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Abstract

Background Human Immunodeficiency Virus (HIV) and malaria are two major diseases in sub-Saharan Africa.
Co-infection can significantly impact the clinical outcomes of both conditions. We assessed the proportion of HIV-
infected children at Korle Bu Teaching Hospital (KBTH) and Princess Marie Louise Hospital (PML) with malaria parasites.
The association between asymptomatic malaria parasitaemia and virological non-suppression was also determined in
these children.

Methods This cross-sectional study of 277 asymptomatic malaria in children receiving care at paediatric HIV clinics

at KBTH and PML was conducted from September to November 2022. Patients who had been on antiretroviral
therapy (ART) for at least six months were eligible to participate. Structured questionnaires were used to collect
socio-demographic information, malaria prevention behaviors, and ART-related data using in-person interviews.
Microscopy and PCR were used to screen for malaria, and GeneXpert was used to determine viral load. To examine the
determinants of malaria PCR positivity and virological non-suppression, chi-square tests and logistic regression were
performed.

Results The median age of the participants was 9 years (range: 6-12 years). Males comprised 158 (57%) of the study
population. We detected 10 (3.6%) and 21 (7.6%) malaria cases by microscopy and PCR, respectively. Virological
non-suppression (VL > 1000 copies/ml) was observed in 82 (29.6%) of the 277 participants. Among the suppressed
individuals, 62 (22.4%) exhibited low-level viraemia (VL level 40-1000 copies/ml) and 133 (48%) had undetectable viral
load levels. No factors were associated with the presence of malaria PCR positivity carriage. Poor adherence to ART
was associated with a five-fold increase in the risk of viral load non-suppression (AOR=4.89 [C|=2.00-11.98], p=0.001).

Conclusion The proportion of children living with HIV with asymptomatic malaria parasitaemia was low.
Approximately one-third of the study population had virological non-suppression. The interaction between malaria
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parasitemia and viral replication may not be the main cause for virological non-suppression in this low transmission

area.

Keywords Antiretroviral therapy, Asymptomatic malaria, Parasitaemia, Paediatric HIV, Viral load, Virological non-

suppression

Background

HIV and malaria have been significant global health chal-
lenges for decades [1]. HIV emerged in the mid-20th
century, and malaria has plagued humanity for centuries.
Despite advancements in prevention and treatment, HIV
and malaria continue to be major public health issues,
particularly in sub-Saharan Africa (SSA) [1]. This region
accounts for over half of all HIV infections and AIDS-
related deaths worldwide [2]. According to the World
Health Organization (WHO), approximately 213 million
malaria cases and 380,000 deaths are reported annu-
ally in Africa [3]. Simultaneous infection by HIV and
malaria may be as high as 30% in children living with HIV
(CLHIV) in SSA [4, 5].

The combined impact of HIV and malaria has severe
health, economic, and social consequences, particularly
for children [6] These diseases result in more severe ill-
nesses, higher mortality rates, and significant burdens on
the healthcare system [7]. The deaths of parents due to
these diseases can lead to orphanhood, placing additional
burden on families and communities. Furthermore, ill-
nesses and caregiving responsibilities often lead to school
absences and dropouts, limiting future opportunities for
the affected children [7].

HIV and malaria have a synergistic relationship [8].
HIV impairs the immune system, making individuals,
particularly children, more susceptible to infections like
malaria in malaria-endemic areas [8, 9] In turn, malaria
can exacerbate HIV symptoms and increase the risk of
HIV transmission.

Some antiretroviral therapies (ARTs) have antimalarial
properties and can work synergistically with antimalari-
als to combat Plasmodium falciparum [10] Additionally,
daily treatment with cotrimoxazole and ARTs is associ-
ated with a reduced prevalence of clinical malaria [10].

The effect of malaria on HIV has been well-doc-
umented. HIV-infected patients with malaria show
increased viral loads, decreased CD4 counts and wors-
ening HIV outcomes [11]. Malaria also elevates viral
load, while HIV weakens the body’s immune response
to malaria and reduces the effectiveness of antimalarial
treatments. In CLHIV, clinical malaria episodes are more
frequent and severe than in HIV-uninfected children,
particularly in those with higher immunosuppression
levels [1]. Malaria infection in CLHIV promotes rapid
HIV-1 replication due to upregulated pro-inflamma-
tory cytokines, leading to increased HIV-1 RNA levels,

accelerated disease progression, and a higher transmis-
sion risk [4, 7].

The goal of combination antiretroviral therapy (cART)
for CLHIV is long-term virological suppression, defined
as a viral load (VL) of <1000 copies/ml in low- and
middle-income countries, indicating treatment adher-
ence and reduced HIV transmission risk [12]. Factors
influencing virological suppression include socio-demo-
graphic factors, HIV comorbidities, HIV clinical severity,
and ART regimen.

Asymptomatic malaria is defined as “the presence of
parasites in the blood of an individual in the absence of
malaria-related symptoms such as fever, which is a tem-
perature greater than 37.5°C” [13]. Asymptomatic carri-
ers, particularly children, serve as carriers of Plasmodium
falciparum contributing to malaria transmission [14,
15]. The 2019 Ghana Malaria Indicator Survey showed
a decline in symptomatic malaria among children under
five, from 27% in 2014 to 14% in 2019, attributed to inter-
ventions such as long-lasting insecticide-treated nets
(LLINs), Indoor Residual Spraying (IRS), and case man-
agement with Artemisinin Combination Therapy [16].
However, malaria remains a threat in high-transmission
areas, especially in CLHIV [17, 18]. To reduce malaria
transmission, epidemiology data on asymptomatic
malaria is essential. This information helps control local
transmission and its associated factors.

The World Health Organization recommends con-
ducting surveys to characterize baseline malaria trans-
mission, identify carriers, and target at-risk populations
like CLHIV for control measures [19]. Despite the sig-
nificance of this issue, few studies have been conducted
on asymptomatic malaria in Ghana. By investigating the
relationship between asymptomatic malaria and viro-
logical non-suppression in CLHIV, the study contributes
to filling knowledge gaps and informing public health
interventions.

This study therefore aimed to evaluate the prevalence
of malaria parasites among HIV-infected children at
Korle Bu Teaching Hospital and Princess Marie Louise
Hospital. We also sought to investigate the relationship
between asymptomatic malaria parasitemia and viro-
logical non-suppression in these children. By conduct-
ing this study within healthcare facilities, we assessed
a well-defined population of children already receiv-
ing regular care, ensuring a representative sample and
comprehensive data collection. As the participants were
already engaged in the healthcare system, implementing
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interventions based on the study findings can be done
more efficiently, streamlining efforts to improve health
outcomes.

Methods

Study design and setting

A cross-sectional study was conducted at the Korle Bu
Teaching Hospital (KBTH) and Princess Marie Lou-
ise (PML) Hospital in the city of Accra, Greater Accra
region of Southern Ghana. Recruitment was conducted
between September and November 2022. The Paediatric
HIV clinic at KBTH has been providing comprehensive
HIV/AIDS care and management services since 2004.
An average of 40 patients were examined per clinic day,
which was run once a week. Patients are referred from
primary and secondary health facilities as well as from
other departments within the hospital. Children are seen
from 6 weeks of age until approximately 15 years of age,
when they would have had full disclosure and are ready
to be transferred to the adolescent HIV clinic at KBTH.
The HIV clinic at PML sees approximately 10—20 patients
every clinic day, and the clinic runs twice a week. KBTH
however has a clinic once a week and sees about 20-30
patients per clinic day. Referrals to the PML Paediatric
HIV clinic are mainly from the southern part of Ghana.
PML is a paediatric hospital that mainly sees paediatric
patients up to 18 years of age.

According to the National AIDS Control Program
(NACP) guidelines, VL is obtained at least once a year
per patient, and the cost is borne by the NACP. National
treatment guidelines updated with WHO recommenda-
tions are used by both HIV clinics. Antiretroviral drugs
that are provided at the clinics are abacavir (ABC),
nevirapine (NVP), lamivudine (3TC), tenofovir (TDF),
zidovudine (AZT), and ritonavir-boosted lopinavir
(LPV/r), efavirenz (EFV) and dolutegravir (DTG). The
most popular ART regimens used in the clinic include:
LPV/r based e.g. ABC+3TC+LPV/r and DTG based e.g.
TDF+3TC+DTG.

In accordance with the clinical guidelines, all CLHIV,
regardless of viral load level were administered cotrimox-
azole. Cotrimoxazole is a combination of trimethoprim
and sulfamethoxazole and is recommended for the pre-
vention of Pneumocystis pneumonia, toxoplasmosis,
bacterial infections, and malaria [20].

Study population
The study participants were CLHIV who had been on
ART for at least 6 months at the Paediatric HIV clinic at
KBTH and PML.

Inclusion criteria CLHIV under 15 years of age and who
had been on ART for at least six months.
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Exclusion criteria CLHIV under 15 years of age who had
been on ART for at least six months and were symptom-
atic for malaria at the time of recruitment.

Sample size determination

Cochran’s sample size formula for prevalence studies
was used to calculate the sample size using a confidence
level of 95%, an error margin of 5% and a design effect
of 1.5 due to the multicenter design. The prevalence of
HIV-malaria co-infection (12.3%) used in the sample size
calculation was obtained from a study by Ikilezi et al. in
Ugandan children in 2013 [21]. The sample size obtained
was 277 participants. A total of 140 participants recruited
from the PML and 137 from the KBTH.

Sampling method and data collection tools

The 277 study participants were sampled consecu-
tively at each site until the total number of participants
required was determined. Blood samples were collected
from each participant to detect the viral load and car-
riage of malaria parasites. A questionnaire was designed
to collect information from the study participants. The
three components of the questionnaire were socio-
demographic characteristics of the participants, malaria
preventive practices, and ART-related practices. Socio-
demographic data included age, gender, residence care-
givers’ occupation, and level of education. Data on the
malaria preventive practices of the caregiver included the
use of an insecticide-treated net, mosquito repellent coil
mosquito repellent cream and mosquito repellent spray.
Respondents were also asked whether their child was on
cotrimoxazole.

ART-related factors, including the type of drug regi-
men and duration of ART, were derived from the par-
ticipants’ medical records. A section also documented
the viral load and malaria parasite density on the day of
the interview. A 14-day recall by the caregiver was used
to gauge adherence. Participants were asked about their
recent 14-day adherence by asking them to recollect their
prescribed medications. Participants were questioned
about their adherence during the day, the previous three
days, the previous week, and the past 14 days prior to the
interview. Using the following formula, the level of drug
use compliance during the previous 14 days was calcu-
lated [22]:

% 14 day Adherence =
(# doses should have taken — # missed doses)
# doses should have taken

* 100

The interpretation of adherence was as follows: good
adherence equivalent to =95%, fair adherence equivalent
to 85-94%, and poor adherence equivalent to <85%.
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Data collection procedure

Data was collected over eight weeks. The principal inves-
tigator and two research assistants conducted the inter-
views. Using the eligibility criteria, potential participants
and their caregivers were identified, and received writ-
ten and verbal information about the study, and those
who were willing to participate endorsed a consent form
either by signing or thumbprinting. Children above the
age of nine years endorsed an assent form. All the chil-
dren and their caregivers received a copy of the endorsed
form. The questionnaire was administered through face-
to-face interviews and additional information such as
current drug regimen and ART duration, was extracted
from the patients’ medical records. Trained research
assistants thoroughly reviewed all the questionnaires to
validate and ensure that they had been fully completed.

Laboratory procedures

At the laboratory, 2—3 ml of blood was taken from each
participant: 1-2 ml was used to measure viral load, and
~100 pl was used to make thick and thin films on a
microscope slide to detect malaria parasites by micros-
copy. DNA was extracted from the remaining blood
using PCR to detect Plasmodium parasites. Thin and
thick blood smears were processed for Giemsa staining
and evaluated using a WHO protocol; “Giemsa staining
of malaria blood films;” 2016 [23]. Plasmodium species
were identified after evaluating the thin films, and para-
site density was estimated using the thick films. To detect
satisfactory fields, the whole smear was first screened at
low magnification (10X x 40X objective lens) [23]. Plas-
modium species identification and parasitaemia were
determined using 100X oil immersion microscopy.

Estimation of parasite density

Parasite density was determined for each malaria positive
slide. The total number of white blood cells (neutrophils,
eosinophils, lymphocytes and basophils) and Plasmo-
dium parasites was counted in each field on the slides
using a tally counter until a total of 200 white blood cells
were obtained, and the corresponding parasite count was
recorded. Plasmodium parasites were counted per 200
leukocytes and used to estimate parasite density.

Parasite density =
Total number of Plasmodium parasite

8,000
Total number of white blood cells s

Two independent, WHO trained and certified microsco-
pists, who were blinded to the patients’ clinical status and
the microscopy results, examined all coded smears for
parasites.
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PCR identification of Plasmodium falciparum isolates

The nested PCR method for Plasmodium species identi-
fication based on amplification of the small subunit ribo-
somal RNA (18SrRNA) gene was used [24]. The initial
PCR involved the use of genus-specific rPLU5 and rPLU6
primers to amplify the gDNA fragment or sequence con-
served in four human Plasmodium species. The primary
amplified product was used as the template for secondary
PCR using species-specific oligonucleotide primer pairs
for the Plasmodium species. The primer pair used for P
falciparum was rFAL1 and rFAL2. Genomic DNA from
Plasmodium falciparum 3D7 strain was used as a positive
control and double-distilled water was used as a negative
control in all amplification reactions [25, 26].

The gene amplifications were carried out in a 15 pL
reaction volume composed of 200 nM dNTP, 2 mM
MgCl,, 200 nM of each primer, and 0.5 U of One Taq
DNA polymerase (New England BioLAB, UK). Four
microliters (>20 ng) of gDNA was used as a template for
the primary reaction and 1 pL of the product was used
as the template for the secondary reaction. The amplifi-
cation cycling conditions were as follows: initial denatur-
ation at 94 °C for 5 min, followed by 30 cycles at 94 °C for
30 s, 58 °C annealing temperature for 1 min, and 72 °C for
1 min, with a final extension at 72 °C for 5 min. All condi-
tions remained the same for the primary and secondary
amplifications, except for the secondary reaction anneal-
ing temperature, which was 55 °C [25, 26].

Malaria parasite detection was performed at the Immu-
nology Department of the Noguchi Memorial Institute
for Medical Research, University of Ghana.

Determination of viral load

The GeneXpert platform was used to estimate viral load.
Plasma (1.2 ml) was transferred into an Xpert HIV-1 Viral
Load cartridge using a calibrated pipette and loaded into
the machine. Test results were observed and recorded
after 90 min. The limit of detection was 40 cp/ml and the
clinical cut-off was 1000 cp/ml. Viral load measurements
were performed at the chest clinic laboratory at KBTH,
which participates in an external quality assurance test-
ing program at the South African Public Health Refer-
ence Laboratory.

Management of patients based on laboratory results

Asymptomatic participants who tested positive for
malaria were referred to a clinician for management. Oral
Artemether Lumefantrine medications were provided
to the facility for dispensing to such patients. Clinicians
were also aware of the participants’ viral load levels. All
patients were managed according to a standard protocol.
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Statistical analysis

Standard descriptive analysis was performed using fre-
quencies and percentages for categorical variables, means
and standard deviations for normally distributed contin-
uous variables, and medians and interquartile ranges for
non-normally distributed continuous variables. Pearson’s
chi-squared test was used to determine the association
between the carriage of malaria parasites (PCR positiv-
ity) and associated factors (socio-demographic character-
istics, malaria preventive practices and ART). Pearson’s
chi-square test was also used to assess the association
between carriage of malaria parasites and virological sup-
pression (target not detected). A t-test was used to test
the equality of means between children with malaria PCR
positivity and those with malaria PCR negativity.

Finally, a binary logistic regression model was used to
assess variables independently associated with the pres-
ence of Malaria PCR among CLHIV. The multivariate
model of factors associated with viral load non-suppres-
sion included the study site, age of the child, adherence
to medication, ART duration, and ART regimen. In the
final logistic regression model, viral load suppression was
included as a major exposure variable, while age and sex
were included because of their relevance in the preva-
lence of health outcomes among children. Cotrimoxa-
zole use and study site were included in the final adjusted
model because their significance level was below 0.1000
in the unadjusted binary logistic regression model. Inde-
pendent variables that showed a statistically significant
association with the outcome variable in univariate anal-
ysis were subjected to multivariate logistic regression.
The crude odds ratio (COR), adjusted odds ratio (AOR),
the corresponding 95% confidence interval (CI) and p
values are presented. In the final model, statistical signifi-
cance was observed with a p-values below 0.05.

Results

Socio-demographic, malaria preventive practices and ART
characteristics of participants

A total of 277 participants (140 from PML and 137 from
KBTH), were enrolled. More than half of the participants
were males 158 (57%). The age group 10—14 years had the
highest number of participants 123 (41.5%). The mean
age of the participants was 9.0+3.4 years. The primary
caregivers of the participants were biological mothers,
150 (54.2%). Approximately 250 caregivers (90%) were
employed (Table 1).

Overall, 27 (9.7%) participants did not practice any
malaria-preventive method. Of the 277 participants,
217 (78.3%) were given cotrimoxazole. The majority
of the participants 224 (80.9%) had good adherence to
ART. About 250 (48%) participants had been on ART
between 12 and 59 months. The ART regimens used
by participants were EFV-based 104 (37.5%), followed
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by DTG-based 90 (32.5%), LPV/r-based 73 (26.4%) and
NVP-based 10 (3.6%). Children sampled from the KBTH
clinic significantly differed from children sampled from
the PML clinic by demographics including age group
(p=0.005), relationship of child to respondent (p=0.036),
being given cotrimoxazole (p=0.025), duration on ART
(p=0.027) and ART regimen (p=0.003).

Proportion of CLHIV with malaria parasites

Of 277 participants, microscopy detected 10 (3.6%, 95%
CIL: 1.9-6.6%), while PCR detected 21 cases of malaria
(7.6%, 95% CIL: 5.0-11.4%). The results are presented
based on the PCR results. PCR positivity was higher
among children from the PML facility 16/140 (11.4%)
than among those from the KBTH facility 5/137 (3.6%).

Viral load levels among CLHIV

Of 277 participants, 82 (29.6%) had virological non-sup-
pression (VL>1000 copies/ml). Of the participants who
were virologically suppressed, 62 (22.4%) had low-level
viraemia (VL level 40-1000 copies/ml), while 133 (48%)
had undetectable viral load levels. (Fig. 1).

Malaria PCR positivity by ART regimen among participants
Of the 10 patients who were on a nevirapine-based regi-
men, none tested positive for malaria. The proportion of
participants who had malaria parasites among partici-
pants on a DTG-based regimen was comparable to that
among participants on LPV/r-based-regimen (8.9% vs.
9.6%) (Fig. 2).

There was no significant association between malaria
PCR positivity and participant characteristics (Table 2).

Association between characteristics of participants and
malaria PCR positivity

The mean age of the malaria PCR negative sample was
9.0 years (+£3.3 years) which was not statistically differ-
ent from mean age of 8.8 years (+3.9 years) among the
PCR positive samples (p=0.780). There was no signifi-
cant association between malaria PCR positivity and the
characteristics of the participants (Table 2).

Association between characteristics of participants and
virological non-suppression

The age of the child, adherence level and ART regimen
were associated with virological non-suppression. The
mean age of the children that were virologically sup-
pressed was 9.3 years (£3.2 years) which was significantly
higher than the mean age of 8.1 years (+3.7 years) among
the non-virologically suppressed (p=0.004). More than
half of the children younger than 5 years were virologi-
cally non-suppressed (56.4%), compared to 28.7% non-
suppression among children aged 5-9 years and 22.0%
non-suppression among children aged 10-14 years.
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Table 1 Socio-demographic, malaria preventive practices, and ART characteristics of study participants
Total KBTH PML P-value
N=277 N=137 N=140
Characteristics n (%) n (%) n (%) n (%)
Sex 0.840
Male 158 (57) 79(57.7) 79 (56.4)
Female 119 (43) 58 (42.3) 61 (43.6)
Age of child 0.005
<5years 39(14.1) 11(8.0) 28(20.0)
5-9 years 115 (41.5) 55 (40.1) 60 (42.9)
0-14 years 123 (44.4) 71(51.8) 52(37.1)
Relation of respondent to child 0.036
Mother 150 (54.2) 69 (50.4) 81(57.9)
Father 43(15.5) 17 (124) 26 (18.6)
Other relatives 84 (30.3) 51(37.2) 33(23.6)
Employment status of caregiver 0.580
Unemployed 27 (9.7) 12(8.8) 5(10.7)
Employed 250 (90.3) 125(91.2) 125(89.3)
Using any malaria preventive method 0.890
Yes 250 (90.3) 124 (90.5) 126 (90.0)
No 27(9.7) 13(9.5) 14 (10.0)
Cotrimoxazole 0.025
Yes 217 (78.3) 115(83.9) 102 (72.9)
No 60 (21.7) 22 (16.1) 38(27.1)
Adherence 0330
Good 224 (80.9) 115(83.9) 109 (77.9)
Fair 33(11.9) 15(10.9) 18(12.9)
Poor 20(7.2) 7(5.1) 13(9.3)
Duration on ART 0.027
<12 months 14(5.1) 5( 6) 9(64)
12-59 months 134 (48.4) 7 (41.6) 77 (55.0)
60-119 months 95 (34.3) (38 0) 43 (30 7)
120+ months 34(123) 23(16.8) 1(7.9)
ART regimen code 0.003
DTG based 90 (32.5) 47 (34.3) 43 (30.7)
LPV/r based 73 (26.4) 24 (17.5) 49 (35.0)
EFV based 104 (37.5) 58 (42.3) 46 (32.9)
NVP based 10 (3.6) 8(5.8) 2(14)

Virological non-suppression was highest among chil-
dren with poor medication adherence (60.0%) compared
to 25.9% non-suppression rate among children with good
adherence and 36.4% non-suppression rate among chil-
dren with a fair adherence level. Additionally, virologi-
cal non-suppression rates were higher among children
who had been on ART for less than 12 months (57.1%)
compared to 35.1% among children aged 12-59 months
on ART, 20.0% among children with 60-119 months
on ART, and 23.5% among children with 120 or more
months on ART. Virological non-suppression was high-
est among children on LPV/r -based regimen with 45.2%
prevalence, followed by children on EFV based regi-
men (26.0%) then children on the DTG- based regimen
(23.3%) and was lowest among children on the NVP-
based regimen (10.0%) (Table 3).

Factors associated with malaria PCR positivity by logistic
regression

None of the factors was significantly associated with P
falciparum PCR positivity (Table 4).

Factors associated with virological non-suppression by
binary logistic regression

PCR positivity was not significantly associated with viral
load non-suppression from the multivariable logistic
regression model (AOR=1.46 [CI=0.49-4.33], p=0.495).
The odds of non-suppression were significantly lower
among the older age groups relative to those aged<5
years, with 57% lower odds among those aged 5-9 years
(AOR=0.43 [CI=0.19-0.97], p=0.042) and 63% lower
among those aged 10-14 years (AOR=0.37 [CI=0.14—
0.99], p=0.048). Relative to those with good adherence
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to medication, the odds of viral load non-suppression Discussion

were approximately five times higher among those with  This study determined the proportion of asymptomatic

poor adherence (AOR=4.89 [CI=2.00-11.98], p=0.001) children living with HIV (CLHIV) with malaria parasites

(Table 5). and identified the associated factors in paediatric HIV
clinics at two hospitals in Accra, Ghana. The proportion
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Table 2 Association between characteristics of participants and P, Falciparum PCR positivity
P. falciparum PCR test
PCR Negative PCR Positive Pvalue
Characteristics n (%) n (%)
Overall 256 (92.4) 21(7.6)
Study site 0.014
KBTH 132 (964) 5(3.6)
PML 124 (88.6) 16 (11.4)
Sex 0.350
Male 144 (91.1) 14 (8.
Female 112 (94.1) 7(5.
Age group of children 0.790
<5 years 35(89.7) 4(10.3)
5-9 years 107 (93.0) (7.
10-14 years 114 (92.7) 9(7.3
Relation of respondent to child 0.25
Mother 136 (90.7) 14 (9.3)
Father 39(90.7) 4(9.3)
Other relatives 81(96.4) 3.6)
Caregiver'’s highest education 0.830
None 17 (89.5) 2(10.5)
Primary 41932 3(6.8)
JHS/JSS/Middle school 142 (93.4) 10(6.6)
SHS or Higher 56 (90.3) 6(9.7)
Employment status 0.970
Unemployed 25(92.6) 2(7.4)
Employed 231(92.4) 19(7.6)
Cotrimoxazole 0.057
Yes 204 (94.0) 13(6.0)
No 52(86.7) 8(13.3)
Using any malaria preventive method 0.120
No 27 (100.0) (0.0)
Yes 229 (91.6) 21(84)
Adherence 0420
Good 208 (92.9) 16 (7.1)
Fair 31(93.9) 261
Poor 17 (85.0) 3(15
Duration on ART 0.970
<12 months 13(92.9) 1(7.1)
12-59 months 124 (92.5) 10 (7.5)
60-119 months 87(91.6) 8(84)
120+ months 32(94.1) 2(59)
ART regimen code 0.580
DTG based 82 (91.1) 8(8.9)
LPV/r based 66 (90.4) 7 (9.6)
EFV based 98 (94.2) 6 (5.8)
NVP based 10 (100.0) 0(0.0)

of CLHIV with malaria was low, as detected using both
microscopy and PCR. No factors were significantly
associated with the presence of malaria parasites. Over
one-third of the participants were virologically non-
suppressed. The odds of viral load non-suppression were
approximately five times higher among those with poor

adherence to antiretroviral therapy than among those
with good adherence.

HIV increases the incidence of malaria in individuals
living in malaria endemic areas, particularly in those with
established immunosuppression [1]. According to data
from the 2022 Ghana Demographic and Health Survey
(GDHS), the prevalence of symptomatic malaria in urban
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Table 3 Association between study participant characteristics and virological non-suppression
Viral load level
Suppression Non-suppression P value
Characteristics n (%) n (%)
Overall 195 (70.4) 82 (29.6)
Study site 0.005
KBTH 107 (78.1) 30(21.9)
PML 88 (62.9) 52(37.0)
Sex 0.460
Male 114 (72.2) 44 (27.8)
Female 81 (68.1) 38(31.9)
Age group of children <0.001
<5 years 17 (43.6) 22 (564)
5-9 years 82(71.3) 33(287)
10-14 years 96 (78.0) 27 (22.0)
Relation of respondent to child 0910
Mother 104 (69.3) 46 (30.7)
Father 31(72.1) 12(27.9)
Other relatives 60 (71.4) 24 (28.6)
Caregiver'’s highest education 0.440
None 13 (68.4) 6(31.6)
Primary 28 (63.6) 16 (36.4)
JHS/JSS/Middle school 113 (74.3) 39(25.7)
SHS or Higher 41 (66.1) 21 (33.9)
Employment status 0.660
Unemployed 20 (74.1) 7 (25.9)
Employed 175 (70.0) 75 (30.0)
Cotrimoxazole 0.810
Yes 152 (70.0) 65 (30.0)
No 43(71.7) 17 (28.3)
Using any malaria preventive method 0.380
No 21(77.8) 6(22.2)
Yes 174 (69.6) 76 (30.4)
Adherence 0.004
Good 166 (74.1) 58 (25.9)
Fair 21 (63.6) 12(364)
Poor 8(40.0) 12 (60.0)
Duration on ART 0.008
<12 months 6(42.9) 8(57.1)
12-59 months 87 (64.9) 47 (35.1)
60-119 months 76 (80.0) 19 (20.0)
120+ months 26 (76.5) 8(23.5)
ART regimen code 0.005
DTG based 69 (76.7) 21(23.3)
LPV/r based 40 (54.8) 33(45.2)
EFV based 77 (74.0) 27 (26.0)
NVP based 9(90.0) 1(10.0)

areas of Ghana is approximately 4.3% [27] .This rate is
significantly lower compared to rural areas, highlight-
ing a disparity in malaria prevalence between differ-
ent geographic regions within the country. Despite this
lower prevalence in urban areas, the presence of asymp-
tomatic malaria cases remains considerable and poses

a public health challenge by contributing to ongoing
malaria transmission.

There are few and limited studies on asymptomatic
malaria in HIV-infected people, especially in children in
Ghana. CLHIV are at a higher risk of developing malaria
parasitaemia than HIV-negative children. The higher risk
of malaria parasitaemia among CLHIV could be due to
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Table 4 Binary logistic regression model of factors associated with malaria PCR positivity among study participants

PCR positivity Unadjusted model Adjusted model

Characteristics COR [95% Cl] P value AOR [95% Cl] Pvalue
Sex

Male 1.00 [reference] 1.00 [reference]

Female 0.64 [0.25, 1.65] 0.358 0.56 [0.20, 1.55] 0.263
Age of child

<5 years 1.451042,5.00] 0.559 0.88[0.22,3.59] 0.864
5-9 years 0.95[0.35, 2.55] 0914 0.9710.34,2.75] 0951
10-14 years 1.00 [reference] 1.00 [reference]

Cotrimoxazole

Yes 1.00 [reference] 1.00 [reference]

No 2411[0.95,6.14] 0.064 2.30[0.88, 6.05] 0.091
Study site

KBTH 1.00 [reference] 1.00 [reference]

PML 3411[1.21,9.59] 0.020 2.85[0.92, 8.86] 0.070

Suppression (Copies/ml)
Viral load suppression (< 1,000)
Viral load non-suppression (> 1000)

1.00 [reference]
1.88 [0.76, 4.66] 0.173

1.00 [reference]
1.72[0.63,4.72] 0.289

Table 5 Binary logistic regression model of factors associated with viral load non-suppression among study participants
Adjusted model

Unadjusted model

Characteristics COR[95% CI1 P value AOR [95% Cl] P value
Malaria PCR

Negative 1.00 [reference] 1.00 [reference]

Positive 1.88[0.76, 4.66] 0.173 1.46 [0.49,4.33] 0.495
Study site

KBTH 1.00 [reference] 1.00 [reference]

PML 2.11[1.24,3.59] 0.006 1.47[0.80, 2.70] 0.212
Age of child category

<5 years 1.00 [reference] 1.00 [reference]

5-9years 0.31[0.15, 0.66] 0.002 0.43[0.19,0.97] 0.043

10-14 years 0.22[0.10,0.47] <0.001 0.37[0.14,0.99] 0.048
Adherence

Good 1.00 [reference] 1.00 [reference]

Fair 1.64[0.76, 3.54] 0.211 1.53[0.63, 3.72] 0.351

Poor 4.29[1.67,11.04] 0.003 4.89[1.98,12.08] 0.001
ART duration

<12 months 1.00 [reference] 1.00 [reference]

12-59 months 0.41[0.13, 1.24] 0.113 0.55[0.20, 1.49] 0.236

60-119 months 0.19[0.06, 0.61] 0.005 0.36[0.12,1.07] 0.065

120+ months 0.23[0.06, 0.87] 0.030 0.51[0.13,1.92] 0.317
ART regimen

DTG based 2.7410.33,22.98] 0.353 3.12[0.28, 34.65] 0.355

LPV/r based 7.43[0.89,61.90] 0.064 5.10[0.45,57.99] 0.189

EFV based 3.16[0.38, 26.18] 0.287 2.57[0.24,27.71] 0.436

NVP based 1.00 [reference] 1.00 [reference]
Clotrimazole

No 1.00 [reference] 1.00 [reference]

Yes 0.92[0.49, 1.74] 0.808 1.00[0.49, 2.05] 0.993

COR: crude odds ratio. AOR: adjusted odds ratio. Cl: confidence interval
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immune deficiencies and dysfunction attributable to HIV
infection. A study by Okonkwo et al. (2018) looked at
asymptomatic malaria parasite density in children under-
five years in sub-Saharan Africa. Findings from their
study showed that parasitaemia was higher in the HIV
infected individuals as compared to the HIV uninfected
individuals [28]. The observed prevalence of asymptom-
atic malaria in our study was 3.6% and may seem small,
but it warrants attention given the severity of malaria in
Ghana.

The low prevalence could be because the majority of
the participants were using some form of malaria pre-
ventive method. The malaria preventive methods used
included mosquito coils, mosquito repellent, and mos-
quito spray. The majority of the participants were also
from urban Accra, where the transmission of malaria is
relatively low. Other studies on asymptomatic CLHIV
have reported higher rates of malaria parasitaemia: 8.8%
in Douala City, Cameroon [29], and 34.1% in Benin City,
Nigeria [7].

No factors were associated with the presence of malaria
parasites in this study. Although not statistically sig-
nificant, asymptomatic malaria parasitaemia was almost
three times higher in participants who were not taking
cotrimoxazole. This finding is consistent with previous
studies that have established the dual benefits of cotri-
moxazole in reducing morbidity and mortality arising
from both HIV and malaria [30, 31].

In this study, older children (ages 10-14) had higher
rates of asymptomatic parasitaemia than younger chil-
dren (<5 years). While this difference was not statisti-
cally significant, it is known that younger children, who
lack protective immunity, are at higher risk of getting
sick from malaria and are more likely to be diagnosed
and treated [32]. On the other hand, older children, who
have developed more immunity, are more likely to have
asymptomatic infections that often go untreated [33].

Some ART drugs have shown antimalarial activity,
including protease inhibitors such as lopinavir and rito-
navir, and nonnucleoside reverse transcriptase inhibitors
(NNRTIs) such as efavirenz [34]. There was no associa-
tion between ART regimen type and malaria parasitae-
mia in this study. Similarly, another multicenter study
conducted in Kenya, Malawi, and Uganda found no dif-
ference between lopinavir/ritonavir and NNRTI based
ART in the clearance of Plasmodium falciparum clinical
parasitaemia [35].

The ultimate goal of combined ART for People Living
with HIV (PLHIV)is to achieve long-term virological
suppression. There was a high rate of virological non-
suppression (29.6%). This translates to a suppression
rate of 70.4%, which is far from the 95% target for viro-
logical suppression according to the UNAIDS framework
for HIV program target milestones to be achieved by all
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countries by 2030. This highlights the need to closely fol-
low and properly manage children on ART to suppress
viral load in our setting. The rate of virological non-sup-
pression obtained in this study is in agreement with other
studies performed in Uganda (28%), Zimbabwe (30%)
and Ghana (38.4%) [36—38]. However, other studies have
reported lower rates in Ethiopia (12%) and South Africa
(15%) [39, 40].

The odds of viral load non-suppression were approxi-
mately five times higher among those with poor adher-
ence. This finding is similar to those of previous studies
that have shown that virological non-suppression is sig-
nificantly associated with poor adherence [36, 41, 42].
Poor adherence results in therapeutic plasma ART drug
concentrations, leading to resistance to one or more
drugs in a given regimen, and the possibility of cross-
resistance to other drugs in the same class. Suboptimal
adherence may include missed or late doses, treatment
interruptions, and discontinuations, as well as therapeu-
tic or partial dosing.

CLHIV require almost perfect levels of adherence to
achieve long-lasting non-detectable viral load levels, with
optimal adherence to ART being the most common cause
of virologic failure. WHO’s goal to stop the acquired
immune deficiency syndrome (AIDS) epidemic as a pub-
lic health threat by 2030 depends on multiple factors.
These include universal access to testing and diagnosis,
effective antiretroviral therapy (ART) coverage, preven-
tion strategies, and addressing social determinants of
health [43].

The interaction between HIV and malaria underscores
the urgent need for comprehensive policy implementa-
tion to address both conditions effectively. Enhanced
coordination between HIV and malaria control pro-
grams, along with targeted strategies for co-infected
individuals, is essential to improve health outcomes and
mitigate the impact of these diseases.

Limitations of the study

The study design was unable to resolve whether past
clinical malaria left persistent parasites or whether these
individuals were parasitaemic, because they were gener-
ally at a higher risk.

Overall, this study showed that the proportion of
CLHIV with asymptomatic malaria parasitaemia was
low. Approximately one-third of the participants had
virological non-suppression. The odds of viral load non-
suppression were approximately five times higher among
those with poor adherence. The interaction between
malaria parasitemia and viral replication may not be the
main cause of virological non suppression in this low-
transmission area.



Afrane et al. BMC Infectious Diseases (2024) 24:1144

Recommendations

Malaria preventive strategies should be emphasized dur-
ing counselling at routine clinics to further decrease the
prevalence of malaria. Adherence counselling should
be strengthened for these children to ensure that their
viral load levels remain suppressed. Longitudinal studies
should be conducted to track the incidence and impact of
asymptomatic malaria on CLHIV over time. This could
help determine the true burden of asymptomatic malaria
and its potential role in disease progression. There is also
a need to utilize molecular techniques to characterize the
genetic diversity of malaria parasites in asymptomatic
CLHIV. This could provide insights into the transmis-
sion dynamics and potential drug resistance patterns.
While the study focused on a specific population with
a low prevalence of asymptomatic malaria, it highlights
the importance of comprehensive surveillance. There is
a need for tracking both symptomatic and asymptomatic
cases to better understand the disease burden and iden-
tify emerging trends. Enhanced surveillance can inform
targeted interventions and resource allocation for both
the NACP and the Malaria Elimination Control Program.
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