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Abstract 

Background  Many rural communities in Malaysian Borneo and Southeast Asia are at risk of Plasmodium knowlesi 
malaria. Multiple factors contribute to infection, however, a deep understanding of illness causation and prevention 
practices among at-risk communities remains limited. This study aims to document local knowledge on malaria cau-
sation and preventive practices of rural communities in Sabah, Malaysia, using photovoice—a participatory research 
method.

Methods  From January to June 2022, a photovoice study was conducted with rural communities in Matunggong 
subdistrict, Malaysia, to explore their experiences with and local knowledge of non-human primate malaria and pre-
vention practices. The study included (1) an introductory phase in which participants were introduced to the photo-
voice method; (2) a documentation phase in which participants captured and narrated photos from their communi-
ties; (3) a discussion phase in which participants discussed photos and relevant topics through a series of three focus 
group discussions (FGDs) per village; and (4) a dissemination phase where selected photos were shared with key 
stakeholders through a photo exhibition. A purposively selected sample of 26 participants (adults > 18 years old, male, 
and female) from four villages participated in all phases of the study. The study activities were conducted in Sabah 
Malay dialect. Participants and the research team contributed to data review and analyses.

Results  Rural communities in Sabah, Malaysia possess local knowledge that attributes non-human primate malaria 
to natural factors related to the presence of mosquitoes that bite humans and which carry “kuman-malaria” or malaria 
parasite. Participants revealed various preventive practises ranging from traditional practises, including burning dried 
leaves and using plants that produce foul odours, to non-traditional approaches such as aerosols and mosquito 
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repellents. By engaging with researchers and policymakers, the participants or termed as co-researchers in this study, 
showcased their ability to learn and appreciate new knowledge and perspectives and valued the opportunity to 
share their voices with policymakers. The study successfully fostered a balance of power dynamics between the co-
researchers, research team members and policymakers.

Conclusion  There were no misconceptions about malaria causation among study participants. The insights from 
study participants are relevant because of their living experience with the non-human malaria. It is critical to incor-
porate rural community perspectives in designing locally effective and feasible malaria interventions in rural Sabah, 
Malaysia. Future research can consider adapting the photovoice methodology for further research with the commu-
nity toward building locally tailored-malaria strategies.

Keywords  Plasmodium knowlesi, Zoonotic malaria, Participatory study, Photovoice, Knowledge, Local beliefs, 
Preventive practises, Malaria prevention, Malaysia

Background
Malaria has been extensively documented across the 
globe in scientific journals and historical record, with 
evidence of the disease spanning various civilizations, 
including references in Hindu texts, Egyptian hiero-
glyphs, Chinese historical documents, and Mesopota-
mian texts [1]. Worldwide, there are five major species 
of human malaria: Plasmodium falciparum, Plasmodium 
vivax, Plasmodium malariae [2], Plasmodium ovale cur-
tisi and Plasmodium ovale wallikeri [3]. Historically, in 
the Southeastt Asia region, zoonotic malaria, caused by 
the non-human primate species Plasmodium knowlesi, is 
a health threat in rural communities [4].

In 2020, the World Health Organization (WHO) 
included P. knowlesi malaria in the World Malaria Report 
[5]. Since the first large group of people was diagnosed 
with this zoonotic malaria, in Kapit, Sarawak, Malaysia 
[6], more cases have been detected in the neighbouring 
state of Sabah and in other SoutheastAsia countries [4], 
including in travellers [7]. Communities living or working 
in or near the forest are at risk, with higher cases detected 
among men, small-scale farmers, and large-scale agri-
cultural workers [4]. The majority of cases are uncom-
plicated, but case fatality rates (CFR) were recorded at 
2.5/1000 from 2015 to 2017 in Sabah, Malaysia [8]. The 
rate is higher in women compared to men (6.0/1000 vs. 
1.7/1000) [8]. However, there were no differences in para-
sitaemia, and no apparent delay in health-seeking behav-
iour in women [8]

Since 2018, there has been no report on indigenous 
cases of malaria caused by the human Plasmodium spe-
cies in Malaysia [9]. However, the increasing incidence 
of P. knowlesi malaria, ranging from 0.1 per 1000 popula-
tion in Tawau, Kinabatangan, and Kota Kinabalu which 
are located at the East and West Coast districts in Sabah, 
to 1.8–3.16 per 1000 population in Keningau, an inte-
rior district and along the Crocker range from 2015 to 
2017 has raised public health concerns [10]. It has been 
hypothesized that zoonotic spill-over of this non-human 

primate malaria parasite to humans is due to environ-
mental changes and human interference with the ecology 
causing increasing contact between humans, macaque 
and the Anopheles mosquito vectors [11, 12]. In Sabah, 
the Anopheles balabacensis has been incriminated as 
the primary vector for the transmission of P. knowlesi, to 
both monkeys and humans of this zoonotic malaria [13].

Since 1960s, the malaria control programme in Malay-
sia has undergone progressive milestones from the 
eradication phase (1960–1980) to the control phase 
(1980–2010), to the pre-elimination phase (2011–2015), 
and finally to the elimination phase (2016–2020) [14]. 
Vector control ranges from core intervention dissemi-
nated by health personal from the Ministry of Health 
(MOH), such as the insecticide-treated nets (ITNs) and 
insecticide residual spraying (IRS) [14]. The MOH also 
provided supplementary interventions which includes 
support from health volunteers to deliver health mes-
sages and information-sharing to local communities [14]. 
Chua et  al. have argued that the current vector control 
measures, which rely primarily on ITNs are inadequate 
to prevent P. knowlesi malaria transmission, since the 
Anopheles vector from the Leucosphyrus group bites out-
doors after sunset [15].

Zoonotic malaria caused by species other than P. 
knowlesi has been observed in Sabah, for example, Plas-
modium cynomologi [16]. Moreover, asymptomatic P. 
knowlesi malaria cases have occurred in the Southeast 
Asia region [17], including in household members who 
did not venture to the forest in Sabah, Malaysia [18], 
Indonesia [19], Myanmar [20], Thailand [21, 22], the 
Philippines [18], and Vietnam [23]. This emerging threat 
highlighted the critical need of new research methodolo-
gies, proactive strategies, and cross-sector collaboration 
[17].

To address this emerging threat to public health, it is 
crucial to explore the perspectives of affected communi-
ties. A bottom-up approach to understanding the views 
and perspectives of communities has the potential to 
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increase the sustainability and impact of malaria pro-
grams [23–25]. Globally, different communities have var-
ious perspectives on illness causation [26]. For example, 
in the Philippines, some groups believe malaria is caused 
by drinking contaminated water, bathing in streams, and 
poor hygiene [27]. In a recent study by Iskander using 
photovoice, a participatory visual method (PVM), com-
munities described body imbalances, hunger, and direct 
contact with dirty things as malaria risks [28]. Various 
communities in Africa and the indigenous “Orang Asli” 
population in Peninsular Malaysia, believe in supernatu-
ral causation of illness [29, 30].

Worldwide, rural communities are exposed to malaria 
due to social and political ecologies that influence the 
disease pattern [31]. For example, the low socio-eco-
nomic status among indigenous communities limits their 
access to affordable people-centred health care and qual-
ity services [32]. Malaria interventions should consider 
the balance of decision-making power between various 
stakeholders such as the government agencies, inter-
national agencies, and communities to achieve public 
health impacts [24]. Although there are many studies 
and discussions in the literature from the researchers’ 
perspective, limited evidence is available from the com-
munities’ perspectives on disease transmission, specifi-
cally malaria prevention. For example, despite the state 
of Sabah, Malaysia having the highest P. knowlesi malaria 
cases in the world [33], understanding the issue from the 
perspective of communities at risk of this zoonotic dis-
ease is limited. Thus, it is crucial to engage communities 
to support the overall malaria strategy in the region.

The population of Sabah is culturally diverse, with 
more than 100 ethnicities and over 80 dialects spoken 
[34]. Like other malaria endemic regions, many residents 
in Sabah live in low socio-economic status, and low lev-
els of formal education [35, 36]. Issues including income 
inequity and social and political discrimination put indig-
enous populations and minor ethnic groups at risk of 
poor health, malnourishment, and unemployment [37]. 
Agricultural expansion and deforestation cause ecologi-
cal disturbance and macaque habitat destruction, lead-
ing to an overlapping distribution of vector mosquitoes, 
reservoir monkeys (Macaca fascicularis, Macaca nemes-
trina and Presbytis melalophus) and human settlements 
[12, 38]. Despite the fact that the majority of P. knowlesi 
malaria studies having been conducted in the Northern 
Borneo region [4], the voices of the local communities in 
this region are seldom heard.

To facilitate democracy of knowledge, it is essential 
to employ strategies that foster constructive dialogue 
between communities, researchers, and policymak-
ers with regards to public health issues. According to 

Wallerstein et al. [39], adopting such methods can lead 
to a deeper understanding of the context and local per-
spectives, which could inform evidence-based policies 
and interventions that are more acceptable and relevant 
to the community encourage dialogue about public 
health between communities, researchers and policy-
makers could provide new insights based on reciprocal 
knowledge sharing. A study among the rural Orang Asli 
in Peninsular Malaysia revealed an acceptable level of 
knowledge and awareness of malaria; therefore, addi-
tional strategies are required to improve attitudes and 
practices concerning the management of malaria [30]. 
As such, a new research paradigm, using participatory 
approaches, provides space for communities to engage 
with research through photographs and narratives that 
reflect participants’ standpoints and experiences rather 
than just researchers’ interpretations [39].

This research study aims to extend previous research 
in P. knowlesi malaria using photovoice to specifically 
understand local knowledge on malaria causation 
and the prevention practices of rural communities in 
Northern Borneo Island, Malaysia. Photovoice provides 
an opportunity to collaborate with and amplify commu-
nity voices, leads to reciprocal sharing of knowledge, 
and empowers communities to inform policymak-
ing through dissemination of photographs [40]. Using 
photovoice, this study (1) explores local knowledge on 
zoonotic malaria causation, (2) documents methods 
rural communities use to avoid mosquito bites and the 
reasons for their usage preferences, and (3) discusses 
photovoice participants’ reflections on their experience 
with the research.

Methods
Study design
The study employed a community-based participatory 
research (CBPR) approach, following the principle out-
lined by Wallerstein et al. [39], to ensure active partici-
pation of the affected communities in the study. This 
approach was particularly relevant to the photovoice 
methodology used in this study. The photovoice study 
was conducted between 1 January and 30 June 2022. 
The research was conducted with the collaboration of 
participants from rural communities in rural Borneo 
Island, Malaysia. These communities are exposed to P. 
knowlesi malaria [41]. Photovoice provided the oppor-
tunity to amplify community views on malaria causa-
tion and preventive practises and empower them to 
share the findings with policymakers [40]. Photovoice is 
an effective method for encouraging reflection among 
participants, ultimately leading to a deeper understand-
ing of complex issues in public health.
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Study sites
Many P. knowlesi malaria studies have been carried out 
in Sabah, Malaysia [42]. Therefore, the study assumed 
that the community living in malaria affected areas of 
Sabah already has knowledge concerning malaria and the 
corresponding preventive practices. The study was con-
ducted in four rural villages located in the subdistrict of 
Matunggong, Kudat district, Sabah state, Malaysia: Kam-
pung (Kg.) Manduri, Kg Paradason, Kg Membatu Laut, 
and Kg Tagumamal Darat. This area has been the focus 
of numerous previous studies related with P. knowlesi 
malaria [43] and are under the surveillance of Pusat Sub 
Sektor (PSS) Lotong, a malaria subsector responsible for 
routine malaria activities.

The research team worked with the Sabah State Health 
Department to identify the study sites from unpublished 
malaria data, based on the high incidence rates of P. 
knowlesi malaria compared to other areas in the region 
in the year 2021. Previous studies have found An. bala-
bacensis to be the primary vector for P. knowlesi trans-
mission in the area [15]. The distribution of macaque 
monkeys in the area presents a risk for disease transmis-
sion and a potential public health threat [44]. It has also 
been reported that this area has a potential health burden 
due to the presence of asymptomatic P. knowlesi malaria 
cases in humans [16, 18].

The study sites are located 150 km from the main city 
of Kota Kinabalu, where the tertiary healthcare centre 
and diagnostic referral laboratory are located. The typi-
cal climate of the study area is tropical, characterized by 
two distinct monsoon seasons—the northeast monsoon 
from November to March and the southwest monsoon 
from May to September [15]. All villages shared common 
environmental conditions, with a wide distribution of 
plantations such as palm oil and rubber plantations, and 
forest-fringe areas [41]. The main economic sectors of the 
communities were centred around agriculture. However, 
the livelihood of the villagers mainly depended on family-
plantation, fishing, paddy fields, hunting and selling for-
est products [44–46] (Fig. 1).

Moreover, the study area and its surrounding areas 
have reported other infectious diseases, which are signifi-
cantly related to various socialal issues that contribute to 
disease occurrences. For instance, the cholera outbreak 
in Kudat was attributed to the lack of knowledge and 
access to clean water [47], while the human malaria out-
break in Kota Marudu, a neighbouring district to Kudat, 
was linked to theack of access to healthcare services [48]. 
Additionally, the Northern Borneo region is considered a 
tuberculosis (TB) hotspot due to various factors such as 
difficult access to healthcare, limited access to TB care, 
delayed seeking of healthcare and overcrowded informal 
settlements [49].

Study participants
Photovoice is a qualitative research methodology that 
has been used to explore complex issues, including those 
related to public health [50], malaria [28], psychology 
[51], and marginalized populations [52, 53]. Previous 
photovoice studies had sample sizes ranging from 4 to 
122 participants [54]. In this study, 26 participants com-
pleted all three rounds of photovoice discussions. The 
sample size was sufficient to generate meaningful insights 
into the phenomenon under study. Rather than relying 
on the concept of saturation, the study utilised the ‘infor-
mation power’ concept proposed by Malterud et al. [55], 
which suggests that even a small number of participants 
can provide rich and insightful data if the study employs 
(i) purposive sampling (ii) has a clear research question 
(iii) conducts high-quality interviews, (iv) employs a rig-
orous analysis strategy, and (v) applies relevant under-
pinning theories [55]. In this study, the research team 
applied the logic to prioritize exploratory research, which 
is more powerful than research that solely aims to justify 
existing assumptions.

In this study, the participants acted as co-research-
ers as the have the first-hand experience and viewed as 
experts in their own lives [56]. As co-researchers, these 
participants engaged in the research as they participated 
in the data collection, analysis and dissemination of the 
findings.

The recruitment process for this photovoice study was 
facilitated by early engagement with community gate-
keepers and the distribution of recruitment pamphlets in 
Malay language in the villages [36]. Due to the COVID-
19 pandemic, and the risk of disease transmission, par-
ticipants from both genders (male and female) who had 
fully completed COVID-19 vaccination were eligible to 
participate in the study. Based on the information pro-
vided by the healthcare workers (HCWs), the majority of 
the community members had been vaccinated. Purposive 
sampling methods were used for recruitment (Table 1).

Data collection procedures
The research team consisted of a postgraduate student with 
over 8 years of experience in primary healthcare and public 
health services in rural areas of Sabah in Sabah, three epi-
demiologists, one medical anthropologist, one infectious 
disease expert, three malaria experts and one arts-based 
research expert. Seven members of the team have experi-
ence studying and conducting health research in Sabah, 
Malaysia. The research team also recruited three healthcare 
workers as community mediators and local translators. All 
team members in the field spoke the local language. The 
senior author conducted the meeting with gatekeepers dur-
ing the study initiation to generate trust and relationship 
with the community leaders and HCWs [36]. The senior 
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Fig. 1  The study sites

Table 1  The eligibility criteria for study participants

Inclusion criteria Exclusion criteria

Aged 18 years or older (at the time of data collection in 2022)

Permanent residents of one of the four selected villages, defined as having 
resided in the village for at least four consecutive weeks prior to recruit-
ment

Unable to attend and complete the photovoice discussion (whether 
online or in person), that could interfere with the study progress and find-
ings, as well as those who did not remain permanently in the village due 
to work or educational travel to other districts

No known comorbidity associated with cognitive function or psychologi-
cal issue that could impact the study progress for example during the 
documentation of photographs, discussion during focus group session
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author completed a photovoice training workshop and held 
discussions with photovoice experts prior to applying the 
method in the field. The study adapted photovoice proce-
dures as described in previous work [57]; (i) Identification 
of the place, person and participants, (ii) The introduction 
session was conducted in Malay Sabah dialect where par-
ticipants were introduced to the study, and informed about 
the photography ethics, for example not taking pictures of 
children below 18 years old, people without shirt nor pants 
and other photos that are sensitive to the social norms. 
(iii) The documentation and narration phase provided the 
opportunity for participants to use their own smartphone 
to document items, human behaviours/activities, and envi-
ronment and provide their own narratives of individual 
images that represented (a) their beliefs on how individuals 
or communities in their village could be exposed to malaria 
and (b) how they avoid mosquito bites. As part of the pho-
tovoice study, participants were asked questions such as 
“How might a person contract malaria in your village?” and 
“How do you avoid mosquito bites?”.

Participants were given 14  days to document and pro-
vide the narratives. Participants were allowed to take any 
number of images; overall, participants took between two 
to three images for each question, bringing the total to 215 
images. Participants also learned about metaphoric images, 
where creative photos of images or environment were used 
to represent any ideas, people’s behaviour, place, or any-
thing associated with their intention to inform any sensi-
tive images, such as photos of people cleaning their body 
at the river or taking a shower outside their house [57]. No 
guidance was provided on how the picture should be taken 
to avoid bias towards the perceptive of the participants. (iv) 
The discussion phase was conducted, where all the focus 
group discussions (FGDs) sessions lasted between 60 and 
90 min. The session was conducted using Malay Sabah dia-
lect and assisted by an observer who acted as a local trans-
lator. The research team compiled the images and printed 
them before each FGDs discussion. The images were acces-
sible only by the research team and saved in a password 
protected file. During this process, FGD notes were taken 
by the FGD moderator to capture key ideas during the 
discussion, and relevant quotes. The impressions and/or 
nonverbal cues were recorded by the video-recording tools 
to minimize the inattentiveness of the researcher with the 
ongoing discussion. All discussions were audio and video-
recorded and saved in a password-protected device.

In total, each village held three FGDs discussions 
throughout the study, for a total of 12 FGDs. The first dis-
cussion explored their local understanding and knowledge 
of malaria causation. The second discussion focused on 
the communities’ preventive practices, and the third dis-
cussion focused on challenges to avoid mosquito bites and 
reflective thoughts throughout the discussions. During the 
third phase, themes generated from the interviews were 
confirmed with the participants. This member-checking 
approach increased the trustworthiness of the study find-
ings. Field notes were written for researchers’ reflection on 
the study. During the FGDs, all the images were explained 
by participants who captured them using the SHoWeD 
algorithm [57].;

(i)	What can we “See” from this photograph?
(ii)	 “How” does this relate with your life?
(iii)	“Why” does this photograph relates with to our 

inquiry? For example, with malaria exposure?
(iv)	“Why” are you using this item to avoid mosquito 

bites?
(v)	 What can be “Done” about the issues or challenges 

highlighted in this photograph?

Analysis was iteratively conducted during the session 
and after completion of the FGD. The facilitator actively 
listened during each FGD session, and upon completion 
of each session, any codes and themes that could be gener-
ated were discussed with the participants. After every FGD 
session, every participant received a printed image that was 
selected by group members that they felt best addressed 
the issues. All the printed images were kept in a locked 
cabinet accessible to the research team only. (V) During the 
dissemination phase, the images that according to the par-
ticipants, addressed the issue were presented to key stake-
holders, including policymakers (Fig. 2).

Data analysis
Consistent with thematic analysis principles described by 
Braun and Clark [56], data analysis was iterative for this 
study. The senior author became familiar with the data-
set by transcribing the discussions, re-reading the tran-
scripts and generating the codes and themes from the 
discussions. The analysis was done in Malay language. All 
the study transcripts were uploaded into ATLAS.ti Win-
dows (Version 9.1.7.0). The software facilitated the data 
storage and analysis. All transcripts were shared with the 

Fig. 2  The study phases
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participants to ensure their conformability with the content 
and credibility (trustworthiness). This member checking 
technique was done after every session, including asking 
participants to confirm the researchers’ interpretation of 
the participants’ discussion and key themes. This process 
allows participants and the research team to participate in 
data analysis. The generated themes were discussed with 
the participants iteratively and the research team on four 
weekly bases while the study was underway. At the end of 
the study, the authors read through the transcripts before 
reviewing, defining the themes, and translating them into 
English language. The inclusion of supervision by experts 
increases the richness of the study findings [57]. To ensure 
the accuracy and credibility of the broader themes, mem-
ber checking was conducted with the participants prior to 
the dissemination phase when sharing the study findings 
with policymakers. Additionally, the study findings have 
been reported in various sources, such as newspaper arti-
cles, online posts and reports.

Results
In each village (Malay term as kampung (kg), six to eight 
co-researchers were recruited to participate in the docu-
mentation, narration, and analysis of the data, including 
the validation of themes through agreement and member 
checking. Overall, 22 (84.61%) of the participants were 
female, and the age of the co-researchers ranged between 
21 and 72 years old, with a median age 34.5. In this study, 
seven participants (26.92%) reported a history of malaria. 
All participants had spouses or relatives with a history 
of malaria (Additional file 1: Table S1. Characteristics of 
study participants).

In each village, one focus group was facilitated with 
one moderator and one observer. The FGDs’ participants 
were not separated by age group or gender to allow for 
diverse perspectives to be exchanged in a group setting. 
Despite differences in gender and age, the homogene-
ity of the participants was characterized by social class 
background, language and having a similar cultural back-
ground [58, 59]. In two villages, all participants were 
female. In Kg. Paradason, there were two male partici-
pants. In Kg. Tagumamal Darat, there was equal partici-
pation from both genders. Unequal gender balances were 
mainly due to time limitation among males due to work 
commitments. The participants live in small villages and 
know each other, which helped to facilitate sharing of 
perspectives and experiences [59].

Local beliefs and knowledge on monkey malaria causation
According to Murdock’s theory of illness causation 
(1978), illness is perceived to be caused by either super-
natural or natural causation [26]. In this study, the co-
researchers attributed illness to natural causes, which 

was constructed from the physical environmental factors, 
such as the presence of monkeys and mosquitoes carry-
ing the malaria parasite (referred to as “kuman malaria” 
by the community). Co-researchers also mentioned 
having experienced with previous research studies con-
ducted in the village that may have contributed to the 
community’s awareness of monkey malaria. For example, 
a 55-year-old woman from Kg. Manduri stated, “There 
were studies done by the White-men, from the year 2014 
…until 2016….They conducted their study here too”. Other 
co-researchers mentioned that many malaria-related 
activities and health messages were communicated to 
them in the village.

Malaria is transmitted through the mosquito bites
All co-researchers were able to engage in discussions 
and share knowledge on monkey malaria exposure. One 
common term used in the village to describe the Plasmo-
dium parasite was "Kuman" or "Kuman malaria". They 
reflected on the impact of continuous health program 
carried out by the primary healthcare clinic workers, 
which had helped to increase awareness of malaria in the 
community.

Despite the efforts to raise awareness, the co-research-
ers perceived a high burden of exposure to monkey 
malaria in the area. However, some individuals, includ-
ing spouses and household members, were described as 
not practising the preventive measures even though they 
knew how malaria is transmitted. The co-researchers 
suggested that individual factors such as attitudes, lack of 
time to put on long shirts or pants, feeling hot wearing 
protective clothing, and ignorance could be contributing 
to this behaviour.

"They do understand how they can get malaria…
through the mosquito bites that bring the “kuman-
malaria”…but there are also people who say ‘Ah! I 
am strong!’ If the person already said as such-nah, 
that is it… maybe he or she wants to show the other 
person that he is strong and can avoid malaria". 
[Female, 33 years old, Kg Membatu Laut].

The co-researchers were able to describe how a person 
can get malaria infection. Firstly, the mosquito bites the 
monkey, and then passes the “kuman” into human blood 
(Fig. 3).

"Sometimes we get the mosquito bites… it is very 
common in this village… to be exposed to them. But 
we do need to try to avoid them! The mosquito that 
brings the malaria parasite… it flies, like the rest of 
other mosquitoes… of course, we could not identify 
the mosquitoes nor knowing if the mosquito carries 
the parasite". [Woman, 55 years old, Kg Manduri].
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Around the villages, there are rivers, streams, and nat-
ural ponds where children and teenagers spend time 
outdoors. The ponds act as a natural swimming pool 
for children and as natural breeding sites for mosqui-
toes. “The mosquitoes like areas where there is stagnant 
water. They can lay their eggs there!” [Female, 40 years 
old, Kg. Manduri]. The oil palm farm and plantation, 
water ponds also serve as breeding sites for mosqui-
toes. These plantations surround the village, putting 
community members at risk for malaria (Fig. 4).

"Over there [pointing to the oil palm plantation, 
coconut trees and forest in the image], even here 
around my house… there are many mosquitoes… 
there are many ponds around the villages… here 
[pointing to the coconut tree image], there are 
ponds here, and there are rivers over there… mos-
quitoes can breed here, there are many mosquitoes 
here… that is the reason people can get malaria!" 
[Female, 40 years old, Kg Paradason].

The community’s livelihood, lifestyle, and socio-eco-
nomic status were also viewed as exposing the commu-
nity to mosquito bites. During the study, co-researchers 
shared that activities such as gardening, gathering out-
side the house, chicken breeding, or family events that 
are commonly held in the late afternoon until night-
time increased the risk of mosquito bites.

"Generally, everyone is a farmer. Those who were 

infected with malaria, they could have gotten the 
infection from their farm. For example, rubber 
farm, oil palm plantations… and others… so they 
are always at risk. From my observation, whether 
it is in the morning, afternoon, evening, or at 
night… these mosquitoes are always there, and 
they bite! Hahahah [laughing]. Moreover, there 
is a river in this village… people go there to catch 
fish… to do fishing activities"… [Male, 46  years 
old, Kg. Tagumamal Darat].

The community who are farmers, planted their vegeta-
bles such as, cassava, pumpkin, ginger, lemongrass, and 
others near their homes on small farms. Some individu-
als travel in the forest, where their farm is situated. A 
co-researcher whose mother had a malaria infection 
history will usually pick her vegetables in the evening 
and sell the vegetables on the next day, as early as 6 AM 
in the morning. Even though her mom always wears 
protective clothing when picking the vegetables at the 
farm she assumes her mother was exposed to the mos-
quitoes, as she will be at her stall, built with bamboo, 
until 6 PM until 7 PM in the evening every day.

Fig. 3  One factor a person could get malaria is a person might 
be unaware that he or she is being bitten by mosquitoes (Female, 
49 years old, Kg Paradason)

Fig. 4  Farming activities exposed the villagers here to mosquito 
bites. People just wear t-shirts (Male, 41 years old, Kg Paradason)
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Rainy season and influence on mosquito breeding areas
According to the co-researchers, the weather is typically 
wet from December through February every year. How-
ever, when the study was conducted, there were still rainy 
days. One participant described the mosquitoes’ activity:

"Around 6 in the morning, when it is still breezy and 
humid… the mosquitos will come". [Female, 26 years 
old, Kg. Paradason].

Co-researchers described the risk of malaria was high in 
areas with mosquito breeding during the rainy season. 
They noted that mosquitoes were active throughout the 
day, with some even appearing to fly around before 6 PM 
in the evening:

"The mosquitoes are already flying around even 
before the day gets dark, even in the late afternoon. 
However, now, during the rainy season… there are 
many mosquitoes during the daytime, even in the 
morning… during Subuh (dawn) until 6 … 7… until 
the sun goes up… there are many mosquitoes dur-
ing the daytime now. If it is drought season… there 
are no mosquitoes in the morning… because the sun 
is already up. But if you are at the farm… the mos-
quitoes are always there, no matter what time of the 
day". [Female, 39 years old, Kg Paradason].

During the rainy season, temporary water ponds care 
often created by the vehicle tracks due to the lack of 
gravel roads, thus increasing the risk of temporary water 
ponds around the villages. Co-researchers also noted 
that the local environment is highly conducive mosquito 
breeding, especially in agricultural areas such as the 
farm, where water can collect and create natural ponds. 
As one participant noted: “When it rains, it increases our 
community risk to malaria… because the mosquito can 
breed in the water.”

The presence of monkeys and community exposure 
to monkey malaria
The village is surrounded by forest, farms and plantations 
that serve as a suitable habitat for mosquitoes and mon-
keys. The presence of the long-tailed monkeys, with skin 
of greyish colour, are common in their villages, unlike the 
other natural reservoir for P. knowlesi malaria such as the 
pig-tailed or banded-leaf monkeys. Proboscis monkeys 
can be found, but very rarely. The long-tailed monkeys 
are called ‘kera’ or ‘monyet’ (Fig. 5).

"The pig-tailed monkey, their behaviour – they are 
tame… but once you approach them… they will 
run-away… it is just their behaviour… I have par-
ticipated in the previous malaria studies – done by 

the White-men… I went into the forest… and took 
pictures of the monkeys (the pig-tailed). [Woman, 
55 years old, Kg Manduri]. The monkeys here, they 
have long tails… The pig-tailed (while looking at the 
pig-tailed monkey images on my phone), this one I 
never saw here". [Woman, 32  years old, Kg Man-
duri].

According to the co-researchers, many fruit trees in the 
village such as banana, mango, coconut, and papaya trees 
are known to attract monkeys in the village (Fig. 6).

The co-researchers reported thathuman interference 
has caused “damage” to the village forest. The commercial 
plantations of Acacia trees in the last decade disrupting 
the monkey’s habitat and causing damage to the villages’ 
surrounding. The areas have become noticeably (Fig. 7). 
In addition to commercial plantations like oil palm, rub-
ber and coconut trees, villagers also practice small-scale 
farming on one to three hectares of land.

"Those villagers who were infected with malaria 
usually were exposed to the infection if they go to 
malaria areas. Those areas that present history of 
malaria cases… like the forest… and rubber tree 
farms… and areas with fruit trees. The monkeys 

Fig. 5  This monkey is the leader. I always see him around this area 
jumping from one tree to another. In his troop there are almost 50 of 
them. They are disturbing our farms and fruit trees! (Female, 44 years 
old, Kg Membatu Laut)
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will go there to eat. They like these areas … the for-
est habitat has been destroyed, so they come here". 
[Woman, 34 years old, Kg Membatu Laut].

Monkeys were not reported to be common in the last 
decade but are now. The co-researchers shared that the 
quantity of monkeys is even greater than people living in 
the villages and that the “never-ending” presence of mos-
quitoes and monkeys is disturbing their life. The monkeys 

adapt to human behaviour by “doing human activities,” 
such as eating chicken eggs, salt, and sugar in the kitchen. 
Monkeys even enter the villagers’ homes.

"The monkeys came into my home. They stole our 
salt that I put in my kitchen". [Woman, 44 years old 
Kg Tagumamal Darat].

The co-researchers talked about the presence of mon-
keys, which can be found “abundantly” in their village, 
and their presence is a nuisance. They disturb the farm, 
crops, vegetables, and paddy fields, and eat fruits such as 
papaya, mango, coconut, and banana, as highlighted by a 
female farmer from Kg. Membatu Laut: “The monkeys… 
they even destroy our paddy fields!” [Woman, 46  years 
old, Kg Membatu Laut].

The co-researchers noted a change in the monkeys’ 
behaviour, stating that they have become bold enough 
to enter villagers’ homes. It is believed that due to 
increased human activities around their village such as 
deforestation, commercial plantation, farming, the mon-
keys might have lost their natural habitat and adapted 
to these changes by seeking a safer area with an abun-
dance of food, which includes human settlements. Even 
when shooed away from their farms or their homes, 
the monkeys are not easily deterred unless, they see a 
“senapang”(gun), which they seemed to understand as a 
sign of danger. Some villagers have complained to local 
officers, to help find a way to assist in handling the mon-
key disturbance, but to no avail.

Waste disposal and risk to monkeys’ attraction 
and mosquito breeding sites
Co-researchers described some community members 
were described to practice as unhygienic methods of gar-
bage disposal. In all the villages, there were a lack of a 
proper garbage disposal system, which were described as 
a risk factor for malaria transmission. Commonly, com-
munities will put garbage in a designated area and burn 
it.

Several co-researchers highlighted the unavailability of 
a proper waste disposal system, which could contribute 
to the presence of mosquito breeding sites, such as stag-
nan water in tires and containers.

“Here, even near my home, many tires and contain-
ers are being dumped everywhere. It will collect the 
water and become a mosquito breeding site when it 
rains. Furthermore, the garbage disposal area, was 
not properly organized, and these areas became the 
site for mosquito breeding… there is a lot of rubbish 
here…monkeys goes there too, to find their food” 
[Female, 36 years old, Kg. Membatu Laut].

Fig. 6  When I come here to do my laundry or clean my body, I 
always can see the monkey eating the “ara” fruit (Female, 44 years old, 
Kg Manduri)

Fig. 7  The acacia trees and the surrounding forest in our village. 
There are many monkeys and mosquitoes here. They exposed us to 
monkey malaria (Female, 49 years old, Kg Paradason)
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 Moreover, co-researchers reported that with no proper 
area for garbage disposal, there is a risk of localities har-
bouring continuous breeding sites for mosquitoes. They 
added, the hygiene of the village affects the cleanliness 
and health of the neighbourhood, that when the garbages 
are not tended to, they become a source for mosquito 
breeding sites.

Avoiding mosquito bites
Co-researchers described several preventive practices to 
avoid mosquito bites. These practices were grouped into 
two categories, non-traditional practises (Fig.  8), which 
were defined as factory-produced products designed to 
prevent mosquito bites, and traditional practices (Fig. 9).

Traditional practices
According to the co-researchers, traditional practices for 
repelling mosquitoes are popular among the commu-
nity due to their sustainable and cost-free nature. They 
reported, community members using a variety of natural 
materials, such as coconut fibre, leaves, and branches, to 
produce smoke that could ward off mosquitoes during 
outdoor activities:

“I used coconut, I burnt them, it produces smoke… 
this is one way we use natural products to avoid 
mosquitoes in the village… like myself, when I want 
to relax with my coffee, before the sunset… I burn 
the coconut fibre…” [Female, 33 years old, Kg Mem-
batu laut].

In Kg. Paradason, co-researchers described how, after-
fishing, their husbands would smoke the fish at night-
time, and the resulting smoke would help to ward off 
mosquitoes.

Additionally, they mentioned the use of such as bunga 
tahi ayam (Lantana camara), Serai wangi (lemongrass, 
Cymbopogon nardus), Daun kemangi (Thai basil, Oci-
mum basilicum), tuhau (local wild edible ginger) and 
garlic, which produce smells that mosquitoes find unap-
pealing, “Bunga tahi ayam”, fragrant lemongrass and Thai 
basil are planted by several co-researchers and commu-
nity members around their house. These plants are read-
ily available in the village and can be easily planted and 
maintained.

Co-researchers shared various ways to use natu-
ral plants to repel mosquitoes. For instance, one co-
researcher shared that the lemongrass could be crushed, 
producing a watery substance that could be applied on 
the skin, while another explained that the garlic can be 
creatively worn as an accessory around the waist or 
neck, or crushed and placed aroundthe house to ward off 
mosquitoes.

“When I was in school, one of the teachers taught us 
about these plants… our science teacher, from Pen-
insular Malaysia… taught us a lot about the plants 
that could ward off mosquitoes… these plants, they 
have a unique smell… for example, the bunga tahi 
ayam, serai wangi… tuhau. Do you know that we use 
garlic… it is the best way to protect ourselves from 
mosquitoes… they don’t like the smell. It is easy, you 
crush them… put them in a plate or box so that the 
smell is released… the mosquitoes will fly away from 
the area.” [Female, 24 years old, Kg. Paradason].

 Furthermore, co-researchers emphasized the impor-
tance preventing stagnant water around the house and in 
the villages, as well as the effectiveness of using hands to 
kill mosquitoes:

“If I am lazy to burn the leaves, or colok, naaaa… 
we do like this (flipping the cloth around her body, 
acting the way she wards off the mosquitoes). When I 
am outside, and do my work, like rubber tapping… I 
take off my shawl or “kain lap”, I do like this (flipping 
the shawl) … so that the mosquitoes do not come 
near me. These mosquitoes, they are light animals, 
they fly, once the shawl hits them, they will die.” 
[Female, 40 years old, Kg Paradason].

 These traditional practices are accessible to all commu-
nity members, regardless of their socio-economic status, 
and according to the co-researchers making them a sus-
tainable and cost-effective alternatives to non-traditional 
approaches to avoid mosquitoes.

Non‑traditional practices
Many co-researchers reported that the non-traditional 
(modern) items are (1) not feasible for all occasions, 
(2) are unaffordable (3) cause discomfort, in particular 
breathing difficulty and eye irritation (4) are not func-
tional if used outdoors, and (5) do not kill the mosqui-
toes. Items such as mosquito incense and repellents, 
while viewed as helping to ward off mosquitoes, were 
viewed as too expensive to use daily, or for several occa-
sions. When used outdoors, it cannot ward off mosqui-
toes as the smoke that was produced flows accordingly 
with the wind. Full coverage was not possible with these 
items.

“The colok (English; mosquito incense), I use them 
when I am inside the house… this colok is good if it is 
used indoor, but not during outdoor activities. More-
over, it burns off quickly. If I use colok, the smoke 
does not cover the whole area… it is just there… it 
burns off quickly… the mosquitoes will not die… they 
will not die.” [Female, 33  years old, Kg Membatu 
Laut].



Page 12 of 19Naserrudin et al. Malaria Journal          (2023) 22:166 

Fig. 8  Non-traditional practices for preventing mosquito bites
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Fig. 9  Non-traditional practices for preventing mosquito bites
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 Some co-researchers described that mosquito incense, 
repellent, and aerosols as expensive products. Villagers 
could not afford to purchase them: “The colok, it is expen-
sive… one box will cost you RM2.50… If I buy five boxes, it 
cost me RM10.00.” [Female, 24 years old, Kg Paradason].

Co-researchers also shared the benefits of using ITNs, 
as evidenced by the story of a 100-year-old lady who 
never contracted malaria because she always used a bed 
net while sleeping. The granddaughter who participated 
in the study quoted: “[While pointing to the image of her 
grandmother and her bed net] This is my grandmother, 
she always put on the bed nets during sleep. After all these 
years, she was never infected with malaria. She is almost 
100 years old, maybe more… she never forgot to put on the 
bed nets during sleep.” [Female, 36  years old, Kg Mem-
batu Laut].

Another effective item used by the co-researchers was 
the “alat pengasap ketika mengambil madu” (English: bee 
smoker), which was provided exclusively to those who 
enrolled in honey-farming activities. During honey col-
lection, the bee smoker produced smoke that not only 
ward off bees but also mosquitoes. As individual col-
lected honey from the hive, they carried the smoker to 
keep the bees away and, indirectly, ward off mosquitoes 
as well. One participant a 53-year-old male from Kg 
Tagumamal Darat, engaged in a variety of activities such 
as chicken breeding, rubber tapping, and oil palm planta-
tion work but was never diagnosed with malaria.

A female from Kg. Paradason shared that she has never 
been infected with malaria despite engaging in vari-
ous outdoor activities. She believed that her success in 
avoiding mosquito bites to the use of protective cloth-
ing, including covering the head and hands. Another 
female from Kg. Paradason also shared a similar experi-
ence, noting that wearing protective clothing has helped 
her avoid malaria. She stated: “If I go out of my home – to 
have a walk… I will wear a long shirt and pants.” [Female, 
24 years old, Kg. Paradason].”

Photovoice participant reflections
The participants, who were recruited from the local 
community, shared how the project impacted their per-
spective on knowledge creation through the use of the 
photovoice methodology. The collective opinion shar-
ing through discussions enabled them to learn from 
their peers and the research team. These co-researchers 
emphasized how photovoice allowed them to recog-
nize issues from the perspectives of other c-researchers 
and appreciate the diversity of viewpoints. They also 
described the experience as empowering for themselves:

“People in the village were curious…. Why do I go 
around in the village snapping pictures using my 

phone. I told them, I am doing research, I am a 
researcher now…When I went around the village, 
and I saw areas with rubbish, I felt sad, I felt mis-
erable. Thus, I cleaned them…. To avoid mosquito 
breeding sites.” [Female, 45 years old, Kg Membatu 
Laut.

Co-researchers gained new knowledge through partici-
pating in the study: “I never knew previously that the serai 
wangi (English; fragrant lemongrass) could ward off the 
mosquitoes!” [Female, 33 years old, Kg Membatu laut]. In 
Kg. Tagumamal Darat, not all co-researchers knew that 
tuhau could ward off mosquitoes. Commonly, tuhau 
was only served as part of their meal: “I never knew this 
plant could ward off mosquitoes… I only cook and eat 
them!” [Female, 34  years old, Kg Tagumamal Darat] “. 
The co-researchers appreciated the reciprocal sharing of 
knowledge:

“I saw other participants shared their images, and 
everyone gave their own perspectives, and we can 
discuss about it during the session… I learn about 
malaria; I learn about how other people avoid the 
mosquitoes… I did not go to secondary school… I 
appreciate all this new knowledge.” [Female, 45 years 
old, Kg Membatu Laut (Fig. 10).

Further, they described their experiences during the 
photo exhibition. The photo exhibitions facilitated con-
versations about the beliefs, local knowledge and how the 
community avoided mosquito bites using various meas-
ures/items. Attendees had the opportunity to engage 
with the research team, other photovoice participants, 
community members and policymakers such as the offic-
ers from MOH and academicians. The photovoice study 
empowered co-researchers to provide narratives fo the 
images taken and allowed their voices to be heard, com-
municating their challenges to policymakers. During the 
exhibition, c-researchers could address questions raised 
by the stakeholders. Co-researchers also were able to 
share their views during the experience sharing session:

“The monkeys, they disturb our farm, our plants, 
fruit trees… we hope that someone could find a way. 
Killing them is inhumane… but if they could be 
shifted to other areas, that would be highly appreci-
ated.” [Male, 68 years old, Kg Tagumamal Darat].

Although previous research has been conducted on this 
community, the current study was unique as it was con-
ducted in partnership with the participants who were 
recruited as co-researchers. During the exhibition, one 
co-researcher shared their hope:

“The mosquitoes, they are always here in the vil-
lage… we hope any organization or anyone, could 
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help to find ways to avoid the mosquitoes. This is 
important because most of us are farmers, we need 
to work, we need to go to the farm… we need to go 
for rubber tapping. It is our livelihood… the way 
that we could get money.” [Female, 55 years old, Kg 
Manduri].

The comments from co-researchers suggest that pho-
tovoice worked against the silence around malaria pre-
vention and helped them change their perspective on 
their vulnerability to malaria. The study initiated criti-
cal reflection among co-reseachers and served as a plat-
form for initiating policy change:

“So, the relevant governance should hear us out… 
so we could deal with this issue together… we can 
help each other to reduce the malaria cases here.” 
[Male, 46 years old, Kg. Tagumamal Darat].

The CBPR value of photovoice was deeply evident in 
this work. Although the impact and policy change were 
not identified in this study, the photo exhibition offered 
a platform that emphasized the reciprocal sharing of 
knowledge, raising awareness, and lobbying innovative 
ways for malaria prevention strategies. The exhibition 
directly messages and engages attendees, and presents 
the issues faced by communities. The study helped co-
researchers change how they think about their vulner-
ability to malaria. Clearly, this study initiated critical 

reflection among co-researchers [60] and served as a 
platform for initiating policy change.

Discussion
This is the first study to explore the perspectives of rural 
communities in Malaysian Borneo concerning their 
beliefs and knowledge of malaria causation and associ-
ated preventive practices using the photovoice meth-
odology. Despite the challenges posed by COVID-19 
pandemic, the photovoice study proved effective in 
exploring health issues related to zoonotic malaria and 
was well-received by the communities, as evidenced 
by their willingness to participate and share their pho-
tographs. Notably, the study found no instances of 
misinformation on how a person can get malaria. The co-
researchers demonstrated a clear understanding of the 
natural causes of zoonotic malaria, transmitted through 
mosquito bites from infected monkeys. Nonetheless, the 
study revealed new understanding of the risks of malaria 
in these communities.

The co-researchers reported the presence of mosqui-
toes early during the day in the villages. Previous studies 
have indicated that the major vector of P. knowlesi in this 
region, An. balabacensis, bites at dusk [13, 15]. Anoph-
eles balabacensis is simio-anthropophilic in nature [61]. 
Despite this discrepancy, the villagers’ livelihoods, life-
style and socio-economic activities expose them zoonotic 

Fig. 10  The photo exhibition in Kudat, Sabah, Malaysia
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malaria, which poses a potential threat to the malaria 
elimination programme in Malaysia.

The study highlights the financial constraints that 
prevent households in Kudat, one of the poorest com-
munities in the state, from purchasing mosquito con-
trol products. Given the low socio-economic status, it is 
unlikely that households can allocate significant funds for 
anti-mosquito measures. To build on these findings, the 
malaria control programme may consider extending this 
study to other locations to verify the findings. Moreover, 
dialogues with the community are needed to co-create 
strategies and improve health programmes.

The study highlights the effectiveness of the photovoice 
methodology in identifying the diverse range of malaria 
prevention practices in rural communities in Sabah, 
Malaysia, including traditional methods that use local 
plants to repel mosquitoes to non-traditional practices 
such as burning various mosquito products to produce 
smoke and the usage of ‘alat pengasap ketika mengam-
bil madu”(madu” (English: bee smoker). The cost-effec-
tiveness of traditional practices make them a preferred 
option in these communities. Additionally, plant-based 
repellents are considered better for the environment than 
synthetic molecules and have been used for generations 
as a personal protection measure against mosquitoes 
[62].

Plant-based repellents are still extensively used in 
this traditional way throughout rural communities 
in the tropics because, for many of the poorest com-
munities, they are the only means of protection from 
mosquito bites [62, 63]. Despite their effectiveness, tra-
ditional methods may not be enough to achieve the goal 
of malaria elimination by 2030. A collaborative effort 
between different sectors, including, pharmaceutical 
companies, and local communities, could bridge the gap 
and develop more effective measures. Photovoice could 
help process the findings as new information to policy-
makers [55], raise questions about more effective inter-
ventions and provide an open platform to communities, 
policymakers, and other researchers towards a more col-
laborative effort in disease control.

Previous photovoice studies have informed policy 
change on various health issues such as HIV/AIDS pre-
vention, healthy food choices, and family planning [54]. 
Similarly, policymakers and must support more effective, 
affordable, and feasible vector control measures in rural 
communities to achieve the malaria elimination target.

Through the photo exhibition, co-researchers were 
invited to voice their perceptions and experiences to a 
broader audience, including policymakers, thus initiating 
community empowerment. Community leaders and poli-
cymakers were invited to the photo exhibition, allowing 
the co-researchers to share their experiences and ideas 

for health equity, social change, and action [40]. The chal-
lenges faced by the communities to avoid malaria were 
the main highlight. The event created space for future 
prospects and continued collaboration between partici-
pants, research team and stakeholders. Future studies 
should look into expanding the context of co-designing 
interventions with at-risk communities towards a more 
emancipatory approach [39]. These transformative 
approaches bridge the gap between communities and 
policymakers and serve as a platform to guide strategy 
for the control and elimination of malaria. Future stud-
ies could adapt the study methodology and/or findings 
to escalate research priorities, adapt the relevant pre-
ventive practices and improve malaria control. Public 
health researchers can adapt photovoice methodology to 
address social-related contexts concerning other health 
issues.

Limitations
The FGDs faced challenges of dominant group mem-
bers [58, 59], which may have influenced the perspec-
tives shared by the participants. However, researchers 
minimized power dynamics between genders and age by 
allowing all participants to share their perspectives and 
prompting non-dominant individuals to participants in 
the discussion. The moderator prompted the non-domi-
nant (silent) individuals by “breaking the ice” with older 
group members (or men), and stimulated the discussion 
afterward.

The sample size and sampling approach were selected 
for richness of information, but may not produce broadly 
generalizable results.

A limited number of policymakers were invited dur-
ing the exhibition due to insufficient resources for the 
event. Despite these limitations, the study created a col-
laborative partnership and reciprocal knowledge-sharing 
with the participants. Limited funding also prevented 
the photo exhibition from being conducted in additional 
locations such as the main city, district or state. There-
fore, the research team compensated for this challenge by 
acknowledging the participation of community members 
in academic manuscripts, conference presentations, and 
other platforms.

Strengths
The photovoice study findings allowed for a better under-
standing of issues more accurately through the perspec-
tive of local communities and create a collaborative 
partnership with the participants. The ability to prac-
tice cultural humility among the research team allowed 
genuine participation throughout the research process, 
including introduction workshop, dialogue or discus-
sion session and dissemination of the findings. The FGDs 
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encouraged participants to freely express their views 
within the group, fostering open communication.

Future recommendations
The study strongly resonated with the participants as 
they were able to share their voices, concerns, and chal-
lenges. As the photovoice study allowed the integration 
of photos and narratives by the local communities and 
the ability to create critical dialogues with participants, 
the study could be expanded to other areas to better 
understand issues related to P. knowlesi malaria. Photo-
voice could address the issues and challenges of avoiding 
mosquito bites among rural communities. A continuous 
engagement with participants could allow for opportuni-
ties to share information jointly with policymakers. The 
partnership created in in this study, could incorporate 
political action towards advancing social equity [39]. 
Future prospects should look into studies and strate-
gies that could facilitate in designing of locally targeted 
malaria interventions and evaluations.

Regarding the dissemination of the findings, in addi-
tion to the photo exhibition, the findings will be shared 
through different platforms for example peer review arti-
cles and a photovoice book. Across these different plat-
forms, it could help to provide new insights in controlling 
zoonotic malaria in rural communities. Due to the lim-
ited time and resources during the exhibition, future dia-
logues and discussions could be done with policymakers, 
stakeholders, and other sectors to share the findings in 
more detail to identify actionable solutions to limitations, 
challenges, and community concerns. In the effort to 
control zoonotic malaria, the participation of communi-
ties in research and disease control strategies is critical.

Conclusion
This photovoice study revealed no misconceptions on 
malaria causation among participants living in rural vil-
lages in Sabah, Malaysia. The study provided valuable 
information and new insights concerning the various 
practices that are used to avoid mosquito bites, which are 
influenced by factors such as cost, feasibility, and avail-
ability of interventions. These findings underscore the 
importance of developing locally targeted vector control 
measures that are based on the needs and preferences of 
the communities affected by P. knowlesi malaria. Mov-
ing forward, multi-sectoral collaboration will be crucial 
in implementing effective and sustainable strategies for 
malaria control in these areas.

Abbreviations
CFR	� Case fatality rates
PVM	� Participatory visual method
CBPR	� Community-based participatory research

Kg	� Kampung
PSS	� Pusat sub sector
TB	� Tuberculosis
HCWs	� Healthcare workers
ITNs	� Insecticide-treated nets.
IRS	� Insecticide residual spraying
FGDs	� Focus group discussions

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12936-​023-​04603-5.

Additional file 1: Table S1. Summary description of participants.

Acknowledgements
We would like to thank Dr. Nina Wallerstein for her advice and guidance in 
conducting CBPR. We also acknowledge the contributionsof Dr. Gill Black for 
her efforts in bringing the nuance of photovoice to this study. We extend 
our thanks to Dr. Azmawati (UKM), Dr. Halim (UKM), Dr. Jeffrey Hii (Kasetsart 
University), Dr. Lenore Manderson (University of the Witwatersrand), and the 
MONKEYBAR team for their input during the study initiation. We also appreci-
ate the support of Universiti Kebangsaan Malaysia, and NMRR for the approval 
to conduct this study and the Ministry of Health for providing scholarship to 
N.A.N. to pursue her doctoral study.

Author contributions
The research team consisted of a postgraduate student (NAN) who has over 
8 years of experience in primary healthcare and public health services in rural 
areas of Sabah in Sabah, three epidemiologists (MRH, RH, MSJ), one medi-
cal anthropologist (PYPL), one infectious disease expert (KA), three malaria 
experts (RC, AM, SS) and one arts-based research expert (SB). Seven individuals 
(NAN, MRH, RH, MSJ, PYPL, KA, SS) have experience studying and conduct-
ing health research in Sabah, Malaysia. NAN conducted the meeting with 
gatekeepers during the study initiation to generate trust and relationship with 
the community leaders and HCWs [36]. NAN completed a photovoice training 
workshop and held discussions with photovoice experts prior to applying 
the method in the field. All authors contributing their expertise and insights 
during the writing of the paper. The final version of the paper was read and 
approved by all authors to ensure its accuracy and integrity. All authors read 
and approved the final manuscript.

Funding
Universiti Kebangsaan Malaysia’s Medical Research Ethics Committee 
(FF-2021-462).

Availability of data and materials
All data used and/or analysed during this study are available upon request to 
the corresponding author.

Declarations

Ethics approval and consent to participate
This study was approved by the Universiti Kebangsaan Malaysia’s Medical 
Research Ethics Committee (FF-2021-462), and the Medical Research and 
Ethics Committee, Ministry of Health Malaysia (NMRR-21-578-59360). The 
researchers also have received approval from the gatekeepers at the village; 
community leaders and the faith leaders [36]. All participants were sensitized 
to the study objectives, photography ethics and procedures. Particularly, 
consent form was signed by all participants indicating their understanding 
about the study and ethics, and also consent was acquired from people who 
appeared in the images. The participants took this consent, who act as the 
photographer in capturing the images. The participants also acquired consent 
to allow the images to be presented in different platforms (articles, presenta-
tion, conferences). Privacy was maintained in this study and informed to all the 
participants. The participants were informed they would remain anonymous 
and assigned pseudonyms in any transcript of the discussion and interviews 
and, therefore would not be identifiable.

https://doi.org/10.1186/s12936-023-04603-5
https://doi.org/10.1186/s12936-023-04603-5


Page 18 of 19Naserrudin et al. Malaria Journal          (2023) 22:166 

Consent for publication
All participants provided consent for publication.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Community Health, Faculty of Medicine, Universiti Kebang-
saan Malaysia, 56000 Kuala Lumpur, Malaysia. 2 Borneo Medical and Health 
Research Centre, Faculty of Medicine and Health Sciences, Universiti Malaysia, 
Sabah, 88400 Kota Kinabalu, Malaysia. 3 Sabah State Health Department, 
Ministry of Health, 88590 Kota Kinabalu, Malaysia. 4 Faculty of Social Sciences 
and Humanities, Universiti Malaysia Sabah, 88400 Kota Kinabalu, Malaysia. 
5 Johns Hopkins Center for Communication Programs, Baltimore, MD, USA. 
6 Division of Molecular Parasitology, Proteo‑Science Center, Ehime University, 
Toon, Ehime 791‑0295, Japan. 7 Department of Behavioral and Community 
Health Sciences, University of Pittsburgh School of Public Health, Pittsburgh, 
PA 15261, USA. 8 Department of Public Health Medicine, Faculty of Medicine 
and Health Sciences, Universiti Malaysia Sabah, 88400 Kota Kinabalu, Malaysia. 
9 Department of Pathology and Microbiology, Faculty of Medicine and Health 
Sciences, Universiti Malaysia Sabah, 88400 Kota Kinabalu, Malaysia. 

Received: 16 December 2022   Accepted: 22 May 2023

References
	1.	 Cox FE. History of the discovery of the malaria parasites and their vectors. 

Parasit Vectors. 2010;3:5.
	2.	 WHO. Word Malaria Report 2021. Geneva: World Health Organization; 

2021.
	3.	 Zaw MT, Lin Z. Two sympatric types of Plasmodium ovale and discrimina-

tion by molecular methods. J Microbiol Immunol Infect. 2017;50:559–64.
	4.	 Naserrudin NA, Hod R, Jeffree MS, Ahmed K, Hassan MR. The emerg-

ing threat of Plasmodium knowlesi malaria infection: a concept paper 
on the vulnerable factors in human. Int J Environ Res Public Health. 
2022;19:4419.

	5.	 WHO. World Malaria report: 20 years of global progress and challenges. 
Geneva: World Health Organization; 2020.

	6.	 Singh B, Sung LK, Matusop A, Radhakrishnan A, Shamsul SSG, Cox-Singh 
J, et al. A large focus of naturally acquired Plasmodium knowlesi infections 
in human beings. Lancet. 2004;363:1017–24.

	7.	 Müller M, Schlagenhauf P. Plasmodium knowlesi in travellers, update 
2014. Int J Infect Dis. 2014;22:55–64.

	8.	 Rajahram GS, Cooper DJ, William T, Grigg MJ, Anstey NM, Barber BE. 
Deaths from Plasmodium knowlesi malaria: case series and systematic 
review. Clin Infect Dis. 2019;69:1703–11.

	9.	 Chin AZ, Maluda MCM, Jelip J, Jeffree MSB, Culleton R, Ahmed K. Malaria 
elimination in Malaysia and the rising threat of Plasmodium knowlesi. J 
Physiol Anthropol. 2020;39:36.

	10.	 Cooper DJ, Rajahram GS, William T, Jelip J, Mohammad R, Benedict J, et al. 
Plasmodium knowlesi malaria in Sabah, Malaysia, 2015–2017: ongoing 
increase in incidence despite near elimination of the human-only Plas-
modium species. Clin Infect Dis. 2020;70:361–7.

	11.	 Fornace KM, Abidin TR, Alexander N, Brock P, Grigg MJ, Murphy A, 
et al. Association between landscape factors and spatial patterns of 
Plasmodium knowlesi infections in Sabah. Malaysia Emerg Infect Dis. 
2016;22:201–8.

	12.	 Stark DJ, Fornace KM, Brock PM, Abidin TR, Gilhooly L, Jalius C, et al. Long-
tailed macaque response to deforestation in a Plasmodium knowlesi-
endemic area. EcoHealth. 2019;16:638–46.

	13.	 Brown R, Chua TH, Fornace K, Drakeley C, Vythilingam I, Ferguson 
HM. Human exposure to zoonotic malaria vectors in village, farm 
and forest habitats in Sabah, Malaysian Borneo. PLoS Negl Trop Dis. 
2020;14:e0008617.

	14.	 Malaria Unit, Vector Borne Disease Sector, Disease Control Division, Min-
istry of Health. Malaysia guidelines for malaria vector control in Malaysia. 
2022.

	15.	 Chua TH, Manin BO, Vythilingam I, Fornace K, Drakeley CJ. Effect of 
different habitat types on abundance and biting times of Anopheles 

balabacensis Baisas (Diptera: Culicidae) in Kudat district of Sabah, Malay-
sia. Parasit Vectors. 2019;12:364.

	16.	 Grignard L, Shah S, Chua TH, William T, Drakeley CJ, Fornace KM. Natural 
human infections with Plasmodium cynomolgi and other malaria species 
in an elimination setting in Sabah, Malaysia. J Infect Dis. 2019;220:1946–9.

	17.	 Naserrudin NA, Hassan MR, Jeffree MS, Culleton R, Hod R, Ahmed K. A 
systematic review of asymptomatic Plasmodium knowlesi infection: an 
emerging challenge involving an emerging infectious disease. Malar J. 
2022;21:373.

	18.	 Fornace KM, Nuin NA, Betson M, Grigg MJ, William T, Anstey NM, et al. 
Asymptomatic and submicroscopic carriage of Plasmodium knowlesi 
malaria in household and community members of clinical cases in Sabah. 
Malaysia J Infect Dis. 2016;213:784.

	19.	 Herdiana H, Cotter C, Coutrier FN, Zarlinda I, Zelman BW, Tirta YK, et al. 
Malaria risk factor assessment using active and passive surveillance data 
from Aceh Besar, Indonesia, a low endemic, malaria elimination setting 
with Plasmodium knowlesi, Plasmodium vivax, and Plasmodium falciparum. 
Malar J. 2016;15:468.

	20.	 Ghinai I, Cook J, Tun T, Hla W, Myat H, Htet T, et al. Malaria epidemiology in 
central Myanmar: identification of a multi-species asymptomatic reservoir 
of infection. Malar J. 2017;16:16.

	21.	 Shimizu S, Chotirat S, Dokkulab N, Hongchad I, Khowsroy K, Kiattibutr K, 
et al. Malaria cross-sectional surveys identified asymptomatic infec-
tions of Plasmodium falciparum, Plasmodium vivax and Plasmodium 
knowlesi in Surat Thani, a southern province of Thailand. Int J Infect Dis. 
2020;96:445–51.

	22.	 Baum E, Sattabongkot J, Sirichaisinthop J, Kiattibutr K, Jain A, Taghavian 
O, et al. Common asymptomatic and submicroscopic malaria infections 
in Western Thailand revealed in longitudinal molecular and serological 
studies: a challenge to malaria elimination. Malar J. 2016;15:333.

	23.	 Marchand RP, Culleton R, Maeno Y, Quang NT, Nakazawa S. Co-infections 
of Plasmodium knowlesi, P. falciparum, and P. vivax among humans 
and Anopheles dirus mosquitoes, Southern Vietnam. Emerg Infect Dis. 
2011;17:1232–9.

	24.	 WHO. Multisectoral approach to the prevention and control of vector-
borne diseases. Geneva, World Health Organization, 2020.

	25.	 Monroe A, Moore S, Olapeju B, Merritt AP, Okumu F. Unlocking the 
human factor to increase effectiveness and sustainability of malaria vec-
tor control. Malar J. 2021;20:404.

	26.	 Murdock GP, Wilson SF, Frederick V. World distribution of theories of ill-
ness. Ethnology. 1978;17:449–70.

	27.	 Espino F, Manderson L, Acuin C, Domingo F, Ventura E. Perceptions of 
malaria in a low endemic area in the Philippines: transmission and pre-
vention of disease. Acta Trop. 1997;63:221–39.

	28.	 Iskander D. Re-imaging malaria in the Philippines: how photovoice can 
help to re-imagine malaria. Malar J. 2015;14:257.

	29.	 Pilkington H, Aubouy N, Pilkington MH. Malaria, from natural to super-
natural: a qualitative study of mothers’ reactions to fever (Dienga, Gabon). 
J Epidemiol Community Health. 2004;58:826–30.

	30.	 Munajat MB, Rahim MAFA, Wahid W, Seri Rakna MIM, Divis PCS, Chuang-
chaiya S, et al. Perceptions and prevention practices on malaria among 
the indigenous Orang Asli community in Kelantan, Peninsular Malaysia. 
Malar J. 2021;20:202.

	31.	 Heggenhougen HK, Hackethal V, Vivek P, UNDP/World Bank/WHO Special 
Programme For Research and Training in Tropical Diseases. The behav-
ioural and social aspects of malaria and its control: an introduction and 
annotated biliography. 2003;

	32.	 WHO. A report of the Strategic Advisory Group on Malaria Eradication. 
Geneva: World Health Organization; 2020.

	33.	 Hussin N, Lim YAL, Goh PP, William T, Jelip J, Mudin RN. Updates on 
malaria incidence and profile in Malaysia from 2013 to 2017. Malar J. 
2020;19:55.

	34.	 Pugh-Kitingan J. Cultural and religious diversity in sabah and relation-
ships with surrounding areas. Available from: https://​core.​ac.​uk/​downl​
oad/​19571​8969.​pdf.

	35.	 Gee Nee L, Mansur K. Understanding poverty and vulnerability by utiliz-
ing the sustainable livelihood approach: a comprehensive study among 
Rungus Ethnic in Sabah, Malaysia. Malays J Bus Econ. 2015;2:2289.

	36.	 Naserrudin NA, Culleton R, Lin PYP, Baumann SE, Hod R, Jeffree MS, 
et al. Generating trust in participatory research on Plasmodium knowlesi 

https://core.ac.uk/download/195718969.pdf
https://core.ac.uk/download/195718969.pdf


Page 19 of 19Naserrudin et al. Malaria Journal          (2023) 22:166 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

malaria: a study with rural community gatekeepers during the COVID-19 
Pandemic. Int J Environ Res Public Health. 2022;19:15764.

	37.	 Islam R, Ghani ABA, Abidin IZ, Ryaiappan JM. Impact on poverty and 
income inequality in Malaysia’s economic growth. Probl Perspect Manag. 
2017;15:55–62.

	38.	 Byrne I, Aure W, Manin BO, Vythilingam I, Ferguson HM, Drakeley CJ, et al. 
Environmental and spatial risk factors for the larval habitats of Plasmo-
dium knowlesi vectors in Sabah. Malays Borneo Sci Rep. 2021;11:11810.

	39.	 Wallerstein N, Duran B, Oetzel JG, Minkler M. Community-based participa-
tory research for health: advancing social and health equity.3rd Edn. 
Jossey Bass Publ. 2018. pp. 439.

	40.	 Budig K, Diez J, Conde P, Sastre M, Hernán M, Franco M. Photovoice and 
empowerment: evaluating the transformative potential of a participatory 
action research project. BMC Public Health. 2018;18:432.

	41.	 Sato S, Tojo B, Hoshi T, Minsong LIF, Kugan OK, Giloi N, et al. Recent inci-
dence of human malaria caused by Plasmodium knowlesi in the villages 
in Kudat Peninsula, Sabah, Malaysia: mapping of the infection risk using 
remote sensing data. Int J Environ Res Public Health. 2019;16:2954.

	42.	 Naserrudin NA, Hod R, Jeffree MS, Ahmed K, Culleton R, Hassan MR. 
The role of human behavior in Plasmodium knowlesi malaria infection: a 
systematic review. Int J Environ Res Public Health. 2022;19:3675.

	43.	 Fornace KM, Alexander N, Abidin TR, Brock PM, Chua TH, Vythilingam I, 
et al. Local human movement patterns and land use impact exposure to 
zoonotic malaria in Malaysian Borneo. Elife. 2019;8:e47602.

	44.	 van de Straat B, Sebayang B, Grigg MJ, Staunton K, Garjito TA, Vythilingam 
I, et al. Zoonotic malaria transmission and land use change in Southeast 
Asia: what is known about the vectors. Malar J. 2022;21:109.

	45.	 Fornace KM, Brock PM, Abidin TR, Grignard L, Herman LS, Chua TH, et al. 
Environmental risk factors and exposure to the zoonotic malaria parasite 
Plasmodium knowlesi across northern Sabah, Malaysia: a population-
based cross-sectional survey. Lancet Planet Health. 2019;3:e179–86.

	46.	 Grigg MJ, Cox J, William T, Jelip J, Fornace KM, Brock PM, et al. Individual-
level factors associated with the risk of acquiring human Plasmodium 
knowlesi malaria in Malaysia: a case-control study. Lancet Planet Health. 
2017;1:e97-104.

	47.	 Jikal M, Riduan T, Aarifin R, Jeffree MS, Ahmed K. Cholera outbreak by sea 
gypsies in Sabah, Malaysia: a challenge in North Borneo. Int J Infect Dis. 
2019;83:83–5.

	48.	 Athirah N, Id N, Izzati E, Id AA, Aljet E, Mangunji G, et al. High inci-
dence of asymptomatic cases during an outbreak of Plasmodium 
malariae in a remote village of Malaysian Borneo. PLoS Negl Trop Dis. 
2021;15:e0009450.

	49.	 Goroh MMD, Rajahram GS, Avoi R, Van Den Boogaard CHA, William 
T, Ralph AP, et al. Epidemiology of tuberculosis in Sabah, Malaysia, 
2012–2018. Infect Dis Poverty. 2020;9:119.

	50.	 Catalani C, Minkler M. Photovoice: a review of the literature in health and 
public health. Health Educ Behav. 2010;37:424–51.

	51.	 Sonsteng-Person M, García-Pérez J, Copeland V, Liévano-Karim L, Abrams 
D, Jarman B, et al. “What i would do to take away your pain”: a photovoice 
project conducted by mothers of children with medical complexity. Qual 
Health Res. 2023;33:204–19.

	52.	 Bandauko E, Arku G. The power of a camera: fieldwork experiences from 
using participatory photovoice. Int J Qual Methods. 2023;22. Available 
from: https://​doi.​org/​10.​1177/​16094​06923​11544​37.

	53.	 Barrett DH, Mcmorrow S. Ethical considerations with the photovoice 
research method: a narrative reflection. Public Health Ethics Anal. 
2022;7:129–40.

	54.	 Hergenrather KC, Rhodes SD, Cowan CA, Bardhoshi G, Pula S. Photovoice 
as community-based participatory research: a qualitative review. Am J 
Health Behav. 2009;33:686–98.

	55.	 Malterud K, Siersma VD, Guassora AD. Sample size in qualitative interview 
studies: guided by information power. Qual Health Res. 2016;26:1753–60.

	56.	 Liebenberg L. Invited state of the methods paper thinking critically about 
photovoice: achieving empowerment and social change. Available from: 
https://​us.​sagep​ub.​com/​en-​us/​nam/​open-​access-​at-​sage.

	57.	 Latz AO. Photovoice research in education and beyond: a practical guide 
from theory and exhibition. Routledge; Taylor & Francis Publ.; 2017. p. 194.

	58.	 Krueger RA, Casey MA. Focus groups. A practical guide for applied 
research 5th Edn. SAGE Publications Inc., Thousand Oaks, California; 2015. 
P. 559.

	59.	 Khan M, Manderson L. Focus groups in tropical diseases research. Health 
Policy Plan. 1992;7:56–66.

	60.	 Freire P. Pedagogy of the oppressed: 30th anniversary edition. 3rd ed. 
New York: Bloomsbury Publishing USA; 2015.

	61.	 Vythilingam I, Chua TH, Liew JWK, O’Mannin B, Ferguson HM. The vectors 
of Plasmodium knowlesi and other simian malarias Southeast Asia: chal-
lenges in malaria elimination. Adv Parasitol. 2021;113:131–89.

	62.	 Nalinya S, Musoke D, Deane K. Malaria prevention interventions beyond 
long-lasting insecticidal nets and indoor residual spraying in low- and 
middle-income countries: a scoping review. Malar J. 2022;21:31.

	63.	 Maia MF, Moore SJ. Plant-based insect repellents : a review of their effi-
cacy, development and testing. Malar J. 2011;10(Suppl 1):S11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1177/16094069231154437
https://us.sagepub.com/en-us/nam/open-access-at-sage

	Seeing malaria through the eyes of affected communities: using photovoice to document local knowledge on zoonotic malaria causation and prevention practices among rural communities exposed to Plasmodium knowlesi malaria in Northern Borneo Island
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design
	Study sites
	Study participants
	Data collection procedures
	Data analysis

	Results
	Local beliefs and knowledge on monkey malaria causation
	Malaria is transmitted through the mosquito bites
	Rainy season and influence on mosquito breeding areas
	The presence of monkeys and community exposure to monkey malaria
	Waste disposal and risk to monkeys’ attraction and mosquito breeding sites
	Avoiding mosquito bites
	Traditional practices
	Non-traditional practices
	Photovoice participant reflections

	Discussion
	Limitations
	Strengths
	Future recommendations

	Conclusion
	Anchor 29
	Acknowledgements
	References


