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Abstract
Neonatal sepsis is a life-threatening disorder among infants, which is associated with high morbidity and mortality. In 
recent years, although the management of newborns has improved, early diagnosis and treatment of neonatal early-
onset sepsis (NEOS) are the major challenges for neonatologists in Neonatal intensive care units (NICUs). We assessed the 
diagnostic value of interleukins-35 (IL-35) in diagnosis of NEOS. A prospective process evaluation study was carried out 
in the NICU of Akbar-Abadi and Ali-Asghar Hospitals affiliated to Iran University of Medical Sciences from 2017 to 2018. 
Eighty hospitalized neonates with clinical suspicion of sepsis in the first 72 h of life entered the study by convenience or 
accidental sampling. Routine hematology tests regarding sepsis diagnosis were performed after admission. All subjects 
were assigned into two groups: newborns with proven sepsis and newborns with suspected sepsis. IL-35 levels in septic 
and unlikely infected hospitalized newborns were measured using Elisa Kit (ZellBio GmbH. Cat. No; ZB-10042C-H9648, 
Human Interleukin 35), and the results were compared. The mean IL-35 in serum samples from septic neonates was sig-
nificantly higher than this variable in samples from unlikely infected newborns (13.41 ± 2.4 vs. 9.02 ± 2.6 pg/ml; p < 0.0001). 
The area under receiver-operating characteristic (ROC) curve for IL-35 was 0.895 (CI 95% = 0.826–0.963; p = 0.0001). The 
result of study showed serum IL-35 had a moderate accuracy (AUC = 0.895) for the diagnosis of NS. Therefore, serum 
IL-35 could be suggested as a predictive biomarker in neonatal early-onset sepsis. Further studies with larger sample 
size are strongly suggested.
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1 Introduction

Neonatal early-onset sepsis (NEOS) defines as a systemic 
bacteremia with positive blood–cerebrospinal fluid cul-
ture, and life-threatening complications in the first 72 h 
of neonate’s life [1]. Although the frequency of NEOS is 
relatively low (0.5–1.2 cases per 1000 live births), its mor-
bidity and mortality rates are high [2–4]. Several maternal 
and neonatal causes are involved in the etiology of neona-
tal sepsis; colonization of organisms in the genitourinary 

tract, invasive procedures during pregnancy, prolonged 
rupture of membranes, instrumental delivery, prematu-
rity, low birth weight, neonatal anomalies, and low Apgar 
scores are some of them. Group B Streptococcus, Escheri-
chia coli, and Listeria monocytogenes are also reported as 
the most frequent pathogens in NEOS [5, 6].

Cytokines including interleukins (IL-2, IL-4, IL-6, 
IL-10, IL-12, IL-18, IL-23 …), TNF-α, and IFN-γ are the 
main members of body immune system [7, 8]. Inter-
leukin 35 (IL-35) as a heterodimer is a member of IL-12 
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family which is secreted by natural regulatory T cells 
particularly cluster of differentiation 4(CD4+) and T 
helper (Th) cells and  CD4+  CD25+ regulatory T (Treg) 
cells. IL-35 has potent anti-inflammatory and immuno-
suppressive properties in inflammation-related diseases 
[9, 10]. The former studies have indicated significant 
alterations of serum IL-35 levels in patients with pri-
mary Sjögren’s syndrome, cancerous diseases, chronic 
hepatitis, rheumatoid arthritis, encephalomyelitis, 
Hashimoto’s thyroiditis, and respiratory–cardiovascu-
lar disorders [10–12]. Other studies have also indicated 
an association between plasma level of cytokines and 
sepsis; Du et al. [13] have shown a positive correlation 
between increase of IL-35 and sepsis severity in both 
adult and pediatric patients. Cao et al. have reported 
that serum levels of IL-35 in septic patients were sig-
nificantly higher than this factor among their healthy 
counterparts. They also showed that the rise of serum 
concentration of IL-35 was consistent with the level of 
sepsis severity [14]. Machado et al. reported that proin-
flammatory and anti-inflammatory cytokines could be a 
probable biomarker for neonatal sepsis. They concluded 
that alterations of cytokine mediators could be a useful 
option for sepsis diagnosing or following up tool which 
may result early management and enhanced neonatal 
survival [15]. Sood et al. also demonstrated a significant 
increase in inflammatory cytokine mediators in neona-
tal sepsis in the first 3 weeks of life. These mediators 
were reported as the potential candidate biomarkers 
for early diagnosis of neonatal sepsis (before becoming 
positive the result of a blood culture sample) [16].

In recent years, although the management of new-
borns has improved, early diagnosis and treatment of 
NEOS are the major challenges for the neonatologist in 
Neonatal intensive care units (NICUs). In some septic 
cases, symptoms may be minimal, while in other cases, 
sepsis manifestations may be postponed for several 
days, resulting in wasting of golden time. In addition, 
diagnostic workups like blood and cerebrospinal fluid 
(CSF) cultures as well as other laboratory tests may 
need much time or may have not adequate sensitivity 
or specificity. On the other hand, antimicrobial multid-
rug-resistant organisms or unnecessary antibiotic treat-
ment may be other complications for neonates clini-
cally suspicious of septicemia [17]. It seems every novel 
diagnostic tool could be beneficial and of importance. 
However, very few data are available regarding the use 
of IL-35 in identifying neonatal sepsis, and therefore, we 
conducted this study prospective process evaluation, 
to assess the diagnostic value of IL-35 in diagnosis of 
neonatal early-onset sepsis in confirming or rejecting 
findings of previous studies.

2  Methods and materials

2.1  Study design

A prospective process evaluation study was carried out 
in the NICU of Akbar-Abadi and Ali-Asghar Hospitals affil-
iated to Iran University of Medical Sciences (Tehran-Iran) 
from 2017 to 2018. Based on an investigation by Du et al. 
in [13] and using formula as well as MedCalc software; 
18.5 and area under the curve (AUC) 0.67, the proposed 
sample size was considered 40 subjects for each group. 
Using formula, the proposed sample size of 80, our study 
had a power of 80% and an alpha error of 0.05.

Eighty hospitalized neonates with clinical suspicion 
of sepsis in the first 72 h of life entered the study by 
convenience or accidental sampling. Patients with major 
congenital malformations, confirmed intrauterine viral 
infection, or lack of parental consent were excluded from 
the study.

Immediately after NICU admission, 4 CC of venous 
blood was collected, centrifuged, stored in − 80 °C, labeled, 
and sent to the laboratory. Routine complete blood 
count (CBC) was performed. C-reactive protein (CRP) by 
(QuikRead Go CRP system; sensitivity ≤ 1 mg/ml), blood 
culture, and serum IL-35 by (Elisa Kit, ZellBio GmbH. Cat. 
No; ZB-10042C-H9648, Human Interleukin 35; Assay range 
2.5–80 ng/ml (sensitivity; 0.1 ng/ml)) were measured. For 
all participants, lumbar puncture was also done, and sam-
ples were sent to the laboratory for CSF analysis. Detailed 
neonates’ demographic and prenatal data gathered 
from medical records, as well as laboratory findings were 
recorded in some checklists.

Based on the laboratory results, perinatal history (posi-
tive history of chorioamnionitis, prolonged rupture of 
membrane or positive history of β streptococci infection), 
and clinical manifestations, all subjects were assigned into 
two groups A and B.

Subjects in the group A were septic newborns with pos-
itive blood or CSF culture as well as subjects with negative 
cultures but with three clinical signs of sepsis. Sepsis signs 
were considered as below:

Temperature instability, mechanical ventilation require-
ment, heart rate dysrhythmia (Tachycardia; heart rate > 190 
and bradycardia; heart rate < 90), poor feeding or feeding 
intolerance, abdominal distension, impaired peripheral 
blood circulation (pale skin, peripheral cyanosis, delayed 
capillary filling; more than 3 s), neurological signs (lethargy, 
convulsion or irritability), abnormal laboratory findings 
including elevated CRP or abnormal hematologic cell count 

N = (Z1 − �∕2)2p(1 − p)∕d2

Z1 − �∕2 = 1.96, p = 0.67, d = 0.75
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findings whole blood count (WBC) < 5 × 109, CRP > 10 mg/L, 
I/T ratio > 0.12 or platelet < 105/μl) [13].

Subjects in group B were unlikely infected newborns. 
Although they had negative blood and CSF cultures, one or 
two sepsis signs were diagnosed. Medical treatment in this 
group was stopped after 72 h.

2.2  Primary/secondary outcomes

IL-35 levels in septic and unlikely infected hospitalized 
newborns were compared. Our primary objective was 
determining the predictive value of IL-35 in the diagnosis 
of neonatal early-onset sepsis among NICU-hospitalized 
sepsis-suspicious newborns. The secondary objectives were 
the assessment of the sepsis predictive ability of IL-35 for 
sepsis diagnosis.

2.3  Ethical considerations

The present study was taken from a medical student thesis 
with ID; IR.IUMS.REC1396.9511403001. Ethics approval was 
obtained from the Institutional Review Board of Iran Univer-
sity of Medical Sciences according to Helsinki Declaration. 
All participants’ parents gave written consent before enroll-
ment. All gathered data were considered confidential, and 
no extra cost was imposed on our participants.

2.4  Statistical analysis

Analyses were statistically performed by using software 
package SPSS version 19. We used Kolmogorov–Smirnov 
to examine normality of data related to two groups. Data 
with non-normal distributions were expressed as medians 
and interquartile ranges (IQR). Quantitative and qualitative 
variables with normal distributions were reported by mean 
and standard deviation (mean, SD) and number and per-
cent (n, %), respectively. Student t test and Mann–Whitney 
test were used for comparing quantitative data. Chi-square 
test and Fisher’s exact test were used to compare qualitative 
variables such as sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), and positive or 
negative likelihood ratios (± LR) of IL-35 in predicting NEOS 
which were calculated. Receiver operative characteristics 
(ROC) curve was constructed for IL-35, and the areas under 
the ROC curve (AUC) were calculated. Moreover, the level of 
significance was considered as p < 0.05.

3  Results

Eighty NICU-hospitalized neonates including 40 partici-
pants in each group A and B entered the study. The mean 
age of their mothers was 28.76 ± 6.60  years, and nine 

mothers (11.3%) had a history of premature rupture of 
membrane. Mean gestational age, birth weight, head cir-
cumference, and length of neonates were 37.5 ± 1.1 weeks, 
2834.2.6 ± 587.04 gr, 33.6 ± 2.4 cm, 48.3 ± 3.4 cm, respec-
tively. A comparison of general parameters between the 
two septic and unlikely infected neonates is shown in 
Table 1. No statistically significant differences were found 
in sex distribution, gestational age, birth weight, mode 
of delivery, Apgar scores at 1 and 5 min, and number of 
gestations.

Regarding laboratory data, two subjects had positive 
blood or CSF cultures, while five cases had elevated CRP. 
The mean newborn’s WBC counts on the first and third 
days were (14.5 ± 4.9) × 109 and (10.8 ± 5.7) × 109/L. The 
mean platelet counts on the first and third days were also 
(291.8 ± 64.5) × 109 and (283 ± 84.1) × 109/L. Immature-to-
total neutrophils ratios (I/T ratio) for all participants were 
negative. WBC and PLT counts on the third day of hospital 
admission in septic neonates were also significantly higher 
than these variables in the other group (p = 0.03, p = 0.03). 
On the one hand, no statistically significant differences 

Table 1  Comparison of general parameters between the two septic 
and sepsis suspicious neonates

N number, w week, gr gram, SD standard deviation, NVD normal 
vaginal delivery, C/S cesarean section

*Chi-squared test

**Student’s t test

***Mann–Whitney test

****Fisher’s exact test

Variable Septic neonates 
(n = 40)

Sepsis-suspicious 
neonates (n = 40)

P value

Sex, n (%)
 Male 29 (72.5) 31 (77.5) NS*
 Female 11 (27.5) 9 (22.5)

Gestational age, w
 Min–max 33–41 34–40 NS*
 Mean ± SD 37.2 ± 1.4 37.8 ± 1.7

Birth weight, gr
 Min–max 2080–3950 2310–4050 NS**
 Mean ± SD 2810.2 ± 587.04 2858.3 ± 674.1

Delivery mode, n (%)
 NVD 11 (27.5) 14(35) NS*
 C/S 29 (72.5) 26 (65)

Apgar 1 min,
 Median (IQR) 8.7 (6–10) 9.2 (7–10) NS***

Apgar 5 min,
 Median (IQR) 9.5 (9–10) 9.8 (8–10) NS***

Number of gestations, n (%)
 Single 37 (92.5) 38 (95) NS****
 Twin 3 (7.5) 2 (5)
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were observed between groups regarding CRP and 
CSF–blood culture results, and mean WBC–PLT counts on 
the first day of hospital admission (p > 0.05). Our results 
showed that the mean IL-35 in serum samples from sep-
tic neonates was significantly higher than this variable in 
unlikely infected neonates (13.41 ± 2.4 vs. 9.02 ± 2.6 pg/ml; 
p = 0.0001). Comparison of laboratory results in septic and 
sepsis suspicious neonates is shown in Table 2.

We also assessed the sepsis predictive ability of IL-35. 
ROC curves, calculating sensitivity, and specificity for IL-35 
are shown in Fig. 1; based on ROC curves, AUC for IL-35 was 
0.895. This level was statistically significant as a neonatal 
early-onset sepsis diagnostic value (CI 95% = 0.826–0.963; 
p = 0.0001). The cutoff values, specificity, sensitivity, and 
positive and negative predictive values (PPV & NPV) 
of IL-35 in the diagnosis of neonatal early-onset sepsis 
are shown in Table 3. Our results have shown that cut-
off > 8.05 pg/ml for IL-35 was the best diagnostic value for 
neonatal early-onset sepsis. Sensitivity and specificity with 
the cutoff > 8.05 were 97 and 32%.

4  Discussion

This study was done to evaluate the diagnosis or pre-
diction of neonatal sepsis using IL-35. Neonatal sepsis 
because of high morbidity and mortality needs early 
and precise diagnosis [18]. Traditionally, the diagnosis 
of neonatal sepsis relies on determining the pathogen 
in the blood or CSF as well as the presence of clinical 

signs and symptoms. On the other hand, some draw-
backs related to these diagnostic tools were reported; 
several studies have pointed to low sensitivity, high false 
negativity, technical difficulties, and time consumption 
of blood culture test. Assessments of other laboratory 

Table 2  Comparison of 
laboratory results in septic and 
sepsis suspicious neonates

CSF cerebrospinal fluid, n number, CRP C-reactive protein, WBC white blood cells, SD standard deviation, 
PLT platelets, IL interleukin

*Fisher’s exact test

**Student’s t test

Variable Septic neonates (n = 40) Sepsis suspicious 
neonates (n = 40)

P value

CSF culture, n (%)
 Positive 0 1 (2.5) 0.314*
 Negative 40 (100) 39 (97.5)

Blood culture, n (%)
 Positive 0 1 (2.5) 0.314*
 Negative 40 (100) 39 (97.5)

CRP, n (%)
 Positive 4 (10) 1 (2.5) 0.116*
 Negative 36 (90) 39 (97.5)

WBC × 109 on the first day, mean ± SD 14.1 ± 4.9 14.96 ± 5.01 0.433**
PLT × 109 on the first day, mean ± SD 294.15 ± 65.83 289.4 ± 63.93 0.744**
WBC × 109 on the third day, mean ± SD 11.84 ± 5.63 9.55 ± 5.56 0.03**
PLT × 109 on the third day, mean ± SD 316.51 ± 83.04 244.51 ± 70.70 0.01**
Serum IL-35, mean ± SD 13.41 ± 2.4 pg/ml 9.02 ± 2.6 pg/ml 0.0001**

Fig. 1  ROC of IL-35 level for diagnosis of early-onset sepsis among 
subjects AUC for IL-35; 0.895(CI 95% = 0.826–0.963; p = 0.0001)
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blood factors like C-reactive protein are also not specific 
enough to rely on them as the sepsis biomarkers. Clini-
cal signs and symptoms are not specific, as well. Sepsis 
overestimation and overtreatment are also reported 
as the other challenging complications that should be 
extremely avoided [17, 19–21].

Recent investigations have introduced different sepsis 
diagnostic biomarkers to determine their utility for early 
detection of NEOS, leading better neonatal outcomes; 
IL-6, presepsin, serum interleukin-33, Interleukin-27, 
salivary C-reactive protein, mean platelet volume, and 
neutrophil/lymphocyte ratio are some of them [21–24].

In the present study, IL-35 levels in septic and neo-
nates hospitalized newborns were compared to deter-
mine the predictive value of IL-35 as a biomarker in the 
diagnosis of NEOS. To our knowledge, there are very 
few investigations to assess this correlation [13, 14]. Our 
results demonstrated that the mean IL-35 in serum sam-
ples from septic neonates was significantly higher than 
this mediator in unlikely infected neonates (13.41 ± 2.4, 
9.02 ± 2.6; p = 0.0001). IL-35 is a proinflammatory and 
anti-inflammatory cytokine. It seems that immune cells 
including Treg, dendritic cells, macrophages, monocytes, 
and vascular endothelial and smooth muscle cells are 
responsible for increased serum IL-35 during sepsis [14]. 
In accordance with our results, Du et al. have indicated 
that of 157 enrolled subjects in the first 72 h of life; serum 
IL-35 concentration in sepsis infected neonates was sig-
nificantly higher than this factor in unlikely infected 
subjects (median 36.4 vs. 27.1 pg/ml, p < 0.001) [13]. Cao 
et al. have also shown that serum IL-35 concentrations 

in 20 septic children were significantly higher than in 20 
healthy counterparts (p < 0. 01) [14].

Moreover, we suppose that serum IL-35 can be 
suggested as a predictive biomarker in NEOS. Based 
on ROC curve analysis, AUC for IL-35 was 0.895 (CI 
95% = 0.826–0.963; p = 0.0001). Our results have also 
shown that the cutoff > 8.05 pg/ml for IL-35 with high 
negative predictive value and accuracy had a sensitiv-
ity of 97% and specificity of 32%. So we suggested that, 
besides other laboratory tests and sepsis signs, assessment 
of serum IL-35 could be considered as a screening test in 
neonates with clinical suspicion of early-onset sepsis. This 
screening test could be easy, noninvasive, safe, and rea-
sonable regarding the price. This finding is compatible 
with other studies; Du et al. pointed to IL-35 as a novel 
diagnostic biomarker with a high AUC (0.756) in NEOS. 
With cutoff 31.7 pg/ml, the test had a sensitivity of 78.48% 
and specificity of 66.67% [13]. However, it is supposed that 
the difference in the levels of cutoff may be due to differ-
ences in the laboratory methods. Cao et al. have also indi-
cated that serum IL-35 as a biomarker may provide some 
prognostic information in septic cases; the AUC for serum 
IL-35 level was 0.754 (CI 95%, 0.590–0.918) [14].

According to our results, WBC and PLT counts on the 
third day of hospital admission in septic neonates were 
significantly higher than these variables in the other group 
(p = 0.03, p = 0.03). On the other hand, Simonsen et al. [5] 
indicated a poor positive predictive value for WBC counts 
for sepsis diagnosis. In consistent with this finding, Hornik 
et al. have demonstrated that increased levels of both WBC 
and platelet counts after 3 days in neonates with negative 

Table 3  Sensitivity, specificity, positive predictive value, and negative predictive value of different cutoffs for diagnosis of early-onset sepsis 
among participants

True positive 39 37 34 32 29
False negative 1 3 6 8 11
True negative 13 20 29 33 34
False positive 27 20 11 7 6
Sensitivity 97% (CI 

95% = 86–99%)
92% (CI 

95% = 79–98%)
85% (CI 

95% = 70–94%)
80% (CI 

95% = 64–90%)
72% (CI 95% = 56–85%)

Specificity 32% (CI 
95% = 18–49%)

50% (CI 
95% = 33–66%)

72% (CI 
95% = 56–85%)

82% (CI 95 = 67–92%) 85% (CI 95% = 70–94%)

Positive predictive 
value

59% (CI 
95% = 46–71%)

64% (CI 
95% = 51–77%)

75% (CI 
95% = 60–87%)

82% (CI 
95% = 66–92%)

82% (CI 95% = 66–93%)

Negative predictive 
value

92% 
(CI95% = 66–99%)

86% (CI 
95% = 66–97%)

82% (CI 
95% = 66–93%)

80% (CI 
95% = 65–91%)

75% (CI 95% = 60–87%)

Accuracy 65% 
(CI95% = 53–75%)

71 (CI 95% = 60–80%) 78% (CI 
95% = 68–87%)

81% (CI 
95% = 70–89%)

78% (CI 95% = 68–78%)

Positive likelihood 
ratio

1.44 (1.15–1.80) 1.85 (1.34–2.55) 3.09 (1.83–5.19) 4.57 (2.19–9.11) 4.83 (2.25–10.35)

Negative likelihood 
ratio

13 (1.78–94.73) 6.66 (2.15–20.67) 4.83 (2.25–10.35) 4.12 (2.18–7.79) 3.09 (1.83–5.19)

Odds ratio 18.77 (2.31–152.15) 12.33 (3.26–46.62) 14.93 (4.91–45.38) 18.85 (6.12–58.07) 14.93 (4.91–45.38)
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culture were more notable than in neonates with positive 
culture. They showed significant correlations between the 
decrease in WBC–platelet counts on the third day with 
increase in odds of infection-related EOS [25].

Although the strengths of this study include the large 
sample size, availability of data related to hematologic 
tests, and showing the diagnostic value of serum IL-35 in 
ENOS, there are some limitations. We did not assess the 
correlation between serum IL-35 and the severity of sep-
sis. We also could not evaluate our cases regarding type 
of pathogens responsible for sepsis. Correlation between 
IL-35 concentrations and late-onset sepsis, as well as pos-
sibility of morbidity and mortality, was not assessed. Such 
investigations could provide some informative and benefi-
cial data. One of other limitations in this study is inability 
to generalize the data. It would be important to enroll the 
healthy neonates to our study for comparing the results 
between the three groups septic, sepsis suspicious, and 
healthy neonates. Unfortunately, due to cost of laboratory 
test and kit and limitation of import of kits, it was not pos-
sible to perform. Further studies with larger sample size 
are strongly suggested.

5  Conclusion

The reference standard for the diagnosis of sepsis is a 
positive blood culture, which has various practical limita-
tions. The early diagnosis of the NEOS certainly enhances 
therapeutic efforts leading to better outcomes. In this 
study, we identified serum IL-35 had a moderate accuracy 
(AUC = 0.895) for the diagnosis of NS. This is one of the first 
studies to explore the role of IL-35 in predicting neonatal 
sepsis. Based on our results, serum IL-35 could be sug-
gested as a predictive biomarker in neonatal early-onset 
sepsis. Because of the prospective design of the study and 
the clear definition of clinical and laboratory criteria used 
to diagnose NEOS, the results could be considered reliable. 
However, it is important to conduct adequately powered 
prospective multicenter studies to continue to establish 
the accuracy and safety of utilizing such biomarkers of 
neonatal sepsis.
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