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global coupled ocean—atmosphere climate models developed in Europe, Thomson et al.
(2006) developed a malaria early warning system based mainly on rainfall data. The system
was successfully applied to the prediction of malaria risk in Botswana, adding up to four
months lead time over malaria warnings issued with observed precipitation and having a
comparably high level of probabilistic prediction skill. According to Thomson et al. (2006),

the links between malaria and climate variability are well established in Botswana.

A malaria early warning technique proposed by the European Centre for Medium-Range
Weather Forecasts (ECMWF), the IRI and the Ministry of Health in Botswana incorporates
climate forecasts from multi-model ensembles to predict when malaria risk will be at its peak,
by examining climatic variables which influence the proliferation of mosquitoes. The team
successfully deployed the technique in Botswana and was able to give policy-makers and

health programme officers up to four months of advance notice (WCP, 2007a).

There is need to distinguish between long-term epidemic forecasting and early warning
epidemic surveillance systems. Long-term epidemic forecasting is based on climate
forecasting and relies on such data sets as the El Nifio Southern Oscillation indices in order to
predict epidemic risk months in advance over a large geographic area (Loha and Lindtjorn,
2010). Models like DEMETER are based on long term climate forecasting, which is of a
regional setting. The forecasting allows officials to prepare well in advance the upcoming
malaria season. This, however, is not specific enough for an area and tends to waste
resources. The current study seeks to develop the early warning epidemic surveillance system
which has a shorter lead time of several weeks to months, based on abnormal or above

average climate conditions as a result of climate variability.

The incidence of malaria in Ethiopia shows that the prevalence varied from location to
location, and the time lags differed from area to area; hence the models for predicting malaria
prevalence would be different (Loha and Lindtjorn, 2010). The oversight in most studies is to
try 1blanket a r "on under the same climate envelope. Tk current study considered the
differences in climate envelopes per local municipality and the overall district climate and
sought to determine the various malaria pockets, using GIS. In order to cater for this climate
and malaria behaviour Wangdi et al. (2010) proposed various application models for each of

the endemic districts of Bhutan near India.
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Some approaches (e.g. Omumbo et al., 2011, Barsuko et al., 2011) focus on one particular
variable in trying to explain findings. However, the present study focuses on the three climate
parameters temperature, relative humidity, and rainfall. Temperature is split further into air,
minimum and maximum temperature to bring the total number of variables to five. These five
variables were used in trying to determine which climatic parameter was strongly associated
with malaria in Vhembe District. Other factors such as the vector (mosquito) species and
abundance, human behaviour, population immunity, social and economic status and control
measures, are known to have a significant influence on malaria prevalence (Huang et al.,

2011).

A number of statistical techniques have been used in studying the relationship between
climate variability and the prevalence of malaria. In a climate variability trend analysis,
Omumbo et al. (2011) used least squares regression analysis and the nonparametric Mann-
Kendal (MK) test to identify significant trends. Craig er al. (2004) used linear regression in

studying malaria prevalence in the Kwazulu Natal Province of South Africa.

2.7 Mapping Malaria Distribution

GIS is a general purpose computer based technology for handling geographical data in digital
form in order to capture, store, manipulate, analyse and display sets of spatial or geo-
referenced data (Burrough and McDonnell, 1998). It was, therefore, critical in this study to be
able to visualise the occurrence of malaria within the Vhembe District using GIS. An
example of the use of GIS in malaria assessment is in disease surveillance and the
identification of high risk areas and population at risk in India, thereby enhancing targeted
interventions (Gupta et al., 2003). A number of studies have utilised GIS as a tool in
understanding malaria. These studies include maps of India plotted by Srivastava et al.
(2009), Sipe and Dale (2003) in Indonesia, Johnson and Johnson (2001) in India, and Kuhn et
al. (2005). Mapping is critical since it helps in targeted intervention due to the behaviour of
malaria infection, which creates zones that are always potentially prone to malaria outbreaks

(Chanda et al., 2012).

Available malaria risk maps which were generated by projects like MARA, and DEMETER
interpolation of climate data, have been generated using regional data modelling and so they

do not represent the local scale data. Use of regional data reduces the accuracy and precision
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The daily range of a weather parameter can, in some cases, become more significant than the
daily mean. For example, brief periods of heat or cold can be more significant than long term
averages (Rieter, 2008). Monthly weather data for the 30 years (1981 to 2010) were obtained
from the 49 SAWS weather stations in Vhembe District (Figure 3.1), of which 18 record
temperature and 11 record relative humidity. Rainfall data of 30 year period were used to
detect trends and possibly recurring of rainfall events such as normal, above or below normal
rainfall in the study area. The rainfall data from 1998 to 2010 was used in analysing and

determining the relationships between rainfall and malaria.

According to the WMO, the 30 years period is ideal for dealing with climate data and enables
the detecting of climate variability in the data (WMO, 1983; WMO, 2007). Therefore,
stations with continuous rainfall data for more than 30 years and those that reported more
than 80% data were used. This is in accordance to WMO (2011) which recommends that for
the purposes of calculating averages, stations with more than 80% data can be used and data
from the nearest highly correlating station may be used to fill in the missing figures. Nyenzi
(1988) and Nenwiini (2011) applied the use of the nearest highly correlated station to fill in

the missing data in their work.

There are few weather stations in the study area that have temperature and relative humidity
records of more than 30 years. However, the WMO (2011) guidelines advise that for most
parameters, a period of 5 to 10 years has the same predictive power as a 30 year period. This
supports the inclusion and use of reported results on temperature and relative humidity from
the stations within the study area. WMO (2007) indicates that while a fixed 30-year period
may be appropriate as a reference period when average values are used for predictive
purposes, shorter averaging periods of 10 years or more for most parameters perform as
adequately as 30-year periods. Based on these (WMO, 2007, WMO, 2011) guidelines,
relative humidity and temperature stations which have reported results for at least 5 years
were used. Since limited information was being used and in order to maximise on the
accuracy of the available data, only the available temperature and relative humidity data was
used. Appendix 1 shows all the weather stations within Vhembe District, their location (as in

Figure 3.1) and the weather parameters that they measure.
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of feeding, whereas cooler temperatures result in reduced digestion and hence reduced rate of
feeding. Temperature also affects the metabolic rate and activity of the parasite (Olivier and
Grobler, 1992). Martens et al. (1995) indicate that there are minimum and maximum
temperatures which favour the survival or death of mosquitoes. Omumbo et al. (2011), in
their study on the relationship between malaria and temperature, used the minimum and
maximum temperature in the analysis. There was, therefore, a need to establish the basis of
the temperature ranges in the area and whether or not the temperatures are stable, increasing
or decreasing. This information was useful in understanding the influence of temperature

variability on malaria.

As stated in Section 2.4, the Anopheles mosquito breeds well in temperature conditions
between 16-35C (Craig et al, 2004); and there is a relationship between rainfall and
temperature in most instances. According to Omumbo et al. (2011), above average monthly
rainfall is negatively correlated with the maximum temperature, but positively correlated with
the minimum temperature. On the other hand, months with below average rainfall have
higher temperatures and suppressed minimum temperatures. A consideration of these
temperature parameters is, therefore, required in assessing malaria since the mosquito vector

is sensitive to slight changes in temperature and rainfall.

3.2.1.3 Relative Humidity

Relative humidity (RH) as a weather parameter is normally used for weather forecasts as
well, since it is an indicator for the likelihood of precipitation, dew or fog. These
environmental factors have an impact on mosquito breeding through providing suitable
habitat as breeding areas. According to literature (see Section 2.4), relative humidity above
60% characterises malaria infected areas (Martens et al, 1995; Kuhn et al., 2005). This

underscores the need to analyse the relative humidity data in the Vhembe District.

There are a number of ways of expressing humidity; among which are absolute hi  dity,
specific humidity and relative humidity. Absolute humidity measures the mass of water
vapour per unit volume of total air and water vapour mixture. This results in absolute
humidity being sporadic since it gets affected by any change in temperature or pressure,
hence it was not chosen for use in this study. Specific humidity is the ratio of water vapour to
dry air in a particular mass. In other words, it is a measure of the amount of water vapour
available for conversion to liquid water. Specific humidity was also not selected for use in
0
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equalled or exceeded for at least 3 consecutive overlapping 3-month periods rather than the
usual NOAA 5 consecutive overlapping 3-month periods. This shows that categorisation can
be adjusted to suit the usage of the data, especially in the study of vector borne diseases
where short periods can affect the upsurge or decline of the disease. However, since neither
NOAA nor SAWS have established the standardised monthly 30 year-period climate data
baseline for Vhembe District and its local municipalities, this study applied the thresholds on
the annual anomalies not just for temperature, but also rainfall and relative humidity, in

determining the magnitude of the events.

As detailed in Section 3.3.3., trend analysis for each climate element in the four
municipalities in Vhembe District was performed using the Microsoft Excel MAKESENS 1.0
spreadsheet that was developed by Salmi et al. (2002). The Z value is tested at 95% level of
significance (Z = 1.96) and presented in tabular and graphic fashion. The trend is said to be
decreasing if Z is negative and increasing if Z is positive. The MAKESENS template
application uses the two-tailed test for four different significance levels i.e. a: 0.1, 0.05, 0.01
and 0.001.Where significant trends are observed, the results and level of significance are
highlighted within the MAKESENS result table. The magnitude of change per unit over time,
direction and significance of the trends are calculated using Sen’s slope estimator (Q[units] y’
") as shown by Equation 3.9. A negative sign represents a downward slope and a positive sign

indicates an upward slope.

4.2 Musina Local Municipality Climate Anomalies and Trends

4.2.1 Climate Anomalies

The climate anomalies for Musina Local Municipality are illustrated by Figures 4.1 - 4.5.
Figure 4.1 shows the rainfall anomalies. For the 30-year analysis period 1998-2010 the area
experienced mostly below average rainfall, with only 8 years that had above average rainfall.
The year 2000 had the highest positive anomaly (approximately +4) and 2002 experienced
the least rainfall with the anomaly of above -1. Figure 4.2 shows the temperature anomalies,
and the annual maximum temperatures for Musina are presented in Figure 4.3. There were
temperature anomalies of greater than 1 (> +1) in 1983, 1992, 2005 and 2008, while 1988,
1993, 1994 and 2000 observed the least anomalies (< -1). For the first 20 years the maximum

temperatures depicted below normal characteristics as compared with the long term mean,











































































significant trend established between 1981 and 2010. In general the air temperatures were

below the average during the period of study.

The annual maximum temperature for Musina Local Municipality usually ranges between
28°C and 33'C. From 1982 to 2010, the annual maximum was consistently above average.
This explains why a statistically significant trend of increase in maximum temperature was
observed in Musina, with a Z statistic 1.93 at a=0.1. Such an increase in temperature is
conducive to the breeding of mosquitoes if the other conditions are conducive as well.
Studies have shown that mosquitoes proliferate faster and show higher biting rates as
temperature increases (Yang et al., 2012). However, increases in the maximum temperature
above 35°C may jeopardise the survival of adult anopheles mosquitoes and dry up ponds
rapidly, which will then affect further propagation of malaria beyond a certain threshold
(Basurko et al., 2011). The annual minimum temperature for Musina, which usually ranges
between 14 and 18°C, was fluctuating but it showed a statistically non-significant slightly
increasing trend. The relative humidity in Musina Local Municipality, which ranges between
53% and 82%, showed no statistically significant trend between 1981 and 2010; thereby
highlighting its variability.

In Makhado Local Municipality the rainfall showed a positive Z statistic value of 0.61.
Makhado rainfall ranges between 475 mm and 2030 mm as indicated in Table 4.7. The
annual air temperature in Makhado ranges between 19 and 22°C, and from 1982 to 2010 the
air temperatures were above average. Trend analysis revealed a positive but statistically non-
significant Z statistic. The maximum temperature for Makhado, which usually ranges
between 25 and 29°C, was consistently above average from 1982 to 1993 and 2002 to 2010.
Makhado Local Municipality’s annual minimum temperature showed a statistically
significant increase (Z = 2.03, a=0.05). Such temperature increases in malaria endemic areas
make the conditions more favourable for mosquito breeding if the other conditions are
conducive. The annual minimum temperature ranged between 13°C and 17°C between 1981
and 2010, with an initial colder period from 1981 to 1993, and then warmer climate from
1994 to 2010. Relative Humidity in Makhado ranged between 68% and 90%, and showed a

decreasing trend which, however, was not statistically significant.




The annual rainfall in Thulamela Local Municipality showed no statistically significant trend
in the period under study. The highest rainfall was received in 2000, with other wet years
being 1996 and 2001. The average rainfall ranged between 779 mm and 2 880 mm, making
Thulamela Local Municipality the wettest in Vhembe District. The years 1983 and 1994
received notably low rainfall amounts. The annual air temperatures which usually range
between 19 and 23 C, revealed a weak statistically significant trend for the period 1981 to
2010 with a negative Z statistic of -1.67 at a=0.1. The annual maximum temperature for
Thulamela, which usually ranges between 24 C and 30°C, was varied and declining in the
more recent years. The annual minimum temperature, which ranges between 14°C and 18°C,
showed a fluctuating but increasing trend between 1982 and 2010. There were more years
with high minimum temperatures in comparison with years that had lower minimum
temperatures. However, no statistically significant trend was detected for Thulamela’s
minimum temperature. The annual Relative Humidity ranged between 69% and 86%, making

Thulamela Local Municipality the second most humid in Vhembe District.

Mutale Local Municipality had a lot of rainfall variability between 1981 and 2010, with no
significant trend. The rainfall ranged between 428 mm and 2 204 mm, with an average of
726mm. This positions Mutale in an intermediate position among the local municipalities on
Vhembe District in terms of the amount of rainfall received. The annual air temperature,
which usually ranges between 19°C and 22°C, was equally variable. Trend analysis did not
detect any statistically significant trend for the period 1982 to 1994. The annual maximum
temperature for Mutale, which usually ranges between 27°C and 30°C, showed fluctuations;
hence no statistically significant trend was identified. The minimum temperature ranged
between 11°C and 15°C, with high variability. Relative Humidity ranged between 70% and
85%, with a weak significant decreasing trend (Z = -1.71, at a=0.1).

For Vhembe District overall the climate was quite variable between 1981 and 2010, which is
reflected in the related anomaly and trend analysis graphs (Figures 4.41-4.50). This may be
attributed to among other things, orographic differences within the local municipalities. It
was noted that the two seasons centred on 1996 and 2000 reveal high rainfall anomalies.
These two seasons are found to coincide with La Nina events, where 1996 falls under weak
La Nifna while 2000 was a strong La Nifa episode (Null, 2015). The high rainfall during the
year 2000 was also a result of Tropical Cyclone Eline (Malherbe et al., 2012; SAWS, 2015).



The years under study belong to the dry part of a complete cycle of wet and dry spells rainfall
reduction that constitute 18 to 20 years (Kabanda, 2004; Makarau, 1995; Mason, 2001;
Preston-Whyte and Tyson, 1988; Tyson, 1990). Although there was a positive Z statistic
value of 0.39 at ¢>0.1 for Vhembe District the trend was not statistically significant, which
indicates the extent of variability in rainfall in the study area. The average rainfall was

between 485 mm and 2 093 mm, with an average of 789 mm in the 30 years.

The annual air temperature in Vhembe District as a whole ranged between 20 C and 23°C and
was equally variable, with no statistically significant trend. The annual maximum
temperature for Vhembe District, which ranged between 25 C and 30°C, showed that the area
experienced high maximum temperatures. There was a weak statistically significant increase
in maximum temperature, with a Z statistic of 1.71 at a=0.1. The annual minimum
temperature ranged between 13°C and 17°C, and showed a trend similar to that of the
maximum temperature. A statistically significant increasing trend in minimum temperature
was established, with a Z statistic of 3.28 at «=0.01. The annual Relative humidity in Vhembe
District ranged between 64% and 85%.

A number of notable trends can be observed throughout the local municipalities. In 1983
there was a drop in rainfall in all the municipalities. The same year saw an increase in the
annual air temperature and the annual minimum temperatures in Musina, Makhado and
Thulamela. In Mutale the annual air temperature and annual maximum temperature were
notably high. The Relative Humidity for Thulamela Local Municipality dropped significantly
in 1983. The year 1985 had high Relative Humidity and rainfall for Musina and Mutale, high
Relative Humidity and low maximum temperature for Mutale Local Municipality. In 1988,
there was a drop in all the temperature variables in Musina and Thulamela Local
Municipalities, and in Vhembe District as a whole. The annual air and maximum temperature
were very high, and low Relative Humidity prevailed in all municipalities in 1992. In Musina

the minimum temperatures also rose, with the rainfall increasing in Mutale.

The year 1994 saw a decrease in rainfall in Musina, Makhado and Mutale Local
Municipalities. The air temperature increased in Makhado, but decreased notably in Mutale
and Musina Local Municipalities. The minimum temperature and Relative Humidity were
significantly low in Musina and Makhado, respectively. The year 1996, which happened to be

a La Nina year, experienced significantly high rainfall and Relative Humidity in Thulamela
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Local Municipality and in Vhembe District as a whole; and the maximum temperatures
dropped in the district. Tropical Cyclone Eline and La Niiia are attributed with the 2000 high
rainfall, which also brought about significantly high Relative Humidity in all the
municipalities. For Mutale Local Municipality only the rainfall value was available. The air
temperature in Thulamela experienced a large drop. All the temperature variables were quite
low in Musina Local Municipality as well. The maximum and air temperatures for Makhado
Local Municipality were low; and for Vhembe District as a whole, the maximum
temperatures were low. However, the air temperature was quite high in 2000. The
temperatures were quite high in 2005 in all municipalities in Vhembe District. Thulamela,
Makhado and Vhembe had a high maximum temperature, the air and minimum temperatures
were high in Musina, Makhado and in Vhembe as a whole. Then in 2006 all temperatures
were high in Thulamela Local Municipality and Vhembe District. A low maximum
temperature and high minimum temperature was observed in Thulamela in 2009, with a low
Relative Humidity and high maximum temperatures occurring in Makhado. Low minimum

temperatures were also experienced in Musina and low rainfall in Mutale Local Municipality.

One of the notable trends from the results is the fact that in the years when one of the climate
elements had a strong/extreme event, chances were that one or two more elements responded
similarly or inversely; for example, the years 1992 and 1988. In 1992, the area experienced
high temperatures which resulted in a drought. Low Relative Humidity was recorded. In 1988
all the temperature variables (air temperature, maximum temperature and minimum

temperature) were lower compared to other years.

In summary, the following emerged from an analysis of 1981-2010 climate data per local

municipality in Vhembe District:

1. Musina Local Municipality has the lowest rainfall in Vhembe District, but the highest
air temperature, maximum temperature and minimum temperature. Musina also has
the lowest amount of Relative Humidity. A statistically significant increase in

maximum temperatures was detected for Musina Local Municipality.

2. Mutale Local Municipality has the second lowest amount of rainfall, which is double
the amount of rainfall in Musina. It experiences the lowest air temperature, has the

second highest maximum temperature, the lowest minimum temperature and the



highest Relative Humidity. Mutale had a statistically significant decreasing trend in

Relative Humidity.

3. Makhado Local Municipality receives the second highest amount of rainfall in
Vhembe District, which is just above Mutale Local Municipality.
It has the second lowest air temperature and experiences the lowest maximum
temperatures. Makhado Local Municipality also experiences the second lowest
minimum temperature and Relative Humidity, and had a statistically significant

increasing trend in minimum temperature.

4. Thulamela Local Municipality receives the highest rainfall in Vhembe District, and
experiences the second highest Relative Humidity. It has the second highest air
temperatures, is third in Vhembe District in terms of maximum temperatures and
second highest in minimum temperature. Thulamela had a significant decreasing trend

in air temperature.

5. Overall Vhembe District had significant increasing trends in the minimum

temperatures and maximum temperatures.

6. The years 1988, 1992 and 1996 had extreme weather events, which affected two or
more of the climate parameters under study. This reveals the intrinsic relationships

among the climate elements rainfall, temperature, and Relative Humidity.

The observations are crucial in determining the influence of climate variability and change on

the number of malaria cases identified in Vhembe District.
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Chapter 5
MALARIA AND HUMAN POPULA . :ON DENS.. ¥

5.1 Introduction

The malaria life cycle (Figure 2.1) relies on the availability of a human host. In other words
the availability of a host for the parasite to be incubated, and availability of people for the
mosquitoes to bite and transmit malaria to, are requirements for the propagation of the
disease. An analysis of the density of the human population in relation to the number of
malaria cases in Vhembe District was, therefore, required. For this reason, the population
density of Vhembe District, as the only non-climatic factor, was analysed in this study. High
population pressure areas tend to favour malaria transmission than low population density
areas (Deresa et al., 2006). This chapter focused on identifying locations in Vhembe District
that had the highest population density and malaria prevalence. Also in this chapter, trend
analysis (Mann-Kendall trend analysis) was used in an attempt to quantify the magnitude, and
to determine the significance of trends in the number of malaria cases in the study area. The
results obtained from all the analyses in the chapter were used to explain the spatial

distribution of malaria in Vhembe District, as discussed later in Chapter 7.

5.2 Population Density in Vhembe District

According to the 2007 census data from Statistics South Africa (StatsSA), the total
population of the Vhembe District was approximately 1.2 million people. Thulamela Local
Municipality had the largest population in the district, with a population close to 590 000
people; followed by Makhado (490 000). Mutale and Musina Local Municipalities had the
lowest population of 91 500 and 48 000, respectively. Although Thulamela had a large
population, its area was smaller than that of Makhado or Musina Local Municipalities. The
population density for the municipalities varied from 6.3 to 203.4 people per square
kilometre, with Musina Local Municipality having the lowest population density and

Thulamela the highest, as indicated in Table 5.1.

Table 5.2 shows the yearly population figures in Vhembe District from 1998 to 2010,
indicating that Vhembe District had a population increase of 123 523 people from 1998 to

2010. The largest contribution to this total increase in Vhembe District’s population was from




































population 14 times smaller; yet more than 2.5 times bigger in area than Thulamela.
Thulamela reported the highest number of malaria cases of 14 948 (Table 5.3), which was
48% of the total number of cases. The high number of malaria cases in Thulamela Local
Municipality can, therefore, be attributed not only to climatic conditions but also to the fact

that the bulk of the municipality is predominantly made up of rural villages (Figure 1.5).

An analysis of the demographic for Vhembe District indicated that Mutale Local
Municipality had the second lowest human population (Table 5.2) but reported the second
highest number of malaria cases from 1998 to 2010 (Table 5.3). This can be attributed to the
fact that Mutale is the smallest municipality in terms of area hence the population is confined
within a small area, creating conditions that are in favour of malaria transmission. Mutale
Local Municipality had the second lowest population density, at 38.99 people per km? (Table

5.1). It contributed 38% of the reported malaria cases.

Malaria prevalence was higher from 1999 to 2003 in Vhembe District. However, a
statistically significant decreasing trend occurred thereafter (Z = -2.87, a = 0.01; Table 5.8).
Trend analysis of the district’s malaria cases showed that the significant point of change

occurred between 2005 and 2006 (Figure 5.10).

The following are the key findings from the analyses in Chapter 5:

1. In the period of analysis (1998-2010), the number of malaria cases reduced

significantly in all municipalities in Vhembe District.

2. Higher cases of malaria were recorded from 1999 to 2003 in all the municipalities in

Vhembe District.

3. The point of significant change in malaria trends for Musina and Makhado Local
Municipalities occurred in 2005, while for Vhembe District as a whole it occurred
between 2005 and 2006. The other municipalities do not have clear cut points (year)

of change.

4. Population density seems to affect malaria prevalence. Areas with a high population

density have a high prevalence and a low density in lower prevalence.
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Chapter 6

CLIMATE VARIABILITY AND MALARIA RESULTS

6.1 Introduction

In Literature Review (Chapter ~, it was established that there are trends and relationships
between climate conditions and malaria. The magnitude of these relationships, however,
varies from one area to the other, as a result of the complex nature of the malaria disease
which is not only influenced by climatological elements but by other non-climatic elements
like human population dynamics as stated in Chapter 5. The non-climatic elements tend to
propagate or retard the spread of malaria during transmission seasons. This chapter analyses
the annual and monthly relationships and interactions between climate parameters (rainfall,
temperature, Relative Humidity) and malaria cases in Vhembe District from 1998 to 2010.
Mann-Kendall test and Sen’s slope estimates for all the three climate variables were

conducted so as to establish the trends during the period of analysis.

The outcome of the analysis revealed evolving and dynamic relationships on the influence of
climate variability on malaria. Pearson correlation coefficients (r) were generated for the
various municipalities in order to determine the extent of relationships between climate
elements and reported malaria cases. As stated in Chapter 3, a value of r > +0.5 between
malaria cases and climate element indicates a strong (positive/negative) relationship, whereas
values of r < 0.5 will indicate a weak (positive/negative) relationship; and no relationship at

all when r = 0.

6.2 Annual Climate Variability and Malaria in Musina Local Municipality

Pearson correlation analysis between malaria and climate conditions in Musina showed that
there was no statistically significant relationship between malaria and any of the climate
variables in Musina Local Municipality. There were, however, significant relationships
among the climate variables themselves (Table 6.1). This is to be expected, | :ause the rain
season in Vhembe District (and much of South Africa) is in summer when temperatures (and

consequently humidity due to moist winds) are high. Between the air temperature and

rainfall, r = -0.786 (P value = 0.002); between the maximum temperature and rainfall, r = -

-1 o8




0.734 (P = 0.007); and between the minimum temperature and rainfall 7 = -0.658 (P = 0.020).

Relative Humidity had a significant positive correlation with rainfall (r = 0.774, P = 0.024).

Table 6.1: Pearson correlation coefficient (r) values between malaria and annual climate
variables, Musina Local Municipality.

Variables Malaria cases | Rainfall (RF) | Air Maximum Minimum Relative
temperature temperature temperature Humidity
(TpAv) (TpMax) (TpMin) (RH)

Malaria cases | 1.000 -0.135 -0.09 -0.304 0.044 0.035

Rainfall (RF) 1.000 -0.786** -0.734** -0.658* 0.774*

Air

temperature 1.000 0.894** 0.947** -0.820*

(TpAv)

Maximum

temperature 1.000 0.760** -0.890**

(TpMax

Minimum

temperature 1.000 -0.67

(TpMin)

Relative

Humidity 1.000

(RH)

*Correlation is significant at the 0.05 level (2-tailed); **Correiauon is significant at the 0.01 level (2-tailed).

Figures 6.1 to 6.5 show the relationship between malaria cases and the climate variables in
Table 6.1, with linear regression trend lines inserted for each relationship. Figure 6.1
indicates an initial increase in rainfall from 1998, reaching its highest in 2000, and then
dropping to its lowest in 2002. From 2003 to 2010, the rainfall pattern was fluctuating
between 200mm and 500 mm per annum. Malaria cases on the other hand had an initial
increase from 1998 to 1999, then dropped in 2000 and their lowest was in 2005. From 2006
to 2008 the number of malaria cases increased slightly again, reduced in 2009 and rose again
in 2010. There were fluctuations in temperature (Figures 6.2-6.4) and Relative Humidity
(Figure 6.5).
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Malaria cases in 1998 (Figure 7.1) were reported at the Beitbridge border post

(Tempelhof Farm), Malalahoek, Haddon, Esmefour, Weipe and Pontdrift which are
on the Limpopo River border with Zimbabwe. On the inland side, farms Balerno,
Hamilton, Verbaard, Cromerbrush, Bellevue, Xmas, Alicedale, Tshipise, Hayoma,
Hope, Joan, Rietz, Njeleledrift and Folorodwe reported malaria. In 1999 (Figure 7.2),
most of the areas along the Limpopo River and inland that detected malaria in 1998
reported more cases except at the Beitbridge border post. An additional farm
(Dorothy) which is next to Verbaard detected malaria in 1999 as well. No cases were
reported in Njeleledrift and in Malaladrift although the farm Vryheid, which is right
next to Malalahoek reported malaria cases. In 2000 (Figure 7.3), the bulk of the
malaria cases were reported on the eastern side of the municipality which includes the
town of Musina. No cases were reported on the western side except in Haddon.
Vryheid, Twilight, Esmefour, Folorodwe and the farms near Hope, Joan, Tshipise,
Alicedale, Xmas and Cromerbush (henceforth called the cluster), reported malaria

cases.

The years 2001 to 2004 (Figures 7.4, 7.5, 7.6 and 7.7, respectively), indicated trends
in malaria similar to those in 1998 and 1999. The areas that detected malaria include
the cluster around Hope, Joan, Tshipise, Alicedale, Xmas and the nearby Cromerbush.
Haddon, Pontdrift, Icon, Musina (Nancefield), Folorodwe also reported malaria.
Weipe, Belleview, Islet, River, Verbaard and Terblanche were additions and
comebacks in 2002. This can be linked to the climate conditions, particularly the
increasing temperature trends discussed in Chapters 4 and 6. In 2003 some areas like
Belleview, Cromerbush, Icon, Tempelhof, Malalahoek and Twilight did not detect
malaria. The cluster around Hope, Joan, Tshipise, Alicedale, had malaria, as did
Musina and Folorodwe. Most of the areas that detected malaria in 2002 had malaria in
2003 and the number of cases also increased following the 2002 dry season. The same
areas also reported malaria in 2004 with the notable absence of Esmofour, Haddon
and Vryheid. Only two areas (Musina and Tshipise) detected malaria in 2005 (Figure
7.8). As discussed in Chapters 4 and 6, 2005 was a dry year with high temperatures
and hence, this pattern in malaria is expected. In 2006 (Figure 7.9) two areas again
had malaria: Musina and Verbaard. The cluster farms around Hope were free from

malaria.
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The year 2007 (Figure 7.10) saw a return of malaria in Weipe, River, Hope and

Doreen. All the other areas did not detect malaria. The affected areas increased even
further in 2008 as observable in Figure 7.11. There was an increase in temperature
variables during this period as indicated in Chapter 6 (Figures 6.2-6.4). The cluster
areas Hope, Doreen and Alicedale had malaria comebacks too. On the Limpopo
River boundary, Esmefour and Vryheid also reported malaria and inland, cases were
reported in Belleview and Halcyon. The year 2009 (Figure 7.12), saw a decrease in
malaria infected areas which may have been caused by the drop in temperatures
although the amount of rainfall increased (Figures 6.1-6.4). The cases were however,
restricted to the cluster, Pontdrift and Musina. In 2010 (Figure 7.13), there was an
increase in the number of malaria with cases resurfacing in Weipe, Esmefour and
Tereblanche near the cluster farms. Musina and the cluster farms of Hope, Doreen and
Tshipise had malaria and of notable absence was Folorodwe. The minimum

temperature and amount of rainfall increased in this period (Figures 6.1 and 6.4).

7.2.2 Musina Malaria Distribution Based on a Digital Elevation Model
In this section altitude is examined in trying to understand if it affected the spatial
distribution of malaria presented in Section 7.2.1. Musina has altitudes ranging
between 320 and 1150 meters above sea level (MASL). The maps in Figure 7.14
indicate that in 1998 and 1999, malaria was detected in areas below SO0MASL, which
are mainly along the Limpopo River and other rivers across the local municipality. In
2000 and 2001, malaria was not detected in some of the areas along the Limpopo
River where it had been detected in previous years. In the year 2001, it was detected in
Icon, an area which is between 618 and 654MASL. No malaria was detected in areas
above 689MASL between 1998 and 2001. The maps in Figure 7.15 show a trend
similar to that for 1998 and 1999 for the period between 2002 and 2004. Of the two
areas that detected malaria in 2005, both are below 582MASL. No malaria was
detected in areas above 582MASL between 2002 and 2005. The DEM maps in
Figures 7.16 and 7.17 show that between 2006 and 2010 malaria was detected in areas
below 582MASL which are either near the Limpopo River or next to a watercourse.
The areas that detected malaria constantly had the following altitudes: Musina,
Pontdrift, Verbaard and Tereblanche are below 600MASL; Esmefour, Haddon,
Twilight, Vryheid, Doreen, Hope, Xmas, Cromerbush, Folorodwe, Malalahoek,
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Njeleledrift, Tempelhof, River, Islet, Weipe are below S00MASL, Icon and Belleview

are above 600MASL, but are found in between valleys.

7.3 Malaria Distribution in Makhado Local Municipality

The main economic activities in Makhado Local Municipality are game and crop
farming on the northern side with some village settlements on the eastern, north
eastern and south western end (Figure 1.5). The Soutpansberg Mountains cut across

almost through the central part towards Thulamela Local Municipality in the east
(Figures 1.3b, 1.6).

7.3.1 Spatial distribution

The spatial distribution of malaria in Makhado Local Municipality between 1998 and
2010 is presented in Figures 7.18 to 7.21. The maps for the period from 1998 to 2010
show that malaria was detected mostly in the central and eastern parts of the
municipality, along the Mutale/Makhado municipal boundary. The number of
reported cases, however, varied from year to year and the settlements where malaria
was detected varied from year to year. It can be observed from the maps that the

settlements where malaria was detected are mainly adjacent to each other.

Figure 7.18 shows that malaria cases were reported in the central parts of Makhado
around Louis Trichardt, Madomhizha, Tshiozwi and Matitivhala. The north-eastern
parts of Mudumeli, Matsa, Dzanani, Tshakuma, Tshiendeulu, Maranikwe, Musekwa
and other nearby settlements scattered in that area, detected malaria alternately. Some
cases of malaria were detected in the southern eastern part of Valdezia, Muhoni,
Chavani, Masakona, Muwaweni, Magoro, Sundani, Mashamba, Ha-Masia and

surrounding villages.

The settlement Ha-Ramantsha reported malaria in 2001 and not previously. A similar
trend is observed on Figure 7.19 for the period between 2002 and 2005. A notable
observation is that no malaria cases were detected in Ha-Ramantsha from 2001 to

2010 except in 2008.
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Spatial Distribution of Malaria in Makhado Local Municipality (2006 to 2009)

Figure 7.20
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In 2005 a cluster of malaria cases was observed in the south eastern part around
Muila, Muumoni, Thothololo, Muwaweni, Mukondeni and immediate surrounding
settlements. Malaria cases gradually increased in the municipality from 2005 to 2010.
This may be attributed to increase in temperatures within the municipality (Figures
6.7 — 6.9). From 2006 (Figure 7.20) to 2010 (Figure 7.21), a similar situation to that
observed in previous years ensued; malaria cases continued to be detected in the
municipality’s central and eastern settlements. A notable fact is that, though, is that it
can be observed that from 2008 to 2010 malaria cases were not detected in the village
of Ha-Masia which is quite large. A scattering of malaria cases in various human

settlements is clearly observed in the municipality.

7.3.2 Makhado Malaria Distribution Based on a Digital Elevation
Model

Makhado Local Municipality has altitudes which range between 479 MASL and 1735
MASL. The maps in Figure 7.22 maps indicate that in 1998 and 2001, malaria was
detected in areas below 912 MASL. No malaria cases were detected on the north
western part, which is the part bordering with Musina Local Municipality which is
between 479 and 750masl. Most of the settlements which detected malaria are below
648masl and on the eastern side of the municipality. These areas are also close to
water bodies. Between 2002 and 2004, most of the malaria cases were detected in
areas below 648 MASL and very few areas between 648 and 912 MASL had malaria
as indicated in Figure 7.23. However, in 2005 malaria was detected on the southern
side around Thothololo and Matla which are between 985 and 1176 MASL. In 1999,
2000, 2002, 2003, 2005, 2007, 2008 and 2010, malaria cases were also detected in the
areas of Matshavawe, Tshifhire and Vuvha which are enclaved within the valleys of

the Soutpansberg mountain range at 912-1735 MASL.

From 2006 to 2010, malaria continued to be occur in locations below 912 MASL (and
a few isolated cases above 912 MASL) in Makhado Local Municipality (Figures 7.24
and 7.25). It can be observed from these maps of malaria cases between 1998 and
2010 is that malaria cases were detected in valley locations between mountains in
Makhado Local Municipality. These areas also happen to have water bodies and rivers

crossing through them (Figure 1.5), which serve as mosquito breeding habitats.
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7.4 Malaria Distribution in Thulamela Local Municipality

Thulamela Local Municipality is located in the south of Vhembe District (Figure
1.3a). It is mostly constituted of village settlements and a few growth points or urban

centres, notably Thohoyandou (Figure 1.5).

7.4.1 Spatial distribution

Malaria was scattered throughout Thulamela in the period 1998 to 2010 (Figures 7.26
- 7.29). In most instances, malaria cases were detected in the same settlements every
year from 1998 to 2010. There were malaria cases in the northern part of Thulamela
in settlements like Ha-Lambani, Mavunde, Mutshenzheni, Gaba, Lukalo and
surrounding settlements. On the eastern side it occurred in Mhinga, Tshikundu,
Ntlaveni, Ka-Vhele, Altein, Mashobye and surrounding areas; and in southern parts in
Malamulele, Mavambe, Mukhomi, Xikosana and surrounding settlements. To the
west side it occurred in Phiphidi, Lwamondo, Duthuni, Fondwe, Tshikomani,
Thononda Dopeni, and the urban centres of Thohoyandou, Shayandima and
surrounding areas also reported malaria during the period. The central part of
Thulamela which includes Mangondi, Mutoti, Dumasi, Mukula, Khubvi, Makonde,
Green Farm and surrounding settlements, also had malaria annually from 1998 to

2010.

7.4.2 Thulamela Malaria Distribution Based on a Digital Elevation
Model

Thulamela has altitudes ranging between 385 and 1507 meters above sea level
(MASL). Figures 7.30 to 7.33 show that settlements in Thulamela Local Municipality
are located mostly below 673 MASL, and this is where malaria cases are
predominant. The western tip of the Soutpansberg mountain range, which has valleys
with altitudes between 764 and 971 MASL detects malaria frequently. Most of the
areas where malaria was reported have water bodies nearby. There were belts of
malaria cases on either side of the Soutpansberg mountain range as it levels towards
the Limpopo River valley, between 764 and 971 MASL. Malaria cases in this area

occurred in locations that are mostly below 764 MASL.
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Spatial Distribution of Malaria in Thulamela Local Municipality (2006 to 2009)

Figure 7.28
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Thulamela Local Municipality has a lot of malaria patches scattered throughout the

whole municipality. The settlements further on the eastern side near the border
between the municipality and the Kruger National Park are the most prone to malaria,
with some having recorded over 200 cases between 1998 and 2010. These included
villages like Ha-Lambani, Mhinga, Mabililigwe, Maphophe, Makuleke, Ntlavheni,
Mashobye and the immediate surrounds, as well as farther south east in Altein. In the
north there were pockets of malaria in Makonde and Khubvi, which reported over 200

cases during the period under study.

Other hotspot areas included Tshikundu, Madonsi in the east, Thohoyandou in the
western side and Mpambo in the south east which also recorded over 200 cases
between 1998 and 2010. The villages of Muledane, Mavambe, Lwamondo, Mulenzhe
and Xigamani in the south western part recorded between 50 and 100 cases. On the
northern side villages like Lukalo and Sambandou recorded between 50 and 100 cases
in the period 1998-2010.

There are several streams and rivers within Thulamela (Figure 1.5) which could have
contributed to the high number of malaria cases. The stream and rivers then provided
mosquito breeding habitats, thereby contributing to the availability of a number of
breeding areas for the mosquitoes. However, further discussion on the availability of

breeding areas is beyond the scope of the current study.

7.5 Malaria Distribution in Mutale Local Municipality

Mutale Local Municipality is mostly constituted of villages. The very few urban
centres include Mutele, Tshandama, Nwanedzi and Tshikondeni mine. The
municipality is located mostly at low altitudes and has a lot of potential mosquito

breeding areas, as was observed on a digital elevation model (DEM).

Mutale Local Municipality had no statistically significant relationship between the
prevalence of malaria and rainfall (Table 5.4). Rainfall was the only variable that

could be statistically tested in this study.
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7.5.1 Spatial distribution

The malaria maps in Figures 7.34 - 7.37 show a malaria spatial distribution pattern
similar to that in Thulamela Local Municipality, with malaria cases being scattered
throughout the local municipality. The villages in central Mutale which reported
malaria in the period 1998-2010 included Mulaluwe, Tshipise, Shakadza, Mbodi,

Dambale, Domboli and other isolated surrounding villages.

The malaria cases that were reported in the northern part of Mutale Local
Municipality occurred in Gumbu, Sigonde, Dovho, Tshikuyu, Mutele, Bende Mutale
and Bale. In the eastern part the settlements included, Guyuni, Lamvi, Hamakuya,
Domboni, Thengwe, Tshamndama, Lukau, Vuvha and Maheni. In the South, malaria
cases occurred in Gogogo, Khakhu, Gombani, Fefe and surrounding settlements. On
the western side of the municipality, the settlements that were affected by malaria
every year from 1998 to 2010 included Nwanedzi, Folovhodwe, Dipeni, Tshiungani

and isolated settlements surrounding these highly prone areas.

Of particular note is the belt of settlements which border with Thulamela on the
southern part of the municipality where malaria was detected. This belt or cluster,
includes settlements like Tshanzhe, Mangaya, Makwilidza, Maheni, Thengwe,
Tshihlavulu, Tshandama, Lukau, Madzivhanani, Mulodi, Vuvha, Pile and Tshapasha.
Malaria cases were being reported almost every year along this belt, which makes the
area a malaria risk. It was, therefore, important to detect what altitude these

settlements are positioned in order to establish whether altitude had an influence.

7.5.2 Mutale Malaria Distribution Based on a Digital Elevation Model
Mutale has the lowest altitudes in Vhembe District, which range between 249 and
1547 meters above sea level (MASL). The higher ground at 1547 MASL occurs on
the south western side, which is part of the Soutpansberg mountain range. The
municipality has three distinct altitude zones: the north eastern part with altitude
ranges between 249 and 453 MASL, the central part which ranges between 453 and
728 MASL and the south western part with altitude ranges between 728 and 1547
MASL.
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Spatial Distribution of Malaria in Mutale Local Municipality (1998 to 2001)

Figure 7.34
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Spatial Distribution of Malaria in Mutale Local Municipality (2002 to 2005)

Figure 7.35
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Mutale has low lying areas that run from the north eastern side to the central part.
These low lying areas had between 100 and 200 cases of malaria in the period 1998 to
2010. The belt includes villages like Tshenzhelani, Manenzhe, Mukondeni,
Tshikondeni, Dovho, Tshikundamalema, Domboni, Guyuni, Shakadza, Thengwe and
Lamvi. On the western side of this belt are scattered areas like Nwanedi, Gumbu and
Folovhodwe, while on the eastern side of the belt areas like Hamakuya and Bend
Mutale, amongst others, which recorded more than 200 malaria cases during the
analysis period 1998-2010. Figures 7.38-7.41 illustrate the distribution of malaria in
relation to altitude in Mutale Local Municipality for the period 1998-2010.

As observed for Makhado Local Municipality, cases of malaria occurred in
settlements that are autoclaved within the valleys of the Soutpansberg Mountains.
These settlements are found in the Southern tip of the municipality, and include

settlements like Gogogo, Khakhu, Gombani and Fefe.

Table 7.1 summarises the altitudes for the four local municipalities in Vhembe
District, as well as the predominant malaria altitude range for each. The table shows
that in Musina Local Municipality, malaria predominantly occurs below 500 MASL,
below 648 MASL in Makhado, below 673 MASL Thulamela and below 624 MASL
in Mutale. Isolated cases of malaria are detected between 698MASL and 1300MASL

across the municipalities.

Table 7.1: Summary of altitude characteristics and malaria in the local municipalities in
Vhembe District.

Municipality Minimum Maximum Predominant Isolated malaria
altitude altitude malaria altitude  cases altitude
(MASL) (MASL) (MASL) (MASL)

Musina 320 1150 Below 500 689 maximum

Makhado 479 1735 Below 648 1300 maximum

Thulamela 385 1507 Below 673 971 maximum

Mutale 249 1547 Below 624 1093 maximum
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7.6 Summary and Discussion

The spatial distribution of malaria in Musina Local Municipality, as in the map in Figure 7.1,
shows that the northern and eastern parts are prone to malaria infection. It can be suggested
that this is due to their proximity to the Limpopo River. Since altitudes in Musina Loc:
Municipality range between 327 and 1144 MASL, it would be expected that there would be a
lot more malaria cases in Musina than in the other municipalities as suggested by Cox et al.
(1999) and Baker et al. (2009) that areas below 1000 MASL are prone to a high rate of
malaria transmission. However, fewer cases are reported in Musina and most of them in
locations below 582 MASL. Other environmental conditions, notably the low amount of
rainfall in Musina and quite high temperatures (Figures 6.22 and 6.23), may be a hindrance to
mosquito breeding and hence transmission. Additionally Musina Local Municipality has a
low population density (Table 5.1), which also makes the area less likely to have an upsurge
in malaria. Another aspect observed from the DEM maps (Figures 7.14-7.17) is that malaria
cases were detected in settlements that are close to a water resource. This underscores the
influence that the availability of mosquito breeding areas has in the transmission of malaria.
The areas that stood out in terms of malaria infection in Musina include the cluster farm areas
of Joan, Doreen, Tshipise, Alicedale and Weipe; Musina town; River, Pontdrift, Folorodwe,

Vryheid and Esmofour farms.

In Makhado Local Municipality the malaria spatial distribution maps in Figures 7.18 to 7.21
show that the central and eastern parts are prone to malaria infection. The likely reason why
the eastern part is malaria prone is its proximity to Mutale and Thulamela Local
Municipalities which have high malaria cases. The settlements in the south eastern part (e.g.
Muwaweni and Masakona) are being affected due to their proximity to rivers and streams
(e.g. the Luvhuvhu River, Figure 1.5) where mosquitoes breed. Since most of Makhado Local
Municipality is at altitudes above 7S0MASL, it would be expected that there would be fewer
malaria cases. However, the environmental conditions suppress mosquito breeding as already
discussed in Chapter 6. The areas that are of concern include Ha-Masia, Tshiozwi, Tshikuwi,
Mudimeli, Musekwa, Dzanani, Valdezia, Tshakhuma, Moheni, Chavani, Muila, Masakona,

Sundani, Davhana, Tshimbufe, Magoro and Muwaweni.

The “pocket” trait of malaria infection can be clearly observed in Makhado. Figures 7.18 to

7.21 show how detected cases are scattered around the villages. Some settlements within the

195



same area are not being affected whereas other villages are affected. ..iis clearly illustrates
the importance of localising malaria investigations to enable the Department of Health to
determine the malaria prone settlements instead of using national or regional interpolated
data. The DEM maps in Figures 7.22 to 7.25 show that malaria cases are being detected in
Makhado in the high altitude areas of Matshavawe, Tshifhire and Vuvha which are enclaved
within the Soutpansberg mountain range at 912 to 1735 MASL. This could be explained by
the fact that the low lying areas are getting drier and hence mosquitoes are moving up into

high humidity areas for breeding, hence the high infection numbers.

The malaria spatial distribution maps for Thulamela Local Municipality (Figures 7.26 to
7.29) show that the whole municipality is prone to malaria infection. This is probably due to
the closeness of settlements and high population density within the municipality. The bulk of
Thulamela Municipality is located below 764 MASL and in the whole municipality altitudes
range between 385 and 1507 MASL. Based on the climate and environmental conditions
prevailing in the municipality and the high population density, an upsurge of malaria within
the municipality is likely unless the conditions become unfavourable. The low lying (below
535 MASL) eastern parts of Thulamela reported the highest number of malaria cases within
the Vhembe District between 1998 and 2010. Once again, the “pocket” distribution nature of
the malaria infections can clearly be observed in Thulamela as well, as depicted in Figures
7.26 to 7.29. Some villages within the same area are not being affected by malaria whereas
other villages are. This clearly emphasises the importance of localising malaria investigations

instead of using national or regional interpolated data.

In Mutale Local Municipality the malaria spatial distribution maps in Figures 7.34 to 7.37
show that the central and north eastern parts of the municipality are prone to malaria
infection. It can be suggested that this is because the central and north eastern parts of Mutale
are low lying areas, mostly below 729 MASL. The conditions in these areas are conducive
for mosquito breeding and human settlement. The area is constituted of several rivers and
streams as observed on the DEM maps (Figures 7.38 - 7.41). Mutale is close to the Limpopo
River and its tributaries, some of which are large rivers themselves (e.g. the Mutale River).
The altitudes in Mutale range between 249 and 1547 MASL. Most of Mutale’s settlements
are below 700 MASL and highly populated, hence an upsurge in the number of malaria

infections is likely as a result of the conducive climate and human population density factors
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prevailing in the area. The changes in population in these settlements over time ) ly a
change in the environmental system around the settlements as they increase in size and the
people clear the area to ke room for houses and cultivation fields. This in turn will affect
the local climate conditions by bringing about localised climate conditions. This aspect of
ecological change may affect malaria disease transmission through the mosquito vector since
it can result in rapid evolutionary change even though the rate of change may not be easy to

predict and varies among species (Erickson et al., 2012).

It was observed in Chapter 6 that following a low rains in 2002 and 2005, there were
increases in malaria in 2003 and 2006, respectively. An analysis of the spatial distribution of
malaria during these years highlights that there was no change in terms of the spatial
distribution. Almost all the areas that reported malaria in 2002 and 2005 also detected malaria
in 2003 and 2006, respectively. The difference was the increase in the number of malaria
cases in some of these areas. This then suggests the notion of lack of immunity or lack of
preparedness from individuals and government in terms of malaria prevention and control

measures.

In line with Nenwiini (2011) who divided Vhembe District into three rainfall zones (namely
humid, sub-humid and semi-arid), it is observed that most of the malaria cases are found
within the humid zone, followed by the sub-humid zone with very few malaria cases detected
in the semi-arid zone. The humid zone is found along the border of Makhado with Thulamela
and Mutale towards the east. The sub-humid zone is mostly around the central part where the
four local municipalities meet (Figure 1.3a), with the western part of Makhado and the rest of
Musina being the semi-arid zone. This explains why Relative Humidity had a significant

correlation with malaria in Vhembe District.
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Chapter 8
DISCUSSION

8.1 Introduction
This Chapter discusses the results presented in Chapters 4, 5, 6 and 7 in relation to Objectives
1, 2, 3 and 4, respectively, which are stated in Section 1.5. The Discussion is also in the

context of the research hypothesis, which is stated in Section 1.6.

8.2 Climate Variability

This section focuses on addressing Objective 1, which was “to determine long-term (30 year,
1981-2010) climate trends in Vhembe District in terms of rainfall, temperature and relative
humidity”. Chapter 4 (and parts of Chapter 6) present results addressing this objective. It was
noted that Vhembe district was experiencing climate variability, considering the disparity in
the magnitude of anomalies identified for each of the climate elements analysed for each of
the four local municipalities constituting the district. The extent of deviations (anomalies) for
the various climate elements ranged from -3 to +4, and some of the pattern observed in the
anomalies may be attributed to natural climate variability through phenomena like ENSO.
For example, the two seasons centered on 1996 and 2000 are found to coincide with La Nifa
events, where 1996 fell under a weak La Nifa while 2000 was in a strong La Nina episode;
2002 and 2005 being identified as moderate El Nifio and weak El Nifo years, respectively
(Null, 2015). The influence of these La Nifna and EI Nino events was detected in this study

through the climate data.

The years under study (1981-2010) belong to the dry part of a complete cycle of wet and dry
(rainfall reduction) spells that constitute 18 to 20 years (Kabanda, 2004; Makarau, 1995;
Mason, 2001; Tyson, 1990; Preston-Whyte and Tyson, 1988). From the 25 trend analysis
tests conducted for long-term (1981-2010) period and 21 trend tests for medium-term (1998-
2010) period, only 6 statistically significant trends could be established on long-term analysis
and only 2 for medium-term analysis. This highlights the extent of climate variability in
Vhembe District, since few statistically significant trends were detected. A number of other

important findings are notable for Vhembe District and its four local municipalities:
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Musina Local Municipality has the least annual rainfall, but highest annual air
temperature, maximum temperature and minimum temperature. The lowest level of
Relative Humidity is reported in the municipality as well. A statistically significant

increase in long-term (1981-2010) maximum temperatures was detected.

Mutale Local Municipality has the second lowest amount of rainfall which is,
however, double the amount of rainfall in Musina. It experiences the lowest air
temperature, has the second highest maximum temperature, the lowest minimum
temperature and the highest Relative Humidity. A statistically significant decreasing
trend on long-term Relative Humidity and medium-term (1998-2010) rainfall was

established for the municipality.

Makhado receives the second highest amount of rainfall, which is just above Mutale.
It has the second lowest air temperature and experiences the lowest maximum
temperatures. The area experiences the second lowest minimum temperature and
Relative Humidity. A statistically significant increasing trend on long-term minimum

temperature and medium-term maximum temperature was established.

Thulamela receives the highest rainfall in Vhembe District, and has the second
highest Relative Humidity. The area has the second highest air temperatures, comes
third on maximum temperatures and second highest on minimum temperatures. A
statistically significant decreasing trend on long-term air temperature was established

for Thulamela.

A composite climate analysis of Vhembe District highlighted statistically significant
increasing trends of the long-term minimum temperatures and long-term maximum

temperatures.

Therefore, the results obtained from this study established statistically significant increasing

trends in temperature in the different local municipalities in Vhembe District, with only

Thulamela Local Municipality showing a decrease in air temperature. Increasing

temperatures have established by other studies. For example, Enfield et al. (1999), Kandji et
al. (2006) and Hansen et al. (2011) have all highlighted the upward shifting of global

temperatures and in the southern African region. Increasing temperatures are, however, a
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major concern since they affect the ecological and biological systems in an area. With regards
to malaria, higher temperatures reduce the mosquito vector breeding time (Section 2.3) and
hence increase mosquito reproduction drastically. However, excessively higher temperatures
may also result in the rapid drying off of pools and ponds after the rains, which then reduces
the number of possible breeding areas for mosquitoes and, consequently, lead to a reduction
in the number of malaria cases. This finding may be contributing towards the reduction in

malaria cases in the district and as discussed further in Section 8.4.

Varying trends on rainfall were also noted, and of particular note was the slight rainfall
increase trend in the long-term but a reduction in the medium term in most parts of the
district. Studies by Tshiala et al. (2010) and Kabanda (2011) identified a decrease in rainfall
in the study area, but the current study could not detect statistically significant decreasing
trends except in Mutale Local Municipality. The reason for the reduction in rainfall in the
study area, according to Tshiala et al. (2010), is the shortening of the rainfall season. Egbe
(2014), in a similar study in Nigeria, also detected a shortening of the rainfall season. This
may imply that there has been a reduction in rainfall in recent years throughout the Southern
and West African regions. Kabanda (2011) detected a reduction of rainfall in zones within the
Vhembe District. These decreasing rainfall trends affect mosquito breeding sites and,
therefore, mosquito proliferation. Olwoch (2008) also indicated that an increase in rainfall
normally results in an increase in malaria due to the formation of water pools (mosquito
breeding areas). It follows then that a decrease in rainfall should result in a decrease in
malaria prevalence. This reduction in rainfall in recent years may be contributing further
towards the reduction in malaria cases within the district. It should, however, be noted that
the availability or non-availability of rainfall does not equate to the availability or non-
availability of suitable mosquito habitats and breeding sites (Ermert et al., 2011). The
relationship between the two cannot be represented as a simple linear function since other

factors bear influence.

Another notable result from Chapter 4 was the statistically significant decreasing trend in
Relative Humidity in the long-term that was detected in Mutale Local Municipality only, with
most municipalities revealing non-statistically significant decreasing trends. Relative

Humidity plays a big role in providing suitable biting conditions for the adult mosquitoes.



This decreasing trend in Relative Humidity may also be contributing towards the reduction of
malaria cases in the district.

Based on the analysis done in Chapters 4 and 6, climate normals can be summarised for
Vhembe District as in Table 8.1. These values will be taken as the normal climate for the area

as derived by this study and will be the basis for a proposed climate-malaria management

framework.
Table 8.1: Summary of long-term (30-year) and medium-term (13-year) climate parameter
normal values in the local municipalities of Vhembe District.
Municipality Period Climate parameter
Rainfall ~ Air temperature  Maximum  Minimum kelative
(mm) (°C) temperature temperature  Humidity
CO CO (%)
Musina Long-term 313 22.9 30.3 15.7 69.2
Medium-term 351 23.1 30.7 15.8 71.7
Makhado Long-term 796 20.8 27 149 78.2
Medium-term 865 20.9 26.9 15.2 79.3
Thulamela Long'-term 1089 21.1 27.7 15.6 78.9
Medium-term 1189 21.0 27.7 15.8 81.7
Mutale Long-term 726 20.7 28.2 13.5 81
Medium-term 779 XXX XXX XXX XXX
Vhembe Long-term 789 21.4 28.2 15.2 75.7
Madium-term [ 7 £ 28 < 124 78"

XXX = no aata avallapic

As identified in Chapters 4 and 6, the long-term and medium-term climate parameter values
are normally different. This explains why long-term interpolated data will not give the same
result as medium/short-term localised data in malaria control, which was observed in this
study. Cox et al. (1999), in the MARA project report, stress the same point and caution that
their conclusions are useful as a basic static stratification which may mask temporal

variations and fluctuations or long-term variations.

8.3 Malaria and Population Dynamics

The second objective of the study was “to analyse malaria and demographic trends in the
Vhembe District between 1998 and 2010”. The results for this objective are presented in
Chapter 5. It was important to understand malaria trends in the district and how the spatial
distribution of the human population influences the prevalence of malaria in the district. Key

findings from Chapter 5 were:
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1. In the period of analysis (1998-2010), the number of malaria cases reduced

significantly in all municipalities in Vhembe District.

2. Higher cases of malaria were recorded from 1999 to 2003 in all the municipalities in

Vhembe District.

3. The point of significant change in malaria trends for Musina and Makhado Local
Municipalities occurred in 2005, while for Vhembe District as a whole it occurred
between 2005 and 2006. The other municipalities do not have clear cut points (year)

of change.

4. Population density affects malaria prevalence. A high population density results in
high prevalence and a low density in lower prevalence. Population density, therefore,

plays a crucial role in the transmission of malaria within Vhembe district.

5. Mutale Local Municipality showed higher malaria prevalence than the other
municipalities in the analysis period (1998-2010), with prevalence values ranging
between 34.7 and 211.3 (Table 5.9), followed by Musina (ranging 2.6 - 87.6) then
Thulamela and Vhembe District (ranging 7 - 39). The least prevalence was in

Makhado Local Municipality, with a range between 1.1 and 6.7.

It was noted that non-climate conditions like human settlements contribute to the prevalence
of malaria as highlighted in the maps in Chapter 7. Areas with more settlements had higher
malaria infections compared to areas with less settlements and population. Hence, even when
the current study did not delve into the investigation of other non-climate conditions, their
effect is noted. One of the assumptions of this study (Section 3.6) was that the non-climate
conditions are being taken care of by the Department of Health of South Africa in accordance

with the Guidelines for the Prevention of Malaria in South Africa (Baker et al., 2009).

8.4 Climate Variability and Malaria

This section focuses on the interactions between malaria and climate elements, as presented
in Chapter 6, in addressing the third objective of the study which was “to determine the
relationship between climate trends and malaria patterns in Vhembe District between 1998

and 2010”. In terms of medium-term trends (1998-2010), there was no statistically significant

P -
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relationship between the number of malaria cases and any of the annual climate variables in
Musina and Mutale Local Municipalities. Associations between malaria and annual air
temperature and maximum temperature were established for Makhado Local Municipality
and between malaria and Relative Humidity at the aggregated scale of Vhembe District as a
whole. There was also association between malaria and rainfall, and between malaria and
Relative Humidity in Thulamela Local Municipality. Linear regression analysis showed that
the annual Relative Humidity (RH) explained 82.88% of thé variation in malaria in
Thulamela, 50.3% in Vhembe District and 44.44% in Makhado, with Mutale recording low
dependency of malaria on RH and Musina having no data. Malaria showed some dependency
on rainfall, with R? values of 23.56% for Vhembe, 25.76% for Makhado, 24.54% for Mutale
and 36.01% for Thulamela. Relative Humidity seemed to have a higher influence on malaria

from a medium-term perspective since monthly data indicated weak associations.

The number of malaria cases was strongly correlated with monthly climatic data. The
minimum and monthly air temperatures had the most influence on malaria based on monthly
data. This is observed in the various Pearson correlation tables in Chapter 6. Linear
regression analysis indicated that the lowest dependency of malaria on minimum temperature
was for Musina Local Municipality at 63.18% of the variation in malaria, followed by
Makhado at 87.53%, then Thulamela at 91.34%. At the aggregated scale of the whole
Vhembe District 87.86% of the variation in the number of malaria cases could be explained
by minimum temperature. Therefore, the results indicate that although conducive medium-
and long-term conditions like Relative Humidity are required, the prevalence of malaria is
influenced mostly by the immediate short-term conditions more than the long-term. Hence
long-term data is useful in giving a basic understanding of the area, but short-term data
appears to be more useful for decision making. It should be stressed, though, that the
medium- and long-term influence of Relative Humidity on malaria compared to the short-
term (monthly) influences should not be disregarded completely. Relative Humidity still has
an influence on malaria at the medium- to long-term scale, but not in the same time scale as
the other climate variables. The Relative Humidity in the study area is above 60% nearly all
year long including during winter, which brings a permanent conducive humid environment

for mosquitoes.

The finding that malaria is strongly dependent on temperature is quite crucial in managing

malaria in the study area. In general, Vhembe District showed statistically significant
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increasing trends on annual minimum and annual maximum temperature (Table 4.4). Musina
Local Municipality showed an increase in annual maximum temperature and Makhado an
increase in annual minimum temperature, with only Thulamela showing a decrease in air
temperature. The decrease in air temperature in Thulamela may also be of no effect since the
main driving climate element is the minimum temperature, which was established to be
increasing in Vhembe District. Of concern is the fact that previous studies (e.g. Basurko et
al., 2011) have established that increases in temperature affect the mosquito vector’s
behaviour and ultimately cause an increase in malaria through the acceleration of the
gonotrophic cycle (Figure 2.1) of the Anopheles mosquito by decreasing the interval between
egg-laying episodes and increasing vector abundance. The higher temperatures can also lead
to acceleration of the development cycle of the parasite (Basurko et al., 2011). A positive
consequence of the temperature increases, especially increases in the maximum temperature,
is that the high temperatures may quickly dry off any small pools of water, thereby reducing
breeding areas. Moreover, if the temperature becomes too high, this may jeopardies the
survival of adult mosquitoes, thereby suppressing an explosion of malaria. Evidence of this is
the sharp fall in the number of malaria cases in Cacao, French Guiana, that between 2003 and
2004 even when the temperatures were particularly high (Basurko et al., 2011). This is
appears to be similar to what is happening to Vhembe District at the aggregated scale (and in
Makhado, Thulamela and Musina Local Municipalities separately) where in 2005 maximum
temperatures increased, but malaria cases declined. In fact, 2005 recorded the highest
maximum temperature in Vhembe District for the period of analysis (1981-2010) and trend
analysis on malaria cases showed that the significant point of change for Musina, Makhado

and Vhembe District was around 2005.

Two significant points are of note with regard to the climate versus malaria analysis for
Musina and Makhado Local Municipalities. Firstly, analysis for the period under study
highlighted a statistically significant decrease in malaria as observed in chapter 4; and
inc ng trends in the annual temperature variables in two municipalities as observed in
chapter 4 trend analysis. This seems to be in agreement with the findings by Basurko et al.
(2011) that when temperatures become too high, malaria transmission becomes negatively
affected. Secondly, however, an analysis on Musina and Makhado for the period 2005 to
2010 reveals a generally increasing trend in malaria prevalence. This revelation may then

support how increasing temperatures may result in the increase in malaria.



The results showed identical increasing peaks of malaria at the aggregated scale of Vhembe
District and at the scale of the local municipalities in 1999/2000, 2003, 2006, and 2008. On
the other hand the similar decreasing peaks of malaria observed in 2002, 2005, 2007 and
2009 are linked to climate elements either above +0.5 anomaly or -0.5, anomaly especially
temperature variables. For example in 2000, there was a high number of malaria cases in all
the local municipalities, with the rainfall anomaly peak above +3, the maximum temperatures
below -1, the minimum temperature almost -1, the air temperature below -1 and Relative
Humidity above +1.5 anomaly. In 2003, Makhado, Thulamela, and the Vhembe District
aggregated scale had rainfall peaks below -0.5 anomaly, maximum temperature was above
+0.5 anomaly in all the local municipalities, the minimum temperature above +0.5 at the
Vhembe District aggregated scale and at the local scale of Makhado Local Municipality, the
air temperatures were above +0.5 in all the municipalities and the result was an increase in
the number of malaria cases. In 2006, the rainfall was almost normal, but the maximum
temperature was above +0.5 anomaly in all municipalities except Makhado, the minimum
temperature above +0.5 inclﬁding in Makhado, and the air temperature was at +0.5 excluding
Musina. The result was another high peak in malaria which excluded Musina and Makhado
though. In 2005, the rainfall was below -0.5 anomaly in all municipalities, the maximum
temperature above +1, the minimum temperature above +1 in all municipalities except
Thulamela, the air temperature at > +1, and the Relative Humidity for Vhembe District as a
whole was below -1. The result was low malaria prevalence in all municipalities, with

Makhado and Musina showing the lowest for the period under study.

According to Thomson and Connor (2001) drought periods, which in the case of malaria may
reduce malaria prevalence drastically, are normally followed by high malaria prevalence
when rainfall gets back to normal. The reason for the increase in malaria is that people are at
lower immunity levels and are caught unprepared, including government. This is observed in
2003 and 2006. The years 2002 and 2005 were drier as seen in Figure 4.41 rainfall anomalies
which resulted in a drop in malaria cases in all the areas. However, in 2003 and 2006, there
was an increase in malaria cases in all the municipalities possibly due to lack of preparedness
or lack of immunity. In South America (Colombia, Venezuela) studies also discovered that
dry conditions such as those caused by ENSO are followed by increases in the incidence of

malaria (Githeko et al., 2000). This consequence of dry periods is of concern because, for the



study area, trend analysis showed that rainfall is declining; hence chances of more frequent
droughts are possible. Moreover the economic outlook and environmental degradation in the
study area may exacerbate the disease. Hence, closer monitoring and management is required
in future when such anomalies occur. Therefore, whether variables indicate a negative or
positive anomaly, as long as one of the variables is above +0.5 or below -0.5, an early
warning system should be set into motion. This threshold has been taken forward to the

management framework.

Based on the scattering and pocket nature in terms of the spatial distribution of malaria in
Vhembe District, it can be inferred that the climate within this region is currently conducive
enough for vector breeding, habitation and transmission of malaria. It is essential that climate
data be examined regularly to determine changes in the suitability of the habitats for malaria
transmission. Traditionally such activities would not be undertaken by National Malaria
Control Programs (NMCP) but this may need to be done so as to increase the network on
climate data within the district. A policy change requiring the inclusion of climate data by
NMCPs may be required for these activities to be undertaken (Githeko, 2009). More weather
stations are required in the area (especially in western and northern sections, Figure 3.1) in
order to refine the findings for future studies. However, the use of local area climate

conditions minimises a lot of discrepancies and errors to the study.

This study has shown that climate variability affects malaria infection and transmission due
to the differences in climate conditions in the different local municipalities of Vhembe
District, which in turn results in a different response from the mosquitoes and ultimately
malaria prevalence. Human population issues are also important in that the different climate
conditions trigger different behaviours which in turn either expose the person to mosquito
bites or not. For example, when it is raining, people have the tendency to stay indoors and
wear warm long clothes which protect them from mosquitoes, however when it is sunny and
warm, they walk outside in less protective clothes which allow for mosquito bites and
probably malaria infection. Hence immediate climate conditions affect the whole malaria
cycle (Figure 2.1), resulting in the variability of malaria prevalence and relationships with

climate from area to area.

The key highlights from Chapter 6 were:



Musina Local Municipality had no statistically significant relationship with all the
annual climate variables. However, there were very high correlations between the
number of malaria cases and all climate variables except the Relative Humidity. The
monthly minimum temperature drives malaria in Musina, followed by the air

temperature, then maximum temperature and rainfall at lag -1 month.

. Makhado Local Municipality had a statistically significant negative correlation

between malaria and the annual air temperature and maximum temperature. The air
monthly temperatures drives malaria prevalence most strongly followed by the
minimum temperature, maximum temperature, rainfall and to some extent Relative

Humidity at lag 0 followed by lag -1 month.

. Thulamela Local Municipality had a statistically significant positive correlation

between malaria and annual relative humidity and rainfall. The minimum monthly
temperature drives malaria prevalence most strongly followed by the air temperature,

the maximum temperature and rainfall at lag 0 followed by lag -1 month.

Malaria in Mutale Local Municipality had no statistically significant correlation with
annual rainfall. However, there was a strong correlation with the monthly rainfall at

lag O followed by lag -1 month.

. Vhembe district had a statistically significant correlation between malaria and the

annual Relative Humidity. The minimum monthly temperatures drive malaria
prevalence most strongly in the district at lag 0 month, followed by lag -1 month, then

the monthly air temperature, the maximum temperature, and then rainfall.

Malaria cases were found to be still high at the start of winter in May in all the local

municipalities making up Vhembe District. The cases only dropped sharply in June.

Relative humidity remained high even during winter, sometimes even higher than it

was in some summer months.
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10.

11.

12.

13.

14.

Musina Local Municipality experienced a -1 month lag effect between the onset of a
climate effect and the response in the number malaria of malaria cases. On the other
hand Vhembe District, Makhado Local Municipality, Thulamela Local Municipality
and Mutale Local Municipality had 0-month lags, highlighting how quickly the

mosquito reproduction cycle went in the areas.

February had the highest rainfall in the study area. However, there was a drop in the
number of cases in malaria in all the local municipalities in February. This suggests
that each municipality had a rainfall threshold beyond which negative effects on the

malaria cycle began to be experienced.

At the aggregated level of Vhembe District as a whole, the drop in malaria cases
occurred when the February rainfall was above 150 mm, above 200 mm for
Thulamela Local Municipality, and above 150 mm and 140 mm, respectively, for
Mutale and Makhado Local Municipalities. Musina Local Municipality did not show
any such trend, and its monthly rainfall amount was below 70 mm on average even in

summer.

A high number of malaria cases occurred in January in the majority of the local

municipalities and Vhembe District.

The number of malaria cases in Thulamela Local Municipality, and Vhembe District
as a whole, had a positive statistically significant trend with annual Relative Humidity
data. Thulamela also had a statistically significant trend with rainfall. Makhado
malaria cases showed a negative statistically significant trend with annual air

temperature and annual maximum temperature.

In Musina and Thulamela Local Municipalities, and at the aggregated level of
Vhembe District, among the climate parameters the monthly minimum temperature
had the highest correlation with the number of malaria cases, followed by the air
temperature. On the other hand in Makhado malaria is driven most strongly by the air

temperature, followed by the minimum temperature.

Although not statistically significant at the annual level, the minimum temperature

influenced the decrease or escalation of malaria cases especially in Makhado and
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Thulamela Local Municipalities, and at the aggregated level of Vhe e District.
When the minimum temperatures dropped, the number of malaria cases also declined
and when there was an increase in minimum temperatures, mostly the number of

malaria cases would also escalate.

15. The Relative Humidity seemed to have a long-term influence on malaria since
statistically significant trends could only be identified at annual level. Moreover, the
fact that in all the local municipalities making up Vhembe District the Relative
Humidity was always above 60% on average, even in winter, means that conditions
will always be favourable for malaria, and hence its effects may not always be

statistically detected.

16. A dry year was followed by an increase in malaria cases when the rainfall got back to
normal. This could have been due to lack of immunity in human individuals or
unpreparedness by the community and government authorities, since the dryness
would have suppressed malaria prevalence to some extent, as observed in 2003 and

2006 following dry years in 2002 and 2005, respectively.

17. An analysis of significantly correlated climatological elements indicated that rainfall
was mostly negatively correlated with temperature, Relative Humidity was also
negatively correlated with temperature, Relative Humidity and rainfall were positively

correlated, and all temperature variables were also positively correlated.

It can be noted that malaria showed a statistically significant decreasing trend in Vhembe
District between 1998 and 2010. Similar decreasing trends are observed on the amount of
rainfall, but with a rise in temperatures. This may work in the favour of the District in that
less rainfall implies few breeding places and high temperatures mean any small ponds of
water that form after rains are quickly dried off. Ultimately natural phenomena may help in
the reduction of malaria. However, it can also be inferred that the current decrease in malaria
is also being influenced by variability in climate conditions and may not necessarily be due to
management strategies since these have not changed between 1998 and 2010. The current
strategies are not pro-active but reactive. Treatment of a particular area or village is based on
the number of malaria cases detected in that village or area in the previous year. On the other
hand, climate conditions as observed in the study area are not static but variable, hence

malaria prevalence will then rise drastically in a different area or village in which it would
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not have been treated and/or managed. Since the i1 easing or declining peaks of malaria
observed in Vhembe District are linked to one or more of the climate elements being either
above +0.5 or below -0.5 anomaly, and with knowledge of the leading climate elements that
influence malaria, focused management of malaria which takes into consideration the climate
will, therefore, be a step closer to the elimination of elimination. The same information if
obtained timeously can be used for malaria prediction in an early warning system, which then

enhances pro-active treatment and /or control of malaria.

8.5 Spatial Distribution of Malaria

This section focuses on the key findings determined from Chapter 7. It answers the fourth
objective of the study, which was “to determine the spatial influence of the prevailing climate
on the distribution of malaria in Vhembe District, between 1998 and 2010”. Altitude plays a
very important role in the distribution of malaria in Vhembe District, as can be observed from
the spatial distribution and DEM maps. Most malaria cases are reported in areas below 700
MASL, in accordance with similar studies (Cox et al., 1999; Githeko et al., 2000) which
indicated that malaria transmission is most predominant below 1000 MASL. Isolated cases of
malaria in places that are above 700 MASL are a possibility in this region based on the
prevailing climate conditions. Huang et al. (2011) found out that commercial farms in Motou
County of Tibet, which lies between 700 and 2100 MASL, had malaria due to the availability

of breeding areas.

The pocket distribution nature of malaria infection in Vhembe District is clear from the
malaria distribution maps in Chapter 7 (Figures 7.1 — 7.41) in that some settlements within
the same geographic area are not being affected whereas others are. The cause of this is a
result of varying altitudes, varying climate conditions and population density contributions
within the area of study. In work in the same study area Nenwiini (2011) established that the
rainfall is highly variable in the local settings, with two major rainfall areas (humid and semi-
arid) and pockets of intermediate rainfall characteristics like those in the two rainfall areas
were also identified. This clearly illustrates the importance of localising malaria
investigations instead of using national or regional interpolated data if the critical malaria

pockets are to be identified so that proper management of malaria is achieved.



" —__________________]

The DEM maps of sections of Vhembe District showed that that malaria cases occurred in
low altitude areas below 700 MASL. Very few cases were detected in high altitude areas
above 1200 MASL except in settlements that are enclaved between the Soutpansberg
mountain ranges or on the slopes of the mountains. This could be explained by the high
humidity levels experienced in these areas due to changes in pressure systems and hence
mosquitoes are moving up into high humidity areas for breeding. This explanation is
supported by Erickson et al. (2012), whose study supported the hypothesis that changes in
climate tend to shift, rather than expand, the spatial distribution of some diseases. Erickson et
al. (2012) go on to highlight the differences that can occur by studying malaria at different
spatial scales. For example, regional MARA studies versus this localised study may give
conflicting conclusions because most of the available maps from the MARA studies are
modelled and hence do not represent the actual data. This will in turn affect management

plans.

8.6 Topography and Land Use Influences on Malaria in Vhembe District

The hypothesis of the research was that there is spatial climate, topographic and land use
variation which influences malaria and its distribution in Vhembe District. This was proven
correct in that there were pockets of malaria in Vhembe District. This pocket distribution
trend manifested through the number of malaria cases being different in contiguous
(neighbouring) villages. This anomalous spatial pattern of malaria can be attributed to
microclimate variations induced by land use and topography. The influence of topography
manifested through the occurrence of malaria in villages that were at high altitude in the
Soutpansberg Mountains, but in valley enclaves. The valley enclaves then had their own

microclimates, which then could have had influences in the number of malaria cases.

Land use factors that could have contributed to microclimate anomalies include irrigation and
the construction of water supply dams. There are a number of large dams in Vhembe District
(Figure 1.5), examples of which are Albasini, Nzhelele, Nandoni (at Thohoyandou),
Luphephe, and Vondo. Irrigation has been shown by some studies (e.g. Lee et al., 2016) to
influence malaria. This is possibly through providing mosquito breeding areas in the
irrigation water reservoirs and through increasing Relative Humidity. Further research needs
to address the influence of water bodies and irrigation on malaria in Vhembe District. Musina

and Mutale Local Municipalities have a number of commercial farms where crops are
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irrigated as a supplement to the low rainfall. The water bodies and  gation systems have a
bearing on the Relative Humidity of that particular area which will affect that zone, making it
conducive for mosquito breeding and thereby creating a malaria pocket if all the other

conditions are met.

Another land use factor that could have caused the anomalous pocket distribution of malaria
in the study area is arable farming. The crops grown on the farms can harbour the mosquito
vectors. Areas in Vhembe District in eastern sections of Makhado Local Municipality have a
lot of banana plantations along the Luvhuvhu River (Figure 1.5). These areas also have a
dense distribution of settlements, making the inhabitants vulnerable to malaria. In addition to
harbouring the mosquitoes these plantations can also have a microclimate anomaly (for

example slightly lower temperatures) in favour of mosquitoes and, consequently, malaria.

8.7 Malaria Management Conceptual Framework for Vhembe District

Having established that there is climate variability in Vhembe District which affects malaria
prevalence and its spatial distribution, it is important to add to existing conceptual
frameworks the aspect of management of malaria climate that incorporates climate. In
Chapter 9, the design of a Climate-Malaria Management Framework (CliMM) proposed for
Vhembe District is discussed. CliMM will be used as part of the malaria Early Warning

System (EWS) measures put in place for the district.

However, before detailing the proposed CliMM, it is necessary to highlight the contemporary
setting of Vhembe District based with regard to the findings in this study. Figure 8.1 shows a
context-specific conceptual framework on climate and malaria interactions in Vhembe
District and its local municipalities. The conceptual framework has been developed based on
the findings in this study. The framework has been divided into three block steps as follows;

1. Intrinsic Linkages between Climate Elements and Topographic Element,

ii. Vector Cycle, and

iii. Human Population Density and Malaria Prevalence.
The framework only uses the elements that were investigated in this study but is based on
Figure 1.4. It is important to note that there are other external factors which form part of the

conceptual framework as discussed in Section 1.3 that have not been investigated. This study,
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temperature and minimum temperature. For the Makhado data all the temperature variables
were strongly correlated, and there were associations between maximum temperature,
rainfall, air temperature, minimum temperature and Relative Humidity. The years 1988, 1996
and 2000 had extreme events, which affected two or more of the parameters under study.
This underscores the intrinsic relationships among the climate elements. These climate
elements will then influence malaria prevalence based on the altitude as well; most malaria

cases were detected in areas below 689 MASL.

8.7.2 Malaria Vector Cycle in Vhembe District

The second block in Figure 8.1 (Vector Cycle) highlights the influence of the climate and
topographic elements on the malaria vector reproduction cycle. Climate conditions affect the
vector reproduction cycle as opposed to having a direct linear relationship with the number of
malaria cases. This is in line with literature, and is stated as an assumption in Section 3.6 (as
Assumption 5). Results from this study showed how increases in temperature and rainfall did
not directly result in an increase in the number of cases, but actually a decrease. For example,
most municipalities showed a high rainfall amount in February, but there was a drop in
malaria cases. Vhembe District showed lower maximum temperatures from 2003 to 2006, but
this did not affect malaria cases, highlighting how the different climate elements affect the

malaria vector cycle.

For example, if we look at an area with a high altitude of 800 MASL (red arrow), it is
expected that the breeding rate of the mosquitoes will be low or non-existent since an
analysis of the spatial distribution of malaria in this study showed this. However, low altitude
areas will most likely have malaria cases. On the other hand altitude alone cannot explain
suppressed vector breeding, as already highlighted in the first block that most of these climate
elements and topography are linked. Therefore, going back to the high altitude example and
looking at Relative Humidity, it can be observed that for us to have a low breeding rate, the
Relative Humidity should be low (brown arrow), the minimum temperatures should be lower
than normal (brown arrow) and the rainfall should be lower/higher than normal (green
arrow). The explanations in terms of high, low and normal have been discussed in this study.
As an example, high rainfall or flash floods will tend to wash away breeding areas, thereby

reducing the rate of mosquito reproduction. High or low temperatures will tend to affect the
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survival of the adult mosquito (high) and inhibit the sporogonic cycle (low), thereby affecting

the reproduction rate.

8.7.3 Human Population Density and Malaria Prevalence in Vhembe District
The third block in Figure 8.1 (Human Population Density Malaria Prevalence) highlights the
effect of population density on the prevalence of malaria. This is where we have the vector
biting the host (human beings). In Chapter 5 the human population density of Vhembe
District and its link with the number of malaria cases was analysed. It was established that
areas with a high population density had higher malaria prevalence than areas with low
population density, like Musina and Makhado Local Municipalities. The third block in Figure
8.1 then shows a division based on population density. The vector cycles will affect the
population based on the density, which is a measure of the availability of a host. If the area
has an increased amount of vectors and a high population density there is a high chance that
malaria prevalence will be high. If an area has a high amount of vectors and a low population
density, chances are that malaria prevalence will be low. Finally, if an area has a low vector
population and a low human population density, it follows then that malaria prevalence will

be low.

8.7.4 Malaria Management in Vhembe District

The conceptual framework in Figure 8.1 can, therefore, be applied in detecting villages in
Vhembe District that are prone to high malaria prevalence. From a climate perspective, it has
been established by this study that the climate parameters under study are interlinked,
ultimately also in the way they affect malaria. Key climatic parameters will, therefore, need
to be closely monitored per local municipality, with the understanding that the other non-key
parameters still have an influence on malaria. The variables listed in Table 8.2 are, therefore,
the main drivers (determinates) of malaria in each municipality as determined in this study

based on annual and monthly data at either lag O or lag -1 month.

Using the malaria determinants in Table 8.2, monitoring of monthly data on the climate
element malaria drivers can be conducted and a comparison for consolidation should be done
every year. This will enable the improvement of the malaria EWS. Chapter 9 discusses the

proposed EWS and management framework for Vhembe District, based on the key findings
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obtained in this study. The chapter reviews previous frameworks, the missing links and how

this study can complete such gaps with particular reference to the Vhembe District.

Table 8.2: The key climate drivers (determinants) of malaria in Vhembe District
that are recommended for annual and monthly monitoring as part of
an Early Warning System.

Municipality Climate param~ter determinants and time frame

Annual monitoring Monthly monitoring
Musina Relative Humidity Minimum Temperature
(at Vhembe District level) Air Temperature (Option)
Makhado Maximum Temperature Minimum Temperature
Air Temperature (Option) Air Temperature (Option)
Thulamela Relative Humidity Minimum Temperature
Rainfall (Option) Air Temperature (Option)
Mutale Relative Humidity Minimum Temperature

(at Vhembe District level)

Air Temperature (Option) (At
Vhembe District level)

Vhembe District Relative Humidity

Minimum Temperature
Air Temperature (Option)
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Chapter 9

CLIMATE-MALARIA MANAGEMENT FRAMEWORK AND
CONCLUSION

9.1 Introduction
Though there is no ideal framework and different approaches are employed in coming up
with management frameworks, the basis for developing this Climate-Malaria Management
framework (CliMM) hinges on several authors including Martens and Thomas (2005) who
indicated that for malaria models (and presumably frameworks), the more complicated they
are, the higher the possibility of errors and bugs. Previous research has shown that small and
transparent models or frameworks are often superior in that they provide similar results just
like larger frameworks. In addition, the results from smaller models and frameworks will be
obtained faster and offer ease of use (Martens and Thomas, 2005). In their concluding
remarks in Early Warning System-Roll Back Malaria, Thompson and Connor (2001) allude
to the fact that there is always a conflict between convenient simplicity and realistic
complexity in developing models for epidemics. However, scientifically based approaches
should submit to the principle of using the simplest models and seemingly management
frameworks for approximations, especially where great care was taken during data collection
and analysis as the case with this study. Hence management frameworks should be relatively
simple and user friendly so that the decision makers, particularly medical institutions in this
case, can use them without difficulties. In this study a good framework, as idealised by
Frankel and Cage (2007), is supposed to:

e show where environmental factors fit into the wider context,

o clarify assumptions about causal relationships,

e show how environmental factors will influence outcomes,

® guide identification of outcomes, and

e guide the impact analysis (causal pathways).

CliMM will adopt an approach which helps identify and illustrate the causal relationships
among the environmental factors (climate and altitude) and population density. This will be
in line with the influence of the environmental factors (climate and altitude) on the malaria

management programme and the successful achievement of the primary goal and objectives,
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which is the elimination of malaria by 2030. The fr: :work will help dete ne which
factors will influence the programme and outline how each of these elements (altitude,
population density, rainfall or Relative Humidity or temperature) might relate to and affect
the outcomes. The assumptions and limitations during the design of the CliMM framework
are stated and explained in Sections 9.5 and 9.6. Based on the work done, the CliMM

framework is proposed for the management of malaria in the Vhembe District Municipality.

9.2 Current Climate-Malaria Frameworks

A number of climate-vector disease frameworks were under consideration at the time of this
study by various organisations, which included the World Health Organisation (WHO) and
institutions associated with it. The frameworks included those by Thompson and Connor
(2001), Rodier et al. (2004), Senay and Verdin (2005), Connor and Matilla (2008),
Gebreslasie (2010). No specific framework has been formally issued except for different
parts within the whole malaria management and control system. Some of these frameworks
are discussed in this section. The first framework is the one documented by Gebreslasie
(2010), in a proposal on the development of an EWS for Swaziland using Earth Observations

(EO). This framework is summarised in Figure 9.1.

The framework in Figure 9.1, as a conceptual framework, requires remote sensing data as
input for the construction of a model to forecast epidemic risk. The forecasting is achieved
through the use of predictive models to detect relationships with malaria. The main output of
the framework in the assessment of malaria using remote sensing data is to give guidance on
malaria control policies and decisions. This idea will be considered in setting up CliMM.
However, the framework is a typical malaria mapping framework with not much
consideration on what to do with the other outputs like malaria maps produced, or how the
information obtained will be used within the EWS concept. For example, the mapping of
malaria prone areas is an output which is stand alone and not an input into how the maps can
be utilised to control the disease. There is no detail as to how the information will enhance
malaria control. The framework is not clear on how climate data will be used within the
EWS. For example, the climate thresholds which will trigger an action or a management

response need to be known for a better and faster reaction.













9.3 Proposed Climate-Malaria Management Fr: :work (CliMM)

The Cl  ite-Malaria Manage :nt Framework (CliMM) that is proposed for Vhembe District
and its local municipalities is shown in Figure 9.4. The framework has been developed based
on the findings in this study and the improved conceptual framework that is discussed in
Section 8.6. The development of the CliMM framework also considered frameworks that
were available at the time of the study and were being discussed in various institutions.
Although there are other factors that may play a role in malaria prevalence, CliMM only

considers those elements that were investigated in this study.

It is important to note that there are a number of other external factors which form part of the
theoretical framework of malaria (shown in Figure 1.4) that were not investigated. This study,
therefore, contributes towards the understanding of climate, topographic and demographic
factors in how they fit into the existing malaria interventions, policies and procedures.
Consideration has also been given to the existing frameworks so as to improve, refine and
add on to what is currently in place. CliMM shows where environmental factors like climate
and topography fit into the wider context, how the environmental factors influence the
outcomes, and clear guidelines on the identification of outcomes and casual pathways are

given. The assumptions about these causal relationships are clarified in Section 9.5.

9.4 Input Elements for CliMM
CliMM has been divided into three main sections, which are:
1. Data Capturing (climate data, malaria data, population data, GIS data),
2. Climate-Malaria Analysis (statistical analysis, relationships, interactions and
mapping), and

3. Response (normal response and EWS response).

9.4.1 Data Capturing

Data capturing is the initial part of the CliMM and all subsequent steps rely on its accuracy. If
inaccurate data is collected for processing, then erroneous predictions will be made, thereby
leading to a flawed decision making processes. Three sets of data are required by CliMM as

indicated in Figure 9.4. These are climate data, population data and malaria data.






Climate data is obtained from the South African Weather Services (SAWS). There are also
privately owned weather stations in Vhembe District, from where additional data can be
obtained upon negotiation with the farmers who are responsible for them. The Department of
Health can obtain portable measuring equipment to generate more weather data, which is
proposed as one of the recommendations in this study. Population statistics data is obtained
from Statistics South Africa (StatsSA). Ideally the population data should be at human
settlement (village) level. Data on malaria cases is obtained from the various health facilities
around Vhembe District and pooled at the Malaria Control Institute in Tzaneen. The place of
origin of the infected individuals should be accurately noted to avoid allocating malaria cases
to wrong places. The standard settlement names as documented by StatsSA or the Surveyor

General should be strictly adhered to in capturing place names at the health facilities.

The next stage under data capturing is data processing. This involves quality control and
validation of the raw data. Any omissions or mistakes should be referred back to the original
documents received, and verified or clarified. If there are errors in the data they should be

corrected before proceeding to the climate-malaria analysis step.

9.4.2 Climate-Malaria Analysis

The second step in CliMM involves the analysis of the processed data in determining the
causal relationships and links between climate elements and malaria using statistical tools,
and determining the leading climate variable. This has been done for Vhembe District in this
study, using both monthly and annual data. It has been established that the minimum monthly
temperature for all Municipalities and at Vhembe District level should be used as the option 1
determinant. If this information is not available, then the monthly air temperature (option 2)

should be used. Monitoring for EWS should be done at lag -1 and lag 0.

For annual analyses reviews, the Relative Humidity should be used for Musina, Mutale, and
Thulamela Local Municipality, and at the aggregated level of Vhembe District. The
maximum temperature (option 1) or air temperature (option 2) can be used for Makhado. In
using the climate determinants of malaria, what needs to be checked are the anomalies:
whether they are above +0.5 or below -0.5 from the mean (normals). The normals for the area
have also been established in this study. If the climate anomalies are still within allowable
limits, the district can continue with their normal intervention processes. However, the
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moment the limits are exceeded, an EWS is triggered which will then require extra resources
to be mobilised. This is explained in step 3 (Response). The analysis stage also includes the
mapping of areas reporting malaria so as to give information on the spatial distribution of the
disease. The DoH should then set further limits and thresholds in the long-term that can
trigger an EWS when malaria cases are consistently coming from the same place. When an
EWS is triggered the latest plotted map available for the particular area (or local
municipality) should then be retrieved and refined so as to identify the specific affected areas

for management. This moves the framework process into Response mode.

9.4.3 Response

The response mode starts with triggering of the EWS. When this occurs, the malaria control
units within the affected areas should be mobilised so as to intensify interventions. The
interventions involve treatment, prevention and awareness campaigns (as documented in the
guideline documents), processes and procedures (Baker et al., 2009). Weekly monitoring and
evaluating will need to be done. If, on monitoring and evaluation, it is found out that malaria
has reduced to low, then the teams will get back to normal processes. If malaria is not
detected over extended periods of time, then malaria has been eliminated. However, if
malaria prevalence is still high, EWS will still be triggered and existing interventions
continue until malaria is either eliminated or under control. On the other hand, if malaria
cases remain high, intervention methods may then need to be reviewed in terms of policy and
procedures. High numbers of cases may also require the review of the climate-malaria
analysis to see if the leading determinants are still valid, otherwise re-analyse. The ultimate

plan for the framework is that malaria gets eliminated from the area.

9.5 Justification of CliMM

Vhembe District and the southern Africa region have been grappling with malaria over the
past decades. Millions of US dollars have been invested in malaria treatment, management
and research. The aim is to eliminate malaria from the r “on by 2030, as stated in the Roll-
Back-Malaria project document. Concerted efforts are required from everyone in order to
achieve this feat. This study is, therefore, one of the many studies which have been carried
out in the Southern Africa region as a way of contributing towards the body of knowledge
that can be used to eliminate malaria. The CliMM framework has, therefore, been designed in

a simple and user-friendly way to enable the people involved in malaria control and
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management to be more focused and to quickly respond to the disease before it has affected a
lot of people. Minimising the number of infected people will then make it easier to manage

malaria and, in the short- to medium-term, eliminate the disease.

9.6 Assumptions for CliMM

A number of assumptions have been made in coming up with CliMM framework some of

which were listed in Section 3.6. They include:

1. The current malaria control methods, which are based on the Department of Health’s
Guidelines for the Prevention of Malaria in South Africa (Baker et al., 2009) and
other related documents, are being followed and are effective in Vhembe District.
Based on this assumption, therefore, the non-climate elements pertaining to the

prevalence of malaria are assumed to be well managed in the study area.

2. The current malaria control and management processes will continue to be in place

and applied effectively and efficiently.

3. Climate data for the area will continue to be captured accurately and more weather

stations will be set up to enhance full coverage of the area.

4. Malaria data will be captured accurately and reported to the Malaria Control Institute
in Tzaneen as soon as the cases are detected to enable a quick response before the

disease spreads.
5. Other non-climate elements which have not been studied in this research will not have

an excessive influence on malaria prevalence. In other words, the magnitude of

influence by factors not analysed in this study should not be excessively altered.

9.7 Limitations of CliMM

The following limitations are noted in generating the CliMM framework:
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The weather stations are currently not uniformly distributed in the study area, and an
improvement in the weather stations network can enhance the accuracy of the CliMM

framework.

Consideration was not given to all the non-climate elements that can affect malaria
except for the population density. This can affect the framework dynamics and

response triggers.

The malaria cases that are reported are limited to cases of people who went to a
medical facility for treatment. Some cases may not have been reported since some
patients who have knowledge of the disease may have managed to treat themselves
without reporting the case at a medical facility. Hence the threshold for triggering

response may be altered if all cases, including self-medication, are reported.

The use of secondary data is also highly dependent on individual capturing accuracy.
Hence, although quality control of the secondary data can be performed at the Malaria
Control Institute, the assumption is that the original primary data was captured

correctly.

At the time of the study, standardised baseline monthly 30-year normals for the
various climate parameters (temperature, rainfall and Relative Humidity) for Vhembe

District to give immediate monthly results were not available.

9.8 Suggestions for Further Research

Based on the parameters that were considered in this study and new extra information that

was being collected in the study area at the time of the study, a multivariate mathematical

model with best fit parameters may be generated. The model can be used to accurately predict

the number of malaria cases per month under varying climate conditions and other related

environmental factors in malaria hotspot villages. This will be a good extra tool for use in

pro-active malaria management and control. Statistical modelling is used for the

understanding and prediction of multi-factorial based events; as such, reproducibility,

biological plausibility and robustness govern the applicability and effectiveness of each

resultant model (Loha and Lindtjorn, 2010).
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CliMM, as a malaria Early Warning System (EWS) framework, has been proposed to enable
reliable predictions of malaria epidemics in Vhembe District using climate risk indicators like
unusual increases or decreases in rainfall, temperature and Relative Humidity. However,
producing accurate predictions using climate data remains a challenge (Loha Lindtjorn,
2010). This, according observations during this study, is mainly because of inadequate
localised climate data. Availability of localised data eliminates errors caused by
extrapolation. This is the main reason why there is need for a policy shift, as reiterated by
Githeko (2009), to involve the DoH in the collection of climate data in their areas rather than
always relying on SAWS. In the case of Vhembe District, portable multivariate equipment

can be purchased for the measurement of temperature and Relative Humidity.

Additional research other related variables needs to be undertaken, like understanding the
ecology of the area. It was noted during this research that there is a paucity of publications on
two other interlinked factors that are key to malaria prevalence: the ecology and behaviour of
humans, and the ecology and behaviour of vectors. Rieter (2008) noted this, and emphasised
the importance of this kind of research. Ecological studies will include detailed investigations
on relationships between malaria and water resources, as well as understanding relationships
between malaria, human behaviour and human culture. Malaria vector behaviour in relation
to ecological issues like hydrology, land cover, land use and the influence of changes in

patterns of these will require further investigation as well.

The SAWS should establish the baseline monthly 30-year normals for the various climate
parameters (temperature, rainfall and Relative Humidity) for Vhembe District and its local
municipalities. This will enhance the immediate access and availability of data that can be
used to establish monthly anomalies, which in turn can be used to detect climate anomalies
for use in the Early Warning System and ultimately malaria control. Based on the current

study, annual anomalies can be used for medium-term management.

9.9 Conclusion
It can be noted from the current study that malaria showed a statistically significant
decreasing trend in the Vhembe District in the period 1998 to 2010. A similar decreasing

trend was observed on the amount of rainfall, and in the Relative Humidity. Although there
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are other factors contributing to the prevalence of malaria in Vhembe District, climatic
conditions remain as one of the major factors. On the other hand, it can be inferred that the
decrease in malaria that was determined in this study was being influenced by change and
variability in climate conditions and may not necessarily be due to management strategies
since these had not been changed between 1998 and 2010. The current strategies against
malaria at the time of the study were not pro-active but reactive. Treatment of malaria in a
particular area or village was based on the number of malaria cases detected in that village or
area in the previous year. However, the climate conditions as observed in the study area were
not static but variable, hence malaria would then emerge in a different area or village which

would not have been treated and/or managed.

This study has managed to establish that climate change and variability plays a key role in
influencing malaria in Vhembe District. Several findings in this study can be applied to
support the medical efforts aimed at malaria, thereby helping towards minimizing and
ultimately eliminating malaria from Vhembe District by 2030. In the circumstances at the
time of this study, the weather patterns were helping the malaria control cause since there was
a general decreasing trend in the amount of rainfall, a decreasing trend in Relative Humidity
and a general increasing trend in air and maximum temperatures in the area under study. For
the purposes of this study, Relative Humidity was found to be the climate determinant for
malaria prevalence based on annual data, and the monthly minimum temperature was the
leading determinant based on monthly data except in Makhado Local Municipality where the
monthly air temperature should be considered. If the trends of a decrease in rainfall and
Relative Humidity persist, an increase in temperature as observed may have a positive impact
on the reduction of malaria by drying off pools rapidly and reducing the survival of adult

mosquitoes.

It was established in this study that areas with a high population density had higher malaria
cases than those with a lower population density. However, since people cannot be separated
or eliminated from their settlements, the best way forward is to equip the people with
information on how to deal with malaria. The people need to have an understanding of the
current malaria management tools in detail, especially the people in the malaria hotspot

villages.



Periods following a low rainfall (dry period) need very close monitoring. This is because it
was in this study that the number of malaria cases in the study area increased immediately
after such an event as soon as climate elements become suitable for breeding of mosquitoes.
This was the case in 2003 and 2006 when the number of malaria shot up following a dry
season. Based on other related studies performed in the area, it is expected that more dry
years are coming and hence structures need to be put in place in order to manage the-year-

after-dry period more effectively.

Two points are of note with regards to Musina and Makhado Local Municipalities. Firstly,
analysis of the period under study highlighted a statistically significant decrease in malaria
and mostly increasing trends in the annual temperature variables in Makhado and Musina.
This seems to be in agreement with the findings by Basurko et al., (2011) that when
temperatures become too high, malaria transmission becomes negatively affected. Secondly
however, an analysis of data for Musina and Makhado from 2005 to 2010 revealed a
generally increasing trend in malaria prevalence. This revelation may then indicate how

increasing temperatures may result in an increase in vector borne diseases.

CliMM should set a base for the development of specific frameworks for other malaria prone
areas in the future, possibly in conjunction with different statistical tools like ARIMA. Such
frameworks should be cognisant of the fact that the locality is not the same and hence each

area should have its own specific framework for predicting malaria in an EWS.

9.10 General Recommendations on Malaria Management in Vhembe District

The following general recommendations can be made about the malaria situation in Vhembe

District:

1. In order to effectively deal with malaria in Vhembe District, climate variability must be
included as an important factor during the management of malaria, for example when and
where to spray in the various villages. Hotspot villages should be identified based on this
study, some of which have been identified in this study (Chapter 7). A systematic
management programme which factors in climate conditions in those villages should then

be established.
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2. Based on the work in this research, malaria vulnerability mapping should be carried out to
identify areas that malaria is likely to entrench itself in as the climate changes. The DoH,
in collaboration with the SAWS, should set up more weather stations in Vhembe District
in order to generate more climate data which can be used in used in identifying malaria-
vulnerable areas. Alternatively, portable, multivariate and easy-to-use climate
measurement equipment should be purchased for all medical centres in Vhembe District.

This will improve the pool of climate data.

3. The SAWS needs to establish the baseline monthly 30-year normals for the various
climate parameters (temperature, rainfall and Relative Humidity) in Vhembe District and
its local municipalities. This will enhance the immediate access and availability of data
that can be used to establish monthly anomalies, which in turn can be used to detect
climate anomalies for use in the Early Warning System and, ultimately, in the control of
malaria. Based on the current study, annual anomalies can be used for medium-term

management of malaria.

4. Some of the village names captured by the Department of Health (DoH) when recording
malaria cases are not the same as those on the national Surveyor General database or are
captured slightly differently by the health institutions. The Department should, therefore,
establish a coding system that is in line with the national system for all the villages in
Vhembe District, so as to enable ease of reference and mapping in future. Training of all

department personnel involved in data capturing should be done regularly.

S. This study can be used in furthering research on integrated malaria control with the intent

of developing cost effective malaria control strategies, policies and procedures.

6. Using the linear regression models obtained in this study, further research using the latest
data can help in refining the mathematical models and testing their validity if there are no

time constraints.

7. It is recommended that ecologically sensitive areas around water bodies in locations
identified as malaria hotspots be included in malaria control programmes for treatment at
source during the malaria season for a period of time to avoid the inhabitants being

reactive when malaria re-surfaces.




8. There is need for refined demographic data at the village level that is available at more
frequent interval than the 5-year censuses, especially in malaria hotspot areas. ...is will
enable the availability of enough information that will enhance the management of

malaria.

9.11 Contribution of the Study to the Body of Knowledge

The study has made the following contributions to the body of knowledge:

1. A specific conceptual Climate-Malaria Management framework (CliMM) was designed,
which takes into consideration area-climate factors in the management of malaria in
Vhembe District. This could be useful in processes and methodologies used by the
provincial malaria team. The framework can also be used by other nearby countries

within Southern Africa that are prone to malaria.

2. This is one of very few comprehensive studies conducted in Vhembe District at a local
municipal level which looks at the effect of climate elements and malaria. It is the first
study to consider S different climate variables (rainfall, Relative Humidity, air
temperature, maximum temperature and minimum temperature) at the same time in trying

to understand malaria-climate relationships in Vhembe District.

3. The study established that malaria trends are associated with different climate parameters
based on medium-term or short-term relationships. The strength of the relationships
however differs from area to area and from one climate zone to another. Most of the
malaria cases in Vhembe District are found within the humid zone, followed by the sub-

humid zone with fewer malaria cases detected in the semi-arid zone.

4. At the monthly (short-term) data summary level for the period 1998-2010, most of the
climate elements were highly correlated with malaria. However, the drivir ~ monthly level
cl ite element for Musina and Makhado Local Municipalities was the air temperature;
and the minimum temperature drives malaria in Thulamela Local Municipality and at the

aggregated level of Vhembe District.

o
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5. Significant monthly relationships between malaria and climate conditions, in order of
relationship strength from the strongest, were identified in Musina Local Municipality at
lag -1month as air temperature, minimum temperature, maximum temperature then
rainfall; in Makhado Local Municipality at lag 0 month as air temperature, minimum
temperature, maximum temperature, rainfall then Relative Humidity; in Thulamela Local
Municipality at lag 0 month as minimum temperature, air temperature, maximum
temperature then rainfall; in Mutale, rainfall; and as minimum temperature, air
temperature, maximum temperature then rainfall at the aggregated level of Vhembe

District at lag 0 month.

6. Using GIS techniques the study established that there was a pocket nature in the
prevalence and distribution of malaria in Vhembe, thereby identifying some of the highly

malaria prone areas in the district.

7. The study successfully applied various research techniques which included
standardization, linear regression, Pearson correlation, cross-correlation, the
Kolmogorov-Smirnov test corrected with the Lilliefors test and Shapiro-Wilk (SW) Test

for normality, Mann-Kendall trend analysis and GIS.
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