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ABSTRACT
Malariaisaparasiticdisease transmitted
between humans through the bite of the
infected female Anopheles mosquito.
Zambia has recently experienced
a growing demand for fish, which
is largely triggered by the growing
population and an emergent urban
middle class within Zambia and
neighbouring countries. Various fish
farming practices are conducted
on small-scale, smallholder and
commercial levels. Western Province is
among the provinces in Zambia where
fish farming is done. In 2014, Zambia
became the sixth largest producer
of farmed fish (mainly breams — a
local name for tilapia) in Africa and
the largest in the Southern African
Development Community (SADC)
between 2012 and 2015. From 2012
to 2015, malaria prevalence started
to increase from 12.6% to 15.6%
in the Western Province of Zambia.
This study set out to investigate the
practices of fish farmers that predispose
them to malaria infection in Mongu
and Limulunga districts of Western

Province of Zambia. An interviewer-
administered questionnaire was used
as the data collection tool. Data was
analysed using Statistical Package for
Social Sciences (SPSS) version 22.

Out of a total of 75 fish farmers, 83%
of'the participants had good knowledge
of malaria, while 17% had poor
knowledge, and an association was
found between the two highest levels
of education (Tertiary and Secondary)
and knowledge of malaria according
to the chi-squared test (p<0.005) and
also showed that 73% (n=55) had their
ponds near their houses and 3% (n=20)
had their ponds far from their houses.

The practices such as lack of draining
of ponds, working around the ponds
at night without protective clothing
and having ponds near households
predispose fish farmers to malaria
infection in Mongu and Limulunga
districts in Western Province, Zambia.
Collectively, 21% of the fish farmers
practice unsafe fish farming, potentially
adding to malaria transmission levels
in Western Province of Zambia.
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BACKGROUND

Malaria is a parasitic disease that is
transmitted between humans through the
bite of the infected female Anopheles
mosquito. It is preventable and
curable. Four types of parasites can
cause malaria in humans: Plasmodium
falciparum, Plasmodium malariae,
Plasmodium vivax, and Plasmodium
ovale. Plasmodium Falciparum is the
most deadly and common, particularly
in Zambia and sub-Saharan Africa
(Zambia National Malaria Elimination
Centre, 2017). Malaria transmission
occurs when sporozoites from the
salivary glands of mosquitoes are
injected into the skin of humans during
blood-feeding. Parasites then pass to
the liver, where they replicate, each
sporozoite yielding many thousands
of merozoites, which cause patent
infection (Churcher et al., 2017).

The World Malaria Report 2018
estimates that there were 219 million
cases of malaria in 2017, with fifteen
countries in sub-Saharan Africa and
India carrying almost 80% of the
global malaria burden. The 10 highest
burden countries in Africa reported an
estimated 3.5 million more malaria
casesin2017 comparedto2016 (WHO,
2018). In 2019, before the COVID-19
pandemic struck, the number of
deaths stood at 568,000. Malaria cases
continued to rise between 2020 and
2021 but at a slower rate than in the
period 2019 to 2020. The global tally
of malaria cases reached 247 million in
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2021 compared to 245 million in 2020
and 232 million in 2019 (WHO 2022).

Zambia has recently experienced a
growing demand for fish, which is largely
triggered by the growing population and
an emergent urban middle class within
Zambia and neighbouring countries.
Various fish farming practices are carried
out on small-scale, smallholder and
commercial levels in Zambia (Aquaculture
in Zambia: An overview and evaluation
of the sector’s responsiveness to the needs
of the poor, 2017).

In 2014, Zambia became the sixth
largest producer of farmed fish (mainly
breams — a local name for tilapia) in
Africa and the largest in the Southern
African Development Community
(SADC) (Tran et al., 2018). Western
Province is among the provinces
in Zambia where fish farming is
done. It has limited arable land
resources to sustain crop production
due to difficult geographical and
climatic conditions. = The mainstay
of the people in this province is low
subsistence-oriented agriculture with
low productivity in crop and livestock
production supplemented by fishing
(Akakenenwa, 2016). Between 2012
and 2015, the malaria prevalence
started to climb from 12.6 to 15.6 % in
Western Province (Elisabeth Wilhelm
— Malaria elimination front advances
to Western Province in Zambia, 2016).

Due to the paucity of published data
on fish farming practices and malaria
transmission, it is not certain if fish
farming contributed to the increase
in malaria incidences in the Western
Province.
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A study by Zingani et al., (2017) in
Milenge district of Muchinga Province
in Zambia found a link between socio-
cultural and socioeconomic practices
on malaria control interventions.

A study conducted in the Brazilian
Amazon (in the study period 2003 —
2013) revealed that fish farming had
contributed to the receptivity of the
Northwest Stratum to Malaria. It also
revealed over 800 malaria cases for
every 1,000 inhabitants, based on data
collected from 55 riverbanks. The
relationship between the geolocation
of malaria cases and their distance to
fishponds was investigated in the same
area. The results suggested that fish
farming contributed to maintaining
high malaria transmission levels in that
region (Dos Reis et al., 2015).

A cross-sectional survey of malaria
prevalence done by (Maheu-Giroux
et al., 2010) in Peru reported that the
presence of a fishpond close to the
house was a risk factor for Plasmodium
falciparum malaria and also found
evidence of fish pond density as a major
risk factor for malaria transmission.

A study by Cristina et al., (2015)
in the Amazon Frontier in Brazil that
looked at the contribution of fish
farming ponds to the production of
immature Anopheles spp found that
fishponds were, on average, four times
more infested with anopheline larvae
than natural water bodies. These
findings were similar to a previous
study done in 2008 in Manaus, Brazil,
where fishponds were also four times
more infested than other available
mosquito breeding sites (Iléa Brandao
Rodrigues, 2013).
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Another study conducted in the
Peruvian Amazon found that there
were high numbers of self-reported
malaria episodes in households located
closer to fishponds (Simpson et al.,
2006). In Cruzeiro do Sul, Acre, a
study observed an increase in malaria
transmission after excavating 179 new
fishponds (Costa et al., 2010).

According to the National Malaria
Strategic Plan, the Western Province is
one of the provinces with a variation in
infection prevalence, with high levels
(11 to 20%) recorded in Mongu and
Limulunga districts of the Western
Province, where fish farming is also
practiced (Zambia National Malaria
Elimination Centre, 2017).

This study aimed at investigating
and analysing practices by fish farmers
in Mongu and Limulunga districts of
Western Zambia that predispose them
to malaria infection. Understanding
the relationship between fish farming
practices and malaria will help the
Ministry of Health (MOH), the
Ministry of Fisheries and Livestock,
and other policymakers develop
effective strategies and interventions
to address malaria control barriers.
The study results can be used to
develop malaria control measures
that would significantly reduce the
high prevalence of malaria in Mongu
and Limulunga districts, where fish
farming is a way of life.

MATERIALS AND METHODS

This study investigated practices
among fish farmers that predispose
them to malaria infection. The sites
were selected because they record high
incidences of Malaria and being two
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of the districts in which fish farming
is practiced in the Western Province of
Zambia. A cross-sectional analytical
survey was utilised and involved
fish farmers who own and work in
fish farms in Mongu and Limulunga
districts in Western Province and was
conducted between May and July
2021. According to the Ministry of
Fisheries and Livestock, there were
45 fish farmers in Mongu District and
30 in Limulunga District. The two
districts are socioeconomically similar.
The total number of fish farmers from
both districts (45+30) were included
in the study using a census sampling
technique, which entailed recruiting
all fish farmers in both districts during
the study period. Data was collected
using an  interviewer-administered,
previously pre-tested and structured
questionnaire that sought information
on demographics, transmission factors,
knowledge about malaria infection and
fish farming practices.

Demographic characteristics of
farmers included sex, district,
education level, and occupation.
It also included investigating the
knowledge fish farmers had about
malaria and pond management. The
study participants had to tick the
appropriate boxes for each option.
Names were not used for identification,
but coding numbers were used instead.
Dependent variables included income,
education, and fish farming practices,
whereas independent variables included
education, age, marital status, and
employment.

Questionnaires were checked for
completeness and internal consistency.
Responses were coded, categorised
and entered into a database created
on computer software. The database
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was backed up on storage devices,
and hard-copy questionnaires were
retained by the researcher.

Quantitative data was analysed using
statistical package for social sciences
(SPSS version 22) software (from IBM
Inc). The data was presented in tables
and bar charts, whereas inferential
statistical methods such as Pearson’s
chi-square test were used to determine
associations between dependent and
independent variables. For statistical
inference, a p-value < 0.05 was
indicative of statistical significance
using a confidence interval of 95%.
Results were displayed in the form of
tables that were appropriate.

RESULTS

Atotal of 75 participants were assessed,
of whom 60% were from Mongu and
40% were from Limulunga. Of the
participants, 82.7% were male and
17.3% were female. With regard to the
level of education, 22.7% had gone
up to primary, 62.7% secondary and
14.7% tertiary. In terms of occupation,
93.7% (70) sourced income from just
being fish farmers, whereas the others
had another source such as teaching
and fish farming at 4% (3), and teachers
who were also pond managers stood at
2.7% (2) as shown in Table 1.

Table 1: Socio-demographic data of

participants
Variable Frequency | Percent
Gender
Male 62 83
13 17
Female
75
Total 100.0
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Level of

Education 17 22.6

Primary 47 62.6

Secondary 11 14.6
Tertiary 75 100.0
Total

Occupation

Fish Farmer |70 933
Teacher/FF |3 4.0
Teacher/PM | 2 2.7
Total 75 100.0

Key: a= statistically significant difference
in sex, level of education and occupation.
b= No statistical significance in the
district.

FF= Fish Farmer PM= pond Manager

All the participants knew mosquito bites
caused malaria. Regarding sleeping
under a mosquito net being preventive,
97.3% agreed, whereas 2.7% disagreed.
As a measure of controlling malaria by
cutting long grass around the fishponds,
62.7% agreed, and 37.3% disagreed, as
shown in Table 2.
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Table 2: Malaria Knowledge of fish
farmers

Variable Yes No

%(n) %(n)
Caused by 100 (n=75)
Mosquito
Sleeping under | 97.3 (n=73) 2.7 (n=2)
the bed net
Wearing long- | 61.3 (n=46) 38.7
sleeved clothes (n=29)
Cutting long 62.7 (n=47) 37.3
Grass (n=28)

a=statistical significance in responses to
knowledge on malaria.

Regarding mosquito breeding sites
and favourable conditions that
encourage breeding, 97.3 had good
knowledge, whereas 2.7 had poor
knowledge, as shown in Table 3.

a= Statistical significance in responses
to knowledge and favourable
conditions for mosquito breeding.

Table 3: Participant’s response to knowledge of mosquito breeding sites and
Conditions that favour Mosquito breeding

Variable Frequency | Percent
Do you know
where mosquitoes | 73 973
breed  Yes? 2 2.7
No 73 97.3
Characteristics
1) Stagnant |2 2.7
water 70 933
Yes 5 6.7
No 45 60
2) Nighttime |30 40
Yes 64 85.3
No 11
3) Dark 58 14.7
Yes 17 77.3
No 22.7

13

4) Draining 73 97.3
stagnant 2 2.7
pond water | 73 97.3
Yes
No 2 2.7

70 93.3

5) Clearing 5 6.7
bushes and | 45 60
tall grass 30 40
Yes 64 85.3

11
No 58 14.7
17 77.3
22.7




Journal of Agriculture and Biomedical Sciences

Furthermore, the participants were
asked about good fish farming and
pond management practices that
reduce mosquito breeding and biting
while working around fishponds. Of
the participants. 73.3% (n=55) had
ponds near their houses, and 2.7%
(n=20) had their ponds far from their
houses, p<0.0001. A total of 82.7%
agreed that mosquito breeding could be
controlled by cleaning the ponds, and
17.3% disagreed, p<0.0001. All the
participants agreed that they cleaned
their ponds. Of all the participants,
70.7% agreed that draining their fish
ponds was a good practice to prevent
mosquito  breeding, and 20.3%
disagreed, p<0.0001. Interestingly, only
20% (n=15) clean their ponds daily,
whereas 80% (n=60) do not clean their
ponds daily, p<0.0001. 84.0% (64)
said they work around the fish ponds at
night, and 16% (11) did not, p<0.0001.
Of the 64 participants who worked
around the ponds at night, 31 said they
wore protective clothing such as gum
boots, head covers and long-sleeved
clothes to prevent mosquito bites, and
33 did not p<0.001. All the participants
agreed that they have larvivorous fish
species in their ponds. 66.7% (n=50)
said they had put measures such as
draining the fish ponds and cleaning the
areas around the fish ponds to prevent
breeding, whereas 33.3% (n=25) had
not, p<0.004 as shown in Table 4.
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Table 4: Participant responses

to good fish farming and pond
management practices to prevent
mosquito breeding

Issue 2

Variable Response | Frequency | Percent
e How far is the | Near 55 73.3
pond from the | Far 20 26.7
house? Yes 62 82.7
e  Mosquito
breeding is No 13 17.3
prevented Yes 75 100.0
by cleaning Yes 15 20.0
ponds.
e C(Cleaning the No 60.0
ponds? Yes 60 70.7
e Cleanponds [y 53 293
daily to 22 84.0
remove Yes
debris. No 63 16.0
e Draining of | Yes 12 41.3
Ponds? 31 42.7
e Any activities | No
done around | N/A 32 16.0
the pond at Yes 12 100.0
night? 75 66.7
e Doyouwear |YeS
protective No 50 33.3
clothing when 25
working
around the
pond at
night? (Out
of the 63 that
work around
the ponds
at night).
Larvivorous
fish?
e Do you have
measures
to limit
mosquito
population?

a= statistical significance in responses
to good fish farming and pond
management practices. N/A= Not
Applicable
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DISCUSSION
This study aimed at investigating
the practice by fish farmers that
predisposes them to malaria in
Limulunga and Mongu districts of
Western Province of Zambia. A total
of 75 participants involved in fish
farming were assessed, of whom 62
were male and 13 were female. A total
of 62 out of 75 participants knew about
malaria concerning its cause, mosquito
breeding and preventive measures.
This could be attributed to the fact
that 62.7% (n=42) of the participants
had attained secondary education and
14.7 %(n=11) had tertiary education,
and an association was found between
the two highest levels of education
and knowledge of malaria. This is in
contrast to a study that was done in
Nigeria by Oladepo etal., (2010) in two
rural agricultural farming communities
in Oyo State, which found that 403
randomly selected farmers had a low
level ofknowledge of malaria causation
as only 12.4% stated that mosquito
bite could transmit the disease. Less
than half (46.7%) correctly mentioned
the signs and symptoms of malaria
Oladepo et al., (2010). The study in
Delhi by Matta et al., found that out
of 150 respondents, only 40.6% knew
preventive measures for Malaria, and
34% answered that mosquito nets were
the prime preventive measure against
mosquito bites (Matta et al., 2014).
This study found no association
between knowledge of malaria and
practices that promote mosquito
breeding with the respondents’ social
demographic characteristics. Similar
results were reported in a study by
Stephens et al. in the Dar-es-salaam
and Tanga provinces of Tanzania,
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which looked at mosquito knowledge
concerning public and domestic
control activities in the two districts.
However, this contrasts with Oladepo
et al., (2010) who found a significant
association between respondents’
knowledge about malaria and
agricultural practices that promote
mosquito breeding. The contrast
is because Oladepo et al., (2010)
considered the respondents’ wealth
quintile level, which was also seen
to be associated with respondents’

knowledge about malaria and
agricultural practices which promote
mosquito  breeding.  Oladepo’s

study reflects the findings in the
study by Zingani et al., (2017)
done in Milenge district in Luapula
Province of Zambia, where most of
the participants’ source of income
was fishing and agriculture; that low
socio-economic status was the main
key factor affecting malaria control
interventions (Zingani et al., 2017).

Regarding fish farming and good
pond management that prevents
mosquito breeding, 55 (73.3%) had
fish ponds near their houses. In the
Iquitos-Nauta Road, Peru, Simpson
et al., found higher numbers of
self-reported malaria episodes in
households closer to fishponds,
which were the most commonly
positive larval habitats in this area.
All the participants agreed that they
cleaned and drained the ponds,
and 20% (n=15) said they cleaned
the pond daily. Poorly managed
fishponds have sometimes been
associated with the presence of
Anopheles species (Maheu-Giroux
et al., 2010) and, consequently, with
malaria transmission.
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Of the participants, 82.7% (n=62)
acknowledged that keeping the pond
clean by draining water and clearing
surroundings by cutting grass prevents
mosquito breeding. This finding is
similar to that of Oladepo et al., (2010)
who found a significant association
between knowledge about malaria and
agricultural practices. Out of 75, 64
participants said they work around the
ponds at night, and 31 wore protective
clothing with long sleeves or overalls
covering the body, headgear and
gumboots to prevent being bitten by
mosquitoes. All the participants said
the fish in their ponds was larvivorous,
but this is insufficient to show whether
larvivorous fish reduce the density of
larvae or adult mosquitoes.

Findings from previous studies,
such as that of Rodrigues et al., in
Manaus, Brazil, found fishponds to
be four times more infested than other
available mosquito breeding sites
(Rodrigues et al., 2008). Fishponds
were also identified as breeding sites
for Anopheles darlingi in the north-
eastern Peruvian Amazon (Vittor et al.,
2009), where the presence of fishponds
was a risk factor for human malaria
transmission (Maheu-Giroux et al.,
2010) despite potential larval predation
by juvenile fish (Vittor et al., 2009).

The limitations of this study were
that it did not include observation over
a period of time of the activities of the
participants in relation to fish farming
practices and good pond management,
and the participants may not have given
honest answers. The researcher did not
collect any larvae or adult mosquito
samples for laboratory analysis to
ascertain if there are those of malaria-
transmitting mosquitoes.
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CONCLUSION

Fish farming (Aquaculture) has become a
good source of income for communities
in the Western Province that contributes
to Zambia’s economy and alleviates
poverty, contributing significantly to the
socioeconomic status of individuals in
the district.

The study found that 21% of the 75
fish farmers are predisposed to malaria
due to bad practices, which may
contribute to the ongoing transmission
and number of cases of malaria in the
two districts, Mongu and Limulunga,
in the Western Province of Zambia.
Investments in fish farming should be
followed by a malaria control programme
suitable for the communities in Mongu
and Limulunga districts that are in
tandem with the socioeconomic practices
in that region.

The relevance of this study is that
stakeholders, especially the Ministry of
Health, and the Ministry of Agriculture,
Fisheries and Livestock, better understand
the relationship between fish farming
practices and malaria.
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