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ABSTRACT  5 

Aims: To determine the incidence rate and some contributory factors of malaria in the Amenfi West 
District of Ghana. This study investigated the incidence and determinants in predicting malaria status 
in the Amenfi West District. 
Place and Duration of Study: Asankrangwa Catholic Hospital in the Amenfi West District of the 
Western Region, Ghana between May 2016 and October 2016. 
Methodology and design of study:  Primary data collection involved laboratory work, where blood 
samples were taken from patients to prepare blood films for microscopy, blood group determination 
and hematological analysis. 
Purposive sampling was adopted to select 240 patients from Asankrangwa Catholic Hospital. 
Demographic data such as age, sex and the type of malaria control method(s) used were retrieved 
from patients. Data was organized into an excel sheet and analyzed using the Chi-square, Mann-
Whitney, Kruskal-Wallis as well as Binary Logistic Regression. 
Results: The results revealed that parasite density (P = 0.048) and incidence (P = 0.000) differed 
significantly based on age with younger persons recording higher values. Difference in prevalence 
rate was also found among the blood group types (P = 0.041) but no statistical difference was 
recorded in relation to parasite density (P = 0.329). Moreover, the logistic regression analysis showed 
that blood group (P = 0.029), type of malaria control used (P = 0.019), hemoglobin level (P = 0.002) 
and age (P= 0.002) are statistically significant in determining the malaria status (positive/negative) of 
an individual; for instance, use of treated nets or being in an older age group decreased a person’s 
odds of experiencing malaria.  
Conclusion: It is therefore suggested that, much emphasis on the use of ITNs should be focused on 
younger children since they are more vulnerable to malaria infection. 
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1. INTRODUCTION  9 

 10 
Malaria remains one of the major killers of humans worldwide, threatening the lives of more than one-11 
third of the world’s population [1]. It is a vector borne disease mainly transmitted by the bite of female 12 
anopheles mosquitoes.  Four species of Plasmodium protozoa namely; Plasmodium falciparum, P. 13 
vivax, P. malariae and P. ovale cause malaria in humans [2]. Of these species, P. falciparum is the 14 
most prevalent pathogenic species, responsible for most deaths from malaria in Africa and Ghana is 15 
of no exception [3]. An estimated 300 to 500 million cases of malaria are reported annually resulting in 16 
1.5 to 2.7 million deaths, with 90% occurring in children [4]. According to Craig et al. [5] and Gaudart 17 
et al. [6], the distribution of malaria has always been geographically specific and biased towards sub-18 
Saharan Africa [7]. Currently, there are 104 malaria endemic countries [8] and despite the fact that 19 
numbers of malaria cases as well as mortality in some endemic regions have been minimized, people 20 
of all ages remain susceptible [9] and still suffer from the burden of malaria mortality [10]. 21 

In Africa, malaria continues to be endemic in countries such as Ethiopia [11], Niger [4], Mali [6], Kenya 22 
[12] and Nigeria [7]. However, its eradication has been successful in other African countries like 23 
Algeria, Egypt, Libya, Morocco and Tunisia [13]. In Ghana, malaria is a principal public health problem 24 
that plagues all segments of the society [14]. Its effect on people is quite immense particularly with 25 
high risk occurring in pregnant women and children because they have less immunity [15]. Major 26 
factors that account for prevalence of malaria in this country include poor environmental conditions 27 
and lack of preventive services [16]. Aside these factors, transmission has also been influenced by 28 
urban agriculture where well irrigated sites often serve as breeding grounds for malaria vectors 29 
[17,18,19].  30 

Human resistance or susceptibility to infection by malarial parasites are influenced also by several 31 
factors including a wide range of genetic polymorphism [20, 21]. It is known that, susceptibility to 32 
several infectious diseases are related to the patients’ blood group and malaria is of no exception [22, 33 
23]. For example, blood group O erythrocytes have reduced rosetting (a parasite virulence factor 34 
thought to contribute to pathogenesis of severe malaria by obstructing microvascular blood flow) 35 
compared with the non-O blood groups (A, B and AB) in P. falciparum. In addition, studies have 36 
suggested that blood group A may predispose African children to severe malaria [24, 25]. Contrarily, 37 
Joshi et al. [26] and Barragan et al. [27] reported that, A erythrocytes rather inhibits rosette formation.   38 

Furthermore, several studies have documented age [28, 4] and gender [29] as drivers of malaria 39 
infection. Though Loha and Lindtjørn [30] revealed that malaria prevalence was higher in males than 40 
females, Dalatu et al. [31] indicated otherwise. In that study, the latter authors suggested that both 41 
sex and gender were not good determinants of malaria incidence. Other important factors that may 42 
contribute to malaria infection include body temperature [31], hemoglobin level [32] and type of 43 
malaria control [30]. Therefore, this study seeks to unravel the incidence rate and some contributory 44 
factors of malaria in the Amenfi West District of Ghana for better and improved management 45 
decisions locally and globally. 46 
 47 

2. MATERIAL AND METHODS  48 

 49 

2.1 Study area  50 
The study was carried out in the Amenfi West District with study participants selected from the 51 
Asankrangwa Catholic Hospital in the Amenfi West District of the Western Region, Ghana (Figure 1). 52 
It is the largest health facility (district hospital) serving as both the first consultation point and as a 53 
referral centre for about 13 health care facilities in the District. This hospital was chosen since most of 54 
the 13 health care facilities are community clinics and lack laboratory services. The district’s 55 
geographical coordinates are 5º48ꞌ 18ꞌꞌN and 2º26ꞌ25ꞌꞌ and is characterized by a bimodal rainfall 56 
regime, with the major season occurring from March to July and the minor season from September to 57 
mid-December. A dry spell is experienced between late December and February [33].  58 

UNDER PEER REVIEW



 

 59 

Figure 1: Map of Ghana showing study area in Amenfi West district. 60 

2.2 Study population 61 
Though hundreds of patients attend the health center for routine treatment daily, not all were sampled 62 
(i.e. purposive sampling), only patients diagnosed with clinical malaria according to standard national 63 
procedures for case management and sent to the laboratory were considered. Only patients present 64 
at the laboratory to do the malaria test were included while patients already on admission and have 65 
had their samples already taken was excluded.  66 

  67 

2.3 Data collection  68 
Primary data collection involved laboratory work, where blood samples was taken from patients to 69 
prepare blood films for microscopy, blood grouping and hematological analysis. Demographic data 70 
such as age, sex and the type of malaria control use were retrieved from patients. The duration 71 
dedicated to laboratory research was six months (3 months for each season) at the health facility. 72 
Blood samples were taken from patients who agreed to participate in this study by signing a consent 73 
form. A total of 240 samples were analyzed at the end of the study.  74 

Three milliliters of venous blood was collected into EDTA tube from each patient, ABO typing for 75 
blood grouping was carried out using three drops of blood while some was used for hematological 76 
analysis (Full Blood Count). A drop of sample was used to prepare thick smear for microscopic 77 
detection of malaria parasites after standard Giemsa staining, by analyzing the slides under a 100X 78 
objective. Samples with no visible parasites after scoring 100 fields were considered negative for this 79 
test. Parasitemia (parasite/ µL) was determined by counting the number of parasites present per 200 80 
white blood cells (WBC) in the thick smear and it was multiplied by 40, to obtain an approximate 81 
parasite count per ml of blood. This calculation was based on the assumption of a mean WBC count 82 
of 8,000/ µL of blood, considered as a representative standard value allowing calculation of the 83 
parasite count [34]. 84 

2.4 Data analysis 85 
Descriptive statistics such as mean, median and coefficient of variation among others were estimated 86 
for the various datasets. Secondly, Chi-square test was performed to determine the effect of sex, age, 87 
season and blood group on malaria prevalence in the study area. For parasite density, factor effects 88 
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were examined using Mann-Whitney and Kruskal-Wallis tests where appropriate to investigate 89 
statistical differences. 90 

In addition, binary logistic regression was employed to model the presence (positive) or absence 91 
(negative) of malaria in a patient. The independent variables used to build the model included Age, 92 
Sex, Blood group, Weight, HB, WBC, RBC, Season, and Type of malaria control used by patients. 93 
This approach was preferred to other methods (eg. multiple regression) because it requires fewer 94 
assumptions and can incorporate a mixture of numerical as well as categorical independent variables 95 
[35]. With respect to age groups, 0-14 and 15-24 years were considered in the regression model. This 96 
is because children and youth are considered highly susceptible to malaria infection than adults [14]. 97 
Thus, according to Uduakosu [36], WHO and UNICEF defines children and youth as people between 98 
ages of 0-14 as well as 15-24 years respectively. 99 

3. RESULTS  100 

 101 
3.1 Determinants of Malaria Incidence 102 
This study comprised of 65.4% females and 34.6% males with their ages ranging from 0 to 81 years 103 
at the end of the laboratory investigation. Also, total positive prevalence rate of malaria in the study 104 
area was approximately 27.9% (Table 1).  105 

Table 1: Prevalence rates of malaria in the study area 106 

Variable 
Number 

[Percentage] 
Number 
Infected 

Prevalence 
(%) 

Chi-Square 
Value (χ

2
) 

P – 

Value 

Sex      

 Female 157 [65.4%] 37 55.200 
4.268 0.039 

 Male   83 [34.6%] 30 44.800 

Age      

 ≥ 15  121 [54. 4%] 8 11.900 

57.263 0.000 
 10-14   10 [4.2%] 3 4.500 

 5-9  22 [9.2%] 12 17.900 

 0-4   87 [36.2%] 44 65.700 

Season      

 Rainy 122 [50.8%] 31 46.300 
0.775 0.379 

 Dry 118 [49.2%] 36 53.700 

Blood Group      

 A 42 [17.5%] 13 19.400 

8.277 0.041 
 B 69 [28.7%] 27 40.300 

 AB 10 [4.2%] 1 1.500 

 O 119 [49.6%] 26 38.800 

Total 240 [100%] 67 27.900   

 107 
From the table, significant differences in malaria prevalence was observed for both gender (χ

2
 = 108 

4.268; P = 0.039) and age groups (χ
2
 = 57.263; P = 0.000). However, no statistical difference in 109 

prevalence was found between the rainy and dry season (χ
2
 = 0.775; P = 0.379) though some 110 

differences were observed among the different blood groups (χ
2
 = 8.277; P = 0.041) which had 111 

positive rh factor D in all.   112 
In order to investigate statistical differences in parasite density between seasons as well as age and 113 
blood groups, Mann-Whitney (U) and Kruskal-Wallis (KW) tests were respectively performed due to 114 
non-normality of the dataset (Table 2). 115 

 116 
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Table 2: Test of normality on parasite density 117 

 
Test Statistic P-value 

 
KS 0.247 0.000 

 
SW 0.667 0.000 

KS = Kolmogorov-Smirnov; SH = Shapiro-Wilk 118 
 119 

 120 
 121 
 122 
 123 
 124 

Table 3: Descriptive statistics on parasite density  125 

Variable   Mean Median Min. Max. 

Season 
Dry 62951.06 47767.50 482.00 209000.00 

Rainy  89705.42 19500.00 551.00 610937.00 

      

Age 
Group 

0-4 86298.75 43843.00 551.00 610937.00 

5-9 74051.67 72868.00 2882.00 182384.00 

10-14 31419.67 27667.00 5342.00 61250.00 

≥15 33385.25 1571.50 482.00 230421.00 

      

Blood 
Group 

A 70600.38 61250.00 572.00 230421.00 

B 103280.70 22529.00 482.00 610937.00 

AB 2352.00 2352.00 2352.00 2352.00 

O 51475.77 22946.00 551.00 209000.00 

Min. = Minimum value, Max. = Maximum value 126 
Descriptive statistics for parasite density in the study area are given in Table 3. Though dry season 127 
had the highest median parasite density (47767.50) than rainy season (19500.00), this difference was 128 
not statistically significant (P = 0.930). Parasite density also differed significantly according to age 129 
groups based on a KW test with younger individuals (0-4years = 43843.00; 5-9years = 72868.00) 130 
recording higher median values than older individuals (10-14years = 27667.00; ≥15years = 1571.50). 131 
Nonetheless, there was no statistical difference between the blood groups based on parasite density 132 
(P = 0.329). 133 

Table 4: Parasite density comparative tests 134 

Variable  
Test Statistic P-value 

 
Season 551.000 0.930 

 
Age 7.913 0.048 

 
Blood Group 3.433 0.329 

 135 
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Subsequently, a binary logistic regression (BLR) analyses was performed to model the probability of 136 
an individual testing positive or negative for malaria disease for persons between 0 – 24 years (later 137 
regrouped as: 0-14 and 15-24). The proposed model for the analysis included the following 138 
independent variables; Season, Sex, Type of Malaria Control, Blood Group, Age Group (0-14 and 15-139 
24), Body Weight, HB, WBC and RBC. The final model with the variables; Age Group (P = 0.0021), 140 
HB (P = 0.0021), Type of Malaria Control (P = 0.0191), and Blood Group (P = 0.0288) were jointly 141 
found to be statistically significant in determining the Malaria status (positive/negative) of an individual 142 
in the study area. This significance was based on the likelihood ratio test (χ

2
 = 51.7064; P<0.0001) 143 

and score test (χ
2
 = 43.0286; P<0.0001) analyzed at a significance level of 5%.  144 

Parameter estimates of the final model that are useful determinants in predicting Malaria status are 145 
given in Table 5. From the table, the odds of testing positive for malaria is 1.2740 higher given only 146 
Mosquito Repellant (MRO) use compared to combined use of Repellant and Insecticide Treated Nets 147 
(MR-ITN). However, persons who use only ITNs are 0.2340 times as likely as those who use MR-148 
ITNs to test positive for malaria (i.e. ITN use decreases odds of experiencing the disease). Though 149 
individuals with type ‘A’ and ‘B’ Blood Groups have increased odds of testing positive for malaria, only 150 
the latter was marginally insignificant when compared to blood group ‘O’. The result for HB indicates 151 
that a unit change in its level reduces the odds of an individual testing positive for malaria. Also, being 152 
an older person (i.e. 15-24 years) decreases one’s odds of experiencing the disease or testing 153 
positive for it compared to younger persons or children (i.e. 0-14 years). 154 
 155 

Table 5: Parameter estimates of final BLR model 156 

Parameter  Estimate Std. Error Wald χ
2
 P-value 

Odds 
Ratio 

Intercept 2.2295 1.2951 2.9635 0.0852 NA 

NCON -0.3531 0.3842 0.8445 0.3581 0.4170 

ITN -0.9323 0.4101 5.1684 0.0230 0.2340 

MRO 0.7639 0.3225 5.6105 0.0179 1.2740 

BG-A 0.7732 0.5449 2.0133 0.1559 2.8750 

BG-B 0.8706 0.4490 3.7589 0.0525 3.1700 

BG-AB -1.3607 0.9801 1.9274 0.1650 0.3400 

15-24yrs -1.2260 0.3989 9.4464 0.0021 0.0860 

HB -0.3777 0.1229 9.4509 0.0021 0.6850 

NCON=No Malaria Control; ITN=Insecticide Treated Net; 157 
MRO=Mosquito Repellant (Coil & Spray); BG=Blood Group 158 

Finally, a diagnostic check with the Hosmer and Lemeshow test, which gave a test statistic of 6.6062 159 
with a P-value of 0.5797, indicates that the final (i.e. selected) model is adequate. In totality, 160 
approximately 72% of the observations were correctly classified by the final model and based on the 161 
area under the ROC curve (0.8340), the model could be used to discriminate between the two Malaria 162 
Statuses 83.4000% of the time (Figure 2).  163 
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 164 
Figure 2: ROC curve for all model building steps – BLR 165 

4. DISCUSSION 166 

According to Abdul-Aziz et al. [28] and Muntaka and Opoku-Okrah [37], age is an important 167 
determinant of malaria occurrence. Similarly, the result of this work indicated a significant difference in 168 
malaria prevalence between age groups. Also, children ≤ 4 as well as 5 – 9 years contracted and had 169 
more parasite density than people above 15 years. This affirms the findings of [4] who reported higher 170 
parasite and prevalence rate among children below 10 years. These differences may arise because 171 
some age groups either lack acquired or have inadequate immunity [30] and as such harbor more 172 
parasite at a given time [38]. 173 

Furthermore, incidence percentage based on our result was significantly higher in females than 174 
males. This corroborates the findings of Vlassoff and Bonilla [39] as well as Otajevwo [40] who 175 
reported a higher infection rate in females than males. In contrast, Bonilla and Rodriguez [41] stated a 176 
higher infection rate in males than females. This higher rate of infection among females than males in 177 
our study could be an indication that more females were highly exposed to mosquitoes that transmit 178 
the malaria parasite. Also, it may be due to the fact that more females were present at the study site 179 
(i.e. health facility) to test for malaria. 180 

Though limited, a number of studies have reported the importance of blood group in malaria 181 
transmission and prediction models [22, 24] with the available literature showing varying results 182 
relating to the subject [42, 43]. For example, an examination conducted on blood groups in 183 
determining malaria incidence in Nigeria [44] showed that, “O” had higher prevalence of parasitaemia 184 
but lower prevalence of severe malaria when compared with non – “O” blood groups. Secondly, 185 
studies have suggested A blood group as more susceptible to malaria infection [24, 25]. 186 
Nevertheless, Joshi et al. [26] and Baragnan et al. [27] provided evidence that A group are rather 187 
protective against malaria. Deepa et al. [45] also researched on ABO blood groups and malaria using 188 
several parameters such as parasitic load, hemoglobin level, and platelets count among others. They 189 
concluded that A, B and AB groups were predisposed to severe malaria infection than O group. The 190 
findings herein which explicitly indicates statistical significance in blood group being a determinant of 191 
malaria incidence and or prevalence conforms to the aforementioned works. In this study, blood 192 
groups B and O recorded higher malaria incidence than A and AB. Again, blood group A and B had 193 
increased odds of testing positive for malaria when compared to O although the difference was not 194 
statistically significant. These differences in incidence/prevalence and non-significance of the 195 
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parameters (i.e. A and B compared to O) could be attributed to unequal sample sizes as well as 196 
inadequate sample sizes of blood groups present in the study (eg. only one person with blood group 197 
AB was infected).  It is also believed that whereas O group may have the ability to impair rosetting 198 
and vascular cytoadherence [44, 23], it is equally (non- O groups) susceptible to malaria infection 199 
[46].  200 

Malaria transmission is influenced by seasonality (wet and dry) and according to [47], the highest 201 
prevalence/ density rate occurs in the dry season. Similarly, we found increased percentage 202 
occurrence and median density of malaria parasite in the dry season than in the rainy season 203 
although the relationship was not statistically significant. This difference though not significant is 204 
presumably due to the fact that there were higher parous, survival and life expectancy rate of disease 205 
vectors during the dry season and as such accounted for greater malaria transmission [48]. It is also 206 
noted that heavy rainfall flushes out breeding sites of mosquitoes [49] and may account for the 207 
differences observed in the study area. Thus, all these factors given favor parasitic vectors [19] and 208 
may be a suggestive reason of increased parasitaemia recorded in the dry season. Our findings, 209 
which indicated that season did not have any statistical effect on transmission of malaria, could be 210 
attributed to the site’s geographical location that influences other potential contributors (eg. Housing, 211 
behaviour, disaster, socio-economic factors) of malaria transmission other than season [50]. 212 

In addition, the logistic regression model revealed that the type of malaria control used influences 213 
malaria transmission in the study area whiles hemoglobin level was found to be associated with 214 
malaria parasitaemia. It is known that hematological changes (e.g. Hb, Platelets, Red blood cells etc.) 215 
are common complications and play significant roles in malaria pathology. For instance, Maina et al. 216 
[32] and Kotepui et al. [51] reported a lower Hemoglobin level (Hb) among malaria-infected people 217 
which is consistent with our results. The observation of decreased Hb based on our findings could be 218 
due to increased hemolysis or a decreased rate of erythrocytes production caused by malaria 219 
parasites [52, 53]. With reference to the type of malaria control, this study showed that the use of 220 
Insecticide Treated Nets (ITN) decreased the odds of experiencing the disease whiles use of 221 
Mosquito repellents only (MRO) increased an individual’s odds of contracting it.  Curtis and Mnzava 222 
[54] suggest that the combined use of ITNs and MROs are highly effective in combating malaria than 223 
the separate use of these methods. The reasons are that though mosquitoes have become resistant 224 
to both methods [55], bed nets may still intercept or reduce infected mosquitoes from biting during late 225 
nights. On the other hand, when indoors are sprayed at preferred time in the evening, anopheles may 226 
not rest there long enough to pick up a lethal dose of insecticide [54]. Additionally, some mosquito 227 
species may still survive after the efficacy of the spray has reduced and may bite at night thereby 228 
increasing risk of infection. 229 

 230 

4. CONCLUSION 231 
This study investigated the determinants of malaria in patients using binary logistic regression. A total 232 
positive malaria incidence rate of 27.9% was observed in the study area. Also, this study provides 233 
evidence that the type of malaria control used, blood group, gender and Hb are determinants of 234 
malaria infection in the district. Hence, it is recommended that various interventions such as sleeping 235 
in insecticide treated nets (ITNs), combined use of mosquito repellants and ITNs, proper drainage 236 
systems and sanitation practices should be encouraged to help curb the disease. In addition, since 237 
the results suggest that younger persons have increased odds of contracting the disease, much 238 
emphasis on the use of ITNs should be focused on them since they are more vulnerable. The 239 
limitations of this study and its likely impact on the results cannot be ignored since microscopy was 240 
the only method used in malaria parasite detection. It is believed that some malaria negative patients 241 
could have had malaria parasites if it were subjected to PCR and vice versa thus influencing the 242 
findings of this study. Nonetheless, it is expected that this level of variation will be minimal based on 243 
the necessary precautions taken. Moreover, future diagnoses of malaria should shift from RDTs and 244 
microscopy to PCR techniques to provide more accurate data that can be used to generate very 245 
reliable results for the creation of efficient intervention strategies. 246 
 247 

CONSENT  248 
Informed consent was obtained from the participants (prior to sample collection) after the study objectives 249 
and procedures where clearly explained to them. 250 
 251 
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Ethics (CHRPE/ AP/444/16) of the Kwame Nkrumah University of Science and Technology (KNUST), 254 
Ghana. 255 
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