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Background: Proadrenomedullin (pro-ADM) for the diag-
nosis of proven and clinical sepsis in a newborn cohort includ-
ing preterm newborns has not been investigated. We aimed to 
investigate the value of pro-ADM as a new marker by compar-
ing it with conventional markers in neonatal sepsis (NS).
Methods: Participants were stratified into three groups; pro
ven sepsis (Group 1a), clinical sepsis (Group 1b), and the con-
trol group (Group 2), which consisted of newborns of matched 
gestational age and birth weight. Sequential measurements of 
white blood cell count, C-reactive protein (CRP), interleukin-6 
(IL-6), and pro-ADM were compared.
Results: A total of 76 patients with NS (31 with proven sep-
sis and 45 with clinical sepsis) and 52 healthy controls were 
enrolled. Mean baseline serum levels of CRP, IL-6, and pro-ADM 
were significantly higher in both Group 1a and Group 1b as 
compared with healthy controls (P < 0.001 for both). Although 
mean baseline CRP and IL-6 levels were similar between groups, 
mean baseline pro-ADM level was higher in the proven sepsis 
group than in the clinical sepsis group (P < 0.001).
Conclusion: The use of pro-ADM in combination with other 
acute-phase reactants such as CRP and IL-6 for the diagnosis and 
follow-up of patients with NS has high sensitivity and specificity.

Neonatal sepsis (NS) is a potentially life-threatening clinical 
condition that requires early intervention. NS is associated 

with high morbidity and mortality rates if not treated promptly. 
Although ideally antibiotic therapy should be directed against 
the causative agent, results of cultures take around 48–72 h to be 
processed, and any delay in the initiation of treatment for sepsis 
may be catastrophic (1,2). Several acute-phase reactants such as 
C-reactive protein (CRP) and interleukin-6 (IL-6) have proven 
helpful in the diagnosis of an ongoing infection. However, the 
rate at which each marker begins to show elevations and the 
time to normalization differs with each marker (3–7).

Human adrenomedullin (ADM) is an immunomodulator 
with various described metabolic and vascular modulatory 
effects, and elevations in tissue levels of the peptide have been 
reported to occur as a response to disrupted blood circulation. 
It plays an important role in regulating blood volume; it also has 
potential antimicrobial effects, which have a protective effect 
against organ damage, particularly in the setting of sepsis (8–10). 
Its serum levels show rapid elevations during sepsis, followed by 

rapid clearance from the circulation, which makes it difficult to 
detect because of its half-life of 22 min. Pro-ADM (pro-ADM), a 
more stable precursor molecule to ADM, was reported to corre-
late well with other markers such as IL-6 and CRP as a predictor 
of prognosis in patients with sepsis (10). Elevations of pro-ADM 
have been reported in systemic inflammatory response syn-
drome (SIRS), sepsis, and septic shock in adults (11,12).

The aim of this study was to investigate the presence of any cor-
relation between pro-ADM and IL-6 and CRP in NS, as well as to 
evaluate the value of pro-ADM measurement in the follow-up of 
this disorder. To the best of our knowledge, this is the first clinical 
study in which pro-ADM was evaluated for its potential role as a 
marker in NS of both preterm and term newborns.

Results
A total of 80 newborns fulfilling the criteria for a diagnosis of 
sepsis were enrolled in the study, four of whom died before con-
clusion of all study proceedings. Of the remaining 76 patients, 31 
had proven sepsis (Group 1a) and 45 had clinical sepsis (Group 
1b). The control group (Group 2) consisted of 52 healthy con-
trols. The demographic characteristics of the study population 
are summarized in Table  1. The differences between patients 
with sepsis (Group 1) and healthy controls (Group 2) with regard 
to each of maternal age, gestational age, birth weight, gender, 
and mode of delivery were statistically insignificant. However, 
none of the healthy controls were born to mothers with prema-
ture rupture of membranes (PROM), but 13 (17.1%) of the new-
borns who developed sepsis were born following PROM.

A comparison of markers of sepsis obtained at baseline 
revealed white blood cell (WBC), CRP, IL-6, and pro-ADM lev-
els to be significantly higher in newborns with sepsis as com-
pared with healthy controls (P < 0.05, P < 0.001, P < 0.001, and 
P < 0.001, respectively). When patients were divided into two 
groups based on gestational age, no statistically significant dif-
ference in terms of baseline WBCs, CRP, IL-6, or pro-ADM 
were observed between preterm newborns (<37 gestational wk; 
n = 47) and term newborns (≥37 gestational wk; n = 29).

A comparison of patients with sepsis on the basis of the age 
of diagnosis revealed newborns with late-onset NS (LOS; n = 
30) to have been born at significantly lesser gestational ages 
(29.9 ± 4.2 vs. 35.2 ± 4.8 wk) with lower birth weights (1,371 ± 
728 vs. 2,437 ± 1,052 g) than patients with early-onset NS (EOS) 
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(n  = 46) (P < 0.001 for both). Furthermore, significantly more 
subjects in the LOS group had proven sepsis as compared with 
the EOS group (P < 0.001). Mean baseline serum levels of CRP 
and pro-ADM were higher in patients with LOS than in patients 
with EOS (P = 0.012 and P = 0.047, respectively). After 48 and 
120 h, statistically significant elevations of CRP levels only were 
observed in the LOS group as compared with patients with EOS 
(P = 0.026). The observed trend for CRP levels was to remain 
elevated for longer time period and to return to normal later in 
patients with LOS than those with EOS.

Subgroup comparisons revealed patients with clinical sepsis 
to have significantly higher baseline WBC levels than healthy 
controls (P = 0.015). Similarly, mean baseline serum levels of 

CRP, IL-6, and pro-ADM were significantly higher in both 
Group 1a and Group 1b as compared with healthy controls (P 
< 0.001 for all). Comparisons between patients with proven 
and clinical sepsis revealed a statistical significance only with 
regard to mean baseline pro-ADM level, which was higher in 
the proven sepsis group (P < 0.001). Pro-ADM was found to 
be positively correlated, albeit weakly, with CRP (r = 0.468; P = 
0.01) and IL-6 (r = 0.386; P = 0.01). Results of subgroup analy-
sis have been summarized in Table 2.

The microorganisms that were isolated from the blood cul-
tures of patients with sepsis were Staphylococcus epidermidis in 
14 cases (45.1%), Escherichia coli in six cases (19.3%), Klebsiella 
pneumonia in six cases (19.3%), and Acinetobacter baumannii in 
two cases (6.5%). Growths of Klebsiella oxytoca, Pseudomonas 
aeruginosa, and Serratia marcescens were observed in one case 
each (3.25%). Overall, Gram-positive bacteria were isolated in 
14 (45%) patients with proven sepsis as compared with a Gram-
negative growth in 17 (55%) patients. Baseline serum levels of 
IL-6 and pro-ADM were significantly higher in newborns with 
confirmed Gram-negative sepsis as compared with those infected 
with Gram-positive bacteria (P = 0.013 and P = 0.003, respec-
tively). Changes in serum levels of CRP, IL-6, and pro-ADM 
from baseline are depicted in Figure 1, which shows a relatively 
slower decline in CRP levels as compared with the other markers.

Receiver operating characteristic (ROC) analysis was used to 
determine the power of variables to differentiate groups, and 

Table 1.  Demographic characteristics of patients with sepsis 
and healthy controls

Parameter
Group 1 (sepsis)  

(n = 76)
Group 2 (controls) 

(n = 52) P value

Maternal age, ya 25.6 ± 4.9 26.6 ± 5.7 0.06

Gestational age, wka 33.1 ± 5.2 32.4 ± 3.8 0.32

Birth weight, ga 2,016 ± 1,070 1,903 ± 768 0.48

Male genderb 49 (64.5%) 32 (61.5%) 0.73

Mode of delivery 
(cesarean)b

39 (51.3%) 32 (61.5%) 0.25

aValues are given as mean ± SD. bValues are given as percentage.

Table 2.  Comparison of WBC, CRP, IL-6, and Pro-ADM levels in subjects with proven sepsis, clinical sepsis, and healthy controls

Parameter
Proven sepsis (Group 1a) 

(n = 31)
Clinical sepsis (Group 1b) 

(n = 45)
Control group (Group 2)  

(n = 52) P value

Baseline

WBC1 13,490 ± 8,019 16,664 ± 7,762 12,919 ± 4,471 0.015a

CRP1 29.1 ± 13.1 22.6 ± 15 0.78 ± 1.26 <0.001b

<0.001a

 IL-61 381.4 ± 396.2 252.2 ± 334.8 7.6 ± 7.5 <0.001b

<0.001a

Pro-ADM1 53.4 ± 34.4 18.2 ± 27.1 1.86 ± 1.03 <0.001b

<0.001a

<0.001c

After 48 h

WBC2 13,258 ± 5,958 14,322 ± 6,006 — 0.58

CRP2 26.7 ± 14.1 16 ± 12.1 — <0.001c

IL-62 110.2 ± 224.1 15.5 ± 17.9 — 0.006c

Pro-ADM2 11.1 ± 23 10.9 ± 22.2 — 0.99

After 120 h

WBC3 12,014 ± 3,231 13,788 ± 5,326 — 0.52

CRP3 12.9 ± 12.3 5.7 ± 8.7 — 0.005c

IL-63 9.5 ± 9.4 7.1 ± 9.1 — 0.554

Pro-ADM3 3.2 ± 2.1 3.2 ± 1.8 — 0.96

All values are given as mean ± SD.

CRP1, baseline C-reactive protein levels; CRP2, CRP at 48 h; CRP3, CRP at 120 h; IL-61, baseline interleukin 6; IL-62, IL-6 at 48 h; IL-63, IL-6 at 120 h; Pro-ADM1, baseline proadrenomedullin; 
Pro-ADM2, Pro-ADM at 48 h; Pro-ADM3, Pro-ADM at 120 h; WBC1, baseline white blood cell count; WBC2, WBC at 48 h; WBC3, WBC at 120 h.
aGroup 1b vs. Group 2. bGroup 1a vs. Group 2; cGroup 1a vs. Group 1b.
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the area under the curve (AUC) was calculated. The optimal 
cutoff values for WBCs, CRP, IL-6, and pro-ADM were identi-
fied by plotting ROC curves. ROC curves of all patients with 
sepsis vs. healthy controls are depicted in Figure 2. The AUC, 
specificity, sensitivity, positive predictive value (PPV), nega-
tive predictive value, and cutoff levels are listed in Table 3. The 
calculated cutoff values for CRP, IL-6, and pro-ADM in dis-
tinguishing patients with sepsis group were 4.87 mg/l, 26 pg/
ml, and 3.9 nmol/l, respectively, with specificities and PPVs 
of 100% for all three markers. Respective sensitivities of these 
cutoff values were 84.2%, 84.2%, and 86.8%; negative predic-
tive values were 81.2%, 81.2%, and 83.9%, respectively. AUC 
analysis for comparing patients with proven sepsis and healthy 
controls once again revealed the set cutoff values for CRP, IL-6, 
and pro-ADM to have specificities and PPVs of 100%, with 
respective sensitivities of 96.7%, 93.5%, and 93.5%; negative 
predictive values for the three markers were 98.1%, 96.2%, and 
96.2%, respectively.

Discussion
The goal of this study was to investigate the value of pro-ADM 
measurements for making a diagnosis of NS by comparing it 
with CRP and IL-6. An ideal marker would need to have a sensi-
tivity of 100% with negative predictive values and PPVs of >85%, 
to avoid unnecessary use of antibiotics (13–15). With this study, 
we managed to demonstrate a specificity and PPV of 100% for 
pro-ADM, similar to the other acute-phase reactants. The sensi-
tivity and negative predictive value of pro-ADM were 86.8% and 
83.9%, respectively, values that were higher than those obtained 
for the other markers.

ADM has bactericidal activity, which is further enhanced by 
its regulation and modulation of complement activity (9,16). 
Not surprisingly, serum levels of ADM were shown to be 
increased in sepsis (17). There are two primary mechanisms 
that might be responsible for the marked increase in circulating 
ADM in sepsis. First, ADM is widely expressed and extensively 
synthesized during sepsis, similar to other calcitonin peptides 
including procalcitonin and calcitonin-gene related peptides, 
because ADM is a member of the CALC gene family (18). In a 

second potential mechanism, decreased clearance by the kid-
neys may be responsible in part for increased levels in sepsis 
(17). Pro-ADM is the stable active substance and has a longer 
half-life than ADM. Therefore, in this study we chose pro-ADM 
for evaluation of NS.

In a study on 53 adult patients with sepsis and 48 patients 
with SIRS, pro-ADM levels of the sepsis group were found to 
be higher than those in the SIRS and control group (P < 0.001). 
These patients with sepsis, severe sepsis, and septic shock dem-
onstrated progressively higher pro-ADM levels (19). In a simi-
lar study in adults (20), progressively higher levels of pro-ADM 
were observed in patients with SIRS, sepsis, severe sepsis, and 
septic shock (P < 0.05). Reported AUC values for pro-ADM 
in both these studies after ROC curve analysis were 0.81 and 
0.87, respectively. We, on the other hand, reported on a value 
of 0.97. However, unlike the former studies, we did not distin-
guish between patients with SIRS, sepsis, sever sepsis, and sep-
tic shock. However, considering that the endothelial damage 
is more extensive, pro-ADM would be expected to be higher 
in such patients. Instead, we performed comparisons between 
patients with clinical and proven sepsis and between patients 
with EOS and LOS, with statistically significant elevations in 
pro-ADM levels of subjects with positive culture results.
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Figure 1.  Box-and-whisker plots. (a) C-reactive protein (CRP), (b) interleukin-6 (IL-6), and (c) proadrenomedullin (pro-ADM) levels of patients with neona-
tal sepsis, showing the median (solid black line), 25th and 75th percentiles (ends of the box), and the range (whiskers).
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Figure 2.  Receiver operating characteristic curves for sepsis group versus 
control group on reference line (black line), white blood cell (dashed 
line), C-reactive protein (dotted line), interleukin-6 (gray line), and pro-
adrenomedullin (bold black line).
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In a clinical study involving 40 full-term newborns, pro-
ADM levels were significantly higher in the severe sepsis 
group as compared with the mild sepsis group (P < 0.05). 
The limitations of this study were the smaller sample size, the 
fact that only full-term newborns were enrolled, the lack of 
sequential measurements of pro-ADM, and non-disclosure of 
blood culture results (21). In our study, we enrolled 76 patients 
with sepsis, 61.8% of whom were born at <37 wk of gestation. 
Subgroup analysis revealed significantly higher levels of pro-
ADM as compared with those of healthy controls in patients 
with either proven or clinical sepsis (P < 0.001 for both). 
Furthermore, patients with proven sepsis also had significantly 
higher levels of pro-ADM as compared with those with clinical 
sepsis (P < 0.001).

In a study by Miguel et al. (22) in which cord blood pro-
ADM levels of newborns born after high-risk pregnancies/
deliveries were compared with healthy controls, a statistically 
significant difference was not observed. The high-risk group 
consisted of neonates who experienced severe asphyxia or 
were born to mothers who were carriers for group B strep-
tococcus or who experienced PROM, intrapartum maternal 
fever, or chorioamnionitis. In our study, a comparison of pro-
ADM levels of the 13 newborns (17.1%) delivered after PROM 
with those without PROM did not reveal a statistically signifi-
cant difference. None of the other aforementioned risk factors 
were encountered in our study population. A recent study 
that investigated the perinatal factors affecting midregional-
proADM (MR-proADM) plasma concentrations in newborns 
demonstrated that MR-proADM concentrations were elevated 
especially in those born very preterm. The authors concluded 
that immaturity and infection, which both feature low systemic 
vascular resistance, were related to increase in MR-proADM 
concentrations (23).

Our study has some limitations. First, we enrolled both term 
and preterm newborns in the study population. This limita-
tion did not affect the results but reveals the lack of homoge-
neity. Second, there was no statistically significant difference 
between patients with or without PROM in the sepsis group, 

and this might affect biochemical results. Further studies are 
needed to evaluate only preterm newborns without maternal 
infectious factors. Third, patients with clinical sepsis had sig-
nificantly higher levels of WBCs than controls, but patients 
with culture-proven sepsis did not; as this does not seem logi-
cal given the rest of the data. However, this may be result of 
more patients with leukopenia in the proven sepsis group.

Conclusion
Pro-ADM is a novel marker that may be used especially for 
early diagnosis of NS. The fact that pro-ADM levels showed 
more rapid decreases as compared with CRP in our study sug-
gests that rather than being used alone, use of pro-ADM in 
combination with conventional acute-phase reactants may be 
more useful in diagnosis and follow-up of patients with NS.

Methods
Patient Selection
The study was conducted in the neonatal intensive care unit of Zekai 
Tahir Burak Maternity Teaching Hospital, Ankara, Turkey, between 
May and September 2011. This unit has 150 incubators and serves as 
a referral Level III neonatal intensive care unit with about 4,000 new-
born admissions per year. This trial was approved by Zekai Tahir Burak 
Maternity Teaching Hospital Ethics Committee, and newborns were 
enrolled in the study after written parental consent.

Suggested diagnostic criteria for sepsis in neonates (two or more of 
the following clinical features) were used to identify patients for sep-
sis evaluations (24): (i) respiratory compromise includes the following: 
tachypnea, increased apnea, severe apnea, increased ventilatory sup-
port, or desaturation; (ii) cardiovascular compromise, including bra-
dycardia, pallor, decreased perfusion, or hypotension; (iii) metabolic 
changes including hypothermia, hyperthermia, feeding intolerance, 
glucose instability, or metabolic acidosis; or (iv) neurologic changes 
consists of lethargy, hypotonia, or decreased activity (25), in addition 
to laboratory results showing elevated levels of CRP or IL-6. Patients 
with culture positivity were accepted as proven sepsis (24). Patients 
with findings supporting the presence of heart failure, maternal preec-
lampsia, or severe intracranial bleeding (III–IV), in all of which con-
ditions elevations in plasma ADM have been reported (12,17,26–28), 
were excluded from the study.

Patients with sepsis (Group 1) were further divided into two sub-
groups based on whether they had proven (Group 1a: newborns with 
positive blood cultures, clinical findings in agreement with the diagno-
sis, and elevated IL-6 and/or CRP levels during the clinical course) or 

Table 3.  The AUC, cutoff, specificity, sensitivity, PPV, and NPV of WBC, CRP, IL-6, and Pro-ADM

AUC Cutoff level Specificity (%) Sensitivity (%) PPV (%) NPV (%)

WBC Sepsis group vs. control group 0.594 15,300 78.8 51.3 78 52.6

Proven sepsis vs. clinical sepsis 0.357 11,000 80 48.4 62.5 69.2

Proven sepsis vs. control group 0.493 6,100 98.4 22.6 87.5 67.6

CRP Sepsis group vs. control group 0.963 4.87 100 84.2 100 81.2

Proven sepsis vs. clinical sepsis 0.640 24 74.2 53.3 52.3 75

Proven sepsis vs. control group 0.996 4.87 100 96.7 100 98.1

IL-6 Sepsis group vs. control group 0.965 26 100 84.2 100 81.2

Proven sepsis vs. clinical sepsis 0.616 45 83.8 37.8 48.1 77.3

Proven sepsis vs. control group 0.985 26 100 93.5 100 96.2

Pro-ADM Sepsis group vs. control group 0.971 3.9 100 86.8 100 83.9

Proven sepsis vs. clinical sepsis 0.751 23 67.7 84.4 75 79.2

Proven sepsis vs. control group 0.988 3.9 100 93.5 100 96.2

AUC, area under the curve; CRP, C-reactive protein levels; IL-6, interleukin 6; NPV, negative predictive values; PPV, positive predictive values; Pro-ADM, proadrenomedullin; WBC, white 
blood cell count.
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clinical (Group 1b: newborns with clinical findings of infection plus a 
significant rise in IL-6 and/or CRP levels during the clinical course, but 
with negative blood cultures) sepsis. The control group (Group 2) con-
sisted of healthy newborns who were admitted to neonatal intensive care 
unit for other than sepsis.

Patients were further subdivided into two groups based on the time 
of development of sepsis; patients diagnosed within the first 72 h of life 
were considered to have EOS, whereas the development of sepsis in 
newborns older than 72 h was described as LOS.

Laboratory Analyses
The day the a clinical diagnosis of sepsis was made was considered day 
1, and venous blood sampling was performed within the first 6 h after 
first presentation. Blood sampling was repeated after 48 and 120 h after 
first presentation. From each sample obtained, determination of WBC 
count and CRP and IL-6 levels was performed immediately, with the 
remaining supernatant stored at −70 °C pending collective determina-
tion of pro-ADM levels at the end of the study period.

Complete blood counts were obtained using a twice-daily calibrated 
Cell-Dyn 3700 automated hemocytometer (Abbott, Abbott Park, IL). 
Serum concentrations of CRP were measured by a Tina-quant CRP 
(Latex; Roche Diagnostics, Mannheim, Germany) high sensitivity 
immune turbidimetric assay on a Roche Modular P analyzer (Roche 
kit, Roche Diagnostics, Mannheim, Germany) according to manufac-
turer instructions. Normal range of CRP was 0–5 mg/l. Plasma levels 
of IL-6 were determined by IL-6 solid phase, enzyme labeled, chemi-
luminescent sequential immunometric assay on an IMMULITE 2000 
analyzer, (Siemens Diagnostic Product Corporation, Los Angeles, CA) 
per manufacturer instructions. IL-6 levels >25 pg/ml were regarded as 
abnormal (13).

Pro-ADM Assay
Pro-ADM levels were measured using a commercial human pro-ADM 
radioimmunoassay kit (Cusabio Biotech, Wilmington, DE). Standards 
or samples were then added to the appropriate microtiter plate wells 
with a biotin-conjugated antibody preparation specific for pro-ADM 
and Avidin (Innova Biosciences, Cambridge, UK) conjugated to horse-
radish peroxidase was added to each microplate well and incubated. 
This was followed by addition of a 3,3′,5,5′ tetramethyl-benzidine 
substrate solution to each well. Only wells that contained pro-ADM, 
biotin-conjugated antibody, and enzyme-conjugated Avidin exhibited a 
change in color. The enzyme–substrate reaction was terminated by the 
addition of a sulfuric acid solution and the color change was measured 
spectrophotometrically at a wavelength of 450 nm ± 2 nm. Values of 
pro-ADM were provided as nmol/l.

Blood Culture
Blood cultures were performed on newborns when NS was suspected. 
Blood culture was not taken from healthy controls. The Bactec microbial 
detection system (Becton-Dickinson, Sparks, MD) was used to detect 
positive blood cultures. Two positive blood culture tests were required 
to confirm S. epidermidis sepsis.

Statistical Analyses
Statistical analyses were performed using the SPSS for Windows (ver-
sion 15.0) statistical package. χ2 test was used to compare categorical 
variables between groups. The Kolmogorov–Smirnov test was used to 
evaluate the normal distribution assumption for numerical variables. 
Difference between two groups was examined by independent samples 
t-test for normally distributed variables and Mann Whitney U test for 
nonnormally distributed variables. Difference among more than two 
groups was examined by ANOVA and Kruskal–Wallis test for normally 
and nonnormally distributed variables, respectively. Discriminatory 
performance of variables was determined by area under the ROC 
curve and best cutoff values were calculated using the Youden index. 
Spearman correlation coefficient was used to examine the relationship 
between numerical variables. A P value of <0.05 was considered indica-
tive of statistical significance.
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