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Abstract: Introduction: Neonatal sepsis is a leading cause of mortality in Cameroon. Diagnosis still relies heavily on the 

detection of C reactive protein (CRP) levels, whereas other biomarkers like interleukin 6 (IL-6), could improve the early 

diagnosis of neonatal sepsis in comparison to CRP. This study aimed to assess the efficacy and feasibility of IL-6 ELISA as an 

early diagnostic tool within a Cameroonian context with the hope of its applicability in other poor income settings and in other 

diseases like COVID-19. Methods: We enrolled thirty-two (32) neonates equally distributed between a septic group (including 

infants with risk factors and clinical signs of sepsis) and a control group (infants without clinical signs of infections) in the 

study. We performed Full Blood Count, C-reactive protein and IL-6 ELISA on all blood samples. Thirty-five (35) medical 

personnel were interviewed in order to assess acceptability, practicality (cost and duration) and a limited-efficacy of IL-6 

ELISA testing at the Bafoussam regional Hospital, Cameroon. Results: The mean age of participants was 2.81 days. IL-6 

ELSIA showed a sensitivity, specificity, positive predictive value and negative predictive value of 56.20%, 100%, 100% and 

69.56% respectively while CRP was reported to be highly specific (81.25%). Despite a longer testing time of IL-6 ELISA 

compared to CRP (p = 0.0385), the IL-6 was acceptable (p = 0.008), affordable (p = 0.006) and could be promising for use 

within this poor setting. Conclusion: Though we did not see a strong correlation between its levels and the apparition of disease, 

IL-6 ELISA testing was feasible as a highly specific marker for an early diagnosis neonatal sepsis in Bafoussam, and could 

acceptably be used as an early diagnostic marker for other diseases like COVID-19 within that context. 

Keywords: Interleukin-6 ELISA, Early Diagnosis, Neonatal Sepsis, Feasibility 

 

1. Introduction 

Neonatal hospital mortality is still high and accounted for 

by three main pathologies; complications of preterm births, 

birth asphyxia and neonatal sepsis [1]. Neonatal sepsis is 

defined as a whole-body inflammatory state (systemic 

inflammatory response syndrome) following an infection and 

that occurs in the first 28 days of life. It remains a 

challenging issue for Clinicians worldwide. One of its most 

complex aspect is to determine if a newborn who is clinically 

unstable is truly infected [2]. Knowing that the outcome may 

easily be dramatic, early identification and treatment are of a 
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major importance. However, the diagnosis of neonatal sepsis 

may be difficult because clinical presentations are often 

nonspecific, bacterial cultures are time-consuming and other 

laboratory tests lack sensitivity and specificity [3]. To 

support the diagnosis by Clinicians, blood culture, C-reactive 

protein (CRP) and full blood count (FBC) are commonly 

performed concurrently. 

Until now, blood culture has been considered the gold 

standard method of diagnosis of neonatal sepsis, which 

involves isolating the pathogen from blood. While this test is 

the most reliable, it has as drawback a long turnover time (it 

can take up to 7 days to obtain the results) [4]. On the other 

hand, CRP is one of the most widely available tests to rule-

out other infections and follow the neonatal sepsis course. 

However, it provides limited sensitivity when determined 

during the early phases of the disease, especially at the initial 

presentation [4]. 

To improve the ability to accurately detect sepsis, research 

has been conducted assessing the use of various biomarkers. 

The role of procalcitonin (PCT), interleukin (IL)-6, IL-8 and 

tumor necrosis factor-alpha (TNF-alpha) have also been used 

in establishing the diagnosis and evaluating the prognosis of 

neonatal sepsis [3, 5, 6]. Inflammatory markers like 

interleukins especially interleukin-6 (IL-6), are thought to be 

promising tools for an early diagnosis of sepsis because of its 

rapid increase after a stimulus [3, 7, 8]. Interleukin-6 is 

secreted by macrophages and T cells to stimulate the immune 

response which occurs during infection and after trauma [2]. 

It is a proinflammatory cytokine that triggers acute phase 

proteins secretion and compared to CRP, IL-6 levels peak 2 

hours after the initiation of the inflammatory cascade. 

Numerous studies have been conducted in developed 

countries to demonstrate the effectiveness of IL-6 in the 

diagnosis of neonatal sepsis [6, 7]. However, little has been 

done so far in the Cameroon health care settings. Therefore, 

the present study was aimed at assessing the reliability of IL-

6 testing and its feasibility in the early identification of 

neonatal sepsis at the Bafoussam hospital in Cameroon. The 

ultimate goal is to set a premise for its applicability in other 

poor income settings and in other diseases like COVID-19 

for which IL-6 has shown great discriminatory potential 

between severe and non-severe disease. 

2. Methods 

2.1. Study Design and Inclusion/Exclusion Criteria 

The transversal case/control study was conducted from 

November to December 2015 at the Bafoussam Regional 

Hospital’s intensive care unit, West region of Cameroon. 

Fourthy-one (41) newborns (up to 28 days of life) whose 

parents gave their consent were enrolled in the study. 

Newborns with a presumptive diagnosis of sepsis (based on 

clinical grounds) as well as those without clinical signs were 

included in the study. Medical histories of mothers during 

pregnancy and on clinical signs of the neonates were taken 

through an inquiry form. Neonates with potential 

confounding factors (malformation, congenital heart 

anomalies, prematurity, birth Apgar score < 7) of their IL-6 

plasma levels and those who already received an antibiotic 

treatment were not included. Also, those with mismatched 

clinical and biological signs were excluded. 

2.2. Blood Collection and Laboratory Analysis 

After enrollment in to the study, 3.5 ml of blood was 

collected from each newborn at the femoral vein by qualified 

nurses in an aseptic environment. Those 3.5 ml were 

dispatched in 3 different tubes (2 EDTA tubes for FBC and 

IL-6 analyses and 1 dry tube for CRP measurement) and the 

tests carried out. Full blood count was immediately 

performed on the first sample (first EDTA tube: 1ml blood) 

using the MINDRAY BC-2800 Auto Hematology Analyzer. 

Alongside clinical features, leukocytosis, thrombocytopenia 

and granulocytosis were presumptive of sepsis. The second 

sample (dry tube: 1ml blood) was centrifuged for 5 minutes 

at 3000 rpm following the laboratory standard procedure and 

200ul of serum was then separated to measure plasma CRP 

levels by the Roche’s COBAS C111 spectrophotometer. An 

inbuilt calibrated normal reference value of the newborn 

(normal value < 3.2 mg/L) was considered. In parallel, the 

third sample (second EDTA tube: 1.5 ml blood) was 

centrifuged for 15 minutes at 1000 x g as prescribed by the 

IL-6 kit manufacturer. Plasma was aliquoted and stored at 2-

8°C within 30 minutes of collection. IL-6 assay was run 

weekly by a quantitative sandwich enzyme-linked 

immunosorbent assay (CUSABIO’s Human Interleukin-6 

ELISA kit - CSB-E04638h). A standard curve was drawn 

using the professional soft Curve Expert 1.3 and IL-6 

concentrations were obtained from that curve. A cut-off 

value of 4.30 pg/mL was considered. 

2.3. Sample Size Determination 

In the absence of published data on CRP levels in neonatal 

sepsis in Cameroon, we planned our study based on 6 months 

hospital records of CRP levels of neonates (with and without 

fever) from the Bafoussam regional hospital. The difference 

in the experimental and control means was 4.0 while the 

standard deviation of 3.9 was recorded in the group with 

fever. We assumed normal distribution within each subject 

group and used the PS software to determine that we will 

need to study 16 experimental subjects and 16 control 

subjects to be able to reject our null hypothesis that the 

population means of the experimental and control groups are 

equal with power of 0.8. The Type I error probability 

associated with this test of this null hypothesis is 0.05. 

2.4. Statistical Considerations 

The distribution of the study population (age and sex) 

was expressed in means and frequencies. The Pearson 

correlation was calculated to assess the correlation between 

the markers and the presence of the disease or initial 

diagnosis. Data was analyzed using the Statistical Package 

for the Social Sciences (SPSS) version 16.0. A p-value of 
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0.05 was considered significant. Graphpad Prism v8.2.1 

was used to plot graphs for the simplistic feasibility 

assessments that focused on three aspects namely 

acceptability, practically and limited efficacy perception 

(using a few criteria established by Bowen et al., [9]. 

2.5. Feasibility Assessment 

Thirty-five (35) medical personnel at the Bafoussam 

hospital were approached during two sets of key-informant 

interviews performed 7 days apart during the last week of the 

study. For acceptability, we basically tried to understand how 

IL-6 testing would fit within daily-life diagnosis and 

management of neonatal sepsis (acceptable /unacceptable). 

Practicality examined predicted cost and duration of IL-6 

testing (appropriate / not appropriate). Limited efficacy 

answered the question “Does IL-6 testing show promise of 

being successful within the Bafoussam regional hospital? 

Yes/No options for this response was a first step towards the 

possibility of expanding IL-6 testing to other health facilities 

with the goal to be able to determine the regional/national 

cut-off value for IL-6. 

2.6. Ethics and Consent to Participate 

This study was approved by the Institutional Ethical 

Committee of the School of Health Sciences, Yaounde, 

Cameroon. No: 2015/0220/CEISH/ESS/MIM of September 

25, 2015. An assent form was provided to each parent prior 

to the enrollment of their child in the study. 

3. Results 

The septic group included newborns with a presumptive 

diagnosis of sepsis and hematological parameters suggestive 

of septicemia (leukopenia/cytosis, thrombopenia, 

granulocytosis), whereas the control group included neonates 

with no clinical signs and normal hematological parameters. 

Out of 41 newborns enrolled, 9 were excluded because 

they did not meet the criteria of either group, while 32 

neonates were retained in the study. The septic group had 

56.25% (9/16) of males and 43.75% (6/16) of females. The 

sex ration male/female was 1.5. Participants had a mean age 

of 2.87 days with a minimum of 2 and a maximum of 5 days. 

The control group on the other hand was made of 37.5% 

(6/16) male and 62.5% (10/16) female. The sex ration 

male/female was 0.6. Participants had a mean age of 2.75 

days with a minimum of 1 and a maximum of 6 days. The 

mean of age was 2.81 days. 

Of the 16 newborns in the septic group, seven (7) of them 

had elevated CRP levels while 9 had elevated IL-6 levels. 

The control group also included 16 newborns, 3 presented 

with high CRP levels and none with high IL-6 levels (Figures 

1 and 2). The Pearson correlation showed minimal 

correlation, though not statistically significant, between IL-6 

and the initial sepsis diagnosis with r = 0.429 (p = 0.014) as 

well as between CRP (r = 0.367, p = 0.039) and initial sepsis 

diagnosis (Table 1). 

 
Figure 1. Distribution of cases according to CRP. 

 
Figure 2. Distribution of cases according to IL-6. 

Table 1. Pearson correlations between initial Sepsis diagnosis and levels of 

CRP and IL-6. 

 
Correlations 

Interleukin 6 CRP 

Initial sepsis 

diagnosis 

r p-value r p-value 

0.429 0.014 0.367 0.039 

Table 2 summaries the sensitivity, specificity, positive 

predictive value (PPV) and negative predictive value (NPV) 

of IL-6 and CRP relative to group’s separation criteria. IL-6 

has maximum sensitivity, specificity, PPV and NPV 

compared to CRP. 

Table 2. Comparative parameters: sensitivity, specificity, PPV and NPV. 

Tests Sensitivity Specificity PPV NPV 

IL-6 56.25% 100% 100% 69.56% 

CRP 43.75% 81.25% 70% 59.1% 

 
Figure 3. Feasibility of IL-6 ELISA in Bafoussam Regional Hospital. 

Legend: Responses form 35 medical personal interviewed twice (7 days 

apart) during the last week of the study about IL-6 ELISA feasibility in the 

Bafoussam regional hospital. (A) Acceptability, (B) Practicality with respect 

to the cost, (C) Practically with respect to the duration of the test and (D) 

Limited efficacy to test if IL-6 ELISA testing could be promising within this 

setting. Participants’ responses were compared by two-tailed unpaired t-test 

with Welch’s correction in GraphPad Prism V8.2.1 Software. Error bars 

represent Standard Error of the Mean (SEM). 
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In order to ascertain the responses from the medical 

personal about the feasibility of IL-ELISA testing in the 

Bafoussam Regional Hospital, we interviewed each of the 35 

medical personal twice (7 days apart) during the last week of 

the study. The results for acceptability, practicality and 

limited efficacy (with respect to the “Does IL-6 testing show 

promise of being successful within the Bafoussam regional 

hospital) are presented in Figure 3. 

4. Discussion 

IL-6 testing either singly [10-15] or in combination with 

other parameters such as CRP levels [16], IL-8 [10, 17], 

procalcitonin (PCT) [4], and TNFα [18] have been used widely 

to improve the accuracy of diagnosis of neonatal sepsis in 

many localities. However, we still do not see the deployment 

and use of IL-6 in many poor settings in Cameroon. Against 

this backdrop, we conducted this study on a population of 32 

newborns to pilot the feasibility of IL-6 ELISA within such 

resource-poor setting. Sepsis diagnosis was based on presence 

of clinical signs and abnormal hematology, thus lack real gold 

standard. Nevertheless, when the disease state is unknown in 

the clinical setting, the predictive value of the tests used 

becomes of great importance to Clinicians because they must 

decide how likely it is that a positive test result reflects true 

disease. In the case of high-risk diseases such as neonatal 

sepsis, high sensitivity and predictive values are desirable 

because newborns who have false-negative results and are not 

treated could have fatal outcomes. Studies have used several 

methods to detect IL-6 levels including but not limited to 

bioassay for IL-6 measurements (which is not clinically 

practical), used ELISA to measure IL-6 [19, 20]. This method 

takes a few hours to perform and may be feasible in clinical 

medicine, but an automated method for clinical assessments 

should be developed. Because some values are missing, these 

data were analyzed by fitting a mixed model, rather than by 

repeated measures ANOVA (which can't handle missing 

values). 

IL-6 values of positive versus negative is significantly 

different. The spread is quite substantial for the positive in 

the septic group. Note that the data table contains missing 

values. These mixed model results will be meaningful only if 

those values are missing for completely random reasons. If 

the reason that a value is missing is related to what value 

might have been, then these results are misleading. 

Despite the small sample size, results for CRP sensitivity 

and specificity of 43.75% and 81.25% respectively, as well 

as NPV of 59.10% and PPV of 70% were similar to that 

reported by Franz et al., who worked on a broader sample 

(1386 neonates) i.e. sensitivity, specificity, NPV and PPV of 

41%, 97%, 79% and 84% respectively [17]. Contrary to our 

findings however, highly sensitive CRP (84.21%) but low 

specific (28.57%) was reported by Sonawane et al., in an 

Indian cohort of 40 babies with sepsis [21]. They tested it at 

12-24 hours of newborns lives while there is generally a 

delay between the onset of symptoms and the rise in serum 

level of CRP. 

Concerning IL-6, our analysis revealed sensitivity, 

specificity, NPV and PPV of 56.20%, 100%, 69.54% and 

100% respectively. In a study conducted in North Jordan, 

Khassawneh and collaborators presented higher IL-6 

sensitivity, of 87% compared to our study [22]. However, 

they recorded specificity of 50% which is half what we report 

in our study, and NPV and PPV of 41.3% and 87.1% 

respectively, which were far lower than that obtained in this 

study, using a cut off value of 20 pg/mL. The difference in 

results might be because all newborns were included in this 

study without considering the presence of congenital 

malformation or diseases during the pregnancy. These are 

factors that raise CRP levels and that is why we excluded 

them from our work. However, we did not exclude newborns 

of mothers who may have exposed their babies to other 

stressors (alcohol and drugs use) which could have also 

influenced the levels of IL-6. The mean IL-6 levels in the 

umbilical cord blood of newborns with a history of 

crack/cocaine exposure during pregnancy was reported to be 

significantly higher that of unexposed newborns [23]. An IL-

6 level in umbilical cord is elevated in the newborns 

suffering from early onset of sepsis (EOS) [24]. IL-6 as a 

biomarker shows 87-100% sensitivity with 93-100% negative 

predictive value [20]. IL6 has a very short half-life and hence, 

shows decline in sensitivity within 24-48 h [25]. IL6 levels 

are combined with the CRP levels in order to improve the 

accuracy of diagnosis [26]. 

The accuracy of IL-6 as a marker for late-onset infection 

has been determined in several studies. Chiesa et al., [27] 

found IL-6 to be the ideal marker for the diagnosis of late 

onset infection (48 h), with a sensitivity and specificity of 

100%. This is in contrast with the findings of Ng et al., [28] 

and Küster et al., [11] who measured IL-6 in very low birth 

weight infants aged 48 and 72 h, respectively, and reported 

fewer ideal sensitivities (Table 1). The 95% CIs for the ideal 

figures reported by Chiesa et al., were 81 to 100% for the 

sensitivity and 93 to 100% for the NPV [27]. 

Extremely high plasma levels of IL-6 are strongly associated 

with a fatal outcome in COVID-19 patients as suggested by 

several studies. Lan et al.,
 
found IL-6 levels over a certain 

threshold to be a powerful biomarker for disastrous outcomes 

in COVID-19 patients with a sensitivity of 100% and a 

specificity of 100% at the cut-off value of 453.85 pg/ml [29]. 

A meta-analysis of nine articles corroborate the importance of 

measuring IL-6 in COVID-19 patients but lowered the cut-off 

for fatal outcome at more than 80 pg/ml [30]. Similarly, Chen 

et al., found higher IL-6 levels to be strongly associated with 

the COVID-19 severity [31]. Death patients showed extremely 

high IL-6 values in comparison to critically ill patients that in 

turn had IL-6 values 10 times that of severe patients. They 

found poor diagnosis to be associated with IL-6 levels equal or 

greater than 100 pg/mL [31]. IL-6 plays a major role in the 

activation of cytokines storms which may aggravate 

inflammation, impair organs functions and lead to fatal 

consequences. In regards to these findings, measurement of IL-

6 levels may help in identifying disease progression among 

infected patients. 
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Feasibility studies are usually very broad. However, they 

could be down scaled to help investigators prepare for full-

scale research leading to intervention. We have employed a 

simplistic two-response option in this study to test the 

acceptability, practicality with respect to the cost and the 

duration) as well the limited efficacy of IL-6 ELISA testing 

within this setting. Responses form 35 medical personal 

interviewed twice (7 days apart) during the last week of the 

study about IL-6 ELISA feasibility in the Bafoussam regional 

hospital (Figure 3A - D). Participants’ responses were 

compared by two-tailed unpaired t-test with Welch’s 

correction in GraphPad Prism V8.2.1 Software, with error 

bars representing Standard Error of the Mean (SEM). 

Responses include descriptions from basic social science (to 

determine the best variables to target), through methods 

development, to efficacy and effectiveness studies, and to 

dissemination research. The term feasibility study is used 

more broadly than usual to encompass any sort of study that 

can truly bring out any of such aspects. In this study, the 

feasibility of healthcare personnel to perform IL-6 

measurement by ELISA (cutoff value of 20 pg/ml) rather 

than the usual CRP is determined within a poor setting like 

Bafoussam. Despite the little uptake of the bioassay for IL-6 

measurements, probably due to its little clinical practicality, 

other investigators have used ELISA to measure IL-6 an 

showed its non-inferiority as an early diagnostic marker for 

neonatal sepsis [20, 23] and COVID-19 [30-32]. This method 

takes a few more hours to perform compared to CRP and 

may be feasible in clinical medicine even within poor 

settings if proper training is offered. Despite the lack of 

evidence of infection in the neonates, one study reported that 

IL-6 levels in cord plasma increased with clinical 

chorioamnionitis, it may not be a specific marker of infection 

in the newborn [33]. However, with current and growing 

evidence generated since the beginning of the COVID-19 

pandemic, IL-6 measurement might become handy to predict 

severe COVID-19 infections especially in poor settings. 

Limitations 

The gold standard (blood culture) for sepsis diagnosis was 

not conducted in this study. Our classification into the study 

(sepsis) group or control group was based on clinical features 

and full blood count (FBC) reports. In fact, after collecting 

blood for our assays, it was unethical to collect the additional 

blood required for blood culture (3ml collected twice) from 

our study participants. Therefore, blood culture was not 

performed. FBC results and clinical signs were then set as 

our “gold standard”. 

5. Conclusion 

Despite the poor correlation between IL-6 level and the 

presence of the disease, the study has shown IL-6 to be a 

useful marker with fair sensitivity and high predictive values 

compared to CRP. Hence, IL-6 use for the early diagnosis of 

sepsis can be considered. 

However, the small sample size, the lack of an accurate 

diagnosis standard, and a non-local cut-off value of IL-6 

limited the study. Further studies to confirm the reliability of 

IL-6 in the diagnosis of neonatal sepsis should be conducted in 

this region. Also, the assessment of others tests such as 

procalcitonin, immunoglobulin M and Q-PCR might 

revolutionize sepsis diagnosis nationally. This notwithstanding, 

IL-6 measurements by ELISA are acceptable, practical (with 

respect to the cost and duration of the test) and have an 

acceptable limited efficacy in Bafoussam and could be 

promising within this and other poor settings. 

Competing Interests 

The authors declare no competing interest. 

Authors’ Contributions 

PMN and MCMN designed the study and wrote the first 

draft and revised subsequent drafts of the manuscript. 

MCMN, SDK and DK participated in the performance of the 

study. AHNK and IAA revised the manuscript substantially. 

All authors read and approved the final manuscript. 

Abbreviations 

CRP: C Reactive Protein; FBC: Full Blood Count; IL-6: 

Interleukin 6; NPV: Negative Predictive Value; PPV: 

Positive Predictive Value; r: Pearson correlation. 

Ethics and Consents to Participate 

This study was approved by the Institutional Ethical 

Committee of the School of Health Sciences, Yaounde, 

Cameroon. No: 2015/0220/CEISH/ESS/MIM of September 

25, 2015. An assent form was provided to each parent prior 

to the enrollment of their child in the study. 

Acknowledgements 

We thank the Bafoussam Regional Hospital staff and all 

the parents and newborns involved in the study. 

 

References 

[1] Ndombo, P. K., Ekei, Q. M., Tochie, J. N., Temgoua, M. N., 
Angong, F. T. E., Ntock, F. N., and Mbuagbaw, L. (2017) A 
cohort analysis of neonatal hospital mortality rate and 
predictors of neonatal mortality in a sub-urban hospital of 
Cameroon, Italian journal of pediatrics 43, 1-8. 

[2] Bhatti, M., Chu, A., Hageman, J. R., Schreiber, M., and 
Alexander, K. (2012) Future directions in the evaluation and 
management of neonatal sepsis, NeoReviews 13, e103-e110. 

[3] Kocabas, E., Sarikcioglu, A., Aksaray, N., Seydaoglu, G., 
Seyhun, Y., and Yaman, A. (2007) Role of procalcitonin, C-
reactive protein, interleukin-6, interleukin-8 and tumor 
necrosis factor-alpha in the diagnosis of neonatal sepsis, 
Turkish Journal of Pediatrics 49, 7. 



54 Palmer Masumbe Netongo et al.:  Interleukin-6 ELISA in the Early Diagnosis of Neonatal Sepsis: Feasibility  

Within a Poor Setting in Bafoussam, Cameroon 

[4] Resch, B., Hofer, N., and Müller, W. (2012) Challenges in the 
diagnosis of sepsis of the neonate, Reasearch for neonatal 
infectious diseases and epidemiology 2012, 233-245. 

[5] Lichtenstern, C., Brenner, T., Bardenheuer, H. J., and 
Weigand, M. A. (2012) Predictors of survival in sepsis: what 
is the best inflammatory marker to measure?, Current opinion 
in infectious diseases 25, 328-336. 

[6] Herzum, I., and Renz, H. (2008) Inflammatory markers in SIRS, 
sepsis and septic shock, Current medicinal chemistry 15, 581-587. 

[7] Prashant, A., Vishwanath, P., Kulkarni, P., Sathya Narayana, 
P., Gowdara, V., Nataraj, S. M., and Nagaraj, R. (2013) 
Comparative assessment of cytokines and other inflammatory 
markers for the early diagnosis of neonatal sepsis–a case 
control study, PloS one 8, e68426. 

[8] Reinhart, K., Meisner, M., and Brunkhorst, F. M. (2006) 
Markers for sepsis diagnosis: what is useful?, Critical care 
clinics 22, 503-519. 

[9] Bowen, D. J., Kreuter, M., Spring, B., Cofta-Woerpel, L., 
Linnan, L., Weiner, D., Bakken, S., Kaplan, C. P., Squiers, L., 
and Fabrizio, C. (2009) How we design feasibility studies, 
American journal of preventive medicine 36, 452-457. 

[10] Wu, Y., Shen, J., Zhou, Q., Zhao, H., Liu, L., and Liu, X. 
(2016) Interleukin-6 and interleukin-8 in diagnosing neonatal 
septicemia, Journal of Biological Regulators and Homeostatic 
Agents 30, 1107-1113. 

[11] Küster, H., Weiss, M., Willeitner, A. E., Detlefsen, S., 
Jeremias, I., Zbojan, J., Geiger, R., Lipowsky, G., and 
Simbruner, G. (1998) Interleukin-1 receptor antagonist and 
interleukin-6 for early diagnosis of neonatal sepsis 2 days 
before clinical manifestation, The Lancet 352, 1271-1277. 

[12] Silveira, R., and Procianoy, R. (1999) Evaluation of interleukin-
6, tumour necrosis factor-α and interleukin-1β for early 
diagnosis of neonatal sepsis, Acta paediatrica 88, 647-650. 

[13] Buck, C., Bundschu, J., Bartmann, P., Pohlandt, F., and Gallati, 
H. (1994) Interleukin-6: a sensitive parameter for the early 
diagnosis of neonatal bacterial infection, Pediatrics 93, 54-58. 

[14] Mirzarahimi, M., Barak, M., Eslami, A., and Enteshari-
Moghaddam, A. (2017) The role of interleukin-6 in the early 
diagnosis of sepsis in premature infants, Pediatric reports 9, 7305. 

[15] Yachie, A., Takano, N. U., Ohta, K., Uehara, T., Fujita, S., 
Miyawaki, T., and Taniguchi, N. (1992) Defective production 
of interleukin-6 in very small premature infants in response to 
bacterial pathogens, Infection and immunity 60, 749-753. 

[16] Khassawneh, M., Hayajneh, W., Kofahi, H., Khader, Y., 
Amarin, Z., and Daoud, A. (2007) Diagnostic markers for 
neonatal sepsis: comparing C-reactive protein, interleukin-6 
and immunoglobulin M, Scandinavian Journal of Immunology 
65, 171-175. 

[17] Franz, A. R., Steinbach, G., Kron, M., and Pohlandt, F. (1999) 
Reduction of unnecessary antibiotic therapy in newborn 
infants using interleukin-8 and C-reactive protein as markers 
of bacterial infections, Pediatrics 104, 447-453. 

[18] De Bont, E., Martens, A., Van Raan, J., Samson, G., Fetter, 
W., Okken, A., De Leij, L., and Kimpen, J. (1994) Diagnostic 
value of plasma levels of tumor necrosis factor α (TNFα) and 
interleukin-6 (IL-6) in newborns with sepsis, Acta paediatrica 
83, 696-699. 

[19] Messer, J., Eyer, D., Donato, L., Gallati, H., Matis, J., and 
Simeoni, U. (1996) Evaluation of interleukin-6 and soluble 
receptors of tumor necrosis factor for early diagnosis of 
neonatal infection, The Journal of pediatrics 129, 574-580. 

[20] Døllner, H., Vatten, L., and Austgulen, R. (2001) Early 
diagnostic markers for neonatal sepsis: comparing C-reactive 
protein, interleukin-6, soluble tumour necrosis factor receptors 
and soluble adhesion molecules, Journal of clinical 
epidemiology 54, 1251-1257. 

[21] Sonawane, V. B., Mehkarkar, N. S., Jadhav, P. B., Gaikwad, S. 
U., and Kadam, N. N. (2015) Study of interleukin-6 levels in 
early diagnosis of neonatal sepsis. 

[22] (2020) ASTMH Membership Directory, Am J Trop Med Hyg 
102, 21-233. 

[23] Mardini, V., Rohde, L. A., Ceresér, K. M. M., Gubert, C. d. 
M., Silva, E. G. d., Xavier, F., Parcianello, R., Röhsig, L. M., 
Pechansky, F., and Pianca, T. G. (2016) IL-6 and IL-10 levels 
in the umbilical cord blood of newborns with a history of 
crack/cocaine exposure in utero: a comparative study, Trends 
in psychiatry and psychotherapy 38, 40-49. 

[24] Chauhan, N., Tiwari, S., and Jain, U. (2017) Potential 
biomarkers for effective screening of neonatal sepsis 
infections: an overview, Microbial pathogenesis 107, 234-242. 

[25] Cernada, M., Badía, N., Modesto, V., Alonso, R., Mejías, A., 
Golombek, S., and Vento, M. (2012) Cord blood interleukin-6 
as a predictor of early-onset neonatal sepsis, Acta paediatrica 
101, e203-e207. 

[26] Behrman, R., Kliegman, R., and Jenson, H. (2000) Jaundice 
and hyperbilirubinemia in the newborn, Nelson Textbook of 
Pediatrics 1, 493-499. 

[27] Chiesa, C., Panero, A., Osborn, J. F., Simonetti, A. F., and 
Pacifico, L. (2004) Diagnosis of neonatal sepsis: a clinical and 
laboratory challenge, Clinical chemistry 50, 279-287. 

[28] Ng, P. (2004) Diagnostic markers of infection in neonates, 
Archives of Disease in Childhood-Fetal and Neonatal Edition 
89, F229-F235. 

[29] Lan, L., Xu, D., Ye, G., Xia, C., Wang, S., Li, Y., and Xu, H. 
(2020) Positive RT-PCR test results in patients recovered 
from COVID-19, Jama 323, 1502-1503. 

[30] Aziz, M., Fatima, R., and Assaly, R. (2020) Elevated 
interleukin-6 and severe COVID-19: a meta-analysis, Journal 
of medical virology. 

[31] Chen X, Zhao B, Qu Y, Chen Y, Xiong J, Feng Y, Men D, 
Huang Q, Liu Y, Yang B, Ding J, Li F. Detectable Serum 
Severe Acute Respiratory Syndrome Coronavirus 2 Viral 
Load (RNAemia) Is Closely Correlated with Drastically 
Elevated Interleukin 6 Level in Critically Ill Patients with 
Coronavirus Disease 2019. Clin Infect Dis. 2020 Nov 5; 71 
(8): 1937-1942. 

[32] Ulhaq, Z. S. and G. V. Soraya, Interleukin-6 as a potential 
biomarker of COVID-19 progression. Medecine et maladies 
infectieuses, 2020. 50 (4): p. 382. 

[33] Singh, B., et al., Interleukin-6 expression in cord blood of 
patients with clinical chorioamnionitis. Pediatric research, 
1996. 39 (6): p. 976-979. 


