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Abstract
Worldwide, neonatal sepsis accounts for an estimated 26% of under-five deaths, with
sub-Saharan Africa (SSA) having the highest mortality rates, 49.6% of all under-five
deaths.
TNF-a is the prime mediator of septic shock in neonates and wide spread tissue
injury. The role of TNF-a as a marker for the prediction of neonatal sepsis has been
suggested. Additionally, when used in combination with IL-6, TNF-o may achieve up
to 98.5% sensitivity.
This cross-sectional, case control study was aimed to assess the serum TNF-a level in
Sudanese neonates infected with bacterial sepsis and control subjects, in Omdurman
Maternity Hospital in Khartoum State during the period from December (2019) to
November (2020). In which 44 septic neonates and 44 of age and sex- matched
healthy control neonates were enrolled.
Among the septic neonates; 27/44 (61%) had early-onset and 17 (39%) had late-onset
neonatal sepsis, 25 (57%) were males and 19 (43%) were females, 20 (45%) were
preterm neonates and 24 (55%) were term, while control neonates included; 23/44
(52%) males and 21(48%) females, 15 (34%) preterm neonates and 29 (66%) term
neonates.
TNF-a concentration was measured using Enzyme Linked Immunosorbent Assay
(ELISA).
The result showed that: there was significant difference in serum level of TNF-a
between septic neonates and healthy one ( p. value = 0.000).
Concerning onset of disease, there was no significant difference in serum levels of
TNF-o in EOS and LOS (p. value = 0.621).
Level of serum TNF-a in preterm neonates was differ than term in both patient and
control groups but the difference was statistically insignificant (p. value = 0.285, p.
value = 0.124 respectively).
Regarding to gender, there was meaningless differences between males and females
in both septic (p.value =0.467) and healthy neonates (p.value was 0.726).
This study concluded that; serum level of TNF-o was higher in septic neonates
compared with healthy neonates. There was no significant difference in serum levels
of TNF-a according to onset of disease, gestational age and gender.
TNF-a concentration was elevated in septic neonates and might be a useful marker for

diagnosis of neonatal bacterial sepsis.
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CHAPTER
1. INTRODUCTION

1.1. Introduction

Neonatal sepsis is a blood stream infection associated with inflammation and life
threatening organ dysfunction. It is classified as early-onset sepsis (EOS, <72 h after
birth) or late-onset sepsis (LOS, >72 h) (Ng et al., 2018).

Bacterial sepsis remains one of the most common diseases of the neonatal period and
is a global problem (Lawn et al., 2005).

Worldwide, neonatal sepsis accounts for an estimated 26% of under-five deaths, with
sub-Saharan Africa (SSA) having the highest mortality rates, 49.6% of all under-five
deaths (Adatara et al., 2019).

In Sudan, the prevalence of neonatal sepsis is 17.5% and the mortality is 14.5%
(Abdelaziz et al., 2019).

Blood culture has been the gold standard for confirmation of the diagnosis but the
sensitivity is low and results are usually not promptly obtained (Liu et al., 2014).
Sepsis cannot always be excluded even when blood cultures are found to be negative
(Shah and Padbury, 2014). Thus, the diagnosis of neonatal sepsis is based on a
combination of clinical presentation; the use of non-specific markers, including C-
reactive protein and procalcitonin and the use of molecular methods, including PCR,
Cytokines, including tumor necrosis factor alpha (TNF-o) interleukin 6 (IL-6),
interleukin 8 (IL-8), gamma interferon (IFNy) (Simonsen et al., 2014).

Changes in the blood levels of cytokines occur rapidly in the setting of neonatal sepsis
even before that of acute phase reactants (Benitz, 2010). TNF-a is the prime mediator
of septic shock in neonates and widespread tissue injury, release of it may occur
approximately 30 minutes after LPS injection. The role of TNF-a as a marker for the
prediction of neonatal sepsis has been suggested. Additionally, when used in
combination with IL-6, TNF-a may achieve up to 98.5% sensitivity (Machado et al.,
2014). Kocabas and colleagues demonstrated that TNF-a are the best markers in the
diagnosis of neonatal Sepsis (Kocabas et al., 2007). The TNF-o has appropriate
accuracy for the diagnosis of neonatal sepsis and thus is a good biomarker for the

diagnosis of neonatal sepsis (Lv et al., 2014).



1.2. Rationale

Blood culture has been the gold standard for diagnosis of neonatal sepsis (Liu et al.,
2014). but it limited by the time needed to isolation of the infecting organism,
resulting in a delay of appropriate antimicrobial therapy (Hornik et al., 2012). The use
of biomarkers in neonatal infection has remained an important area of research in the
past decades, many infection markers are components of the inflammatory cascade
and reflect response to infection. Cytokines and chemokines have been demonstrated
to have good diagnostic utilities as early phase inflammatory markers for diagnosis of
neonatal bacterial sepsis (Lam and Ng, 2008).

There are many studies regarding biomarkers that used for early diagnosis of neonatal
sepsis in Sudan; for example a study conducted by Kheir et al in 2013 at Soba
University Hospital, they reported that C-reactive protein was a reliable diagnostic
marker of neonatal sepsis, especially in developing communities with poor resources,

But the role of cytokine TNF-a as aseptic marker has not been well established yet,
Therefore, this study was conducted to evaluate the potential diagnostic value of
TNF-a for early diagnosis of neonatal bacterial sepsis in Sudanese neonates. The
result of this study would help to knew if TNF-a was a good marker for neonatal
bacterial sepsis and might help in early treatment of it and following the effectiveness
of treatment. Since blood culture takes time the elevated level of TNF-o considered

as rapid indicator for neonatal sepsis.



1.3. Objectives

1.3.1. General objective

To assess serum TNF-a level in Sudanese neonates infected with bacterial sepsis at
Omdurman maternity hospital in Khartoum State.

1.3.2. Specific objectives

1. To estimate serum level of TNF-o by ELISA technique in septic neonates (patients)
and healthy neonates (controls).

2. To compare levels of TNF-a between septic neonates and healthy one.

3. To compare serum levels of TNF-a in neonates with EOS and LOS.

4. To compare the mean of serum levels of TNF-a in preterm and term neonates
among study groups.

5. To compare the mean of serum levels of TNF-a in study groups according to

gender.
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CHAPTER 1

2. LITERATURE REVIEW
2.1. Sepsis
2.1.1. Definition of sepsis
The definition of sepsis has shifted over time. Sepsis defined as a systemic
inflammatory response syndrome (SIRS) due to infection. “Severe” sepsis was
defined as sepsis associated with organ dysfunction, hypoperfusion and hypotension,
and “septic shock” was defined as sepsis with arterial hypotension despite adequate
fluid resuscitation. Sepsis also defined as life-threatening organ dysfunction caused by
a deregulated host response to infection (Sartelli et al., 2018).
Neonatal sepsis is a systemic infections of the newborn such as septicemia,
meningitis, pneumonia, arthritis, osteomyelitis, and urinary tract infections. The term
“neonatal sepsis” is reserved for blood stream infection which is seen in the first
month of life of the neonate (Moges et al., 2017).
2.2. Neonatal bacterial sepsis
Neonatal bacterial sepsis (NBS) remains as an important cause of mortality and
morbidity among infants. In most of developing countries, Gram-negative bacilli
remain the major cause of neonatal bacterial sepsis (Movahedian et al., 2006).
It classified according to the time of onset of the disease to early onset (EOS) and late
onset (LOS) (Vergnano et al., 2005). EOS is defined as onset of sepsis in the first 3
days of life and is usually due to transplacental, ascending, or intrapartum
transmission of bacteria from mothers to infants in the perinatal period shortly before
or during birth (Bhandari et al., 2014). LOS is defined as infection occurring after 1
week of life is attributed to the horizontal transmission of pathogens acquired
postnatally and is often more insidious in onset (Bizzarro et al., 2005).
2.3. Etiology of neonatal bacterial sepsis
2.3.1. Organisms associated with early-onset sepsis (EOS)
The two most common pathogens making up 70% of all the early neonatal infections
are Streptococcus group B (GBS) and E.coli. Other less common pathogens making
up the final 30% are other streptococci (Viridians and pneumonia), Staphylococcus
aureus, Enterococcus, H.influenzae (excluding group B) and Listeria monocytogenes
(Klobucar, 2017).Gram-negative organisms such as Klebsiella, Pseudomonas and

Salmonella are also more common (Zaidi et al., 2009).



2.3.2. Organisms associated with late-onset sepsis (LOS)
Coagulase Negative Staphylococci (CoNS) have emerged as the single most
commonly isolated pathogen among VLBW infants with LOS. And Staphylococcus
aureus is associated with 4-8% of LOS (Camacho-Gonzalez et al., 2013). Methicillin
resistant Staphylococcus aureus (MRSA) has been isolated in 28% of staphylococcal
infections in preterm neonates (Shane et al., 2012). Gram-negative bacilli responsible
for neonatal LOS mainly include Escherichia coli, Klebsiella spp., Enterobacter spp.
and Pseudomonas spp (Dong and Speer, 2015). A study by Abdelaziz et al done at
Maternity Hospital in Sudan reported Gram-negative organisms as the commonest
pathogen isolated. Klebsiella pneumoniae (21.2%) was the most frequent gram-
negative organism and Methicillin resistant Staphylococcus aureus (MRSA) (33.7%)
was the most common isolated bacteria (Abdelaziz et al., 2019). Similar finding to
Abdelaziz was reported by Babiker et al in a study done at Soba University Hospital
in Sudan which reported MRSA and K. pneumoniae are the most common isolated
organisms followed by P. aeruginosa, S. aureus, E. fecalis and E. coli (Babiker et al.,
2018).
2.4. Epidemiology of neonatal bacterial sepsis
Eighty-five percent of newborns with early-onset infection present within 24 hours
and onset is most rapid in premature neonates (Khamis et al., 2015). With improved
survival of preterm infants, LOS has become an important cause of morbidity and
mortality among low birth weight infants (Gladstone et al., 1990).
The incidence of neonatal sepsis is related to the gestational age of the newborn and
Preterm neonates have higher incidence of sepsis than term neonates. However, the
incidence of sepsis is significantly higher in neonates with very low birth weight
(VLBW) than neonates with normal weight this due to the deficiencies in the immune
mechanism in Preterm neonates than in full term babies (Anderson et al., 2009).
The incidence of neonatal sepsis is affected by socioeconomic status such as gender
(males are four times more affected than females), income, as long as the standard of
neonatal care received. The global incidence of neonatal sepsis is estimated at 5-
6/1000 live births, 6-21/1000 live births in sub-Saharan Africa, 1.8-12/1000 live births
in the Middle East and North Africa (Khamis et al., 2015). The rates of blood stream
infection (BSI) in neonates are 3-20 times higher in developing countries, and in some
countries, approximately half of the patients in neonatal intensive care units (NICUs)
acquire infection. (Sorsa, 2019). It is estimated that 3 million newborns and 1.2
5



million children suffer from sepsis globally every year. Three out of every ten deaths
due to neonatal sepsis are thought to be caused by resistant pathogens (WHO, 2018).
Neonatal sepsis that caused by Gram negative rods bacteria is a significant cause of
morbidity and mortality among neonates it was responsible for 18%-78% of all
neonatal sepsis (Babiker et al., 2018).

2.5. Mode of transmission and pathogenesis of neonatal bacterial sepsis
Throughout pregnancy, the fetus is relatively protected from the microbial flora of the
mother by the chorioamniotic membrane, the placenta and poorly understood
antibacterial factor in amniotic fluid (Klein, 2001). One of the maternal risk factors
that have been heavily studied is prolonged rupture of membranes (PROM). It is
defined as the rupture of the membranes longer than 24 hours before delivery and
carries the increased risk of ascending infection, which can put both the mother and
child at risk (Caughey et al., 2008).

Initial colonization of the neonate usually takes place after rupture of the
chorioamniotic membranes. Prolonged rupture of the chorioamniotic membranes (>18
hours) often results in chorioamnionitis, which is a bacterial infection that results in
the inflammation of the fetal membranes and is considered a strong risk factor for the
development of neonatal sepsis (Klobucar, 2017).

Fetal infection can result from aspiration of infected amniotic fluid, which may result
in congenital pneumonia, with or without bacteraemia. Infected amniotic fluid can
also be ingested leading to gastrointestinal colonization with invasion of the blood
stream and systemic infection. Vigorous resuscitation at birth particularly if it
involves endotracheal intubation or insertion of umbilical vessel catheter are
associated with an increased risk of bacterial infection (Chama, 2013).

After birth, neonates are exposed to infectious agents in the nursery or in the
community and postnatal infection may be transmitted by direct contact with hospital
personnel, mother or other family members. The most common source of postnatal
infections in hospitalized newborns is hand contamination of health care personnel.
Other sources include sophisticated equipment for respiratory and nutritional support,
arterial and venous umbilical catheters, central venous catheters, peripheral arterial
and venous canulation. Also urinary indwelling catheters provide enormous
opportunities for relatively non-virulent pathogens to establish infection and invade
the host (Stoll, 2007).



2.6. Host susceptibility

The body produces several different types of pro inflammatory cytokines in attempt to
protect itself. The process begins by the bacterial agent entering the circulatory
system and interacting with the complement cascade causing the release of several pro
inflammatory mediators such as C3 and Cb5a. These mediators cause vessel
vasodilation and a release of proinflammatory cytokines such as interleukin-1, 6 and 8
(IL-1-6-8) (Dessi et al., 2014). These cytokines facilitate the adhesion of leukocytes
to the endothelial wall, releasing nitric oxide and reactive oxygen species that then
cause injury to the endothelial cell wall (Silveira et al., 2010).

The bacterial antigen can facilitate the formation of microthrombi in the
microcirculation, further compromising tissue perfusion and the immaturity of the
neonate’s immune system fails to produce adequate anti-inflammatory cytokines
(Dessi et al., 2014). Due to this immaturity of the immune system compared to adults,
they have an increased rate of infections (Yost et al., 2009). Neonates are also not
able to proficiently combat the effects of the poly microbial flora that they are
exposed to during and after birth. It is therefore during this period their major source
of defense against any pathogen is their innate immunity and the passive protection
that is acquired in utero from their mothers (Yoon, 2010).

2.7. Clinical manifestations of neonatal sepsis

Neonates with bacterial sepsis may have either non-specific signs and symptoms or
focal signs of infection (Anderson et al., 2009). These include temperature instability,
hypotension, poor perfusion with pallor and mottled skin, metabolic acidosis,
tachycardia or bradycardia, apnoea, respiratory distress, grunting, cyanosis,
irritability, lethargy, seizures, feeding intolerance, abdominal distension, jaundice,
petechiae, purpura and bleeding (Gonzalez et al., 2003).

2.8. Diagnosis

One of the major difficulties in the management of neonatal sepsis is getting an
accurate diagnosis. Unlike older patients, newborns have very subtle presentations,
and multiple conditions resemble neonatal sepsis. Auxiliary tests have limited value
and are difficult to interpret due to low sensitivity and changing normal ranges during
the neonatal period. Blood cultures also lack sensitivity due to specific characteristics
of the neonatal population. As a result, a combination of findings is necessary to

provide a correct diagnosis of neonatal sepsis (Camacho-Gonzalez et al., 2013).



2.8.1. Blood culture
The isolation of an organism confers many advantages, including the optimal choice
and duration of antibiotic treatment. Blood cultures are still the gold standard in the
diagnosis of neonatal sepsis. However, obtaining cultures from neonates can be
difficult as sample volumes are small and a substantial number of cultures turn out to
be contaminated or negative. The minimum volume required for a reliable culture
result has been estimated as 1.0 ml (Resch et al., 2012).
Negative culture include insufficient blood sample volumes, intermittent or low
density bacteriaemia and prior use of antibiotics and difficulty in pathogen isolation,
positive blood culture ranged from 23%-70% in neonatal sepsis (Ambe et al., 2007).
2.8.2. Complete Blood Cell Count
Complete blood cell count is difficult to interpret in the neonatal period because it
varies significantly with day of life and gestational age. Low values of white blood
cells, low values of absolute neutrophil counts and high immature/total ratio are
associated with early-onset sepsis. High or low white blood cells counts, high absolute
neutrophil counts, high immature/total ratio and low platelet counts are associated
with late-onset sepsis, all of these findings have low sensitivities (Zea-Vera and
Ochoa, 2015).
Components of the white cell count, including absolute neutrophil count (ANC) and
immature to total neutrophil ratio (I:T) have also been shown to be more useful for
excluding infants without infection rather than identifying newborns who are infected
(Polin et al., 2012).
2.8.3. Molecular techniques for early detection of neonatal sepsis
A meta-analysis of 23 studies on molecular diagnosis of neonatal sepsis found that
real time PCR assays performed the best, with 96% sensitivity and 96% specificity.
Ribosomal RNA unique to bacteria are detected by 16 s RNA. It has a high
sensitivity, but has a high frequency of contamination, and it cannot determine
bacterial antibiotic sensitivities (Liu et al., 2014).
2.8.4. Biomarkers of bacterial neonatal sepsis
The diagnosis of neonatal sepsis is complicated by non-specific clinical symptoms, a
high-false negative rate, and a delay in obtaining blood culture results. An ideal
biomarker needs to have a high degree of accuracy in recognizing the presence or
absence of definite infection at an early stage, to guide the initiation and duration of
antibiotic therapy. The diagnostic utility of the following biomarkers seems to be
8



most practical in the early (IL-6, IL-8, TNF- a, neutrophil CDes), mid (procalcitonin)

and late (C-reactive protein) phases of neonatal sepsis (Bhandari, 2014).

2.8.4.1. Acute phase proteins (APPs)

They are an evolutionarily conserved family of proteins produced mainly in the liver

in response to infection and inflammation (Janciauskiene et al., 2011).

2.8.4.1.1. C Reactive Protein (CRP)

C Reactive protein is one of the most extensively studied, most available, and most

frequently used laboratory tests for the diagnosis of neonatal sepsis, It is an acute

phase reactant synthesized by the liver, has a half- life of 24-48 hrs and takes 10-12

hrs for CRP to change significantly after onset of infection. Serial determination of

CRP 24-48 hrs after the onset of symptoms increases its sensitivity (Mishra et

al.,2006).

Serial CRP measurements may also be helpful in monitoring the response to treatment

in infected neonates and thus may help clinicians guide the duration of antibiotic

therapy. The specificity and positive predictive value of CRP ranges from 93-100%.

Thus, CRP can be considered as a “specific” but “late” marker of neonatal infection.

If the CRP levels remain persistently normal, it correlates strongly with the absence of

infection thereby guiding safe discontinuation of antibiotic therapy (Shah and

Padbury, 2014).

2.8.4.1.2. Procalcitonin (PCT)

Procalcitonin is an acute phase marker and has been intensively investigated for its

diagnostic role in neonatal sepsis since the mid 1990s. It has been reported that serum

concentrations of PCT begin to rise four hours after exposure to the bacterial

endotoxin, peak at six to eight hours, and remain elevated for at least 24 hours

(Dandona et al., 1994).

PCT is synthesized in the liver and induced by similar means with acute phase

reactants such as CRP. In fact, it has been shown that a great amount of PCT is

produced in human liver cells after TNF-a and IL-6 stimulation (van Rossum et al.,

2004).

In many studies, PCT sensitivity in the early diagnosis of neonatal sepsis was found to

be 83-100% while the specificity was 70-100% (Simon et al., 2004).

2.8.4.2. Cell surface markers

With the advances in flow cytometric technology, cell surface antigens can be

detected in blood cells. Neutrophil cluster of differentiation (CD) CDiig and CDeas
9



have been found to be reliable markers for detecting early and late-onset neonatal
sepsis respectively with a high sensitivity and specificity (Ng, 2004).
2.8.4.2.1. CDusp
It is an a subunit of the B2 integrin adhesion molecule. It is a cell-surface antigen of
neutrophil and is normally expressed at a very low level on the surface of non-
activated cells. Its expression on neutrophil cell surface, however, increases
substantially within a few minutes after the cell comes into contact with bacteria or
endotoxins. This unique property enables CD;ip to be used as a potential early
warning marker for detection of bacterial infection. Similarly, the high affinity FcyRI
(Ng etal., 2002). Its expression is influenced by IL-8, a strong neutrophil activating
agent. The sensitivity and specificity are as high as 96-100% (Nupponen et al., 2001).
And it has better diagnostic accuracy for early than late-onset neonatal sepsis (Ng,
2004).
2.8.4.2.2.CDe¢s
It ahigh affinity receptor that binds monomeric IgG, is normally expressed by
monocytes and weakly on resting neutrophils. The expression of neutrophil CDes
(nCDes4) is considered to be a very early phase of the host’s immune response to
bacterial infection, increasing about one hour after invasion. Itis stimulated by
inflammatory cytokines, then increases in a graded manner. nCDes expression remains
stable for more than 24 hrs. The development of flow cytometric technology has made
it possible to measure nCDes quickly and precisely with minimal blood volumes, the
sensitivity of nCDes ranges from 57 to 89%, and the specificity ranges from 62 to
100%, indicating that nCDes is a reliable marker in the diagnosis of neonatal sepsis
(Dai et al., 2017).
2.8.4.3. Cytokines profile
Multiple cytokines have been studied for diagnosis of neonatal sepsis including 11-6,
[1-8, 1I-10 and TNF -a. IL-6 and IL-8 increase very rapidly with bacterial invasion but
they promptly normalize in serum levels (within the first 24 hours) (Ng et al., 2003).
cytokine analysis may be useful in predicting late-onset infection (Shah and Padbury,
2014).
Many new chemokines, antimicrobial peptides, acute phase reactants and cell surface
antigens are being investigated. Some of them include interferonY inducible protein
(IP-10), monokine induced by interferon Y (MIG), monocyte chemoattractant protein-
1 (MCP-1), growth related oncogenes o (GRO-a). The technologies include use of
10



genomics and proteomics for identification of host response biomarkers and
quantitative flow cytometry also under developed (Singh and Devi, 2013).
2.9. Cytokines
Cytokines are small secreted proteins released by cells have a specific effect on the
interactions and communications between cells. Cytokines may act on the cells that
secrete them (autocrine action), on nearby cells (paracrine action), or in some
instances on distant cells (endocrine action). It is common for different cell types to
secrete the same cytokine or for a single cytokine to act on several different cell types
(pleiotropy) (Zhang and An, 2007).
Cytokines are redundant in their activity, meaning similar functions can be stimulated
by different cytokines. They are often produced in a cascade, as one cytokine
stimulates its target cells to make additional cytokines, Cytokines can also act
synergistically or antagonistically (Xie et al., 2006).
Cytokines are made by many cell populations (neutrophils, monocytes, macrophages,
B-cells, and T-cells), but the predominant producers are helper T cells (Th) and
macrophages (Xie et al., 2006).
Cytokines act as mediators and modulators within highly localized environments and
regulate immunological responses, hematopoietic development, and cell-to-cell
communication as well as host responses to infectious agents and inflammatory
stimuli (Lefkowitz and Lefkowitz, 2001).
Elevated concentrations of cytokines indicate activation of cytokine pathways
associated with inflammation or disease progression. For this reason, cytokine
measurements are important as these proteins are widely used as biomarkers to
understand and predict disease progression and monitor the effects of treatment. Since
cytokines are biomarkers of inflammatory-based diseases, nearly every type of
disease has involvement of cytokines as potential biomarkers (Stenken and
Poschenrieder, 2015).
2.9.1. The role of cytokines in neonatal sepsis
Cytokines play a central role in immune response in neonates with sepsis. During
sepsis, cytokine levels may be observed in picograms per milliliter of plasma or in
nanograms or even micrograms per milliliter. In the 1990s, sepsis was believed to be
associated with an exacerbated release of mainly pro inflammatory cytokines, such as
tumor necrosis factor (TNF-a), interleukin-1 (IL-1, IL-6, and IL-12), interferon- y
(IEN- y), and macrophage migration inhibitory factor (MIF) (Machado et al., 2014).
11



TNF, IL-1p and IL-6 are the cytokines that mediate the initial response of the innate
immune system to injury or infection. TNF and IL-1p both activate endothelial cells,
attracting circulating polymorph nuclear leukocytes (PMNSs) to the site. They also
enter the circulation, causing fever and other systemic symptoms. IL-6 enhances the
liver’s production of the acute phase reactants, including CRP, and stimulates a shift
in the production of cells in the bone marrow so that more PMNs are produced.
Therefore, these three cytokines are essentially responsible for the features of
systemic inflammatory response syndrome SIRS and could be potentially useful as
biomarkers of sepsis (Faix, 2013).

IL-6 is a cytokine involved in the early host response to infection preceding the
increase in CRP. It is synthesized by endothelial cells, mononuclear phagocytes,
fibroblasts, amnion, and trophoblastic cells shortly after stimulation by microbial
products (Tasci et al., 2006).

IL-6 circulating concentration can drop precipitously following antimicrobial
treatment, suggesting that IL-6 can be used as a therapeutic monitoring parameter.
However, in some cases, such as chorioamnionitis, the passive transfer of IL-6 can
result in an elevated IL-6 level after birth, which may lead to a false-positive result.
Thus, it is necessary to assess maternal risk factors (Ye et al., 2017).

IL-8 is a pro inflammatory cytokine predominantly produced by monocytes,
macrophages and endothelial cells with similar kinetic properties with IL-6. IL-8 is
considered to be one of the accurate marker having sensitivities ranging from 80-91%
and specificities from 76-100%, which the diagnostic accuracy is enhanced by
concomitant measurement of CRP (Tripathi and Malik, 2010). IL-8 levels increase
about 90 minutes after infection and peak at about 120 minutes in septic neonates (van
Deventer et al., 1993).

IL-10 and TGF- B are Anti-inflammatory cytokines, important inflammatory
mediators, since they play a major role in preventing excess pro inflammatory
response during sepsis, This cytokines suppresses the production of pro inflammatory
mediators including TNF-a, IL-1, IL-6, TNF-0, and GM-CSF in cells of the immune
system (Zhang and An, 2007).

IL-10 has been associated with septic shock in both adults and children. A high IL-
10/TNF ratio has also been associated with severe late-onset neonatal sepsis.
(Machado et al., 2014).
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Because IL-6 and IL-10 are two indicators associated with sepsis, the 1L-6/IL-10 ratio
has higher specificity in the differential diagnosis of neonatal sepsis. In addition, the
appropriate response of IL-10 may have a protective effect on systemic inflammatory
response syndrome, and a high IL-6/1L-10 ratio has been observed in patients with a
worse prognosis (Ng and Lam, 2006).

2.9.2. The role of Tumor Necrosis Factor Alpha (TNF-a) in neonatal sepsis
Tumor necrosis factor (TNF) is a pleiotropic cytokine have major roles in physiology
and pathology, which causing necrotic and apoptotic cell death, cellular regulation,
differentiation, inflammation, regulation of immune cells and tumorigenesis
(Locksley et al., 2001)

TNF-a acts via specific trans membrane receptors, TNF receptor TNFR1, and TNFR2
(Lewis et al., 1991). TNF- a is the prime mediator of septic shock in neonates and
widespread tissue injury and it regulates the secretion of IL-1B (Silveira and
Procianoy, 1999).

High levels of TNF- a appear to be related to the severity of the disease and Systemic
release of TNF- o can cause vasodilation and increased vascular permeability leading
to systemic edema, with decreased blood volume and hypoproteinemia that can
progress to shock. There was stimulus for leukocyte and platelet adhesion, with clots
formation in small vessels and consumption of coagulation proteins that may lead to
disseminated intravascular coagulation. This condition may also progress to multiple-
organ failure and death in early onset neonatal (Simonsen et al., 2014).

TNF-a once released, act on different target cells, such as macrophages, endothelial
cells, and neutrophils. leads to an enhanced production of macrophages from
progenitor cells. All these effects enhance pro inflammatory responses in sepsis.
Because of its unique ability to orchestrate downstream cytokine cascade, TNF-a is
considered to be a “master regulator” of inflammatory cytokine production (Schulte et

al., 2013).
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2.10. Previous studies

In a study done by Roman and other participants in 1993 in Spain, TNF-a was
measured by immunoradiometric in septic and healthy newborns. In which serum
TNF-a level was significantly higher in the group with sepsis than in the healthy
neonates.

Another study also done in Spain by Reyes in 2003, who investigated serum levels of
TNF-a in neonates with positive blood cultures, neonates with negative blood cultures
and healthy neonates. They reported that serum level of TNF-a are significantly
higher in infected neonates than in the healthy neonates.

In 2013, Prashant et al. in London measured serum TNF-a (ng/ml) in infected
neonates with positive blood culture and non-infected as control group. TNF-a
showed a significant increase in the infected neonates when compared to the control
neonates.

There were meta-analysis was performed by Lv and co—authors in 2014, in China to
investigate the diagnostic value of TNF- a in neonatal sepsis (NS). Accordingly, 347
studies were collected totally, in which 15 articles and 23 trials were selected to study
the NS in their meta-analysis. The TNF- o test showed moderate accuracy of the
diagnosis of NS, both in early-onset neonatal sepsis (sensitivity = 0.66, specificity =
0.76, Q* = 0.74) and in late onset neonatal sepsis (sensitivity = 0.68, specificity =
0.89, Q* = 0.87). They reported that the TNF-a has appropriate accuracy for the
diagnosis of NS and thus is a good biomarker for the diagnosis of NS.

In Turkey in 2007, Kurt and his colleagues measured serum level of TNF-a in
neonatal sepsis by ELISA at the time of diagnosis and after therapy, their study was
performed on newborns who were hospitalized for neonatal sepsis, who were
classified as culture-proven sepsis, as culture-negative sepsis and as healthy
newborns, they reported that at time of diagnosis serum TNF-ao levels of culture-
proven sepsis and culture-negative sepsis were significantly higher than those of the
control groups and levels at seventh day after antibiotic treatment.

Another study done by Fattah et al. in 2017 in Riyadh, KSA who measured TNF-a
levels in healthy control neonates, clinical sepsis group with negative blood culture
and sepsis group with positive blood culture. The study observed significant elevated

in plasma levels of TNF-a in patients group when compared with control group.

14



In 2010, in Egypt, Shouman and Badr measured serum TNF-a in septic and healthy
neonates and reported that; serum TNF-a was significantly higher in the septic group
compared with the non-septic group.
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CHAPTER I
3. MATERIALS AND METHODS

3.1. Study design

This is descriptive, cross-sectional, case-control and hospital based study.

3.2. Study area and duration

Study was conducted in Omdurman Maternity Hospital (the hospital in metropolitan
Khartoum, in Omdurman city, is one of the largest maternity hospital in Africa and is
the largest maternity hospital in Sudan. It was founded in 1957) in Khartoum State
during the period from December 2019 to November 2020.

3.3. Study population

Study population consisted of Sudanese neonates of age between 1- 15 days, divided
into 2 groups as follows: clinical sepsis group (patients group) consist of neonates
with positive blood culture and who were hospitalized for clinical suspicion of
neonatal sepsis in neonatal intensive care units (NICU) and healthy control subjects
(control group) consist of healthy neonates who were born normally at Omdurman
Maternity Hospital without any abnormal signs or symptoms of infection.

3.3.1. Inclusion criteria

Preterm and term neonates, confirmed bacterial sepsis, had signs of EOS, or LOS and
hospitalized in the neonatal intensive care units (patients group), while healthy
preterm and term neonates without any signs of infections (control group) were
included in this study.

3.3.2. Exclusion criteria

All neonates with situations that affect cytokine level including congenital
malformations, congenital infections associated with TORCH complex, neonates
under antibiotics therapy, severe perinatal asphyxia and trauma (surgical or birth),
anoxic delivery, fetal distress, diabetic mother, mother with systemic lupus
erythematosus and other immune disease were excluded from this study.

3.4. Ethical considerations

Permission to carry out this study was obtained from Scientific Research Committee,
College of Medical Laboratory Science in Sudan University of Science and

Technology and from hospital. Verbal consent was taken from neonate’s parents.

16



3.5. Sample size

Eighty-eight (n= 88) neonates were enrolled in this study. Forty-four were septic
neonates and forty-four were healthy neonates.

3.6. Method of data collection

Data was collected through review of collected data in file of each neonate through
check list which includes demographic, clinical and laboratory data.

3.7. Sampling technique

Non-probability, convenience sampling technique.

3.8. Laboratory processing

3.8.1. Collection of specimen

One ml of venous blood was collected from patients and controls in plain containers
and allowed to clot at room temperature. Then the specimens were centrifuged at
3000 rpm for 10 minutes. Sera was separated in plain containers and stored at -20 °C
until processing.

3.8.2. ELISA (Enzyme linked Immunosrorbent Assay)

Serum levels of TNF-o were measured using sandwich ELISA technique. 100 uL of
diluted capture antibody solution was added to all wells of a 96-well plate; sealed and
incubated overnight between 2°C and 8°C. Plate was washed 4 times with diluted
wash buffer. To block non-specific binding and reduce background, 200 puL 1X Assay
diluent A was added per well, plate sealed and incubated at RT for 1 hour with
shaking at 200 rpm on a plate shaker and washed 4 times with wash buffer. 100 pL of
diluted standards were added to the standards wells and 100 pL of serum samples
were added to the samples wells. Plate sealed and incubated at room temperature for 2
hours with shaking and washed 4 times with wash buffer. Then100 pL of diluted
detection antibody solution was added to each well, plate sealed and incubated at RT
for 1 hour with shaking and washed 4 times with wash buffer. 100 puL of diluted
Avidin-HRP solution was added to each well, plate sealed and incubated at RT for 30
minutes with shaking. Plate washed 5 times with wash buffer and For the final wash,
wells were soaked in wash buffer for 30 seconds to 1 minute for each wash. To
minimize background, 100 pL of freshly mixed TMB substrate solution was added

to each well and incubated in the dark for 15 minutes. Reaction was stopped by
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addition of 100 pL of stop solution to each well and absorbance was read at 450 nm
within 15 minutes.

3.8.3. Interpretation of results

For results calculation the standard curve was plotted on log-log axis graph paper with
analyte concentration on the x-axis and absorbance on the y-axis. A best fit line was
drawn through the standard points. To determine the unknown analyte concentrations
in the samples, the absorbance value of the unknown on the y-axis was found and a
horizontal line was drawn to the standard curve. At the point of intersection, vertical
line was drawn to the x-axis and the corresponding analyte concentration was read.
3.9. Statistical analysis

Data were analyzed by using statistical package for social sciences (SPSS) program
(version 20) by using independent T-test. The probability value < 0.05 was considered

significant.
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CHAPTER IV

4. RESULTS
Eighty-eight (n=88) neonates of age 1-15 days were enrolled in this study and they
were two groups: septic group (patient group) and healthy neonates (control group).
In which there were 44 septic neonates with mean age 4+ 2S.D, there were 25 (57%)
males and 19 (43%) were females, 20 (45%) were preterm neonates and 24 (55%)
were term, 27 (61%) had EOS and 17 (39%) with LOS as shown in table 4-1.
While 44 neonates were healthy (control group) with mean age 4+2 S.D, in which
there 23 (52%) were males and 21 (48%) were females, 15 (34%) were preterm
neonates and 29 (66%) were term (table 4-1).
There was significant difference in serum level of TNF-a between septic neonates and
healthy one ( p. value = 0.000) as presented in table 4-2.
Concerning onset of disease, there was no significant difference in serum levels of
TNF-a in EOS and LOS (p. value = 0.621) as illustrated in table 4-3.
In this study level of serum TNF-a in preterm neonates was differ than term in both
patient and control groups but the difference was statistically insignificant, (p. value =
0.285, p. value = 0.124 respectively) as shown in table 4-4.
Regarding to gender, there was meaningless differences between males and females in

both septic(p. value =0.467) and healthy neonates (p. value was 0.726) (table 4-5).
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Table 4-1: Distribution of demographic data among study population

Patient group | Control group
Variable (n=44) (n=44)
Frequency (%) | Frequency (%)
Gender
Male 25 (57%) 23 (52%)
Female 19 (43%) 21 (48%)
Gestational age
Term 24 (55%) 29 (66%)
Preterm 20 (45%) 15 (34%)
Onset of disease
EOS 27(61%) -
LOS 17(39%)

Table 4-2 : Comparison of TNF-a level between patient and control neonates

atient grou Control grou
Subject P Jroup Jroup P. value
(n=44) (n=44)
Mean of TNF-a 13.90 +9.57S.D 443 +258S.D 0.000

Table 4-3: Comparison of TNF-a levels according to onset of disease in septic

neonates
Onset of disease EOS (n=27) LOS (n=17) P. value
Mean +SD of TNF-a | 14.48 +8.67 12.99 +11.06 0.621
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Table 4-4: Comparison of TNF-a level between term and preterm neonates in

patients and controls

Subject Term Preterm P. value
Mean =+ SD of TNF-o in | 12.48 #11.05 | 15.61 +7.33 0.285
patients

Subject Term Preterm P. value
Mean =+ SD of TNF-a in| 4.86 +2.81 3.60 = 1.87 0.124

controls

Table 4-5: Comparison of TNF-a level according to gender in patient and control

neonates

Subject Male Female P. value
Mean =+ SD of TNF-a in | 14.83 + 8.96 | 12.68+ 10.43 0.467
patients

Subject Male Female P. value
Mean =+ SD of TNF-a in | 4.56 + 2.74 4.29 + 2.45 0.726

controls
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CHAPTER V

5. DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
5.1. Discussion
In this study the level of serum TNF-a was significantly higher in septic neonates
compared with healthy one. This result was similar to that reported by Ucar et al.
(2008) in Turkey, Caldas et al. (2008) in Spain Prashant et al. (2013) in London and
Sugitharini et al. (2013) in India who were demonstrated that; there was significantly
elevated serum TNF-a level in the septic neonates versus normal subjects.
This study was different from Santana et al. (2001) in Spain who recorded that there
was no statistically significant differences between septic and healthy neonates in
level of TNF-a. This differences could be due to the short half-life of TNF-a and its
interaction with soluble receptor, so the detection becomes difficult.
The present study demonstrated that; there was no statistically significant difference
in serum TNF-a level between EOS and LOS. This finding was matched to findings
of Kocabas et al. (2007) in Turkey and Fattah et al. in Riyadh, KSA (2017) who were
showed there was no significant difference in serum TNF-a level between EOS and
LOS.
In the current study, serum level of TNF-a in preterm was differ than term neonates in
the both patient and control groups but the difference was statistically insignificant,
Shouman and and Badr (2010) in Egypt recorded similar to this finding, they reported
that there was no statistical differences in serum TNF-a level between two groups.
This study found that; males had higher levels of TNF-a than females in both septic
and healthy neonates but the differences were statistically insignificant. There was no
similar study concerning gender.
Finally the level of TNF-a was higher in septic patients than normal neonates and no

differences between EOS and LOS, gestational age and different sex.
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5.2. Conclusions

This study conclude that; serum level of TNF-a was higher in septic neonates
compared with healthy neonates. There was no significant difference in serum levels
of TNF-a according to onset of disease, gestational age and gender.

TNF-a concentration was elevated in septic neonates and might be a useful marker

for diagnosis of neonatal bacterial sepsis.
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5.3. Recommendations

Large sample size should be used to get proven results.

Combination of two biomarkers at least should be used to detect the presence of
bacterial sepsis, for example combination of CRP and TNF-a should be tested.

Other bacterial sepsis biomarkers should be tested to evaluate their diagnostic value
for early diagnosis of neonatal bacterial sepsis.

Regular measurement of serum TNF-a level as indicator for evaluation of prognosis
in neonates with sepsis infection.

Serum TNF-a level could be measured in suspected septic neonates prior blood

culture result.
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Appendix (1)
Check list
Sudan University of Sciences and Technology
Assessment of Serum Tumor Necrosis Factor-Alpha
(TNF-a) Level in Sudanese Neonates with Bacterial Sepsis at Omdurman

Maternity Hospital in Khartoum State

-Dater o

-ID Number: .........ccoeieiiinn.e
-Postnatal age: .................. day(s)
-Gender: Male{ } Female { }

Medical history

-Gestational age: Preterm{ } term{ }
-The time of infection:
Within 72 hrs{ } After 72 hrs { }

Investigation results

Level of Serum TNF-a: normal { } decreased { } increase { }
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Appendix (2)

2.1. ELISA Kits of TNF-a
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2.3. ELISA Reader

2.4. ELISA Washer
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¥ BioLegend”

Enabling Legendary Discovery™

Human TNF-a
ELISA MAX ™ Standard Set

Cat. No. 430201

BioLegend's ELISA MAX™ Standard Set contins the capture and detection

ankibodies, necombinant protein standae, and Avidin-HRP required for the

sccurate ion of natural and THE-a. These

BluLesemi'x ELISA MAX™ gnmim ‘52t5 are costEffeckive and designed
ELS of reagent

usn'( “congitians may be r:quuen.

It is highly recommended that the instruction sheet be read in its
‘entirety bafire uzing this product. Uise the racammended assoy protocal,
bufers, dilvent,
¥ Do not usz

. Human THF-a ELISA MAX™ Capture Antibocy [200x)
Human THF-a ELISA MAX™ Detection Antibody [200%]
Human THF-a Standard
Awidin-HEF [1000K]

P ¥

Hisman THE-2 (Tumar Necras's Factor-Alphe). aisa termed Cachectin,

the expiration date.

BN

MAC

Appendix (3)

Materials to be Pra

idecl by the End-User
= Microwell plates: !inL:E!m‘.I Cat. No. 423304 iz recommended

= Wnsh Buffer: Biclegend Cat Mo. 421604 is recommended, ar FB5+
0.05% Tween-20

Conting Bufter: 8.4 £ NaHCD,, 3.96 £ N2,C0y, a4 deionized water
10l pHto 53.0.2uM filtered. ?B'inLeaeml Cat. No. 224701 is

r:nnmmennecp
- Dilwent: 105% Fetal Bovine Serum or 1% B5A in PES, pH 7.4, 0.2
pM . [EioLegend Cat. No. 421203 |srmnmmnlledq

Reagent and Sample Preparation
Do not mix from dif sets of fats.

iodies | i should not be used
to use.

Freparmtion of 1% Resgent for 1 Plate

Material
50 i of Capture Antibody [200%)
50 jiL of Detection Antibody [200x]

Dilute with
12 miL of Coating Buffer

12 mL of Assay Diluemt

Stop Solution: Biolegend Cat. Mo, 423001 % aracd
salution, e.5. 2N H,S0,

+ Fite - Biokegend Cat. No, 423501 i

Fas {anplﬂt—mmﬂ 5!Iil|=]: B0 NeC, 116 g Na HFO,

02 gKHFO, 0.2 g KO, 2dd deionized water to 1L pHto 7.4, 0.2 pm

filtered

naammq{m] water
. capable of

at430 nm

An,umnl: pipettes to meazure volumes ansmm Zprtsimt
- Wazh bottle or automated micropiate washer

- Log-Log graph paper or softwsre for dats ansiysic

* Tubes ta prepare standasc dilutions

« Timer

= Store kit components between 2°C and 8°C.

= After reconstitution of the Iyophilized standerd with Assay Diluent,
sliquat into polypropylens visks and store ot -70°C. Do nat repeatedsy
freezethaw the recombinant protein standard as kass of activity may
acaur.

= Priortouse,

ing P [18'c-29%c).
; =ppropr 5

1. Rengentsthat contain preservatives may be harmful if ingested,
inhaled or sbzarbed tirough the skin. Refer to the MSDS anline for

fom— {c#). e, Desivea etaits [wwwDiokegens com/meds).
cytoti and tatawis Factor (MCF), 2 8 potent 2. TMS substrate solution is harmiful it ingested. Additianally, avoid skin,
mun:i!unmunul npnnuwm:nmemrqunmy, inflammatary snd e or glathing contac,
on o 'wide range of ™ and ymp! 3 To i

cels mnd tumar ces.

Biolagend's ELISA MAK™ Stancard Set iz  sancwich Enzyme-Linked
Immungzarhent Assay [ELISA]. A human THF-a specific mouse:

of infectious

mpents, handie all sersm and/or plasmea in sccordance with NCCLS
reguistions.

el Culture Supernatant: If necessary, cenirifuge ta remave dearis pricr

o znalysi " be stored at < -20°C. Avid repested freeze;/thaw
T F
smples are adsed to the wells, and THE-a binds to the immobilized =yees.

¥ Next, s hioti moase Serum: s=parstor tube and aliow clotting for at least 30 min-
THF-2 dssection antinooy i snanea, producing an um'nnﬂrunuaen- utes, then centrifuge for 10 minutes at 1,000 X . Remave sensm layer nd
antinody “sandwich®. Avi P 1 ¥ =azay ¥ o o°L.
2dded, folowed by TME G B in Auwoid rep e, Serum sp be clesr and
Bropartion tn the concantration of THF- present in the sample. Finasy, nen-hemalyzzd.

the Stop Solution changes the reaction color from blue to yellow, and the
microwell shsorbance is read at 430 nm with 8 ml'cmphi: reager.

Flgsma: Collect blocd sampie in a citrate, Repasin ar EDTA cantaining tube.
MNF for 10 minates sti000xg within 30 minutes of collection.
Auu"' or store g C_ Avoid repeated
fthaw cycies. Fiasma zpecimens should be clear and non-hemalyzed.
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42 oL of Awicin-HRP [2,000%) 42 mL of Assay Diluemt

Standard: Lyaphiized visls ars under vatsum pressurs. Refer to Lot-
Standard Hllow the:
raconsituted mandard to 5% fo 13 minutes st oam temperature, then mix
gently prior to making dilutions.
Prior to use, refer
1,000 L of the top standard at  cancentration M’!W Fp’mLm stock
sodution in Assay the 300
PE/mL top standard with Aszay Dilsent in sepume fisbes. After diluting,
the human TNF-a standard concentrations are 300 pg/mL, 230 p5/mL, 123
pg/mL, 623 pg/mL, 313 pg/mL, 13,5 pg/mL, and 7.8 pe/mi, respectively
Assay Diluent serves a3 the 2ero stancand [0 pg/mL].

S00UL SOOML SOOUL SOOML SO0 S00ML

VOVVYY

500 uiljs00

Selgies SO0 S 1 &5 33 156 T8 pwie

amples, the end user may need

1o detarmine the dilusion factars ina pmummur\u experiment. If dilutions
are neceszary, samg the panding.

medium.

For ather ssmple types, such as serum and plasma, optimizstion of reagent
concentrations and azsEy conditions may be I'H"Ilir!ﬂ.

Do nat use sodium aeide in any selutions o3 it iThiits the activity of the

1. One ﬂl'( Pﬂur to mnnmstnz ELISA, dilute CHFNIIE !M‘Mﬂl{ in CAIHIJHE
Buffer. Add 100 FL of this CHPIIIE Alm-bnﬂ‘r solution to all wells of & 96-
weell Pht! Seal Pﬂ! and incubate mml‘hk between 2°C and 8°C.

Bring 2l re=gents to raom temperatune (AT) prios 12 wse. 12 s stroagly
be run ar

L4

triplicate. & standard curve is required for asch seamy.

w

Wiash plate 4 times with ot ieast 300 pL Wiash Buffer pes well and biot
residual bufter by firmiy tapging piate upside down on bsorbent paper.

=

. To block non-specific binding and reduce Baciground, add 200 pL Assay
Diluent per well.

Seal piate and incubate ot RT for 1 hour with shaking on = plate
muher‘:. 300 T) with uﬂ.!cmdmhrnrbﬂ].ﬂwbsequem incu-
baticn with shaking should be performed similarty.

Wihile plate is being blocked, prepare standsrd dilutions and apprapei-



P

BB

B

I3

7.

. A 100 s of TME Substrate Solution anc incubate i

aite sample ditstions |if necessary)
Wash plate & imes with Wash Buffer.
Add 100 oL fiweB of standard dilutions and sampées to the appropriste

Fict the stantas curve on 10g-1og 2xis Sraph paper with cytokine

wells. If nesded, samples can be further diluted with Assay
before acding 100 pi/well dilsted samples.

‘5eal plate anc incubate at RT for Z hours with sk

. Wash plate & times with Wash Buffer.

Add 100 L of diluted Detection Antibody solution to each we, ses!
plate and incubate ot RT for 1 hour with sheiing.

. Wiash plate & times with Wash Buffer.

Ade 100 L of dilsted Avidin-HRF solstion to each well, s=al pl=te and
incubate at AT far 30 minutes with shaking.

. Wash plate 3 times with Wash Buffer. For this final wash, soak welisin

Winsh Buffer for 30 secends 12 1 minute far sach wash. This will neip
minimize background.
the dark for 15-
until color develops®. Positive wells showld

turn biue in color Itis ot necessary to seal the plate during this step.
‘Stap reaction by acding 400 A of Stop Solution to each wel. Positive
wells shausid turn from blue to yellow.
430 nm within

at 370 nm can be

. Ifthe reader can reag
fram the

5t 370 nm,
mbzarbance =t 430 nm.

time dep ¥
ranges of ELISA

Amd 100 pL diluted Capture Antiboy solution to esch well incubate
ewemight between 2°Cand 8°C

Doy2

1 Wash piate 4 times

2 Add 200 to block, | F
1 haur with shaking

3. Wash piate 4 times

4 i ples: 2pproprists welk, incubate
at ropm t=mperature for 2 hours with seking

3. Wash piote 4 times

6 Add 100 pl diluted Detection Antibocy solution to =ach well, incu-
bate ot rocm tempermture for 1 hour with shaking

7. Wash piate 4 times

B Add 100 pL diluted Avidin-HRP sclution to sach well, incubate ot
roam temperature for 30 minutes with shaking

5. Wash plate 3 times, soaking for 30 seconds to 1 minute per wash

10, Add 100 pL of TME Substrate Sohution to each wed, incubete in the
dark for 13-30 minutes or until the desired color develops

11 Add 100 pL Stop Solution to each well

12 Resd absorbence st 430 nm and 370 nm

on the x-axis on the y-auis. Draw 8
best fit fine through the standard paints. To determine the unknown

ine concentrations in the samples, find the absorbance value of the

LERoWN O the y-axis and drew & Rorizonts] ine to the standard curve.
Atthe point of i dom, draw s verti o i

the panding cytokine i

were dilsted,

multiply by the appropriate cikution factor The data is best calculated with
compuier-based curve-ftting software using a 3- or &-parameter logistics

algprithen. 17 2 outside:

High Backgraund:

= Background welis were contaminated.

= Matrix us=d had endogenous snalyte.

- Plete was insulciently washed,

= TMB Substrate Solution was contaminated.

No zignal:
= Incorrect o no antibodies were sdoed.
= Avidin-HEF was not sdded.

- wns not aded.

o be ats

E
the standard curve ranges, ¥

higher ar lower ciutian sz agpropriste.

Standard Curve: This stancard curve was generated at Biolegend for dem-

onstration purpases only. A standard Curve must be run with each assay.

1000
E =
g 1m /-"
H d
H g
£ 010 b
&
4
o0
1 0 400 1000
Hufan THF.a (pghl)

Sperificity: No crosz resctivity was ohserved when this kit was used to
analyze multiple human, mouss snd rak recomainant proteing.

For more information sbout Binl.!Fhﬂ ELISA MAX™
Sets and LEGEND MAX™ ELISA Kits with precosted
plates, visit www.bickcgend.com.

= Wesh buffer contrined socium azide
Low or pear signal far the standard curve:

« Stmndard was incompeetely orwas stored imprap

- Resge o wells with i i

- Fistewas ineppropri 7 =, timing or
agitation.

‘Signal too high, standard curves saturated:
- Standard was reconstiticted with less volume than required.
= Oneor maore reagent incubation steps were too long.
- Platzwasi i i ®, timing, ar
station.
Sampie resdings out of range:
» Samples contxin no o below detectanle levels of analyte.

. P in Bnalyjte Conzentrations sreater than hig

point.
High varistions in samples and/for standards:

- Pipesting arrars mey neve octusTed.

- i e i | or

- Samples were not nomogenous.

- Sampies ar standard wells were contaminated.
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2. Bulkarni, O.. &2 al. 2009. J. Fharmacal Exp Ther. 328371,
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