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Abstract

The impact of sex and gender on immunological responses is significant, leading to distinct disease
progression in men and women. This factor highlights the need for further research to develop effective
treatment strategies tailored to each gender for serious conditions like HIV and malaria, including co-
infections. Therefore, the aim of this study was to establish gender-based variations in certain indices
of immunity in Human Immunodeficiency Virus, malaria, and their co-infection. Three hundred
participants (300) who had given consent to participate were divided into three groups. Group 1
(n=100; 50 males and 50 females with HIV infection). Group 2 (n=100; 50 males and 50 females with
malaria infection). Group 3 (n=100; 50 males and 50 females with HIV-malaria co-infection). Blood
samples collected from each participant were analyzed using a standard procedure. The CD4 and CD3
counts were significantly higher in males with HIV, malaria, and malaria-HIV co-infection compared
to females. No significant difference in vitamin C and E levels between males and females was observed.
In conclusion, this study suggests that the suppressive effect of the human immunodeficiency virus
(HIV) on immunity is more pronounced in women than in men. However, its impact on blood vitamin
concentration in both sexes is similar.
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INTRODUCTION

Malaria is a disease caused by a protozoan parasite. It is transmitted through the bite of a
female Anopheles mosquito, which primarily carries the Plasmodium falciparum parasite. This
particular parasite is responsible for the high mortality and morbidity rates associated with
malaria (WHO, 2020; CDC, 2022). Malaria has been recognized as a significant public health
problem not only in Nigeria but also in the entirety of sub-Saharan Africa (WHO, 2018). This
is evidenced by the fact that an estimated 80% of malaria-related deaths occur in Africa, with
Nigeria accounting for 619,000 malaria-related deaths in 2021, as well as the highest number
of hospitalizations and outpatient visits in Africa (Omoya et al., 2020; WHO, 2023).

The human immunodeficiency virus (HIV) is a retrovirus that compromises the immune
system by targeting CD4 cells, a type of white blood cell. Without treatment, HIV can progress
to acquired immunodeficiency syndrome (AIDS), which represents the most severe phase of
the infection. This virus significantly weakens the immune response, increasing vulnerability
to various infections and diseases. HIV continues to pose a major public health challenge in
Sub-Saharan Africa, with Nigeria being the fourth highest in the world for HIV prevalence.
The nation is experiencing a widespread epidemic, particularly in West and Central Africa,
with approximately 1.8 million people living with HIV in Nigeria as of 2019 (UNAIDS, 2019).

Despite extensive efforts to combat the surge of HIV and malaria in Nigeria and Africa as a

whole, a significant portion of the Nigerian population remains vulnerable to these diseases
and their co-infections (WHO, 2022). Drug resistance, primarily due to inadequate treatment,
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has been identified as a major factor contributing to this problem and has been linked to
increased mortality and morbidity (WHO, 2023; UNAIDS, 2021).

Immunity is the body's defense mechanism against infections and diseases caused by harmful
pathogens like bacteria and viruses. It can be innate, acquired, or passive (Pandey et al., 2023).
Vitamin E, a fat-soluble antioxidant, protects cell membranes from oxidative damage and
boosts the immune response by enhancing T-cell activity (Majio, 2014). Vitamin C is also
essential for immune defense, supporting cellular functions and combating oxidative stress
(Carr, 2017).

Recognizing the variations in immune responses between genders is becoming an essential
focus area. The impact of sex and gender plays a crucial role in shaping immune responses,
leading to different disease progression in males and females. Differences in immune
responses between women and men can be observed at various levels, potentially affecting
the final outcomes. While these variations are usually studied from a biological standpoint,
gender considerations are often overlooked. In medical literature, 'sex differences' are defined
as biologically based disparities between females and males (Holdcroft, 2007).

Although research efforts have revealed the impact of gender on drug resistance and
treatment outcomes, prescriptions for the treatment of HIV, malaria, and their co-infection
have yet to factor in sex disparity in treatment, which could account for the numerous cases
of relapse. This necessitates the need for further investigation to develop effective treatment
strategies tailored to each sex for serious conditions like HIV and malaria, including their co-
infection. Consequently, this study aims to examine gender-related differences in specific
immune indices associated with HIV and malaria infections.

METHODOLOGY

Location of the study

The study was conducted at the Federal Medical Centre (FMC) in Owerri, Imo State, South-
East Nigeria. According to the 2006 census, Imo State has a population of around 3.9 million,
with Owerri being the most populous city. Owerri's population is made up of the Igbo ethnic
group and various other tribes, with 64,223 females and 62,990 males. The city is located
between latitudes 29 and 30°E. FMC Owerri is a notable public health institution in Imo State,
Nigeria, that provides HIV/AIDS and malaria treatments and follow-up services
(Mohammed and Oda, 2024).

Inclusion and exclusion criteria

Participants in the study were exclusively individuals who had recently been diagnosed with
HIV, malaria, or both infections, and who were not currently using any immune-boosting
medications, antioxidant supplements, or any treatments, including herbal remedies
recognized for their effectiveness against malaria. Additionally, all participants provided their
consent to take part in the research. However, pregnant women, individuals with diabetes,
hepatitis B or C, or any autoimmune disorders were excluded from the study.

Sample size determination

Three hundred people aged between 15 and 65 participated in the study. They were divided
into three groups, each comprising 50 individuals. Group 1 consisted of HIV participants,
group 2 consisted of malaria subjects, and group 3 included individuals with HIV-malaria co-
infection. A sample size calculator was used with a 95% confidence level, a 5% margin of error,
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and a 50% population percentage to determine the sample size. The total population size was
1350.

Collection of Sample

A 6 mL blood sample was collected from the participants and separated into different tubes:
a serum separator tube, a red top EDTA tube, a purple top EDTA tube, and a lavender top
EDTA tube. These tubes were designated for vitamin analysis, HIV seroreactivity testing,
malaria screening, and the assessment of CD4+ and CD3+ levels, respectively. To protect the
integrity of the vitamins from light exposure, the serum intended for vitamin analysis was
transferred into an amber vial.

HIV screening

HIV screening was conducted using the Abbot Determine TM HIV-1 & 2 kit (Abbot Japan Co.
Ltd., Tokyo, Japan) in accordance with the manufacturer's instructions. Specifically, 50 uL of
plasma from each participant was placed onto the designated sample pads. After a 15-minute
incubation, the results were evaluated. The kit features an integrated quality control system
to verify the accuracy of the results. A positive HIV serological result is shown by the
appearance of two distinct red lines in both the control and test areas, while a single red line
in the control area confirms the test kit's functionality. A negative HIV serological result is
indicated by the absence of a red line in the test area (USPSTF, 2019).

CD4+ and CD3+ Count T-cell count

Each participant underwent a meticulous venipuncture to obtain 3 ml of venous blood, which
was then placed into a K3 EDTA vacutainer tube. Among the immunological parameters
evaluated were the absolute cell counts of CD4 and CD3 T cells in unlysed whole blood. The
Becton Dickinson (BD) FACS Count system (Becton, Dickinson and Company, California,
USA) was used to quantify these counts. Before opening the beads with the coring station, the
CD4 count reagent was inverted ten times to ensure thorough mixing. Subsequently, 50 pL of
the whole blood sample was added to the appropriate tube. The mixture was vortexed and
incubated for 60 to 120 minutes at room temperature in the dark. After incubation, 50 pL of
fixative solution was added, the tube was sealed, and it was incubated for an additional fifteen
minutes. The sample was briefly vortexed upside-down for five seconds before being
analyzed with the FACS Count device. The absolute CD3 count was then evaluated and
recorded by the integrated software (CDC, 1997).

Malaria microscopy

Thin blood films were prepared on sterile slides using Leishman stain. The slides were fixed
in 100% anhydrous methanol for two minutes, rinsed with distilled water, and left to air dry.
Observations were conducted under a light microscope with oil immersion at x100
magnification. A definitive diagnosis of parasitemia was made based on the nuclear
chromatin pattern, which featured a red chromatin dot within the parasite's purple cytoplasm.
The density of malaria parasites (MP) was determined as a percentage by counting the
number of parasitized cells out of 1000 red blood cells (RBCs). Twenty fields were examined,

and the parasitemia ratio was documented.

Parasite density = POSIZed RBES 4
arasite density = total RBCs

According to Kotepui et al. (2015), density was divided into three categories and displayed as
averages: high (more than 10 parasites per field), moderate (1 to 10 parasites per field), and
low (1 to 10 parasites across 10 fields).
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Serum vitamin E determination

Biobase Biotech Ltd. in Shandong, China, provided the enzyme-linked immunosorbent assay
(ELISA) sandwich method for measuring serum vitamin E levels. The analysis was conducted
using the Inqaba Biotech Micro Plate Reader Elisa Plate Analyzer from Inqaba Biotechnical
Industries (Pty) Ltd. in Pretoria, South Africa, following the manufacturer's instructions. The
kit included a Microelisa strip plate pre-coated with an antibody specific to vitamin E
standards. Each well of the Microelisa strip plate was filled with a vitamin E-specific
Horseradish Peroxidase (HRP) conjugate and incubated. After incubation, all unbound
components were removed by washing. Subsequently, a 3, 3', 5, 5'-Tetramethylbenzidine
(TMB) substrate solution was added to each well. The HRP-conjugated vitamin E antibody
and vitamin E-containing wells turned blue, which turned yellow upon the addition of the
stop solution. The optical density (OD) was then measured at 450 nm, with the OD value
directly correlating with the vitamin E concentration. The OD values of the samples were
compared to a standard curve to determine the vitamin E concentration in the samples.

Serum vitamin C determination

Using the spectrophotometry approach, samples were examined for vitamin C (Bassey et al.,
1947). Using 2, 4-dinitrophenylhydrazine as a chromogen, the quantities of total
physiologically active vitamin C were measured spectrophotometrically at 521 nm.

Data analysis

Using SPSS (Version 23), the data were presented as Mean * Standard Deviation. Unpaired T-
test was employed to compare the mean values obtained the male and female subjects P-
values were considered statistically significant if they were less than 0.05.

RESULTS

Tablel: CD4 and CD3 Counts in Female and Male HIV , Malaria and Co-infected Individuals

CD#4 (cells/pL) CD3 (cells/pL) P-value
Grouping Female male Female Male CD4 CD3
Grp I (HIV only) 308.58+3.89  281.14+5.82 1622.13+4.57 1.916.30£2.23  0.0025 0.0001
Grp II (Malaria only)  448.30+1.65 433.84+2.68 1506.16+3.02 1807.73+8.84  0.0014 0.0001
Grp III (Mal & HIV)  276.79+4.31 250.05+4.28 1462.63+4.59 1387.88+6.13  0.0016 0.0001

Results are expressed as mean * standard deviation of three determinations and considered significantly different (p<0.05)

Table 2: Vitamins C and E concentrations in Female and Male HIV , Malaria and Co-infected
Individuals

Vitamin C (ng/mL) Vitamin E (ng/mL) P-value
Grouping Female male Female Male Vitamin C Vitamin E
Grp I (HIV only) 0.240+0.02  0.270£0.03  0.3060.01 0.290+0.02 0.2230 0.3153
Grp II (Malaria only)  0.260£0.03 ~ 0.280+0.02  0.330+0.04 0.330+0.02 0.3911 1.0000
Grp III (Mal & HIV)  0.193%0.00  0.196+0.01  0.240+0.05 0.220+0.04 0.6779 0.6172

Results are expressed as mean * standard deviation of three determinations and considered significantly different (p<0.05)

RESULTS AND DISCUSSION

There are significant differences between males and females in their immune responses to
foreign and self-antigens, as well as in their innate and adaptive immune systems. Some of
these immunological differences are apparent throughout life, while others emerge after
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puberty and before reproductive aging, indicating the influence of both genetic and hormonal
factors. Moreover, early environmental factors can influence the microbiome and have
different effects on immune function depending on sex. These immunological disparities
between sexes play a crucial role in the differing rates of autoimmune diseases, cancers,
susceptibility to infections, and vaccine responses observed in males and females (Klein et al.,
2016).

The CD4+ and CD3+ counts in females and males infected with HIV, malaria, and a co-
infection of both HIV and malaria are shown in Table 1. The data show that the CD4+ and
CD3+ counts for males infected with HIV, malaria, and malaria-HIV co-infection were
significantly higher (p<0.05) compared to those for their female counterparts. Sex hormones,
such as estrogen and progesterone, can impact the function of immune cells, potentially
changing immune responses and causing variations in immune function between genders.
Although the outcome of our study contradicts the findings made by Sellau et al. (2024) which
affirms that women generally display stronger immunity, the decrease in CD4+ and CD3+
levels in females infected with malaria, HIV, and malaria-HIV co-infection may be associated
with fluctuations in sex hormone levels, especially during menopause, which can adversely
affect the immune system and lead to a reduction in immune responses.

The concentrations of vitamin C and E in females and males with HIV, malaria, and a co-
infection of both HIV and malaria are presented in Table 2. The results show that there was
no significant difference in the concentration of vitamin C and E between males and females.
This could be due to the fact that HIV and malaria predominantly damage the immune system
and red blood cell count, respectively. These effects can cause nutrient shortages, but they do
not directly affect blood vitamin concentrations.

CONCLUSION

This study explores the differences in certain immune system markers in individuals infected
with malaria, HIV, and both (co-infection), with a focus on comparing males and females. It
highlights that biological factors may influence the commonly held view that women
generally have stronger immune responses than men. Although the study does not
specifically identify these biological factors, something that could be seen as a limitation, it
does find that HIV, malaria, and their co-infection have similar effects on blood vitamin levels
in both sexes.
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