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Abstract

Despite various efforts and policy implementation aimed at controlling and eliminating malaria, imported malaria remains
a major factor posing challenges in places that have made progress in malaria elimination. The persistence of malaria in
Limpopo Province has largely been attributed to imported cases, thus reducing the pace of achieving the malaria-free target
by 2025. Data from the Limpopo Malaria Surveillance Database System (2010-2020) was analyzed, and a seasonal auto-
regressive integrated moving average (SARIMA) model was developed to forecast malaria incidence based on the incidence
data’s temporal autocorrelation. The study found that out of 57,288 people that were tested, 51,819 (90.5%) cases were local
while 5469 (9.5%) cases were imported. Mozambique (44.9%), Zimbabwe (35.7%), and Ethiopia (8.5%) were the highest
contributors of imported cases. The month of January recorded the highest incidence of cases while the least was in August.
Analysis of the yearly figures showed an increasing trend and seasonal variation of recorded malaria cases. The SARIMA
(3,1,1) X (3,1,0) [12] model used in predicting expected malaria case incidences for three consecutive years showed a decline
in malaria incidences. The study demonstrated that imported malaria accounted for 9.5% of all cases. There is a need to re-
focus on health education campaigns on malaria prevention methods and strengthening of indoor residual spray programs.
Bodies collaborating toward malaria elimination in the Southern Africa region need to ensure a practical delivery of the
objectives.
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Introduction

The drive to reduce the malaria burden witnessed great
momentum in many of the affected countries as a result
of the significant inputs from the leadership in the form of
political and financial commitments. One of the outcomes
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is the fact that 26 new countries reported a decline in local
malaria cases between 2000 and 2020, and this, in some
instances, has resulted in malaria elimination (WHO 2021).

In spite of these various efforts and policies implementa-
tion, imported and cross-border malaria remain major fac-
tors posing great challenges (either as re-introduction or mit-
igation of elimination) in places that have made significant
progress in malaria elimination (Lehky Hagen et al. 2005;
Wangdi et al. 2015). According to MESA (2022), “border
malaria is defined as the malaria transmission or potential
for transmission that takes place across or along borders
between countries sharing a land border and is frequently
cited as a challenge to malaria elimination,” while World
Health Organization (2018) described an imported case as
“one that is due to mosquito-borne transmission which is
acquired outside the area in which it was detected.” Parasite
carriage through human migration often occurs from highly
endemic to areas where the infection rate is low or controlled
(Monge-Maillo & Lopez-Vélez 2012), and in some cases, the
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issue of border sharing becomes the main factor aiding the
transmission (Sturrock et al. 2015).

South Africa has three provinces (KwaZulu Natal, Mpu-
malanga, and Limpopo) which are still affected by malaria;
however, these provinces are noted to be in different phases
of malaria control and elimination (South Africa National
Department of Health 2019). Migration has been reported
as one of the hurdles to achieving elimination in these prov-
inces, as particularly recently reported in the KwaZulu Natal
province which records few local cases but a high number
of imported cases (Raman et al. 2020). The issue of border
sharing with countries such as Mozambique and Zimbabwe
where malaria cases are still high has been reported to as a
contributor to the persistence of malaria in parts of Limpopo
(Khosa et al. 2013).

Although governmental efforts in the form of various sup-
ports and commitments to eliminating malaria in the coun-
try have been commendable, the high number of malaria
cases still recorded in Limpopo Province is still a challenge.
For instance, in 2017, the spontaneous surge in recorded
cases had the worst toll on Limpopo Province with fifty-
four malaria deaths (Ravhuhali et al. 2017) . In addition,
the recent outbreak of the SARS-CoV-2-19 virus disease
(COVID-19) has worsened the situation in some commu-
nities. This presented in the form of increased morbidity
as a result of misdiagnosing malaria as COVID-19 because
of the symptom’s similarities of both diseases at the time
of presentation which ultimately resulted in 63,000 deaths
worldwide (NICD 2022; World Health Organization 2022).

Anecdotal reports had it that imported malaria is the
bane of malaria elimination in Limpopo Province; however,
the understanding and appropriate interpretation of avail-
able data will provide an objective standpoint to this, and
it will equally inform on appropriate preparedness against

Fig. 1 Map of South Africa
with the districts in Limpopo
Province showing degrees of
malaria-endemic regions

future malaria outbreaks. In this chapter, we used surveil-
lance data from Limpopo Province (2010-2020) to identify
the contribution of imported malaria to the persistence of
malaria infection in the province based on time series data
and also modeled the expected malaria incidence pattern
over a 3-year period by application of seasonal autoregres-
sive integrated moving average (SARIMA).

Methodology

Malaria is a disease that requires notification in South
Africa. Over the years, the means of notification have been
paper-based, and until recently, there is gradual migration
to a computer-based system. Hence, the current practice of
data collection is a mixture of both systems. Secondary data
retrieved from the Limpopo Malaria Surveillance Database
System were used for this study.

Study location

Limpopo Province is located in the north-east part of South
Africa at coordinates 22-25° S, 27-32° E with a population
estimate of 5.4 million (Stats SA 2022) (Fig. 1). It has five
districts that are mostly rural: Waterberg, Capricorn, Vhembe,
Greater Sekhukhune, and Mopani. The province is situated
in the part of the country that is known for the hot weather
conditions in the summer and is prone to extreme drought
due to unpredictable rainfall and severe water shortage (Sikh-
wari et al. 2022). August is the month with the least month of
rainfall (0.0 mm) while the highest rainfall occurs in Decem-
ber. The least average humidity of 48% is usually recorded in
September, and the highest average of 65% is experienced in
February (World Data Info 2022). Malaria is still endemic in
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the province; hence, cases are still recorded in all the months
of the year but are more predominant between September and
May (Tshiala et al. 2011; Adeola et al. 2019). The province
shares a border with Zimbabwe and Mozambique which are
malaria-endemic countries, and a study in Mutale municipal-
ity of Limpopo reported a high number of imported cases
with the majority coming from Zimbabwe (Khosa et al. 2013).

Surveillance data description

Analyses of the data were done for malaria seasons covering
a period ranging from 2010 to 2021. These included both the
recorded passive cases identified at the health facilities and
the active cases identified through the case tracers. Informa-
tion on the retrieved data was made anonymous except for
the following: demographic details such as age and gender,
locations used for data collection, diagnostic methods, and
travel destinations that were located outside of South Africa.

All the identified cases based on either active or passive
cases were divided into either imported (positive travel his-
tory) or local (no travel history). A malaria-positive case or
infection was defined as cases that were identified using rapid
diagnostic test (RDT) kits, with or without confirmation of
the presence of Plasmodium by microscopy. An imported

case or infection is the one obtained outside the region in
which it was diagnosed, whereas a local case is one without
any prior travel history but was contracted locally (World
Health Organization, 2018). The testing modality was either
with the use of RDT (with or without microscopy), as stipu-
lated in the South African national guideline. Included in
the study were all malaria cases confirmed by RDT and/or
microscopy from the period 2010-2020. Duplicate cases
were excluded from the data before statistical analysis.

Statistical analysis

The descriptive and inferential statistical analyses were used
for comparing local and imported malaria cases (2010-2020)
as well as the travel patterns of the imported malaria cases.
Statistical analyses were performed using Stata 14 (StataCorp
2015) and the R package (R Core Team 2022). Using the
temporal autocorrelation found in the incidence data, we
created a Seasonal Autoregressive Integrated Moving
Average (SARIMA) model to predict malaria incidence.
SARIMA models have been documented to be good for
the epidemiological survey; it clearly assumes temporal
dependence between observations. Its application has also
been noted in describing the temporal dependence structure

Table 1 Cross-tabulation of some selected variables versus the location of malaria patients

Variables Categories Malaria local or imported Chi-squares, X? (P-value)
Local (count/percentage) Imported
(count/percentage)
Malaria death (N=57,292) No 51278 (98.9%) 5401 (98.8%) 1.718 (0.190)
Yes 545 (1.1%) 68 (1.2%)
Symptomatic (N=10,622) No 116 (1.2%) 9 (1.5%) 0.454 (0.561)
Yes 9890 (98.8%) 607 (98.5%)
Previous episode of malaria illness (N=38,823) No 35370 (97.9%) 2648 (98.7%) 9.213 (0.002)
Yes 771 2.1%) 34 (1.3%)
House sprays (N=37,659) No 13389 (38.0%) 1981 (82.2%) 2563.481 (<0.001)
Yes 5563 (15.8%) 52 (2.2%)
Unknown 16298(46.2%) 376 (15.6%)
Protection against malaria (N=38,824) No 35210 (97.4%) 2661 (99.1%) 29.347 (<0.001)
Yes 929 (2.6%) 24 (0.9%)
First malaria episode (N=57,292) No 16101 (31.1%) 2807 (51.3%) 918.026 (<0.001)
Yes 35722 (68.9%) 2662 (48.7%)
Sex (N=57,289) Female 22703 (39.6%) 1248 (22.8%) 896.363 (<0.001)
Male 29117 (56.2%) 4221 (77.3%)
Age group (N=57,288) <10 years 10655 (20.6%) 479 (8.8%) 1971.122 (< 0.001)
10— 19 years 11801 (22.8%) 497 (9.1%)
20—29 years 9686 (18.7%) 1807 (33.0%)
30—39 years 7381 (14.2%) 1413 (25.8%)
40—49 years 5156 (10.0%) 808 (14.8%)
50—59 years 3664 (7.1%) 313 (5.7%)
> 59 years 3476 (6.7%) 152 (2.8%)
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of a time series such as obtainable in clinical cases in which
the pattern of occurrences is noted to be seasonal (Kumar
et al. 2014; Helfenstein 1991; Gondwe et al. 2021). Among
various disease conditions that demonstrate transmissibility
and seasonality, the use of the SARIMA model is preferred
due to its stronger predictive power (Anokye et al. 2018;
Luz et al. 2008; Ture & Kurt 2006; Nobre et al. 2001;
Gondwe et al. 2021; Liu et al. 2023). Unlike complex models
which require extensive and detailed data, the stability and
simplicity of SARIMA make it easily applicable in an
environment with scarce resources and to deal with seasonal
effects (Liu et al. 2023). Thus, making it more beneficial
compared with other models (Anokye et al. 2018; Pascual
et al. 2008). Pearson’s chi-square statistic was used to
examine the relationship/independence of some selected
categorical variables on the locations of malaria patients.
The Akaike information criterion (AIC) and Bayesian
information criterion (BIC) were used to compare models

of varying orders that had been fitted using R software (R
Core Team 2022).

Since it is important that the model residual do not con-
tain temporal autocorrelation, a confirmation of this was
carried out using the Ljung-Box method (Burns 2002). A
36-month advance forecast was created using the selected
model for the period from January 2021 to December 2023.
Finding out which model performs better for immediate,
short-term goals as opposed to longer-term (annually) fore-
casting of future malaria patterns was the main goal. We
calculated the mean absolute percentage error (MAPE), root
mean squared error (RMSE), mean absolute error (MAE),
and mean absolute scaled error (MASE) among others to
compare the accuracy of out-of-sample forecasts across dif-
ferent models as suggested by the ACF and PACF. As a
sequel to this, model forecasts along with 95% prediction
intervals were plotted.
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Results
Findings from the general survey

All data received from the different locations covering
132 months (January 2010 to December 2020) were a total
of 60,244 case observations. These were analyzed, and cate-
gorization was made as a local or an imported case (Table 1).
Of the 57,292 people that were tested, 51,823 (90.5%) cases
were local while 5469 (9.5%) cases were imported. More
males 29,117 (56.2%) and 4221 (77.3%) were infected over
the years among the local and imported cases categories
respectively (X>=896.363, P <0.001). Case fatality showed
that 545 (1.1%) deaths were recorded among the local cases
for the years evaluated, while 68 (1.2%) were deaths among
the imported malaria group (X*>=1.718, P=0.190).
Among the local cases, the highest number of malaria
incidents occurred in the 10-19 years age category which
recorded 11,801 (22.8%), followed by children less than
10 years—10,655 (20.6%); on the other hand, the age cat-
egories 20-29 years recorded the highest number of imported
cases with 33.0% (X>=1971.122, P<0.001). Out of those
that reported a history of previous malaria infection, there
were 771 (2.1%) people that were local cases and had at least
one episode of malaria in the past, but only 34 (1.3%) were
reported among the imported cases (X>=9.213, P=0.002).
A large proportion of both the local 35,210 (97.4%) and
imported cases 2661 (99.1%) reported non-use of any form of
malaria protective measures compared with the number that
used protective measures (X>=29.347 P<0.001). Similarly,
it was observed from the data that a greater proportion of both
local 13,389 (38.0%) and imported cases in 1981 (82.2%) did
not report having any form of house spray (X*>=2563.481,
P <0.001). Although>40% did not indicate the status of
house spray among the local respondents, only 52 (2.2%)
imported cases reported benefiting from house spraying.

Analysis of reported malaria cases by locations

Due to inconsistency in the report from some of the locations,
we analyzed the data from places that had full data (17% of
total data collection sites) and noted that the total number
of malaria cases recorded was 19,003 out of which 14,097
(74.2%) accounted for local cases (no travel history) and 4906
(25.8%) were imported (positive travel history). Although
these sites are located in different parts of the province, sites
that recorded high numbers of malaria cases are located close
to the border. The malaria incident pattern was fluctuating
from 2010 to 2015 with the least number of cases recorded in
2016 (586 cases) followed by a notable case outbreak in 2017
(4822 cases), and it has been on a downward trend since 2018.
Vhufuli, Musina, Sanari, and Masisi recorded the highest

number of malaria cases from 2010 to 2020, with the fol-
lowing as accumulated total for the evaluated period: 3993,
3140, 1977, and 1521, respectively (Fig. 2a). Altogether, these
four locations accounted for 56% (10,631/19,003) of the total
cases. The locations with low incidences (<200 cases) of
malaria include over the 11-year period are Nylstroom (133),
Swartklip (150), Mabula (153), Ha-Folovhodwe (177), and
Ben Viljoen (199), thereby comprising 4.3% (812/19,003) of
the total cases (Fig. 2b). The majority of the imported cases
were found in Musina—32.4% (1591/4906) followed by Vhu-
fuli—9% (441/4,906), Polokwane—6.6% (326/4906), and
Bochum—6% (295/4906). Travel history was least reported
in Tshidimbini, Tshitavha, and Mooihoek.

Positive travel history by source country

The country of departure is reported by those with imported
cases, the majority of which are Africans, and these have
been grouped according to their different continental region
as indicated in Table 2. They are the Southern Africa region
(Mozambique, Zimbabwe, Botswana, Lesotho, Namibia,
Malawi, Swatini, Zambia), the East Africa region (Angola,
Ethiopia, Kenya, Somalia, South Sudan, Tanzania, Uganda),
the West Africa region (Nigeria, Ghana, Sierra Leone), and
the Central Africa region (Democratic Republic of Congo,

Table 2 Travel source of imported malaria infection

Countries Imported malaria cases ~ Percent
Mozambique 2394 43.8
Zimbabwe 1889 34.5
Ethiopia 447 8.2
Somalia 192 35
South Africa 164 3.0
Malawi 125 23
Zambia 72 1.3
Congo (DRC) 54 1.0
Botswana 33 0.6
Pakistan 18 0.3
Uganda 14 0.3
Angola 13 0.2
Ghana 9 0.2
Kenya 9 0.2
Eswatini 7 0.1
Nigeria 7 0.1
Sierra Leone 6 0.1
Cameroon 5 0.1
Namibia 4 0.1
Rwanda 4 0.1
Tanzania 2 0.04
Equatorial Guinea 1 0.02
Lesotho 1 0.02
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Fig.3 Time Plot of the cases of Malaria from January 2010 to Decem-
ber 2020

Equatorial Guinea, Cameroun). Three countries were outside
Africa—Afghanistan, Bangladesh, and Pakistan. The main
contributors of imported cases were Mozambique with 2370
(44.9%), Zimbabwe with 1882 (35.7%), and Ethiopia with
446 (8.5%). The year 2017 witnessed the highest number of
imported cases with a recorded of 776 imported cases. Non-
African countries that contributed to the imported cases over
the 11-year period were Pakistan, Bangladesh, and Afghani-
stan with 5, 1, and 1 cases, respectively (Table 2).

Trend analysis and model forecast of anticipated
malaria cases

The spectrum of data collected from January 2010 to
December 2020 affords the opportunity to do a time series
analysis on the malaria case incidences in Limpopo Prov-
ince. The first step was the plotting of malaria cases against
time to detect and correct the form of non-stationarity of the
time series (Fig. 3) and identified autoregressive and mov-
ing average terms needed by calculating the autocorrelation
function (ACF) and partial autocorrelation (PACF) func-
tions (Fig. 4). The result of the Dickey-Fuller test of the sta-
tionarity of the data was —2.1496 (p-value =0.5143), which
revealed that the data were not stationary. However, after
the first differencing, the p-value of 0.0183 (less than 0.05)
indicated that the data was stationary after first differencing.

The outcomes showed that the SARIMA (3,1,1) x (1,1,0)
was the best fit for predicting the monthly incidence of
malaria for the consecutive years 2021-2023. This can be
noted in the generated values of MAPE, RMSE, MAE, and
MASE values as shown in Tables 3 and 4. Note that only
the top model chosen was reported and used to predict the
monthly incidence of malaria (Fig. 5).

A test of comparisons with other models indicated that
SARIMA (3,1, 1) x (3,1,0) [12] was the best option. Plots of
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Table 3 Accuracy test of some Models Accuracy measure

selected SARIMA models

RMSE MAE MPE MAPE MASE AIC BIC

SARIMA (0,1,1) x (0,1,0)  0.9048  0.6506  —1.0907  12.8222  0.6171  330.48 336.04
SARIMA (1,1,0) x (0,1,0) 09305 0.6789  —1.0532 134874 0.6440  337.01 342.57
SARIMA (1,1,1) x (0,1,0)  0.9037  0.6508 —1.0994  12.8235 0.6173  332.18  340.52
SARIMA (1,1,1) x (1,1,0)  0.8410  0.5804 —1.2770  11.6030  0.5506  319.08  330.20
SARIMA (1,1,2) x (0,1,0)  0.9033  0.6506  —1.1008  12.8230 0.6172  334.07 345.18
SARIMA (1,1,2) x (1,1,0)  0.8402  0.5803  —1.2835 11.6060 0.5505 320.86 334.76
SARIMA (2,1,1) x (1,1,0)  0.8365 0.5764  —1.2939  11.5532 0.5467 319.92 333.82
SARIMA (3,1,1)x(1,1,0) 0.7529  0.5270 —1.4940 10.7055 0.4999 307.27  329.50

Table4 SARIMA (3,1, 1) x (3,1,0) [12]—coefficient and standard
error of generated parameters

Coefficient Standard error
Non-seasonal AR(1) —0.4559 0.2867
Non-seasonal AR(2) —-0.3332 0.1641
Non-seasonal AR(3) —-0.2714 0.1160
Non-seasonal MA(1) —-0.1026 0.2959
Seasonal AR(1) —0.6926 0.1197
Seasonal AR(2) —-0.5147 0.1311
Seasonal AR(3) -0.1279 0.1225
S
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i ]
2 wx,wmf\w
o ] '
S
£
o
o
S
' T T T T T T T T
2010 2014 ™" 2018 2022

Fig.5 Graph depicting the observed and forecasted values for years
2021 to 2023

the residuals in Fig. 6 speak to this. Furthermore, it would
be observed that a normal distribution was demonstrated by
the histogram plot of the residuals (Fig. 6).

A portmanteau test (Ljung-Box test) returns a large
p-value (0.5345) greater than the level of significance
(0.05), also suggesting that the residuals are white noise.
This implies that this model was appropriate.

The seasonal indices (S.I) were obtained, and this has
been presented in Fig. 7. Obviously, malaria infection occurs
throughout the year; however, the highest recorded incidence
was in January. The other months with a high number of
cases include April, March, February, and October. The

risk was lowest in June, August, and July. Note that in July,
the minimum and maximum reported cases from 2010 to
2019 were 20 and 217, respectively, while 1193 cases were
reported in 2020.

Discussion

South Africa projected the malaria elimination goal for the
year 2025; however, there are multiple potential hurdles to
be crossed for this to become a reality, and one of them is
the persistence of malaria cases in the Limpopo Province.
Our findings in this study showed that 9.5% (5469/57,288)
of all the malaria cases diagnosed had a positive travel his-
tory outside of South Africa. It means that, in addition to
other factors, imported cases are important contributors to
the causes of ongoing malaria transmission in the province.
The study by Khosa et al. (2013) found the imported case to
be 6.6% in the Mutale municipality of Limpopo. Although
this was less than the finding in this provincial study, it cor-
roborates the persistently high number of imported cases.

Our study also observed that most of those with imported
cases have a history of primary travel source being from
Mozambique (44.9%) or Zimbabwe (35.7%), while a total of
16.9% had the primary travel source from Ethiopia (8.5%),
Somalia (3.6%), Malawi (2.4%), Zambia (1.4%), or Congo,
DRC (1%)—Table 2. In fact, the municipality study by
Khosa et al. (2013) reported that Zimbabwe constituted
96.5% of all the recorded imported cases. Mozambique and
Zimbabwe are sub-Saharan African countries that share a
border with Limpopo Province, and they are endemic for
malaria with incidence rates of 320.2 and 98.5 per 1000
population respectively (World Data Info 2022). It has been
established that in settings that are nearing elimination such
as seen in South Africa, oftentimes a high number of cases
lie in border areas (Hiwat et al. 2018).

One of the main reasons for the increased migration from
these countries into South Africa includes the search for a
better livelihood in South Africa, and it has been proven that
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human migration plays an important role in malaria impor-
tation. A meta-analysis study on migration by Ahmed et al.
(2020) showed that people with a travel history are fourteen
times more likely to have malaria infection than those with
no history of travel, and the study also noted that there is a
tendency for malaria importation from rural areas to urban
and sub-urban areas.

Various studies have reported on the capability of ITN
and IRS to protect against as well as reduce malaria trans-
mission (Okumu and Moore 2011; Pluess et al. 2010). In
fact, they form the mainstay of malaria control in many
countries (Tangena et al. 2020; Ferndndez Montoya et al.
2022). With only 0.1% of the tested people having access to
both IRS and malaria protective measures respectively call
for concern. The long-term implication of this is that the
persistence of imported cases may cause a re-establishment
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of the disease in locations where it is already controlled. In
this regard, the modalities of communicating health educa-
tion message and coverage of indoor residual spray (IRS)
need to be re-evaluated with the aim of identifying possible
gaps and improving on it.

In the same vein, it is worthy of note that these high inci-
dences of imported cases can have attendant negative impacts
in the form of straining the financial system and over-stretch-
ing the available manpower as well as health resources in the
province. Furthermore, there is a possibility of the introduc-
tion of new strains of malaria parasites strains to the South
African populace which can lead to genetic mutation with
attendant drug resistance such as reported in the Greater
Mekong Sub-region and East Africa (Zhu et al. 2022).

As a means of checking the cross-border malaria chal-
lenges, the Southern African countries have put in place
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the “Elimination-8” body which comprises government
representation from Angola, Botswana, Eswatini, Mozam-
bique, Namibia, South Africa, Zambia, and Zimbabwe.
Also, a mini-regional alliance exists between Mozambique,
Eswatini, and South Africa in the form of the “MOSAWA
Cross Border Initiative” with the central goal of collabo-
rating to limit the spread and ultimately eliminate malaria
among partner countries (Elimination-8 annual report, 2022;
MESA 2018). Although having collaborative bodies with the
aim of ending malaria in the region is a laudable initiative,
there is a need for concise practical implementation of the
set objectives to achieve the set goals and targets.

Another observation from Table 1 is that over the 11 years
considered, there was a high number of locally acquired infec-
tions 90.5% (51,819/57,288) among the individuals tested. This
differs from the findings in a KwaZulu Natal study (another
South African province sharing a border with Mozambique),
where the local malaria case prevalence was reported as 2%
(Raman et al. 2020). Our study showed that all the sites that
recorded a consistently high number of local cases in Limpopo
were located in the Vhembe district; this could be attributed
to the fact that most parts of the province are rural (Ramaano
2021), and the majority of the people fall in the low socioeco-
nomic class in a provincial with the declining gross domes-
tic product (GDP) sitting at negative 7.2 in 2020 (Limpopo
Provincial Treasury 2022). A study by Bi and Tong (2014)
which evaluated the link between malaria and poverty noted
that malaria and poverty shared a common ground, especially
among people at the county level and individuals living at the
border side of the country, and the study noted that poverty
may be the driver of malaria in the identified communities.

Data analysis using the time series approach allowed for
careful observation of embedded trends, the reason for the
trend, and the identification of any systemic pattern. The yearly
plot of the recorded cases (January 2010-December 2020) is
shown in Fig. 3. It inferred that there was an increasing trend
and seasonal variation, and the plotted graph showed that the
data was non-stationary. The year 2010 witnessed a high inci-
dence followed by reductions in 2011 and 2012. However,
there was a sharp increase in 2013, but the peak of incidence
was in 2017 (Figs. 2 and 3). This observation could be due to
a lack of tenacity in program implementation from year to year
or the non-implementation of acquired health knowledge on
the part of the communities either as a result of a conscious
grip on religious or cultural beliefs. Given the fact that the
effect of climate change is being felt in many countries world-
wide, documented findings have shown that Limpopo Province
is not spared (Rankoana 2020). Changes in rainfall, humidity,
and temperature affect malaria vector both in malaria trans-
mission and non-transmission areas resulting in changes in
the critical threshold needed for parasites (Nissan et al. 2021).

Malaria cases in January, February, March, April, and
October are above the average mark of 1, while those in May,

June, July, August, September, November, and December are
below the average, according to the seasonal index plot for the
monthly analysis of recorded cases over the 11-year period
(132 months). Following adjustment of the averages, Janu-
ary had the highest malaria incidence while the lowest was in
August in Fig. 7. A possible explanation for this is the fact that
in Limpopo, rainfall in the spring (September, October, Novem-
ber) creates conducive breeding environments for mosquitoes
resulting in high malaria incidences during the summer (Adeola
et al. 2019). The spontaneous increase in outbreak noted in
2017 was reportedly due to a general increase in rainfall and
humidity in most countries of southern Africa (NICD 2017).

Different orders of SARIMA were considered and tried
but SARIMA (3,1,1) x (3,1,0) [12] showed better precision;
hence, SARIMA (3,1,1) x (3,1,0) [12] was the model used
in predicting expected malaria case incidences for the three
consecutive years predicting a decline in malaria incidences
for these incoming years. Nevertheless, it is necessary to add
that variation to this forecast may arise due to an unfore-
seen disease outbreak, like that of COVID-19 in the province
bearing in mind that COVID-19 which shared similar shared
similar symptoms with malaria and led to many misdiag-
nosed cases in the recent past in the province (NICD 2022).
Although various studies have used different statistical mod-
eling methods to predict malaria case incidence in Limpopo
Province (Kim et al. 2019; Abiodun et al. 2019; Sehlabana
et al. 2020; Martineau et al. 2022; Gondwe et al. 2021; Liu
et al. 2023), SARIMA (3,1,1) x (3,1,0) [12] is a simple pre-
diction tool which make use of surveillance data in the form
of passively and actively collected malaria data for future
prediction, thus assisting stakeholders in terms of prepared-
ness towards malaria control and elimination.

Study limitation

This study has been done within the limits of available sur-
veillance data; however, there are gaps identified in the field
data collected. This is probably due to the hybrid methods
of collection. The transition to the computer-based method
will allow for uniformity and robustness of collected data.
A sporadic outbreak of COVID-19 could limit the outcome
of the forecasted case incidences.

Conclusion

The analysis of this 11-year data has demonstrated that
imported malaria accounted for 9.5% of all recorded
malaria cases in Limpopo Province. This is a significant
factor posing a challenge to the malaria elimination efforts
in the province. Planning for an interventional approach
in conjunction with a simple model forecast will foster an

@ Springer



1784

Parasitology Research (2023) 122:1775-1785

effective reduction of malaria case incidences in the prov-
ince. Although there are malaria control measures that are
already in place, based on the study findings, there is a need
to strongly consider the strengthening of health education
campaigns on malaria prevention methods at the grass-root
level as well as the strengthening of indoor residual spray
programs. The collaborating countries in the Southern
Africa region need to re-evaluate the objectives of the alli-
ance and consider practical steps to achieving them in order
to reduce imported malaria in participating countries.

Acknowledgements South African Malaria Research Council
(SAMRC) is highly acknowledged for their support. The members of
staff at the Limpopo Malaria Institute in South Africa who took part
in this study are appreciated.

Author contribution Olukunle O. Oyegoke, Matthew A. Adeleke,
and Moses Okpeku led the conceptual design and writing; Ntimbane
Tsundzukani and Mabunda Eric led the fieldwork and data collection;
Samuel A. Aderoju, Taiye S. Adewumi, and Olukunle O. Oyegoke han-
dled the data analysis and participated in writing; original draft prepa-
ration was prepared by Olukunle O. Oyegoke; Matthew A. Adeleke,
Moses Okpeku, and Rajendra Maharaj did the writing review and edit-
ing; Moses Okpeku did funding acquisition. All authors reviewed the
manuscript.

Funding Open access funding provided by University of KwaZulu-
Natal. The National Research Foundation (NRF) South Africa provided
the funding for this research under grant number 120368.

Data availability The data that support the findings of this study
are available from the Office of Malaria Control Program, Limpopo
Department of Health, South Africa but restrictions apply to the avail-
ability of these data, which were used under license for the current
study, and so are not publicly available. Data are however available
from the authors upon reasonable request and with permission of the
Office of Malaria Control Program, Limpopo Department of Health,
South Africa.

Declarations

Ethical approval This study was approved by the Biomedical Research
Ethics Committee of the University of KwaZulu Natal South Africa
(BREC/00001815/2020).

Consent to participate Not applicable.
Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

References

Abiodun GJ, Makinde OS, Adeola AM, Njabo KY, Witbooi PJ, Djid-
jou-Demasse R, Botai JO (2019) A dynamical and zero-inflated
negative binomial regression modelling of malaria incidence
in Limpopo Province, South Africa. Int J Environ Res Public
Health 16(11):2000. https://doi.org/10.3390/ijerph16112000

Adeola A, Ncongwane K, Abiodun G, Makgoale T, Rautenbach H,
Botai J, ..., Botai C (2019) Rainfall trends and malaria occur-
rences in Limpopo Province, South Africa. Int J Environ Res
Public Health 16(24):5156

Ahmed S, Reithinger R, Kaptoge SK, Ngondi JM (2020) Travel is a key
risk factor for malaria transmission in pre-elimination settings in
sub-Saharan Africa: a review of the literature and meta-analysis.
Am J Trop Med Hyg 103(4):1380

Anokye R, Acheampong E, Owusu I, Obeng EI (2018) Time series
analysis of malaria in Kumasi: using ARIMA models to forecast
future incidence. Cogent Social Sciences 4(1):1461544. https://
doi.org/10.1080/23311886.2018.1461544

Bi Y, Tong S (2014) Poverty and malaria in the Yunnan province,
China. Infect Dis Poverty 3:1-4

Burns P (2002) In the robustness of the Ljung-Box test and its rank
equivalent 1-17. https://doi.org/10.2139/ssrn.443560

Elimination-8 Annual Report (2021) SADC Malaria Elimination Eight
Initiative: Reaching the zero malaria target 1-52. http://malariaeli
mination8.org/. Accessed 6 June 2023

Fernandez Montoya L, Maquina M, Marti-Soler H, Sherrard-Smith E,
Alafo C, Opiyo M, Comiche K, Galatas B, Huijben S, Koekemoer
LL, Oliver SV, Maartens F, Marrenjo D, Cuamba N, Aide P, Satite
F, Paaijmans KP (2022) The realized efficacy of indoor residual
spraying campaigns falls quickly below the recommended WHO
threshold when coverage, pace of spraying and residual efficacy on
different wall types are considered. PLoS One 17(10):e0272655.
https://doi.org/10.1371/journal.pone.0272655

Gondwe T, Yang Y, Yosefe S, Kasanga M, Mulula G, Luwemba MP,
Jere A, Daka V, Mudenda T (2021) Epidemiological trends of
malaria in five years and under children of Nsanje district in
Malawi, 2015-2019. Int J Environ Res Public Health 18:12784.
https://doi.org/10.3390/ijerph 182312784

Helfenstein U (1991) The use of transfer function models, intervention
analysis and related time series methods in epidemiology. Int J
Epidemiol 20(3):808-815. https://www.who.int/publications/i/
item/9789240064898

Hiwat H, Martinez-Lopez B, Cairo H, Hardjopawiro L, Boerlei-
der A, Duarte EC, Yadon ZE (2018) Malaria epidemiology in
Suriname from 2000 to 2016: Trends, opportunities and chal-
lenges for elimination. Malar J 17:1-13. https://doi.org/10.1186/
$12936-018-2570-4

Khosa E, Kuonza LR, Kruger P, Maimela E (2013) Towards the elimi-
nation of malaria in South Africa: a review of surveillance data
in Mutale municipality, Limpopo Province, 2005 to 2010. Malar
J 8(12):7. https://doi.org/10.1186/1475-2875-12-7

Kim Y, Ratnam JV, Doi T, Morioka Y, Behera S, Tsuzuki A, Minakawa
N, Sweijd N, Kruger P, Maharaj R, Imai CC, Ng CFS, Chung
Y, Hashizume M (2019) Malaria predictions based on seasonal
climate forecasts in South Africa: a time series distributed lag
nonlinear model. Sci Rep 9(1):17882. https://doi.org/10.1038/
$41598-019-53838-3

Kumar V, Mangal A, Panesar S, Yadav G, Talwar R, Raut D, Singh S
(2014) Forecasting malaria cases using climatic factors in Delhi,
India: a time series analysis. Malar Res Treat 2014:1-6. https://
doi.org/10.1155/2014/482851

Lehky Hagen MR, Haley TJ, Hatz CF (2005) Factors influencing the
pattern of imported malaria. J Travel Med 12(2):72-79


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph16112000
https://doi.org/10.1080/23311886.2018.1461544
https://doi.org/10.1080/23311886.2018.1461544
https://doi.org/10.2139/ssrn.443560
http://malariaelimination8.org/
http://malariaelimination8.org/
https://doi.org/10.1371/journal.pone.0272655
https://doi.org/10.3390/ijerph182312784
https://www.who.int/publications/i/item/9789240064898
https://www.who.int/publications/i/item/9789240064898
https://doi.org/10.1186/s12936-018-2570-4
https://doi.org/10.1186/s12936-018-2570-4
https://doi.org/10.1186/1475-2875-12-7
https://doi.org/10.1038/s41598-019-53838-3
https://doi.org/10.1038/s41598-019-53838-3

Parasitology Research (2023) 122:1775-1785

1785

Limpopo Provincial Treasury (2022) Limpopo Socio Economic Review
and Outlook. http://policyresearch.limpopo.gov.za/bitstream/han-
dle/123456789/1454/2022%20Socio%20Economic%200utlook%
20and%20Review %20%28SER0%29%20%281%29%20%281%
29.pdf?sequence=1. Accessed 6 June 2023

LiuJ, Yu F, Song H (2023) Application of SARIMA model in fore-
casting and analysing inpatient cases of acute mountain sick-
ness. BMC Public Health 23:56. https://doi.org/10.1186/
$12889-023-14994-4

Luz PM, Mendes BV, Codego CT, Struchiner CJ, Galvani AP (2008)
Time series analysis of dengue incidence in Rio de Janeiro. Brazil.
Am J Trop Med Hyg 79:933-939

Malaria Eradication Scientific Alliance, MESA (2018) Development
of advocacy strategies to support malaria eliminating programs
maintain funding and/ or target specific roadblocks to country
elimination. https://mesamalaria.org/mesa-track/development-
advocacy-strategies-support-malaria-eliminating-programs-maint
ain-funding. Accessed Sept 2022

Malaria Eradication Scientific Alliance, MESA (2022) Border malaria.
https://mesamalaria.org/mesa-track/deep-dives/border-malaria.
Accessed Sept 2022

Martineau P, Behera SK, Nonaka M, Jayanthi R, Ikeda T, Minakawa
N, Kruger P, Mabunda QE (2022) Predicting malaria outbreaks
from sea surface temperature variability up to 9 months ahead
in Limpopo, South Africa, using machine learning. Front Public
Health 10:962377. https://doi.org/10.3389/fpubh.2022.962377

Monge-Maillo B, Lopez-Vélez R (2012) Migration and malaria in
Europe. Mediterranean Journal of Hematology and Infectious
Diseases 4(1):1-10. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3335816/pdf/mjhid-4-1-e2012014.pdf

National Institute for Communicable Diseases (NICD) (2017) Com-
municable disease communique Malaria in South Africa, 2017.
vol 16(4). https://www.nicd.ac.za/wp-content/uploads/2017/03/
Malaria.pdf. Accessed 6 June 2023

National Institute for Communicable Diseases (NICD) (2022)
Malaria alert. https://www.nicd.ac.za/malaria-alert-24-jan-2022/.
Accessed 6 June 2023

Nissan H, Ukawuba I, Thomson M (2021) Climate-proofing a malaria
eradication strategy. Malar J 20:190. https://doi.org/10.1186/
$12936-021-03718-x

Nobre FF, Monteiro ABS, Telles PR, Williamson GD (2001) Dynamic
linear model and SARIMA: a comparison of their forecasting per-
formance in epidemiology. Stat Med 20(20):3051-3069. https://
doi.org/10.1002/(ISSN)1097-0258

Okumu FO, Moore SJ (2011) Combining indoor residual spraying and
insecticide-treated nets for malaria control in Africa: a review of
possible outcomes and an outline of suggestions for the future.
Malar J 10:208. https://doi.org/10.1186/1475-2875-10-208

Pascual M, Cazelles B, Bouma MJ, Chaves LF, Koelle K (2008) Shift-
ing patterns: malaria dynamics and rainfall variability in an Afri-
can highland. Proc Royal Soc B: Biol Sci 275(1631):123-132.
https://doi.org/10.1098/rspb.2007.1068

Pluess B, Tanser FC, Lengeler C, Sharp BL (2010) Indoor residual
spraying for preventing malaria. Cochrane Database Syst Rev
4:1-49. https://doi.org/10.1002/14651858.CD006657.pub2

R Core Team (2022) R: a language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria.
https://www.R-project.org/

Ramaano AI (2021) Potential of ecotourism as a mechanism to buoy
community livelihoods: the case of Musina Municipality, Lim-
popo, South Africa. J Business and Socio-Economic Development
1(1):47-70. https://doi.org/10.1108/JBSED-02-2021-0020

Raman J, Gast L, Balawanth R et al (2020) High levels of imported asymp-
tomatic malaria but limited local transmission in KwaZulu-Natal, a
South African malaria-endemic province nearing malaria elimination.
Malar J 19:152. https://doi.org/10.1186/s12936-020-03227-3

Rankoana SA (2020) Climate change impacts on water resources in a
rural community in Limpopo province, South Africa: a community-
based adaptation to water insecurity. International Journal of Climate
Change Strategies and Management 12(5):587-598. https://www.
emerald.com/insight/content/doi/10.1108/LJCCSM-04-2020-0033/
full/pdf

Ravhuhali KG, Ramalwa N, Reddy C (2017) Malaria outbreak inves-
tigation-Mopani and Vhembe districts, Limpopo province, South
Africa. Pan African Medical Journal — Conference Proceedings
3(91). https://doi.org/10.11604/pamj-cp.2017.3.91.220

Sehlabana MA, Maposa D, Boateng A (2020) Modelling malaria inci-
dence in the Limpopo Province, South Africa: comparison of clas-
sical and Bayesian methods of estimation. Int J Environ Res Pub-
lic Health 17(14):5016. https://doi.org/10.3390/ijerph17145016

Sikhwari T, Nethengwe N, Sigauke C, Chikoore H (2022) Modelling
of extremely high rainfall in Limpopo Province of South Africa.
Climate 10(3):33

South Africa National Department of Health (2019) Malaria elimination
strategic plan for South Africa 2019-2023. pp 1-84. https://www.
nicd.ac.za/wpcontent/uploads/2019/10/MALARIA-ELIMINATION-
STRATEGIC-PLAN-FOR-SOUTH-AFRICA-2019-2023-MALAR
IA-ELIMINATION-STRATEGIC-PLAN-2019-2023.pdf. Accessed
6 June 2023

StataCorp (2015) Stata statistical software release 14. StataCorp LP,
College station, TX

Stats SA (2022) Statistics South Africa — census 2022. https://www.
statssa.gov.za/. Accessed 6 June

Sturrock HJ, Roberts KW, Wegbreit J, Ohrt C, Gosling RD (2015) Tack-
ling imported malaria: an elimination endgame. Am J Trop Med Hyg
93(1):139

Tangena JA, Hendriks CMJ, Devine M, Tammaro M, Trett AE, Wil-
liams I, DePina AJ, Sisay A, Herizo R, Kafy HT, Chizema E,
Were A, Rozier J, Coleman M, Moyes CL (2020) Indoor residual
spraying for malaria control in sub-Saharan Africa 1997 to 2017:
an adjusted retrospective analysis. Malar J 19(1):150. https://doi.
org/10.1186/s12936-020-03216-6

Tshiala MF, Olwoch JM, Engelbrecht FA (2011) Analysis of tempera-
ture trends over Limpopo Province, South Africa. J Geogr Geol
3(1):13

Ture M, Kurt I (2006) Comparison of four different time series methods
to forecast hepatitis A virus infection. Expert Syst Appl 31(1):41-46.
https://doi.org/10.1016/j.eswa.2005.09.002

Wangdi K, Gatton ML, Kelly GC, Clements AC (2015) Cross-border
malaria: a major obstacle for malaria elimination. Adv Parasitol
89:79-107

World Data Info (2022) Climate in Limpopo (South Africa). Average day-
time and night time temperatures. https://www.worlddata.info/africa/
southafrica/climate-limpopo.php. Accessed 6 June 2023

World Health Organization (2018) Malaria surveillance, monitoring and
evaluation: a reference manual. pp 1-208. https://apps.who.int/iris/
bitstream/handle/10665/272284/9789241565578-eng.pdf. Accessed
6 June 2023

World Health Organization (2021) World malaria report: facts sheets:
malaria. https://www.who.int/news-room/fact-sheets/detail/malar
ia. Accessed 6 June 2023

World Health Organization (2022) World malaria report: tracking pro-
gress and gaps in global response to malaria. https://www.who.int/
teams/global-malariaprogramme/reports/world-malaria-report-2022.
Accessed 6 June 2023

Zhu D, Ma J, Li G, Rillig MC, Zhu YG (2022) Soil plastispheres as
hotspots of antibiotic resistance genes and potential pathogens.
ISME J 16(2):521-532

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://policyresearch.limpopo.gov.za/bitstream/handle/123456789/1454/2022%20Socio%20Economic%20Outlook%20and%20Review%20%28SERO%29%20%281%29%20%281%29.pdf?sequence=1
http://policyresearch.limpopo.gov.za/bitstream/handle/123456789/1454/2022%20Socio%20Economic%20Outlook%20and%20Review%20%28SERO%29%20%281%29%20%281%29.pdf?sequence=1
http://policyresearch.limpopo.gov.za/bitstream/handle/123456789/1454/2022%20Socio%20Economic%20Outlook%20and%20Review%20%28SERO%29%20%281%29%20%281%29.pdf?sequence=1
http://policyresearch.limpopo.gov.za/bitstream/handle/123456789/1454/2022%20Socio%20Economic%20Outlook%20and%20Review%20%28SERO%29%20%281%29%20%281%29.pdf?sequence=1
https://doi.org/10.1186/s12889-023-14994-4
https://doi.org/10.1186/s12889-023-14994-4
https://mesamalaria.org/mesa-track/development-advocacy-strategies-support-malaria-eliminating-programs-maintain-funding
https://mesamalaria.org/mesa-track/development-advocacy-strategies-support-malaria-eliminating-programs-maintain-funding
https://mesamalaria.org/mesa-track/development-advocacy-strategies-support-malaria-eliminating-programs-maintain-funding
https://mesamalaria.org/mesa-track/deep-dives/border-malaria
https://doi.org/10.3389/fpubh.2022.962377
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3335816/pdf/mjhid-4-1-e2012014.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3335816/pdf/mjhid-4-1-e2012014.pdf
https://www.nicd.ac.za/wp-content/uploads/2017/03/Malaria.pdf
https://www.nicd.ac.za/wp-content/uploads/2017/03/Malaria.pdf
https://www.nicd.ac.za/malaria-alert-24-jan-2022/
https://doi.org/10.1186/s12936-021-03718-x
https://doi.org/10.1186/s12936-021-03718-x
https://doi.org/10.1002/(ISSN)1097-0258
https://doi.org/10.1002/(ISSN)1097-0258
https://doi.org/10.1186/1475-2875-10-208
https://doi.org/10.1098/rspb.2007.1068
https://doi.org/10.1002/14651858.CD006657.pub2
https://www.r-project.org/
https://doi.org/10.1108/JBSED-02-2021-0020
https://doi.org/10.1186/s12936-020-03227-3
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-04-2020-0033/full/pdf
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-04-2020-0033/full/pdf
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-04-2020-0033/full/pdf
https://doi.org/10.11604/pamj-cp.2017.3.91.220
https://doi.org/10.3390/ijerph17145016
https://www.nicd.ac.za/wpcontent/uploads/2019/10/MALARIA-ELIMINATION-STRATEGIC-PLAN-FOR-SOUTH-AFRICA-2019-2023-MALARIA-ELIMINATION-STRATEGIC-PLAN-2019-2023.pdf
https://www.nicd.ac.za/wpcontent/uploads/2019/10/MALARIA-ELIMINATION-STRATEGIC-PLAN-FOR-SOUTH-AFRICA-2019-2023-MALARIA-ELIMINATION-STRATEGIC-PLAN-2019-2023.pdf
https://www.nicd.ac.za/wpcontent/uploads/2019/10/MALARIA-ELIMINATION-STRATEGIC-PLAN-FOR-SOUTH-AFRICA-2019-2023-MALARIA-ELIMINATION-STRATEGIC-PLAN-2019-2023.pdf
https://www.nicd.ac.za/wpcontent/uploads/2019/10/MALARIA-ELIMINATION-STRATEGIC-PLAN-FOR-SOUTH-AFRICA-2019-2023-MALARIA-ELIMINATION-STRATEGIC-PLAN-2019-2023.pdf
https://www.statssa.gov.za/
https://www.statssa.gov.za/
https://doi.org/10.1186/s12936-020-03216-6
https://doi.org/10.1186/s12936-020-03216-6
https://doi.org/10.1016/j.eswa.2005.09.002
https://www.worlddata.info/africa/southafrica/climate-limpopo.php
https://www.worlddata.info/africa/southafrica/climate-limpopo.php
https://apps.who.int/iris/bitstream/handle/10665/272284/9789241565578-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/272284/9789241565578-eng.pdf
https://www.who.int/news-room/fact-sheets/detail/malaria
https://www.who.int/news-room/fact-sheets/detail/malaria
https://www.who.int/teams/global-malariaprogramme/reports/world-malaria-report-2022
https://www.who.int/teams/global-malariaprogramme/reports/world-malaria-report-2022

	Towards malaria elimination: analysis of travel history and case forecasting using the SARIMA model in Limpopo Province
	Abstract
	Introduction 
	Methodology
	Study location
	Surveillance data description
	Statistical analysis

	Results
	Findings from the general survey
	Analysis of reported malaria cases by locations
	Positive travel history by source country
	Trend analysis and model forecast of anticipated malaria cases

	Discussion
	Study limitation
	Conclusion
	Acknowledgements 
	References


