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Background: Sepsis is the leading causes of morbidity and mortality in critical patients in 
many intensive care units. TNF-α was the first circulating proinflamatory cytokine to be 
widely evaluated in sepsis patients. 

Objective: The aim of this study was to determine the role of TNF-α as an outcome predictor 
in pediatric sepsis patient. 

Methods: This prospective cohort study was conducted in Pediatric Intensive Care Unit 
Wahidin Sudirohusodo hospital from December 2015 until May 2016. A total of 70 sepsis 
patients were included. Plasma specimens were collected at admission, then the patients 
were being followed up if the patients develop septic shock or not. The diagnosis of sepsis 
is using the International Pediatric Sepsis Consensus 2005 criteria. Serum TNF-α was 
measured using Enzyme Linked Immunosorbent Assay technique.  

Results: The initial serum levels of TNF-α was significantly increased in both groups, but 
higher in the septic shock group. Cut off point ≥ 400pg/ml was obtained through the ROC, 
with the sensitivity 100%, specificity 100%, positive predictive value 100%, and negative 
predictive value 100%. 

Conclusion: The initial serum level of TNF-α can be used as a predictor outcome of sepsis 
patient in children and the limit of level ≥ 400 pg/ml is the most optimal cut off point as a 
prognostic value.
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Introduction 
Sepsis is a clinical syndrome that triggered by infection 
which is characterized by a number of clinical symptoms 
including fever or hypothermia, leukocytosis or leukopenia, 
tachycardia and tachypnea. Various microorganisms act 
as infectious agents including bacteria, viruses, fungi, 
protozoa. Various internal and external factors also 
determine the occurrence of sepsis. Internal factors that 
also influential are immune factors and apoptosis. If there 
is something causes the immune system under pressure, 
then the individual becomes susceptible to infections. This 
situation will develop into sepsis or septic shock [1-5].

In a recent study recognized that various proinflammatory 
cytokines, particularly TNF-α effect on the response to 
severe infection and sepsis. TNF-α stimulates leukocytes 
and vascular endothelium to release other cytokines. It 
also increased the expression of surface molecules and 
strengthens the neutrophil-endothelial adhesion at the site 

of infection, increasing the production of prostaglandins 
and leukotrienes. TNF-α levels are increased in patients 
with severe sepsis or septic shock [1,6-13].  It is proved 
by previous studies in other countries which reported 
that the levels of TNF-α in the serum is more increased 
in patients with sepsis non survival than in patients with 
sepsis survival [14-16].

TNF-α production in large quantities can cause 
intravascular thrombosis, inhibit muscle contractility of 
heart, lowers blood pressure (shock), vascular dilation, and 
plasma leakage which then lead to septic shock [17-19]. If 
the expression of TNF-α occur continuously, mortality of 
patients with sepsis cannot be avoid. It means that if we 
can figure out cytokines that influence sepsis, hopefully we 
can predict the occurrence of shock in a patient. Therefore, 
it is important to investigate the effects of cytokines as the 
prognostic value in patients with sepsis.

The management of sepsis by using only anti-microbial 
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was not entirely successful. It have to be noted that just 
by eliminating microorganisms that cause sepsis was not 
sufficient and it was proved by the death rate because of 
sepsis still high [1,20]. TNF-α in moderation plays a role 
in systemic inflammation, while high amounts are vital to 
the occurrence of septic shock [17].

Previous study by Kocabas et al. [15] and Bozza et al. [14] 
state that TNF-α is a good marker for diagnosing sepsis 
and also to determine prognosis in sepsis patients. If we 
can predict the outcome of patients with sepsis earlier, the 
patient can be treated more progressively, so the mortality 
rate in patients with sepsis can be reduced. Based on 
the fact above, it needs an approach from biological 
parameter to identify the role and prognostic value, in this 
case is TNF-α, which is correlative with sepsis patient’s 
outcome. Research on biological parameters in sepsis is 
still rare; study of TNF-α to predict the outcome (shock 
or no shock) of patients with sepsis in children has not 
been done before. In addition, research to find the point 
of intersection levels of TNF-α baseline between patients 
with sepsis in children who become septic shock and who 
did not become septic shock has not been done before. 
So this research is expected to enhance our knowledge to 
better clinical applications in the future.

Material and Methods
Subjects

This study included children aged 1 month to 18 years 
who were diagnosed with sepsis during December 2015 to 
May 2016. Sepsis was defined based on the criteria of the 
International Pediatric Sepsis Consensus of 2005, which 
was treated in the Pediatric Intensive Care Unit (PICU) 
Wahidin Sudirohusodo Hospital [21]. Samples are the 
entire population that meets the criteria of inclusion and 
exclusion. Inclusion criteria were patients with sepsis, 
age 1 month to 18 years, was willing to sign an informed 
consent agreement. Exclusion criteria were patients with 
trauma, burns, malnutrition, malignancy, being received 
corticosteroid treatment and patients with immune 
deficiency.

Children who meet the inclusion and exclusion criteria 
and is willing to be a sample (obtain permission from 
parents) and signed an informed consent agreement. 
After diagnosis of sepsis, the patient's blood sample is 
immediately taken within the first 24 h. 

The Ethics Committee of Hasanuddin University approved 
this study and written informed consent was obtained from 
all parents.

TNF-α measurement  

After blood extraction, experiment should be conducted 
immediately as well. Samples to be used within 5 days 
may be stored at 2-8°C, otherwise sample must be stored 
at -20°C (≤ 1 month) or -80°C (≤ 2 months) to avoid loss 
of bioactivity and contamination. Allow the serum to clot 

for 10-20 minutes at room temperature and centrifuge (at 
2000-3000 RPM) for 20 minutes. Collect the supernatant 
carefully. When sediments occurred during storage, 
centrifugation should be performed again. Sample 
hemolysis will influence the result. When performing 
the assay, bring samples to room temperature. First, add 
prepared sample 40 µl, standards, and ELISA solutions. 
Let them react for 60 minutes at 37°C. Wash the plate five 
times. Add chromogen solution A and B. Incubate for 10 
minutes at 37°C for color development. Then add stop 
solution. Read the value within 10 minutes. 

Statistical analysis

The data obtained are grouped into two groups of patients; 
septic shock and sepsis without shock. Then, suitable 
statistic method was chosen to analyze the data, which 
was univariate and bivariate analysis, power=80%, 
α=0.05.  Mann Whitney test is used to compare the 
median initial serum TNF-α level of the sepsis patient 
to the outcome of septic shock or not septic shock. For 
normality test, Kolmogorov-Smirnov test was used. Chi 
square was used to determine the significance of predictor 
factor relationship with the outcome of septic shock and 
not septic shock. Receiver Operator Curve (ROC) was 
used in order to determine the best cut-off point levels of 
TNF-α in determining the outcome. The Data analysis was 
processed by using SPSS 23.

Results
An observational study with prospective cohort approach 
to determine the role of TNF-α as a predictor of outcome 
in sepsis patients in children has been conducted in 
Dr.Wahidin Sudirohusodo Hospital Makassar from 
December 2015 until May 2016.

Patients with sepsis shock group consisted of 76% boys 
and 24% girls while in sepsis without shock group 
consisted of 60% boys and 40% girls. Statistical analysis 
showed no significant difference between the two groups 
with p=0.2. Septic shock group nutritional status consisted 
of 44% good nutritional status, 52% malnutrition, and 4% 
overnourished. Meanwhile, sepsis without shock group 
good nutritional status was 53.3%, malnutrition 44.4%, 
and overnourished 2.2%. Statistical analysis showed no 
significant difference with p = 0.72. The age of patients 
with septic shock was 16% 1-3 months, 28% 3-23 months, 
16% 24-59 months, 40% >5 years. Sepsis without shock 
age’s was 15.5% 1-3 months, 33.3% 3-23 months, 13.3% 
24-59 months, 37.7% >5 years. Chi square test results 
showed that there was no significant difference between 
the two groups with p=0.6 (Table 1).

Kind of infection that most common in this study was 
respiratory tract infections, followed by central nervous 
system infections, rheumatic heart disease, diarrhea, 
urinary tract infections, and infections of dengue (Table 
2).
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Operator Curve (ROC). Sensitivity depicted on the 
ordinate Y, while the 1-specificity depicted on the axis X. 
The value on this cut-off point is the most optimal value 
as prognostic value in determining the outcome. The 
prognostic value of initial serum levels of TNF-α ≥ 400 
pg/ml had sensitivity 100%, specificity 100%, positive 
predictive value 100%, negative predictive value 100% 
with 95% CI, and area under curve (AUC) 1 (Figure 1).

The initial serum levels of TNF-α was significantly 
increased in both groups, but higher in the septic shock 
group. Cut off point ≥ 400 pg/ml was obtained through 
the ROC, with the sensitivity 100%, specificity 100%, 
positive predictive value 100%, and negative predictive 
value 100%.

Initial serum level of TNF-α in septic shock group’s 
median was 544.83 pg/ml and range 405.08 to 1177.91 pg/
ml. While in sepsis without shock group was 345.88 pg/
ml and range 188.01 to 399.44 pg/ml. Mann Whitney test 
results showed that there were very significant differences 
between the two groups with p=0.00 (Table 3).

The result of blood culture test of patients with sepsis in not 
shock group consisted of 8 no growth, 2 staphylococcus 
aureus, 1 staphylococcus epidermidis, 2 Acinetobacter 
baumani. Meanwhile, patients in shock group consisted 
of 7 no growth, 2 E. Cloacae and Burkhoderia cepacia, 2 
Acinetobacter baumani (Table 4).

In order to assess the best cut-off point levels of TNF-α in 
determining the outcome, it can be seen in the Receiver 

Table 1. Sample characteristic

Sample Characteristic
Sepsis 

P ValueShock
n=25 (%)

Not Shock
n=45 (%)

Gender
Boy 19 (76 %) 27 (60 %) 0.2*
Girl 6 (24%) 18 (40 %) -

Nutritional status
Good  11 (44%) 24 (53.33%) 0.72*

Undernourished 13 (52%) 20 (44.44%) -
Overnourished 1 (4%) 1 (2.22%) -

Age 
1-3 months 4 (16%) 7 (15.56%) 0.6*

3-23 months 7 (28%) 15 (33.33%) -
1-59	 months 4 (16%) 6 (13.33%) -

>5 years 10 (40%) 17 (37.78%) -
*Chi-square test
Nutritional status based on WHO for children ≤ 5 years, CDC for children >5 years.

TNF-α (pg/ml)
Sepsis

Shock 
n=25(%)

Not shock 
n=45(%)

Respiratory 18 (72%) 30 (66.6%)
Central nervous system 7 (28%) 10 (22.2%)
Rheumatic heart disease 0 2(4.4%)

Diarrhea 0  1(2.2%)
Urinary tract infection 0  1(2.2%)

Dengue infection 0  1(2.2%)

Table 2. Focus Infection of sepsis patients

TNF-α (pg/ml)
Sepsis

Shock 
n=25

Not shock 
n=45

Mean 672.62 332.48
Median 544.83 345.88

Standard Deviation 271.29 52.95
coefficient of variation 40.3% 15.9%
Minimum-Maximum 405.08-1177,91 pg/mL 188.01-399,44 pg/mL
Mann Whitney test								        p=0.05 (<0.05)

Table 3. Initial serum level of TNF-α in sepsis patient who become shock and not shock
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Discussion
This study used the 2005 Goldstein criteria to diagnose 
sepsis. Sepsis is Systemic Inflammatory Response 
Syndrome (SIRS) with suspicion or evidence of infection. 
The SIRS criteria must meet at least 2 of the following four 
criteria and one of them should be temperature instability 
or abnormal leukocyte count: Body temperature >38.5°C 
or <36°C. Tachycardia, (heart rate mean was >2 SD above 
normal by age, the absence of external stimuli, chronic 
medications, or pain stimuli; or persistent increase in 0.5 
to 4 hours unknown or in children <1 year), bradycardia 
(mean heart rate <10th percentile by age without external 
vagal stimuli, β blocker, or congenital heart disease; or 
persistent depression that occurs> 0.5 hours without any 
known cause. The rate of respiration >2 SD above normal by 
age or the use of mechanical ventilation for acute processes 
not associated with neuromuscular disease or under the 
influence of general anesthesia. Increase or decrease in 
leukocyte counts by age (not secondary to chemotherapy-
induced leukopenia) or immature neutrophils >10%. 
Suspicion or evidence of infection (positive culture, tissue 
staining or PCR test) associated with high probability 

of infection. Evidence of infection includes findings on 
physical, imaging, or laboratory examinations (eg found 
leucocyte cells in sterile body fluids, viscous perforations, 
pneumonia in thorax radiation, petechial or purpuric rash, 
or fulminant purpura). 

This study showed that the serum levels of TNF-α can be 
used as an early predictor of outcome in sepsis patients in 
children and limit levels ≥ 400 pg/ml is the most optimal as 
a prognostic value. The influence of sex factor, nutritional 
status, and age to initial serum levels of TNF-α was also 
analyzed. 

The concentration of TNF-α in the circulation is generally 
low and undetected in healthy subjects (not more than 3 
pg/mL) [23]. This study shows that the serum levels of 
TNF-α had increased since the beginning of disease. The 
invasion of pathogenic microorganisms and/or its products 
will stimulate the proinflammatory cytokines. The 
main proinflammatory cytokines that play an important 
role in pathogenesis of sepsis is TNF-α, IL-1, IL-6 and 
IL-8. Tumor necrosis factor alpha which can work in 
hypothalamus causes fever. It also activates various 

Sepsis
Shock Not shock 

No growth 7 8
E. Cloacae, Burkhoderia Cepacia 2 0

Staphylococcus aureus 0  2
Staphylococcus epidermidis 0  1

Acinetobacter baumani 2  2
Achromobacter xylosoxidans 1 0

Table 4. Causative pathogens

ROC indicating AUC=1000; Cut off 400 pg/ml sensitivity 100%; Specifity 100%; PPV 100%; NPV 100%; AUC: Area 
Under The Curve; PPV: Positive Predictive Value; NPV: Negative Predictive Value

Figure 1. Cut off Point of TNF-α level ≥ 400 pg/ml to predict outcome septic shock
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types of cells such as monocytes, macrophages, dendritic 
cells and neutrophils, and together with IL-6 induces an 
acute phase response. Tumor necrosis factor alpha can 
also induce a procoagulant activity and endothelial cell 
damage that interfere with blood flow to the organ system 
and oxygen supply [4].

The function of TNF-α cytokine is to stimulate the 
expression of adhesion molecules on vascular endothelium 
and leukocytes which will lead to increasing of vascular 
permeability and inflammatory reactions. At high levels, 
TNF-α induce pathologic abnormality of septic shock 
[17]. Results of previous studies have shown that TNF-α 
is a good marker for the diagnosis of sepsis, to assess 
the effectiveness of therapy, and prognosis of sepsis 
disease. A research by Dinata et al. [16] reported that 
mean of TNF-α was higher in septic shock than in not 
septic shock group. Logistic regression analysis showed 
a positive correlation between the levels of TNF-α and 
the possibility of shock in patients with sepsis in children 
(P=0.002, r=0.78). A research conducted by Kumar et 
al. [23] found that average levels of TNF-α was higher 
in septic shock patients (59 pg/mL, range 5-2720 pg/ml) 
than in severe sepsis patients (47 pg/ml, range 5-3310 pg/
ml), so it can be concluded that TNF-α can be used as a 
marker of sepsis and initial aggressive therapy in patients 
with increasing levels of TNF-α. In a study conducted 
by Heper et al. [24], it obtained higher mean serum level 
of TNF-α at the beginning of admission in patients who 
died of sepsis (761.9 ± 933.12 pg/ml) than in patients who 
were improved (137 ± 317.9 pg/ml) (p=0.032). after 24 
h of treatment, it obtained serum level of TNF-α mean in 
patients who died sepsis is 528.4 ± 829.3 pg/ml and 104.96 
± 156.32 pg/ml (p=0.032) in improved patients.

Initial serum level of TNF-α ≥ 400 pg/ml had a sensitivity 
100%, specificity 100%, positive predictive value 100%, 
negative predictive value 100% (p ≤ 0.05), and area under 
curve (AUC) 1. Limit 400 pg/ml of initial serum level of 
TNF-α is the best cut-off point determining the outcome 
of patients. In the study conducted by Heper et al. [24], it 
obtained the cut-off point of TNF-α ≥ 65 pg/ml to predict 
the patients will die of sepsis or improves with sensitivity 
100%, specificity 60.6%, positive predictive value 27.8%, 
negative predictive value of 100%, and AUC 0.8. In a 
study conducted by Kocabas et al. [15] which examined 
proinflammatory cytokines procalcitonin, TNF-α, IL-
6, IL-8, it found that procalcitonin and TNF-α is a best 
marker in the diagnosis of neonatal sepsis, determine the 
effectiveness of therapy, and prognosis of sepsis. In this 
study, the cut-off point of the levels of TNF-α ≥ 7.5 pg/
ml for diagnosing sepsis in neonates with a sensitivity 
100%, specificity 96.6%, positive predictive value 
96.2%, negative predictive value 98.3%, and AUC 1. 
The cut-off point of TNF-α level in this study is higher 
than other studies with ≥ 400 pg/ml. Probably it due to 
genetic polymorphisms, or different underlying disease, 
or people who are frequently exposed to skin infections, 

worms, or other infections, the levels of TNF-α in the 
population in Makassar is higher than in other regions. 
Clinical significance in this study is if we use a cut-off 
point of another study, all the patients in this study will get 
an excessive therapy because the lowest levels of TNF-α 
in this study is 188.01 pg/ml, while the cut-off point on the 
research by Heper et al. [24], the levels of TNF-α was ≥ 65 
pg/ml. Based on the result of this study, supported by some 
previous studies, initial serum levels of TNF-α can be used 
as a prognostic factor in determining outcome, but it have 
to be noted that TNF-α is not the only prognostic factor in 
determining the outcome, there are also proinflammatory 
cytokines and other inflammatory risk factors.

Limitations of this study were including; not all patients 
were examined for blood cultures, blood culture of some 
patients were not successfully drawn, because the blood 
is too little, the laboratory cannot analyse viral infection, 
and the research only conducted in one place, so that 
the sample population was not reflect the population of 
Makassar city in general. While the strength of this study 
is a prospective cohort design is used so that we can follow 
the effects of these prognostic factors simultaneously, and 
also determine the cut-off point of serum levels of TNF-α 
early as prognostic factors using a Receiver Operator 
Curve (ROC).

Conclusion
The initial serum levels of TNF-α as the prognostic value 
of the outcome of patients with sepsis hopefully can be 
an additional reference of a more comprehensive sepsis 
treatment to prevent complications and deaths. Sepsis 
patients with initial serum levels of TNF-α ≥ 400 pg/
ml require a close supervision. Further research needs 
to be done with the involvement of other factors are 
also associated with sepsis outcomes such as genetic 
polymorphisms associated with TNF-α, TNF-α levels in 
the normal population in Makassar, and serial examination 
of TNF-α in patients with sepsis.
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