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ARTICLE INFO ABSTRACT
Keywords: Background: The surge in malaria cases and deaths in recent years, particularly in Africa, despite
Seasonal malaria chemotherapy (SMC) the widespread implementation of malaria-control measures could be due to inefficiencies in

Plasmodium falciparum
Malaria
Recombinant malaria antigens

malaria control and prevention measures in malaria-endemic communities. In this context, this
study provides the malaria situation report among children in three Municipalities in Northern
N L ; Ghana, where Seasonal Malaria Chemotherapy (SMC) is implemented by Ghana Health Service
aturally acquired immunity

Crude antigens (GHS).

Northern Ghana Methods: A cross-sectional household survey was carried out to assess the malaria knowledge,
attitudes, and practices (KAP) and malaria prevalence in 394 households in 13 rural communities
in the Kumbugu, Nanton and Tolon Municipalities, Northern Region, Ghana. This was followed by
screening for P. falciparum infection with anti-HRP2 RDT and PCR among children 1-17 years in
the households. Plasma levels of IgG specific for crude P. falciparum antigen (3D7) and four re-
combinant malaria antigens (CSP, GLURP, MSP3, and Pfs230) were assessed by ELISA. The
malaria and parasitaemia data were converted into frequency and subgroup proportions and
disaggregated by study sites and demographic information of the participants. The ELISA data
was converted to arbitrary units (AU) and similarly compared across study sites and demographic
information.

Results: The P. falciparum infection rate and frequency of malaria were high in the study areas
with significant age-dependent and inter-community differences, which were reflected by dif-
ferences in plasma levels of P. falciparum-specific IgG. Over 60% of households reported the use of
bed nets and indoor insecticide sprays/coils, and 14% mentioned bush clearing around homes
(14%) as malaria preventive measures. Community health centres were the preferred place for
households (88%) to seek malaria treatment but over-the-counter drug stores were the major
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source (66%) of their antimalarials. Overall, malaria preventive and treatment practices were
sub-optimal.

Conclusions: P. falciparum infection and malaria are still high in the studied communities, indi-
cating that preventive and control measures against the disease in the region remain inadequate.
Efforts to ensure high SMC compliance and to improve preventative and treatment practices thus
seem cost-beneficial “low-hanging fruits” in the fight against malaria in the Northern Region of
Ghana.

1. Introduction

Malaria remains a major public health concern, with a disproportionately high morbidity among children under the age of 5 years
and pregnant women, especially in Sub-Saharan Africa (WHO, 2021). An estimated 228 million malaria cases, and 602,000 deaths
were recorded in Africa in 2020 (WHO, 2021). A combination of several malaria-control strategies, including the use of long-lasting
insecticide-treated bed nets (ITNs), indoor residual spraying (IRS), enhanced diagnosis and treatment with artemisinin-based com-
bination treatment (ACT), intermittent preventive treatment (IPT) in pregnancy (IPTp) and in infancy (IPTi), are widely employed in
endemic communities in Africa to reduce this burden (Ansah et al., 2021; WHO, 2012; WHO, 2016).

In addition to the above, the WHO recommends since 2012 the use of seasonal malaria chemoprevention (SMC) as part of a
paradigm shift from “one size fits all” to targeting malaria control strategies to specific populations and locations, (WHO, 2012; WHO,
2013). This strategy has proven effective, cost-effective, safe, and feasible for the prevention of malaria among children younger than
5 years of age in areas with highly seasonal P. falciparum transmission (Ansah et al., 2021; ACCESS-SMC Partnership, 2020; Mer-
emikwu et al., 2012). SMC is therefore now widely adopted in several countries, especially in the Sahel and sub-Sahel regions of West
Africa (Coldiron et al., 2017; Ashley and Yeka, 2020; Ambe et al., 2020), where the WHO recommends sulfadoxine-pyrimethamine
plus amodiaquine as the drugs of choice (WHO, 2012; WHO, 2013).

The P. falciparum prevalence range between 16% and 28% in Southern Ghana, but can be as high as 51% in Northern Ghana,
reflecting a higher transmission intensity (Dieng et al., 2019; Diallo et al., 2017; Amoah et al., 2019). Ghana adopted SMC in 2014, and
following pilot studies in 2015 (Ansah et al., 2021) that showed that SMC provided subtantial protection against malaria and parasite
carriage it is now implemented in Northern Ghana (Id et al., 2019; Adjei et al., 2022).

Despite increased coverage of the aforementioned malaria-control strategies globally, the steady decline in global malaria cases and
deaths since 2000 has been dwindling in the last decade. The most recent evidence even suggests that the trend has reversed (WHO,
2021). While the disruptions to malaria control and prevention programs during the COVID-19 pandemic might be partially
responsible, increasing numbers of malaria cases have been observed prior to the pandemic. Thus, an estimated 500,000 new malaria
cases were reported in Ghana 2017-2018 (WHO, 2019), prompting the introduction of the high burden, high impact approach in 2019
(USAID, CDC, U.S, 2020).

Besides changes in demography, mosquito behaviour, and parasite biology (De Silva and Marshall, 2012), changes in the malaria
knowledge, attitudes, and practices (KAP) could result in inefficient malaria treatment, control, and prevention seeking behaviour and
promote malaria transmission (Rek et al., 2020). Although several studies have been conducted to assess the malaria KAP in Ghana
(Diema Konlan et al., 2019; Attu and Adjei, 2018; Owusu et al., 2018; Tetteh-Quarcoo et al., 2021; Ayanore et al., 2019; Assan et al.,
2017) and elsewhere (Rek et al., 2020; Ayanore et al., 2019; Nejati et al., 2018; Hlongwana et al., 2009), they did not explore the
relationship between changes in malaria preventive control practices and the recent increases in malaria cases.

We therefore assessed malaria preventive control practices and treatment-seeking behaviours of rural households in three mu-
nicipalities in the Northern Region of Ghana (Kumbugu, Nanton and Tolon), where SMC was already implemented by the Ghana
Health Service. We compared the results with data on malaria prevalence, parasite carriage, and exposure-risk among children in the
same area.

2. Materials and methods
2.1. Ethical statement

This study was approved by the Ethics Review Committee of the Ghana Health Service (GHS) (GHS-ERC 008/07/19). Declarations
of free willingness to participate in the study and informed consent were obtained in writing from all study participants or guardians
prior to enrolment.

2.2. Study design, site, and participants

Two independent cross-sectional studies were conducted June-September 2020. The study was conducted in 13 rural communities
in the Kumbugu, Nanton, and Tolon municipalities of Northern Region, Ghana, where GHS had already implemented SMC for children
<5 years of age. The GIS co-ordinates of the thirteen communities were used to construct a graphical plot for visualization of the study
communities using the ArcMap tool employed in ArcGIS v10.1. (ESRI, Redlands, California, USA) (Fig. 1).

The first cross-sectional household survey was conducted June-July, during the second round of the SMC campaign in the
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communities. The survey was conducted to assess the malaria preventive control practices, and treatment-seeking behaviours, as well
as the prevalence of malaria among children aged 1-14 years, assessed by verbal reports from the adult household members using a
structured questionnaire. A total of 394 households including 543 children, were randomly sampled across the 13 communities. In
recruiting the participants, 394 households were randomly selected and a maximum of two children were randomly recruited in a
household with more than three children and a child in those with less than two children.

The second cross-sectional study was conducted at least two weeks after the completion of the final round/third round of the SMC
campaign in the communities, between August-September. In this study, we directly assayed the degree of anaemia and the risk of
P. falciparum infection and malaria exposure in children. A total of 1002 healthy children aged 1-17 years were enrolled, at least two
weeks after the SMC was administered in each community.

2.3. Data and blood sample collection

In the household survey, interviews with adult household members were conducted using a structured questionnaire (supple-
mentary material Q1), to obtain data on socio-demographic information and knowledge of malaria treatment, control, prevention, and
treatment-seeking attitudes, especially for the children in their households. Socio-demographic information about the study children
was also collected. Finally, body weight and temperature were recorded, using a digital scale and a contactless infrared thermometer,
respectively. Data were recorded in the mWater Surveyor app (mWater, USA).

In the second study, finger-prick whole blood samples were collected for measurements of haemoglobin (Hb) levels by a URIT-12
haemoglobin meter (URIT Medical Electronic Ltd., China) and to test for P. falciparum infection using RDT. A drop of blood was also
used to prepare dried blood spots (DBS) on filter paper (Whatman, USA) for retrospective confirmation of RDT results by PCR. Venous
blood samples (2-5 mL) was collected into heparin tubes and plasma stored at —30 °C for later determination of malaria-specific IgG
levels.

2.4. Diagnosis of malaria with anti-HRP2 rapid diagnosis test and by PCR

The First Response Malaria Antigen-HRP2 Card Test (Premier Medical Corporation, Gujarat, India) was used for on-site diagnosis of
P. falciparum infection, following the manufacturer’s instructions. DNA was extracted from DBS using the Chelex method (Baidjoe
etal., 2013), and P. falciparum infection was confirmed by PCR, using the primers (forward-5"-AACAGACGGGTAGTCATGATTGAG-3,
reverse-5’-GTATCTGATCGTCTTCACTCCC-3') against the 18 s rRNA gene, as previously reported (Padley et al., 2003).

2.5. Recombinant proteins

Recombinant glutamate-rich protein (GLURP) domain RO was produced in E. coli (Theisen et al., 1995), while the merozoite surface
protein 3 (PfMSP3) (Amoah et al., 2017) and a 230-kDa sexual stage protein (Pfs230) (Acquah et al., 2017) were produced in Lac-
tococcus lactis as described previously. A crude lysate of asexual infected erythrocytes was prepared from P. falciparum 3D7 (Moreno
et al., 2019). The circumsporozoite protein (PfCSP) was bought from IPT peptides (GeneScript, Germany).

2.6. P. falciparum-specific IgG levels

Plasma IgG levels against four recombinant P. falciparum proteins and a crude parasite lysate were measured using indirect ELISA,
as previously described (Lopez-Perez et al., 2021). Briefly, 96-well flat-bottom microtitre plates (Nunc MaxiSorp; Thermo Fisher
Scientific) were coated with 50 pL of recombinant protein (0.5 pg/mL) or crude antigen lysate (5 x 10° IEs/mL) in PBS and incubated
overnight at 4 °C. After blocking with 1% BSA/PBS, plasma samples (1:300) were added in duplicate, followed by horseradish
peroxidase-conjugated rabbit anti-human IgG (1:3000; Dako, Denmark). Bound plasma antibodies were detected by adding TMB
(abcam, UK), stopping the reaction with 0.2 M H2SO4. The optical density (OD) was read at 450 nm (Varioskan LUX; Thermo Fisher,
USA). The specific antibody levels were calculated in arbitrary units (AU), using the equation [(ODsanmpLg - ODgrank)/ (ODposiTive
cONTROL - ODgrank)] x 100 (Guitard et al., 2008). Plasma samples from malaria-unexposed Danish individuals and malaria-exposed
Ghanaian children were included as negative and positive controls, respectively.

2.7. Data analysis and statistical considerations

Data from both surveys were independently analysed using R v. 3.6.3 (R Core Team, 2020) in Rstudio and GraphPad Prism version
9.3.1 (GraphPad Software, San Diego, CA, USA). The data were converted into frequency and subgroup proportions tables using the R
package (Thomas et al., 2020). The proportions between different categories were compared using Chi-square or Fisher’s exact tests.
The “glm” function in R package was used to perform a multivariable analysis using a logistic regression model where the main
outcome was reported malaria cases in households, and parasite carriage/parasite infection. In both models, the main
exposure variables were age, gender and the municipalities. Municipalities and age, were cofounders and as such were
controlled in both models. The forest plots for the models were generated with the “sjplot” package in R (Liidecke, 2021). All p-values
<0.05 at 95% confidence interval (95% CI) were deemed statistically significant.
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Table 1
Demographics characteristics of adult household members.
Municipalities
Variable Level Kumbugu (n = 137) Nanton (n = 130) Tolon (n = 127) Total (n = 394) p-value”
Age mean (SD) 33.4(5.4) 33.9(5.8) 34.1 (5.6) 33.8 (5.6) 0.57
Gender Female 126 (92.0) 107 (82.3) 107 (84.3) 340 (86.3)
Male 11 (8.0) 23(17.7) 20 (15.7) 54 (13.7) 0.052
Religion Moslem 129 (94.2) 123 (94.6) 127 (100.0) 379 (96.2)
Christian 8(5.8) 7 (5.4) 0(0.0) 15 (3.8) 0.024
Education No education 113 (82.5) 106 (81.5) 111 (87.4) 330 (83.8)
Basic education 13 (9.5) 13 (10.0) 10 (7.9) 36 (9.1)
JHS education 7 (5.1) 6 (4.6) 6 (4.7) 19 (4.8)
SHS Education 3(2.2) 1(0.8) 0 (0.0) 4 (1.0)
Tertiary education 1(0.7) 4 (3.1) 0 (0.0) 5(1.3) 0.33

@ p-value using Pearson chi-square test or Fisher’s exact test. SHS — Senior High School, JHS - Junior High School.

Table 2
Information of children in the first and second study.
1st study Municipalities
Variable Level Kumbugu (n = 184) Nanton (n = 130) Tolon (n = 229) Total (n = 543) p-value”
Gender Female 82 (44.6) 69 (53.1) 106 (46.3) 257 (47.3)
Male 102 (55.4) 61 (46.9) 123 (53.7) 286 (52.7) 0.30
Age mean(SD) 5.4 (3.3) 5.6 (3.4) 5.3(3.2) 5.4 (3.3) 0.65
Age groups <5 85 (46.2) 56 (43.1) 109 (47.6) 250 (46.0)
5-7 50 (27.2) 37 (28.5) 61 (26.6) 148 (27.3)
8-10 29 (15.8) 23(17.7) 37 (16.2) 89 (16.4)
11+ 20 (10.9) 14 (10.8) 22 (9.6) 56 (10.3) 0.99
2nd study
Variable Level Kumbugu (n = 256) Nanton (n = 280) Tolon (n = 466) Total (n = 1002) p-value”
Gender Female 102 (39.8) 117 (41.8) 175 (37.6) 394 (39.3)
Male 154 (60.2) 163 (58.2) 291 (62.4) 608 (60.7) 0.51
Age mean(SD) 7.4 (3.3) 6.8 (3.5) 7.4 (3.4) 7.2(3.4) 0.05
Age groups <5 51 (19.9) 82 (29.3) 113 (24.2) 246 (24.6)
5-7 100 (39.1) 94 (33.6) 156 (33.5) 350 (34.9)
8-10 58 (22.7) 60 (21.4) 101 (21.7) 219 (21.9)
11+ 47 (18.4) 44 (15.7) 96 (20.6) 187 (18.7) 0.18
Hb level (g/dL) mean(SD) 11 (1.3) 10.6 (1.3) 10.9 (1.3) 10.8 (1.3) 0.014
Bodyweight (kg) mean(SD) 22.6 (8.3) 21.4 (8.5) 23.5 (9) 22.7 (8.7) 0.008
Body temperature mean(SD) 36.6 (0.4) 36.6 (0.3) 36.6 (0.4) 36.6 (0.4) 0.91

@ p-value using Pearson chi-square test.
3. Results
3.1. Study participant information

One adult household member from each of the 394 households was interviewed during the household survey and their information
is presented in Table 1. The information collected from 543 children during the household survey and from the 1002 children included
in the second study is summarized in Table 2. Most of the children were males and were younger than 7 years old in all the munic-
ipalities. Mean haemoglobin levels and bodyweight differed significantly across the municipalities (Table 2).

3.2. Malaria control and prevention practices and treatment-seeking behaviour among households

Adult household members were interviewed about their malaria control and preventive practices. Use of bed nets (65%) and indoor
insecticide sprays/coils (59%) were commonly and similarly used in all the communities. In contrast, only a minority mentioned
clearing of bush/weeds around homes (14%) and avoiding sitting outside in the night (5.8%) as a malaria control and preventive
measures (Supplementary Table 1). The average bed net ownership/coverage was relatively high (79%), although only 49% of the
households were actually using their bed nets, and in some cases the use was not adequate (Supplementary Fig. S1).

The majority of households (87%) indicated that they sought malaria treatment at community health centres (CHC) when a
member of their household was suspected of having malaria. About 12% reported self-medicating at home, and 1.5% reported going to
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Fig. 3. Multivariable analysis of malaria risk of children.
The y-axis labels are characteristics of the participants and x-axis labels are odds ratios (OR). The OR for each y-axis label is the aligned value in the

plot. The black-dots represents the OR values and its whiskers indicates 95% confidence interval ranges. ** p-value <0.01, *** p-value <0.001.

over-the-counter drug stores (OCDS) to seek treatment. Despite the high preference to seek malaria treatment at the CHC, the majority
of the households (70%) reported getting their anti-malaria medications from OCDS. Indeed, 59% reported having self-medicated at
least one household member within the month prior to the interview (Supplementary table 2), mainly with artemether-lumefantrine
combination drugs, but also with quinine-based syrups, sulphadoxine-pyrimethamine combination drugs, and antibiotics.

3.3. Prevalence of malaria among children based on the household survey

In the household survey, each informant was asked if any of the household children had been sick within the past two weeks prior to
the interview. Those who answered in the affirmative were further asked to specify what was wrong with the child. The responses of
those who specifically mentioned malaria were assumed to have had malaria although that might not necessarily correlate with
clinical malaria among the children. Based on their responses over 50% of the children in Kumbugu and Tolon reportedly had malaria
prior to the survey, compared to 30% in Nanton (Fig. 2A). The self-reported malaria cases were similar in males and females (Fig. 2B).
Disaggregating the data by age, slightly more malaria cases were reported among those <7 years old, although the difference across
age groups was not statistically significant (Fig. 2C).

A multivariable analysis performed to determine the risk of malaria among the children), revealed that children in Nanton were
about 67% less likely to develop malaria than those in Kumbugu, and this difference was highly significant. Younger children were
slightly more likely to be reported as having had malaria than older children, but the difference was not statistically significant (Fig. 3).

3.4. Plasmodium falciparum infection and parasite carriage

In the second survey, the P. falciparum infection rates were estimated to be 24-34% by RDT and 16-27% by PCR, and differed
significantly among the three communities, being highest in Tolon (Fig. 4). When the data were disaggregated by gender, the
P. falciparum infection rate was slightly higher in males, although the difference was only significant for the RDT data (Fig. 5A). Older
children were more likely to carry parasites than younger children, both by RDT (Fig. 5B) and by PCR (Fig. 5D).

Consistent with the parasite-carriage data across municipalities (Fig. 4), a multivariate analysis of P. falciparum infection risk
showed that children from Tolon were at the highest risk of being infected (Fig. 6). The risk of infection peaked in the 8-10 years age
group and was lowest among those <5 years old (Supplementary Fig. S3). As expected, infected children were more anaemic than
uninfected children (Fig. 6).

3.5. P. falciparum-specific IgG levels

Consistent with the reported risk of malaria and infection risk data, levels of IgG specific for a crude P. falciparum lysate were lowest
in Kumbugu and highest in Tolon (Fig. 7). A similar difference was observed for MSP3, but not for the other recombinant antigens. IgG
levels correlated positively with age for all antigens and in all communities (Supplementary Fig. S4). Although these correlations were
weak, they were highly significant in almost all cases.

4. Discussion

Ghana adopted SMC in 2014, and is in place in Northern Ghana (Id et al., 2019; Adjei et al., 2022). The intervention targets children
younger than 5 years of age and has previously been shown to reduce parasite carriage and malaria morbidity among SMC recipients
(Ansah et al., 2021; Ambe et al., 2020; Druetz, 2018; Yaro et al., 2011; Dicko et al., 2011). The present study supports these earlier
findings, as the lowest risk of parasitemia and perceived malaria was found among the youngest study participants (Fig. 3, Fig. 5, and
Fig. 6). Nevertheless, based on our questionnaire data and biological assays, P. falciparum parasitemia remains prevalent among
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plot. The black dots represents the OR values and its whiskers indicates 95% confidence interval ranges. ** p-value <0.01, *** p-value <0.001.

children in Northern Ghana, including those in the SMC intervention age bracket (Fig. 3, Figs. 3-5). Furthermore, it varied substantially
among the three study communities.

These findings were supported by the high and age-dependent levels of P. falciparum-specific IgG antibodies measured. Taking into
consideration of the high SMC retention rates reported in a pilot study conducted seven years ago in the region (Ansah et al., 2021), it
will be necessary to also look at the other intervention tools both generally and at the community level. This concern is supported by
the high parasite carriage rates in older children reported here, which indicate continued substantial transmission of P. falciparum in
Northern Ghana. It thus appears that more efficient interventions are needed to achieve the malaria reduction ambitions of national
and international authorities. Furthermore, our data indicate that even when interventions that are known to be efficient, such as
insecticide-treated bed nets (Lengeler, 2004) and clearing of shrubs and weeds around houses (Opiyo et al., 2007), are available, they
may either not be used or used only inappropriately (Teye and Awetoriyaro, 2013) (e.g., Supplementary Fig. S1). Conversely, practices
that are quite inefficient, such as mosquito repellent coils (Hogarh et al., 2018), are popular in our study area and could instil in the
users an unjustified sense of having achieved protection against malaria (Hogarh et al., 2016).

Finally, although a high proportion of study participants reported to seek malaria treatment at nearby community health centres, in
agreement with previous findings (Dalaba et al., 2018), the majority of the household informants reported getting their anti-malarial
medication from over-the-counter drug stores, implying a limited or unreliable access to antimalarial medications at the health centres.
This is obviously of concern, as it suggests widespread reliance on other sources which might be substandard or counterfeit drugs of
questionable provenance, as observed elsewhere (El-Duah and Ofori-Kwakye, 2012; Osei-Safo et al., 2014; Ofori-Kwakye et al., 2008)
although there has not been any reported substandard drugs in the region. Apart from the immediate inability of substandard drugs to
achieve cure, they may also accelerate the development of resistance to bona fide anti-malarial drugs (Newton et al., 2016). A related
worry is the likely over-treatment occurring as a result of poor quality of the malaria (often self-) diagnosis, which often does not
involve any attempt to detect presence of parasites (Prah et al., 2019).

Malaria naturally acquired immunity develops after repeated exposure (Hviid, 2005; Fowkes et al., 2016) and sustained by pre-
munition (Obi et al., 2010). Acquisition of protection may thus be compromised by SMC, as it limits exposure by ensuring early
clearance of infections (Moustapha et al., 2021; Ndiaye et al., 2015; Mahamar et al., 2017), although the evidence regarding the
clinical and epidemiological consequences is equivocal (Ceesay et al., 2008; Brasseur et al., 2011; Chen et al., 2016; Greenwood and
David, 1995).

Overall, our study suggests that efforts to ensure high SMC compliance and to improve preventative and treatment practices are
cost-beneficial “low-hanging fruits” in the fight against malaria.

4.1. Limitations of the study

The first cross-sectional study was an interviewed-based survey. So, the conclusions are based on the response of the households,
which may be affected by recall-bias and/or disinformation from some of the respondents. However, we do not believe that the results
is appreciably compromised by these limitations, as the findings are consistent with literature.
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