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Abstract 

The incidence of malaria in Gokwe district remains high despite numerous interventions such as the 

indoor residual spraying (IRS) and health education. This has resulted in numerous mortalities and 

morbidities among the residents of Gokwe District. A cross sectional study was carried out in 

Gokwe District to determine the factors associated with residual malaria transmission in Gokwe 

District. Mosquito samples were collected overnight to determine the biting times. A questionnaire 

was used to collect data on the sleeping patterns of the residents of Gokwe South district. Two 

wards (11 and 12) were involved in the study and a total of 84 participants. Analysis was carried out 

using Epi info version 7.  Data was analysed for descriptive statistic for means and proportions. 

Odds ratios were calculated to determine the association of the variable with risk of contracting 

malaria. Logistic regression was used to determine the independent factors associated with 

contracting malaria in Gokwe South District.  Most of the participants were female 47(56 .0%) and 

males were 37(44 .0%), Level of education and 38(45 .2%) had attained secondary education. Most, 

45 (53 .6%) of the participants were involved in farming. All the mosquitoes identified were the 

Anopheles gambiae sensu lato (s.l). Of all the participants, 41.7 indicated that the mosquitoes that 

bite them also bites cattle, while, 27.4 said they prefer to bite humans and 27.4 said they prefer to 

bite poultry, while only 3.6 % said they prefer to bite goats. The peak collection time outdoors for 

the An. gambiae sensu lato species was at 8-9 pm as well as at 4-5 am. The peak biting times as 

indicated by the participants was night time. The major drivers of residual malaria in Gokwe District 

were established as: resting/relaxing outdoors at night (aOR: 11.5; CI: 3.3-40.2), at times sleeping 

outdoors (aOR: 5.4; CI: 1.7-17.7) and bathing outdoors before sleep (aOR: 5.1; CI: 1.1-22.7). It is 

concluded that the major drivers of residual malaria in Gokwe South District were resting/relaxing 

outdoors at night, sleeping outdoors and bathing outdoors before sleep. It is recommended that 

residents of Gokwe district should not relax or sleep out doors at night or should wear mosquito 

repellent.  

Keywords: Gokwe South, Malaria, Residual, Transmission, Mosquito 

Introduction 

The incidence of malaria in Gokwe district remains high 

despite numerous interventions such as the indoor residual 

spraying (IRS) and health education. This has resulted in 

numerous mortalities and morbidities among the residents of 

Gokwe District. A cross sectional study was carried out in 

Gokwe District to determine the factors associated with 

residual malaria transmission in Gokwe District.  

Mosquito samples were collected overnight to determine the 

biting times. A questionnaire was used to collect data on the 

sleeping patterns of the residents of Gokwe South district. 

Two wards (11 and 12) were involved in the study and a 
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total of 84 participants. Analysis was carried out using Epi 

info version 7.  Data was analysed for descriptive statistic 

for means and proportions. Odds ratios were calculated to 

determine the association of the variable with risk of 

contracting malaria. Logistic regression was used to 

determine the independent factors associated with 

contracting malaria in Gokwe South District.  

Most of the participants were female 47(56 .0%) and males 

were 37(44 .0%), Level of education and 38(45 .2%) had 

attained secondary education. Most, 45 (53 .6%) of the 

participants were involved in farming. All the mosquitoes 

identified were the Anopheles gambiae sensu lato (s.l). Of 

all the participants, 41.7 indicated that the mosquitoes that 

bite them also bites cattle, while, 27.4 said they prefer to 

bite humans and 27.4 said they prefer to bite poultry, while 

only 3.6 % said they prefer to bite goats. The peak collection 

time outdoors for the An. gambiae sensu lato species was at 

8-9 pm as well as at 4-5 am. The peak biting times as 

indicated by the participants was night time. The major 

drivers of residual malaria in Gokwe District were 

established as: resting/relaxing outdoors at night (aOR: 11.5; 

CI: 3.3-40.2), at times sleeping outdoors (aOR: 5.4; CI: 1.7-

17.7) and bathing outdoors before sleep (aOR: 5.1; CI: 1.1-

22.7). It is concluded that the major drivers of residual 

malaria in Gokwe South District were resting/relaxing 

outdoors at night, sleeping outdoors and bathing outdoors 

before sleep. It is recommended that residents of Gokwe 

district should not relax or sleep out doors at night or should 

wear mosquito repellent.  

 

Figure 3.1 Study site 

The study was done in Gokwe South District, Midlands Province 

and two rural wards (12 and 13) of the district constitute the study 

population. All the households in the 2 selected rural wards of 

Gokwe South district constituted the study sites.  

 Study population and sample size calculation 

The study site consisted of 5048 households derived from the two 

wards. All the inhabitants of these household constituted the study 

population from which the sample was drawn. The households per 

sentinel were: ward 12 (2716) and ward 13(2332). Using sample 

size calculator, 84 households were selected out of the 5048 

households at 95% confidence, 0.05 margin of error and 0.05 

sample proportion. 

Formular:n =N 
      (   )

  
⟋[N-1 

     (   )

  
] 

The sample households per each sentinel site were chosen 

proportionally. The sample households per sentinel were: ward 12 

(43) and ward 13(41).  From each household, one participant was 

selected randomly into the study.  

Sampling procedure 

The two wards were wards 12 and 13. Households were included 

basing on proportional representation and systematically sampled. 

Households in the two wards were separately allocated numbers 

and the researcher took 41 households in ward 12 which has a total 

of 2716 households where every 60th household was selected to 

reach a total of the selected 43. For ward 13 which had a total of 

2332 household, every 55th household was selected to come up 

with the required 41 households in that ward. A Kish Grid method 

was used to select the interviewees within those households.  

Data collection procedure 

Morphological identification of female anopheles mosquitoes was 

done using identification keys developed by Gilles and Coetzee 

(1987) as well as on morphological characteristics using published 

keys according to the nomenclature of Wilkerson et al(Wilkerson 

et al., 2015).  Catchers were trained to collect landing mosquitoes 

through CDC light traps for both indoor and outdoor collection 

during dusk, night and dawn to determine indoor and outdoor 

biting preferences. Indoor and outdoor human biting Anopheles 

mosquitoes were collected every hour from 17:00 to 07:00 hours to 

determine biting times for both outdoor and indoor biting. The 

Kish grid was used to select members within a household to be 

interviewed. The Kish grid uses a pre-assigned table of random 

numbers to find a person to be interviewed on sleeping patterns 

within the selected household. Only members of the households 

who are 18 years and above were included for participation. A 

questionnaire was administered to participants to determine the 

mosquito biting times and to corroborate the results of the CDC 

trap findings on the biting times. The questionnaire, also captured 

information on the malaria status i.e whether the participant 

suffered from malaria or not. Furthermore, the sleeping patterns in 

relation to socioeconomic factors associated with contracting 

malaria were collected using the questionnaire.  

Ethical Considerations 

Permission was sought from the Provincial Medical Director and 

the District medical Director for Midlands provinces and Gokwe 

South District respectively. Written informed consent before 

participating in the study was sought from all participants. All 

matters of confidentiality were included in the informed consent 

forms which were completed by all the study participants. To 

personal identity data was sought captured or sought.  
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Inclusion criteria and exclusion criteria 

All households with adults who were 18 years and above were 

included in the study while all households found locked during 

data collection were excluded. The selected participant was 

supposed to be a resident in the selected village. The study 

excluded children who were under the age of 18 for ethical reasons 

and furthermore most of them were not heads of the household. 

Both, those who suffered from malaria in 2021 and those who did 

not suffer from malaria were eligible to participate in the study. 

Visitors, non-consenting participants and people who were very 

sick were not be included in the study. 

Data collection instruments 

CDC light traps were used to collect mosquitoes for both outdoors 

and indoors. A structured closed-ended questionnaire was be used 

for collecting data. The questionnaire was prepared in English and 

was translated to Shona, the language that most of the residents in 

the area understands. The questionnaire included questions about 

the respondent’s socio-demographic characteristics, sleeping 

patterns for both outdoor and indoor, household chores for both 

dawn and dusk times, LLINs use and their socio-economic 

activities during the various risk hour of the day. 

Research participants 

Total number of human participants enrolled for questionnaire on 

sleeping patterns were derived from 84 households selected for 

CDC light catches and the participants were residents of those 

selected 84 households in wards 12 and 13 in Gokwe South 

district. 

Source of recruitment/ study site 

The study site included households in Gokwe South District’s 

wards 12 and 13. 

Age range and sex 

The study included people who were 18 years and above. Both 

males and females were included in the study.  

Special/ Vulnerable population 

The study included pregnant women if they were selected in the 

Kish grid selection at household level. 

Informed Consent  

After being authorized to conduct the study in the district by the 

District Medical Officer, the researcher further sought authority to 

conduct the study from the village heads of the selected villages. 

The researcher then visited the selected households sought 

permission from the head of the household and then the participant. 

Participants were interviewed basing on the questions written on 

the pretested questionnaire while at the same time asking for 

permission to set CDC light traps at the same households where 

questionnaires were administered. Consent to enter the house and 

to set the traps was sought both from the head of the household and 

the occupants would only enter the house after being given the 

permission.  

Confidentiality/privacy 

The information obtained from the study was only accessed by the 

investigator and records were kept confidential and all data was 

coded to represent household names. The collected data was used 

strictly for the purpose of this study and was pass-word protected. 

Participants were given an individual identification number, so 

there was no personal identifiable information attached to the data. 

Data analysis and presentation  

Quantitative data was analyzed using Epi-info 7. Descriptive 

variables were presented using frequencies and proportions. 

Bivariate analysis was carried out to determine the odds ratios 

(ORs) for contracting malaria, while multiple logistic regression 

analysis was used to determine independent factors associated with 

residual malaria. For the bivariate analysis and multiple logistic 

regression analysis, the outcome variable was: having suffered 

from malaria and thus a case was defined as a participant selected 

into the study who contracted malaria in Gokwe South District in 

in the year 2023, while a control was a respondent who did not 

contract malaria in the same period.  Data was presented in the 

form of tables and graphs.  

RESULTS 
Demographic characteristics of participants, Gokwe South 

district 

Females constituted 56% (47), while males constituted 44 % (37) 

of all the participants (Table 4.1, below).  On level of education, 

45.2 % (38) had reached secondary school, 40.5 % (38) had 

attained primary education, while 2.4 % (2) had reached tertiary 

education while 11.9% (10) had no education at all. In terms of 

employment, 10.7 % (9) were involved in buying and selling, 53.6 

% (45) were involved in farming, one was involved in mining, 

8.3% (7) were involved in peddling while 26.2 (22) were 

unemployed.  

Table 4.1: Demographic characteristics of participants, Gokwe 

South 

Characteristic Variable  Frequency(n) 

Percentage 

(%) 

Sex Female 47 56 .0 

 Male  37 44 .0 

    

Level of 

education  None  10 11 .9 

 Primary  34 40 .5 

 Secondary  38 45 .2 

 Tertiary  2 2 .4 

    

Employment 

Buying and 

selling  9 10 .7 

 Farming  45 53 .6 

 Mining  1 1 .2 

 Peddling  7 8 .3 
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  Unemployed 22 26 .2 

Morphological identification of female Anopheles mosquitoes  

The mosquitoes were identified morphologically. All the 

mosquitoes identified were the Anopheles gambiae sensu lato (s.l) 

species and the example of Anopheles gambiae sensu lato(Figure 

4.1,below).  

 
Figure 4.2 : Anopheles mosquito caught in Gokwe south 

district: An. gambiae s.l 

Preference of host feeding habits  

Most of the mosquitoes captured were unfed due to the fact that 

most of the mosquitoes were captured before their blood meal. 

However, the pie chart below shows some of the feeding 

preferences that the community members indicated for the 

mosquitoes that usually attack them.  Of all the participants, 41.7 

indicated that the mosquitoes that bite them also bites cattle, while, 

27.4 said they prefer to bite humans and 27.4 said they prefer to 

bite poultry, while only 3.6 % said they prefer to bite goats.  

 
Figure 4.3: Mosquito feeding preferences as suggested by 

participants 

Biting preferences of the female mosquitoes as to whether 

indoor/ outdoor biting against each period of collection. 

The peak collection time outdoors for the An. gambiae sensu lato 

species was at 8-9 pm as well as at 4-5 am (Fig 4.1, below). From 5 

to 7 pm there were no Anopheles mosquitoes caught both indoors 

and outdoors, as well from 12-2 am.  The peak collection times for 

indoor was 9 to 10 pm, followed by 7 to 8 pm.  There were no 

mosquitoes that were caught indoors between 11pm to 2 am.  

 
Figure 4.4 : Indoor/outdoor biting preferences of Anopheles 

gambiae sensu lato, Gokwe south District 

Biting times of the female Anopheles mosquitoes in the selected 

2 wards of Gokwe district.  

The biting times of the mosquitoes as indicated by the participants 

were found to be: night time 42.86% (36), followed by dusk at 

39.3% (33) while the lowest number (3.6%) of mosquito bites were 

experienced during daytime (Figure 4.2, below).  Some bites were 

experienced early morning as indicated by 14.3% of the 

participants.  Night time represented the largest number of 

mosquito bites experienced by the participants.  

 
Figure 4.5 Biting times of the female Anopheles mosquitoes in 2 

selected wards of Gokwe south district 

Human sleeping patterns in relation to social and economic 

activities and the risk of contracting malaria in Gokwe South 

District 

The human sleeping patterns in relation to socio-economic 

activities are documented in table 4.4, below.  Those who relaxed 

outdoors before sleep were more likely to contract malaria (OR 

6.4; CI: 2.3-18.3) than those who did not, while those who bathed 

outside before sleep where 5.16 times more likely to contract 

malaria (OR:5.2; CI: 1.5-17.9), than those who did not. The odd of 

contracting malaria were higher among those who woke up in the 

morning to do some activity such as farming or going to work (OR 

4.5; CI: 1.5-13.7) than those who did not while those who’s 

sometimes slept outdoors (OR: 2.1; CI: 1.2-8.5), were 2.1 times 

more likely to develop malaria than those who do not. Farming late 

into the night (OR: 3.5; CI: 1.1-11.5) and going to church (OR: 2.3; 

CI: 0.9-5.9) were statistically significant risk factors for contracting 

malaria, while visiting a beer hall before sleep was not a 

statistically significant risk factor (OR: 2.6; CI: 1.1-6.6).  
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Table 4.4: Human sleeping patterns, social and economic activities as risk factors for contracting malaria in Gokwe South District 

    Case            Control Total       

Factor   n=35(%) n=49(%) n=84(%) OR 95C.I p-value 

Rests /Relaxes 

outdoors before sleep 

Yes 29(82 .9) 21(42 .9) 50(59 .5) 6 .4 2 .3 -18 .3 <0 .010 

No 6(17 .1) 28(57 .1) 34(40 .5)    

        

Baths outdoors before 

sleep  

Yes 11(31 .4) 4(8 .2) 15(17 .9) 5 .2 1 .5 -17 .9 <0 .010 

No 24(68 .6) 45(91 .8) 69(82 .1)    

        

Wakes up early to do 

some activity 

Yes  30(85 .7) 28(57 .1) 58(69 .0) 4 .5 1 .5 -13 .6 <0 .010 

No 5(14 .2) 21(42 .9) 26(31 .0)    

        

Farming late into the 

night before sleep 

Yes 10(28 .6) 5(10 .2) 14(16 .7) 3 .5 1 .0 -11 .5 0 .031 

No 25(71 .4) 44(89 .8) 70(83 .3)    

        

Going to church 

before sleep/ for an all 

night 

Yes 17(48 .6) 13(26 .5) 29(34 .5) 2 .6 1 .1 -6 .6 0 .040 

No 18(51 .4) 36(73 .5) 55(65 .5)    

        

Sometimes sleeps out 

doors 

Yes 27 (77 .1) 25(51 .0) 52(61 .9) 2 .1 1 .23 -8 .53 0 .010 

No 8 (22 .9) 24(49 .0) 32(38 .1)    

        

Visits the beer hall 

before sleep 

Yes 10 (28 .6) 12(24 .5) 22(26 .2) 1 .2 0 .5 - 3 .3 0 .341 

No 25 (71 .4) 37(75 .5) 37(73 .8)    

        

Independent Factors Associated with Residual Malaria in 

Gokwe South District 

Multiple logistic regression analysis was carried out to determine 

the key drivers of residual malaria in Gokwe South District. These 

are tabulated in table 4.5 below. The major drivers of residual 

malaria in Gokwe District were established as: resting/relaxing 

outdoors at night (aOR: 11.5; CI: 3.3-40.2), at times sleeping 

outdoors (aOR: 5.4; CI: 1.7-17.7) and bathing outdoors before 

sleep (aOR: 5.1; CI: 1.1-22.7).  

Table 4.5 Independent Factors Associated with Residual 

Malaria in Gokwe South District 

Independent 

factor  aOR 

95% C. 

I 

P-

Value 

Resting/relaxing 

outdoors at night  11 .5 

3 .3-40 

.2 

<0 

.010 

Sometimes 

sleeping outdoors  5 .4 

1 .7-17 

.7 

<0 

.010 

Bathing outdoors 

before sleep 5 .1 

1 .1-22 

.7 0 .030 

*aOR: adjusted odds ratio 

Discussion  
Most of the mosquitoes caught were the Anopheles gambiae sensu 

lato(s.l.) species. In Africa, the prominent malaria vector species 

include An. Gambiae s.l species (Maliti et al., 2016). The major 

anopheline malaria vectors across sub-Saharan Africa are 

Anopheles funestus s.s. and Anopheles gambiae s.l  complex 

(Erlank et al., 2018).  An. gambiae s.l is naturally endophilic  

(Pates & Curtis, 2005) most efficient anthropophilic vector species 

(Hamon, 1963).  Most of the An. gambie species were picked 

outside the homesteads. Anopheles gambiae s.l. complex, 

mosquitoes are responsible for the transmission of malaria in the 

country(Mpofu, 1985). Presence of An. arabiensis mosquitoes was 

reported in the urban towns of Kwekwe, Chirundu, Kariba and 

Binga(H Masendu et al., 2005). In this study An. arabiensis was 

not found in Gokwe south district. No An. funestus were picked in 

this study but were reported  mosquitoes in Honde Valley (Choi et 

al., 2014).  This may show the geographical limitation of An. 

arabiensis and An. funestus.  

The resistance of An. gambiae mosquitoes to DDT in Gokwe has 

also been attributed to the high usage of organochlorines by 
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villagers, as well as a long history of DDT usage in this area for 

agricultural (especially cotton farming) and public health purposes, 

mainly tsetse and mosquito control (Munhenga et al., 2008).  Thus, 

this may explain the continued presence of An. gambiae s.l. and 

thus being the major driver of sustained malaria incidence in 

Gokwe south district.  

The anopheles’ mosquitoes were said to feed on humans and cattle 

and poultry.  This agrees with other researches elsewhere 

(Clements, 1992; Chaves et al., 2010). Most mosquito species were 

found to share at least one host species (Chaves et al., 2010). Many 

mosquito species are anthropophilic, including the An. Gambiae s.l 

with respect to host preference and play an important role in the 

global transmission of the pathogens responsible for diseases such 

as malaria (Bashar et al., 2015).  

The propensity of malaria vectors such as An. Gambiae s.l.  to feed 

on humans rather than nonhuman hosts has important 

epidemiological consequences for malaria transmission 

(Zimmerman et al., 2006). The pattern of feeding is influenced by 

several factors, including the intrinsic host preference of the 

species, nutritional requirements, host availability, vector density, 

and social and cultural practices of the human population (Loyola 

et al., 1993).The human-biting habits and mean longevity are the 

most important epidemiological factors in malaria transmission by 

anopheles that can transmit human malaria parasites (Zimmerman 

et al., 2006).    

Anopheles gambiae s.l. , is  the major malaria vector that has been 

suggested to be highly anthropophilic (Killeen et al., 2001) and  

does have a strong preference for humans even when given other 

choices of blood hosts under controlled field settings. Elsewhere 

such as in areas of Burkina Faso Anopheles gambiae, uses cows as 

its primary blood source, because of the widespread use of bed 

nets, humans are not available as blood source (Lefèvre et al., 

2009). These findings are consistent with the findings of this 

current study in that the participants reported that the mosquitoes 

feed on other animals such as cattle and poultry. The blood meal 

test could not yield any positive result. This could be because the 

mosquitoes were not yet fed after the catches. This is because the 

CDC light traps usually catch unfed mosquitoes. Most of the 

mosquitoes were caught outdoors than indoors. A similar study 

elsewhere showed that the outdoor point had higher abundance 

than the indoor one (Ombugadu et al., 2020). Adult men and 

women were  elsewhere reported to be awake before 6 am 

suggesting additional potential exposure in the early morning 

(Rodríguez-Rodríguez et al., 2021). Outdoor exposure in the early 

hours of the evening and in some settings early in the morning, 

highlight the need for complementary interventions offering 

outdoor protection (Thomsen et al., 2017). The considerable 

amount of time spent outdoors presents a window of potential 

exposure to malaria-carrying mosquitoes because LLINs primarily 

prevent indoor biting (Rodríguez-Rodríguez et al., 2021).  

In this study the maximum activity of An. Gambiae s.l was 

recorded during the 8-9pm. An. Gambiae (s.l.) is highly 

endophagic (preference to feed indoors) and anthropophagic 

(preference for biting humans) (Maliti et al., 2016) and feeds 

predominantly between 9 pm–3 am (Maxwell et al., 1998). Feeding 

site may be exophagic and/or endophagic, depending on local 

circumstances (e.g., vegetation cover, type of house) and host 

availability (Abonuusum et al., 2011).  

The fact that most of the mosquitoes were caught outdoors 

indicates that An. gambie has got some exophagic potential. This is 

further confirmed by the fact that some of  the participants 

indicated that they were bitten by mosquitoes outdoors due to the 

anthropophilic nature of the mosquitoes (Moreno et al., 2017). 

Anopheles mosquitoes that bite or rest outdoors are not readily 

tackled by LLINs or IRS, and therefore can perpetuate residual 

disease transmission (Thomsen et al., 2017). This, together with 

poor LLINs usage explains the continued high incidence of malaria 

in Gokwe south district. Historically, human malaria infections in 

sub-Saharan Africa occur mainly during late hours of the night 

(Milali et al., 2017). In this study An. gambiae s.l was picked 

during the early hours of the night (8-9 pm) and early hours of the 

morning (4-5am). This period coincides with the peak biting 

behaviour of the primary malaria vector: Anopheles gambiae sensu 

lato (Milali et al., 2017).   

Participants showed a huge activity in the early morning and early 

evening. This study also established that the participants were 

being bitten by mosquitoes outdoors. Within the An. gambiae (s.l.) 

there have been reports of shifts in their behaviours such as 

increased tendency to feed outdoors (Thomsen et al., 2017). This is 

corroborated by other studies elsewhere including in countries such 

as Tanzania (Gryseels et al., 2015). Early evening and morning 

outdoor exposure of humans to mosquito bites has epidemiological 

importance in terms of controlling transmission in this setting, and 

possibly across sub-Saharan Africa and beyond (Moiroux et al., 

2012) where ITNs and/or indoor residual spraying (IRS) remain 

the only interventions (Milali et al., 2017). Most of the participants 

in this study were bitten by mosquitoes whilst having some outdoor 

activities. Documenting human activity at night is crucial to 

understanding human-vector interaction and its effect on malaria 

control (Monroe et al., 2015). Matowo et al. in southern Tanzania, 

described evening, night-time and early morning activities 

comparable to those observed in this study and described An. 

Funestus biting patterns (Matowo et al., 2013).To curtail residual 

malaria transmission, it is essential to identify malaria prevention 

strategies compatible with human behaviour (Monroe et al., 2015) 

social, cultural and livelihood activities on malaria control (Alaii et 

al., 2003). Outdoor activities may expose people to mosquito bites 

(Choi et al., 2014), even under conditions of full coverage, IRS and 

ITNs provide minimal protection when people are both outdoors 

and active during anopheles biting periods. In  a study carried out 

in Ghana most of the entire population was outdoors and active 

during the early evening when biting began (Monroe et al., 2015). 

Studies done elsewhere in Ghana show that significant 

transmission can occur during the  early evening hours 

(Abonuusum et al., 2011). 

Most of the participants were active during the early hours of the 

morning. While biting rates are lowest during this time, a large 

percentage of the population is at risk (Monroe et al., 2015).  Most 
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of the participants indicated that they would be outdoors during the 

night. Some common large-scale events, such as funerals last the 

entire night (Monroe et al., 2015). The persistence of malaria in 

Gokwe south district could be due to the fact that ITNs and IRS 

primarily address endophagic (indoor-feeding) and endophilic 

(indoor- resting) vectors. The presence of exophagic (outdoor- 

feeding) and exophilic (outdoor-resting) mosquitoes may limit 

their effectiveness (Monroe, 2015), resulting in residual malaria  

despite interventions being in place in Gokwe South district.  

In this study most of the participants had some numerous outdoor 

activities in the evening and at night. The most common reason for 

staying awake was found to be at church, having some all-night 

and being at beer halls. Other studies done elsewhere indicated that 

the most frequent motive for staying awake was funeral attendance 

(Monroe et al., 2015) , doing chores, eating dinner and socializing 

within the compound (Monroe et al., 2015). In this study the key 

drivers for the residual malaria were established as: sleeping 

outdoors, bathing outdoor before sleep and resting and relaxing 

outdoors. These outdoor activities could explain the persistence of 

the high malaria cases in Gokwe south district. Elsewhere studies 

have indicated similar findings (Milali et al., 2017; Monroe, 2015). 

The major reasons given in this study for staying out doors, resting/ 

relaxing, were that it would be too hot indoors and the need to 

attend some social functions. Due to the changing malaria 

epidemiology, outdoor transmission is becoming an important 

focus for malaria control strategies today (Gryseels et al., 2015). 

Social patterns and human behavior may determine exposure to 

Anopheles mosquitoes and have an effect on transmission 

(Rodríguez-Rodríguez et al., 2021). Early evening was also an 

important time for socializing among family, friends and neighbors 

(Monroe et al., 2015). The findings of this study are in agreement 

those of others such as  in India (Pandian & Chandrashekaran, 

1980) in which socializing during the times of pick mosquito 

activity was responsible for residual transmission.  

Most of the participants could not sleep under mosquito nets. 

While the potential of LLINs to reduce malaria morbidity is well 

known (Pryce et al., 2018) , inconsistent or low use limits their 

effectiveness and may lead to differential impact of this 

intervention in different sites (Rodriguez-Rodriguez et al., 2019) . 

More recently, it has been reported that a substantial change in 

species composition of malaria vectors (Bayoh et al., 2010) and a 

shift in biting time (Azizi et al., 2011) is associated with the 

widespread use of ITNs across Africa (Milali et al., 2017). 

Elsewhere, consistent with the findings of this study,  non-usage of 

ITNs was one of the major factors associated with an increased risk 

of malaria infection (Fana et al., 2015). Failure to use ITNs is 

associated with malaria prevalence and parasite density, and those 

who do not use ITNs regularly have a high occurrence of malaria 

infection with a high parasite density, as compared to those who 

use ITNs on a daily basis (Fana et al., 2015). Inconsistent use or 

use for only a fraction of the hours when malaria transmission 

occurs limits their effectiveness (Monroe et al., 2015).  

Most the participants in this study indicated that they would wake 

up in the morning. Early evening and morning outdoor exposure of 

humans to mosquito bites has epidemiological importance in terms 

of controlling transmission in this setting, and possibly across sub-

Saharan Africa and beyond (Moiroux et al., 2012) where ITNs 

and/or indoor residual spraying (IRS) remain the only interventions 

(Milali et al., 2017). High community compliance in ITN use, 

timely case diagnosis and treatment, and maintenance of the 

existing surveillance and response system will be critical to the 

goal of achieving and sustaining malaria elimination in the future 

(Chan et al., 2021). 

Conclusion 
It can be concluded that the most common mosquito species in 

Gokwe South is An. Gambie sensu lato. This mosquito is most 

incriminated in the spread of malaria.  The mosquitoes are most 

active during the early hours of the night and the early hours of the 

morning.  The increase in the number of people affected with 

malaria in Gokwe south district could be due to the socioeconomic 

activities they perform during the early hour of the night as well as 

during the early hours of the morning. Thus, sleeping patterns, as 

affected by socioeconomic activities could be causing sustenance 

of high malaria incidence in Gokwe south district. Controlling 

malaria with LLINs and IRS has certain fundamental limitations in 

regions such as Gokwe South district, characterized by early and 

outdoor biting, thus improving coverage of LLINs alone might not 

achieve malaria elimination. The peak biting activity by An. 

Gambiae s.l coincides with the times most people would be outside 

and not able use bed nets, calls for optimization of vector control 

and behavioural change strategies. Overall, malaria control 

measures are failing to effectively control and eliminate malaria in 

Gokwe South district due to the biting behaviour of the An. gambie 

s.l. coupled by the human behaviour related to the sleeping patterns 

which act as the major drivers of residual malaria in the district.  

It is recommended that a number of interventions, implemented 

together, aiming for personal protection during evening and night 

activities are essential and should be implemented in Gokwe south 

district to reduce the continued occurrence of malaria in the 

district. Novel tools in malaria and mosquito control should be 

incorporated into the Integrated Vector Management system in 

Gokwe South district. There is need for an increase in the number 

of mosquito nets, to cater for outdoor use as well, for the control of 

mosquito bites in Gokwe south district coupled with behaviour 

change and communication. Thus, further education of the 

community members in Gokwe district has to be implemented. 

During the night the, residents of Gokwe should be advised to put 

on long covering clothes and use mosquito nets when sleeping 

outdoors at night. Furthermore, they should be advised to bath 

indoors when it is dark or to bath before it becomes dark. These 

interventions will help curtail the spread of malaria Gokwe South 

district by addressing the key drivers of residual malaria in the 

district. Regular education and training of community health 

workers in the education and training of the community members 

on prevention and control of mosquitoes and malaria should be 

done. 
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Promoting outdoor LLINs use may help, but community-based 

participatory research will be essential to assess feasibility and 

acceptability. Complementary methods to LLINs are needed to 

prevent outdoor biting in the evenings and the morning. New 

interventions should focus on disrupting malaria transmission 

beyond bedtime hours, specifically before and immediately after 

bedtime. Interventions such as insecticide-treated clothing, topical 

and spatial repellents are recommended. 

From an epidemiological standpoint, it is crucial to be able to 

accurately identify mosquito blood-meals for studies of 

transmission dynamics of parasitic pathogens such as malaria. 

Further research is needed using other methods, such as pyrethrum 

spray catches, to determine the Human Blood Index (HBI), 

formerly known as the anthropophilic index or human blood ratio 

which determines the proportion of blood that has been taken from 

a human being, is recommended. This index will help in the 

determination of the vectoral capacity of An. gambiae s.l. in 

Gokwe district and allow a more focused control of this malaria 

vector.  

Spatial repellents in Gokwe south district, designed to shield a 

space rather than an individual, could be useful at large-scale 

outdoor events by protecting a group of people without requiring 

individual application. Furthermore, these spatial repellents may be 

useful as well for use when on the fields as well as when they are 

at church.  
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