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The role of sample collection timing
on interleukin-6 levels in early-onset neonatal sepsis
A influência do tempo de coleta
sobre os níveis de interleucina-6 na sepse neonatal precoce
Renato S. Procianoy1, Rita C. Silveira2

Abstract

Resumo

Objective: To assess different perinatal findings and sample
collection timing in newborns with early-onset sepsis comparing
those with low IL-6 levels to the ones with high levels.

Objetivo: Avaliar os diferentes achados perinatais e o tempo da
coleta da amostra em recém-nascidos com sepse neonatal precoce,
comparando os recém-nascidos com nível baixo e alto de IL-6.

Methods: Eighty-five newborn infants, with clinical signs of
sepsis and/or positive blood cultures, had plasma IL-6 collected in
the initial evaluation for early-onset sepsis in the first 96 hours of life.
They were classified in two groups according to their plasma IL-6
levels: higher, and equal to or lower than IL-6 median value for the
whole septic group

Métodos: Oitenta e cinco recém-nascidos com sinais clínicos de
sepse e/ou hemoculturas positivas tiveram plasma coletado na avaliação inicial da sepse neonatal precoce nas primeiras 96 horas de vida.
Foram divididos em: a) acima (grupo de nível elevado) e b) igual ou
abaixo (grupo de nível baixo) da mediana da IL-6 do grupo total.

Results: Median IL-6 for the whole group was 89 pg/ml. High
and low level groups were formed by 42 and 43 newborns respectively.
There were no differences between the two groups regarding
gestational ages, birth weights, cesarean-section proportion, Apgar
scores, number of neonates with maternal risk factors for infection,
number of maternal intrapartum antibiotic therapy, and number of
positive blood cultures. Median plasma IL-6 in the high level group
was 287 pg/ml, and in the low level group 46 pg/ml (p < 0.001).
Median sample timing was 17.5 hours of life for the high level group
and 36 hours of life for the low level group (p < 0.001). There was
a significant negative correlation coefficient between IL-6 levels and
sample collection timing.

Resultados: A mediana da IL-6 para o grupo total foi de 89 pg/ml.
Os grupos de nível elevado e de nível baixo foram constituídos por 42
e 43 recém-nascidos, respectivamente. Não houve diferença significativa entre ambos os grupos quanto a idade gestacional, peso de
nascimento, proporção de parto cesariano, escores de Apgar, número
de recém-nascidos cujas mães tiveram fator de risco para infecção,
número de mães que receberam antibiótico intraparto e número de
hemoculturas positivas. A mediana da IL-6 plasmática do grupo de nível
elevado foi 287 pg/ml, e do grupo de nível baixo foi 46 pg/ml
(p < 0,001). A mediana do tempo de coleta foi 17,5 horas de vida no
grupo de nível elevado e 36 horas de vida no grupo de nível baixo (p
< 0,001). Houve uma significante correlação negativa entre níveis de
IL-6 e tempo de coleta da amostra.

Conclusion: Sample collection timing is an important factor for
detection of high plasma IL-6 level in newborn infants with earlyonset sepsis.

Conclusão: O tempo de coleta da amostra é um fator importante
para a detecção de níveis elevados de IL-6 em recém-nascidos com
sepse neonatal precoce.
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The inflammatory response is mediated by cytokines
that are used as neonatal infection markers, especially
interleukin-6 (IL-6). IL-6 is an inducer of hepatic protein
synthesis, promotes production and liberation of C-reactive
protein, and can be detected early when there is bacterial
bloodstream invasion. It acts as a signal for T-cell
activation, promotes antibody secretion by B cells and
differentiation of cytotoxic T cells, and stimulates liberation
of other cytokines, particularly TNF-α and Il-1ß.1-5
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IL-6 is an early marker of neonatal sepsis. Several
studies have shown sensitivity in the range of 75 to 90% in
the first 24 hours of neonatal infection, and an abrupt
decrease 48 hours after the beginning of clinical
manifestations.6-9 Recent studies reported high IL-6 levels
in umbilical cord blood in newborns with early-onset sepsis
whose mothers had chorioamnionitis.10,11 However, even
though some newborn infants presented neonatal infection,
they had low plasma IL-6 levels.12
The aim of this study is to assess different perinatal
findings and sample collection timing in newborns with
early-onset sepsis comparing those with low IL-6 levels to
the ones with high levels.

Patients and methods
The study protocol was approved by the Ethics Committee
at the Hospital de Clínicas de Porto Alegre and informed
consent was obtained from patients parents or guardians.
The samples were collected before starting antibiotic therapy,
simultaneously with blood for routine exams.
Study population

We prospectively studied consecutively born neonates
with gestational age equal to or higher than 34 weeks
delivered at the obstetric center at the Hospital de
Clínicas de Porto Alegre and admitted to the neonatal
intensive care unit with diagnosis of early-onset sepsis
that was defined by clinical manifestation and/or positive
blood culture within the first 96 hours of life. All newborns
had one additional blood sample collected for IL-6
measurement at the moment of clinical suspicion of
infection.
The exclusion criteria were Apgar score lower than 8 at
5 minutes of life, clinical or laboratory evidence of congenital
infection, congenital malformation, maternal syphilis,
toxoplasmosis, rubella, cytomegalovirus, herpes virus 1
and 2 during pregnancy, HIV-positive mothers, and pre and
post natal use of corticosteroid.
The criteria for diagnosis of sepsis were as follows:
presence of positive blood culture, or negative blood culture
with the newborn presenting clinical signs of infection. The
latter was determined by the presence of three or more of
the following:2,6 a) maternal risk factors such as fever,
premature rupture of membranes for longer than 18 hours,
and urinary tract infection; b) clinical findings such as
apnea, difficult breathing, cyanosis; tachycardia or
bradycardia, perfusion deficit or shock; irritability, lethargy;
hypotonia, seizures; abdominal distention, vomits, food
intolerance, gastric residue, hepatomegaly; unexplained
jaundice; thermal instability; petechiae or purpura; and a
general appearance of not being well.
Classification of newborns

Newborn infants were classified in two groups according to their plasma IL-6 levels: higher, and equal to or
lower than IL-6 median value for the whole septic group.

High level group: septic newborn infants with IL-6 levels
higher than the median for the whole septic group.
Low level group: septic newborn infants with IL-6 levels
equal to or lower than the whole septic group median.
Determination of IL-6 in plasma

The blood samples (100 µl) were collected in tubes with
EDTA and centrifuged immediately; the plasma was frozen
at -70 °C. No venous punctures were performed exclusively
for the study.
The measurement of IL-6 was performed using an
enzyme immunoassay (Quantikine Human IL-6 R & D
Systems, Inc. MN, USA). The detection limit was 0.7 pg/ml,
with intra and interassay coefficients of variation below 5%.
Readings were carried out in an automated optical
Spectramax reader at 570 nm.
Statistical analysis

The results are expressed as means±standard deviation
(SD) or medians and interquartile range (p25-p75).
Differences between means were analyzed by Students t
test. Chi-square or Fishers exact test were employed for
fourfold tables.
Since logarithmic functions were used for the comparison
of IL-6 levels in the two groups, we were able to employ
Students t test for independent samples. Mann-Whitney
test was used for differences in sample timing. Pearsons
correlation coefficient was calculated for IL-6 and collection
timing. Significance was established at p < 0.05.
Sample size was calculated to be a total of 60 patients,
considering a significance level of 0.05, 90% power, and a
difference in IL-6 levels between the groups of 20%.

Results
Eighty-five newborns with diagnosis of neonatal earlyonset sepsis were enrolled in the study. The whole group
median IL-6 was 89 pg/ml. High level group (IL-6 > 89
pg/ml) was formed by 42 newborns, and low level group
(IL-6 < 89 pg/ml) by 43 newborns.
Maternal risk factors for infection were present in 59
(69%) newborn infants: clinical chorioamnionitis in 15,
clinical chorioamnionitis associated with urinary tract
infection (UTI) in seven, premature rupture of
membranes > 18 hours (PROM) in 11, PROM associated
with UTI in seven, UTI in 14, and fever in five.
The two groups had similar birth weights, gestational
ages, proportion of cesarean-section deliveries, Apgar scores,
number of neonates with maternal risk factors for infection,
and number of positive blood cultures. Eighteen patients
had positive blood cultures, nine in each group with the
following distribution: Group B Streptococcus in seven
(39%), Staphyloccus aureus in eight (44%), coagulasenegative Staphyloccus in one, Enterococcus faecalis in one,
and gram-negative oxidase-negative bacillum in one. There
were no differences between the groups regarding
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intrapartum maternal antibiotic therapy (ampicillin): 12
mothers received antibiotics in the high level group and 10
mothers in the low level group (Table 1).
The median IL-6 in high level group was 287 pg/ml and
in low level group was 46 pg/ml, and the median sample
collection timing was 17.5 hours of life for the high level
group and 36 for the low level group. Those differences were
statistically significant (Table1). There was a significant
negative correlation coefficient between IL-6 levels and
sample collection timing (r = -0.4, p < 0.001).
When just the newborns with positive blood cultures
were considered, the difference in median sample timing
was also statistically significant: 20 and 77 hours of life for
high and low level groups respectively (p < 0.001).
Median IL-6 levels were similar in septic newborns with
and without positive blood cultures: 108 and 121 pg/ml,
respectively.

Discussion
IL-6 is an important neonatal inflammatory mediator.
There are several studies demonstrating an elevation of
plasma IL-6 levels in septic newborn infants.6,13,14 Balance
between pro and anti-inflammatory cytokines is determinant
for their blood levels. Low IL-10 plasma level in infected
newborn infants contribute to an increase of IL-6.4,15,16
In animal studies, IL-6 maximum levels are reached
three and half hours after induced endotoxemia. Six hours
later, the levels are already very low.17 Sample collection
timing is an important factor that must be taken into account
in order to detect IL-6 peak level in sepsis.
Infants with early-onset sepsis very often present
maternal risk factors for infection; they are generally
contaminated in the uterus or during labor and delivery.18

Table 1 -
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Elevation of inflammatory mediators will probably occur in
the early course of disease.10,19
We studied neonates with gestational age equal to or
higher than 34 weeks that presented early-onset sepsis
defined by clinical manifestation and/or positive blood
culture in the first 96 hours of life. Septic neonates were
divided into two groups using the whole group median
IL-6 level as the cutoff point. Newborn infants with low
and high IL-6 levels were similar in all studied
characteristics, except for sample collection timing.
Since our objective was to compare high and low IL-6
early-onset septic newborns in relation to different
perinatal findings and sample collection timing, and it is
already well known that IL-6 levels are high in infected
newborns, it was not judged necessary to include a
control group in the study. 5-9
Neither very premature infants or those whose mothers
had been exposed to prenatal corticosteroids were included
in the study. Ex-vivo sepsis study has shown a decreased IL6 presence in monocytes of those infants in comparison to
term and near-term newborns, and adults. 20
Recently, we showed that term newborn infants with
hypoxic-ischemic encephalopathy have high plasma and
CSF IL-6 levels, demonstrating that local production of IL-6
in the brain of newborns is very significant. 21 Therefore,
asphyxiated septic infants were not included in this study.
Even though blood samples were collected as soon as
clinical findings of sepsis were detected, the lowest IL-6
levels were found in neonates whose collection was
performed with more than 24 life hours. Since most of the
patients included in the study presented clinical
manifestation early on, it is assumed that sepsis origin was
perinatal in most of them.22 Thus clinical manifestations
may appear several hours after bacterial invasion.

Clinical and laboratory data of the studied newborns
High level group

Low level group

Number of newborns

42

43

Birth weight (grams)

3,002±745

3,054±710

Gestational age (weeks)

38.3±1.9

38.3±2.2

Cesarean-section

14 (33%)

15 (35%)

Apgar 5 min

9 (8-10)

9 (8-10)

Intrapartum maternal antibiotic

12 (28.5%)

10 (23.3%)

Maternal risk factors for infection

31 (73.8%)

28 (65%)

17.5 (12-24)
[4-77]

36 (21-57)
[3-96]

287 (149-1,455)
[90-3,000]

46 (33.6-69.7)
[14-89]

Sample timing (hours of life) *
IL-6 levels (pg/ml) *

Data expressed as mean±standard deviation or median with interquartile range (p25-p75) and [range: min-max].
* Statistically significant difference, p < 0.001.
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At the moment, clinical applicability of cytokines is not
practical because enzyme immunoassay is expensive and
takes several hours to be performed. A readily available,
automatic assay is necessary for clinical purposes, and will
be accessible in the future.9
We demonstrated that IL-6 is a very early and sensitive
marker for neonatal sepsis,5 and now we suggest that the
presence of a maternal risk factor or any subtle neonatal
clinical sign is enough to indicate IL-6 sample collection for
very early sepsis diagnosis. Therefore, our data suggest
that high IL-6 levels in newborn infants with early-onset
sepsis is related to early sample collection timing, within the
first 24 life hours.
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