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Abstract
Background and Aims: 
Streptococcus pneumoniae is a significant global health threat in infants, causing high morbidity and 
mortality. This study analyzed the inflammatory markers TNF-α, IL-6, and IL-8 to assess immune 
responses in children under 5 years attending Nnamdi Azikiwe University Teaching Hospital.

 Methods:
Serum cytokine levels were compared among control participants, outpatients with mild infections, 
and hospitalized patients with severe infections. Oxidative burst activity of leukocytes exposed to S. 
pneumoniae was assessed using nitro blue tetrazolium (NBT) staining.

Result:
Inflammatory markers were markedly elevated in severely infected patients compared to mildly in-
fected and control groups. Leukocyte activity against S. pneumoniae was confirmed by the formation 
of formazan crystals during NBT reduction. 

Conclusion:
The study highlights a strong link between infection severity and cytokine elevation, emphasizing 
their role in the pathogenesis of pneumococcal infections and potential as biomarkers for disease 
progression.
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Introduction:
Pneumococcal infection is the most 

common cause of upper respiratory diseas-
es and mortality in children under 5 years 
of age and other vulnerable groups across 
the global1. Leukocytes, especially neutro-
phils, are front-line immune cells that are 
mobilized to the site of infection to engulf 
pathogens or release antimicrobial chem-
icals that destroy the pathogens2. Leuko-
cytes produce cytokines, which are signal-
ling proteins that play important roles in 
cellular communication, especially in the 
immune system. Different types of leu-
kocytes, such as monocytes, macrophages, 
lymphocytes, and dendritic cells, can reg-
ulate the immune response and other cell 
activities.3, 4, 5

Interleukin-6 (IL-6) is a multifunction-
al cytokine that plays crucial roles in the 
immune system and other physiological 
processes. It is produced by various cells, 
including T cells, B cells, fibroblasts, mac-
rophages, and endothelial cells, in response 
to infections and tissue injuries6. IL-6 is a 
proinflammatory cytokine that contributes 
to both acute and chronic inflammation. 
It induces the production of acute-phase 
proteins (e.g., C-reactive protein), which 
are important markers of inflammation, 
in the liver7. It acts on the hypothalamus 
and induce fever, which is a common fea-
ture of inflammatory responses. Elevated 

IL-6 levels are associated with a variety 
of inflammatory diseases, such as systemic 
lupus erythematosus, rheumatoid arthritis, 
and inflammatory bowel disease8. Chron-
ic elevation of IL-6 is also associated with 
metabolic disorders, such as type 2 diabe-
tes and obesity8, 9.

Interleukin-8 (IL-8), also known as 
CXCL8, is a cytokine that plays a signifi-
cant role in the immune response, particu-
larly in inflammation and the chemotaxis 
of immune cells10. IL-8 is a potent che-
moattractant, which means that it attracts 
immune cells to the site of infection or in-
flammation. Its primary role is to recruit 
neutrophils but it also attracts other im-
mune cells, such as basophils and T cells. 
It helps initiate and sustain the inflamma-
tory response by guiding these cells to sites 
of tissue damage or infection. It activates 
neutrophils and increase their ability to ad-
here to the endothelium, migrate through 
tissues, and perform functions such as 
phagocytosis and the release of granules 
containing antimicrobial proteins11. El-
evated levels of IL-8 are associated with 
various inflammatory conditions such as 
inflammatory bowel disease, rheumatoid 
arthritis, and chronic obstructive pulmo-
nary disease (COPD). In these diseases, 
excessive IL-8 can lead to persistent in-
flammation and tissue damage. IL-8 levels 
increase during bacterial infections as part 
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of the body’s defense mechanism to recruit 
neutrophils to the infection site12. Howev-
er, excessive IL-8 can contribute to detri-
mental inflammation, as evident in severe 
infections and sepsis. IL-8 production is 
induced by various stimuli, like physical 
stress, bacterial products, and proinflam-
matory cytokines. The regulation of IL-8 is 
crucial for balancing its beneficial roles in 
immune defense and wound healing, with 
its potential to cause excessive inflamma-
tion and tissue damage13.

Tumor necrosis factor alpha (TNF-al-
pha) is a cytokine involved in systemic in-
flammation and is a member of a group of 
cytokines that stimulate the acute phase 
reaction. TNF-alpha is a potent mediator 
of inflammation. It is primarily produced 
by activated macrophages but also by oth-
er cells, such as NK cells, T cells, and cer-
tain tumor cells. It plays a crucial role in 
the immune system’s response to infection 
by promoting inflammation, which helps 
to contain and clear pathogens. TNF-al-
pha binds to its receptors (TNFR1 and 
TNFR2) on the surface of target cells, 
thereby triggering various intracellular sig-
nalling pathways. These pathways can lead 
to diverse outcomes, which include apop-
tosis, cell survival, and necroptosis12. It is a 
key regulator of the acute phase reaction, a 
rapid inflammatory response that provides 
immediate defense against infections. It 

stimulates the production of acute-phase 
proteins by the liver, which help opsonize 
pathogens and activate other immune re-
sponses. It enhances the activity of other 
immune cells, including macrophages and 
neutrophils, by promoting their migration 
to sites of infection or injury and increasing 
their phagocytic activity. It also acts on the 
hypothalamus and induces fever, which is 
a common systemic response to infection 
and inflammation14. Fever can inhibit the 
growth of certain pathogens and enhance 
the immune response. Elevated levels of 
TNF-alpha are associated with a variety of 
inflammatory and autoimmune diseases. 
TNF-alpha production is highly regulated 
and can be induced by various stimuli, such 
as endotoxins, infections, and other proin-
flammatory cytokines10.

Cytokines are involved in several key as-
pects of body immunity during infections. 
IL-8 and MCP-1 are secreted in response 
to S. pneumoniae infection and act to re-
cruit neutrophils, monocytes, and other 
immune cells to the infection site. These 
immune cells attack and kill bacteria15. 
TNF-α can trigger the recruitment of T 
cells to more effectively target and destroy 
bacterial pathogens16. They can increase 
the ability of immune cells to swallow and 
remove pathogenic bacteria. This process is 
known as phagocytosis15. The aim of this 
study was to enhance our understanding 
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of the innate immune mechanisms un-
derpinning pneumococcal infections, with 
a specific focus on cytokine profiles and 
neutrophil activities that influence disease 
progression and host immune defense.
Method:

This study was conducted in accordance 
with the ethical principles of the Declara-
tion of Helsinki. Approval was obtained 
from the Nnamdi Azikiwe University 
Teaching Hospital Ethics Committee 
(reference number NAUTH/66/VOL.16/
VER. 3/318/2023/85), written consent was 
obtained from the parents and caregivers 
of all study participants after we thorough-
ly explained the objectives and purpose 
of the study to them. S. pneumoniae was 
isolated from a 5-year-old child attending 
the clinic at Nnamdi Azikiwe University 
Teaching Hospital, Nnewi. The isolate was 
identified via standard biochemical tests, 
such as Gram staining, catalase tests, op-
tochin disc tests and bile solubility tests, as 
described by Cheesbrough17.
Determining some of the key features of 
the innate response to pneumococcal in-
fections

To investigate the relationships between 
S. pneumoniae infection and serum cyto-
kines, tumor necrosis factor-α (TNF-α), 
interleukin-8 (IL-8), and interleukin-6 
(IL-6) levels in the serum of 5 control par-
ticipants, 5 outpatients with mild pneu-

mococcal infection and 5 hospitalized pa-
tients with severe pneumococcal infection 
were measured via ELISA. After blood 
collection and serum extraction via cen-
trifugation, the wells of microtiter plates 
were coated with the captured antibodies 
specific for TNF-α, IL-8, and IL-6 and in-
cubated at 35 °C for one hour and 30 min-
utes. The samples were then washed with 
phosphate-buffered saline (PBS). Horse-
radish peroxidase, which is a detection 
enzyme, was added before the addition of 
tetramethylbenzidine (TMB), which acted 
as a substrate. The optical density was mea-
sured via a spectrophotometer. A standard 
curve with known cytokine concentrations 
was used to convert the absorbence to pg/
mL, and the cytokine concentration for 
each study participant was calculated. The 
mean values and standard deviations of 
these serum biomarkers were calculated.
Evaluation of reactive oxygen specie 
(ROS)
Neutrophil isolation

Five (5) healthy children younger than 
60 months whose parents/guidance pro-
vided written consent for participation 
in the study were recruited. Subjects who 
were on antibiotics or recently used non-
steroidal painkillers were not included in 
the study. To isolate neutrophils, samples 
of peripheral blood were collected from 
the study participants and diluted with 
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PBS at a 1:1 ratio. The diluted blood was 
then centrifuged at 2000 revolutions per 
minute for twenty minutes at 35 °C. The 
plasma layers were discarded to isolate the 
RBC pellets with granulocytes. These pel-
lets were promptly resuspended in 2 milli-
liters of PBS for further processing. A 6% 
dextran solution was added to separate the 
neutrophils from the RBC sediment. The 
supernatant rich in neutrophils was col-
lected and subjected to centrifugation for 
10 minutes. RBC lysis was subsequent-
ly performed to eliminate any remaining 
RBCs, resulting in a supernatant and a 
white pellet containing granulocytes. To 
assess the cell count and purity of the neu-
trophils, freshly isolated neutrophils were 
dyed with 0.4% trypan blue and assessed 
via an automated cell counter as described 
by Baisya et al.18. Neutrophil viability was 
determined via ELISA.
Nitroblue tetrazolium (NBT) reduction

To prepare a 0.1% nitroblue tetrazolium 
solution, 1 mg of NBT powder was dis-
solved in 10 mL of PBS, followed by filtra-
tion through 0.2 mm filter paper. The NBT 
assay was conducted using freshly isolat-
ed neutrophils (1x106 cells) suspended in 
PBS. A total of 0.1 ml of pure cell cul-
ture, which is equivalent to 0.5 McFarland 
standard, was added, and the mixture was 
incubated at 37°C for fifteen minutes and 
held at 35°C for another fifteen minutes, as 

described by Gooty et al 19. A separate sus-
pension of cells without 0.1 ml of pure cell 
culture was also incubated for the same du-
ration. A smear on a clean glass slide was 
made before adding methanol to fix it for 
three minutes. The slides were then stained 
with Pappenheim’s stain for no more than 
5 minutes. Both slides were then examined 
under a 40X microscope.
Results:
Immunological markers

For all the inflammatory markers un-
der study, the mean values and standard 
deviations were noticeably greater in the 
severely infected group (severely sick and 
hospitalized) than in the mildly infect-
ed group (positive for S. pneumoniae in 
blood culture but no obvious sign of sick-
ness) and the control group (negative for S. 
pneumoniae in blood culture with no sign 
of sickness). The mean values for TNF-α, 
IL-8, and IL-6 in the infected group were 
46.26 pg/ml, 264.5 pg/ml, and 20.62 pg/
ml, respectively. For the mildly infected 
group, the TNF-α, IL-8, and IL-6 lev-
els were 36.7 pg/ml, 118.74 pg/mol, and 
13.28 pg/ml, respectively. The values for 
the mildly infected group were significant-
ly greater than those for the control group. 
The values of TNF-α, IL-8, and IL-6 in 
the control groups were 17.32 pg/ml, 33 
pg/ml, and 3.26 pg/ml, respectively. These 
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NBT reduction
The NBT assay indicated the presence 

of superoxide radicals generated by leu-
kocytes upon interaction with S. pneu-
moniae. The formation of water-insoluble 
formazan crystals, represented by a pur-
ple–blue color, demonstrated the reduction 
of NBT by lymphocytes in response to S. 
pneumoniae. An increase in the intensi-
ty of the turquoise-blue color in the cells, 
as measured by a microplate reader at 595 
nm, indicated elevated ROS production by 
leukocytes in the presence of S. pneumoni-
ae. Neutrophils that took up the NBT dye 
and expressed an oxidative burst produced 
large blue‒black deposits of formazan in 
the cytoplasm. On the basis of the mor-

phological examination, over 96% of the 
isolated cells were viable neutrophils. The 
mean value of neutrophils stimulated with 
S. pneumoniae was significantly greater 
(0.96±0.05) (p=0.34) than that of the bas-
al controls (0.42±0.02) (p=0.68), as repre-
sented in Table 1 below.
Table 1: Basal and S. pneumoniae-stimulated NBT re-

duction (mean ± SD).
Participant NBT (Basal) NBT (Stimulated)

1 0.46 1.01
2 0.39 0.88

3 0.42 0.92

4 0.43 1.02

5 0.42 0.98

Mean ± SD 0.42 ±0.02 0.96 ±0.05

P-value 0.6754 0.3395

are represented in Figure 1 below.



Majmaah Journal of Health Sciences ,Vol. 13,  Issue 3,  July - 2025, Muharram- 1447

69Cytokine Profiles and Neutrophil Responses in Varying Severities of Streptococcus Pneumoniae Infections

Discussion:
For all the inflammatory markers ob-

served, the mean values and standard de-
viations were noticeably greater in the se-
verely infected group than in the mildly 
infected and control groups. This finding is 
consistent with several other studies, which 
reported an elevation of cytokine inflam-
matory markers in the infected population 
compared with the control group20, 21, 22, 23. 
Compared with those in mildly infected 
patients, immune marker levels were also 
greater among severely infected patients. 
Other studies have reported similar in-
creases in TNF-α, IL-8, and IL-6 among 
severely infected humans and laboratory 
animals24, 25. The elevated inflammatory 
markers in the severely infected group in-
dicate a robust immune response attempt-
ing to combat the infection, which may 
also contribute to the observed pathology 
in severe cases. For example, TNF-α, IL-
8, and IL-6 are key cytokines involved in 
the inflammatory response, and their in-
creased levels indicate an active but possi-
bly dysregulated immune response, which 
can lead to tissue damage and worsening of 
the disease. Elevated levels of inflammato-
ry markers in severely infected individuals 
suggest that these markers can be utilized 
as diagnostic tools to assess the severity of 
infections. This can help healthcare pro-
viders to identify high-risk patients who 

require more intensive care or targeted 
therapies.

NBT staining is a technique used to as-
sess the functionality of phagocytes, par-
ticularly neutrophils. These phagocytes are 
critical members of the immune system 
responsible for engulfing and destroying 
invading S. pneumoniae and other patho-
gens26. When neutrophils encounter bac-
teria, they undergo a process called the re-
spiratory burst, during which they produce 
ROS as part of their antimicrobial activi-
ty27, 28. NBT staining exploits this process 
by detecting the reduction of NBT to for-
mazan, a blue–purple insoluble compound, 
generated by the ROS during the respira-
tory burst. This allows visual identification 
and quantification of the activity of neu-
trophils29.

In this study, we detected an increase 
in NBT staining, which suggests robust 
neutrophil activity against S. pneumoniae. 
The use of NBT for the staining of leu-
cocytes allows visualization of the results 
via light microscopy30, 31. The approximate 
viability and purity of neutrophils for the 
study participants were 95% and 98% re-
spectively. This result agrees with a simi-
lar study that employed the same staining 
techniques to visualize neutrophils18. NBT 
penetrated the cell cytoplasm and reacted 
with superoxide radicals to form water-in-
soluble formazan crystals, which manifest-
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ed as a purple–blue color, indicating the 
ability of neutrophils to reduce NBT. This 
further suggests that NBT staining can be 
used to monitor the efficacy of treatments 
aimed at enhancing the immune response 
against S. pneumoniae, such as antibiotics 
or immunomodulatory agents32. Chang-
es in NBT staining over time can become 
more invaluable in providing data about 
the progression of infection and the effec-
tiveness of treatment. NBT staining can be 
an important diagnostic tool for identify-
ing patients with chronic granulomatous 
disease (CGD), which is a genetic disorder 
that affects the NADPH oxidase complex 
in phagocytes and leads to reduced ROS 
production and compromised bacterial 
killing. In patients with CGD, the NBT 
test results in reduced or no production of 
formazan, indicating the diagnostic utility 
of this assay32. The increased use of NBT 
staining as a diagnostic tool can improve 
the identification and assessment of neu-
trophil functionality in patients with in-
fections such as S. pneumoniae. This can 
lead to earlier and more accurate diagnoses, 
particularly in resource-limited settings, 
improving patient outcomes and reducing 
the spread of infection33. The NBT test is a 
simple, cost-effective diagnostic tool suit-
able for early detection and management of 
infections, especially in low-resource set-
tings. It also aids in monitoring treatment 

effectiveness, enabling healthcare provid-
ers to adjust therapies and reduce antibiotic 
resistance34.

In this study, we used both NBT stain 
and Pappenheim’s stain together. NBT 
staining specifically assesses the func-
tional activity of neutrophils by detect-
ing ROS produced during the respiratory 
burst. Pappenheim’s stain, a combination 
of May-Grünwald and Giemsa stains, pro-
vides detailed morphological information 
about cells, including the differentiation 
of various leukocytes35. Using both stains 
together allows for a comprehensive assess-
ment of neutrophil function and morphol-
ogy, and offers a more complete picture of 
the immune response. The combination of 
functional and morphological evaluation 
can improve diagnostic accuracy. NBT 
staining reveals the capacity of neutrophils 
to produce ROS, whereas Pappenheim’s 
stain highlights structural abnormalities 
and the presence of different cell types, 
aiding in the diagnosis of conditions such 
as CGD and other immunodeficiencies. 
Pappenheim’s stain enables detailed dif-
ferentiation of blood cells, aids in under-
standing immune responses and identify-
ing abnormalities. Combined with NBT 
staining, it provides a comprehensive view 
of neutrophil structure and function, there-
by offering valuable insights into infection 
pathophysiology and immune disorders36.
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Conclusion:
Cytokines and neutrophil are critical in 

the innate immune response to S. pneu-
moniae infections. The findings of this 
study contribute to the understanding of 
host-pathogen interactions, with implica-
tions for improving therapeutic strategies 
and vaccine development. Future research 
should focus on the interplay between cy-
tokines and adaptive immunity, the impact 
of genetic variations, and the dynamics of 
co-infections, to provide a foundation for 
innovative approaches to mitigate pneu-
mococcal disease.
Ethical approval statement: 
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with the ethical principles of the Declara-
tion of Helsinki. Approval was obtained 
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Teaching Hospital Ethics Committee 
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VER. 3/318/2023/85), written consent was 
obtained from the parents and caregivers 
of all study participants after we thorough-
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