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Abstract
Although only a small proportion of the landmass of South Africa is classified as high risk for malaria, the country experiences
on-going challenges relating to malaria outbreaks. Climate change poses a growing threat to this already dire situation. While
considerable effort has been placed in public health campaigns in the highest-risk regions, and national malaria maps are updated
to account for changing climate, malaria cases have increased. This pilot study considers the sub-population of South Africans
who reside outside of the malaria area, yet have the means to travel into this high-risk region for vacation. Through the lens of the
governmental “ABC of malaria prevention”, we explore this sub-population’s awareness of the current boundaries to the malaria
area, perceptions of the future boundary under climate change, and their risk-taking behaviours relating to malaria transmission.
Findings reveal that although respondents self-report a high level of awareness regarding malaria, and their boundarymaps reveal
the broad pattern of risk distribution, their specifics on details are lacking. This includes over-estimating both the current and
future boundaries, beyond the realms of climate-topographic possibility. Despite over-estimating the region of malaria risk, the
respondents reveal an alarming lack of caution when travelling to malaria areas. Despite being indicated for high-risk malaria
areas, the majority of respondents did not use chemoprophylaxis, and many relied on far less-effectivemeasures. This may in part
be due to respondents relying on information from friends and family, rather than medical or governmental advice.
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Introduction

Malaria is a dangerous and potentially fatal vector-borne dis-
ease caused by the Plasmodium parasite, transmitted to
humans through the bite of an infected female Anopheles
mosquito (Cohuet et al. 2010; Cella et al. 2019). In 2018, an
estimated 228 million cases of malaria were reported globally,
similar to 231 million cases for 2017, with a death toll of ~
435,000 in 2017 and 405,000 in 2018 (Alonso and Noor
2017; WHO 2019a,b). The burden of malaria was dispropor-
tionately borne by developing nations, particularly in the
African continent, which accounted for 92% and 93% of the
malaria cases and deaths recorded in 2018, respectively

(Alonso and Noor 2017; WHO 2019b). In 2016, in an effort
to combat malaria, the World Health Organization launched
the E-2020 initiative in which it identified 21 countries with
the potential to eliminate malaria within their borders by the
year 2020 (WHO 2018). South Africa was one of those coun-
tries, with an additional local objective of elimination by 2018
(Baker 2018). However, in 2017, South Africa experienced a
severe setback in achieving both objectives, reporting 7897
imported and 19,706 indigenous cases of malaria—the
highest number of cases reported by any of the 21 identified
countries, and more than four times the number of indigenous
cases reported in the country in 2016 (WHO 2018; Maharaj
et al. 2019; Abiodun et al. 2020). This increase in numbers
was due to a range of factors, including an increase in rainfall,
temperature, and humidity following an abnormally mild win-
ter (Baker 2018). As a result, the World Health Organization
has classed South Africa as “off-track” and has made a num-
ber of recommendations as to how the country can steer itself
back on course (WHO 2018). Among these are efforts to
refine malaria risk maps, to improve public awareness, and
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to revisit malaria strategies (WHO 2018). Due to the unlikeli-
hood of achieving malaria elimination within South Africa by
2020, the South African government has now adopted the
self-mandated goal of zero malaria transmission by 2023,
which it announced in the Malaria Elimination Strategic
Plan for South Africa 2019–2023 (National Department of
Health 2019). One of the primary objectives of the Malaria
Elimination Strategic Plan is to “ensure that 90% of the pop-
ulation affected bymalaria receives information and education
communication messaging by 2023” (National Department of
Health 2019: 25). This objective speaks directly to the recom-
mendations given by the World Health Organization (WHO
2018). The National Guidelines for the Prevention of Malaria
in South Africa comprise five key components which are
summarized as the “ABC” of malaria prevention, namely
Awareness and Assessment of malaria risk, avoidance of mos-
quito Bites, Compliance with Chemoprophylaxis when indi-
cated, early Detection of malaria disease, and Effective treat-
ment (NDOH 2018a; Baker 2018; Schmidt 2019a, b).

Adding fuel to the fire, climate change is resulting in both
an increase in the extent of the South African malaria risk area
and the incidence of malaria transmission due to increases in
temperature and changes in rainfall patterns (Morris et al.,
2013; Abiodun et al., 2020). The spatial distribution of malar-
ia globally is strongly determined by climate (Caminade et al.
2014; Cella et al. 2019). By 2050, a 50% increase in the
probability of malaria incidence is projected globally due to
increases in temperature and changes in rainfall patterns (Cella
et al. 2019). Temperature has been found to affect both the
extent of malaria areas and malaria transmission incidence
across the African continent (Eikenberry and Gumel 2019).
For South Africa, both temperature and rainfall have been
found to affect the malaria rate, with a notable increase in
cases following flood events induced by strong tropical storms
(Adeola et al. 2019; Makinde and Abiodun 2019). A change
in malaria area extent is documented in the frequent updating
of the National Department of Health malaria risk maps for
South Africa (Coetzee et al. 2013; Morris et al. 2013).
Mathematical models have been developed to explore the role
of climate in malaria incidence and to aid in projecting future
changes in malaria risk distribution, and the risk of transmis-
sion (Cella et al. 2019; Eikenberry and Gumel 2019). At a
local scale, seasonal malaria forecast models are being devel-
oped for South Africa (Kim et al. 2019; Landman et al. 2020).
The modelling of the climate impact on malaria distribution
and incidence and projections for future incidence are valu-
able in developing public health policies, and in communica-
tion to the public. However, the increased incidence of malaria
cases in South Africa in recent years would suggest that ef-
fectiveness of the distribution of these maps, particularly with
regular updates, remains limited.

A range of studies relating to disparate diseases have re-
vealed the importance of public awareness and understanding

of disease risk in determining the precautionary measures that
they will adopt (cf. Erhardt and Hobbs 2002; Glik et al. 2004;
Goldman et al. 2006; Young et al. 2008 Seale et al. 2010). The
role of sources of information, and the level of frequency of
communication regarding diseases, is key in the veracity of
public awareness (Young et al. 2008). This has been widely
understood in South African malaria control efforts
(Blumberg et al. 2014), with malaria risk maps for the public
dating back to 1938 (Coetzee et al. 2013). However, the ef-
forts in assessing communities’ awareness and understanding
of malaria risk have largely been limited to regions within the
high-risk zone, due to resource scarcity (Maartens et al. 2007;
Cox et al. 2018).

In line with the WHO (2018) recommendations, this pilot
study seeks to expand on previous work to explore public
understanding of the location of the contemporary high-risk
malaria zone, the anticipated future expansion of the high-risk
malaria zone under climate change, and public behaviour re-
garding malaria precaution and prophylaxis, among those
who reside outside of the malaria risk area, but travel into
the high-risk zone on vacation. The aim of this study is to
develop a methodology to explore any disconnects between
reported and demonstrated awareness and behaviour regard-
ing malaria for gaps in understanding to be addressed more
effectively through government intervention, and for targeted
awareness campaigns to be developed.

Methods

Malaria can be found in each of South Africa’s neighbouring
countries, barring Lesotho, where the altitude and consequent
colder temperatures make it inhospitable to the malaria-
carrying Anopheles mosquito (Blumberg et al. 2014). Within
South Africa itself, malaria is confined to the north-eastern
reaches of the country, where it is endemic to three of South
Africa’s nine provinces, namely Limpopo, Mpumalanga, and
northern KwaZulu-Natal (Maharaj et al. 2019; Adeola et al.
2019; Fig. 1). According to the latest malaria risk map pro-
duced by the South African National Department of Health in
December 2018, areas of moderate risk (where chemoprophy-
laxis is indicated for all travellers from September to May) are
concentrated along the border between South Africa and
Mozambique and Zimbabwe (Fig. 1). These areas of moderate
risk can be found in the Mpumalanga municipality district of
Ehlanzeni and in Limpopo in the Mopani and Vhembe mu-
nicipality districts (Fig. 1). Areas of low risk (where malaria is
still present, but only non-drug preventative measures are in-
dicated), however, extend as far west as Limpopo’sWaterberg
district and as far south as the Umkhanyakude district in
KwaZulu-Natal Province (Fig. 1). At present, the regions of
highest malaria risk in South Africa have relatively low pop-
ulation density, with no major cities and a large proportion of
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the high-risk area limited to the Kruger National Park. This
does however pose a threat to both local and international
tourists visiting the Kruger National Park and nearby game
farms and nature reserves, who may be unaware of the risk
levels within South Africa.

This research explores respondents’ malaria awareness
and self-reported behaviours. Therefore, questionnaires
were selected as the most appropriate instrument for data
collection. Types of questions ranged from multiple choice
and Likert scale questions to more open-ended, paragraph-
style questions (Bird, 2009). Topics included respondents’
demographics and travel histories, awareness and percep-
tion of malaria distribution and risk in Southern Africa,
understanding of climate change, and attitudes towards
malaria prophylaxis—both in terms of bite prevention
and chemoprophylaxis. The closing question of the ques-
tionnaire required respondents to draw two lines, in differ-
ent colours, on a map of Southern Africa: a blue line indi-
cating where they understand the boundary of the present
malaria risk zone to be located and a red line indicating

where they think the boundary of the malaria risk zone will
be located in 20 years’ time. The map was created using
ArcMap and displayed national and provincial borders, but
contained no other information to avoid leading respon-
dents. Questionnaires were distributed in hard copy.

Respondents were identified through a combination of pur-
posive and snowball sampling (Bernard 2013). To ensure a
degree of standardization throughout the study sample for this
initial pilot study, a target population was identified and a
number of parameters were defined. In order to qualify for
the study, respondents had to live within the Gauteng
Province of South Africa (currently not a malaria area), have
at least an undergraduate university degree, and have travelled
to a malaria risk area within southern Africa within the last
5 years for leisure purposes. This ensured that the data gath-
ered were relevant and that all respondents were middle- to
upper-class leisure tourists with financial means to access to a
wide range of precautionary measures to avoid contracting
malaria when travelling to malaria areas, and have a reason-
able level of education and understanding of health risks. This

Fig. 1 South African malaria risk map produced by the National Department of Health in December 2018 (After NDoH 2018b)
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sample is not intended to be representative of the population
of South Africa nor the Gauteng Province. Rather, this sub-
group is used to determine whether any issues in awareness,
behaviour, or use of chemoprophylaxis may warrant further,
more extensive investigation. Ethics clearance was obtained
from the University of the Witwatersrand’s Human Research
Ethics Committee (non-medical) prior to entering the field
(ethics clearance: gaes-2019-06-01). Given the target popula-
tion and the minimum requirement of a completed undergrad-
uate degree, no individuals under the age of 18 were
approached. Finally, it is important to note that this research
dealt exclusively with the data collected from the completed
questionnaires and no medical records were accessed or used
in this study.

Responses to closed-ended questions from the questionnaire
were analyzed using descriptive statistics, while responses to
open-ended questions underwent thematic coding and content
analysis (Bernard 2013). The hand-drawnmaps generated in the
last question of the questionnaire were digitized and layered
over one another to create composite maps showing areas of
consensus/disagreement among respondents. This particular
methodology was adapted from a study conducted by Roffe
et al. (2019) which mapped agreement among experts regarding
rainfall seasonality in South Africa. Finally, the composite maps
were compared to the official malaria risk map created by the
South African National Department of Health in 2018 to assess
their accuracy.

Results

A total of 38 questionnaires were completed. Of these, six ques-
tionnaires were excluded from analysis as the respondents did
not fall within the defined parameters of the target population, in
most instances as a result of not having visited a malaria area
within the past 5 years. Four maps were deemed unusable as the
lines drawn could not be digitized as a contiguous vector line
and/or what was drawn could not be meaningfully interpreted.
Neither the excluded questionnaires nor the unusable mapswere
used in the creation of the composite maps. In the cases where
maps were unusable, but respondents met the selection criteria,
the questionnaire responses were captured and included in de-
scriptive statistics and content analysis.

While the intention was to obtain a relatively even distri-
bution of respondents across age groups, due to difficulty
accessing people within the older age brackets who met the
selection criteria (specifically the criterion relating to tertiary
education), a skewed age distribution resulted. Of the 32 re-
spondents who submitted admissible questionnaires, the
highest number (n = 14) fell into the 20–29 age group. The
remaining age groups were comparatively poorly represented,
with the 30–39 and 40–49 age categories comprising five
respondents each, and the older age groups (50–59 and 60+)

each representing one-eighth (n = 4) of the sample group. The
majority (n = 17) of respondents held only a Bachelor’s de-
gree, while nine held Honours degrees (a postgraduate quali-
fication in South Africa), one held a Master’s degree, and two
held a PhD. The remaining three respondents selected “Other”
qualifications, in two cases citing university qualifications in
the medical or nursing field. This last group, however, cannot
be read independently, as respondents with medical or similar
degrees may equally have chosen the equivalent qualification
to their degree-type from the list provided. The overall spread
of tertiary qualifications indicates a well-educated subset of
the population. It is worth noting that the various levels of
education were spread across the age groups, and it was not
simply a case of the older the respondent, the higher their
qualification. For example, all respondents in the 40 to 49-
year-old age group (n = 5) reported only holding a
Bachelor’s degree, whereas of the two respondents in posses-
sion of a PhD, one fell into the 30–39 age group and the other
into the 60+ age group. This distribution is important, as it
means that age and highest qualification are not collinear, but
are rather independent factors each of which could be possible
determinants of perception, risk assessment, and behaviour.
We reiterate that the results of this small group cannot be read
as representative of any sub-population, but rather the variety
of results indicates a heterogeneity which reveals the impor-
tance of further, extensive, investigation.

A – Awareness and Assessment of malaria risk

The questionnaire included a mapping exercise in which re-
spondents were required to draw a line across a map of
Southern Africa indicating where they understood the bound-
ary of the present malaria risk zone to be located. In this
question, respondents were instructed to include the entirety
of the Southern African region in the drawing of their malaria
zone boundaries. However, eight of the 28 respondents who
created usable maps only drew lines across South Africa.
Therefore, for the sake of consistency, only the portion of
the drawn risk areas which fell within the borders of South
Africa was digitized.

Overall, the composite map created from all 28 usable
maps reveals a fairly high degree of awareness among respon-
dents regarding the general location of malaria risk areas in
South Africa (Fig. 2). Darker blue areas, which show a higher
degree of consensus among respondents, can be found in the
north-east of the country, concentrated along the border be-
tween South Africa and Mozambique and Zimbabwe (Fig. 2).
The majority of respondents have also included ESwatini,
northern KwaZulu-Natal, and more westerly parts of
Limpopo and Mpumalanga in their assessment of malaria risk
areas (Fig. 2). This is consistent with the official South African
malaria risk map produced by the National Department of
Health in 2018 (Fig. 1). However, the composite map also
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shows that many respondents believe that the malaria risk
zone extends further west and south than is indicated on the
governmental malaria risk map, with one respondent includ-
ing the entirety of South Africa in their rendering of the ma-
laria risk zone. Another respondent included the west coast of
the Northern Cape, and many drew lines which either dissect-
ed or encompassed Lesotho. This indicates a poor awareness
of the government-communicated malaria risk maps of South
Africa, and moreover a limited understanding of the relation-
ship between climate and malaria distribution, or at least lim-
ited awareness of the climate in these areas.

In addition to instructing respondents to map their under-
standing of malaria risk areas in Southern Africa, the study
also sought to assess the accuracy of respondents’ self-
reported awareness. Respondents were asked whether, prior
to taking the questionnaire, they were aware of malaria risk
areas in the region. Of the 32 respondents, the vast majority
(n = 25) indicated that they were aware, while one respondent
answered that they were not, and one did not respond. The
remaining five respondents stated that they had limited aware-
ness. With such a high degree of self-reported awareness, one
would expect more accurate maps than were captured (Fig. 2).
Respondents were aware of the general location of malaria
risk areas, but could not reliably recount their extent. This
indicates a general, and perhaps intuitive, awareness among
respondents, but little true, informed awareness.

Interestingly, despite the majority of respondents indicating
that they were aware of malaria risk zones, only six felt that there
was enough information available to the general public regarding
malaria distribution, precautions to take against contracting ma-
laria, and how to identify and treat malaria. Respondents who
indicated that they were either aware ofmalaria risk areas prior to
taking the questionnaire, or who indicated that they had some
degree of awareness, were then asked to stipulate where they
accessed this information. Importantly, government or official
publications/websites were the least consulted (n = 2) source of

information, while family, friends, or colleagues were the most
frequently cited (n = 15) sources (Fig. 3). Many of the 11 respon-
dents who selected “Other” indicated that they had accessed their
information at school, through the media/news, or had been ad-
vised by a medical professional (Fig. 3). This could explain the
lack of convergence between the government malaria map and
those drawn by respondents.

Respondents were asked to rate the level of risk posed by
malaria to South African citizens on a Likert scale of 1 to 5,
with 1 being low risk, 3 being moderate risk, and 5 being high
risk. Respondents most commonly (n = 11) rated the level of
risk as moderate (as can be seen by the single peak), with a
slight bias towards higher risk (Fig. 4).

B – Avoidance of mosquito Bites

Approximately three quarters (n = 23) of respondents indicated
that they had taken precautions against contracting malaria dur-
ing their most recent trip to amalaria risk area in SouthernAfrica,
while eight reported taking no precautions and one declined to
answer the question. Among the eight respondents who did not
take precautions, the most commonly reported reasons were is-
sues around risk assessment and lack of awareness. Interestingly,
two respondents indicated that their risk assessment was in-
formed by the advice of locals, with respondent 18 stating:

I heard from people who live there that it was not a risk.

Similarly, respondent 30 reported:

Been travelling to Mozam[bique] for a few years and
nothing happened. Locals there also say they moved
there and lived there for years – nothing happened.

A further two respondents stated that they were not aware that
their destination was a malaria area before departing, and only

Fig. 2 Overlayed digitized maps
of respondent’s malaria boundary
drawing indicating the degree of
consensus among respondents
regarding the location of malaria
risk areas in South Africa (n = 28)
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found out once they returned. For one of these respondents,
their destination was Mozambique, a country classified as
high risk in its totality. Of the eight respondents who did not
take precautions, only one quarter (n = 2) indicated that they
would change their behaviour and employ preventative mea-
sures on future trips.

For the 23 respondents who did take precautions, insect
repellent was the most popular (n = 18) preventative mea-
sure used (Fig. 5). Insect repellent, along with travelling
outside of the rainy season, were the two most common
precautions used in isolation, each with four respondents.
Only 12 respondents used more than one method simulta-
neously. Both respondents who selected the “Other” op-
tion (Fig. 5) cited wearing long trousers and long-sleeved
shirts in the evenings. While this would minimize the
chances of mosquito bites to the arms and legs, and is
effective in reducing the irritation of mosquito bites, the
efficacy of clothing worn in the evenings as a method of
significantly reducing the risk of contracting malaria re-
mains uncertain (Nakazawa et al. 1998; Del Prete et al.
2019). Long clothing worn throughout the day and night
(Baker, 2018), and impregnated with insecticides
(Shellvarajah et al. 2017), shows more promise, but this
is not the approach indicated by the respondents. In this
context, wearing long clothing only in the evenings is less

effective than these alternatives, and their combined use
with chemoprophylaxis (Baker, 2018).

Of the 23 respondents who did take precautions against
contracting malaria, five indicated that they would only do
so again on their next trip to a malaria area if it was in the
rainy season/summer. One respondent (respondent 11) stated
that theywould not take any precautions, as they believed that:

risk is not significantly high when travelling for short
time periods

This is a misconception, and studies of imported cases of
malaria in Europe and the Middle East resulting from tourists’
short trips to southern Africa underscore this (see Ben-Ami
et al. 2005; Baranova et al. 2019). These erroneous sentiments
are particularly concerning given the large proportion of re-
spondents who obtain information on malaria risk from fam-
ily, friends, and colleagues instead of government publica-
tions (Fig. 3).

C – Compliance with Chemoprophylaxis, when
indicated

Chemoprophylaxis is indicated for travel to all malaria areas
considered moderate to high risk (Schmidt, 2019a, b). These
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areas can be found in all of South Africa’s neighbouring coun-
tries, and within South Africa in Limpopo and Mpumalanga
(Fig. 1). Of the 32 respondents who submitted usable ques-
tionnaires, almost all (n = 30) indicated that they had travelled
to malaria areas considered moderate or high risk. However,
only one-third (n = 10) of these respondents reported that they
had taken antimalarial drugs on their most recent trip to one of
the areas. Even more alarmingly, of the 10 respondents who
had only travelled locally within South Africa, to either
Limpopo or Mpumalanga, only one-fifth (n = 2) had taken
chemoprophylaxis. This indicates a very low level of compli-
ance with chemoprophylaxis in indicated settings, which is
particularly concerning among a sample group who have the
level of education and socio-economic status to enable
compliance.

Climate change awareness and impact on future
malaria risk zones

All 32 respondents indicated they understood what was meant
by the term “climate change”. Respondents were then asked
whether they thought climate change would impact malaria
risk and distribution in Southern Africa, and if so, how.
Almost all respondents (n = 28) indicated that they believed
that climate change would increase malaria risk in Southern
Africa, while the remaining four indicated that they did not
know. No respondents answered that climate change would
decrease malaria risk in Southern Africa or have no effect.

Respondents also drew a line across indicating where they
thought the boundary of the malaria risk zone would be locat-
ed in 20 years’ time. The composite map produced shows a far
greater extent of malaria distribution than the composite map
produced for current malaria risk (Fig. 6). Respondents indi-
cated that they believed the malaria risk zone would extend
further west and south into the country’s interior, with the
majority of respondents including large parts of Limpopo
and Mpumalanga (Fig. 6). This is consistent with the trend
shown by the malaria risk maps produced by the government
over the past century (Coetzee et al. 2013; Morris et al. 2013).

The composite map indicates that respondents are cognizant
of the increased risk of malaria projected for South Africa in
future decades, and significantly aware of the spatial patterns
projected for the increase in the distribution of malaria risk.
However, many respondents indicated an expansion of the
malaria risk zone 20 years from now which is geographically
impossible, and exceeds the model outputs for malaria projec-
tion. Notably, the expansion into the mountainous highlands
of Lesotho, the temperate climates of the southern coast of
South Africa, and the arid west coast of South Africa are
unlikely in the next 20 years, if ever. These exaggerated per-
ceptions of future risk, when not realized, may result in further
complacency among respondents, particularly as relates to
chemoprophylaxis.

Discussion

Efficacy of the “ABC” of malaria prevention in
increasing public awareness

The first tenet of the “ABC” of malaria prevention relates to
public awareness and the accurate assessment of malaria risk
(NDOH 2018a). This emphasis on awareness and perception
is further echoed in the Malaria Elimination Strategic Plan for
South Africa 2019–2023 which aims to “ensure that 90% of
the population affected by malaria receives information edu-
cation communication messaging by 2023” (National
Department of Health 2019:25). When respondents were sur-
veyed, it was found that while there is a relatively high level of
self-reported awareness regarding the general location of ma-
laria risk areas in South Africa, the majority of respondents
were unable to reliably recount the extent of these areas. The
behaviour of the population regarding malaria avoidance sim-
ilarly was not in line with governmental advice and scientifi-
cally determined best practice. This indicates that at least a
proportion of the South African population are unaware of
the precise location of the malaria risk zone, and their per-
ceived awareness is incongruous with the demonstrated
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awareness or reality. This is consistent with prior research in
KwaZulu-Natal (Maartens et al. 2007). Further research is
needed to determine whether this lack of awareness in a sta-
tistically representative population amounts to greater than
10%.

Within the existing medium to high-risk malaria zones
(Fig. 1), targeted governmental efforts at increasing awareness
have been conducted actively at the community level, rather
than solely passively through websites and riskmaps in clinics
which is the case for the respondent group from Gauteng
Province (Govere et al. 2000; Cox et al. 2018). For example,
members of communities in the Vhembe District in largely
rural Limpopo Province who have been involved in the gov-
ernmental Malaria Awareness Programme (MAP) are found
to have a 3.3 times greater knowledge on malaria transmission
risk and 2.8 times higher awareness of prevention methods
than those who had not been involved in these programmes
(Cox et al. 2018). The perceptions of residents living in cur-
rent malaria risk zones regarding the boundary of these zones
would be a valuable avenue of future research.

It is notable that among the respondents, government and
official publications/websites were the least consulted sources
of information, while family, friends, and/or colleagues were
the most frequently consulted. As only six of the 32 respon-
dents believed that there was enough information available to
the general public regarding malaria distribution, precautions
to take against contracting malaria, and how to identify and
treat malaria, this suggests a weakness in policy’s strategies
regarding modes of delivery of malaria education and high-
lights the possibility of the transmission of misinformation
from person to person. While targeted initiatives in high-risk
malaria regions are of course imperative in addressing the
epicentre of the problem, the significant tourism sector in
South Africa, and the large proportion of people migrating
back to their homes in malaria areas during holiday periods,
does necessitate a broader geographic reach of these activities

(Blumberg et al. 2014; Raman et al. 2016). Following discrete
epidemics, this has been facilitated through tourism operators
distributing information (Maartens et al. 2007), but this would
not address tourists staying in less formalized accommoda-
tion. The incorrect perceptions that malaria risk is not high
when travelling for short periods (see Ben-Ami et al. 2005;
Baranova et al. 2019), or can be mitigated through wearing
long clothing only in the evenings, reveal the dangers of rely-
ing on non-official sources of information when planning pre-
cautionary measures to avoid malaria (Raman et al. 2016).
These respondents appear to have misunderstood that while
the longer the visit to a malaria-prone region, the greater the
risk, short stays do not carry no or low risk; likewise, while
long clothing is advised at all times, wearing it for short pe-
riods is not sufficient in preventing the risk of bites or malaria
(Baker 2018). This misconception appears relatively unique to
this study; an investigation into foreign tourists’ awareness of
malaria while at OR Tambo International Airport in Gauteng
indicated that medical practitioners and travel agents were by
far the greatest source of information on malaria (Waner et al.
1999).

The low rates of use of chemoprophylaxis among respondents
warrant particular concern. For persons with no immunity to
malaria, which includes our study sample group, but also much
of South Africa (Fig. 1), chemoprophylaxis is indicated for the
period of travel (Freedman 2008; Morris et al. 2013; Schmidt,
2019a, b). Doxycycline, atovaquone-proguanil, and mefloquine
are currently recommended for use in South Africa, with an
efficacy of ~ 90% when taken correctly (Baker, 2018; Schmidt,
2019a, b). The former two drugs have recently been down-
scheduled to S2, allowing for pharmacists to dispense these with-
out prescription (Baker 2018), thus increasing access and reduc-
ing costs slightly through eliminating the necessity for a consul-
tation with a doctor (Ukpe et al. 2013). While there are medical
uncertainties regarding the safety of certain antimalarials, partic-
ularly Mefloquine, in terms of neuropsychiatric adverse effects

Fig. 6 Overlaid map of
respondents’ perceptions of future
malaria risk boundaries in South
Africa in 20 years’ time (n = 28)
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(Freedman 2008; Baker 2018), these were not cited by the re-
spondents as the reasons for non-compliance. More minor side
effects, by contrast, were indicated as a reason for non-compli-
ance, a theme which is echoed in studies of international tourists
(Waner et al. 1999). A lack of awareness of the need for chemo-
prophylaxis, due to poor knowledge of the malaria areas, or to a
lack of understanding of the severity of the risk may explain
some of respondents not having used this precaution (Leggat
et al. 2002; Maartens et al. 2007). However, as the majority of
respondents over-estimated the expanse of the South African
malaria risk area, this seems unlikely. A significant barrier to
the use of chemoprophylaxis is the cost (Leggat et al. 2002;
Ukpe et al. 2013). Even amongmore affluent travellers, the large
cost of the antimalarial drugs serves as disincentive, particularly
for trips of short duration or outside of the rainfall season (Leggat
et al. 2002). Greater medical aid coverage for antimalarials and a
reduction in the cost of the drugs would be important in address-
ing this component.

The way forward: policy directions

Despite a relatively low sample size, this study reveals notable
gaps in the awareness and risk-taking decision-making among
persons who travel into malaria areas, who are resident in a
country in which some but not all areas carry a high malaria risk
(Blumberg et al. 2014). This is distinct to the majority of studies
for SouthAfricawhich either assess the awareness and behaviour
of international tourists visiting malaria areas (cf. Waner et al.
1999; Freedman 2008), or of local communities within high-risk
malaria areas (cf. Govere et al. 2000; Morris et al. 2013; Cox
et al. 2018). This group is important because they do not receive
the same level of travel advice as international tourists (Waner
et al. 1999), yet frequently travel into and through high- and
medium-risk malaria areas (Maartens et al. 2007), often through
self-booking (de Jager and Ezeuduji 2015). The greatest aware-
ness among local tourists has been found to directly followmajor
malaria epidemics, which is coupled with booking cancellations
for accommodation establishments in malaria-prone regions
(Maartens et al. 2007). The changes in the methods of malaria
risk mapping, and the extent of the risk areas in these maps,
particularly under climate change, further yield much of the in-
formation that regular travellers might have outdated (Coetzee
et al. 2013; Morris et al. 2013). Policy improvements therefore
need to be aware of both the limitations in knowledge and short-
falls in risk-aversion behaviour, and the potential for these factors
to worsen under climate change. For effective policy adaptation,
however, a much larger sample group with greater socio-
economic heterogeneity would be valuable.

While the regularly shifting extent of the malaria risk zone
is posited as one of the reasons for a poor awareness among
respondents, it could be argued that under climate change, an
even more frequent updating and reporting of risk may be
beneficial. Seasonal malaria forecasts are being produced for

South Africa by local researchers (Kim et al. 2019; Landman
et al. 2020), which could be presented to the public biannually
to refine malaria prevention behaviour. Frequent and stan-
dardized government publication of season-specific informa-
tion would potentially result in a greater reliance on these
resources over word-of-mouth based on travel which occurred
less recently. The avenues of the dissemination are also an
important consideration in effective communication of malar-
ia information (Blumberg et al. 2014).

Finally, this study was conducted during 2019, prior to the
COVID-19 pandemic (Gilbert et al. 2020). This pandemic
has, both globally and in South Africa, revealed an unprece-
dented public engagement with disease epidemiology and
risk-aversion, and the extensive use of social media in gov-
ernment communication (Gao et al. 2020). South Africa has
been ranked second in the world for the most reliable COVID-
19 information, due in part to the conditions of the national
lockdown which prohibit the dissemination of fake news
(Ryklief 2020). Announcements directly from the National
Institute for Communicable Diseases and the Minister of
Health, each of which distributed both to the press and via
social media, have allowed the public to follow both case
numbers and the state of knowledge on precautionary mea-
sures. This provides valuable insight into methods of effective
communication with the national populace involving disease
prevention (Young et al. 2008).

Conclusion

This pilot study explores the self-reported risk behaviour and
awareness of malaria area boundaries among South Africans
who are resident outside of the high-risk malaria area. While
respondents in this study claim to have a high level of aware-
ness relating to malaria, the vast majority overestimate the spa-
tial extent of both the current and future malaria areas and do
not practice the indicated precautionary measures when visiting
regions that they report to understand to be malaria-prone. Part
of this disjunct between their understanding of the malaria areas
and their behaviour appears to relate to their sources of infor-
mation, with a considerable reliance on friends and family,
rather than official sources. While this pilot study involves a
small target group who cannot be considered representative of
any broader sub-population, we provide insight as to avenues
for more comprehensive research, and a methodology which
could be used. This more extensive research would provide
valuable insight to improve policy and intervention.

Compliance with ethical standards

Ethics clearance was obtained from the University of theWitwatersrand’s
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