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ABSTRACT

Background: Mono-infections of Plasmodium spp., hepatitis B virus (HBV), and
Mycobacterium tuberculosis could elicit activation of complements for innate immunity
leading to inflammatory responses. Objective: This work was designed to determine host
immune responses to mono-infections of Plasmodium spp., HBV, and M. tuberculosis
in blood complement 3 (C3), complement 5 (C5), tumor necrosis factor-alpha (TNF-o),
and interleukin 10 (IL-10). Materials and Methods: Of 200 volunteers 66 Plasmodium
spp., mono-infected, 28 HBV mono-infected, 12 M. tuberculosis mono-infected and
62 noninfected volunteers were studied as test and controls. ELISA was used to
determine HBV, hepatitis C virus (HCV), HIV, plasma C3, C5, IL-10, and TNF-o while
Plasmodium spp., was identified by Geimsha thick-film microscopy and M. tuberculosis
by immunofluorescence microscopy. Results: The results obtained in the 200 volunteers
showed. 69% (138) were infected with one or more of Plasmodium, HBV, HCV, HIV, and
M. tuberculosis; 31% (62) were not infected; 16% (32) had co-infections of at least two
of Plasmodium, HBV, HCV, HIV, and M. tuberculosis; 33% (66) were Plasmodium spp.,
mono-infected 14% (28) were HBV mono-infected while 6% (12) were M. tuberculosis.
mono-infected. There was a significant increase in the plasma C3 in M. tuberculosis
mono-infection compared with Plasmodium mono-infection; HBV mono-infection and
control (P < 0.05). There was a significant increase in the plasma C3 in Plasmodium
mono-infection compared with HBV mono-infection and control (P < 0.05) There was
a significant decrease in the plasma C3 in the results obtained in HBV mono-infection
compared with the control (P < 0.05). There was a significant increase in the plasma
C5 in M. tuberculosis mono-infection compared with Plasmodium mono-infection; HBV
mono-infection and control (P < 0.05). There was a significant increase in the plasma
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C5 in Plasmodium mono-infection compared with HBV mono-infection (P < 0.05). There
was a significant decrease in plasma IL-10 and increased plasma TNF-a in Plasmodium,
M. tuberculosis, and HBV mono-infections compared with the control (P < 0.05). There was
also a significant increase in plasma TNF-a in M. tuberculosis mono-infection compared
with Plasmodium mono-infection (P < 0.05). Conclusion: There was an evidence of
host immune responses as evidenced by a significant increase in plasma C3, C5, and
TNF-a including a decrease in IL-10 in mono-infections of Plasmodium spp., HBV and

M. tuberculosis.
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INTRODUCTION

Complements are small proteins produced by the liver
and circulate as inactive precursors in the blood."?! They
promote the ability of antibodies and phagocytic cells to
clear pathogens and destroy cells from an organism, promote
inflammation, and attack pathogen cell membrane.™*?!
Complements works in conjunction with antibody to protect
the body from invasion by pathogens through classical or
alternative pathway.!'*! They act on cell membranes to cause
cell death."?I They are stimulated by triggers leading to
the cleavage of proteases in complement system with their
corresponding proteins for the release of cytokines which
will cause stimulation of phagocytes to remove foreign
and damaged cells/materials, bring about inflammation
to attract additional phagocytes, and activation of the
cell-killing membrane attack complex.!*) Malfunction
of the complement system can lead to fatal discases and
infections.*’]

Complement 3 (C3) C3 is majorly produced by the liver
cells. It is one of the proteins of the immune system that
plays a central role in the activation of complement system
and also contributes to innate immunity.*’”! Individuals who
are deficient of C3 are susceptible to bacterial infection.®7]
Decreased blood C3 levels have been associated with systemic
lupus erythematous, postinfectious glomerulonephritis,
membranoproliferative glomerulonephritis, and shunt
nephritis. The level rises in the inflammatory process as part
of the acute-phase plasma protein response.®7)

Complement component 5 plays a significant role in
inflammatory and cell destruction processes.®”! Deficiency of
complement 5 can lead to risks of severe recurrent infections,
susceptibility to liver fibrosis, and rheumatoid arthritis. s

Tumor necrosis factor-alpha (TNF-o) is a pro-inflammatory
cytokine produced majorly by activated macrophages and
other cells such as CD4+ lymphocytes, NK cells, neutrophils,
mast cells, cosinophils, and neurons.""!"] It regulates
immune cells. It is an endogenous pyrogen as it induces
fever, apoptotic cell death, inflammation, inhibits tumor
cell growth including viral replication.!*!!

Interleukin 10 (IL-10) is an anti-inflammatory cytokine that
can inhibit the production of pro-inflammatory cytokines
such as IFN-y, 1L-2, IL-3, TNF-o, and GM-CSF but
stimulates B-cell maturation and antibody production.!'"!
It is a human cytokine synthesis inhibitory factor (CSIF).112 1)
Infections of Plasmodium, hepatitis B virus (HBV), hepatitis
C virus (HCV), HIV, and Mycobacterium tuberculosis are
triggers of activation of complements, which can bring about
inflammatory responses which could lead to a significant
immunological alterations in plasma C3, C4, TNF-a, and
I1.-10.11.267.10.11]

MATERIALS AND METHODS

Study area

Saki West is a Local Government Area in Oyo State, Nigeria.
Its headquarters are in the town of Saki. Saki, Nigeria, is
located at the extreme end of Oyo State. It has a Resettlement
Center of 2" Mechanized Division of Nigerian Army, The
Oke-Ogun Polytechnic, Baptist Medical Centre, Muslim
Hospital, Baptist School of Nursing, School of Medical
Laboratory Technology, Oyo State Hospital and a Technical
College. Saki, Nigeria, is also one of the largest cities in Oyo
state. It shares a border with Kwara state and Burkina Faso.

Study design and study population

Two hundred volunteers (100 — females; 100 — males,
aged 19-73 years) were recruited from Saki-West local
government area of Oyo State-Nigeria. They were tested for
Plasmodium, HBV, HCV, HIV, and M. tuberculosis infections.
69% (138 of the 200 volunteers) were infected with one or
more of Plasmodium, HBV, HCV, HIV, and M. tuberculosis.
31% (62 of the 200) volunteers were not infected with
any of Plasmodium, HBV, HCV, HIV, and M. tuberculosis
and as such were recruited as controls. Sixteen percent
(32 of 200 volunteers) had co-infections of at least two
of Plasmodium, HBV, HCV, HIV, and M. tuberculosis; 33%
(66 of 200 volunteers) were mono-infected with Plasmodium
spp-, 14% (28 of 200 volunteers) were mono-infected with
HBV while 6% (12 of 200 volunteers) were mono-infected
with M. tuberculosis. Volunteers who were Plasmodium, HBV
and M. tuberculosis and those not infected with Plasmodium,
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HBV, HCV, HIV, and M. tuberculosis volunteers were studied
as test and control volunteers, respectively.

Biological samples

Five milliliters of venous blood samples were obtained from
each subject into Lithium heparinized anticoagulated bottle
to determine plasma C3, C5, IL-10. TNF-a Plasmodium,
HBV, HCV, and HIV infections while sputum samples
were obtained from cach subject for identification of
M. tuberculosis.

Methods

Human complement C3 assay using Randox kit
This was carried out using Randox kit.

Human complement C5 assay
This was carried out using Abcam enzyme-linked
immunosorbent assay (ELISA) kit.

Tumor necrosis factor-alpha ELISA
Plasma TNF-o. was analyzed using Abcam’s TNF-o human
in vitro ELISA kit.

Interleukin-10 enzyme-linked immunosorbent assay

Plasma IL-10 was analyzed using Abcam’s kit. Abcam’s IL-10
Human in vitro ELISA kit is designed for the quantitative
measurement of 1L-10 in supernatants, buffered solutions,
serum, and plasma samples.

Laboratory identification of Plasmodium spp.,
Laboratory diagnosis of malaria was carried out by

Microscopy using Giemsa-Thick film method as described
by Cheesbrough.!™*

Anti-hepatitis C virus enzyme-linked immunosorbent assay
This was assayed using anti-hepatitis C virus core antigen
antibody Abcam kit.

HIV enzyme-linked immunosorbent test
HIV test was carried out using Genscreen™ ULTRA HIV
Ag-Ab Bio-Rad kit.

The Genscreen™ ULTRA HIV Ag-Ab is an enzyme
immunoassay based on the principle of the sandwich
technique for the detection of HIV antigen and of the
various antibodies associated with HIV-1 and/or HIV-2 virus
in human serum or plasma.

HPBsAg enzyme-linked immunosorbent test
This was assayed using Diagnostic Automation/Cortez
Diagnostics, INC kit by ELISA method.

The identification of M. tuberculosis in sputum is using
fluorescence microscopy (auramine-rhodamine staining).

Principle

The specimen is illuminated with light of a specific
wavelength (or wavelengths), which is absorbed by
the fluorophores, causing them to emit light of longer
wavelengths (i.c., of a different color than the absorbed light).
The illumination light is separated from the much weaker
emitted fluorescence through the use of a spectral emission
filter. Typical components of a fluorescence microscope
are a light source (xenon arc lamp or mercury-vapor
lamp are common; more advanced forms are high-power
light-emitting diodes and lasers), the excitation filter, the
dichroic mirror (or dichroic beam splitter), and the emission
filter. The filters and the dichroic beam splitter are chosen
to match the spectral excitation and emission characteristics
of the fluorophore used to label the specimen.!™™ In this
manner, the distribution of a single fluorophore (color)
is imaged at a time. Multi-color images of several types
of fluorophores must be composed by combining several
single-color images.!”!

Most fluorescence microscopes in use are epifluorescence
microscopes, where excitation of the fluorophore and
detection of the fluorescence are done through the same
light path (i.c., through the objective). These microscopes
are widely used in biology and are the basis for more
advanced microscope designs, such as the confocal
microscope and the total internal reflection fluorescence
microscope.

Ethical considerations and clearances

The proposal of this work was reviewed and approved
by Ethical and Research Committee of Baptist Medical
Center Saki-Nigeria before the commencement of this
work. Informed consent was also obtained from each of the
patient and controls.

Method of statistical analysis

The results obtained were subjected to statistical analysis
using SPSS 18.0 (IBM, New York) to determine mean,
standard deviation, probability, Student’s t-test, and level
of significance at 0.05.

RESULTS

The results obtained showed that. 69% (138 of the 200
volunteers) were infected with one or more of Plasmodium,
HBV, HCV, HIV, and M. tuberculosis; 31% (62 of the 200)
volunteers were not infected with any of Plasmodium, HBV,
HCV, HIV, and M. tuberculosis. 16% (32 of 200 volunteers)
had co-infections of at least two of Plasmodium, HBV,
HCV, HIV, and M. tuberculosis; 33% (66 of 200 volunteers)
were mono-infected with Plasmodium spp.,14% (28 of
200 volunteers) were mono-infected with HBV while
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6% (12 of 200 volunteers) were mono-infected with
M. tuberculosis [Iigure 1].

There was a significant increase in the plasma C3 in the
results obtained in M. tuberculosis mono-infection compared
with Plasmodium mono-infection; HBV mono-infection,
and in the controls [P < 0.05; Tables 1, 2 and Iigure 2].
There was a significant increase in the plasma C3 in
the results obtained in Plasmodium mono-infection;
compared with HBV mono-infection and control subjects
[P < 0.05; Tables 1, 2 and Figure 2]. There was a significant
decrease in the plasma C3 in the results obtained in HBV
mono-infection compared with the controls [P < 0.05;
Tables 1, 2 and Figures 2, 3].

There was a significant increase in the plasma C5 in the results
obtained in M. tuberculosis mono-infection compared with
Plasmodium mono-infection; HBV mono-infection and in the
control subjects [P < 0.05; Tables 1, 2 and Figure 2]. There
was a significant increase in the plasma C5 in the results

® Plasmodium spp mono-
infection

B HBV mono-infection

= M.tuberculosis mono-infection

u Coinfections

m Control

obtained in Plasmodium mono-infection compared with
HBV mono-infection [P < 0.05; Tables 1, 2 and Figure 2].
There was no significant difference in the plasma C5 in
the results obtained in HBV mono-infection, Plasmodium
mono-infection compared with the results obtained in the
control subjects [P > 0.05; Tables 1, 2 and Figures 2, 3].

There was a significant decrease in the plasma IL-10 in
the results obtained in M. tuberculosis mono-infection,
Plasmodium mono-infection, HBV mono-infection compared
with the results obtained in the control subjects [P < 0.05;
Tables 1,2 and Figures 2, 3]. There was no significant difference
in the plasma IL-10 in the results obtained in M. tuberculosis
mono-infection, Plasmodium mono-infection and HBV
mono-infection [P > 0.05; Tables 1, 2 and Figures 2, 3].

There was a significant increase in the plasma TNIF-o
in the results obtained in Plasmodium mono-infection
compared with the controls (P < 0.05; Tables 1, 2 and
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Figure 1: Frequency of the mono- and co-infections of
Plasmodium spp., hepatitis B virus, and Mycobacterium
tuberculosis and control

Figure 2: Comparative description of plasma C3 and C5 in
mono-infections of Plasmodium spp., hepatitis B virus and
Mycobacterium tuberculosis

Table 1: Mean and standard deviation of plasma (C3, C5), tumor necrosis factor-alpha and interleukin-10 in
mono-infections of Plasmodium spp., hepatitis B virus, and Mycobacterium tuberculosis

Plasmodium HBV mono-infection M. tuberculosis Control

mono-infection (33%; 66) (14%; 28) mono-infection (6%; 12) (6%; 62)

C3 (mg/dl) 141.0+6.0 89.0+5.0 179.0+6.0 112+5.0
C5 (mg/dl) 25.0+3.0 9.0+1.0 36.0+2.0 17.0£3.0
IL-10 (pg/ml) 2.7+0.2 2.4+0.3 2.0£0.2 4.0+0.2
TNF-a (pg/ml) 4.5+0.3 3.7+0.2 5.6+0.2 2.2+0.4

TNF-a: Tumor necrosis factor-alpha, IL-10: Interleukin-10, M. tuberculosis: Mycobacterium tuberculosis, HBV: Hepatitis B virus

Table 2: Comparative analysis of mean and standard deviation of plasma (C3, C5), tumor necrosis factor-alpha and
interleukin-10 in mono-infections of Plasmodium spp., hepatitis B virus and Mycobacterium tuberculosis

Plasmodium Plasmodium Plasmodium HBV mono-infection HBV M. tuberculosis
mono-infection mono-infection versus mono-infection versus M. mono-infection mono-infection
versus HBV M. tuberculosis versus control tuberculosis versus control versus control

mono-infection (t, P) mono-infection (%, P) (t, P) mono-infection (t, P) (t, P) (t, P)

C3 (mg/dl) 6.6579, 0.011* 4.4783, 0.023* 3.7131, 0.03* -11.5233, 0.004*  -3.2527, 0.042* 8.5785, 0.007*
C5 (mg/dl) 5.4252, 0.02* -3.0509, 0.046* 1.8856, 0.1 -12.0748, 0.0034* -2.5298,0.06  5.2697, 0.017*
IL-10 (pg/ml) 0.8321, 0.25 2.4749, 0.066 -4.5962, 0.02* 1.1094, 0.191 -4.4376, 0.024* -7.0711, 0.01*
TNF-a (pg/ml) 2.219,0.078 -3.0509, 0.0463* 4.6, 0.022¢ -6.7175, 0.011* 3.3541,0.04*  7.6026, 0.008*

*Significant. TNF-a: Tumor necrosis factor-alpha, IL-10: Interleukin-10, M. tuberculosis: Mycobacterium tuberculosis, HBV: Hepatitis B virus
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Figure 3: Comparative description of plasma tumor necrosis
factor-alpha and interleukin-10 in mono-infections of
Plasmodium spp., hepatitis B virus, and Mycobacterium
tuberculosis

Figures 2, 3]. There was no significant difference in the
plasma TNF-a in the results obtained in Plasmodium
mono-infection compared with HBV mono-infection
(P> 0.05; Tables 1, 2 and Figures 2, 3). There was a significant
increase in the plasma TNF-a in the results obtained in
HBV mono-infection, M. tuberculosis mono-infection,
and Plasmodium spp., compared with the control subjects
[P < 0.05; Tables 1, 2 and Iigure 2]. There was a significant
increase in the plasma TNF-o in the results obtained in
M. tuberculosis mono-infection compared with Plasmodium
mono-infection; HBV mono-infection and in the controls

[P < 0.05; Tables 1, 2 and Figures 2, 3].

About 31% (62 of the 200) volunteers were not infected with
any of Plasmodium, HBV, HCV, HIV, and M. tuberculosis;
16% (32 of 200 volunteers) had co-infections of at least two
of Plasmodium, HBV, HCV, HIV, and M. tuberculosis; 33%
(66 of 200 volunteers) were mono-infected with Plasmodium
spp-,14% (28 of 200 volunteers) were mono-infected with
HBV while 6% (12 of 200 volunteers) were mono-infected
with M. tuberculosis.

DISCUSSION

This study has been used to compare immunochemical
alterations in blood complement 3 (C3), complement
5 (C5), TNF-a, and IL-10 in mono-infections of Plasmodium
spp., HBV and M. tuberculosis.

The results obtained showed that. 69% (138 of the 200
volunteers) were infected with one or more of Plasmodium,
HBV, HCV, HIV, and M. tuberculosis; 31% (62 of the 200)
volunteers were not infected with any of Plasmodium, HBV,
HCV, HIV, and M. tuberculosis; 16% (32 of 200 volunteers) had
co-infections of at least two of Plasmodium, HBY, HCV, HIV, and
M. tuberculosis; 33% (66 of 200 volunteers) were mono-infected
with Plasmodium spp., 14% (28 of 200 volunteers) were
mono-infected with HBV while 6% (12 of 200 volunteers) were
mono-infected with M. tuberculosis.

The prevalence of 33% Plasmodium spp., infection in this
study is consistent with the report of Olasunkanmi et al.,!"*!
who reported 31.6%Plasmodium in Abeokuta, Nigeria,
among children, This is lower than the report of Okonko
et al.,!' that noted a high malaria parasite prevalence rate of
81.5% in genders in Abeokuta, the capital city of Ogun State
located in the forest zone of southwestern Nigeria between
January 2002 and December 2004.

Musa et al.'®! reported the pooled prevalence of HBV in
Nigeria between 2000 and 2013 as 13.6% which agrees with
14% HBV infection found in this study.

The WHOM reported a rate of 0.52% (521/100,000) for 2010
while Centers for Disease Control and Prevention reported
an estimate of 0.22% (219/100,000) for 2016. These rates are
lower than 6% M. tuberculosis infection reported in this work.

There was a significant increase in the plasma C3 in the
results obtained in M. tuberculosis mono-infection compared
with Plasmodium mono-infection; HBV mono-infection, and
in the controls. There was a significant increase in the plasma
C3 in the results obtained in Plasmodium mono-infection;
compared with HIBV mono-infection and controls. There was
a significant decrease in the plasma C3 in the results obtained
in BV mono-infection compared with the controls. There
was a significant increase in the plasma C5 in the results
obtained in M. tuberculosis mono-infection compared with
Plasmodium mono-infection; HBV mono-infection and in
the controls. There was a significant increase in the plasma
C5 in the results obtained in Plasmodium mono-infection
compared with HBV mono-infection.

There was a significant decrease in the plasma IL-10 in
the results obtained in M. tuberculosis mono-infection,
Plasmodium mono-infection, HBV mono-infection compared
with the results obtained in the controls.

There was a significant increase in the plasma TNI-a
in the results obtained in Plasmodium mono-infection
compared with the control subjects. There was a significant
increase in the plasma TNF-o in the results obtained in
HBV mono-infection, M. tuberculosis mono-infection, and
Plasmodium spp., compared with the controls. There was
a significant increase in the plasma TNF-o in the results
obtained in M. tuberculosis mono-infection compared with
Plasmodium mono-infection; HBYV mono-infection and in
the controls.

Significant increase in plasma C3, C5, and TNF-a in
M. tuberculosis, Plasmodium, and HBV mono-infections
could be explained as follow. M. tuberculosis than in
Plasmodium, HBV mono-infections are triggers that
stimulate cleavage of proteases in complement system with
their specific proteins for the release of cytokines such as
TNF-o which will cause phagocytes to remove foreign and
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damaged cells/materials, bring about inflammation to attract
additional phagocytes, and activation of the cell-killing
membrane attack complex.'?! Complement 3 and 5 level
rises in inflammation as part of acute-phase plasma protein
response.'®’l TNF-o is a pro-inflammatory cytokine. It is
released in large quantity for instance as a result of infection
to induce fever, apoptotic cell death, inflammation, inhibits
tumor cell growth including viral replication.!"*!!

A higher plasma values of the complements in Plasmodium
mono-infection than HBV mono-infection could be
attributed to the fact that complements are synthesized in
the liver to support antibodies and phagocytic cells to remove
pathogens, cause cell death, promote inflammation, and
attack pathogen cell membrane. Although Plasmodium spp.,
life cycle involves liver, HBV directly infects liver cells that
produce complements. The presence of HBV pm hepatocytes
will generate immune responses that cause hepatocellular
damage leading to decrease in the synthetic functions of liver
including production of complements thereby depleting the
plasma concentration of complements such as C3 and C5.1*’1
This explanation also holds for the significant increase in
plasma C3 and C5 in M. tuberculosis than in Plasmodium
and 1BV mono-infections.

A significant decrease in plasma IL-10 in M. tuberculosis,
Plasmodium, and HBV mono-infections could be
related to the immunological functions of IL-10 as an
anti-inflammatory cytokine that inhibits the production of
pro-inflammatory cytokines such as TNFo but stimulates
B cell maturation and antibody production. Increase
in plasma TNFo as obtained in this study, can cause
overutilization of IL-10 as an anti-inflammatory cytokine
as these infections can cause activation of complements
to generate inflammation. ")

There was an evidence of host immune responses as
evidenced by a significant increase in plasma C3, C5, and
TNF-o including a decrease in IL-10 in mono-infections of
Plasmodium spp., HBV and M. tuberculosis.

The above major findings can be associated to the following
scientific facts.

Cytokines such as TNF-a and IL-10 play vital roles in host
responses to bacterial, viral, and Plasmodium infection
including immune responses, inflammation, trauma,
sepsis, cancer, and reproduction?!?*) as part of the complex
biological response of body tissues to harmful stimuli,
such as pathogens, damaged cells, or irritants, and is a
protective response involving immune cells, blood vessels,
and molecular mediators. Inflammation is one of the first
immune responses to infection or irritation. Inflammation
is a mechanism of innate immunity cytokines modulate
the balance between humoral and cell-based immune
responses.**2°1 Oxidative stress can induce the release of

cytokines. Cytokines are required for fighting off infections
and crucial in other immune responses.”* Cytokines and
antibody complex has a stronger immunological effect than
cytokine alone. 1927311

Immune complements enhance the ability of antibodies to
clear pathogens or label them for destruction by other cells.>*!
Complements are synthesized in the liver by hepatocytes.
They trigger the recruitment of inflammatory cells, “tag”
pathogens for destruction by other cells by opsonizing,
or coating, the surface of the pathogen, form holes in the
plasma membrane of the pathogen, resulting in cytolysis of
the pathogen cell, causing the death of the pathogen and
clear the body of neutralized antigen-antibody complexes. !

CONCLUSION

This work revealed evidence of host immune responses as
evidenced by a significant increase in plasma C3, C5, and
TNF-o including a decrease in IL-10 in mono-infections of
Plasmodium spp., HBV, and M. tuberculosis.
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