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Abstract

Background: Malaria prevalence and transmission intensity in Tanzania is heterogeneous with spatial and temporal
variations between geographical areas and ecological systems. The objective of this study was to determine the
prevalence of malaria, anaemia and nutritional status in relation to livelihoods, ecosystem and health systems in
Kilosa District in central Tanzania.

Methods: This study was conducted in four villages, two characterised by rice irrigation ecosystem and the other
two by dry savannah ecosystem and pastoral livelihoods. In each ecosystem, one of the villages had a healthcare
facility. Schoolchildren were screened for malaria infection using malaria rapid diagnostic test (mRDT) and microscopy
and they were assessed for their anaemia and nutritional statuses.

Results: A total of 1,019 school children (age = 4–16 years) were screened for malaria infection. The overall prevalence
of Plasmodium falciparum infection was 10.6 % and 4.5 % by mRDT and microscopy, respectively. Children from
pastoral villages had lower (2.9 %) prevalence of malaria than their counterparts (18.2 %) in the rice irrigation villages.
A significantly high risk of malaria was observed among children in rice irrigation than in the pastoral ecosystem (OR:
0.13; 95%CI 0.07, 0.23). Children living in areas with health care facilities had a low odd of malaria infection by
45 % (OR: 0.55; 95 % CI = 0.35, 0.86). Overall, the prevalence of anaemia in the district was 43.4 % (n = 775); and
58.3 % of those with severe anaemia were among children from the pastoral villages. Anaemia was significantly
higher among children not using mosquito nets (p = 0.049); and among those with malaria infection (p <0.001).
The majority (96 %) of the children had Body Mass Index less than 18.5 kg/m2 which indicate high proportion of
underweight.

Conclusion: There are significant variations in the risk of acquiring malaria infection between different ecosystems and
livelihoods. These findings suggest that malaria control programmes must take into account ecosystems and livelihoods
of the targeted population through an integrated management of malaria and nutrition approach.
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Background
Malaria is the single most important and widespread
mosquito-borne disease in Tanzania. The disease is
endemic in most parts of the country, and remains as a
major cause of hospital attendance, admission and death
[1]. However, malaria burden in the country is heteroge-
neous with malaria prevalence rates and entomological
inoculation rates varying from one area to another [2–5].
Similarly, there are variations in malaria mosquito vector
composition and transmission intensities in localised
areas, within districts and even within villages. The signifi-
cant variations in malaria transmission intensities and
prevalence are associated with variations in ecological
systems [4–7] and socio-economic factors [8, 9]. In spite
of the many past and current efforts to combat malaria,
the disease has remained a major public health problem in
Tanzania for various reasons including human socio-
cultural factors, inequity, weak health systems, limited
budgets, poor governance and accountability, antimalarial
drug and insecticide resistance, environmental changes
and demographic factors [1].
Malaria represents a complex, multi-dimensional health

problem with a host of interacting variables. Such complex
health problems are difficult to solve without understand-
ing ecosystems, livelihoods and health delivery systems
contexts. This is because, health is a social construct
negotiated in the context of a better understanding of the
constraints and opportunities provided by the three vari-
ables of which people are integral parts [10]. Ecosystems
and various livelihoods activities have impact on mosquito
productivity, mosquito biting exposures and hence malaria
transmission intensity [11–14]. For instance, some agro-
ecosystems provide favourable conditions for mosquito
breeding, and hence higher malaria prevalence [4, 5, 14,
15]. Other livelihood activities that are associated with
higher malaria prevalence include nomadic pastoralism,
mining, fishing and construction [1]. On the other hand,
the availability of health care facilities has been associated
with low malaria prevalence in Tanzania [16, 17].
Malaria is mostly a disease of rural communities in

Tanzania, where agriculture is the backbone of the house-
hold economy. Studies in Sub-Saharan Africa have shown
that the tropical climate and land use changes have either
a positive or negative effect on mosquito reproduction and
survival and exposure of humans to infectious mosquito
bites [18, 19]. Crop irrigation which aims to increase
productivity and boosts economic growth, has often been
associated with increased in mosquito productivity and
hence malaria transmission [4, 5, 15]. However, some evi-
dences indicate that in malaria endemic areas, communi-
ties involved in crop irrigation benefit from the income
generated from increased productivity and thus have
greater use of malaria intervention tools and better access
to improved healthcare [15]. Thus, livelihoods practices

impact on malaria by either increasing or decreasing the
risk of the disease.
A good understanding of the nature and dynamics of

certain ecosystem and livelihoods variables and their rela-
tionship to malaria prevalence and transmission intensity
is crucial in identifying and addressing interventions that
may reduce malaria while increasing household productiv-
ity. This study was, therefore carried out to determine
malaria prevalence, anaemia and nutritional status among
schoolchildren in areas representing different ecosystems
and livelihoods in Kilosa District in central Tanzania.

Methods
Study site
The study was carried out in Kilosa District (5°55′ -7°53′S;
36°30′ - 37°30E) in central Tanzania. The district has a
total surface area of about 14,400 km2 and a population of
489,513 people living in 105,635 households with an
average household size of 4.2 people [20]. The district has
a tropical climate, characterised by a monomodal rainfall
pattern which begins in October with a peak in April-
May. The mean annual temperature is 25 °C. Agriculture
is the main activity of most people in the district and is
characterized by predominance of smallholder and estate
farms. The main crops are maize, rice, sorghum, beans,
cassava, sweet potatoes, cotton, sunflower, sesame and
sisal. Free-range livestock production is also an important
land use in the district [14].
This study was conducted in four villages, namely Tin-

diga, Malui, Twatwatwa and Mbwade. Tindiga and Malui
are in the south-eastern part of the district and charac-
terised by swampy flatland and wetlands lying on the
Kilangali alluvial basin. Most of the communities in
Tindiga and Malui are small-scale farmers of rice
using the traditional ground flooding irrigation practice.
Mbwade and Twatwatwa are located in the north-eastern
part of the district and are characterised by dry savannah
type of vegetation, with most of the areas covered with
short grasses, trees and shrubs that provide a wide range
of pasture for livestock grazing (Fig. 1). Mbwade and
Tindiga villages are inhabited mainly by the Maasai pasto-
ralists keeping cattle, sheep, goats and donkeys. Health
facilities (dispensaries) were available at Tindiga and Twat-
watwa villages.

Malariometric and nutritional status surveys
This study was carried out in May 2012 and involved
schoolchildren. Each individual child was screened for
the presence of malaria parasites using both microscopy
and malaria Rapid Diagnostic Test (mRDT) (SD Bioline
Malaria Ag. Pf/Pan test kits Device, Gewerbestrasse,
Switzerland). Thick and thin blood smears were stained
with Giemsa and examined with a binocular microscope
with an oil immersion lens to quantify the parasitaemia.
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Parasitaemia was measured by counting the number of
asexual parasites against the number of leukocytes in
the blood film, based on a putative count of 8,000 leu-
kocytes per microlitre. The number of asexual parasites
was counted against 200 leukocytes using a hand tally
counter. A slide was considered negative if no malaria
parasite was seen after scanning 200 fields. The blood
films were examined by experienced microscopists

without reference to the results of the malaria rapid
diagnostic test.
A sub-sample of the blood was used to determine

haemoglobin concentrations by using a HemoCue
haemoglobinometer (HemoCue, Ängelholm, Sweden). All
children were examined for splenomegaly through the
palpation of the spleen in a horizontal position by the
research physician [21] and body temperature was taken.

Fig. 1 The Study area in Kilosa District, Tanzania
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Schoolchildren were interviewed with the assistance of the
schoolteachers regarding recent history of fever and treat-
ment. Socio-demographic data such as age, sex, place of
residence and use of a mosquito net were recorded.
To determine the nutritional status, the body weight

of each child was measured and recorded to the nearest
0.1 kg. Height was measured with a child standing
upright using a stadiometer (Leicester, CMS, Campden,
UK) and was recorded to the nearest 0.1 cm. The meas-
urement was recorded while the child was standing
without shoes on a horizontal flat plate.

Data analysis
All malariometric data were entered and verified in
Microsoft Excel and analysed using STATA statistical
analysis software package version 9 (Stata Corp., College
Station, TX, USA, 2003). Simple associations were tested
using Chi-square test, t-test and proportional test where
applicable. Regression model was fitted to assess risk of
malaria infection considering all possible relevant fac-
tors. Effect was considered at 5 % level of significance.
The mRDT sensitivity was estimated as true positives/

(true positives + false negatives), specificity as true nega-
tives/ (true negatives + false positives), positive predictive
value as true positives/ (true positives + false positives),
negative predictive value as true negatives/ (true nega-
tives + false negatives) and the positive likelihood ratio as
sensitivity/ (100 – specificity). Inter-observer variability
was assessed using Kappa statistic (with < 0.40 indicating
poor to fair agreement, 0.40–0.60 moderate agreement,
0.60–0.80 substantial agreement and > 0.80 almost per-
fect agreement) while .
The World Health Organization age-adjusted cut-off for

haemoglobin (Hb) was used to classify anaemia in children
[22]. For children between 5–11 years normal Hb level
was defined as Hb ≥11.5 g/dl and mild as 11.0-11.4 g/dl.
For children aged 12–15 years, normal Hb level was
defined as Hb ≥12 g/dl and mild as 11.0-11.9 g/dl. For
both age groups, moderate anaemia was defined as indi-
viduals with Hb level of 8–10.9 g/dl while severe anaemia
was defined as Hb level of <8 g/dl. At a community level
prevalence of anaemia was stated to be severe if over 40 %
of the children were anaemic (combining mild, moderate
and severe) and moderate if the prevalence was 20–39.9 %.
Body Mass Index (BMI) was calculated using the weight
and height relationship. BMI was categorized into three
groups such as underweight (<18.50 kg/m2), normal weight
(18.50-24.99 kg/m2) and overweight (≥25.00 kg/m2).
Temperature readings were categorized into fever and
non-fever status with a cut-off point of 37.5 °C.

Ethical considerations
This study received an ethical approval from the Medical
Research Coordinating Committee of the National Institute

for Medical Research. Before the survey began, the objec-
tives, methods and benefits of the study were explained to
the district authority, school teachers and parents in a
meeting convened by the village authority. An informed
oral consent was sought from parents/guardians of the
children involved in the study. An oral assent was asked
from each child enrolled in the study. Any child found to
be infected with malaria was treated using artemether-
lumefantrine tablets according to National Guidelines on
Malaria Treatment.

Results
Prevalence of malaria
A total of 1,019 school children (mean age = 9.4 ±
2.2 years) were examined for malaria infection. Of the
children, females accounted for 54.6 %, while males
accounted for 45.4 % (Table 1). Plasmodium falciparum
was the only (100 %) malaria parasite species observed.
The overall prevalence of malaria infection was 10.6 %
by mRDT and 4.5 % by microscopy (Table 2). The mal-
aria prevalence in rice irrigation villages was signifi-
cantly higher (18.2 %) than in pastoral villages (3.0 %)
(p-value < 0.001). Within the rice irrigation ecosystem,
malaria prevalence was higher in Malui (22.5 %) than
in Tindiga (13.8 %) (Two-sample test of proportion,
p-value = 0.005). There were no significant difference in
malaria prevalence between villages within the pastoral
villages (3.8 % in Mbwade and 2.2 % in Twatwatwa;
Two-sample test of proportion, p-value = 0.28). Only
three (0.23 %) children were found with gametocytes
(Tindiga = 1, Malui =1 and Twatwatwa =1). Six (0.6 %)
of the children had an enlarged spleen; and all were
from rice irrigation villages.
In all the four villages, higher malaria prevalence was

detected by the use of mRDTs. The prevalence of
malaria infection by microscopy was 2.4 lower than that
found using mRDT. Among the 46 individuals who

Table 1 Demographic characteristics of the children in Kilosa
District by village

Variable Malui Mbwade Tindiga Twatwatwa Total

Sex Female 155
(60.1)

125
(52.3)

137
(54)

139
(4.2)

556
(54.6)

Male 103
(39.9)

114
(47.7)

116
(46)

130
(45.8)

463
(45.4)

Mean age in
years (±SD)

9.8
(2.5)

9.9
(2.6)

8.3
(1.8)

9.6
(1.9)

9.4

Age groups
(in years)

4-7 48
(18.6)

55
(23.01)

95
(37.5)

38
(14.13)

236
(23.2)

8-12 164
(63.6)

146
(61.1)

152
(60.1)

216
(80.3)

678
(66.5)

13-16 46
(17.8)

38 (15.9) 6 (2.4) 15 (5.6) 105
(10.3)

Total 258 239 253 269 1019
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tested positive by microscopy, 17.4 % were found nega-
tive by mRDT. Amongst those tested positive by mRDT
only 34 % were found infected with malaria parasites
using microscopy. The mRDT specificity and sensitivity
were 94.18 % and 82.61 %, respectively. Inter-observer
variability between the results of the two tests gives a
Kappa value of 0.45 (p-value <0.001) indicating moderate
agreement.

Attributes of risk of malaria infection
A multivariate regression model was fitted to assess
factors related to the prevalence of malaria. No signifi-
cance difference in malaria prevalence was observed
between sex, age or possession of mosquito net. How-
ever a reduction on the odd of acquiring malaria infec-
tion was observed for those who were using mosquito
nets. Children over 8 years old were observed to be at
higher risks of acquiring malaria infection as compared
to the younger children. A significant high risk of
malaria was observed among children from the rice
irrigation villages (Table 3).
Presence of a health facility showed an effect on the

risk of malaria infection. Those living in villages with
health care facilities had low odd of malaria infection by
45 % (OR: 0.55; 95 % CI. 0.35-0.86). Comparing between
the two villages in the rice irrigation ecosystem, the
prevalence of malaria was 38.5 % higher in Malui (with-
out health facility) than in Tindiga (with health facility).

There were 14 children (1.4 %) with fever (temperature
>37.5 °C). Ten (71.4 %) of them were from villages with
health facilities. Among them, six (42.9 %) were from
Tindiga; others were from Twatwatwa (28.6 %), Malui
(21.4 %) and Mbwade (7.1 %). A total of 12 children with
fever had no malaria infection. The proportion of those
with fever but no malaria infection was highest in Tin-
diga (1.75 %) and lowest in Mbwade (0.42 %). The pro-
portions of children with fever in the other villages were
1.28 % in Malui and 1.58 % in Twatwatwa (Fig. 2).

Anaemia and nutritional status
Overall, the prevalence of anaemia in the district was
43.4 % (n = 775). Schoolchildren from the pastoral com-
munity of Twatwatwa village had the highest prevalence
of anaemia (Fig. 3). Amongst those with anaemia, 42.3 %
(n = 328) had mild anaemia, 55.2 % (n = 428) had moder-
ate and 2.5 % (n = 19) had severe anaemia. Over half
(58.3 %) of those with severe anaemia were children
among the pastoral communities (33 % Mbwade, 25 %
Twatwatwa). No difference in the prevalence of anaemia
was observed between female and male children. An-
aemia was significantly higher among children not using
mosquito nets (45.6 % vs. 39.6 %, p-value = 0.049); and
among those with malaria infection (57.3 % vs. 39.1 %;
p-value < 0.001).
The overall mean body mass index (BMI) was 14.9 kg/m2

(minimum= 10.6; maximum= 22.7 kg/m2) indicating
severe thinness. The majority (96.6 %) of the children
had BMI less than 18.5 kg/m2 which indicate high pro-
portion of underweight. Only 3.4 % had normal weight
and most of these (52.9 %) were from Malui village.
Tindiga had the highest proportion (98.8 %) of children
with underweight. The proportions of underweight in the
other villages were 92.9 % in Malui, 96.6 % in Mbwade
and 98.1 % in Twatwatwa. There was no significant
difference in individuals with normal weight between
those from rice and pastoral communities (p-value = 0.07).

Discussion
The findings of this study indicate that children from
rice irrigation villages had higher prevalence of malaria
than their counterparts in the pastoral villages. Higher

Table 2 Prevalence of malaria infection and splenomegaly by livelihoods and village in Kilosa district

Ecosystem Village N mRDT Microscopy Splenomegally Use of net

N (%) N (%) N (%) (%)

Rice irrigation Tindiga 253 35 (13.8) 22 (8.7) 4 (1.6) 83.2

Malui 258 58 (22.5) 20 (7.8) 2 (0.8) 86.2

Dry savannah Twatwatwa 269 6 (2.2) 2 (0.7) 0 (0.0) 75.6

Mbwade 239 9 (3.8) 2 (0.8) 0 (0.0) 80.7

Total 1,019 108 (10.6) 46 (4.5) 6 (0.6) 83.2

Key: N = number of children screened

Table 3 Odd ratio of malaria prevalence in relation to sex, age,
livelihood and presence of a health facility

Variable Odd ratio [95 % CI] P-value

Sex (Male = 1) 1.35 0.89, 2.05 0.15

Net use (Yes = 1) 0.63 0.37, 1.05 0.07

Age (Reference: 13-16years)

4-7 years 0.99 0.61, 1.62 0.975

8-12 years 1.47 0.69, 3.13 0.315

Ecosystem (Reference: rice irrigation farming)

Pastoral community 0.13 0.07, 0.23 <0.001

Presence of health facility (HF available = 1)

Health facility available 0.55 0.35,0.86 0.01
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malaria prevalence among communities living in rice
irrigation ecosystems have been reported elsewhere in
Tanzania and in Sub-Saharan Africa [5, 23, 24].
Flooded paddy fields are known to provide ideal breed-
ing sites for Anopheles gambiae [23] and hence in-
crease the annual duration of transmission [14]. The
variation between pastoral and rice irrigation farming
community is likely to have been attributed to the
ecological and livelihoods factors. The pastoral com-
munity villages are characterised by dry savannah vege-
tation with minimum potential breeding sites, low
malaria mosquito densities transmission and hence low
transmission indices [25]. Similar findings have been

reported from studies in Mvomero and Moshi districts
in Tanzania where the prevalence of malaria in savannah
villages was relatively lower than in the rice-irrigation
villages [5, 26].
Our results also indicate significant variations in the

level of parasitaemia even between villages within the
same agro-ecosystem. This variation was attributed to
availability of health care facility. The fact that malaria
prevalence was higher among children living in villages
without health facilities confirms previous findings else-
where in Tanzania [16, 17]. It is likely that individuals who
live closer to the health facilities have better access to
health care services than those living far from health
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Fig. 2 Prevalence of fever (≥37.5 °C) among children in Kilosa District by village
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facilities. In another study involving the same villages in
Kilosa district, the level of knowledge on malaria was sig-
nificantly associated with education level of the respon-
dents and availability of health care facility in the village
[27]. These two factors are therefore likely to contribute to
the differences in malaria prevalence observed.
Although there was no significant difference in malaria

prevalence between sex, age or possession of mosquito
net, the likelihood of acquiring malaria infection was
lower among those who were using mosquito nets. This
indicates the protective effect of the nets. In this study,
it was noted that a high proportion of children with fe-
vers were from villages with health facilities. In addition,
the observation that a proportion of children with fever
had no malaria infection indicates that non-malaria
fevers are prevalent in the area. Fevers of bacteria or
viral origin are prevalent in Tanzania and are the most
likely causes of febrile illnesses in most cases [28]. In a
recent study in Kilosa district, Chikungunya and Dengue
fever viruses were diagnosed among patients with febrile
illnesses attending health care facilities [29].
In this study the mRDT specificity and sensitivity were

high. Other studies in Tanzania have also reported similar
higher sensitivity and specificity of histidine-rich protein-2
mRDTs [30, 31]. On the other hand, while one study in
north-western Tanzania reported a low sensitivity (29.8 %)
but a high specificity (98.8 %) [32], a study in south-
eastern Tanzania has reported a high sensitivity (96.1 %)
but a slightly low specificity (63.1 %) [33].
Anaemia prevalence in the district was 43.4 %, with

the highest prevalence among children in the pastoral
villages. Similar high prevalence of anaemia has been
observed in the neighbouring district of Mvomero [5]. In
this study, anaemia was most prevalent among commu-
nities with low malaria prevalence suggesting that the
anaemia in the pastoral communities was most likely to
be the result of dietary deficiency or parasitic infections
other than malaria. Discussion with a number of local
leaders among the pastoralists [14] revealed that when
grazing reserves are exhausted, they move longer
distances in search of forage and water, leaving behind
children and old persons with inadequate food reserve.
Usually, those left behind experience food insecurity and
suffer from malnutrition [34]. Anaemia is a major health
problem in Tanzania, especially among children [35]. In
a nation-wide survey in 2004/2005, the most common
cause of anaemia among children in Tanzania was
identified to be nutritional anaemia resulting from inad-
equate dietary intake of nutrients [36].
The majority of the children in this study were

underweight, with most of them from rice growing
communities, where malaria prevalence was higher.
Some reports already indicate that underweight among
children in developing countries is due to lack of food

and the presence of diseases, mostly malaria [37]. In a
study in western Kenya, a significant association be-
tween malaria and nutritional status in children was
demonstrated to be associated with higher parasitaemia
[38]. Studies in Nigeria and Haiti have shown that low
body mass index is associated with a significance increase
in childhood malaria [39, 40]. These two studies are in
support of the view that malnutrition is associated with in-
creased occurrence of infection and symptomatic malaria
[41]. Despite these facts, the relationship between malaria
and malnutrition remains unclear and controversial.
While malnutrition appears to influence susceptibility to
malaria and affects the course of the infection, malnutri-
tion is said to protect against malaria infection [42]. While
a study in Colombia reported a log-linear increase in mal-
aria parasite density [43], a recent study in Uganda has
shown that severe food insecurity may increase the risk
for malaria infection [44].
In this study, strong effect of the ecosystem, livelihoods

and health systems on malaria was observed. Rice farming
communities were at higher risk of malaria as a result of
their routine farm activities that involves irrigation that
supports mosquito productivity [4]. In a parallel study in
the same villages, it was observed that human biting rate
per person per night of malaria mosquitoes was highest in
rice irrigation villages than pastoral villages [25]. Farming
activities including planting and weeding during the rainy
season and once the rice begins to grow, warding off wild
birds and animals throughout the ripening stage, tends to
expose these communities to mosquito bites and hence
high risk of malaria infection. In addition, the agricultural
calendar necessitates the adults to move back and forth
between the villages and the paddy fields or sometimes
even migrate temporarily to the fields, often with families
without mosquito prevention tools [14]. A longitudinal
study is therefore recommended to establish seasonal
patterns of the relationship between malaria prevalence,
livelihood, food insecurity, and nutritional status.

Conclusions
The findings of this study indicate that in Kilosa district,
there are variations in terms of risk to malaria, anaemia
and nutritional statuses between communities living in
different ecosystems and with different livelihoods prac-
tices. The variability of the prevalence of malaria parasit-
aemia by ecosystems and livelihoods illustrates the existing
of different micro-ecological zones and the contribution of
human activities on transmission factors. It is therefore im-
portant, that malaria control measures are designed taking
into consideration the specific local conditions and needs.
The links between malaria, ecosystem, livelihoods and food
insecurity needs to be addressed in tandem using an eco-
health approach.

Mboera et al. BMC Public Health  (2015) 15:553 Page 7 of 9



Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
LEGM conceived the study and led the writing of this article. SFR led the study
design, data analysis and interpretation. RCK, VMB, MRSM, BKM, GS and TM
provided technical support during project implementation, and contributed
to data collection. All authors contributed to the study design, interpretation,
and drafting of the article. All authors read and approved the final version of
the manuscript.

Acknowledgements
The authors thank the schoolchildren for their participation in the study, as
well as the school teachers and district education officials for their support
and co-operation. Special thanks Rose-Mary Nguruwe, John Lindi, and Dionis
Rwegoshora for their excellent field and technical assistance during data
collection. Drs. Humphrey D. Mazigo and Eliningaya Kweka are thanked for
their critical review of the earlier version of the manuscript. The National Institute
for Medical Research and Sokoine University of Agriculture are thanked for the
logistical support. This manuscript is published with permission from Director
General, National Institute for Medical Research. The study received financial
assistance from the International Development Research Centre of Canada
through Integrated Research Partnership for Malaria Control through an
Ecohealth Approach in Africa (IDRC Project No. 104263–004).

Author details
1National Institute for Medical Research Headquarters, P.O. Box 9653, Dar es
Salaam, Tanzania. 2National Institute for Medical Research, Amani Research
Centre, Muheza, Tanzania. 3Sokoine University of Agriculture, Chuo Kikuu,
Morogoro, Tanzania.

Received: 26 December 2014 Accepted: 12 June 2015

References
1. Mboera LEG, Mazigo HD, Rumisha SF, Randall K. Towards malaria

elimination and its implication for vector control, disease management and
livelihoods in Tanzania. Malar Wld J. 2013;4:19.

2. Mboera LEG. Fifty Years of Health Research in Tanzania (1949–1999).
Annotated Bibliography, DUP (1996) Ltd. 2000. 373pp.

3. Bousema T, Drakeley C, Gesase S, Hashim R, Magesa S, Mosha F, et al.
Identification of hot spots of malaria transmission for targeted malaria
control. J Inf Dis. 2010;201:1764–74.

4. Mboera LEG, Rwegoshora RT, Senkoro KP, Rumisha SF, Mayala BK, Mlozi
MRS, et al. Spatio-temporal variation in malaria transmission intensity in five
agro-ecosystems in Mvomero District, Tanzania. Geosp Hlth. 2010;4:167–78.

5. Mboera LEG, Senkoro KP, Rumisha SF, Mayala BK, Shayo EH, Mlozi MR.
Plasmodium falciparum and helminth coinfections among schoolchildren in
relation to agro-ecosystems in Mvomero District, Tanzania. Acta Trop.
2011;112:95–102.

6. Mboera LEG, Pedersen EM, Salum FM, Msuya FH, Sambu EZ. Transmission of
malaria and bancroftian filariasis in Magoda area, north-east Tanzania.
Mal Infect Dis Africa. 1997;1997(7):61–7.

7. Smith DL, Dushoff J, Snow RW, Hay SI. The entomological inoculation rate
and Plasmodium falciparum infection in African children. Nature.
2005;438:492–8.

8. WHO, Richard W, Michael M. Social Determinants of Health: The Solid Facts.
2nd ed. 2003.

9. Locker D. Social Determinants of Health and Disease. In: Scambler G, editor.
Sociology as Applied to Medicine. Saunders, London, UK: Elsevie; 2008. p. 18–33.

10. Mboera LEG, Mlozi MRS, Senkoro KP, Rwegoshora RT, Rumisha SF, Mayala
BK, et al. Malaria and Agriculture in Tanzania: Impact of Land-use and
Agricultural Practices on Malaria Burden in Mvomero District. Dar es Salaam,
Tanzania: National Institute for Medical Research; 2007.

11. Dossou-Yovo J, Doannio J, Riviere F, Duval J. Rice cultivation and malaria
transmission in Bouake City (Cote d’Ivore). Acta Trop. 1994;57:91–4.

12. Appawu M, Owusu-Agyei S, Dadzie S, Asoala V, Anto F, Koram K, et al.
Malaria transmission dynamics at a site in northern Ghana proposed for
testing malaria vaccines. Trop Med Int Hlth. 2004;9:164–70.

13. Bunch MJ, Morrison KE, Parkes MW, Venema HD. Promoting health and
well-being by managing for social–ecological resilience: the potential of

integrating ecohealth and water resources management approaches.
Ecol Soc. 2011;16(1):6.

14. Mboera LEG, Mlozi MRS, Rumisha SF, Bwana VM, Malima RC, Shayo EH, et al.
Malaria, Ecosystems and Livelihoods in Kilosa District, Central Tanzania.
Dar es Salaam, Tanzania: National Institute for Medical Research; 2013.

15. Ijumba J, Lindsay S. Impact of irrigation on malaria in Africa: paddies
paradox. Med Vet Entomol. 2001;15:1–11.

16. Mboera LEG, Kamugisha ML, Rumisha SF, Msangeni HA, Barongo V, Molteni
F, et al. The relationship between malaria parasitaemia and availability of
healthcare facility in Mpwapwa District, central Tanzania. Tanzania Health
Res Bull. 2006;8:22–7.

17. Mboera LEG, Kamugisha ML, Rumisha SF, Kisinza WN, Senkoro KP, Kitua AY.
Malaria and mosquito net utilisation among schoolchildren in villages with
or without healthcare facilities at different altitudes in Iringa District,
Tanzania. Afr Health Sci. 2008;8:114–9.

18. Kitron U, Spielman A. Suppression of transmission of malaria through source
reduction: antianopheline measures applied in Israel, the United States, and
Italy. Rev Infect Dis. 1989;11:391–406.

19. Birley MH, Lock K. Health and peri-urban natural resource production.
Environ Urban. 1998;10:89–106.

20. NBS. 2012 Populations and Housing Census, National Bureau of Statistics.
Dar es Salaam: United Republic of Tanzania; 2013.

21. Warrell DA, Gilles HM. Essential Malariology. 4th ed. 2002. CRC Press.
22. WHO: Haemoglobin concentrations for the diagnosis of anaemia and

assessment of severity. Vitamin and Mineral Nutrition Information System.
Geneva, World Health Organization, 2011 (WHO/NMH/NHD/MNM/11.1)
(http://www.who.int/vmnis/indicators/haemoglobin.pdf). [Accessed
January 21, 2014]

23. Coosemans MH. Comparison of malarial endemicity in a rice-growing zone
and in a cotton-growing zone in the Rusizi Plain, Burundi. Ann Soc Belge
Med Trop. 1985;65:187–200.

24. Carnevale P, Guillet P, Roberts V, Fonteneille D, Doannio J. Diversity of
malaria in rice growing areas of Afrotropical region. Parassitol. 1999;41:273–6.

25. Mboera LEG, Bwana VM, Rumisha SF, Stanley G, Tungu PK, Malima RC.
Spatial abundance and human biting rate of Anopheles arabiensis and An.
funestus in savannah and rice agro-ecosystems of central Tanzania. Geosp
Health. 2015;10:322.

26. Ijumba JN, Mosha FW, Lindsay SW. Malaria transmission risk variations
derived from different agricultural practices in an irrigated area of northern
Tanzania. Med Vet Entomol. 2002;16:28–38.

27. Shayo EH, Rumisha SF, Mlozi MRS, Bwana VM, Mayala BK, Malima RC, et al.
Social determinants of malaria and health care seeking patterns among rice
farming and pastoral communities in Kilosa District of Central Tanzania.
Acta Trop. 2015;141:41–9.

28. Reyburn H, Mbatia R, Drakeley C, Carneiro I, Mwakasungula E, Mwerinde O,
et al. Overdiagnosis of malaria in patients with severe febrile illness in
Tanzania: a prospective study. BMJ. 2004;329:1212.

29. Chipwaza B, Mugasa JP, Selemani M, Amuri M, Mosha F, Ngatunga SD, et
al. Dengue and Chikungunya fever among viral diseases in outpatient
febrile children in Kilosa District Hospital Tanzania. PLoS Negl Trop Dis.
2014;8(11), e3335.

30. Mboera LEG, Fanello CI, Malima RC, Talbert A, Fogliati P, Bobbio F, et al.
Comparison of the Paracheck-Pf test with microscopy, for the confirmation
of Plasmodium falciparum malaria in Tanzania. Ann Trop Med Parasitol.
2006;100:115–22.

31. Kamugisha ML, Msangeni H, Beale E, Malecela EK, Akida J, Ishengoma DR, et
al. Paracheck Pf compared with microscopy for diagnosis of Plasmodium
falciparum malaria among children in Tanga City, north-eastern Tanzania.
Tanz J Health Res. 2008;10:14–9.

32. Kamugisha E, Mazigo H, Manyama M, Rambau P, Mirambo M, Kataraihya JB,
et al. Low sensitivity but high specificity of ParaHIT-f in diagnosing malaria
among children attending outpatient department in Butimba District Hospital,
Mwanza, Tanzania. Tanz J Health Res. 2009;11:97–9.

33. Laurent A, Schellenberg J, Shirima K, Ketende SC, Alonso PL, Mshinda H,
et al. Performance of HRP-2 based rapid diagnostic test for malaria and its
variation with age in an area of intense malaria transmission in southern
Tanzania. Malaria J. 2010;9:294.

34. Mayala BK, Fahey C, Wei D, Zinga MM, Bwana VM, Mlacha T, et al.
Knowledge, perception, practices about malaria, climate change,
livelihoods and food security among rural communities of central
Tanzania. Infect J Pov. 2015;4:21.

Mboera et al. BMC Public Health  (2015) 15:553 Page 8 of 9

http://www.who.int/vmnis/indicators/haemoglobin.pdf


35. Schellenberg D, Armstrong-Schellenberg JRM, Mushi A, de Savigny D,
Mgalula L, Mbuya C, et al. The silent burden of anaemia in Tanzanian children:
a community-based study. Bull Wld Hlth Org. 2003;81:581–90.

36. TDHS. Tanzania Demographic and Health Survey, 2004–2005. Dar es Salaam,
Tanzania: National Bureau of Statistics; 2005. ORC Macro, Calverton,
Maryland, USA.

37. Pelletier DL. The potentiating effect of malnutrition on child mortality:
epidemiologic evidence and policy implications. Nutr Rev. 1994;52:409–15.

38. Friedman JF, Kurtis JD, Mtalib R, Opollo M, Lanar DE, Duffy PE. Malaria is
related to decreased nutritional status among male adolescents and adults
in the setting of intense perennial transmission. J Infect Dis. 2003;188:449–57.

39. Jeremiah ZA, Uko EK. Childhood asymptomatic malaria and nutritional
status among Port Harcourt children. East Afr J Pub Health. 2007;4:55–8.

40. Pérez-Escamilla R, Dessalines M, Finnigan M, Pachón H, Hromi-Fiedler A,
Gupta N. Household food insecurity is associated with childhood malaria in
rural Haiti. J Nutr. 2009;139:2132–8.

41. Shankar AH. Nutritional modulation of malaria morbidity and mortality.
J Infect Dis. 2000;182(Suppl):537–53.

42. Nyakeriga AM, Troyo-Blomberg M, Chemtai AK, Marsh K, Williams TN.
Malaria and nutritional status in children living on the coast of Kenya.
Am J Clin Nutr. 2005;80:1604–10.

43. Caicedo O, VIllamor E, Forero Y, Ziade J, Perez P, Quinones F, et al. Relation
between vitamin B12 and folate status, and hemoglobin concentration and
parasitaemia during acute malaria infections in Colombia. Acta Trop.
2010;114:17–21.

44. Lewnard JA, Berrang-Ford L, Lwasa S, Namanya DB, Patterson KA, Dounelly
B, et al. Relative undernourishment and food insecurity association with
Plasmodium falciparum among Batwa Pygmies in Uganda: Evidence from
a cross-sectional survey. Am J Trop Med Hyg. 2014;91:39–49.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Mboera et al. BMC Public Health  (2015) 15:553 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study site
	Malariometric and nutritional status surveys
	Data analysis
	Ethical considerations

	Results
	Prevalence of malaria
	Attributes of risk of malaria infection
	Anaemia and nutritional status

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



