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ABSTRACT

Introduction: Malaria and HIV are two important global public health problems.
Together, they cause more than two million deaths each year. In sub-Saharan Africa
alone, more than 29 million people are living with HIV/AIDS and about 70% of
population is at risk to malaria infection. Nigeria accounts for about a quarter of the
global malaria cases and tenth of the global HIV cases. Recent theories suggested
possibilities of high occurrence of HIV-malaria co-infection wherever there is
geographical overlap of the two diseases. We therefore conducted this study to
determine the prevalence of HIV-malaria co-infection and its determinants in a malaria
endemic setting. Methods: We conducted a cross-sectional study. Two hundred and
sixty-two clients attending antiretroviral treatment (ART) clinic in Zaria, Kaduna State
were enrolled between February and April 2018 using systematic sampling technique.
Questionnaires were administered to collect information on respondents’ personal
characteristics and to assess their knowledge, perception and practices on malaria
prevention. Venous blood samples were collected and analyzed for malaria parasite,
viral load, CD4, and FBC using Giemsa stained light microscopy, COBAS TagMan
equipment, BD FACS™ flow cytometer, and Sysmex haematology analyser
respectively. Descriptive and inferential statistics were performed, predictors of HIV-
malaria co-infection were ascertained at multivariate analysis. Results: Median age of
the respondents was 33 years, 52% were females, 65% were married, 65% were
employed, 57% lived in urban residence, and 34% had tertiary education. The
prevalence of malaria co-infection among HIV patients was found to be 22.9%.
Significant risk factors for the co-infection were high HIV viral load (aOR= 3.30, C.I
= 1.15-9.45), being co-infected with TB (aOR= 5.60, C.I = 1.34-23.33), poor
knowledge of malaria infection (aOR= 3.12, C.I = 1.27-7.72) and poor practice of
malaria prevention (aOR= 13.30, C.I = 4.88-36.23). Conclusion: The level of
occurrence of malaria among HIV infected patients in this setting calls for attention.
We recommended that health education on malaria should be a priority in malaria
control programme; the programmes for control of HIV, malaria and TB should
collaborate to ensure integrated service delivery and that people living with HIV/AIDS
should be given special consideration for malaria prevention.
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Introduction

Human Immunodeficiency Virus (HIV) and malaria
are major public health problems which are endemic
in Nigeria [1,2]. The HIV infection weakens the
human immune system [3] making an individual
more prone to other infections like malaria [4,5].
Malaria on the other hand is caused by Plasmodium,
a single cell microorganism that invades red blood
cells, with greater propensity for severity and death
in the presence of immunosuppression [5]. It has also
been reported that co-infection of HIV with malaria
increases morbidity and mortality from HIV [6].

Risk of contracting malaria and developing severe
disease varies between individuals and populations
[7]. These include children under 5 years of age [8],
pregnant women [4], and immune-compromised
patients such as those with HIV/AIDS [6].
According to the World Health Organization
(WHO), malaria and HIV combined, cause more
than two million deaths each year [4]. This is more
so when the two diseases bring about common
consequences such as anaemia [5,9-11].

There were an estimated 36.9 million people living
with HIV (PLWHIV) in 2017 [12]. Sub-Saharan
Africa is the most affected region contributing about
66% (25.8 million) and Nigeria had 3.1 million
people living with HIV in 2017 [13]. In 2017, 219
million malaria cases and 435, 000 malaria related
deaths were reported globally [14]. Nigeria
contributes about 23% of the global malaria cases
and around 250,000 Nigerian children die from
malaria every year [15]. It is also estimated that 97%
of Nigerian population is at risk of malarial infection
[15].

There are reports that HIV and malaria co-infection
may occur in any area that has high prevalence of the
two infections [16,17] and that much possibilities of
deleterious interaction between the two diseases
exist in the co-infected patients [5,6,16]. Some
complications, such as anaemia, which are common
to both HIV and malaria are also likely to be worse
with the co-infection [18]. In co-infected individuals,
HIV - malaria interactions adversely affect the
outcome of both conditions [19] especially in
pregnant women and infants born to HIV infected
mothers [20].

It has also been indicated that anti-retroviral drugs
interact with both new and established anti-malaria
drugs, complicating treatment efforts for both
infections [21]. On the other hand, some of these
drugs used in highly active antiretroviral therapy
(HAART) are shown to have antimalarial action
[19] in which inhibiting growth of malarial parasite
and Pharmacokinetic interactions of HAART drugs
with antimalarials mostly involve protease inhibitors
(PIs) and non-nucleoside reverse-transcriptase
inhibitor (NNRTTIs) [22,23].

Nigerian government has instituted several
interventions for malaria control including 1)
Prevention of malaria transmission through vector
control as part of an Integrated Vector Management
(IVM) strategy mainly through the promotion of
insecticide-treated mosquito nets (ITNs) and indoor
residual spraying; 2) Prevention and treatment of
malaria in pregnancy through intermittent
preventive treatment (IPT), and 3) Prompt diagnosis
and adequate treatment of clinical cases [24]. Studies
on prophylaxis with co-trimaxazole in HIV-infected
patients show significant protection against malaria
[25]. It is however advised that people who have
HIV-AIDS and uncomplicated P. falcifarum malaria
to avoid artesunate + Sulfadoxine-pyrimethamine
(SP) if they are also receiving co-trimoxazole, and
avoid artesunate + amodiaquine if they are also
using efavirenz or zidovudine [25].

This study was designed to determine the prevalence
of malaria parasitaemia among HIV-positive clients
in malaria endemic setting and to identify the
determinants of this co-infection.

Methods

Study area

This study was conducted in Kaduna State, north-
west Nigeria. In 2016, Kaduna state with HIV
prevalence of 9.2% was ranked 3"among states with
highest HIV burden in Nigeria [26]. There are over
1,000 primary healthcare (PHC) facilities and forty-
two HIV treatment centers in the state. The health-
care institution used (NTBLTC) was purposively
selected for the study because of its strategic
functions and location: (a) referral centre for HIV
positive patients, (b) Research Centre with well-
equipped laboratory, and (c) located in the area with
high HIV prevalence (Kaduna State).
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The HIV clinic at the National Tuberculosis and
Leprosy Treatment Centre (NTBLTC) provides,
alongside patient care, a comprehensive health
education to the patients. This helps patient with
knowledge about HIV and malaria infections,
including prevention, treatment, and other aspect of
care. It also equipped patients with tools that will
enable them to participate more actively in decisions
regarding their medical care.

The area has two seasons, the rainy season (April-
November) and the dry season (December-
March)[27]. Malaria is endemic in the state, but
transmission is usually higher towards the end of the
rainy season[2].

Study design

A cross-sectional study was conducted among 262
consented persons living with HIV/AIDS (PLHIV)
receiving treatment at the National Tuberculosis and
Leprosy Training Center, Saye, Zaria, Kaduna State.
The minimum sample size of 262 for the study was
determined using

Zip(l-p
n= d

o

[28];

taking prevalence (p) of HIV-malaria co-infection =
21% [29], confidence interval 95% and margin of
error as 5%. Systematic sampling technique was
used at a sampling interval of 16 (4,350/262) in a
sampling frame of 4,350 hospital records. We
included patients who had not received any anti-
malaria drugs for one-month period, had tested
positive for HIV, and who were neither severely ill
nor mentally retarded.

Data collection

Structured, interviewer administered questionnaire
was used to collect data for this study. The
questionnaire had five sections namely, Section A:
Demographic information, Section B: Clinical
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information, Section C: Knowledge of malaria
infection, Section D: Perception on malaria
infection, and Section E: Practice of malaria
prevention and control. The questionnaire was
developed from earlier studies related to HIV and
malaria[30-33]; it was pre-tested on 30 volunteers
attending HIV clinic at Gumel general hospital
Jigawa state. Trained research assistants were used
to administer the questionnaires.

The questionnaire had twelve questions on
knowledge of malaria infection, six on perception on
malaria infection and eight on practices of malaria
prevention and control. Grading of these three
parameters was done by assigning one mark for each
correct answer and for multiple choices each correct
response has one mark. A total of fifty, six, and
sixteen marks were respectively allocated to
knowledge, perception and practices. Fifty percent
was considered as the cut-off point; in each category
therefore, > 50% marks was considered as good and
< 50% marks as poor. Viral load and CD4 count data
were grouped into two, "high" and "low" each. A
high viral load is any viral load result > 1000
copies/ml[34]; while a low CD4 count is any CD4
count < 350cells/pl [35].

Laboratory Examination

Two EDTA vacutainer tubes were used to collect 15
ml blood sample from each respondent; 10 ml and 5
ml separately for HIV viral load and the remaining
laboratory tests respectively. From the 5 ml sample,
thick and thin blood smears were made on grease-
free slides and stained with Giemsa to determine
species of malaria parasites and parasite density
according to the earlier published protocol [36].
Parasite densities were estimated by counting the
number of malaria parasites against leukocytes using
the following formula:

__ Number of parasites counted x patient s actual white cell count

Parasites/pL blood =

No. of white blood cells counted

[37].

All stained slides were examined by microscopy and
read by two competent microscopists using 100
power fields under oil immersion. Polymerase Chain
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Reaction (PCR) using COBAS TagMan equipment
was employed to estimate the viral load of each
respondent, and BD FACSPresto™ machine was
used to estimate the CD4 count of each respondent
adhering to the equipment manufacturer
instructions. This study used the TB status of
patients as indicated in their file which in turn was
determined by PCR method.

Statistical analysis

All data were entered into Microsoft excel, cleaned
and imported into Epi Info version 7 statistical
software for analysis. Univariate analysis including
descriptive statistics like percentages and frequencies
of the distribution of all variables of interest was
performed. Chi-square test was conducted to
determine the association between categorical
variables i.e. association between HIV and malaria
co-infection status in relation to age group, gender,
place of residence, education level, employment
status, ARV regimen, treatment duration, viral load
level, CDscount, TB status and knowledge,
perception and practice of malaria infection
prevention. Logistic regression model was
conducted. Odds-ratios (OR) and adjusted odds-
ratios (aOR) with 95% confidence interval (CI) were
used to measure the strength of associations. All tests
were two-tailed and P value < 0.05 was considered
statistically significant.

Ethical consideration

Ethical approval for the study (Ref:
NTBL/TRG/ZA/20/Vol I) was obtained from the
Research and Ethics Committee of NTBLTC, Zaria.
Written informed consent was obtained from the
respondents above the age of 16 years. For
participants under 16 years old, written informed
consent was obtained from their parent or guardian.

Results

Two hundred and sixty-two subjects were enrolled in
this study, the median age of the respondents was
32.50 years (Range: 3-74 years). One hundred and
thirty-six respondents (51.9%) were females, 170
(64.9%) were married, 149 (56.9%) lived in urban
residence, 89 (34.0%) had tertiary education, 115
(43.9%) were formally employed and 134 (51.2%)
were of the Hausa-Fulani ethnic group (Tablel).
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The prevalence of malaria co-infection among HIV
patients was found to be 22.9% (17.95% — 28.47%,
95% C.L). On bivariate analysis, there was
statistically significant association between malaria
parasitaemia and place of residence, educational
status, occupation, and knowledge of malaria
infection, and practice of malaria infection
prevention and control among the respondents
(Table 1). Similarly, viral load, CD4 count, and TB
status were significantly associated with malaria
parasitaemia of the respondents (Table 2). However,
on multivariate analysis only viral load, TB status,
knowledge of malaria infection, and practice of
malaria infection prevention and control were
independently associated with malaria parasitaemia
(Table 3).

All the subjects were using ARV combination that
consists of two nucleoside reverse-transcriptase
inhibitors (NRTIs) plus a non-nucleoside reverse-
transcriptase inhibitor (NNRTI) or an integrase
inhibitor (INSTI). The ARV drugs used by the
subjects were abacavir (ABC), zidovudine (AZT),
efavirenz (EFV), lamivudine (3TC), dolutegravir
(DGT), tenofovir (TDF), and lopinavir/ritonavir
(LPV/1) in various combinations. The proportion of
subjects that has malaria parasitaemia was higher
among those using AZT and lower among those
using DGT (Figure 1).

Seventy seven subjects (29.4%) were using
TDF/3TC/EFV combination; 73 (27.9%) were
using TDF/3TC/DGT combination; 47 (17.9%)
were using AZT/3TC/EFV combination; 26 (9.9%)
were using TDF/3TC/LPV/r combination; 19
(7.3%) were using AZT/3TC/LPV/r combination;
14 (5.3%) were using ABC/3TC/EFV combination;
and 6 (2.3%) were using ABC/3TC/LPV/r
combination (Figure 2). Proportion of those that
have malaria parasitaemia is higher among those on
AZT/3TC/EFV combination (44.7%), and lower
among those on TDF/3TC/DGT (8.2%)
combination (Figure 2).

Mean parasite density of the subjects was 1781.5 £
3963. Student t-test was used to compare between
some immunological parameters of the subjects that
were malaria positive and that of those that were
malaria negative. Mean log viral load of those that
were malaria positive (4.51 + 0.75) was significantly
higher than that of those that were malaria negative
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(3.84 + 0.85). On the other hand, CD4 count was
significantly lower in malaria positive subjects
compared to malaria negative ones (p<0.05) (Table
4).

Among those that were malaria positive, parasite
density was found to be positively correlated with
HIV viral load (p<0.05), and the equation for the
association was Y = (6.05)X + 26958.14 (Figure 3).
On the other hand, the parasite density was found to
be negatively correlated with CDscount (p<0.05),
equation for the association was Y = (—0.0103)X +

499.87 (Figure 4).

Discussion

In this study, the prevalence of malaria co-infection
among individuals with HIV infection is 22.9%; this
was slightly higher than 18.9% reported from
Anambra, southeastern Nigeria[38] and 21% from
Jos, northcentral Nigeria[29]. The slight difference
could be due to differing malaria burden between
these 3 geo-political zones of the country. The
proportion of HIV patients reported to be co-infected
with malaria by the present and other studies
indicates high occurrences of this phenomenon. In
an attempt to explain the mechanism, it was
indicated in 2014 that opsonizing antibodies and
phagocytosis were significantly reduced in HIV-
infected individuals[39]; and these processes are very
vital in body’s fight against malaria.

In this study, the prevalence of the co-infection does
not differ significantly between males and females
and is not associated with age. This agrees with
findings from a study in Kano, North-West
Nigeria[40] but contrary to another one from Jos
North-Central Nigeria[29]. This could be explained
by the fact that the study conducted in Jos was
among subjects that were mainly urban residents
unlike that of the present study which comprises
both urban and rural dwellers. In urban areas, there
seems to be some differences in knowledge and
practice of malaria infection prevention between the
different gender and age groups unlike in rural areas
where everything seems to be the same, this may
explain the disparity in findings of these studies.

Risk factors for HIV-malaria co-infection were also
studied in this study; viral load, TB status,
knowledge of malaria infection, and practice of
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malaria infection prevention were found to be
associated with malaria co-infection in HIV patients.
Other factors that may confound or modify the
association were place of residence, educational
status, and occupation.

Our study found that malaria co-infected HIV
subjects have higher levels of HIV viral load and that
malaria parasite density increases with increase viral
load. This may suggest possible interaction between
malaria parasite and the virus. In our study also,
parasite density increases with decrease in CD4
count. These findings agree with several similar
studies and theories. For instance, Kwenti in his
systematic review in 2018 indicated that malaria
infection is associated with an increase in the HIV
viral load in vivo and in vitro, and HIV infection, in
turn, is associated with an increased malaria parasite
density[17]. Even though people residing in areas of
stable malaria transmission develop humoral and
cell-mediated immunity to malaria parasite; it was
shown that this immunity can be altered in HIV-
infected persons and could influence the frequency
and course of malaria infection[41]. This could
therefore explain the association of the viral load
with malaria infection where by the risk increases
with increase in viral load.

With regards to TB, it is well documented that HIV
increases the risk of TB infection and vice versa
[42,43]; the current understanding of the human
immune response to malaria, HIV, and TB make one
to expect that TB infections could influence the
clinical outcome of malaria in HIV clients. Infection
with TB also weakens the body immune system
increasing vulnerability to malaria infection.

The World Health Organization (WHO)
recommends HIV management with combination
antiretroviral therapy (ARV) [44], All the patients
were using ARV combination that consists of two
nucleoside reverse-transcriptase inhibitors (NRTIs)
plus a non-nucleoside reverse-transcriptase inhibitor
(NNRTI) or an integrase inhibitor (INSTI). The
proportion of subjects that has malaria parasitaemia
was higher among those using AZT and lower
among those using DGT.

This study also showed that rural dwellers had the
highest proportion of those with HIV-malaria co-
infection. This could be attributed to lack or
inadequate materials for malaria prevention, such as
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insecticide treated nets, in the rural areas compared
to urban areas [453], leading to much exposure of
rural dwellers to consistent bite by mosquitoes and
therefore malaria. This is supported by the earlier
report of Bassiouny and Al-Maktari in 2005 that
rural areas have environmental conditions more
favorable to transmission of the disease than urban
areas [46].

In our study also, poor knowledge of malaria
infection and poor practice of malaria prevention
were significant risk factors to malaria co-infection
in HIV patients. In a systematic review of
knowledge, attitudes and beliefs about malaria
among the South Asian population, Krishna et al,
shows that various measures to prevent malaria may
exist but the success of these measures depends on
the knowledge of, access to and utilization of
services, as well as a combination of users” behaviors
and healthcare access and quality issues [47]. This
could help in explaining the concurrent findings of
high knowledge of the subjects and high prevalence
of malaria co-infection among the respondents in
this study because it is not all knowledge that will
translate to good practice.

Conclusion

From findings of this study, the prevalence of
malaria co-infection among HIV patients in Zaria,
Kaduna State is of public health concern. Having
high HIV viral load, being co-infected with TB,
having poor knowledge of malaria infection and
poor practice of malaria infection prevention are
significant risk factors for HIV-malaria co-infection.
While place of residence, education level and
occupation may modify or have a confounding effect
on the association of these risk factors with the co-
infection rate. We therefore recommend that,
because of their vulnerability to malaria, people
living with HIV/AIDS should be considered among
priority group for any malaria intervention;
government at federal, state and local government
levels should consider improving education of
people as a means of tackling the co-infection;
programmes for control of the two diseases and that
of TB should collaborate to ensure integrated service
delivery; these programmes should consider rural
dwellers among priority groups; and additional
research on interactions between the two diseases
should be prioritized.
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‘What is known about this topic

e HIV and malaria are endemic in Nigeria
¢ Kaduna state is among the states with high
prevalence of HIV in Nigeria

‘What this study adds

e The prevalence of malaria co-infection
among HIV patients in Zaria was high
(22.9%)

e High HIV viral load, being co-infected with
TB, poor knowledge of malaria infection,
and poor practice of malaria prevention were
risk factors for HIV-malaria co-infection
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Table 1: Socio-economic and demographic Risk Factors of HIV-Malaria co-, NTBLTC Zaria,

2018
Characteristics Malaria status OR 95% C.I
Positive Negative
n =60 (22.9%) n =202 (77.1%)
Gender: Male 31 95 1.20 0.67-2.14
Female 29 107
Marital Single 41 129 1.22 0.66-2.26
Status
Married | 19 73
Age group > 30 36 118 1.07 0.59-1.92
years
<30 24 84
years
Residence Rural 34 79 2.04 *1.14-3.65
Urban 26 123
Formal No 23 23 4.84 *2.46-9.53
Education
Yes 37 179
Formal No 48 99 4.16 *2.09-8.30
employment
Yes 12 103
Knowledge Poor 24 21 5.75 *2.90-11.41
Good 36 181
Perception Poor 26 64 1.65 0.91-2.98
Good 34 138
Practice Poor 52 65 13.70 *6.15-30.51
Good 8 137

*Variables significant at 5% level of significance
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Table 2: Clinical Risk Factors of HIV-Malaria co-infection, NTBLTC Zaria, 2018
Characteristics Malaria status OR 95% C.I
Positive Negative
ARV Second line | 14 37 1.36 0.68-2.72
Regimen
First line 46 165
Treatment | > 5 years 37 112 1.29 0.72-2.33
Duration
<5 years 23 90
Viral load | High 15 14 4.26 *1.91-9.51
Low 42 167
CD; Count | High 32 75 1.94 *1.08-3.46
Low 28 127
TB Status | Positive 10 10 3.84 *1.51-9.73
Negative 50 192
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Table 3: Factors Independently Associated with HIV-Malaria co-infection, NTBLTC Zaria, 2018
Characteristics aOR 95% C.I.
Place of residence (Rural/Urban) 1.38 0.59-3.22
Formal Education (No/Yes) 1.90 0.73-4.98
Formal Employment (No/Yes) 1.99 0.74-5.37
Viral load (High/Low) 3.30 *1.15-9.45
CD; Count (Low/High) 1.92 0.87-4.24
TB Status (Yes/No) 5.60 *1.34-23.33
Knowledge (Poor/Good) 3.12 *1.27-7.72
Perception (Poor/Good) 2.23 0.93-5.33
Practice (Poor/Good) 13.30 *4.88-36.23
*Variables significant at 5% level of significance

aOR: Adjusted OR
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Table 4: Comparison of some immunological parameters between malaria positive and
malaria negative, NTBLTC Zaria — 2018
Variable CD; Count Log Viral Malaria parasite density
Load .
(cells/pl) (parasite/pl)
(copies/ml)
Malaria Positive 415.05 4.51 1781.5
+ + +
294 .47 0.75 3963.0
Malaria Negative 502.23 3.84 -
+ +
314.99 0.85
Cstat -2.06 5.71 -
p-value 0.042 <0.01 -
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Figure 1: Proportion of subjects with malaria parasitaemia by

different ARV used, NTBLTC Zaria, 2018
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