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Abstract

Background

Neonatal sepsis (NS) is a life-threatening disorder and an important cause of morbidity and
mortality in neonates. Previous studies showed that interleukin 8 (IL-8) may effectively and
rapidly diagnose NS.

Objective

We conducted the systematic review and meta-analysis to investigate the diagnostic value
of the IL-8 in NS.

Methods

The literature was searched in PUBMED, EMBASE, Cochrane Library, CNKI, VIP and other
Chinese Medical Databases during October 1998 to January 2014 using set search criteria.
Each included study was evaluated by quality assessment of diagnostic accuracy studies
tool. Two investigators independently extracted the data and study characteristics, and dis-
agreements, if any, were resolved by consensus. Meta-disc software was used to calculate
the pooled sensitivity, specificity and summary diagnostic odds ratio (SDOR), I2 or
Cochrane Q to test heterogeneity, and meta-regression to investigate the source of hetero-
geneity. Funnel plots were used to test the potential presence of publication bias. False-
positive report probability (FPRP) was calculated to confirm the significance of the results.

Results

Eight studies (548 neonates) were included in this meta-analysis. The pooled sensitivity
and specificity of IL-8 were 0.78 and 0.84, respectively, which had moderate accuracy in the
diagnosis of NS. The pooled diagnostic odds ratio (DOR) and area under curve (AUC) was
21.64 and 0.8908 (Q*=0.8215), respectively. The diagnostic threshold analysis showed
that there was no threshold effect. The meta-regression analysis showed the cut-off, QUA-
DAS and onset time have no effect on the heterogeneity. The funnel plots showed the exis-
tence of publication bias.
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Conclusion

Meta-analysis showed IL-8 had a moderate accuracy (AUC=0.8908) for the diagnosis of
NS. IL-8 is a helpful biomarker for early diagnosis of NS. However, we should combine the
results with clinical symptoms and signs, laboratory and microbial results.

Introduction

Neonatal sepsis (NS) is a life-threatening disorder and an important cause of morbidity (1 to
10 per 1000 live births) and mortality (15% to 50%) in neonates, especially in preterm [1, 2].

NS can be defined both clinically and/or microbiologically as a systemic inflammatory re-
sponse caused by infection. The gold standard of diagnosis NS is the positive culture of blood
and/or sterile body fluid, but it is less sensitive and takes approximately 48 to 72 hour [3, 4].
Early clinical signs of NS such as fever, tachycardia, and drowsiness are nonspecific, and it is
easy to misdiagnose with other common diseases such as pneumonia, respiratory distress syn-
drome, and intracranial hemorrhages [5].

Laboratory tests such as white blood cell count, neutrophil percentage, platelet count, and
C-reactive protein (CRP) are non-specific in NS. During the first hours of NS, reliable bio-
markers of infection are absent. Therefore, to avoid the adverse outcomes such as septic shock,
multiple organ dysfunction syndrome (MODS) and even death, pediatricians often treat with a
broad-spectrum antibiotic and prolong treatment with empirical antibiotics, exposing many
neonates to unnecessary anti-infectious treatments [2, 6, 7]. Therefore, urgent needs for reliable
diagnostic biomarkers for early diagnose neonatal sepsis [8].

Humoral and cellular systems are activated in the first hours of neonatal sepsis, various mol-
ecules such as Interleukin-6 (IL-6), Procalcitonin (PCT), C-reactive protein (CRP), and IL-8
released in the serum which mediated the host response to bacterial infection. Interleukin-8
(IL-8) is a pro-inflammatory cytokine and is predominantly produced by monocytes, macro-
phages, and endothelial cells. IL-8 regulates the migration and activation of leukocytes, whose
level evaluate promptly within 1-3 hours of infection and its half-life is less than 4 hours [9-
11]. Many studies have showed IL-8 is an early-phase biomarker for diagnosis of NS, and IL-8
test may be a valid non-invasive, effective, and rapid method for diagnosis NS [8-11]. Several
potential biomarkers such as Interleukin-6 (IL-6), Procalcitonin (PCT) and C-reactive protein
(CRP) have been investigated their validity for early diagnose NS. However, there are no large
sample multi-center studies, no systematic review and meta-analysis on interleukin-8 for diag-
nosis of neonatal sepsis, therefore, we conducted this systematic review and meta-analysis to
assess the validity of IL-8 test for early diagnosis neonatal sepsis, and systematically and quanti-
tatively evaluate all published studies about the diagnostic value of IL-8 test for NS.

Methods
Literature Search and Selection of Studies

Computer-aided literature search was carried out in PUBMED, EMBASE, Cochrane Library,
CNK]J, VIP, and other Chinese Medical Database for relevant citations published during Octo-
ber 1998 to January 2014, and without language restrictions. The search terms were “neonate”,
“sepsis”, “septicemia”, “biomarker” and “interleukin-8”. Both the authors were examined the
references of the fully retrieved articles.
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The inclusion criteria were: (1) studies which assessed the diagnostic accuracy of the IL-8
test on NS; (2) studies included case group: culture or clinical sepsis; control group: neonates
have systemic inflammatory response or healthy neonates [12]; (3) studies provided both sensi-
tivity and specificity or sufficient information to construct 2x2 tables; (4) studies containing
only neonates (from birth to 28 days); and (5) articles which evaluated IL-8 levels were includ-
ed in this study. The gold standard for the diagnosis of NS involves microbial culture of blood
or other sterile body fluids. Furthermore, the change of the IL-8 in the research sample is an
index test for the diagnosis of NS. The exclusion criteria were: Studies which included only
healthy neonates, neonates without probable infection, non-serologic biomarkers. We also ex-
cluded animal experiments, reviews, correspondences, case reports, expert opinions, and edito-
rials. These articles were reviewed by two investigators independently, and disagreements, if
any, were resolved by consensus.

Data Extraction

The information was extracted from the selected articles included first author, year of publica-
tion, study method, region, measure method of IL-8, diagnostic cut-off point and time, sample
size, sensitivity, specificity, and so on. The optimal cut-off point obtained with the ROC meth-
od of each included study. Accurate true-positive, false-positive, false-negative, and true-nega-
tive results were extracted to construct 2x2 table at a specific time for each study. If any
additional information needed was not reported in the published articles; hence, an electronic-
mail was sent to the corresponding authors asking further information. If there was no reply,
such articles were excluded from the meta-analysis.

Assessment

The methodological quality of the studies was assessed using guidelines published by the quali-
ty assessment of diagnostic accuracy studies (QUADAS) tool including 11 questions. Questions
with “yes”, “no”, and “unknown” answer, were scored as 1, -1, and 0, respectively [13].

Statistical Analysis

Meta-Disc 1.4 software was used for statistical analysis and RevMan 5.0 was used to analysis
the publication bias (funnel plots) [14]. Sensitivity, specificity, positive likelihood ratio (PLR),
and negative likelihood ratio (NLR) with corresponding 95% confidence intervals (CI) were
calculated for each study. We used the Random Effects Model to calculate the pooled sensitivi-
ty, specificity, and DOR [15-17]. Heterogeneity among included studies was assessed using the
Cochrane Q statistics and I? test [17]. I* can be readily calculated from basic results obtained
from a typical meta-analysis as I? = 100%x(Q—df)/Q, where Q is Cochran's heterogeneity sta-
tistic and df the degrees of freedom. Normally, I* lies between 0% and 100%. If < 50%, then
there is more homogeneity among studies during meta-analysis; whereas I>>50%, then there is
more heterogeneity among studies. A value of 0% indicates no observed heterogeneity and
larger values show increased heterogeneity [16, 17]. Hence, we examined characteristics of in-
cluded studies. These results were summarized to construct a summary receiver operator char-
acteristic (SROC) curve, which showed the relationship between sensitivity and specificity
(proportion of false positives). Q* value, was defined where the SROC curve crosses the anti-di-
agonal from (0; 1) to (1; 0) of the SROC space; hence TPR =1 — FPR at Q*, and so the probabil-
ity of an incorrect result from the test is the same for cases and non-cases [18]. Meanwhile, the
area under SROC curve was also calculated to show the diagnostic accuracy of IL-8 test [18-
21]. As the cut-oft range from 0.65 to 300 (pg/ml), we did excluded the data of which cut-off
equal 0.65 (pg/ml) to do sensitivity analysis.
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802 citations identified from PubMed,
EMBASE, Cochrane library, CNKI, VIP
and other Chinese Medical Database.

—-[ 779 citations exclude after screening titles and abstract ]

v
[22 full-text articles for]

further review

12 articles were excluded: 7 articles did
not assay IL-8; 1 article study children
and neonates; 1 article was about cord
blood; 3 articles could not extract data
to make 2X 2 tables.

meta-analysis

[8 articles  included in

Fig 1. Flow chart of the process of the articles identified and included.

doi:10.1371/journal.pone.0127170.g001

To avoid false positive findings, the false-positive report probability (FPRP) values and sta-
tistical powers were performed using the method reported by Wacholder et al [22, 23]. Firstly
we set 0.2 as an FPRP threshold and selected 6, 15 and 22 as most likely DOR. Secondly FPRP
analysis with prior probabilities of 0.25, 0.1, 0.01, 0.001 and 0.0001 were obtained, and when
FPRP value less than 0.2 were considered as noteworthy associations. The Excel spreadsheet
provided by Wacholder et al. was used to calculate statistical power and FPRP values (http://
jnci.oxfordjournals.org/content/96/6/434/suppl/DC1).

Results
Characteristic and Quality of the Included Studies

Twenty two potential articles regarding IL-8's role in diagnosing NS were identified. Only eight
articles met the inclusion criteria. Fig 1 shows the selection process of studies. The detailed
characteristics of the included studies are presented in Table 1. The true positive, false positive,

Table 1. Main characteristics of studies included in the meta-analysis.

Studies Study population Region N Measure method Cut-off (pg/ml) Tine Sepsis diagnosis

Prashant! (2013) Case: neonates with sepsis India 100 ELISA 70.86 EONS:41 Culture; clinical
Control: neonates without sepsis LONS:9

Kocabas? (2007) Case: neonates with sepsis Turkey 55  ELISA 0.65 EONS:13 Culture; clinical
Control: neonates without sepsis LONS:13

Laborada® (2003)  Case: neonates with sepsis USA 105 CLIAA 100 EONS:20 Culture; clinical
Control: neonates without sepsis LONS:28

Santana*(2003) Case: neonates with sepsis Spain 40 CLEIA 63 EONS:12 Culture; clinical
Control: neonates without sepsis LONS:8

Martin® (2001) Case: neonates with sepsis Sweden 32  CLIA 70 EONS:<48hour Culture; clinical
Control: neonates without sepsis

Nupponen® (2001) Case: neonates with sepsis Finland 35 ELISA 50 LONS Culture; clinical
Control: neonates without sepsis

Boskabad” (2010) Case: neonates with sepsis Iran 80 ELISA 60 EONS Culture; clinical
Control: neonates without sepsis

Berner® (1998) Case: neonates with sepsis Germany 101 Double sandwich EIA 300 EONS Culture; clinical

Control: neonates without sepsis

doi:10.1371/journal.pone.0127170.t001
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Table 2. Tp, Fp, Fn, Tn, Se, Sp, time, and QUADAS of included studies for the diagnosis of NS. (3 CLIAA (cytoscreen immunoassay kits) 5 CLIA
(Immulite; Diagnostic Products Corporation, Los Angeles, CA) 6 ELISA (Quantikine, R&D Systems, Minneapolis, MN)).

Studies Tp Fp Fn Tn Se Sp QUADAS score
Prashant 39 15 11 35 0.780 0.700 8
Kocabag 9 4 17 25 0.346 0.862 4
Laborada 36 19 12 38 0.750 0.667 7
Santana Reyes 12 1 8 19 0.600 0.950 7
Martin H 11 6 1 14 0.917 0.700 7
Nupponen 20 0 2 13 0.909 1.000 7
Boskabadi 36 0 2 42 0.948 1.000 8
Berner 32 5 3 61 0.910 0.930 6

True positive (Tp), False positive (Fp), False negative (Fn), True negative (Tn), Sensitivity (Se), and Specificity (Sp). QUADAS is a system to evaluate the

articles included in this meta-analysis.

doi:10.1371/journal.pone.0127170.t002

false negative, true negative, sensitivity, and specificity of each article were shown in Table 2.
The QUADAS result about the level of risk of bias for each included study was shown in Fig 2.

Accuracy of the IL-8 Teston NS

Eight articles met the inclusion criteria. The sensitivity ranged from 0.35 to 0.95 (pooled sensi-
tivity: 0.78, 95% CI: 0.72 to 0.83); whereas specificity ranged from 0.67 to 1.00 (pooled specifici-
ty: 0.84, 95% CI: 0.79 to 0.88) (Fig 3). The present study found significant heterogeneity among
studies (sensitivity, 2 = 83.7%; specificity, I? = 85.1%), which indicated that might the study
population; measure methods and other covariates were responsible for it.

The pooled Diagnostic Odds Ratio of IL-8 was 21.64 (95% CI: 7.37 to 63.54) (Fig 4). Among
all these studies, a significant heterogeneity (I = 77.3%) was detected. The corresponding
SROC curve was plotted in Fig 5, which showed the AUC was 0.8908 with standard error of
0.0539 and the Q* value was 0.8215 with standard error of 0.0560. It also showed a moderate
accuracy of IL-8 test to diagnose NS. The pooled PLR value of IL-8 test was 4.58 (95% CI: 2.44
to 8.60); whereas, pooled NLR value of IL-8 test was 0.25(95% CI: 0.13 to 0.48) (Fig 6).

The funnel plot was asymmetry (Fig 7).

Representative spectrum?
Acceptable reference standard?
Acceptable delay between tests?
Partial verification avoided?
Differential verification avoided?
Incorporation avoided?

Reference standard results blinded?

Index test results blinded?

Relevant clinical information?

Uninterpretable results reported?

Withdrawals explained?

% 25% 50% 75%  100%
| .Yes (high quality) DUnclear .No (low quality)

[=}

Fig 2. QUADAS results about the level of risk of bias for each included study.
doi:10.1371/journal.pone.0127170.g002
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0 2 4 6 .8 1 Inconsistency (l-square) = 83.7 %
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Specificity (95% Cl)
e ! Prashant 0.70 (0.55-0.82)
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—— Laborada G 0.67 (0.53-0.79)
———@-| Santana Reyes 0.95 (0.75-1 00)
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! | —@ BoskabadiH 1.00 (0.92 - 1.00)
i —,& Berner 0.92 (0.83-0.97)
[T
[T
i
e Pooled Specificity = 0.83 (0.78 to 0.87)
Chi-square = 44.53; df = 7 (p = 0.0000)
0 2 4 6 .8 1 Inconsistency (I-square) = 84.3 %
Specificity

Fig 3. Forest plots of the pooled sensitivity and specificity of the IL-8 to diagnose NS.
doi:10.1371/journal.pone.0127170.g003

Analysis of Heterogeneity

Heterogeneity has an important influence on the accuracy of the meta-analysis; hence, the rea-
sons for heterogeneity were explored. Generally, variations include several factors such as the
cut-off value, study population, measuring methods, study quality (QUADAS) and so on.

Firstly, we explored the threshold effect; we calculated the Spearman correlation coefficient
with Moses’ model weighted by inverse variance. These results showed there where no statisti-
cally significant difference (Spearman’s correlation coefficient = -0.476, P = 0.233). It meant no
threshold effect. Then we used the forest plot of Diagnostic Odds Ratio (Random effects
model) to explore the non-threshold effect, the result showed there was non-threshold effect
(Cochran-Q =30.89, P = 0.0001) (Fig 4).

The source of heterogeneity was explored by meta-regression analysis function of Meta-
Disc 1.4 software. The process were turn the variations such as cut-off, study quality (QUA-
DAS), and study group from left “Covariates” to the right “Model” to analyze, according the
descending P values to remove the covariate and analyze, respectively. The results showed that

Diagnostic OR (95% CI)

[ 3 Prashant 7.87 (3.24-19.11)
Ly Kocaba 3.08 (0.86-11.02)
—— Laborada G 5.77 (2.48-13.38)
——i—@—{| Santana Reyes 1912 (2.93-124.72)
——@—{| MartinH 17.10 (2.47-118.62)
~————={1 Nupponen | 22140 (9.84-4979.52)
: —J| Boskabadi H 1,241.00 (57.70 - 26,691.25)
: ——{| Berner 103.83 (25.45-423.57)

PO Random Effects Model
Pooled Diagnostic Odds Ratio = 21.30 (7.13 to 63.62)
Cochran-Q = 30.51; df = 7 (p = 0.0001)
1 100.0 Inconsistency (l-square) = 77.1 %
Diagnostic Odds Ratio Tau-squared = 1.7031

0.01

Fig 4. Forest plots of diagnostic odds ratio (DOR) of the IL-8 to diagnose NS.
doi:10.1371/journal.pone.0127170.g004
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Fig 5. The summary receiver operating characteristic (SROC) curve for assessment of the IL-8 to
diagnose NS.

doi:10.1371/journal.pone.0127170.g005

the main cause of the heterogeneity was the QUADAS of IL-8 test (QUADAS Coeff = 0.699,
P =0.0740 95% CI: 0.20 to 14.32) in Tables 3, 4 and 5.

The results of sensitivity analysis showed in Table 6.

The results of FPRP analysis showed that all FPRP were less than 0.01 at various priors,
which means that the FPRP is low and our finding is noteworthy.

Discussion

Neonatal sepsis is a life-threatening disorder and an important cause of morbidity and mortali-
ty in neonates. Early clinical signs and symptoms of NS are nonspecific, and it is easy to misdi-
agnose with other common inflammatory diseases such as pneumonia and respiratory distress
syndrome. Furthermore laboratory tests are non-specific; and blood culture is suffered form
low sensitivity and time-consuming.

Previous studies showed that interleukin 8 (IL-8) may effectively and rapidly diagnose NS.
So we conducted the systematic review and meta-analysis to investigate the diagnostic value of
the IL-8 in NS. The pooled sensitivity of IL-8 test for the diagnosis of NS was 0.78 (95% CI:
0.72 to 0.83), pooled specificity was 0.84 (95% CI: 0.79 to 0.88), and I* value were 83.7% and
85.1%, respectively. The overall accuracy of IL-8 test for the diagnosis of NS was favorable
(AUC =0.8908, Q* = 0.8215). These results have shown that the IL-8 has moderate accuracy
for the diagnosis of NS; therefore, it is a good biomarker for the early diagnosis of NS.

Based on a systematic review of the global literature, Meem et al have classified IL-8 as an
early-phase biomarker for detection of NS [11]. CRP is a traditionally used biomarker, which
has been applied for clinical purpose [11, 12, 24]. The sensitivity and specificity of CRP were
41% to 96% and 72% to 100%, respectively [11]. In our meta-analysis, the sensitivity and speci-
ficity of IL-8 were 35% to 95% and 67% to 100%, respectively. These studies have shown that
IL-8 is similar to CRP; hence, IL-8 is a useful biomarker in the diagnosis of NS. In addition,
PCT is a more excellent biomarker which has better accuracy than CRP for the diagnosis of NS
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Fig 6. The positive LR and negative LR of IL-8 test on diagnosis NS.

doi:10.1371/journal.pone.0127170.g006

[11, 25, 26]. In our meta-analysis, the pooled sensitivity (0.78 versus 0.81) of IL-8 was slightly
lower than that of the PCT test in NS, and the pooled specificity was higher than PCT (0.84
versus 0.79). The AUC of IL-8 was similar to PCT (0.8908 versus 0.899) [11]. Generally these
results have suggested that IL-8 is a useful biomarker for the early diagnosis of NS.

Certainly, our meta-analysis has several limitations. First of all, we considered the existed of
heterogeneity. Threshold effect analysis showed there was no threshold effect. The results of
DOR showed the existed of non-threshold effect. Meta-regression have proved that the diag-
nostic accuracy of IL-8 test for predicting NS was not affected by the quality of study (QUA-
DAS), cut-off and time of sepsis onset. We did not made sub-analysis, because the studies
group including EONS and LONS, and the proportion of it was different. However the cut-off
values of IL-8 widely ranged from 0.65 to 300 pg/ml [12, 24, 27-32]. We thought the difference
in the cut-off might due to measure method and the onset time of neonatal sepsis. The table 1
showed the articles differ in proportion of early onset neonatal sepsis (EONS<72 hours after
born) and late onset neonatal sepsis (LONS>72 hours after born), and some articles only con-
tain EONE or LONS. The organisms associated with EONS and LONS are different, Group B
streptococcus is a gram-positive bacterium which leading to EONS, and 70% of first episode

PLOS ONE | DOI:10.1371/journal.pone.0127170 May 21,2015 8/12
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Fig 7. Funnel plot to estimate the publication bias of the meta-analysis.
doi:10.1371/journal.pone.0127170.g007
Table 3. Meta-regression analysis of the effects of some covariates on IL-8 in diagnosis of neonatal sepsis.
Covariates Coefficient Stand error RDOR(95%CI) P value
Cut-off 0.008 0.0041 1.01 (1.00;1.02) 0.1381
QUADAS 0.699 0.2591 2.01 (0.20;14.32) 0.0740
Onset time 1.283 0.7321 3.61 (0.35;37.06) 0.1781
doi:10.1371/journal.pone.0127170.t003
Table 4. Meta-regression analysis of the effects of cut-off and QUADAS on IL-8 in diagnosis of neonatal sepsis.
Covariates Coefficient Stand error RDOR(95%CIl) P value
Cut-off 0.011 0.0068 1.01(0.99;1.03) 0.1819
QUADAS 0.854 05068 2.35(0.58;9.60) 0.1671
doi:10.1371/journal.pone.0127170.t004
Table 5. Meta-regression analysis of the effects of cut-off and QUADAS on IL-8 in diagnosis of neonatal sepsis.
Covariates Coefficient Stand error RDOR(95%Cl) P value
QUADAS 0.805 0.6066 2.24 (0.47;10.63) 0.2420
doi:10.1371/journal.pone.0127170.t005
PLOS ONE | DOI:10.1371/journal.pone.0127170 May 21,2015 9/12
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Table 6. Sensitivity analysis of the meta-analysis.

Studies DOR(95% Cl) Cochrane-Q(p) AUC Q*
8 studies 21.64(7.37;63.54) 30.89(0.0001) 0.8908 0.8215
7studies (excluded the cut-off = 0.65 pg/ml) 30.23(9.35;97.69) 26.01(0.0002) 0.8991 0.8303

doi:10.1371/journal.pone.0127170.t006

late-onset infections were caused by gram-positive organisms, with coagulase-negative staphy-
lococci accounting for 48% of the infections. Because different of early-onset and late-onset
neonatal sepsis pathogens, different degrees of the inflammatory response, and the cut-off dif-
ferent between EONS and LONS [33]. And other unrecorded difference between the articles
such as reagents has effect on cut-off which could also lead to heterogeneity. In order to solve
the problem, we did sensitivity analysis to explore the stability of cut-off. When we excluded
the articles which studied by Kocabas (cut-off = 0.65 pg/ml), the DOR were 21.64 (7.37; 63.54)
and 30.23 (9.35; 97.69), respectively; the results showed that the DOR of the meta-analysis was
overlapped. And the area under curve 0.8908 (Q* = 0.8215) was similar to 0.8991 (Q* =
0.8303), when excluded the articles studied by Kocabas. These two results showed that the arti-
cle whose cut-off equal 0.65pg/ml had small effect on the diagnostic accuracy of IL-8 for pre-
dicting neonatal sepsis [12, 24, 27-32]. In order to solve this problem we could study
homogenous population, but selection bias might significant.

We detected the publication bias of the meta-analysis. As we all know, articles with positive
results are more likely to be published, comes the problem of overestimation of the diagnostic
accuracy [34]. In order to solve this problem, we searched the databases for further articles and
reference lists of primary studies, however there were no additional relevant articles. Publica-
tion bias was generally difficult to be avoided during meta-analysis; more studies should
be included.

The FPRP analysis shows very low probability of false positive finding in DOR obtained
from our meta-analysis. Based on our pre-set criteria of FPRP<0.2, our meta-analysis result
is noteworthy.

The results showed that IL-8 was a useful biomarker for detecting neonatal sepsis. Neonatal
sepsis was an innate immunological response of systemic inflammation to infection. A singular
ideal biomarker has not yet been identified [35]; IL-8 evaluates promptly within 1-3 hours of
infection and its half-life is less than 4 hours [9-11]. So IL-8 is one of the most promising bio-
marker for early diagnosis of neonatal sepsis.

Because the sample size of included studies was relatively small, further studies with big
sample size were needed to reduce heterogeneity for IL-8 as a diagnostic biomarker on NS to
make meta-analysis more convenient.

Conclusion

In summary, IL-8 is a helpful biomarker for diagnosis of NS in ill neonates. IL-8 is considered
for early diagnosis of NS. Due to insufficient testing data, the experiment results need continu-
ous re-evaluation and clinical validation.
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