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CA B S T R A C T

c oc oBackground.Background. Adhesion molecules in sepsis syndrome are
correlated with the severity of illness and may be considered
as predictors of survival outcome in adults. However, only
few studies have been performed in infants and none using
international criteria for sepsis. .eObjective. To determine
whether adhesion molecules during the first 7 days of the di-
sease could predict sepsis outcome and its severity. a irMaterial

   e dn  and methods. We performed a prospective study in 88 in-
fants with sepsis and 30 controls. Soluble intercellular adhe-
sion molecule (ICAM)-1, vascular cell adhesion molecule
(VCAM)-1, and E-selectin levels were determined at days 1, 3
and 7 of follow-up in those patients with sepsis and only one
determination in the control group. The main outcome mea-
sure was mortality during 10 days of monitoring. Results.
Positive hemoculture was reported in 64(72.7%). ICAM-1,
VCAM-1, and E-selectin levels were higher in the group of
sepsis than in the control group. However, no association was
found between ICAM-1, VCAM-1 or E-selectin levels with sep-
sis severity. Mortality linked to sepsis was observed in 9 pa-
tients (10.2%). In the logistic regression analysis, those
variables positively associated with mortality were the increa-
se in ICAM-1 levels > 250 ng/mL between day 1 to 3, number
of amines and the baseline severity of sepsis. However, we did
not identify in those patients who died a specific pattern in ad-
hesion molecules levels during follow up. oConclusions.
ICAM-1 levels, number of amines and severity of sepsis levels
predict mortality during 10 days of monitoring in infants
younger than 1 year of age with sepsis.

 re  e  rKey words.Key words. Sepsis. E-selectin. ICAM-1. VCAM-1. Mortality.

         e c l r  h  rMoléculas de adhesión intercelular
             t a     n o   r   s  i  ny mortalidad por sepsis en niños menores

 u   e d n    un  e dde un año de edadde un año de edad

E NR E S U M E N

e .e e sAntecedentes. Las moléculas de adhesión en el síndrome de
sepsis se correlacionan con la severidad de la enfermedad y se
consideran como predictores de la sobrevida en adultos. Sin
embargo, sólo escasos estudios se han realizado en niños y
ninguno utilizando los criterios internacionales para definir
sepsis. ib oObjetivo. Determinar si durante los primeros siete
días de la enfermedad las moléculas de adhesión predicen la
severidad y desenlace de la misma.       .e i  y é dMaterial y métodos. Se
realizó un estudio prospectivo en 88 niños con sepsis y 30 con-
troles. La molécula de adhesión intercelular soluble (ICAM)-1,
la molécula de adhesión vascular  (VCAM)-1 y los niveles de
E-selectina se determinaron en los días 1, 3 y 7 del seguimien-
to en los pacientes con sepsis y sólo una determinación se
efectuó para el grupo control. La variable primaria de desenla-
ce fue la mortalidad en los diez días de seguimiento. Re ulResulta-
dos. Se reportó hemocultivo positivo en 64 casos (72.7%). Los
niveles de ICAM-1, VCAM-1 y E-selectina fueron mayores en
el grupo de sepsis que en el grupo control. Sin embargo, no se
encontró asociación entre los niveles de ICAM-1, VCAM-1 o
E-selectina y la severidad de la sepsis. La mortalidad asociada
a sepsis se observó en nueve pacientes (10.2%). En el análisis
de regresión logística, las variables positivamente asociadas a
mortalidad fueron el incremento en los niveles de ICAM-1 >
250 ng/mL entre el día 1 a 3, número de aminas y la severidad
basal de la sepsis. Sin embargo, no se identificó un patrón es-
pecífico en los niveles de las moléculas de adhesión en el grupo
que falleció. n l scncl sConclusiones.Conclusiones. Los niveles de ICAM-1, el núme-
ro de aminas y la severidad de la sepsis predicen la mortalidad
a diez días de seguimiento en niños menores de un año de
edad con sepsis.

b  .s lb s l .Palabras clave.Palabras clave. Sepsis. E-selectina. ICAM-1. VCAM-1. Mor-
talidad.
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INTRODUCTION

Sepsis remains an important health problem in
children and adults.1,2 Endothelial damage accounts
for much of the pathology of sepsis, resulting in
capillary leak, hypotension, microvascular thrombosis,
and finally, multiple organ dysfunction (MOD) and
lethal outcome.3 Members of the selectin family of
glycoproteins such as endothelial (E)-selectin mediate
the initial step of leucocyte adherence and rolling on
activated endothelium, and members of adhesion mo-
lecules, such as intercellular adhesion molecule
(ICAM)-1 and vascular cell adhesion molecule
(VCAM)-1, have been reported to mediate firm adhe-
sion between leucocytes and endothelium and subse-
quent diapedesis.4-6 Furthermore, some studies have
reported that levels of endothelium derived soluble
adhesion molecules in severe sepsis syndrome are
correlated with the severity of illness and may be
considered as predictors of survival outcome.7-12

However, only few studies have been performed in
children and none of them in a representative popula-
tion of younger than 1 year of age, when sepsis is
highly prevalent. For example, recently Figueras, et
al.,11 reported that high baseline increases in ICAM-1
and VCAM-1 levels in newborn infants with sepsis and
positive hemoculture may be secondary to the inflam-
matory process leaded by the next microorganisms:
Staphylococcus epidermidis, Enterococcus faecalis,
Streptococcus agalactiae, Enterobacter cloacae, Kleb-
siella oxytoca. However, they did not consider the In-
ternational Pediatric Sepsis Consensus Conference,13

for sepsis definitions. Therefore, we performed a
prospective study of patients younger than 1 year of
age with sepsis to define the relationship between
ICAM-1, VCAM-1 and E-selectin levels and clinical
severity of the disease as well as to identify whether
these adhesion molecules levels during the first 7
days of the disease could predict mortality.

MATERIAL AND METHODS

Eighty eight consecutive infants with sepsis, se-
vere sepsis, multiple organ dysfunction (MOD) or
septic shock admitted to the Pediatric Intensive
Care Units in the Hospital of Gynecology and Obste-
trics in the General Hospital in Leon, Mexico, were
recruited. Control group consisted of 30 infants
with diagnosis other than sepsis, including tran-
sient tachypnea of the newborn and those
programmed for simple surgical interventions such
as hydrocele, cleft lip and palate, or equinovarus
foot. None of these patients had evidence of systemic

inflammatory response syndrome and in all cases
blood sample for adhesion molecules determination
was obtained before the surgery.

All infants had gestational age older than 35 weeks,
and at least 2 kg at birth weight. Exclusion criteria
were patients with innate immunodeficiency, severe
congenital anomalies, metabolic-diseases or complex
cardiac diseases.

The study protocol was approved by the local Ethi-
cal Committee in both hospitals. The purpose of the
study was fully explained to each parent, and written
informed consent was obtained before enrollment.

Sepsis, severe sepsis, septic shock, and MOD were
defined according to the International Pediatric Sep-
sis Consensus.13

Mortality was considered the outcome measure.
Day of suspecting sepsis was defined as day 1 or ba-
seline determinations.

By chart review and asking to the parents we ob-
tained infant’s age, antenatal and postnatal steroids
use, pregnancy complications, cause of sepsis and
other comorbidities. Body weight and height were
determined with the patient naked using a scale
with 10 g and 0.5 cm of precision respectively.

Infection was demonstrated microbiologically
when the growth of at least one microorganism was
observed in a biological fluid that should have been
sterile (blood, pleural or peritoneal liquid, urine, ce-
rebrospinal fluid). Stafhylococcus epidermidis bacte-
remia was regarded as true bacteremia when the
same strain was obtained from at least two positive
blood cultures.

At the two participating hospitals routine culture
to bacteria, such as blood cultures, urine culture,
cultivation of tracheal aspirate, cerebrospinal fluid
(CSF), from catheter tip cultures, secretion and stool
culture were conducted. The type of culture was
made at the discretion of the requested physician ac-
cording to the clinical suspicion of sepsis focus. Stu-
dies such as pharyngeal throat culture, antigen
rotavirus detection, and other special studies at CSF
for virus and parasites identification were only pro-
cessed in specific cases. In all cases of negative hemo-
culture, antibiotherapy was maintained for at least 7
days in case of the attending physician considered
that the syndrome was probably due to sepsis, espe-
cially when patients had received previous antibiotics
in private or public medical assistance.

Me m ntMeasurementsMe m tnMeasurements

A 2 mL venous blood sample was obtained from
central catheter or by peripheral venipuncture on
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days 1, 3, and 7 of sepsis. In the control group, a
blood sample was obtained only at one time when
general blood studies were request. Samples were
centrifugated immediately for 10 min and serum was
stored at -70 oC until it was processed (no longer
than 6 months).

yAssaysyAssays

Soluble E-selectin, ICAM-1, and VCAM-1 concen-
trations were evaluated by ELISA according to the
instructions of the manufacturer (BioSource Europe
S.A.). The intra-assay CV was 5.4, 5.6, 4.8%, and
the interassay CV was 6.0, 7.8, 6.7%, for E-selectin,
ICAM-1, and VCAM-1 respectively. The sensitivity
limit was 0.5 ng/mL for all this determinations.

a s i a  s sStatistical analysisa i  s a  s sStatistical analysis

Results are expressed as mean ± SD or 95% CI.
Differences between the control and sepsis group
were assessed by χ2 for proportions. The Mann-Whit-
ney U test or Student’s t-test was used for variables

displaying non-normal or normal distribution res-
pectively. We evaluate associations between stage of
sepsis and adhesion molecule levels on days 1, 3 and
7 by Spearman correlation analysis. Cumulative in-
fluence of adhesion molecule levels, age, sepsis fo-
cus, type of antibiotic therapy, and septic state on
mortality was investigated by backward logistic re-
gression analysis considering enter a variable if p <
0.05 and remove it if p > 0.1. Statistical analysis
was performed using the STATISTICA software ver-
sion 6.0 (Statsoft Inc. Tulsa OK).

RESULTS

We evaluated 118 infants younger than 1 year of
age (88 with a diagnosis of sepsis and 30 controls).
Infants in the control group never developed SIRS,
not even after surgery. There was no difference in
anthropometric characteristics, age or gender
among infants with sepsis and controls, however,
the levels of ICAM-1, VCAM-1 and E-selectin were
significantly higher at baseline in the group with
sepsis than in the control group (Table 1). The ma-
jority of patients in this group were included at ear-

 .  .Table 1.Table 1. General characteristics and baseline markers of inflammation in infants with and without sepsis.

Variable Infants with sepsis (n = 88) Infants without sepsis (n = 30) p

Gender (M/F) 46/42 15/15 0.85
Age (months) 3.5 (2.8-4.2) 2.9 (1.5-4.2) 0.37
Weight (kg) 4.1± 2.0 4.5± 2.2 0.43
Height (cm) 53.7± 7.8 54.9 ± 7.2 0.43
VCAM-1 (ng/mL) 1726 (1611-1841) 251.8 (187.2-316.3) < 0.0001
ICAM-1(ng/mL) 374.4 (293.6-455.2) 233.1 (182.2-284.0) 0.04
E-Selectin (ng/mL) 229.8 (187.7-271.9) 135.1 (105.0-165.3) 0.01

Values are showed as mean ± SD or mean (95% CI) according to the distribution of variables.

   . Table 2. Endothelial adhesion molecule values in different days of monitoring in infants with and without mortality associated to sepsis.

Days of follow- up Variable Alive (n = 79) Dead (n = 9) p value

1 VCAM-1 1709 (1586-1832) 1869 (1503-2235) 0.41
ICAM-1 371.7 (284.0-459.5) 397.8 (173.1-622.5) 0.84

E-selectin 218.2 (175.2-261.2) 331.7 (148.0-515.3) 0.10

3 VCAM-1 2244 (1999-2488) 2357 (1287-3427) 0.77
ICAM-1 572.3 (482.8-661.8) 873.0 (220.7-1525) 0.06

E-selectin 194.8 (144.9-244.8) 437.9 (200.8-2534) 0.03

7 VCAM-1 2660 (2312-3007) 3462 (1893-5032) 0.24
ICAM-1 568.8 (483.3-654.3) 458.8 (244.0-673.6) 0.50

E-selectin 153.4 (125.6-181.1) 189.2 (69.7-595.1) 0.54

Results are expressed as mean (95% CI).
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ly stages of the process of sepsis: 65(73.8%) in sep-
sis, 11(12.5%) in severe sepsis, 5(5.7%) in multiple
organ dysfunction and 7(8.0%) in septic shock.

The primary sites of sepsis focus were mainly res-
piratory tract and neonatal sepsis. Positive cultures
were reported in 64 patients (72.7%). However 10 of
the 24 patients with negative hemoculture had recei-
ved at least two antibiotics in private or public as-
sistance in the last 10 days. Isolated multiresistant
pathogens corresponding to Acinetobacter, Pseudo-
monas and Klebsiella occurred in 24 patients
(27.3%). These pathogens trend to be more frequent-
ly isolated in those infants who maintained or
progressed to the diagnosis of multiple organ dys-
function or septic shock during follow up (5/26 =
19.2%) compared with those who maintained or
changed to sepsis or severe sepsis (5/62 = 8.0%; p =
0.07) but were not related to mortality or adhesion
molecules levels.

No association was found between ICAM-1(rho =
-0.10: p = 0.32), VCAM-1(rho = 0.11; p = 0.35) and

E-selectin (rho = -0.20; p = 0.28) levels evaluated at
day 1 or even during follow up with sepsis severity.

Mortality occurred in 9 (10.3%) of all infants with
sepsis. In these patients, E-selectin levels on day 3
were higher than those who survived (Table 2). Five
of them were female and in 3 cases no pathogens
were isolated. Adhesion molecules did not show a
specific pattern (Table 3).

In the logistic regression analysis, those varia-
bles positively associated with mortality were the
increase in ICAM-1 levels > 250 ng/mL between
day 1 to 3, number of amines needed during the pe-
riod of evaluation and the baseline severity of sep-
sis (Table 4).

DISCUSSION

We performed a study in infants with sepsis
within the first 10 days of surveillance at diagnosis.
In more than half cases included, the sepsis origin
was respiratory tract, which is consistent with tho-

   . Table 4. Logistic regression analysis for variables associated with mortality within 10 days of surveillance on infants with sepsis.

Variable Coefficient p

ΔICAM-1 > 250 ng/mL from day 1 to 3 0.22 0.01
Baseline sepsis severity 0.46 < 0.0001
Each number of amines > 1 0.69 < 0.0001

Intercept 0.6059, Std. Error 0.14. R2 = 0.38; p < 0.0001 for the model.

  l  3 Table 3. Characteristics of patients with sepsis who died during follow up.

Case No. Gender Hemoculture Adhesion molecules Day of dead

13 Female Staphylococcus aureus Only E-selectin levels were higher than survivors on days 1 and 3. 4
coagulase-negative.

30 Female Enterobacter sp + VCAM-1 levels were higher than survivors on days 1 and 3 but similar on day 7. 8
Staphylococcus aureus ICAM-1 and E-selectin levels were higher than survivors only on day 1.
coagulase-negative.

31 Female Negative All adhesion molecules were higher than survivors only at baseline. 6

48 Male Pseudomonas sp Only VCAM-1 on days 1 and 3 were higher than survivors. 10

52 Male Negative All adhesion molecules were higher than survivors on days 1 and 3. 4

66 Male Negative VCAM-1 and ICAM-1 were higher than survivors on day 3, 5
whereas E-selectin levels were higher on days 1 and 3.

69 Female Klebsiella pneunoniae + All adhesion molecules were higher than survivors on days 1 and 3. 6
Pseudomona aeruginosa.

76 Male Klebsiella pneunoniae + All adhesion molecules were similar to those who survived. 10
Pseudomona aeruginosa.

80 Female Candida albicans + Baseline levels of all adhesion molecules were similar to those who survived, 8
Escherichia coli. but they were higher than survivors on days 3 and 7.
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se reported by Watson, et al.,14 in the pediatric po-
pulation of the United States.

Overall mortality rate in these children was
10.2%, similar to that reported by Whalen, et al.,9 in
children of ~2 year of age.

Almost in a third of these patients we detected
multiresistant pathogens. Bacterial resistance is
currently one of the most important problems of in-
fectious pathology and patients infected with Gram-
negative resistant strains have shown increased
mortality and longer hospitals stays.15

Compared with controls, in our study, all adhe-
sion molecule levels in patients with sepsis were
significantly higher as previously reported.16-18

However, only the increase in ICAM-1 levels > 250
ng/mL between days 1 to 3 was related to mortality.
This increase in ICAM-1 levels was probably due to
the higher inflammatory response in patients who
died. Consistent with our results Figueras, et al.,11

found a cutoff level of ICAM-1 > 274 µg/L to predict
positive hemoculture in neonatal sepsis. Also Wha-
len, et al.,9 reported that, in children with sepsis-in-
duced multiple organ dysfunction, plasma ICAM-1
levels independently predicted number of organ fa-
ilures, development of more than three organ failu-
res, and mortality.

We did not identify in those patients who died a
specific pattern in adhesion molecules levels during
follow up. The biological functions of soluble adhe-
sion molecules in patients with sepsis are poorly un-
derstood. Some studies suggest that soluble forms of
adhesion molecules can increase inflammation acti-
vating neutrophil integrin ligands and promoting
neutrophil adhesion.19,20 Furthermore, the forma-
tion of oxygen radicals by neutrophils originate the so-
called “respiratory burning”,21,22 which can have
deleterious consequences and explain many of the chan-
ges that have been observed in sepsis and septic
shock. On the other hand, it is possible that these
adhesion molecules could have anti-inflammatory
effects in vivo. Soluble ICAM-1 may prevent leuko-
cyte adhesion to endothelium by competitively bin-
ding to leukocyte counterreceptors.23 Soluble
E-selectin administered intravenously prevents in-
tratracheal lipopolysaccharide-induced emigration of
neutrophils into alveoli in rats.24 Another objec-
tion might be that endothelial adhesion molecules
are locally released, and thus measurement of con-
centrations in the circulating blood might not ac-
curately reflect the concentrations of local active
molecules. Thus we detected that the response to
endothelial injury is complex and dynamic in the
sepsis evolution.

Number of amines needed during follow up and
baseline severity of sepsis were also predictive fac-
tors of mortality and together with ICAM increase
levels > 250 ng/mL between days 1 to 3 predict 38%
of this outcome.

Some limitations of this study include that we did
not evaluate antimicrobial effectiveness and calcula-
tion of sample size was expecting a 20% of mortali-
ty. Subsequent studies with a higher sample size are
needed to proof these adhesion molecules cut-off po-
ints according to specific therapies. However,
the strength of the study is due to the repeated
measurements of adhesion molecules and accurate
assessment of patients according to the Internatio-
nal Pediatric Sepsis Consensus which establishes
definitions and criteria for facilities conducting
clinical studies in children with sepsis.

CONCLUSIONS

We have shown that ICAM-1 levels, number of
amines and severity of sepsis levels predict mortality
during 10 days of monitoring in children younger
than 1 year of age with sepsis. However, we did not
identify in those patients who died a specific pattern
in adhesion molecules levels during follow up.
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