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Abstract

Aim: Neonatal sepsis is the most common cause of morbidity and mortality. Serum ischemia-modified albumin (IMA)
is a specific and sensitive marker for ischemic conditions. We aimed to investigate IMA levels in neonatal sepsis and its
relation to disease severity.

Material and Method: A prospective controlled study was conducted in a tertiary neonatal intensive care unit (NICU)
between March 2012 and December 2012. Neonates diagnosed with sepsis younger than 28 days’ postnatal age were
enrolled. Serum IMA levels with blood culture, C- reactive protein (CRP) complete blood count, and peripheral smear
were obtained at the time of diagnosis. Clinical data, clinical risk index for babies (CRIB), and pediatric logistic organ
dysfunction score (PELOD), septic shock, and prognosis were recorded.

Results: 39 patients and 22 healthy controls were enrolled. Mean gestational age (GA) and birth weight (BW) of patients
were 30.1 + 4.2 weeks and 1257 + 474 g, respectively. Serum IMA levels were significantly higher in patients compared to
controls (p=0.04). Serum IMA levels were higher in patients with septic shock (n=8) compared to patients without shock
(n=31), but the difference was not statistically significant (p=0.348). Serum IMA levels were correlated CRIB score (p=0.008,
rho=0.337), white blood count (WBC) (p=0.008, rho=0.419) and absolute neutrophil count (ANC) (p=0.006, rho=0.429).

Conclusion: Serum IMA levels were significantly higher in septic neonates. However, there was no significant difference
between neonates with septic shock and without shock. Serum IMA levels may be useful in neonatal sepsis at the time of

diagnosis. Further studies are needed for predicting disease severity in a larger group of septic neonates.
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Oz
Amag: Yenidogan sepsisi en sik goriilen morbidite ve mortalite nedenidir. Serum iskemi modifiye albimin (IMA), iskemik

durumlar igin spesifik ve hassas bir belirtectir. Bu galismada yenidogan sepsisinde IMA diizeylerini ve hastalik siddeti ile

iliskisini arastirmayi amacladik.

Gereg ve Yontem: Mart 2012 ile Aralik 2012 tarihleri arasinda tglincti basamak yenidogan yogun bakim tnitesinde (NICU)
prospektif kontrolli bir calisma yapilmistir. Postnatal 28 glinden kigik sepsis tanisi alan bebekler ¢calismaya dahil edildi.
Sepsis tanisinda kan kiiltiirii, C-reaktif protein (CRP) tam kan sayimi ve periferik yayma ile birlikte serum iMA diizeylerine
bakildi. Klinik veriler, bebekler icin klinik risk indeksi (CRIB) ve pediyatrik lojistik organ disfonksiyon skoru (PELOD), septik
sok ve prognoz kaydedildi.

Bulgular: Calismaya 39 hasta ve 22 saglikh kontrol dahil edildi. Hastalarin ortalama gebelik haftasi ve dogum agirligi
sirasiyla 30.1 * 4.2 hafta ve 1257 + 474 gramdi. Hastalarda serum IMA diizeyleri kontrollere gére anlamli olarak yiiksekti
(p=0.04). Septik sok tanisi alan hastalarda (n=8) serum IMA dtizeyleri sok olmayan hastalara gére daha ytksekti (n =31),
ancak fark istatistiksel olarak anlamli degildi (p=0.348). Serum IMA diizeyleri, beyaz hiicre sayisi (p=0.008, rho=0.419),
mutlak noétrofil sayisi (p=0.006, rho=0.429) ve CRIB skoru (p=0.008, rho=0.337) ile korelasyon gosterdi.

Sonug: Sepsisli yenidoganlarda serum iIMA diizeyleri anlamli olarak yiiksek bulundu. Bununla birlikte, septik soku olan ve
olmayan yenidoganlar arasinda anlamli bir fark yoktu. Serum iMA diizeyleri yenidogan sepsis tanisinda yararl olabilir. Hastaligin
siddetini tahmin etmede kullanilabilmesi icin sepsis tanisi olan daha ¢ok sayida yenidoganda yapilan ¢alismalara ihtiyag vardir.

Anahtar Kelimeler: iskemi modifiye albumin; yenidogan; sepsis

Introduction

Neonatal sepsis is a systemic inflammatory response syndrome
that is secondary to infection. Sepsis is a significant cause of
morbidity and mortality in newborns (1). While the mortality
rate among full-term infants is approximately 3%, the mortality
rate in preterm infants is as high as 30% to 54% (2, 3). The
presence of acute organ dysfunction characterizes severe
sepsis. Cardiac failure and hypoperfusion are observed in nearly
half of the infants with sepsis. Inadequate tissue perfusion is
the most important event leading to morbidity and mortality
in sepsis (4). Progressive tissue hypoperfusion associated with
generalized inflammation and endothelial activation can occur
before the development of hypotension (5).

Ischemia-modified albumin (IMA) is generated due to the
modification of the N-terminus cobalt binding sites of the
albumin by the effect of released free radicals from ischemic
tissues. IMA is a specific and sensitive marker for an ischemic
process (6). It is well known that IMA rises within minutes
from the onset of the ischemic event and remains elevated for
several hours after cessation of ischemia. It was first described
as a new biomarker in myocardial ischemia (7). However,

current studies suggest it as a marker for the early diagnosis

of oxidative stress in different clinical conditions such as
chronic kidney disease, hyperlipidemia, and diabetes (8-10).
The high serum IMA levels have been detected in newborns
with perinatal asphyxia, necrotizing enterocolitis, severe fetal
hypoxia, neonatal sepsis, anemia of prematurity, and transient
tachypnea (11-16). The inflammation reduces the binding
capacity of albumin to cobalt, resulting in higher IMA levels (8,
17). We hypothesized that septic neonates had elevated IMA
levels associated with inflammation and perfusion failure. This
study aims to investigate IMA levels in neonatal sepsis and their
relation to severe sepsis and prognosis.

Material and method

A prospective controlled study was conducted in a tertiary
neonatal intensive care unit between March 2012 and December
2012. Term and preterm infants diagnosed with sepsis younger
than 28 days’ postnatal age were enrolled. Postnatal age-
matched healthy infants were taken as controls. Patients and
controls were enrolled in the same period. Exclusion criteria
were determined as major congenital anomalies, perinatal
asphyxia, hemodynamically significant patent ductus arteriosus,
and surgery last week. The local Ethics Committee approved the
study. Informed consent was obtained from the parents.
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i. Definitions

Neonates with two or more of the following clinical features
were evaluated for sepsis: a) Respiratory deterioration

(tachypnea, apnea, increased ventilatory support); b)
Cardiovascular deterioration (bradycardia, pallor, decreased
Metabolic disturbances

perfusion or hypotension); c)

(hypoglycemia, hyperglycemia, metabolic acidosis); d)
Temperature irregularities (hypothermia, hyperthermia); e)
Feeding intolerance; f) Neurologic deterioration (lethargy,
hypotonia, decreased activity). All infants with suspected sepsis
were evaluated with laboratory tests, including complete blood
count (CBC), peripheral blood smear, C-reactive protein (CRP),
and blood culture. Laboratory criteria used as indicators of sepsis
were as following: a) White blood cell (WBC) count >34.000/
mm?3 or <5000 /mm?; b) Absolute neutrophil count (ANC) <1500/
mm3or >14.500/ mm?3; c) Immature /total neutrophil ratio >0.2;
e) Platelet count <100.000/ mm3; f) CRP >10 mg/dI. In addition
to clinical criteria, if two or more laboratory abnormalities were
present, the infant was diagnosed as sepsis. The proven sepsis
in patients with positive blood culture was considered. Patients

with negative cultures were considered as clinical sepsis.

Severe sepsis with septic shock and organ dysfunction was
defined according to the criteria described in the 2005
International Consensus Conference on Pediatric Sepsis
(18). Septic shock was defined as sepsis with cardiovascular
dysfunction despite the administration of isotonic intravenous
fluid bolus >40 mL/kg in 1 hour. Cardiovascular dysfunction
was described as the presence of hypotension (<5th percentile
for age or systolic blood pressure <2 SD below normal for age)
or need for a vasoactive drug to maintain blood pressure in
the normal range or at least two of the following conditions:
unexplained metabolic acidosis (base deficit> 5 mEq/L),
elevated arterial lactate (>2 times upper limit of normal),
oliguria (urine output <0.5 mL/kg/h), prolonged capillary refill
(>5 sec.), core to peripheral temperature gap >3°C. Multiorgan
dysfunction syndrome (MODS) was defined as more than two

organ dysfunctions.
ii. Measurements

Venous blood samples for IMA were obtained within 24 h of
sepsis diagnosis. Samples were centrifuged at 5000 rpm for 10
min and stored at -80 °C until analysis. Serum IMA levels were
measured by a colorimetric assay developed by Bar-Or et al. (19)
based on the measurement of unbound cobalt after incubation

with the patient’s serum. Increased amounts of IMA results in

9

less cobalt binding and more residual unbound cobalt available
for complex with a chromogen (dithiothretiol-DDT), which can
be measured photometrically. The procedure was as follows:
50 pL of 0.1% cobalt chlorides was added to 200 pL of serum,
gently mixed, and waited for 10 min for adequate cobalt-albumin
binding. Then, 50 uL of DDT, at a concentration of 1.5 mg/ml,
was added as a colorizing agent, and the reaction was stopped
2 min later by adding 1.0 mL of 0.9% NaCl. The colored product
was measured at 470 nm and compared to a serum—cobalt blank
without DTT and reported in absorbance units (ABSU).

Adjusted IMA was calculated as (individual serum albumin
concentration/median serum albumin concentration of the
population) x IMA value. The correct IMA values for serum albumin
(median serum albumin concentration of each group of the

subjects were used separately) were obtained by this formula (20).
iii. Clinical data and outcome measures

Clinical data, clinical risk index for babies (CRIB) score, pediatric
logistic organ dysfunction score (PELOD), presence of septic
shock, MODS, and death were recorded. Laboratory data,
including blood gases, WBC, CRP, and culture results, were also
recorded. The primary outcome was the difference in serum
IMA levels between infants with sepsis and healthy controls.
Secondary outcomes were the association of IMA with CRIB
and PELOD score, measures of organ dysfunction, markers of

inflammation, and clinical outcome.
iv. Statistical analysis

Statistical analyses were conducted using SPSS version 17.0
(SPSS Inc., Chicago, IL). Data are expressed as numbers (n),
frequencies (%), medians with minimum-maximum values,
and mean % standard deviation. Student t-test and Mann-
Whitney u test were used to compare continuous parametric
and nonparametric variables. The chi-square (x2) test was used
to compare categorical variables. Spearman and Pearson’s
correlation coefficients were used for nonparametric and
parametric data, respectively. Differences were considered

significant at a probability level of p<0.05.
Results

Thirty—nine neonates with sepsis and 22 healthy controls
were enrolled. There were no statistical differences regarding
demographic characteristics between the groups (Table 1).
Mean gestational age and birth weight of the study group
patients were 30.1 + 4.2 weeks and 1257 + 474 g, respectively.
Three patients had MODS. Six of the patients with sepsis died.
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| sepsis(n=39) | Control(n=22) |  pvalues |
IMA(ABSU* | 089+062 | 0543037 | 004 |

NICU: Neonatal intensive care unit, RDS: respiratory distress syndrome, PDA: Patent ductus arteriosus, IVH: Intraventricular hemorrhage, CRIB:
clinical risk index for babies, IMA: ischemia modified alboumin, ABSU: absorbance units, *The values are presented as mean + Standard Devia-

tion, **The values are presented as median (minimum-maximum), P<0.05: Statistically significant

Ten of patients (25%) were diagnosed as early-onset of neonatal
sepsis, while 29 patients (75%) with sepsis were diagnosed late-
onset of neonatal sepsis. Blood cultures were positive in 24
(61%) infants with sepsis, and cerebrospinal fluid (CSF) cultures
were positive in two of them. Causative microorganisms were
Gram-positives in eleven patients, namely Staphylococcus
(n=4), spp.
(n=5), group B streptococcus (n=2), and Gram-negatives for

aureus coagulase-negative  Staphylococcus
13 patients, namely Escherichia coli (n=5), Pseudomonas
aeruginosa (n=2), Klebsiella spp. (n=3), Enterobacter aerogenes

(n=2), and Citrobacter spp. (n=1).

Ischemia-modified albumin, and adjusted IMA levels were
significantly higher in neonates with sepsis compared to controls
(p=0.04, p=0.031) (Table 1). The IMA levels were similar among
patients with clinical and proven sepsis. Patients with Gram-positive

sepsis and Gram-negative sepsis also had similar IMA levels.

There was no statistical difference for laboratory findings,
including WBC, ANC, immature/total neutrophil ratio, and CRP in
septic infants with shock (n=8) and without shock (n=31) (Table
2). Median platelet count was lower in septic infants with shock
compared to septic infants without shock, and the difference
was statistically significant (p=0.003). Clinical data for CRIB and
PELOD scores were compared in the septic patients with shock
and without shock. The PELOD clinical score was significantly
higher in patients with septic shock compared to patients
without septic shock (p=0.001). Serum IMA and adjusted IMA
levels were similar in patients with and without septic shock
(p=0.348, p=0.646). Serum IMA and adjusted IMA levels were
higher in patients with late-onset sepsis compared to patients
with early neonatal sepsis, the results were not statistically
significant (p=0.459). Moreover, the IMA levels were similar in

patients with early neonatal sepsis and controls (p=0.329).

_ Infants without septic shock (n=31) | Infants with septic shock (n=8)
ANC (/mm?)* 8000 (150-41,550) 4505 (360-32,100)
Platelet count (/mm?)* 234,000 (12,000-420,000) 37,500 (12,000-189,000) |  0.003 |

CRIB score** 3.48 +4.04 58+3.4 . 006 |
IMA (ABSU) ** 0.81+0.56 1.15 +0.82 0.348

WBC: White blood cells, ANC: Absolute neutrophil count, CRP: C- reactive protein, CRIB: clinical risk index for babies, PELOD: pediatric logistic
organ dysfunction, IMA: ischemia modified albumin, ABSU: absorbance units, *Values were presented as median (minimum-maximum),
**Values were presented as mean +SD, P<0.05: Statistically significant
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The IMA levels were similar in male and female infants and not
correlated with GA, BW, postnatal age, and laboratory findings,
including CRP, WBC, immature/total ratio, and PELOD score. IMA
levels were correlated with the CRIB score (p=0.008, rho=0.337),
WBC (p=0.008, rho=0.419) and ANC (p=0.006, rho=0.429).

The ROC (Receiver operating characteristic) analysis was
performed for the confirmation of neonatal sepsis. IMA levels
with a cutoff point of 0.45 ABSU seems to be an appropriate
tool for the diagnosis of neonatal sepsis with a sensitivity of
71%, and specificity of 50% (AUC [area under the curve] =0.659;
p=0.04 [asymptomatic 95%confidence interval = 0.520-0.798]).

Discussion

Albumin is the most abundant serum protein and is a powerful

extracellular antioxidant. Ischemia-modified albumin is a
modification of serum albumin that results from oxidative stress
and concurrently produced superoxide radicals that appear during
ischemic events. Oxidative stress plays a vital role in the pathogenesis
of sepsis. In septic patients, inflammation and tissue hypoxia is the

primary source to produce reactive oxygen species (15).

Initially, IMA has been reported as a marker for cardiac ischemia
(7). Recent studies have demonstrated that IMA levels were
also associated with other ischemic conditions such as liver
cirrhosis, sepsis, brain ischemia, end-stage renal disease, and
mesenteric ischemia in adult patients (21, 22).

Elevated cord blood levels of IMA have been determined
in complicated deliveries with hypoxic-ischemic stress (12).
lacovidou et al. reported that cord blood IMA levels at term
newborns did not differ between healthy and intrauterine
growth-restricted infants. In this study, it was also reported that
IMA levels were higher in cases of cesarean section compared
to vaginal delivery. IMA levels of cord blood were not found to
be correlated with gestational age or gender in the same study
(23). In our study, male and female newborns had similar serum
IMA levels, which were not correlated with GA and BW.

Recently, a few studies are reporting IMA levels in neonates
associated with diseases causing ischemic-hypoxic events. In a
study including neonates with necrotizing enterocolitis, higher
serum IMA levels were reported. Besides, they reported that
IMA levels were found to be superior to CRP and IL-6 in both
diagnosis and follow-up (13). Elevated IMA levels were also
determined in neonates with severe transient tachypnea (14).
Yerlikaya et al. reported that serum IMA levels were increased
in patients with late-onset neonatal sepsis and a decrease of
IMA levels after treatment (15). Furthermore, it was reported
that serum IMA level is a useful marker in neonatal sepsis at the
time of diagnosis (24). Similar to these findings, in the present

1

study, we demonstrated higher serum IMA levels in patients
with neonatal sepsis compared to controls, but we did not find
any significance in patients with early neonatal sepsis. However,
this is the first study comparing the IMA levels according to the
severity of sepsis in the neonatal period. Serum IMA levels were
higher in neonatal sepsis with septic shock, but the difference
was not statistically significant. A small number of cases with
septic shock can explain this finding.

Early neonatal morbidity and mortality are greatly affected by
neonatal sepsis and the following septic shock. Sepsis is the cause
of 30-50% of total neonatal mortality every year in developing
countries (25). Early recognition and treatment of neonatal
sepsis are essential for prognosis. The diagnosis of sepsis may
be delayed in newborns due to the absence of specific clinical
signs and symptoms (26). In addition to blood culture, typical
diagnostic parameters include conventional laboratory tests that
are routinely serum-based, such as WBC, ANC, I/T ratio, and CRP
(27, 28). The other acute-phase proteins for diagnostic accuracy
in neonatal sepsis had also been demonstrated, including serum
amyloid A, procalcitonin, lipopolysaccharide-binding protein,
mannose-binding lectin, and hepcidin. The serum IL-6, IL-8, IL-10,
and TNF-a concentrations elevated before those of acute-phase
reactants were detected in infants with sepsis. Biomarkers should
assist in the prediction of disease of severity at the onset of
infection and predict later prognosis with the therapy of neonatal
sepsis (29). The present study demonstrated elevated IMA levels
at the onset of sepsis, similar to previous studies.

There were several limitations in our study. Firstly, the blood
samples were taken only on the first day of diagnosis, and the
course of IMA levels during sepsis and after treatment were
not evaluated. Secondly, the number of patients with septic
shock and non-survivors was small, which might lead to type
Il statistical error. These may explain why we could not show
a relation between IMA levels and the severity of the disease.

In conclusion, the results suggest that serum IMA levels might
be a useful biomarker in neonatal sepsis at diagnosis. However,
further studies are needed for predicting disease severity in a
larger group of septic neonates.
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