacterial infection. 
However, when L-selectin expression of both granulo- 
cytes and monocytes was taken into account, the sensi- 
tivity and specificity obtained compared favorably with 
established laboratory parameters of early-onset sepsis 
(22-26). Determining the usefulness of L-selectin surface 
expression as a part of sepsis screens is beyond the scope 
of-the study presented here, and the potential of this 
approach remains to be determined. 
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