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Abstract

Background: The burden of malaria continues to disproportionately affect Low- and middle-income
countries (LMICs), including Sudan, due to various risk factors that influence malaria transmission. This
study aimed at investigating the risk factors associated with malaria in three hyper-endemic areas in Al
Gezira state, central Sudan. Where malaria transmission extend from January to September and get
interrupted by the heavy rains during October-December.

Methods: a descriptive cross-sectional study was implemented between January and September 2022.
Febrile patients attending to the healthcare facilities seeking medical care in randomly selected
healthcare facilities in the three localities were recruited. In addition to the results of malaria diagnosis,
we interviewed the participants using a well-established questionnaire to collect data about potential risk
factors for malaria infection. The risk estimates with Odds Ratio of 95% Confidence Interval was used to
test the association of risk factors with malaria positive cases. A logistic regression model was used to
analyze the association between the risk factors and malaria positive cases. A p-value< 0.5 was
considered a statistically significant.

Results: A total of 469 patients were enrolled, of them, 334 (71.2%) tested positive for malaria. The
analysis of preventive measures and risk factors showed that wearing protective clothing (covering most
of the mosquito-biting body-sites) is significantly protective against malaria, with a negative beta
coefficient of -0.757 (p-value 0.003). The relationship of using insecticides and presence of trees with
reduced malaria infection was found statistically significant; p-values were 0.040 and 0.035, respectively.
Similarly, the presence of stagnant water was a significant risk factor for malaria, with a negative beta
coefficient of -0.483 (p-value0.022).

Conclusions:

The study's outcomes highlight the importance of advocating towards using preventive measures such
as wearing clothes that reduce mosquito bites, and avoid being close to potential breeding sites (bodies
of stagnant water) in malaria-endemic regions.

Background

Malaria is caused by a protozoan parasite belongs to the Plasmodium genus, with five species known to
affect human health: Plasmodium falciparum, P vivax, P malariae, P ovale, and P knowlesi[1]. Malaria
continues to pose a significant public health threat worldwide, with Africa contributing to approximately
96% of global malaria cases [2]. In 2021, the World Health Organization (WHO) estimated that more than
245 million cases of malaria occurred in over 80 endemic countries, resulting in approximately 619,000
deaths [2]. Malaria remains a significant challenge, particularly in vulnerable populations and resource-
limited settings.
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Vulnerability to malaria is complex and multifactorial, particularly in low- and middle-income countries
like Sudan, which is accounted for about 54% and 58% of malaria cases and related deaths in the Eastern
Mediterranean region, respectively, with 64,000 estimated cases in 2021 [1]. There are several endemic
and invasive competent vectors of malaria are widely distributed in the country. Anopheles arabiensisis
the predominant species of malaria vectors in the country, however, other vectors like An. stephensi, An.
funestus, An. pharoensis, and An. rufipes are increasingly spreading throughout the country [2-6]. Also,
the country’s health system is under-resourced and the public health operation is severely inadequate.
Additionally, a wide range of other risk factors, including suboptimal housing, insufficient personal
protective measures, limited access to effective and affordable healthcare services, and low awareness
about the risk factors and prevention measures are present in the country [7, 8]. Furthermore, changes in
climate, living environment, and land use as well as the growing armed conflicts and living in
humanitarian crisis are driving the transmission of vector-borne diseases and their vectors [3, 9, 10].
Moreover, this situation is intensified by the rapid development and spread of drugs and insecticide
resistance among parasites and diseases vectors respectively, in lack of alternative disease control
measure such as vaccination in the country [8, 11]. The driving role of these factors is not exclusive to
malaria only but it has been highlighted by the recently growing reports about the emergence and rapid
spread of several infectious diseases outbreaks including Chikungunya [12], Dengue [13, 14], Hepatitis E
virus [15, 16], Leishmaniasis [17], and Rift Valley fever [18, 19]. A substantial increase in malaria cases
and death has been observed in different region of the country, this might be due to this combination of
risk factors in Sudan [9, 20—-22].

Therefore, examining, understanding, and addressing these underlying drivers and risk factors are
necessary to inform and guide the decision making, strategic planning, proper implementation of
effective disease control measures in LMICs including Sudan [20, 23, 24].

Despite existing research on malaria transmission in Sudan, there is still a significant lack of knowledge
regarding the local risk factors and their influence on the disease transmission. As such, this study aims
to address this gap by identifying the risk factors associated with malaria transmission in Al Gezira state,
Sudan. The findings of this study will inform the design and implementation of preventive and control
measures, in order to improve outcomes for those impacted by malaria in central Sudan.

Methods
Study design and study area

A descriptive cross-sectional study was implemented in Al Gezira state between January and September
2022. Al Gezira state is one of the 18 states of Sudan, which lies in central Sudan between the Blue Nile
and the White Nile. It contributes 24% and 6.9% of the total malaria cases and related deaths, respectively
in 2021 (http://www.fmoh.gov.sd). Al Gezira state is hosting the largest naturally irrigated agriculture
project in the world. The state is composed of 8 localities including Al Hasaheisa, Wad Madani, South Al
Gezira, East Al Gezira, Um Al Qura, Al Kamleen, Al Managel, and Al Qurashi-24, covering an area of 27,549
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km?. Healthcare facilities in three peri-urban localities including Al Hasaheisa, Al Kamleen, and Al
Managel, were included in this study. Participants were recruited for sample collection and questionnaire
data gathering (Fig. 1).

Study population

Febrile patients attending outpatient clinics in Al Hasaheisa locality (Al Hasaheisa hospital, and Medical
Insurance hospital), East Al Gezira locality (Rofaa hospital), and Al Managel locality (Al Managel
hospital) were recruited to participate in the study.

Individuals who presented with fever or abdominal disturbances and sought medical attention were
enrolled in the study after being informed of the study objectives, criteria, purpose, and potential risks.
They were provided with up to 30 minutes to consider their participation before being included in the
research.

After voluntarily consenting to participate in our study, individuals either signed an informed consent
form for themselves or signed on behalf of a minor for whom they were responsible. The participants
were interviewed using a questionnaire about factors that might be associated with malaria infection
including their socio-demographic information, medical and travel history, and their knowledge about
signs, symptoms, as well as prevention and control measures of malaria. As well, behavioral and
practices to protect themselves from malaria. Furthermore, we collected their clinical signs and
diagnostic outcomes.

Confirming malaria infection

Malaria infection or lack of infection was confirmed by the attending laboratory technologist who
microscopically examined Giemsa-stained blood films that obtained from the healthcare seeking
individuals [25].

Data analysis

The data was collected anonymously without personal identifiers. The data were then analysed using the
Statistical Package for Social Sciences (SPSS version 20, IBM, USA). The participants ages were grouped
according to the model established previously by Khagayi et al., 2019 [26]. Chi-Square test was performed
to analyse the categorical data and test for significant differences between the variables. The risk
estimates with Odds Ratio of 95% Confidence Intervals (95% Cl) was used to test the association of risk
factors with positive and negative microscopic tests of malaria. Spearman Correlation coefficient was
used to test the association between malaria and related risk factors. A logistic regression model was
developed to estimate the association between the risk factors and malaria cases. The Hosmer-
Lemeshow goodness-of-fit test was used to assess that the model fits the data. A p-value<0.5 was
considered a statistically significant.
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Results
Patients’ demographics

The study enrolled 469 patients who visited outpatient clinics seeking healthcare for febrile illness. Of
them, 334 (71.2%) tested positive for malaria, while 135 (28.8%) tested negative. Based on gender the
study population included 233 (49.7%) males and 236 (50.3%) females, with age range of 4 months to 87
years. The mean age of the study population was 24.75 + 19.81 years [95% Cl (22.95-26.55)], and the
median age was 24 years. The analysis revealed that the highest proportion of malaria cases was among
patients aged 5-14 years, while the lowest proportion was among patients aged over 59 years; 35 (7.5%).
However, the differences between the age groups were not statistically significant (p-value= 0.214).
Meanwhile, based on gender, a slightly higher proportion of females tested positive for malaria compared
to males, but again, the difference was not statistically significant (p-value=0.065). Whereas, a
statistically significant difference in malaria diagnosis between the different locations was found; p-
value=0.024. The highest proportion of positive malaria cases was observed in Al Hasahisa; 77 (77.0%),
while the lowest proportion was observed in East Al Gazira; 103 (76.9%) (Table 1).
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Table 1

distribution of the study patients according to their age group, gender, and
location

Patient age group

Less than 1 year
1-4 years

5—14 years
15-59 years
More than 59 years
Patient gender
Male

Female

Patient location
Al Hasahisa

Al Managel

East Al Gazira

Total

Malaria diagnosis

Positive

26 (60.5%)
30 (65.2%)
58 (67.4%)
193 (74.5%)
27 (77.1%)

158 (67.8%)
176 (74.6%)

77 (77.0%)

154 (65.5%)
103 (76.9%)
334 (71.2%)

Negative

17 (39.5%)
16 (34.8%)
28 (32.6%)
66 (25.5%)
8 (22.9%)

75 (32.2%)
60 (25.4%)

23 (23.0%)
81 (34.5%)
31(23.1%)
135 (28.8%)

Total

43 (9.2%)
46 (9.8%)
86 (18.3%)
259 (55.2%)
35 (7.5%)

233 (49.7%)
236 (50.3%)

100 (21.3%)
235 (50.1%)
134 (28.6%)
469 (100%)

p-value

0.214

0.065

0.024
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Clinical characteristics of the participants and its associations with
malaria infection

Concerning the malaria symptoms observed in this study, 246 (73.7%) of the confirmed malaria cases
reported fever, while 88 (65.2%) of those who tested negative for malaria have reported fever (p-value =
0.044). However, the odds ratio was 1.130 (95% Cl: 0.983-1.298), indicating a positive but not
statistically significant association between fever and malaria diagnosis (Spearman Correlation
Coefficient - 0.085, p-value 0.067.)

Among the participants who reported not having diarrhea, 245 (73.4%) were positive for malaria while
114 (84.4%) were tested negative (p-value= 0.006). The odds ratio was 0.601 (95% Cl: 0.398-0.909),
indicating a negatively statistically significant association between the absence of diarrhea and malaria
diagnosis (Spearman Correlation Coefficient - 0.119, p-value=0.010).




Overall, the results show that several symptoms were negatively associated with malaria diagnosis,
including headache (Spearman Correlation Coefficient - 0.120, p-value 0.009), vomiting (-0.093, p-value
0.044), abdominal pain (-0.099, p-value 0.032), shivers, (-0.153, p-value <0.001) anxiety (-0.159, p-value <
0.001), and fatigue (-0.166, p-value <0.001). However, the associations were not statistically significant
for joint pain (-0.046, p-value 0.323) (Table 2).
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Table 2

Patients signs and symptoms and their relation with malaria diagnosis

Malaria diagnosis Total OR

Negative  Positive

Fever
Yes 88 246 334 0.670
(65.2%) (73.7%)  (71.2%)
No 47 88 135
(34.8%) (26.3%) (28.8%)
Headache
Yes 61 195 256 0.588
(45.2%) (58.4%) (54.6%)
No 74 139 213
(54.8%) (41.6%) (45.4%)
Vomiting
Yes 40 132 172 0.644
(29.6%) (39.5%) (36.7%)
No 95 202 297
(70.4%) (60.5%) (63.3%)
Abdominal
pain
Yes 32 113 145 0.608
(23.7%) (33.8%) (30.9%)
No 103 221 324
(76.3%) (66.2%)  (69.1%)
Diarrhoea
Yes 21 89 110 0.507
(15.6%) (26.6%) (23.5%)
No 114 245 359
(84.4%) (73.4%)  (76.5%)
Joint pain
Yes 77 207 284 0.815

(57.0%)  (62.0%) (60.6%)

*OR = 0dd Ratio

95%
Confidence
Interval

Lower Upper
0.436 1.029
0.393 0.879
0.419 0.990
0.385 0.959
0.300 0.857
0.543 1.223

p
value

0.044

0.006

0.027

0.020

0.006

0.187

Spearman
Correlation
Coefficient
value p-
value
-0.085 0.067
-0.120 0.009
-0.093 0.044
-0.099 0.032
-0.119 0.010
-0.046 0.323
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Malaria diagnosis Total OR 95% p- Spearman

Confidence value Correlation
Interval Coefficient
Negative Positive Lower Upper value p-
value
Fever
No 58 127 185
(43.0%) (38.0%) (39.4%)
Shivers
Yes 33 136 169 0.471 0.301 0.738 0.001 -0.153 <
(24.4%) (40.7%)  (36.0%) 0.001
No 102 198 300
(75.6%) (59.3%) (64.0%)
Anxiety
Yes 51 185 236 0.489 0.325 0.736 0.001 -0.153 <
(37.8%) (55.4%) (50.3%) 0.001
No 84 149 233
(62.2%) (44.6%)  (49.7%)
Fatigue
Yes 52 190 242 0475 0.316 0.715 0.001 -0.166 <
(38.5%) (56.9%) (51.6%) 0.001
No 83 144 227
(61.5%) (43.1%)  (48.4%)
Total 135 334 469

(28.8%)  (71.2%)  (100%)
*OR = 0dd Ratio

The relationship between preventive measures and risk factors of
malaria

The relationship between wearing protective clothes and malaria showed that individuals who did not
wear protective clothes were more than twice as likely to test positive for malaria compared to those who
did wear protective clothes; p-value 0.001. A total of 225 (67.4%) tested positive for malaria, and 110
(81.5%) of those who tested negative did not wear protective clothes, the odds ratio for wearing protective
clothes is 2.132 (95%CI [1.305-3.482]). The association of wearing protective clothes with malaria was
significantly positively correlated (Spearman Correlation coefficient 0.141, p-value 0.002).
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The relationship was also found statistically significant difference for malaria positivity and using of
insecticides; presence of trees; and presence of stagnant water, p-values were 0.040, 0.035, and 0.014,
respectively. At the same times the odds ratios for those who are not using insecticides, or have trees in or
around their houses, and existence of stagnant water were more likely to test positive for malaria; 1.462
(95%CI [0.976-2.19]), 1.479 (95% CI[0.989-2.21]), and 1.621 (95% CI [1.071-2.453]), respectively.
However, no statistically significant association was observed for using insecticides (0.085, p-value
0.065), presence of trees (0.088, p-value 0.056), whereas, presence of stagnant water showed a positively
statistically significant association with malaria positivity (0.106, p-value 0.022).

The association of using smoke as a repellent, using of bed nets, and closing of windows and doors at
night with malaria positivity was neutral did and not show neither significant difference nor significant
association (Table 3).
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Table 3
relationship of malaria preventive measures and risk factors with malaria patients

Malaria diagnosis

Negative  Positive
Wearing protective clothes

No 110 225
(81.5%)  (67.4%)

Yes 25 109
(18.5%) (32.6%)

Using of mosquito repellants

No 108 252
(80.0%)  (75.4%)

Yes 27 82
(20.0%) (24.6%)

Using of insecticides

No 79 164
(58.5%)  (49.1%)

Yes 56 170
(41.5%)  (50.9%)

Presence of trees

No 75 153

(55.6%)  (45.8%)

Yes 60 181
(44.4%) (54.2%)

Presence of stagnant water

No 88 179
(65.2%)  (53.6%)

Yes 47 155
(34.8%) (46.4%)

Using of smoke as repellent

No 87 194
(64.4%)  (58.1%)

Yes 48 140
(35.6%) (41.9%)

Total

335
(71.4%)

134
(28.6%)

360
(76.8%)

109
(23.2%)

243
(51.8%)

226
(48.2%)

228
(48.6%)

241
(51.4%)

267
(56.9%)

202
(43.1%)

281
(59.9%)

188
(40.1%)

Odds
ratio

2132

1.302

1.462

1.479

1.621

1.308

95%
Confidence
Interval

Lower Upper

1.305  3.482
0.798 2124
0976 219
0.989 221
1.071 2.453
0.865 1.979
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value

0.001

0.175

0.040

0.035

0.014

0.121

Spearman
Correlation
Coefficient

value

0.141

0.049

0.085

0.088

0.106

0.059

p-value

0.002

0.292

0.065

0.056

0.022

0.204




Malaria diagnosis Total Odds 95% p- Spearman
ratio Confidence value Correlation
Interval Coefficient
Negative  Positive Lower Upper value p-value
Wearing protective clothes
Using of bed nets
No 53 139 192 0907 0.603 1.364 0.358 -0.022 0.639
(39.3%) (41.6%) (40.9%)
Yes 82 195 277
(60.7%) (58.4%)  (59.1%)
Closing of windows and doors
No 43 101 144 1.078 0.701 1.659 0.406 0.016 0.732
(31.9%)  (30.2%)  (30.7%)
Yes 92 233 325
(68.1%) (69.8%)  (69.3%)
Total 135 334 469
(28.8%) (71.2%) (100%)

The relationship between the different preventative measures and malaria risk factors with malaria
infection base on location

According to locality, the relationship between the different preventative measures and malaria diagnosis
showed that in Al Hasahisa, among individuals who did not have trees in or around their houses, 84.0%
tested positive for malaria. The odds ratio for the presence of trees is 1.377 (95%Cl [1.208-1.570]),
indicating that individuals who did not have tree near or in their houses are less likely to test positive for
malaria compared to those who have trees near or in their houses; p-value 0.010. As well, the association
of trees presence with malaria was negatively statistically significant (Spearman Correlation Coefficient -
0.239, p-value0.017).

The relationship and association between wearing protective clothes, using of mosquito repellants, using
of insecticides, presence of stagnant water, using of smoke as a repellent, using of bed nets, and closing
windows and doors with malaria in Al Hasahisa did not show any statistically significance (Table 4,
Supplementary File 1: Table S1).
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Table 4
relationship of malaria preventive measures and risk factors with malaria patients according to their

localities

Patient Malaria diagnosis Total p- Odds 95% Confidence
location value ratio Interval

Negative  Positive lower Upper
Al Hasahisa
Wearing protective clothes
No 0(0.0%)  2(100%)  2(2.0%) 0.591  1.307 1.171 1.458
Yes 23 75 98

(23.5%)  (76.5%) (98.0%)

Using of mosquito repellants

No 4 29 33 0.056 0.348 0.108 1.126
(12.1%) (87.9%) (33.0%)
Yes 19 48 67

(28.4%)  (71.6%) (67.0%)

Using of insecticides

No 0(0.0%)  6(100%)  6(6.0%) 0.199  1.324 1.180 1.485
Yes 23 71 94
(24.5%)  (75.5%) (94.0%)
Presence of trees
No 0 (0.0%) 16 (100%) 16 0.010 1.377 1.208 1.570
(16.0%)
Yes 23 61 84

27.4%)  (72.6%) (84.0%)

Presence of stagnant water

No 0 (0.0%) 10 (100%) 10 0.063 1.343 1.190 1.516
(10.0%)
Yes 23 67 90

(25.6%) (74.4%) (90.0%)
Using of smoke as repellent

No 3 16 19 0.309  0.572 0.151 2.168
(15.8%)  (84.2%) (19.0%)

Yes 20 61 81
(24.7%) (75.3%) (81.0%)

Using of bed nets
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Patient Malaria diagnosis
location
Negative  Positive
Al Hasahisa
No 0(0.0%)  4(100%)
Yes 23 73
(24.0%)  (76.0%)
Closing windows and doors
No 0(0.0%)  0(0.0%)
Yes
Total 23 77
(23.0%) (77.0%)
East Al Gazira
Wearing protective clothes
No 31 91
(25.4%)  (74.6%)
Yes 0(0.0%) 12 (100%)

Using of mosquito repellants

No 28
(26.9%)

Yes 3
(10.0%)

Using of insecticides

No 26
(28.6%)

Yes 5
(11.6%)

Presence of trees

No 26
(29.9%)

Yes 5
(10.6%)

Presence of stagnant water

76
(73.1%)

27
(90.0%)

65
(71.4%)

38
(88.4%)

61
(70.1%)

42
(89.4%)

Total

4 (4.0%)

96
(96.0%)

0 (0.0%)

100
(100%)

122
(91.0%)

12 (9.0%)

104
(77.6%)

30
(22.4%)

91
(67.9%)

43
(32.1%)

87
(64.9%)

47
(35.1%)
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p-
value

0.345

n.a.

0.036

0.040

0.022

0.009

Odds
ratio

1.315

n.a.

0.746

3.316

3.040

3.580

95% Confidence
Interval

lower Upper
1.175 1.471
n.a. n.a.
0.673 0.827
0.932 11.796
1.077 8.579
1.272 10.075




Patient Malaria diagnosis
location

Negative  Positive

Al Hasahisa

No 22 59
(27.2%)  (72.8%)

Yes 44

9
(17.0%)  (83.0%)

Using of smoke as repellent

No 21 54
(28.0%) (72.0%)

Yes 10 49
(16.9%) (83.1%)

Using of bed nets

No 18 50

(26.5%)  (73.5%)

Yes 13 53
(19.7%) (80.3%)

Closing windows and doors

No 5 18
(21.7%) (78.3%)
Yes 26 85
(23.4%) (76.6%)
Total 31 103
(23.1%) (76.9%)
Al Managel

Wearing protective clothes

No 79 132
(37.4%)  (62.6%)

Yes 2(8.3%) 22
(91.7%)

Using of mosquito repellants

No 76 147
(34.1%)  (65.9%)

Yes 5 7 (58.3%)

(41.7%)

Total p- Odds 95% Confidence

value ratio Interval

lower

81 0123  1.823 0.765
(60.4%)

53
(39.6%)

75 0.096  1.906 0.817
(56.0%)

59
(44.0%)

68 0235  1.468 0.652
(50.7%)

66
(49.3%)

23 0.551  0.908 0.307
(17.2%)

111
(82.8%)

134
(100%)

211 0.002  6.583 1.507
(89.8%)

24
(10.2%)

223 0400 0.724 0.222
(94.9%)

12 (5.1%)
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Upper

4.344

4.443

3.304

2.684

28.751

2.357




Patient
location

Al Hasahisa

Malaria diagnosis

Negative

Using of insecticides

No

Yes

Presence of trees

No

Yes

Presence of stagnant water

No

Yes

Using of smoke as repellent

No

Yes

53
(36.3%)

28
(31.5%)

49
(39.2%)

32
(29.1%)

66
(37.5%)

15
(25.4%)

63
(33.7%)

18
(37.5%)

Using of bed nets

No

Yes

Closing windows and doors

No

Yes

Total

35
(29.2%)

46
(40.0%)

38
(31.4%)

43
(37.7%)

81
(34.5%)

Positive

93
(63.7%)

61
(68.5%)

76
(60.8%)

78
(70.9%)

110
(62.5%)

44
(74.6%)

124
(66.3%)

30
(62.5%)

85
(70.8%)

69
(60.0%)

83
(68.6%)

71
(62.3%)

154
(65.5%)

Total

146
(62.1%)

89
(37.9%)

125
(53.2%)

110
(46.8%)

176
(74.9%)

59
(25.1%)

187
(79.6%)

48
(20.4%)

120
(51.1%)

115
(48.9%)

121
(51.5%)

114
(48.5%)

235
(100%)

p-
value

0.270

0.068

0.061

0.369

0.054

0.189

Odds
ratio

1.242

1.572

1.760

0.847

0.618

0.756

95% Confidence
Interval

lower Upper
0.709 2174
0.910 2.713
0.909 3.408
0.438 1.636
0.359 1.062
0.441 1.296
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In East Al Gazira locality, the relationship between malaria and wearing of protective clothing as a
preventive measure, among individuals who did not Wearing protective clothes, 74.6% tested positive for
malaria, while 25.4% of those who tested negative did not wear protective clothing. Although, the odds
ratio was 0.746 (95%CI [0.673-0.827]), this indicates wearing protective clothing in East Al Gezira
contribute in reducing the risk of infection; p-value 0.036. The association of wearing protective clothes
and malaria was positively statistically significant (Spearman Correlation Coefficient 0.172, p-value
0.047). Also, using of mosquito repellants, using of insecticides, presence of trees was also showing
statistically significant relationships with malaria infection; p-values 0.040, 0.022, and 0.009, respectively,
but, in terms of association with malaria, only using of insecticides and presence of trees showed
positively statistically significant association with malaria (Spearman Correlation Coefficients; 0.188 and
0.218, and p-values 0.033 and 0.011, respectively). However, the odds ratio showed that it is more likely to
have malaria infection when not using mosquito repellants; 3.316 (95% CI [0.932-11.796]) or
insecticides; 3.040 (95% CI [1.077-8.579]), while more likely to have the infection when trees are near or
in the house; 3.580 (95% CI [1.272-10.075]) (Table 4, Supplementary File 1: Table S1)

In Al Managel locality, the relationship between malaria and wearing of protective clothing was the only
preventive measure showing positively statistically significant association with malaria (Spearman
Correlation Coefficient 0.185, p-values 0.004). Among the individuals who did not wear protective clothes,
62.6% tested positive for malaria, while 37.4% of those who tested negative did not wear protective
clothing. The odds ratio was 6.583 (95%ClI [1.507-28.751]), this indicates wearing protective clothing in
Al Managel contribute significantly in reducing the risk of malaria infection; p-value 0.002 (Table 4,
Supplementary File 1: Table S1).

Risk factors associated with malaria

We studied several potential risk factors that might be associated with malaria infection. These potential
risk factors include age, gender, no using protective measures such as wearing protective clothing, using
mosquito repellents, using insecticides, living near trees and stagnant water, using of smoke as a
repellent, bed nets, and closing of windows and doors (Table 5).
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Table 5

Logistic regression analysis for estimating malaria preventive and risk factors associated
with malaria positive patients

Risk Factors Beta coefficient p-value 95% Confidence Interval
Lower Upper
1-4 years -0.792 0.120 0.167 1.229
5-14 years -0.588 0.247 0.205 1.503
15-59 years -0.488 0.292 0.247 1.523
More than 59 years -0.143 0.737 0.375 2.001
Patient's gender -0.331 0.106 0.481 1.073
Wearing protective clothes -0.757 0.003 0.287 0.766
Using mosquito repellants -0.264 0.292 0.471 1.254
Using of insecticides -0.380 0.065 0.457 1.024
Presence of trees -0.391 0.056 0.452 1.011
Presence of stagnant water -0.483 0.022 0.408 0.933
Using smoke as a repellent -0.268 0.204 0.505 1.157
Using bed nets 0.098 0.638 0.733 1.659
Closing of windows and doors  -0.075 0.732 0.603 1.427

According to the our findings, utilizing protective clothing presents a significant defense against malaria
with a negative beta coefficient of -0.757 and a p-value of 0.003. Thus, individuals who wear protective
clothes are at a lesser risk of contracting the disease. On a similar note, stagnant water serves as a
significant contributing factor for malaria, with a negative beta coefficient of -0.483 and a p-value of
0.022. Consequently, individuals who reside near stagnant water bodies are at a higher risk of contracting
malaria.

Other risk factors that showed trend toward significance included the use of insecticides, the presence of
trees, and the use of smoke as a repellent (p-values 0.065 and 0.056, respectively). The age group, gender,
using mosquito repellants, using smoke as a repellent, using bed nets, and closing of windows and doors
at night did not show significant association with malaria risk, with p-values greater than 0.1. Overall, the
results suggest that the only protective measures; wearing protective clothing and avoiding areas near
stagnant water can be effective in reducing the risk of contracting malaria (Table 5).

Discussion
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Identifying risk factors associated with malaria infection locally is essential for successfully controlling
and eventually eliminating malaria. Several well-known risk factors such as wide spectrum of endemic
vectors [27], invasive competent vectors [20, 28], climate change [3, 10] and the rapidly spreading
insecticides resistance are hindering the global efforts to eliminate malaria [29]. Nevertheless, several
anthropological factors related to human behaviours and practices have a substantial influence on
increasing malaria transmission [4, 5].

The current research examined various malaria prevention and risk factors across 469 individuals who
underwent malaria diagnosis at different healthcare facilities in Al Gezira state. Of these participants,
71.2% were confirmed to have malaria, while the remaining 28.8% tested negative.

Although this prevalence may appear high compared to some studies, it is consistent with previous
research indicating high malaria prevalence in Al Gezira state, particularly during the malaria
transmission season [7]. Nonetheless, malaria infections in this state during the transmission season
may still reach epidemic levels when compared to other states in the country, as shown in previous
studies [9, 30].

Despite the common assumption that pregnancy makes females more vulnerable to malaria, recent
evidence has shown that male outdoor behaviours such as nocturnal outdoor settlements can result in
higher exposure to mosquito bites, putting them at an equal risk for contracting the disease. Therefore,
gender cannot be solely attributed to malaria risk factors in females. [6]. This study revealed a slightly
higher proportion of females who tested positive for malaria in comparison to males. While similar
findings have been reported earlier [31], this may be due to more complex behaviours, such as sleeping
indoors, which may offer to some extent protection against outdoor vector biting [4, 27]. Generally, one
who spent time outside are more susceptible to malaria infection than their counterparts [32]. However,
the difference in malaria prevalence between males and females was not statistically significant (p-value
=0.065), which suggests that exposure to infected mosquitoes may be similar among both sexes.

Interestingly, although the highest proportion of positive malaria cases was found among patients aged
5-14 years, the increased proportion of malaria cases among patients aged 5-14 years may be
attributed to several factors. Children within this age group are more likely to have underdeveloped
immune systems, which make them more susceptible to infection. Moreover, they may play outdoors in
the evening, increasing their exposure to mosquito bites, and subsequently malaria transmission. In
addition, they may not have developed adequate knowledge or implement effective preventive measures
to reduce their risk of contracting the disease. Overall, various social, environmental, and immunological
factors may make children aged 5—-14 more vulnerable to malaria. Interestingly, our study showed that
the differences between the age groups were not statistically significant. This could suggest that vector
contact and malaria transmission may be shifting towards equilibrium across the different age groups.
One possible explanation for this could be an increased community awareness about malaria prevention
measures such as the use of bed nets, especially for protecting young children under 5 years or less than
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14 years [7]. This behaviour is particularly important in rural areas where access to healthcare and
preventative measures may be limited.

Revised: Conducting additional research to determine the specific factors contributing to the diverse
patterns of malaria transmission among different age groups is of utmost importance for safeguarding
public health. Identifying the underlying reasons behind such discrepancies can enable the development
of more targeted and effective interventions to control the spread of the disease. Therefore, it is
imperative that we prioritize the exploration of these factors and commit to implementing evidence-based
strategies for malaria prevention and control. Doing so can have a significant impact on reducing the
burden of malaria on communities.

The epidemiology of malaria in Sudan is characterized by a considerable variability [21]. While this study
focuses on a single state, it found statistically significant differences in the positivity rates of malaria
diagnosis among the different localities (p-value=0.024). Al Hasahisa locality had the highest proportion
of positive malaria cases, whereas East Al Gazira had the lowest. This confirms the heterogeneity of
malaria transmission in Sudan. This heterogeneity is mainly influenced by the proportional distribution of
the risk factors such as climate, geography, and socio-economic status, as well as environmental
conditions, abundance of the various vectors, as well as socioeconomic characteristics, local risky
behaviours and practices [10, 27, 33]. Several studies have also reported similar variations in malaria
prevalence across the different regions in Sudan [34, 35].

Concerning the patients’ signs and symptoms, this study highlighted the insignificant association of fever
with malaria positivity in the studied population. Although this is contrary to several studies where fever
is significantly associated with malaria, the existence of several causative agents of febrile illness in
Sudan could be considered a reason of fever development in malaria-free patients.

Furthermore, the types of malaria parasites prevalent in Sudan could play a role in the lack of association
between fever and malaria positivity. Some species of malaria are known to cause asymptomatic
infections or present with atypical symptoms, including absence of fever [36, 37]. Overall, the lack of a
significant association between fever and malaria positivity in the studied population highlights the
complexity of diagnosing febrile illnesses in malaria-endemic regions and underlines the importance of
exploring alternate diagnostic approaches and screening for a wide range of infectious and non-
infectious causes of fever. These causative agents mainly could be arboviral, parasitic or bacterial
diseases including but not limited to dengue fever [13], chikungunya [12], rift valley fever [18], Leishmania
species [17], Toxoplasma gondii[38], Helicobacter pylori [39], and recently the COVID-19 pandemic [40-
42]. As well, the increased proportion of diarrhoea among the participants may highlight the increased
diarrhoeal diseases pathogens, which later when the infection disseminate lead to malaria-like symptoms
such as fever or headache [43].

The findings of this study indicate that various preventative measures contribute in reducing the risk of
contracting malaria. These measures include the use of insecticides, wearing protective clothing, and

avoid formation of stagnant water near houses. These results align with previous studies that have
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demonstrated the effectiveness of these measures in preventing the transmission of malaria [44, 45]. For
instance, a study conducted in Ethiopia discovered that the use of insecticide-treated bed nets reduced
the risk of malaria infection among children [44]. Similarly, another study in Burkina Faso found the use
of insecticide-treated curtains in the rooms reduced the risk of malaria infection among pregnant women

[5].

However, in the local context, there are some notable differences in the findings of this study when
compared to previous studies. For instance, the relationship between the presence of trees and malaria
infection is inconsistent with previous studies demonstrating how change in ecosystem and the
deforestation can heighten the risk of malaria transmission through decreasing the natural predators of
mosquitos [46]. This discrepancy may be due to variations in the geography of the studied areas, where
the presence of trees in or around houses may vary. Additionally, it's possible that the types of existed
trees could have different effects on the presence of the malaria vector, where some indigenous trees
provide a suitable habitat while others may act as a deterrent and work in a preventive manner such as
Azadirachta indica, commonly known as neem [47, 48].

The observed protective effects of wearing protective clothing and the risk associated with stagnant
water near houses are similar to a study conducted in Kenya reporting wearing protective clothing
reduced the risk of malaria infection [49], and, in a systemic review, individuals living in areas near
stagnant water formations were at a higher risk of malaria [50]. However, in the local context of Al
Hasahisa locality, the observed insignificant association between wearing protective clothing and malaria
prevention could be attributed to the interference of various human behavioural factors. These factors
may include the use of other preventive methods such as smoke or sesame oil as repellents or closing
windows and doors to prevent mosquito entry into rooms during the night.

Although the use of smoke as a repellent could play a protected role against exposure to insect bites,
however, the present study did not demonstrate significance, which is similar to previous findings [51].
This could be attributed to variations in the repellence and lethal effects of different types of wood used
for smoking the area.

While the study has explored various preventive measures and risk factors associated with malaria, the
relatively sample size might have potentially impacted the generalizability of our findings to the entire
country and similar settings in other countries. Therefore, we recommend investigating the impacts of
these factors and their interchangeable interaction on malaria transmission in other areas with stable
malaria transmission.

This study has several limitations, including the susceptibility to encounter selection bias, as participants
who agree to participate may differ in characteristics from those who decline, potentially leading to a
recall bias due to the reliance on self-reported data. Participants may not accurately remember all details
of their past behaviours. Although the current study provides insights into malaria prevalence and risk
factors, it is important to note that the research was conducted in a hospital setting and not within the
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broader community. As a result, there is a possibility that the study may have underestimated malaria
prevalence within this region.

Additionally, the study did not discuss the potential influence of confounding variables such as
socioeconomic status, education level, and other health conditions, which could have partially impacted
the results. Therefore, it is crucial to acknowledge these limitations when interpreting the study's findings
and drawing conclusions, and these limitations in future research should be addressed.

Conclusions

The results of this study underscore the significance of implementing preventive measures, such as
wearing protective clothing and avoiding stagnant water formation in malaria-prone regions. While other
risk factors like the use of insecticides, presence of trees, and using of smoke as a repellent showed a
trend towards significance, their statistical significance was not established. Therefore, future studies
with larger sample sizes and in diverse contexts are necessary to better comprehend the role of other
preventive measures in mitigating malaria risk, given that their effectiveness may vary depending on the
local context. The findings of this study can provide valuable insight for the development of targeted
malaria control strategies that consider specific risk factors for different regions. As a result, public
awareness campaigns can be launched to educate individuals on the importance of protective measures
such as wearing protective clothing, using mosquito repellents and insecticides, and enhancing access to
protective tools. Additionally, measures to limit stagnant water, such as improving drainage systems,
filling potholes, and clearing blocked gutters, can be implemented. Effective malaria control requires
collaboration between governments, healthcare organizations, and local communities. With collective
efforts, comprehensive strategies, and interventions, the burden of malaria on affected communities can
be alleviated.

Abbreviations

LMICs

Low- and middle-income countries
95% ClI

95% Confidence Interval.

Declarations

Ethics approval and consent to participate

This study has been approved by the Faculty of Medicine, Al Gezira University Research Ethics
Committee. Participants recruited in this study all agreed to participate by signing an inform consent by
the patient himself or by his or her legal guardians in case of children less than 18 years old.

Consent for publication

Page 23/29



Not applicable.
Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare that they have no competing interests.
Funding

Not applicable.

Authors' contributions

MAS, AA, and NSM conceived the study; DIO, MAA, and MAS conducted the field work; HA, OF, MSEA, AEA,
and EES analysis and interpretation of the data. AA and NSM drafted the manuscript; YA, MA, EES and AA
critically revised the manuscript for intellectual content. All authors read and approved the final
manuscript.

Acknowledgements

The authors would like to thank all who participated in this study and the medical staff at the healthcare
facilities during participants’ recruitment and interviewing.

References

1. World Health Organization. World malaria report 2022. World Health Organization; 2022.

2. Abdelwhab OF, Elaagip A, Albsheer MM, Ahmed A, Paganotti GM, Abdel Hamid MM. Molecular and
morphological identification of suspected Plasmodium vivax vectors in Central and Eastern Sudan.
Malar J. 2021;20:1-7.

3. Ahmed A, Ali Y, Mohamed NS. Arboviral diseases: the emergence of a major yet ignored public health
threat in Africa. Lancet Planet Health. 2020;4:e555.

4. DePina AJ, Dia AK, de Ascencao Soares Martins A, Ferreira MC, Moreira AL, Leal SV, et al. Knowledge,
attitudes and practices about malaria in Cabo Verde: a country in the pre-elimination context. BMC
Public Health. 2019;19:1-14.

5. Rouamba T, Nakanabo-Diallo S, Derra K, Rouamba E, Kazienga A, Inoue Y, et al. Socioeconomic and
environmental factors associated with malaria hotspots in the Nanoro demographic surveillance
area, Burkina Faso. BMC Public Health. 2019;19:1-14.

6. Pell C, Straus L, Andrew EV, Menaca A, Pool R. Social and cultural factors affecting uptake of
interventions for malaria in pregnancy in Africa: a systematic review of the qualitative research.
Page 24/29



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

PLoS ONE. 2011;6:€22452.

. Hasabo EA, Khalid RI, Mustafa GE, Taha RE, Abdalla RS, Mohammed RA, et al. Treatment-seeking

behaviour, awareness and preventive practice toward malaria in Abu Ushar, Gezira state, Sudan: a
household survey experience from a rural area. Malar J. 2022;21:1-10.

. Mohamed NS, AbdElbagi H, Elsadig AR, Ahmed AE, Mohammed YO, Elssir LT, et al. Assessment of

genetic diversity of Plasmodium falciparum circumsporozoite protein in Sudan: the RTS, S leading
malaria vaccine candidate. Malar J. 2021;20:1-12.

. Mohamed NS, Ali Y, Muneer MS, Siddig EE, Sibley CH, Ahmed A. Malaria epidemic in humanitarian

crisis settings the case of South Kordofan state, Sudan. J Infect Developing Ctries. 2021;15:168-71.
Ahmed A, Mohamed NS, Siddig EE, Algaily T, Sulaiman S, Ali Y. The impacts of climate change on
displaced populations: a call for action. J Clim Change Health. 2021;3:100057.

Mohamed NS, Ali Albsheer MM, Abdelbagi H, Siddig EE, Mohamed MA, Ahmed AE, et al. Genetic
polymorphism of the N-terminal region in circumsporozoite surface protein of Plasmodium
falciparum field isolates from Sudan. Malar J. 2019;18:1-10.

Whiteman A, Loaiza JR, Yee DA, Poh KC, Watkins AS, Lucas KJ, et al. Do socioeconomic factors drive
Aedes mosquito vectors and their arboviral diseases? A systematic review of dengue, chikungunya,
yellow fever, and Zika Virus. One Health. 2020;11:100188.

Ahmed A, Elduma A, Magboul B, Higazi T, Ali Y. The first outbreak of dengue fever in Greater Darfur,
Western Sudan. Trop Med Infect disease. 2019;4:43.

Ahmed A, Abubakr M, Sami H, Mahdi |, Mohamed NS, Zinsstag J. The first molecular detection of
Aedes albopictus in Sudan associates with increased outbreaks of chikungunya and dengue. Int J
Mol Sci. 2022;23:11802.

Ahmed A, Ali Y, Siddig EE, Hamed J, Mohamed NS, Khairy A, et al. Hepatitis E Virus Outbreak among
Tigray War Refugees from Ethiopia, Sudan. Emerg Infect Dis. 2022;28:1722.

Ahmed A, Yousif A, Mohamed NS, Zinsstag J, Siddig EE, Khairy A. Hepatitis E Virus Outbreak among
Tigray War Refugees from Ethiopia, Sudan (Response). Emerg Infect Dis. 2023;29.

Mohamed NS, Osman HA, Muneer MS, Samy AM, Ahmed A, Mohammed AQ, et al. Identifying
asymptomatic Leishmania infections in non-endemic villages in Gedaref state, Sudan. BMC Res
Notes. 2019;12:1-7.

Ahmed A, Ali Y, Elduma A, Eldigail MH, Mhmoud RA, Mohamed NS, et al. Unique outbreak of Rift
Valley fever in Sudan, 2019. Emerg Infect Dis. 2020;26:3030.

Ahmed A, Mahmoud |, Eldigail M, Elhassan RM, Weaver SC. The emergence of Rift Valley Fever in
gedaref state urges the need for a cross-border one health strategy and enforcement of the
international health regulations. Pathogens. 2021;10:885.

Ahmed A, Abubakr M, Ali Y, Siddig EE, Mohamed NS. Vector control strategy for Anopheles stephensi
in Africa. The Lancet Microbe. 2022;3:e403.

Page 25/29



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Elagali A, Ahmed A, Makki N, Ismail H, Ajak M, Alene KA, et al. Spatiotemporal mapping of malaria
incidence in Sudan using routine surveillance data. Sci Rep. 2022;12:1-13.

Hemming-Schroeder E, Ahmed A. Anopheles stephensi in Africa: vector control opportunities for
cobreeding An. stephensi and Aedes arbovirus vectors. Trends Parasitol. 2022.

Mutegeki E, Chimbari MJ, Mukaratirwa S. Assessment of individual and household malaria risk
factors among women in a South African village. Acta Trop. 2017;175:71-7.

Ayele DG, Zewotir TT, Mwambi HG. Prevalence and risk factors of malaria in Ethiopia. Malar J.
2012;11:1-9.

Williams J. District Laboratory Practice in Tropical Countries. Part 1. Monica Cheesbrough.
Doddington. Cambridgeshire: Tropical Health Technology, 1998: viii + 456pp. Pricef 10.90 (surface
post) orf 19.00 (airmail). ISBN 9507434-4-5 [Also available from Cambridge University Press (£
35.00; ISBN 0-521-66547-7).]. 2000.

Khagayi S, Desai M, Amek N, Were V, Onyango ED, Odero C, et al. Modelling the relationship between
malaria prevalence as a measure of transmission and mortality across age groups. Malar J.
2019;18:1-12.

Altahir O, AbdElbagi H, Abubakr M, Siddig EE, Ahmed A, Mohamed NS. Blood meal profile and
positivity rate with malaria parasites among different malaria vectors in Sudan. Malar J.
2022;21:124.

Abubakr M, Sami H, Mahdi |, Altahir O, Abdelbagi H, Mohamed NS, et al. The phylodynamic and
spread of the invasive Asian malaria vectors, Anopheles stephensi, in Sudan. Biology. 2022;11:409.

Bhatt S, Weiss D, Cameron E, Bisanzio D, Mappin B, Dalrymple U, et al. The effect of malaria control
on Plasmodium falciparum in Africa between 2000 and 2015. Nature. 2015;526:207-11.

Adam |, Ibrahim Y, Gasim GI. Efficacy and safety of artemisinin-based combination therapy for
uncomplicated Plasmodium falciparum malaria in Sudan: a systematic review and meta-analysis.
Malar J. 2018;17:1-8.

Quaresima V, Agbenyega T, Oppong B, Awunyo JAD, Adu Adomah P, Enty E, et al. Are malaria risk
factors based on gender? a mixed-methods survey in an urban setting in Ghana. Trop Med Infect
Disease. 2021;6:161.

Bashar K, Al-Amin H, Reza MS, Islam M, Ahmed TU. Socio-demographic factors influencing
knowledge, attitude and practice (KAP) regarding malaria in Bangladesh. BMC Public Health.
2012;12:1-13.

Mohamed NS, Abdelbagi H, Osman HA, Ahmed AE, Yousif AM, Edris YB, et al. A snapshot of
Plasmodium falciparum malaria drug resistance markers in Sudan: a pilot study. BMC Res Notes.
2020;13:1-7.

Hamid MMA, Thriemer K, Elobied ME, Mahgoub NS, Boshara SA, Elsafi HM, et al. Low risk of
recurrence following artesunate—sulphadoxine—pyrimethamine plus primaquine for uncomplicated
Plasmodium falciparum and Plasmodium vivax infections in the Republic of the Sudan. Malar J.
2018;17:1-14.

Page 26/29



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Ali Albsheer MM, Lover AA, Eltom SB, Omereltinai L, Mohamed N, Muneer MS, et al. Prevalence of
glucose-6-phosphate dehydrogenase deficiency (G6PDd), CareStart qualitative rapid diagnostic test
performance, and genetic variants in two malaria-endemic areas in Sudan. PLoS Negl Trop Dis.
2021;15:e0009720.

Sumner KM, Mangeni JN, Obala AA, Freedman E, Abel L, Meshnick SR, et al. Impact of asymptomatic
Plasmodium falciparum infection on the risk of subsequent symptomatic malaria in a longitudinal
cohort in Kenya. Elife. 2021;10:e68812.

Agaba BB, Rugera SP, Mpirirwe R, Atekat M, Okubal S, Masereka K, et al. Asymptomatic malaria
infection, associated factors and accuracy of diagnostic tests in a historically high transmission
setting in Northern Uganda. Malar J. 2022;21:1-12.

Mustafa M, Fathy F, Mirghani A, Mohamed MA, Muneer MS, Ahmed AE, et al. Prevalence and risk
factors profile of seropositive Toxoplasmosis gondii infection among apparently immunocompetent
Sudanese women. BMC Res Notes. 2019;12:1-6.

Mohamed AK, Elhassan NM, Awhag ZA, Ali FS, Ali ET, Mhmoud NA, et al. Prevalence of Helicobacter
pylori among Sudanese patients diagnosed with colon polyps and colon cancer using
immunohistochemistry technique. BMC Res Notes. 2020;13:1-6.

Ruppel A, Halim MI, Kikon R, Mohamed NS, Saebipour MR. Could COVID-19 be contained in poor
populations by herd immunity rather than by strategies designed for affluent societies or potential
vaccine (s)? Global Health Action. 2021;14:1863129.

Ahmed A, Mohamed NS, EI-Sadig SM, Fahal LA, Abelrahim ZB, Ahmed ES, et al. COVID-19 in Sudan.
J Infect developing Ctries. 2021;15:204-8.

Ali Y, Ahmed A, Siddig EE, Mohamed NS. The role of integrated programs in the prevention of COVID-
19 in a humanitarian setting. Trans R Soc Trop Med Hyg. 2022;116:193-6.

Mohamed NS, Siddig EE, Mohamed MA, Alzein BA, Osman HHS, Tanyous EE, et al. Enteroparasitosis
infections among renal transplant recipients in Khartoum state, Sudan 2012-2013. BMC Res Notes.
2018;11:1-6.

Deribew A, Birhanu Z, Sena L, Dejene T, Reda AA, Sudhakar M, et al. The effect of household heads
training on long-lasting insecticide-treated bed nets utilization: a cluster randomized controlled trial
in Ethiopia. Malar J. 2012;11:1-7.

Kyu HH, Georgiades K, Shannon HS, Boyle MH. Evaluation of the association between long-lasting
insecticidal nets mass distribution campaigns and child malaria in Nigeria. Malar J. 2013;12:1-8.

Tusting LS, Thwing J, Sinclair D, Fillinger U, Gimnig J, Bonner KE, et al. Mosquito larval source
management for controlling malaria. Cochrane database of systematic reviews; 2013.

Dua VK, Pandey AC, Raghavendra K, Gupta A, Sharma T, Dash AP. Larvicidal activity of neem oil
(Azadirachta indica) formulation against mosquitoes. Malar J. 2009;8:1-6.

Gianotti RL, Bomblies A, Dafalla M, Issa-Arzika |, Duchemin J-B, Eltahir EA. Efficacy of local neem
extracts for sustainable malaria vector control in an African village. Malar J. 2008;7:1-11.

Page 27/29



49. Kimani EW, Vulule JM, Kuria IW, Mugisha F. Use of insecticide-treated clothes for personal protection
against malaria: a community trial. Malar J. 2006;5:1-9.

50. Bannister-Tyrrell M, Verdonck K, Hausmann-Muela S, Gryseels C, Muela Ribera J, Peeters Grietens K.
Defining micro-epidemiology for malaria elimination: systematic review and meta-analysis. Malar J.
2017;16:1-20.

51. Biran A, Smith L, Lines J, Ensink J, Cameron M. Smoke and malaria: are interventions to reduce
exposure to indoor air pollution likely to increase exposure to mosquitoes? Trans R Soc Trop Med
Hyg. 2007;101:1065-71.

Figures

Libya

Red Sea

East Al Gezira

Al Hasahisa

Central - ; \ G Al Managel
African ;7 S
Republic {~ South Sudan

0 25 75 150
BN N Kilometers

Al Gezira

Wad Madani

Figure 1

Map of Al Gezira state, Sudan. The map shows the different study localities included. Highlighted in Red
in the left-side of the map is Al Gezira state location in Sudan. Highlighted in the right-side map (Al Gezira
state) is the different localities included in the study.
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