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ABSTRACT

Introduction

Malaria is still a notifiable disease in South Africa (SA) and needs to be continuously monitored.
Therefore, ongoing systematic surveillance becomes necessary. Malaria incidence and mortality
numbers vary from year to year in the provinces that are regarded as malaria-endemic in SA. South
Africa has committed itself to eliminating malaria by 2030, as stipulated in the Sustainable

Development Goals.
Methods

This retrospective cohort study was conducted at uMkhanyakude District Municipality in
KwaZulu-Natal province. This study was used to explore the trends in malaria incidence and
mortality and identify risk factors associated with malaria deaths and cases of all reported cases
and deaths from 2014 to 2022. The study utilized secondary data extracted from the Malaria
Information System database using District Health Information System 2. Incidence and mortality
were assessed using graphs, case fatality rate and incidence per 100,000. Risk factors for case
classification(imported/local) were estimated by fitting Binary Logistic regression models.
Poisson regression was used to estimate rates and trends for malaria incidence. The other analyses
were descriptive, summarizing the socio-demographic characteristics of the malaria cases and
investigating the association of factors with malaria mortality using univariable analyses (Fisher’s

exact test) and case classification.

Results

Overall, no consistent annual trends identified for malaria incidence and mortality over the 9 years.
The municipality contributing the highest number of cases over all the years was the
uMhlabuyalingana Local Municipality. The summer season has been found to contribute to the
majority of cases over the years. There was a higher number of imported cases compared to local
cases. The Poisson regression results for all three models using case classification as an outcome
indicated that local municipality and year were associated with an increase in malaria incidence
rate per unit population; this was statistically significant (p<0.001). As there were only 10 deaths
in the study period, we were unable to find factors associated with mortality. Binary Logistic

regression showed lower odds (OR: 0.0) of imported cases in Jozini Municipality.
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Conclusion

This study emphasised the importance of monitoring trends, as this also shows whether
implemented interventions are effective or whether additional planning or actions are required to
meet the elimination goals. One of the limitations of this study was missing data, which limited
analysis for mortality. Efforts should be made to improve the quality and completeness of routine
data captured on the DHIS2. This study will help to identify gaps in malaria interventions and also

help in allocating resources effectively for municipalities under the district.
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1 CHAPTER ONE: INTRODUCTION

1.1 Background
In 2010, it was estimated that there were about 251 million malaria cases worldwide, with the
number of cases estimated to have dropped to 231 million in 2017 (1). These cases decreased to
228 million in 2018. During 2019, there were an estimated 227 million cases, which was lower
than the estimated number of cases in 2010, 2017, and 2018, indicating a decrease in the number
of malaria cases. In 2020, the estimated number of malaria cases increased to 241 million, with
the rise attributed to the disruption of services due to COVID-19. Most of these cases are from
the WHO African region (2). In 2018, there were about 24 million children: and 11 million
pregnant women infected with malaria in the WHO African region (1). In 2020. there was an
estimation of 11.6 million pregnant women and out of the estimated pregnancy total, 33.8% of
women were infected with malaria in the WHO African Region. Out of these infected pregnant
women, there were 819000 children with low birth weight, defined as birth weight <2.5kg (2). The
increase in malaria found in sub-Saharan Africa is related to factors such as the duration and
intensity of the rainy season. The geographical area and local rainfall play a major role in the
number of incident cases per season. Each year, incidence rates vary due to the low or high rainy

season (3).

The WHO malaria report for 2019 outlined that worldwide malaria deaths in 2010 were estimated
to be 585000, in 2017, there were 416000 estimated deaths and 405000 in 2018. The WHO malaria
report for 2021 indicates that in 2019, 58,5000 deaths occurred, showing an increase from 2018,
and in 2020, the deaths increased as well to 627000. The group most affected by an increase in
mortality is children under 5 years old (4).

About 10% of the population in South Africa lives in malaria-endemic areas. Malaria transmission
occurs in three provinces in South Africa, KwaZulu-Natal, Mpumalanga, and Limpopo, which
share borders with neighbouring countries (5). The transmission of malaria occurs in the northern
and eastern areas, which border Zimbabwe (in the North) and Mozambique (in the East) (6).
Malaria cases vary seasonally, being more common from September to May, coinciding with the
rainy summer season and proliferation of mosquitoes in South Africa but are rare in winter (7).
Four mosquito vector species are present in South Africa, with 60% being Anopheles arabiensis,

and low numbers of Anopheles merus, vaneedeni, and parensis are present (8). In the past three



years, there has been variability in the incidence of malaria with no discernible trend, where in the
year 2016, there were 9478 cases and 76 deaths, in 2018, there were 18138 cases and 69 deaths,
and in 2019, there were 13780 cases and 79 deaths due to malaria (9). In 2020, South Africa had
about 8126 malaria cases and 38 confirmed deaths. The mosquito control measures in place in
South Africa include indoor residual spraying, which is commonly used and preferred and limited
larval source management of mosquito breeding sites. Indoor residual spraying is mainly
performed from November to April because this is known to be a wet season with an increase in
mosquito breeding (10). Malaria incidence in South Africa may seem relatively low compared to
other African countries, but it is important to consistently monitor the incidence because South
Africa has neighbouring countries with a high incidence of malaria. This leads to the possibility
of outbreaks such as one that occurred in South Africa in 2017 and locally in Limpopo in 2019

thus further efforts are still required to ultimately achieve the elimination of malaria in the country

(11).

KwaZulu-Natal (KZN) accounts for a high number of Anopheles mosquitoes and these vectors are
resistant to insecticides within the province (12). In KZN as in other parts of South Africa, the
majority of malaria cases are caused by the parasite Plasmodium falciparum. uMkhanyakude
District is still an area that experiences malaria transmission in KZN due to its being near the
borders of Mozambique and Eswatini (5). Over the years from 2010 to 2018, there has been no
steady decrease in malaria cases and deaths in KZN. According to a study by Maharaj et al. (5) in
the years 2010 and 2011 in KZN, there were about 43 local cases and 159 imported cases, where
an imported case was where the infected person had a travel history to endemic provinces outside
KZN or outside the country, but was diagnosed in KZN, while a local case was when the infected
person had no travel history and was infected and diagnosed within KZN. An increase in cases
was observed until 2012, when there were 114 local cases and 413 imported, then a decrease again
in 2013 to 48 local cases and an increase in imported 497 cases, and in 2018, there were 124 local
cases and 874 imported cases. There were a larger number of imported cases than local cases. A
low number of deaths has been observed in the province where in some years there were even zero

or one death, among both local and imported cases combined (5).

The decrease in malaria incidence over the past 15 years has been a motivation for countries such

as Namibia, South Africa, Eswatini, and Botswana to aim for the 2030 elimination phase. This has



encouraged neighbouring countries such as Eswatini, South Africa, and Mozambique to implement
a cross-border initiative (13). This resulted in a huge reduction in malaria cases in the border areas
of South Africa from a total of 64622 to 6846, which is about a 90% reduction, with a
corresponding reduction in malaria mortality from 459 to 91, which is about 80 % reduction during
the previous cross-border programme from the year 2000 to the year 2010 (4). Unfortunately, the
successful decrease could not be sustained throughout the recent COVID-19 pandemic. The
question remains whether reducing the disease burden and eliminating malaria by 2030 which
forms part of the Sustainable Development Goal 3 adopted by the United Nations in 2015 can be
achieved. (14).

1.2 Problem statement

The African continent has the highest incidence of malaria in the world. Around 85% of malaria
cases and 91% of deaths are in Africa (15). Sub-Saharan Africa’s climate is conducive to the
breeding of the female Anopheles mosquito which is the vector host of the malaria parasite (16).
The prevalence of HIV tends to be high in sub-Saharan Africa, which also influences malaria
incidence due to compromised immune systems (4). Malaria remains one of the major killers of
children under 5 years; in some particular areas in sub-Saharan Africa, every 2 minutes in the high

endemic areas, a child dies because of malaria infection (17).

An increase in the incidence of malaria in some sub-Saharan African countries put the entire
population of Sub-Saharan Africa at risk of malaria infection (18). Malaria being seasonal has a
relationship to climate patterns, as most countries experience climate change, and this could lead
to seasonal outbreaks (19). Since there is malaria incidence in Eswatini and Mozambique which
neighbour uMkhanyakude District, this creates a potential problem for uMkhanyakude District
with an increased number of imported cases (20). In the years 2016 and 2017, within the district,
there were still local cases observed, which could also be a major problem for the elimination goal
for South Africa (21). The trend analysis of malaria cases and deaths from 2014 to 2022 aims to
identify patterns which can provide an understanding of temporal trends and also evaluate the
progress of existing control measures. According to Omeara et al. (22), Southern Africa (South
Africa, Mozambique, and Eswatini) have had a decline in malaria cases since 1980, due to the
increased interventions implemented and extensive increases in funding allocated for malaria

control measures. As much as malaria incidence has been observed to decline, the question remains



if South Africa will achieve zero cases by 2030, and if not, what factors will contribute to ongoing

malaria incident cases.

1.3 Justification

Since South Africa experienced malaria cases and mortality in the past decades, many targets have
been set including targets of the Millennium Development Goal 6. This goal was to reduce malaria
incidence by 75% by 2015 (23). The recent shift in goals in this country is now the elimination
goal by 2030 stated by the UN Sustainable Development Goals (24). In South Africa, the malaria-
endemic provinces are Limpopo, Mpumalanga, and Kwa-Zulu Natal. Malaria prevention measures
are mainly implemented in these provinces (25). The elimination of malaria in these provinces
would result in the elimination of local malaria cases in the country. Since uMkhanyakude District
borders Mozambique, which is a malaria-endemic country, there is a risk of cross-border cases.
This study will therefore identify both local and imported cases and will determine whether more
interventions are required to prevent imported cases (26). Mozambique accounts for an estimated
46% of cases, which is an estimated 9.3 million cases annually in the Southern African region (27).
Therefore, this study aims to determine whether there is a decline in malaria cases in South Africa
and to indicate whether the country is in the process of reaching the elimination of malaria cases
by 2030. It will provide accurate estimates of incidence and mortality for the past nine years. It
will identify the human behavioural risk factors contributing to malaria incidence and mortality
including the location of infected individuals, focusing on the host. South Africa is one of the
countries that relies on funding to support the initiatives of malaria elimination; therefore, it is
important that even during pandemics, there are quick interventions that will not affect the malaria
elimination and control programmes because should these be interrupted; a rise in cases might be
seen(27). The study will provide evidence on whether additional control measures are required,
including whether certain human behavioural factors need special attention. It will also do analyses
at the local level, which can help with the allocation of resources. A comparison of cases annually
will also show whether COVID-19 has an impact on the target goals. The trends will give insight
into what was happening over the previous nine years. This is important since there are only 6

years left until 2030.



14 Research Question
Is there a trend of malaria incidence and mortality from 2014 to 2022 in the uMkhanyakude
District, and what are the socio-demographic characteristics associated with patient vital status,

local and imported cases, and risk factors associated with case classification?

1.5 Aim

To determine the trends in malaria incidence and identify risk factors associated with imported
and local cases, including socio-demographic factors for local and imported cases and patient’s

vital status in the uMkhanyakude District from 2014 to 2022.

1.6 Study objectives

1) To determine trends in malaria incidence overall and for imported and local cases, and to
determine the malaria fatality rate in the uMkhanyakude District from 2014 to 2022.

2) To describe and examine socio-demographic characteristics associated with imported and
local malaria cases in the uMkhanyakude District from 2014 to 2022.

3) To describe and identify the socio-demographic characteristics associated with patient’s
vital status in the uMkhanyakude District from 2014 to 2022.

4) To identify risk factors associated with case classification in the uMkhanyakude District

from 2014 to 2022.



2 CHAPTER TWO: LITERATURE REVIEW

2.1 Malaria Etiology
The protozoan parasite causing malaria infection consists of five plasmodium species. These are
known as Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium knowlesi,
and Plasmodium malariae. The two species that cause the most infections worldwide are P.
falciparum and P. vivax (28). The most common species in Africa is the Plasmodium falciparum,
whereas parasites such as P. ovale, P. vivax, and P. malariae depend on a geographical area and
are less commonly found. The vector for transmission is the Anopheles mosquitoes. In Africa,
about 98% of malaria cases are due to Plasmodium falciparum (29). In South Africa, 90% of cases
are caused by the species Plasmodium falciparum (6). In South Africa, the major vector
responsible for transmission is Anopheles arabinoses (30). In a study conducted at uMkhanyakude
District, clay pots were placed outside households to trap mosquitoes to identify the type of vector

present. Anopheles were found to be the predominant species present in KZN (31).

2.2 Malaria incidence and mortality

Globally, the malaria incidence rate has declined from 71 to 57 cases per 1000 people at risk (for
a population of 1000 people, 57 people are infected with malaria) between 2010 and 2018 (32). A
study in India projected the possibility of reaching zero indigenous malaria cases in 2027-2028
using the ARIMA and Holt’s models(33). Within the African region, the incidence rate decreased
from 294 per 1,000 people at risk in the year 2010 to 229 in 2018 (34). Furthermore, a study
conducted in the African Region found an increase in malaria cases from the year 2021 to the year
2022, from 230 million cases to 233 million cases(35). A study using the Mann-Kendal test in
Ethiopia to identify trends in urban areas indicated a 62% decline from 2014 to 2018. In contrast,
in 2019, there was an in malaria incidence to 15 per 1000 population from 11 per 1000 in 2018(36).
Over the past years, the analysis of malaria data in sub-Saharan Africa indicated a decrease in
malaria deaths (21,22). Examining the years 2010 to 2018 reveals a decline in deaths from 585,000
to 405,000. Children aged under five years in 2018 accounted for 67% of the deaths worldwide
(34). Malaria is a significant risk factor for mortality. Children under five years and pregnant
women are known to be at risk of malaria in sub-Saharan Africa. This varies for each country
because South Africa indicates very low percentages of malaria infection for children under five

and pregnant women. A study conducted in Kwa-Zulu Natal showed evidence of the annual



cumulative incidence rate being 10% for children under five and 1% for pregnant women (38).
However, on the other hand, countries such as Burkina Faso still experience high mortality rates
for children under 5 years; this was identified by a 21-year cohort follow-up (39). The reason the
WHO recommends South Africa target zero cases is because of the low incidence rates of malaria,
less than 1 per 1,000 person-years. There is still variation in the incidence, with an increase in
some years. In the year 2012, there were 5,255 malaria cases, which had increased to 15,554 in
2018. In 2017, there was a malaria outbreak in South Africa, and 28,264 cases were reported.
According to a 2019 report by the NICD, there were 13780 cases and 79 deaths (40). A study
conducted in South Africa reviewing malaria trends in 2022 and 2023 also recorded monthly data,
which did not indicate a constant trend, findings indicated that most cases were recorded after the
December holidays and April holidays. A decrease in cases was observed from May to August

(41).

2.3  Effectiveness of indoor residual spraying

Vectors seem to be a serious hindrance to the malaria elimination goal in South Africa (42). Over
the past years, numerous interventions have been implemented, such as indoor residual spraying,
case detection using rapid diagnostic tests, and providing treatment (43). In South Africa, up until
today, indoor residual spraying is still regarded as the most effective preventive measure for
malaria infections since it kills the vector responsible for transmission. This intervention resulted
in a drastic decrease in malaria cases ever since its use (25,12). The introduction of dichloro-
diphenyl-trichloroethane (DDT) in KwaZulu -Natal in the year 2000 for residual spraying has been
effective and resulted in low transmission (45). It should be noted that in Mozambique, which
borders KZN, there have been cases despite residual spraying, and this poses a risk to KZN due to

the large number of imported cases (46).

2.4 Seasonal influence

Heavy rainfall is noted to be damaging to vector breeding sites, whereas moderate rainfall seems
to favour the abundance of vectors (47). Using a hierarchical Bayesian CAR model, spatial and
temporal effects were used to determine whether climate influenced the increase in malaria.
Findings showed that an increase in annual mean rainfall also increased malaria incidence by
0.6%(48). Zimbabwe, which is on the border of South Africa is also a country that experiences

seasonal malaria transmission (46). Seasonal changes over the past years have played a role in
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malaria transmission. Within the three malaria-endemic provinces in South Africa, evidence
showed that malaria incidence and mortality vary in these provinces (44). This is a result of
different seasonal changes experienced. In the Limpopo province in Vhembe, fewer than 100 cases
a day were observed during the period 1998 to 2007 as a consequence of lower rainfall whereas
on the 26th of April 2017 cases increased to about 243 reported cases in one day (17). Around
2017 when everything seemed to be in place and many measures were implemented, there was
constant rainfall and an increase in malaria incidence was observed in Limpopo and Kwa-Zulu
Natal. The four seasons are divided into December to February which is summer, spring from

September to November, autumn from March to May and winter from June to August (5).

2.5 Imported and local malaria cases

Malaria cases are categorized into either local or imported cases. Local cases are regarded as those
that occurred locally where the patient has no travel history and imported regarded as infections
that occurred out of South Africa, where a travel history is mentioned, especially in areas known
to be malaria endemic (49). Since Kwa-Zulu Natal shares borders with countries known to have
malaria infections, this resulted in implications for the province in that there would be more
imported cases than local cases. Some imported cases of Mozambican nationals were found to be
asymptomatic when crossing the informal borders (49). However, a study found that there were
fewer deaths among imported cases even though there were more imported cases than local cases

(49). Annually on average uMkhanyakude District reports 20—100 local cases(50).

2.6 Socio-demographic factors and risk factors associated with malaria

incidence and mortality

Weather temperature changes play a role in the number of malaria infections and mortality over
the past years. Several other factors also contributing to malaria infections have been identified by
a cohort study with a follow-up of 21 years indicating risk factors such as age, socioeconomic
status, labour migration, and employment(51). The other contributing factors for malaria mortality
were found to be comorbidities that an individual had, such as anaemia (52). On the other hand, it
was noted that countries without the financial contribution of the United States President’s Malaria
Initiative had a higher child malaria mortality rate than countries with the United States President’s
Malaria Initiative in sub-Saharan Africa (53). Some countries in sub-Saharan Africa lack

significant donor funding therefore, this results in very low coverage or limited resources for
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antimalarial treatment and prevention programs (54). The COVID-19 pandemic caused disruption
to the healthcare system, especially in low-income and middle-income countries. There have been
concerns that the interventions related to COVID-19 shifted focus away from other diseases such
as malaria in the sub-Saharan African region. One of the countries that has reported an increase in
malaria cases is Zimbabwe's Matabeleland South Province (55). However, on the other hand,
according to Ismail et al.(56), the similarities of symptoms between COVID-19 and malaria may
lead to misdiagnosis of one disease for the other, which can result in misunderstanding the concept
of coinfection. According to Gao et al. (57), the increase in malaria incidence in the African region
was due to a lack of funding, which weakened the surveillance system for malaria, due to funding
being directed to COVID-19. On the other hand, a study conducted in South Africa for malaria
incidence during lockdown reported a low number of imported and local cases in KZN,
Mpumalanga and Limpopo provinces (58). Another study in KZN indicated a decline in cases,
but imported cases were still predominant (59). A study in KwaZulu Natal indicated that an adult
who tends to spend more hours outdoors in high malaria infection areas tends to be at a higher risk
of infection (38). A study conducted found that people who did not have toilet facilities, followed

by those without formal education, were at risk of being infected by malaria (60).



3 CHAPTER THREE: METHODOLOGY
This section provides details of the study site and study population as well as the approach to data
management and methods used to analyse the data. It includes procedures followed to adhere to

all ethical considerations required for the study.

3.1 Study Design & Study Site

This retrospective cohort study was conducted at uMkhanyakude District Municipality in
KwaZulu Natal province, encompassing Jozini, uMhlabuyalingana, Mtubatuba, and Big 5 Hlabisa
(61). This district covering over 12 818 km? borders areas of Eswatini and Mozambique with high
malaria endemicity (62). The study period focused on data from patients who had completed
follow-ups, examining malaria incidence and mortality. This location was chosen due to its
proximity to high-risk malaria regions, allowing insights into malaria transmission and outcomes

within a cross-border context.

3.2 Study Population

The study population included all the people residing within the uMkhanyakude District between
2014 to 2022. The annual population used was the figures taken from DHIS2. The annual
population per municipality was provided from 2014 to 2022 and this was combined per

municipality to give the total population for the year.
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3.2.1 Table 3.1 Annual population for uMkhanyakude District and local municipalities.

Year uMkhanyakude uMhlabuyalingana Jozini Mtubatuba The Big 5
District Hlabisa
2014 637179 158646 191735 180165 106633
2015 642752 159991 192840 183051 106870
2016 648366 161377 193931 185952 107106
2017 654279 162930 195101 188888 107360
2018 660459 164580 196299 191941 107639
2019 666163 166171 197344 194818 107830
2020 671378 167693 198235 197527 107923
2021 676068 169123 198980 200041 107924
2022 680656 170619 199717 202434 107886

3.3 Data collection

The study utilized secondary data extracted from the Malaria Information System database using
DHIS2, as this system captures data at an individual level and aggregated level. The aggregated
data captures malaria incidence and mortality annually, per local municipality and monthly for
each year. The quantitative data was extracted in Excel format. The data sources which feed into
this system include malaria surveillance that is carried out by task teams who conduct active and
passive screening. It also includes all cases in the health facilities of patients who presented seeking
care with symptoms of malaria. The periods for which data were extracted were from 2014 to 2022
for all cases and deaths in the study district. The individual dataset extracted included the following
variables gender, age, local municipality, case classification, patient vital status, patient
occupation, travel history inside and outside SA, patient previous infection, clinical symptoms,

protection against malaria and household spray. The dataset also extracted included annual
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incidence and deaths for the district, per local municipality and annual population for each

municipality.

34 Data management

Patient anonymity was protected by not including personal details in the analysis, and each
participant was given an identification number. Data were received in Excel format. Data were
cleaned and coded to numeric format where required. For categorical data, care was taken to ensure
that the labels were correct and consistent for each level of the factor. Data were imported to
STATA version 16 for analysis. For Poisson regression analysis, the individual data was collapsed
by year and local municipality using case classification as the outcome and then merged with
annual population data for each municipality using it as the offset. The variable Unicode was
created to be used as a unique identifier. Local cases and locally imported cases were combined
into a single category of local cases for the purpose of analysis. Dummy coding of variables to
handle missing data was also used for regression analysis. Data visualization was used to study
data and understand any study patterns, as age was the only continuous variable therefore, mean
imputation was done to handle missing data by replacing missing age with the mean. The missing
data for the variable municipality was filled in using the health facility information to allocate it
to the appropriate municipality. Analytical datasets were stored on a password-protected computer,

and only the researcher and the supervisor had access to the data.

3.5 Study variables

3.5.1 Outcome variable

The outcome variable was the malaria incidence and mortality from 2014 to 2022. All confirmed
cases that met any necessary criterion of diagnosis were included. Case classification, which was
either an imported or local case, was also used as an outcome for malaria incidence. The patient’s
vital status reported binary, (as deceased due to malaria infection and was infected but survived,
was captured as alive), was also used as an outcome. These outcome variables were reported in
the notifiable medical conditions forms (NMC) and captured in DHIS2. Imported cases were
defined as cases where the infected person had a travel history to a malaria-endemic neighbouring
country but was diagnosed within the district. Local cases were defined as cases where an infected

person had no travel history outside SA and was infected and diagnosed within uMkhanyakude
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District. They might have travelled to provinces or local areas outside uMkhanyakude District but

still within SA.

352 Explanatory variables

The explanatory variables used for analysis included gender(male and female), age(years),
occupation(driver, farming, other, self-employed, student, unemployed), local municipality(Big 5
Hlabisa, Jozini, Mtubatuba and uMhlabuyalingana Local Municipality), household sprayed
(no/yes/unknown), patient protection against malaria(no/yes), travel history outside South Africa
past 6 weeks(no/yes), travel history inside South Africa past 6 weeks(no, yes), previous infection
with malaria(no/yes) and clinical symptoms (body pains(abdominal, rigours, joints), asymptotic,
chills or shivering, dizziness, febrile illness / hot body, fever, flu-like symptoms, headache, loss of

appetite, other, tiredness/body malaise, vomiting).

3.6  Data Analysis

To determine malaria incidence for imported and local cases for the district and, local municipality
incidence was calculated per 100000 people annually and seasonally for summer, autumn spring
and winter. Annual population estimates were from DHIS2. The formula used was
cases/population x100000. Seasonal (summer, autumn, winter, and spring), annually, local
municipality and district were outlined using graphical plots of cases and deaths using actual
numbers. Seasonal cases were added per month for each season as per the calendar. The tabulation
of malaria mortality, fatality rate and incidence for the district and per local municipality was also
outlined. The fatality rate was calculated annually using deaths/cases x 100. This was achieved by

using the aggregated data.

The Poisson regression model was fitted to determine the malaria incidence rate by merging the
collapsed individual data on malaria incidence by year and municipality, and annual population
data for each local municipality per year. The variable case classification was used as malaria count
for the outcome, and all deaths were dropped before data was collapsed and merged for Poisson
analysis. The population was used as the offset variable. Before conducting the analysis
assumptions for analysis were assessed for Poisson regression. The likelihood ratio test was also
used to compare models. The probability of occurrence of local or imported cases for the

independent variables was examined using Binary Logistic regression. The outcome was malaria
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cases imported and local cases. The independent variables used for regression analysis were
gender, municipality, occupation, previous infection with malaria, travel history outside South
Africa past 6 weeks and patient protection against malaria. Before conducting the analysis, the
assumptions for conducting the Binary Logistic regression were assessed. A stepwise selection
method was used to select the variables which provide the best fit for the model, assisting in model
simplification, improved prediction and reduced multicollinearity. The Goodness of fit test was
used to assess the fitness of the model. To determine the socio-demographic characteristics
associated with imported and local malaria cases for the district the Chi-square and Fisher’s Exact

were used. Significance was determined by a P value <0.05.

To determine the socio-demographic characteristics associated with patient’s vital status, Fisher’s
Exact test was used to test if there were any statistically significant differences between deaths and

alive patients. Significance was determined by a P value <0.05.

3.7 Ethical Consideration

The data was analysed using a dataset obtained from the KwaZulu-Natal Malaria Elimination
Department from DHIS2. Application to the KwaZulu-Natal Malaria Elimination Department was
submitted to request permission to use the dataset of all captured cases and deaths both from
passive and active surveillance since malaria is a notifiable disease in South Africa. A site visit
was also conducted at the KZN Malaria Department in Jozini to gain insight into data. A
discussion was also held of ethical considerations that should be followed before dataset
permission was issued for study purposes. This study was also granted ethics approval on 24 May
2024 (Clearance Certificate number M240506) by the University of Witwatersrand. Refer to Appendix
2.

3.8 Limitations

The individual data captured had lots of missing values. The total number of individual data
captured for cases and deaths did not match the aggregated data totals. This resulted in
inconsistency in the reporting of results using individual data and aggregated data for tables and

graphs presented in the results sections.
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4 CHAPTER FOUR: RESULTS

The first set of analyses examined the background and clinical characteristics of the study
population for the uMkhanyakude District as summarised in Table 4.1 using the individual dataset.
Changes in malaria incidence and mortality were measured by case fatality rate and malaria
incidence per 100000 population presented annually, per local municipality and seasonally as
indicated in Tables 4.2, 4.3 and 4.4. In addition to this, these results were also presented using line
graphs and bar charts as per Figures 4.1 to 4.6 using the aggregated dataset. Poisson regression
was conducted to identify the malaria incidence rate using the variable case classification as an
outcome and using population as an offset (Tables 4.5, 4.6 and 4.7). Fisher's Exact test was used
to determine the association between the patient's vital status (alive or dead) and the variables
listed in Table 4.8, because of the small sample size for deaths. Further investigations were used
to determine the socio-demographic characteristics associated with malaria case classification in
two levels, local and imported cases, as the outcome and the predictor variables presented in Table
4.9 using Chi-square. Binary Logistic regression was used to determine risk factors associated with
the two-level case classification (Table 4.10). The likelihood ratio test was also used for the

regression models to compare models using the individual dataset.
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4.1 Socio-demographic characteristics
Table 4.1 Background and clinical characteristics of the study population using individual data for

uMkhanyakude District from the year 2014 to 2022

4.1.1 Table 4.1 Descriptive analysis for uMkhanyakude District 2014-2022

Variable Categories Frequency Percentage
N=4,197
Sex Male 2,710 64.6
Female 1,487 354
Age Years 4197 25 (19-33)

Median [IQR]

Local Municipality Big 5 Hlabisa Municipality 129 3.1
Jozini Municipality 757 18.0
Mtubatuba Municipality 135 3.2
uMhlabuyalingana Municipality 3,176 75.7
Patient vital status
Alive 2,660 63.4
Dead 10 0.2
Patient's previous Missing 1527 36.4
malaria infection
No 3,682 87.7
Yes 334 8.0
Missing 181 43
Clinical symptoms
Asymptotic 602 14.3
Bodypains(abdominal,rigours,joints) 112 2.7
Chill s/shivering 69 1.6
Diarrhoea 8 0.2
Dizziness 14 0.3
Febrile illness / hot body 7 0.2
Fever 564 13.4
Flu-like symptoms 12 0.3
Headache 854 20.3
Loss of appetite 4 0.1
Other 32 0.8
Tiredness/body malaise 13 0.3
Vomiting 16 0.4
Missing 1891 45.1
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Household sprayed No 569 13.5

Yes 483 11.5
Missing 3147 75.0
Protection against
malaria Yes 940 224
No 3112 74.2
Missing 145 34
Patient occupation
Driver 10 0.2
Farming 169 4.0
Other 233 55
Self-employed 708 16.9
Student 154 3.7
Unemployed 810 19.3
Missing 2114 50.4
Final case classification
Travel inside South Imported 3,575 86.4
Africa past 6 weeks Local 562 13.6
Travel outside South - Yes 130 3.1
Africa past 6 weeks No 3688 87.9
Missing 379 9.0
Yes 3,393 80.8
No 676 16.1
Missing 128 3.1

The study population consisted of 35.4% females and a substantial proportion of males which was
64.6% malaria patients. The average age was 25 years with ranges (19-33). Most patients were
from uMhlabuyalingana Local Municipality (75.7%) followed by Jozini Local Municipality with
18.0% and the last two were Mtubatuba Local Municipality with 3.2% and Big 5 Hlabisa Local
Municipality with the least contribution of 3.1%. A high number of malaria patients were reported
to be alive with a percentage of 63.4% and a low percentage of 0.2% being dead. Patients with re-
infections were lower (8.0%) than those who had no previous malaria infection (87.7%). Most
patients presented symptoms associated with having a headache (20.3%), followed by being
asymptomatic (14.3%) and fever with 13.4%. Other symptoms listed in Table 3.1 were less than
5% each. A percentage of 13.5% of patients had their household not sprayed compared with those
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who had their household previously sprayed (11.5%). A proportion of 74.2% of patients did not

use malaria protection and a proportion of 22.4 % used malaria protection.

Amongst malaria-infected patients, a total of 19.3% reported being unemployed which was the
highest. The lowest proportions were drivers (0.2%). Other types of occupation reported less than
6% each, listed in Table 4.1. Most malaria cases were classified as imported cases which was
86.4%. Patients who did not have a travel history inside South Africa for the past 6 weeks were at

87.9%. Patients with a travel history outside of South Africa for the past week were 80.8%.

4.2 Malaria incidence, mortality and fatality rate for uMkhanyakude District

A total number of 1036 malaria cases were reported in 2018, which was the highest followed by
922 cases in 2019 with just an 11% decrease. Similar figures with just a 4% difference were
reported for the years 2017 and 2021. The lowest number of cases was in 2016, which was 210
cases. From the year 2019 to the year 2020, the year of COVID-19, the cases decreased drastically
by more than 50% to 265. The year 2022 was the third-highest year with 558 cases.

There were extremely small numbers of malaria deaths during these years, with the highest being
8 in the year 2017. The lowest number of deaths was in 2022, which was only one. The years 2014,
2016, 2019, 2020 and 2021, all had a total of 2 deaths. Then, the two years 2015 and 2018 only
reported the same number of deaths, which was 3 for both years. The rest of the cases and deaths
annually are provided in Table 4.2.

The highest malaria incidence per 100,000 population was reported in the year 2018 with 156.9
cases. The second-highest year, in which 138.4 people were infected per 100,000 population was
in 2019. The year 2016 reported the lowest incidence per 100,000 population, which was 32.4
cases. In the year 2014, which was the beginning of the cohort, there were 34.4 malaria incidences
per 100,000 population, and in the last year of the cohort, 2022, there were 82.0 malaria incidences
per 100,000 population. The years 2018 and 2019, which reported the highest cases, reported a
low percentage of case fatality rates, where 2018 reported 0.3% and 2019 reported 0.2% which
was the lowest in 2022. The highest fatality rate was 2.2% reported in the year 2017. Other annual
incidence per 100,000 population and case fatality are reported in Table 4.2.

The malaria incidence graph plotted over time indicated that there was no constant increase or
decrease, as the graph showed an upward and downward trend over the years. The graph showed

a rise in cases, where in 2018 it reached its peak.
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, but then decreased again for the following two years, 2019 and 2020. During the last two years,
there was an increase in cases again in Figure 4.1. However, for deaths, there was a slight constant
indicated on the graph. In 2016, it reached its peak with deaths decreasing again over the years

with a slight constant (Figure 4.2).

4.2.1 Table 4.2 Malaria incidence, mortality and fatality rate for uMkhanyakude
District (2014-2022) using aggregated data

Year Total Number of Number of Incidence Case fatality
population Malaria Malaria Per 100000 rate
cases mortality population %
2014 637179 219 2 34 4 0.9
2015 642752 243 3 37.8 1.2
2016 648366 210 2 324 1.0
2017 654279 359 8 54.9 2.2
2018 660459 1036 3 156.9 0.3
2019 666163 922 2 138.4 0.2
2020 671378 265 2 39.5 0.8
2021 676068 344 2 50.9 0.6
2022 680656 558 1 82.0 0.2
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4.3 Graphically illustration of malaria cases and deaths

Annual malaria cases for uMkhanyakude District from 2014 to
2022
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4.3.1 Figure 4.1 Annual malaria cases for uMkhanyakude District 2014-2022. Malaria
cases were plotted as whole numbers using aggregated data.
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Annual malaria deaths total for UMKkhanyakude District from 2014
9 to 2022
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4.3.2  Figure 4.2 Annual malaria deaths for uMkhanyakude District 2014-2022. Malaria
Deaths plotted as whole numbers aggregated data
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4.4 Malaria incidence, mortality and fatality rate per local municipality
uMkhanyakude District (2014-2022)

From 2014 to 2022 uMhlabuyalingana Local Municipality reported the highest number of malaria
cases. This local municipality reported a very high number of cases in the year 2018 reporting 812
cases and increasing to 837 cases in 2019. There was a drop in 2020 during COVID-19 to 229
cases. In 2014, this local municipality reported 117 cases which was the lowest compared to other
years. The second municipality to report a high number of cases was Jozini Local Municipality.
This municipality reported the highest number of cases in 2018 being 175 cases followed by 2017
which was 131 cases (Figure 4.3).

At the beginning of the cohort, which was the year 2014, Jozini Local Municipality reported 51
cases and in 2022 the last year of the cohort reported 104 cases. In 2020 it reported 25 cases which
was its lowest. The two municipalities contributing to the least number of cases were Mtubatuba
Local Municipality and Big 5 Hlabisa Local Municipality. In 2014 Big 5 Hlabisa Local
Municipality reported 32 cases which was their highest and Mtubatuba Local Municipality
reported 19 cases. Information on other cases per local municipality over the years is outlined in

Figure 4.3.

Amongst all these four municipalities from the year 2014 to 2022 the highest number of deaths
reported was 3 which was reported by Big 5 Hlabisa Local Municipality and Jozini Local. In 2020
Big 5 Hlabisa Local Municipality and Jozini Local Municipality reported one case each.
Information on other deaths per local municipality over the years is graphically illustrated in Figure

44.

uMbhlabuyalingana Local Municipality being the municipality that contributes to most cases also
reported the highest malaria incidence per 100,000 population. A sum of 503.7 cases were reported
in 2019 and 493.4 infections per 100,000 population in 2018. Jozini Local Municipality is the
second-highest contributing municipality in the number of cases, it also has the second-highest
number of incidences per 100,000 population. In the year 2018, it reported 89.1 infections per
100000 population which was its highest. The case fatality proportion varies and changes among
municipalities. The highest was 13.7% reported in 2017 followed by 11.1% reported in 2020 by
Big 5 Hlabisa Local Municipality. Jozini Local Municipality reported 4% in 2020. Information on
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other incidences per 100,000 population and case fatality rate per local municipality of the years

are outlined in Table 4.3.
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4.4.1

Table 4.3 Malaria incidence, mortality and fatality rate per local municipality
uMkhanyakude District (2014-2022) using aggregated data

Period  Local Municipality Population = Malaria  Malaria  Incidence fatality
cases deaths  per 100000 rate
persons o
per year 7o
2014 Big 5 Hlabisa Municipality 106633 32 1 30.0 33
Jozini Municipality 191735 51 0 26.6 0
Mtubatuba Municipality 180165 19 0 10.5 0
uMhlabuyalingana Municipality 158646 117 1 73.7 0.9
2015 Big 5 Hlabisa Municipality 106870 21 1 19.7 4.8
Jozini Municipality 192840 57 1 29.6 1.8
Mtubatuba Municipality 183051 13 0 7.1 0
uMhlabuyalingana Municipality 159991 152 1 95.0 0.7
2016 Big 5 Hlabisa Municipality 107106 14 0 13.1 0
Jozini Municipality 193931 53 2 273 3.8
Mtubatuba Municipality 185952 15 0 8.1 0
uMhlabuyalingana Municipality 161377 128 0 79.3 0
2017 Big 5 Hlabisa Municipality 107360 22 3 20.5 13.7
Jozini Municipality 195101 131 3 67.1 23
Mtubatuba Municipality 188888 17 0 9.0 0
uMhlabuyalingana Municipality 162930 189 2 116.0 1.1
2018 Big 5 Hlabisa Municipality 107639 7 0 6.5 0
Jozini Municipality 196299 175 2 89.1 1.1
Mtubatuba Municipality 191941 42 0 21.9 0
uMhlabuyalingana Municipality 164580 812 1 493.4 0.1
2019 Big 5 Hlabisa Municipality 107830 6 0 5.6 0
Jozini Municipality 197344 62 0 31.4 0
Mtubatuba Municipality 194818 17 0 8.7 0
uMhlabuyalingana Municipality 166171 837 2 503.7 0.2
2020 Big 5 Hlabisa Municipality 107923 9 1 8.3 11.1
Jozini Municipality 198235 25 1 12.6 4
Mtubatuba Municipality 197527 2 0 1.0 0
uMhlabuyalingana Municipality 167693 229 0 136.6 0
2021 Big 5 Hlabisa Municipality 107924 6 0 5.6 0
Jozini Municipality 198980 86 1 43.2 1.1
Mtubatuba Municipality 200041 2 0 1.0 0
uMhlabuyalingana Municipality 169123 250 1 147.8 0.4
2022 Big 5 Hlabisa Municipality 1886 12 0 11.1
Jozini Municipality 199717 104 1 52.1 1.0
Mtubatuba Municipality 202434 7 0 3.5 0
uMhlabuyalingana Municipality 170619 435 0 255.0 0



4.4.2

Yearly malaria cases per local municipality 2014-2022
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Figure 4.3 Annual malaria cases per local municipality for uMkhanyakude

District 2014-2022 using aggregated data




Malaria deaths per local municipality 2014 to 2022
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4.4.3 Figure 4.4 Annual malaria deaths per local municipality for uMkhanyakude
District (2014-2022) using aggregated data
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4.5 Seasonal malaria incidence for uMkhanyakude District (2014-2022)
Table 4.4 describes seasonal malaria incidence for uMkhanyakude District from 2014 to 2022.
Cases from December to February were captured under summer, cases from March to May
were captured under autumn, cases from June to August were captured under winter and cases

from September to November were captured under spring.

From 2014 to 2022 summer reported the highest number of cases except for the year 2021,
where autumn reported the highest compared to summer. The highest number of cases reported
in summer was in 2019 where there were 408 cases followed by 2018 with 357 cases reported
in summer. Autumn reported its highest number of cases in the year 2018 at 334. Winter also
reported its highest number of cases in 2018 reporting 218 cases. At the beginning of the cohort
in 2014 winter reported 38 cases. The highest number of cases for spring was also reported in
2018 with 127 cases. All four seasons reached their peak in the year 2018 (Figure 4.5).

Information on other incidences per season over the years is outlined in Table 4.4.

The highest reported malaria incidence per 100,000 population was also reported in the summer
of 2019 being 61.2 cases per 100,000 population followed by the summer of 2018 reporting
54.1 cases and 50.5 cases in autumn incidences per 100,000 population. Autumn in 2019
reported 37.4 and summer in 2022 reported 35.4 incidences per 100,000 population. In the
winter of 2018, 33.0 cases per 100,000 population were reported, and in 2019 27.9 cases were
reported. The lowest incidence per 100,000 population in the summer was in 2014 reporting
13.3 cases and in 2020 reported 21.0 cases per 100,000 population. Spring in 2020 reported 4.2
cases per 100,000 population which was the lowest throughout the years and seasons. In spring
2014, winter 2016 and winter 2020 all reported under 5 cases per 100,000 population. In the
last cohort in 2022 winter and spring both reported close to 11 cases per 100,000 population
including summer 2016. Summer 2014, spring 2017 and summer 2021 reported 13 cases per
100,000 population. Information on other incidences per 100,000 population per season of the

years is outlined in Table 4.4.
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4.5.1 Table 4.4 Seasonal malaria incidence for uMkhanyakude District (2014-2022)

using aggregated data
Population Season Malaria Cases Incidence
(Year) Per 100000
637179 Summer 85 13.3
(2014) Autumn 66 10.4
Winter 38 6.0
Spring 30 4.7
642752 Summer 106 16.5
(2015) Autumn 38 59
Winter 42 6.5
Spring 57 8.9
648366 Summer 74 11.4
(2016) Autumn 63 9.7
Winter 30 4.6
Spring 43 6.6
654279 Summer 123 18.8
(2017) Autumn 107 16.4
Winter 45 6.9
Spring 88 13.4
Summer 357 54.1
660459 Autumn 334 50.5
(2018) Winter 218 33.0
Spring 127 19.2
Summer 408 61.2
666163 Autumn 249 37.4
(2019) Winter 186 27.9
Spring 79 11.9
Summer 141 21.0
Autumn 63 9.4
671378 Winter 33 4.9
(2020) Spring 28 4.2
676068 Summer 91 13.5
(2021) Autumn 149 22.0
Winter 66 9.8
Spring 38 5.6
680656 Summer 241 354
(2022) Autumn 170 25.0
Winter 74 10.9
Spring 73 10.7
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Malaria cases per season for UMkhanyakude District 2014-2022
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4.5.2 Figure 4.5 Malaria cases per season for uMkhanyakude District 2014-2022

Incidence rate for malaria incidence using aggregated data

4.6 Incidence rate for malaria incidence for overall, imported and local

cases

When malaria cases were analysed using Poisson regression adjusting for other variables which
are year and local municipality. Three models were run individually for local cases, imported
cases and combined local and imported cases treated as the sum of malaria cases. The total

population was used as the offset.

The model for imported cases as per Table 4.5 found that the incidence rate of malaria imported
cases for Jozini Municipality was 8.2 times higher per unit of population compared to Big 5
Hlabisa Municipality. Mtubatuba Municipality's malaria incidence rate of imported malaria
cases was 1.2 times higher per unit of population compared to Big 5 Hlabisa Municipality.

uMhlabuyalingana Municipality's malaria incidence rate of imported malaria cases was 33.0
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times higher per unit of the population compared to Big 5 Hlabisa Municipality.
uMhlabuyalingana Municipality. This was statistically significant (p-value< 0.001).

Throughout the years from 2015 to 2022, the incidence rate of imported cases was greater than
1, indicating a risk of imported cases compared to 2014. The association between the year and
malaria-imported cases was statistically significant (p-value < 0.001). The year 2018 and 2019
had a similar malaria-imported incidence rate of 460% and 447% respectively, higher per unit
of population compared to 2014. The lowest incidence rate of imported malaria cases was in
2016 which was 2% higher per unit of population compared to 2014. In 2022 the last year of
the cohort had 217% higher malaria imported cases per unit of population compared to 2014.

Table 4.6 model for local cases found that the incidence rate for malaria local cases for Jozini
Municipality was 11.5 times higher per unit of population compared to Big 5 Hlabisa
Municipality. uMhlabuyalingana Municipality had an incidence rate of local malaria cases of
7.0 times higher per unit of population compared to Big 5 Hlabisa Municipality. Mtubatuba
municipality had an incidence rate of local malaria cases of 0.2 times lower per unit of
population compared to Big 5 Hlabisa Municipality. The association between the local
municipality and malaria-local cases per unit of population was statistically significant (p-
value< 0.001). The years 2015,2016,2019,2020,2021 and 2022 had a lower malaria local case
incidence rate of less than 1 per unit of population compared to the year 2014. The years 2021
and 2022 had the incidence rate of malaria local cases which was the same, being 58% lower
per unit of population compared to 2014. The association between year and malaria-local cases
per unit of population was statistically significant (p-value< 0.001). The year 2018 had the
highest incidence rate which was 2.4 times higher per unit of population compared to the year

2014.

Table 4.7 results showed that the incidence rate for malaria in Jozini Municipality was 11.4
times higher per unit of population compared to Big 5 Hlabisa Municipality. Mtubatuba had a
malaria incidence rate of 0.9 times lower per unit of population compared to Big 5 Hlabisa
Municipality. uMhlabuyalingana Municipality had 27.6 times higher malaria incidence
compared to Big 5 Hlabisa Municipality. The association between local municipality and

malaria cases was statistically significant (p-value< 0.001).

The year 2016 was the only year that had a lower malaria incidence rate compared to the year
2014 which was 0.7 times lower per unit of population compared to 2014. The year 2015 had

an incidence rate of 1.1 times higher per unit of population compared to 2014. The years 2018
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and 2019 had the highest malaria incidence rates of 326% and 265% higher per unit of

population respectively compared to the year 2014. The association between the year and

malaria cases was statistically significant (p-value< 0.001).

4.6.1 Table 4.5 Poisson regression for imported cases

Variable Level IRR (95% C.I) P-Value
Local municipality Big 5 Hlabisa Municipality 1
Mtubatuba Municipality 1.2(1.0-1.5)
<0.001
Jozini Municipality 8.2(7.1-9.6)
uMhlabuyalingana Municipality 33.0(28.7-38.0)
Year 2014 1
2015 1.2(1.0-1.4)
<0.001
2016 1.0(0.9-1.2)
2017 1.7(1.5-2.0)
2018 5.6(5.0-6.3)
2019 5.5(5.0-6.2)
2020 1.4(1.2-1.6)
2021 1.9(1.7-2.2)
2022 3.2(2.8-3.6)
4.6.2  Table 4.6 Poisson regression for malaria local cases
Variable Level IRR (95% C.I) P-Value
Local municipality Big 5 Hlabisa 1
Municipality
Mtubatuba Municipality  0.2(0.1-0.4)
<0.001
Jozini Municipality 11.5(9.0-14.7)
uMhlabuyalingana 7.0 (5.5-9.0)
Municipality
Year 2014 1
2015 0.9(0.7-1.1) <0.001
2016 0.8(0.6-0.9)
2017 1.4(1.2-1.7)
2018 2.4(2.0-2.8)
2019 0.9(0.7-1.1)
2020 31 0.6(0.5-0.8)
2021 0.4(0.3-0.5)
2022 0.4(0.3-0.5)



4.6.3 Table 4.7 Poisson regression for total malaria cases(overall)

Variable

Level

Local municipality

Big 5 Hlabisa Municipality

Mtubatuba Municipality

Jozini Municipality

uMhlabuyalingana Municipality

IRR (95% C.I) P-Value
1.0
0.9(0.8-1.1)

<0.001

11.4(10.0-12.9)

27.6(24.5-31.1)

Year 2014 1.0
2015 1.1(0.9-1.2)
2016 0.9(0.8-1.1)
2017 1.6(1.4-1.8) < 0.001
2018 43(3.9-4.7)
2019 3.7(3.3-4.0)
2020 1.1(1.0-1.2)
2021 1.3(1.2-1.5)
2022 2.1(1.9-2.3)
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4.7 Socio-demographic status by patient's vital status

In Table 4.8 the association between sociodemographic variables and the patient’s vital status
(dead or alive) is shown. Vital status was shown to be associated with municipality (P=0.001).
Results indicated that a high percentage of patients were alive in all municipalities and
uMhlabuyalingana Local Municipality had a high number of infected patients which mostly
were alive (99.8%). Amongst all municipalities, Jozini local municipality had the highest

proportion of deaths (1.3%).

There was also an association between the patient's vital status and household spray, this was
supported by p-value=0.015. Most patients were alive with a household spray history (99.0%)
or no household spray history (99.5%). Deaths were higher for patients that had their household
sprayed (1.0%) compared to those who didn't spray (0.5%) or presented as unknown (0.1%).

There was an association between travel history and patient vital status this was statistically
significant p-value< 0.001. Most patients had a travel history outside SA and were alive
(99.9%) but had very low deaths compared to those who did not travel. There was strong
evidence of an association between case classification and the patient's vital status. This was
statistically significant p-value< 0.001. In all case classification levels, there was a high number
of patients alive compared to those who died. The highest number of deaths was seen amongst
local cases (2.9%) and the highest number of patients alive were seen amongst imported cases

(99.9%) this was statistically significant p-value< 0.001.
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4.6.4

Table 4.8 Socio-demographic status by patient's vital status

Variable Categories Deaths Alive Fisher's
n(%) n(%) Exact
(10)(0.4)  (2660)( 99.6) P-value
Sex Male 4(0.2) 1,795(99.8) 0.088
Female 6(0.7) 865(99.3)
Age (years) 0-18 1(0.2) 594(99.8)
19-40 6(0.4) 1,684(99.6) 0.221
41-103 3(1.0) 314 (99.0)
Local Big 5 Hlabisa Municipality 1(2.9) 33(97.1) 0.001
Municipality  Jozini Municipality 5(1.3) 387 (98.7)
Mtubatuba Municipality 0(0) 40(100)
uMhlabuyalingana Municipality 4(0.2) 2,200 (99.8)
Patient's No 10(0.4) 2,248(99.6) 0.626
previous Yes 0(0) 330(100)
malaria
infection
3(0.5) 559 (99.5)
Household No 2(0.1) 1,403(99.9) 0.015
sprayed Unknown 5(1.0) 475(99.0)
Yes
4(0.4) 923(99.6) 0.750
Protection Yes 6(0.4) 1,681(99.6)
against No
malaria
Patient Driver 0 10(100) 0.133
occupation Farming 0 167 (100)
Other 2 (0.9) 230(99.1)
Self-employed 0 704(100)
Student 1(0.6) 152 (99.4)
Unemployed 4(0.5) 800(99.5)
Travel inside - Yes 0 98(100)
South Africa  No 9(0.4) 2,268(99.6) 1.000
past 6 weeks
Travel outside
South Africa  Yes 1(0.1) 2,252 (99.9)
past 6 weeks  No 8(2.1) 378(97.9) <0.001
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Case Imported 2(0.1) 2,388 (99.9)
classification  Local 8(2.9) 268 (97.1) <0.001

4.7 Socio-demographic status by case classification

Table 4.9 Socio-demographic status of patients by case classification results showed that
amongst both males and females, most cases were classified as imported cases (89.0% and
81.7% respectively) compared to local cases this differed significantly (p<0.001). All the age
groups had the highest number of cases classified as imported compared to local cases the age
group19-40 years (92.5%),0-18 had 74.3% and 81.3% for ages 41-103 for imported cases. This
differed significantly (p<0.001). Among all the municipalities there were a much higher
proportion of imported cases than local cases. Mtubatuba Local Municipality had 96.9% and
uMhlabuyalingana Local Municipality had 91.8% of their cases classified as imported
compared to local cases. This differed significantly (p<0.001). In dead patients, local cases
resulted in the highest proportion of deaths at 80.0% as compared to imported with 20.0%
(p<0.001).

Patient’s previous malaria infection also differed significantly (p<0.001) in those who were
previously infected and those who were infected for the first time in case classification. Patients
who had previous infections were seen to be reinfected with imported cases mostly (96.1%) and
those who had been infected the first time also had their cases classified as imported (85.2%)
compared to local case classification. Patient’s household spray status all had most of their cases
classified as imported and this showed a significant difference (p<0.001). Also, the response
whether patients were protecting themselves or not against malaria, differed significantly
(p<0.001). Where patients were mainly classified as imported cases (86.4%). Throughout the
years the highest number of malaria cases were imported cases, which differed significantly
(p<0.001). The patient occupation had the majority of their cases as imported except for students

who had a high proportion of local cases.
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4.7.1  Table 4.9 Socio-demographic status by case classification using P-value based
on Chi-square and Fisher Exact

Variable Categories Local Imported P-value
n (%) n (%)
562(13.6) 3575(86.4)

Sex Male 293(10.9) 2,376(89.0)

Female 269(18.3) 1,199(81.7) <0.001

Age (years) 0-18 265(25.7) 766(74.3)

19-40 190(7.5) 2345(92.5) <0.001
41-103 107(18.7) 464(81.3)

Local Big 5 Hlabisa Municipality 24(18.9) 103(81.1)

Municipality Jozini Municipality 277(37.3) 466(62.7) <0.001
Mtubatuba Municipality 4(3.1) 126(96.9)
uMhlabuyalingana Municipality 257(8.2) 2,880(91.8)

Patient vital Alive 268(10.1) 2,388(89.9) <0.001
status Dead 8(80.0) 2(20.0)

Patient's No 543(14.8) 3,128(85.2)

previous Yes 13(3.9) 321(96.1) <0.001

malaria

infection

Household No 56(9.9) 511(90.1)

sprayed Unknown 141(7.3) 1805(92.8) <0.001
Yes 119(24.7) 364(75.4)

Protection No 492(15.9) 2610(84.1)
against malaria Yes 58(6.2) 880(93.8) <0.001
Patient Driver 0 10(100)
occupation Farming 4(2.4) 165(97.6)
Other 13(5.6) 219 (94.4) <0.001
Self-employed 12(1.7) 694(98.3)
Student 78(51.0) 75(49.0)
Unemployed 59(7.3) 750(92.7)
Year 2014 65(29.8) 153(70.2)
2015 56(23.6) 181(76.4)
2016 50(23.8) 160(76.2) <0.001
2017 93(26.0) 265(74.0)
2018 146(14.1) 887(85.9)
2019 54(5.8) 873(94.2)
2020 41(15.5) 224(84.5)
2021 30(8.7) 314(91.3)
2022 27(5.0) 518(95.0)
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4.8 Case classification per local municipality for the years 2014-2022

The graph in Figure 4.6 outlines four categories representing the case classification of malaria

cases. In all municipalities imported cases had the highest frequencies and the lowest was

unknown cases. uMhlabuyalingana Local Municipality had the highest number of imported

cases. Jozini Local Municipality presented the highest number of local cases. Whilst Mtubatuba

Local Municipality only had one local case. For locally imported cases all four municipalities

reported less than 10 cases (Figure 4.6).

Malaria Caseclassification per local municipality

3000
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Big 5 Hlabisa Local Jozini Local Mtubatuba Local uMhlabuyalingana
Municipality Municipality Municipality Local Municipality
B Imported 76 291 111 2587
u Local 19 223 1 216
Locally imported 3 8 3 4
@ Unknown 2 1 5 3

4.8.1 Figure 4.6 Malaria case classification per local municipality for uMkhanyakude

District 2014-2022 using aggregated data
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4.9 Binary Logistic Regression for Malaria Case classification imported
and local cases

When the final case classification was analysed using Binary Logistic regression, adjusting for
other variables as per Table 4.10, it was found that the odds of being infected with imported
cases were lower (OR= 0.0) for Jozini municipality residents (P<0.001) compared to those who
do not reside in Jozini. Females had lower odds of 0.2 of being infected with imported cases
compared to females (P<0.001). Students were at lower odds (OR=0.1) of being infected with
imported cases compared to those who were not students(P<0.001). Self-employed individuals
had 5.6 times higher odds of imported malaria cases compared to those who were not self-

employed this was statistically significant (p<<0.001).

When running my model using the bivariate analysis the results that differ in odds ratio was
protection against malaria which indicated different odds ratio compared to multivariate now
indication to the odds of being infected with imported malaria cases are 2.8 times higher for
those using protection(P<0.001). For Biava rate farmers had 3.2 times higher odds of imported

malaria cases compared to those who were not farmers (P= 0.025).
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4.9.1 Table 4.10 Binary Logistic regression model for patient final classification (local

and imported case) local case used as the base

Multivariate Bivariate
Variable Level OR 95% C.I. P-value OR 95%CI P-value
Jozini local No 1 Reference P<0.001 1 Reference P<0.001
municipality Yes 0.0 (0.0-1.0) 0.2 (0.1-0.2)
Gender M
a 1 Reference 1 Reference
1 0.2 (0.8-0.5) P<0.001 0.5(0.5-0.7) P<0.001
e
Female
Protection No Reference 1 Reference
against malaria Yes 1.0 (0.4-2.3) P=0.967 2.8 (2.1-3.8) P<0.001
Previous No Reference 1 Reference
malaria Yes 1.6 (0.5-5.3) P=0.401 4.3(2.4-7.5) P<0.001
infection
No 1 Reference 1 Reference
Self-employed Yes 5.6 (1.1-28.6) P=0.039 4.5(2.4-8.5) P<0.001
No 1 Reference 1 Reference
Students yes 0.1 (0.0-0.2) P<0.001 0.1 (0.1-0.1) P<0.001
No 1 Reference 1 Reference
Farming Yes 0.5 (0.1-2.5) P=0.414 3.2(1.2-9.1) P=0.025
No 1 Reference 1Reference
Other Yes 0.9 (0.3-2.6) P=0.781 1.3(0.7-2.5) P=0.373

occupation

n=1346 GOF (p=0.1562)
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5 CHAPTER FIVE: DISCUSSION

In this study, we investigated whether there was a change in the trend of malaria incidence and
mortality from 2014 to 2022 in the uMkhanyakude District, what the mortality risk factors are,
and socio-demographic characteristics associated with local and imported cases and patient
vital status. Our research findings are that there were no constant trends for cases and deaths
over the years, which are supported by the graphic illustration plots for the district and per local
municipality and the malaria incidence rate from Poisson regression results. The seasonal plots
also support that summer still contributes the most cases seasonally. Our additional findings
are that the malaria incidence rate had no constant trends over the years and all municipalities
had a high incidence rate. Municipalities located near the border had a high incidence rate for
imported cases and municipalities away from the border had a higher incidence rate for local
cases. This was statistically significant. Lastly, we also found that imported cases were
significantly associated with risk factors such as being self-employed, being a student, gender

and Jozini Municipality, this was also supported by p <0.05.

5.1 Background and clinical characteristics of the study population for
uMkhanyakude District

The data indicated that there was a high proportion of males compared to females. This could
be reasons influenced by occupation exposing them to mainly outdoor tasks. Additionally,
males tend to expose themselves to social gatherings using less protection and exposing their
bodies during hot weather. Males are also known to dislike seeking healthcare. However, our
results may differ from those of (63) & (64) where they found their incidence per 1000
population for females to be greater than males, but the difference could be because this was a
three-year study. This could be the study duration which differs in years and study designs that
provide such findings. Further analysis showed that the data consisted of a median age of 25
(19-33) indicating that young adults were mostly infected with malaria. Our findings suggest
that malaria now includes a broad age of young adults and is no longer mostly under five years.
This could be because this age group tends to travel more, socialize and spend most of their
time outdoors. A study (65)has also shown a malaria incidence decline for children under five
years. However, most research still focuses on the under-five group and has found high malaria

incidences under five like those of (66).

In some research studies, most malaria patients presented to be asymptomatic or had a fever
(67). In our results, many patients reported to have experienced a headache. This could be

systemic inflammation, fever or other factors such as stress and anxiety in malaria patients
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triggering headaches. However, several other aspects can explain these variations notably the

inclusion criteria of participants mainly could be health-related reasons.

5.2 Malaria Incidence, mortality and fatality rate for uMkhanyakude
District

Evidence of studies assessing multiple country malaria trends showed an upward trend
including Mozambique (68). Some studies differ as they showed a decline in malaria incidence
(69). The analysis reveals that both the graphs for cases and deaths do not have a constant
increase or decrease trend, however, it presented an upward and downward trend over the study
period which were plotted in actual numbers. This also includes the results for malaria
incidence per 100000 population and fatality rate. At the beginning of the cohort, there were
fewer cases observed than in 2022 which is the end of the cohort. Similar malaria trends
indicating upwards and downwards were reported by (70). Therefore, there is no clear answer
as to whether we will reach the malaria elimination goal by 2030. Notably the very low
numbers of deaths could suggest that we can eliminate malaria deaths if we continue to
administer treatment, strengthen surveillance and do follow-ups on patients to complete

treatment focusing on community-based surveillance.

The pattern of cases for District cases could be influenced by population movement and
increase. Not ignoring climate change issues which also influence new weather patterns each
year. Gaps that strengthen border surveillance could also lead to this type of pattern of illegal
crossing of the borders. There was also an alarming increase in cases in 2018 this could be
because of an increase in population and limited funding or extreme changes in weather
conditions. In the year 2020, there was a huge decrease in cases. This could be because of the
missed cases and misdiagnosing patients, due to the lockdown and limited active surveillance
and funds being shifted to COVID-19. A study has demonstrated evidence of misdiagnosing of
malaria to COVID-19 (71). On the other hand, it should be remembered that during COVID-

19 many borders were closed which limited travelling.

53 Malaria incidence, mortality and fatality rate per local municipality
uMkhanyakude District

The results support that uMhlabuyalingana Local Municipality was the municipality that
contributed to the most malaria cases and imported cases, and incidence per 100000 population
also showed an upward and downward trend over the years where two studies demonstrated
similar trends at a local level and imported cases from neighbouring countries and stable

fatality rate (72,73). This is because this municipality is situated near the Mozambique border
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as this country is known to be a malaria high-risk area. This could also imply that since this
municipality is surrounded by water sources which could provide favourable mosquito
breeding sites. Some areas within this municipality might have poor drainage systems which
also favours the breeding of vectors. Additional to this could include the lack of healthcare

resource allocation

Mortality was very low in all the municipalities the highest number observed was only 3.
Similarly, the fatality rate was also very low, and this varies amongst municipalities each year.
Thus, the data does indicate possibilities of bringing the deaths to zero by 2030 as in some
years some of the municipalities presented zero deaths. This confirms that the treatment

administered to patients is more than 90% effective.

5.4 Seasonal malaria incidence for uMkhanyakude District
Upon further analysis, seasonal plots also showed similar results as many research findings.
We also found that as expected summer does contribute to most cases. This was observed in all
the years of study. This could be due to rain which could lead to constant rainfall and stagnant
water allowing the breeding of mosquito vectors. Humidity also provides favourable
conditions. This could also be because of people spending most of their time outdoors and
travelling during festive holidays. Autumn also had the second highest cases. Due to climate
change autumn still has favourable temperature conditions and still supports the survival of

mosquitos. Similar findings were also reported by (74—76)

A study reported results which differ from ours in that their highest number of cases was in
autumn (77) but their study used a different data collection method of laboratory results only.
Winter, known as a dry season, would be expected to have a very low number of malaria cases
but in years like 2018 and 2019 there were over 100 cases. This could also be because of
people crossing borders illegally to buy barrels of winter coats to sell as a source of income.

This can also contribute to an increase in imported cases.

5.5 Incidence rate for malaria incidence
After analysing to determine the incidence rate for malaria imported cases using Poisson
regression, all local municipalities within the district had a higher incidence rate (IRR>1)
compared to the Big 5 Hlabisa Municipality. uMhlabuyalingana Municipality had an extremely
high incidence and contributed alarmingly to the increase in imported malaria cases which
suggests that more interventions and resources should be directed to this municipality as it is

near the border. Therefore, this could be because of people movement from neighbouring
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countries with malaria infection visiting this local municipality. Throughout the years, analysis
indicated that all study years had an incidence rate of above 1 for imported cases which could
be a result of a lack of border management. A study in KZN also found high levels of imported

cases regarded as asymptomatic (78).

Results for the Poisson regression for local cases indicate that municipalities close to borders
had a lower risk of local cases compared to those closer to the borders. A study conducted to
assess malaria in South Africa also noted a decrease in local cases, but the difference is that
this was observed provincially(79). This could be because there are fewer people residing in

these communities or fewer activities from people in the neighbouring countries.

Poisson regression for all cases showed that all municipalities except Mtubatuba Municipality
were at higher risk of malaria. Those near the border were more at risk. For all cases, only 2016
had a lower incidence rate. The other study years had also an incidence above 1 and did not

indicate any constant increase or decrease in malaria incidence rate.

Even though the country had new malaria cases annually, the death rate was very low for all
municipalities, which could be because of the effectiveness of patient tracing and treatment
administration. Additionally, results also indicated that household spraying does not contribute
to any prevention of deaths or being alive indicating that this method is now ineffective, though
caution should be taken because of missing data for this variable which can result in biased
results. Another study supports the use of indoor residual spraying as their results indicated a
decrease in malaria incidence due to indoor residual spraying(80). This also includes travel
history as this also does not impact deaths or survival for patients. A research study using a
systematic review noted that travellers had a high fatality rate(81). Since the study area is rural,
living conditions could be a contributing factor to high incidence rates, as a study also found a
higher malaria incidence rate among individuals who lived in unimproved material buildings

(82). All these predictors proved to be statistically significant.

5.6 Socio-demographic status by case classification (imported and local)
The analysis revealed that all municipalities had a higher number of imported malaria cases
compared to local cases and this was statistically significant. This implies the district is faced
with a huge challenge of imported cases and therefore needs to allocate resources focusing on
interventions such as cross-border surveillance. This shows that local cases can be eliminated

by 2030, if the vision can change to the elimination of local cases. Nevertheless, caution should
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be exercised in this as both cases management is important. Although imported cases also

require collaboration with neighbouring countries.

The results also showed that both genders had a high number of imported cases, more than
80% were imported cases. This shows that both genders tend to travel for business, tourism or
visit. Similar studies also indicated that malaria imported cases were due to business travel
(83). This could also be occupational exposures requiring travel to endemic areas. Malaria
high-risk infection for women cases also could be because of work duties such as community

caregivers.

Even though it is evident that deaths are in low numbers, a higher proportion of deaths was for
local cases. This could be because of healthcare accessibility in rural areas or the presence of
underlying health conditions that need attention. Household spraying suggests that it does help
with reducing local cases as low numbers are for locals compared to imported cases in those

who had their houses sprayed.

5.7 Case classification per local municipality annually
All local municipalities presented a high number of imported cases. This gives an insight that
there is a major problem in imported cases and surveillance should focus on matters that
influence this such as illegal immigration and illegal border crossing. Similar results in border-
mark communities showed higher malaria cases (84). On the other hand, not forgetting that
there need to be factors such as neighbouring countries contributing to the management of
imported cases. These countries may not have effective surveillance and monitoring of malaria
or sufficient prevention measures therefore affecting this district. Many countries are also faced
with the problem of imported cases, especially in areas near borders with countries that have a
higher number of malaria incidences. This is supported by a study conducted that also outlines

multiple countries that face the problem of imported cases including SA (85).

5.8 Risk factors associated with malaria cases classification
The research demonstrates students have lower odds of being infected with imported cases and
proved to be significant. In support of this students do not travel as they are not financially
stable to do so, they may always be within the area. This provides an insight that students are
knowledgeable about malaria protection and there could be awareness campaigns or
programmes at school. A study also provided an insight that being educated poses a lower risk
because, according to their results, no formal education resulted in a higher malaria infection

risk however it was not classified as whether imported or local, even though this study was
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conducted in urban areas (86). Further analysis also indicated that self-employed people had
higher odds of being infected with imported cases. This could be because of crossing borders
to buy clothing barrels or stock. Another reason could be that they travel around when they

conduct sales.

Residences from Jozini are at lower odds of being infected with imported cases. This implies
that the residents have minimal access to cross borders therefore imported cases don’t highly
dominate local cases. There is no border entry point in Jozini Municipality which could also
be the cause of this as most imported cases will be mainly detected near borders. However, it
is important to note that this municipality still reports imported cases and these also need

intervention therefore the results should be interpreted with caution.

5.9 Limitations
The limitations of this study included having a lot of missing data, which made it a challenge
to model and analyse these variables, and some had to be eliminated because of very low
numbers of available captured data. The explanatory variable such as household spraying
which is regarded as one of the major interventions for malaria had many individuals reporting
unknown and for some of the analysis, these were regarded as missing, impacting the analysis
that uses this variable which might also lead to biased results. The limitations of these variables
could have contributed to further and in deep findings, especially for risk factors. The low
number of deaths did not allow for regression models therefore all models only used malaria
cases. The missing data could also be because of participant's fear of providing sufficient
information because of illegal immigration or illegal cross border. Individual data do not match
the aggregated data which compromised the analysis results performed. The captured cases in
the line listing did not match the numbers captured in the aggregated data. Further analysis
could have been conducted with the other variables such as (protection bed net, protection
prophylaxis after travel, malaria deaths pregnant and malaria cases classified as introduced)
due to the incompleteness of values, these variables had to be excluded from the analysis.
Inclusion of these variables could have also contributed to our findings, which could have

influenced any decision-making interventions.
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6 CHAPTER SIX: CONCLUSIONS & RECOMMENDATIONS

This study was based on investigating malaria incidence and mortality as well as risk factors
and socio-demographic factors associated with it at uMkhanyakude District over nine years.
The purpose was to investigate whether there was a constant trend over nine years and also to
determine risk factors associated with incidence and mortality. The findings showed that there
are no constant trends outlined in the graphical illustration as well as per malaria incidence per
100000 population as well as the malaria incidence rate trends from the Poisson regression
results. Municipalities located near the border were found to have a high incidence rate of
imported cases. It also found that imported cases were the majority of cases in the district. It
provided an insight that males were mostly infected with malaria infection compared to
women. It also provided findings that the median age was 25 years. Self-employed people were
more at risk of malaria and being infected with imported cases. This also provides information
that travel still has a major impact in introducing imported cases within the district. These
findings will assist policymakers, and prevention and control personnel in understanding some
factors that contribute to the malaria incidence. The information on knowledge at the local level
also will help in resource allocation to identify which municipalities need further resources and
interventions. Interventions should be different for each municipality to target local cases, more
resources must be for municipalities away from the border and imported case targets should
focus on local municipalities such as uMhlabuyalingana. Continuous monitoring is still
required as the incidence rate is not constant in showing a decrease in trends over the years.
Continuous interventions are required to monitor the trends for imported cases. Interventions
targeting local cases should be more directed to these municipalities. These can be vector
control and community-based surveillance. Trends need to be monitored annually and

continuously compared.
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