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Executive summary

South Africa is one of the 34 malaria endemic countries that are currently targeting malaria
elimination. Although South Africa is also listed as malaria endemic, malaria in South Africa is

limited to the North-eastern three provinces of KwaZulu-Natal (KZN), Mpumalanga and

Limpopo.

Anopheles arabiensis is the major malaria transmitting vector and the causative agent in over

90% of the malaria infections in South Africa had been and remains Plasmodium falciparum.

Many species of malaria vectors are known to belong to a ‘species complex’ and therefore look
identical morphologically. Such species need to be identified further through the use of modern
molecular methods such as Polymerase Chain Reaction (PCR). One such group is the An.
gambiae complex, which comprises of eight members: An. gambiae, An. coluzzii and An.
arabiensis (major malaria vectors), An. merus, An. melas and An .bwambae (minor or localized

vectors) and An. quadriannulatus and An. amharicus are not known to transmit malaria.

This study focused on a new vector breeding site identified in Mpumalanga (Vlakbult) in
2011.The aims of this study were to: Obtain data on malaria vector prevalence in Vlakbult,
Mpumalanga province (November 2012-January 2013), determine insecticide susceptibility
status of An. arabiensis from Vlakbult and to determine sporozoite infectivity rate in wild caught

An.arabiensis mosquitoes collected in Vlakbult from November 2012 —January 2013.

The study found that the breeding site in Vlakbult had 4n. arabiensis that were found in this
breeding site are susceptible to 4% DDT and 0.05% deltamethrin and that the wild caught
Anopheles arabiensis found in this area (Vlakbult) were not infected with P. falciparum

parasites.

For the Mpumalanga malaria control program, these findings mean that there is a need for
continuing entomological and vector susceptibility surveillance in order to inform malaria
control and elimination efforts. Mpumalanga malaria control also needs to review their vector

control activities in Vlakbult to ensure that the presence of An. arabiensis is addressed
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appropriately since the presence of the malaria transmitting vector in Vlakbult poses a potential

risk for an outbreak of malaria.
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PART ONE: RESEARCH PROTOCOL

1.1 INTRODUCTION

Malaria is a parasitic disease that is spread to humans by a mosquito bite from an infected female
Anopheles mosquito'. The WHO, World Malaria Report 2011 recorded an estimated 216 million
cases of malaria in the year of which 81% were in the African region. In addition, the report also
recorded an estimated 655 000 deaths of which 91% were in the African region.” In South Africa
mainly three provinces, Limpopo, KwaZulu—Natal (KZN) and Mpumalanga, are affected by
malaria (Figure 1). Malaria in South Africa is categorized as seasonal and unstable because it
does not occur throughout the year, but between September and May, and also has the potential

for causing outbreaks, hence unstable.’

There are four main African malaria vectors and three of these, An. arabiensis, An. coluzzi and
An. gambiae belong to the An. gambiae complex.*” The other main vector, An. funestus is a
member of the An. funestus group.*® The An. gambiae complex consists of eight species: 4n.
gambiae s.s, An. arabiensis, An merus, An. melas, An. quadriannulatus , An. amharicus and An.
bwambae*™® Anopheles arabiensis is one of South Africa’s main malaria vectors. The other
main historical vector is 4An. funestus, but this vector has since been eliminated from South

Africa, except for its re-invasion during the 1999/2000 malaria epidemic. ’

This study will mainly focus on An. arabiensis and due to space constrain, this is the only
species that will be discussed in more detail. Anopheles arabiensis has a wide distribution in
Africa ranging from Madagascar to Senegal.* This species preferably breeds in fresh, temporary,
sunlit, rain water pools *° and is more tolerant of higher temperatures (arid regions).* Anopheles
arabiensis has a more opportunistic feeding behavior and can be anthropophilic and zoophilic as

well as endophilic and exophilic, making them incompletely vulnerable to house-spraying
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Figure 1: Malaria risk areas in South Africa, 2013, showing malaria low and moderate risk areas.

Malaria vector control in South Africa relies mainly on indoor residual spraying (IRS) with
insecticides.® IRS in South Africa was introduced as early as 1945.° Dichlorodiphenyl-
Trichloroethane (DDT) was introduced for malaria control in 1946 and used until 1996 when
there was a change in policy regarding the use of DDT. ® The pyrethroid, deltamethrin, replaced
DDT; however, between 1996 and 2000, there was a dramatic increase in malaria cases despite
continued efficient house spraying in KZN and Mpumalanga (Figure 2). DDT was reintroduced
in March 2000.% South Africa is one of the countries that continues using DDT as an insecticide
for vector control and the insecticide susceptibility status of vectors is a requirement by World

Health Organizations (WHO).’
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Figure 2: Malaria in South Africa, 1971-2010.%

There are four classes of insecticides that are available for public health purposes, namely:
organochlorines, organophosphates, carbamates and pyrethroids.'® However, insecticides
resistance is a major concern in any malaria control program. During 1999/2000 South Africa
experienced its worse malaria epidemic in over five decades when pyrethroids resistance in one
of the main African malaria vectors, An funestus, was reported.'' Insecticide resistance can

develop rapidly and constant monitoring is imperative in a vector control program.lo

Apart from pyrethroid resistance in An. funestus'’, resistance to DDT has also been detected in
An. arabiensis in 2002."” Two years later in 2005 pyrethroid resistance in the same species was

reported in KZN.
Insecticide resistance is an inherited characteristic that allows an insect to survive a dose of an

insecticide that would normally prove fatal and the insect therefore tolerates the doses of a

toxicant that kills insects in a normal population of the same species'®
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Insecticide resistance is becoming more prevalent in many parts of the world due to reduction in
the sensitivity of insect populations to the insecticides.'® Constant monitoring and evaluation of
insecticide resistance is needed. This study therefore aims to investigate insecticide susceptibility

of the main vector, An. arabiensis in Vlakbult, Mpumalanga Province

Due to the fact that South Africa has one of the most effective malaria control programs on the
continent, it is extremely difficult and time consuming to identify vector pockets. However, to
monitor insecticide resistance, it is important to have access to wild vector populations. Recently,
an entomologist from Mpumalanga malaria control program identified a vector breeding site at
Vlakbult. * A relatively large number of Anopheline larvae were identified as An. arabiensis,

this was therefore be the main locality of this study.

1.2 RESEARCH QUESTIONS

The study aimed to answer the following questions:
1. What species of An.gambiae complex were present at Vlakbult during 2012/2013?

2. Isthe An. gambiae complex population at Vlakbult susceptible to insecticides that are

currently used for vector control in Mpumalanga?

1.3STUDY OBJECTIVES
3.1 To identify the species of An. gambiae complex collected at Vlakbult in 2012/2013.

3.2 To determine the susceptibility of detected mosquito species to insecticides (DDT
and Pyrethroids).

3.3 To determine if An. gambiae complex from Vlakbult are malaria parasite infective.

12
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1.4 METHODOLOGY

1.4.1 Study design

The study employed an observational study design, where all the species were collected and
exposed to 4% DDT and Pyrethroids, using WHO insecticides impregnated papers for the

experiment group and insecticide susceptible mosquitoes for controls.

1.4.2 Study setting

Mosquitoes that were used in this study were collected from Mpumalanga Province.
Mpumalanga is administratively divided into three districts: Ehlanzeni, Nkangala and Gert
Sibande.'* For this study, field sampling was conducted from November 2012 to February 2013
at Enhlanzeni district in Vlakbult (Mpumalanga, South Africa) 25°38°43.3”S, 031° 42° 00.27))."

1.4.3 Sample collection
Samples were collected using four different methods: Larval collection, collections using carbon

dioxide traps (CO, traps), pit traps collections and human landing catches.

1.4.3.1 Larval collections.

Larvae will be collected in Vlakbult, from a nearby river, using large scooping spoons, where
water is stagnant. Larvae will be collected by dipping the scooping spoon into the water where
mosquito larvae would have been identified and will be transferred into 5 litre buckets. Pasteur
pipettes will be used to select larvae from water into larvae holding containers were larvae will
be fed and transported to the Malaria Control Unit in Mpumalanga until the last day of collection
where larvae will be transported to the Vector Control Reference Laboratory (VCRL) at the

National Institute of Communicable Diseases (NICD).'

1.4.3.2 Collections from carbon dioxide-baited net traps

The mosquito trapping nets were planted on the ground near mosquito breeding sites and inside,
the CO; in the form of dry ice was placed in the cool and allowed for emission. Mosquitoes that

will get trapped on the nets will be collected using polystyrene cups and mouth aspirators.

13
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1.4.3.3 Collections from human landing catches

Human landing catches were done by sitting on chairs on the open space, closer to the breeding
sites. Each one involved in mosquito catching for the night will have a polystyrene cup and
sucking tube to collect adult mosquitoes. The tops of the cups containing collected mosquitoes
will be covered with gauze held in place by elastic rubber band to protect the mosquitoes from
escaping. A small cotton wool soaked in 10% sugar solution will be placed on top of cups and
gauze for feeding of captured mosquitoes. The cup containing mosquitoes will be kept cool in a

cooler box with a freeze block.'®

1.4.3.4 Mosquito collection from Pit Traps.

Searches for adult mosquitoes were conducted from manmade holes in a sand bank near
mosquito breeding sites. The mosquitoes will be collected from the pits using sucking tubes and
they will be transferred into polystyrene cups. The cup containing mosquitoes will be kept cool

in a cooler box with a freeze block.'®

All the samples (adult mosquitoes and larvae) collected will then be transported to the VCRL
insectary at the National Institute for communicable diseases (NICD) in Johannesburg where
mosquito rearing and laboratory tests will be performed. At the VCRL insectary, all wild
collected mosquitoes will be placed in separate glass vials, containing a damp filter paper to
facilitate oviposition and each mosquito will be given a unique identity number (continuing from
VCRL mosquito lab numbers from routine tests). These parate egg lying tubes for oviposition
are to keep each F, generation separate. Adults that emerge from the larval bowls will be cleared,

given a lab number and be exposed to insecticides at age 3-5 days.'®

1.4.4 Insecticide susceptibility tests

The test tubes with WHO insecticides impregnated papers will be prepared and placed on the
susceptibility testing table overnight, together with control tubes (tubes with untreated papers).
The following day, three days old adults (n=20-25) cleared from larval bowls will be exposed to
4% DDT and 0.05% deltamethrin (pyrethroid). Susceptibility tests will be conducted using WHO

14
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insecticide-impregnated papers and test kits. A laboratory colony of An. arabiensis (KGB) which
is known to be susceptible to all insecticides will be used as a control to ensure the reliability of
impregnated papers.'” In addition; negative controls will be used, wherein tubes consisting of
mosquitoes will be exposed to untreated papers. Knockdown will be recorded for 1 hour. Firstly,
recording will be done for every 5 minutes for the first 30 minutes followed by recording every
10 minutes thereafter for the remaining 30 minutes. After |1 hour, the mosquitoes were
transferred from the exposure tube to a holding tube and the knockdown rate recorded.
Mosquitoes were provided with a 10% sucrose solution and the final mortality was recording 24
hours post-exposure as defined by WHO criteria for determining susceptibility/resistance to

diagnostic insecticide concentrations.'’

1.4.5 Sporozoites/parasites detection

Only wild caught females will be analyzed for the presence of sporozoites. The heads and
thoraces of wild female mosquitoes will be separated from the rest of the body and analyzed for
the presence of malaria parasites (P .falciparum) using enzyme linked immunosorbent assay
(ELISA) technique.?® Negative controls consisting of unfed, colonized specimens of An.
arabiensis will also be included, and synthetic peptide standardized against P. falciparum will be
included on each plate as a positive control. Results will be analyzed using a microtitre plate

reader at wavelength 405 nm."®

The vector mosquitoes collected from Vlakbult were assayed using the ELISA method to

investigate their P.falciparum sporozoites rate and also, to give an indication of vector capacity.

1.4.6 Species Identification

Field-collected adults of An. gambiae complex mosquitoes were identified using morphological
keys * and were further identified to species level using the polymerase chain reaction (PCR)

assay of Scott et al. (1993). '°

PCR reaction' consisted of the following reagents, 1.25ul 10x reaction buffer (100m M Tris-
HCL pH 8.3, ImM KCI), 1.25ul 10x dNTP, 0.5ul MgCl2 solution, 0.5ul Quad Primer, 1.0pl

15
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each of UN, AG, AR, ME and QD primers, 4.9uldeonised H20 and 0.1ul Taq. A volume of 12.5
ul of the Master Mix was aliquoted into each 0.2 ul PCR and DNA added. Negative controls
consisted of master mix. PCR tubes with contents were centrifuged for 20 seconds at 16K rpm to
collect reaction mixture. Reaction was subjected to PCR cycling conditions of 95°C for 2
minutes initial denaturation, 30 cycles of 94°C for 30 seconds denaturation of DNA, 50°C for 30
seconds annealing of specific primers, 72°C for 30 seconds extension and a final auto extension

of 72°C for 5 minutes.

After amplification, the samples were removed from PCR machine and stored in the freezer. 4l
of loading dye was added to the content of each tube and samples loaded in the well of the gel.
Positive controls were loaded alphabetically (An. arabiensis, An. gambiae, An. merus and An.
quadriannulatus) followed by negative controls to the end of the gel. Samples were loaded and
gel electrophoresed at 100V/400mA for approximately 60 minutes. A fter electrophoresis, the gel
was placed into the GeneSnap cabinet (Vacutec G-Box from Syngene) and photographs of the

PCR products were taken.

Samples were scored by comparing the product size to those of the positive controls and
molecular marker size. An An. gambiae PCR file was developed and saved on the computer

where data analysis was conducted.

This study generated primary data which was entered and cleaned using personal laptop, data
will be processed using excel spreadsheet, STATA for statistical analysis and Epi Info software.
Data generated will be analyzed according to WHO criteria, which states that:
e 98-100% mosquito mortality 24 hours after exposure to insecticides indicates
susceptibility,
e <98% suggests potential resistance and needs to be confirmed and

e < 90% mortality suggests resistance.”’
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1.5 DUMMY TABLE

Insecticide used: DDT

Family(siblings) Family size | Insecticides used
DDT

% Mortality

Family 1

Family 2

Family 3

Family 4

Family 5

Family 6

Family 7

Family 8

1.6 ETHICAL AND LEGAL CONSIDERATIONS

Malaria control program had given permission to proceed with the study in Mpumalanga after an

entomologist from Mpumalanga malaria control program identified a vector breeding site at

Vlakbult '°. Permission to conduct this study was also obtained from the University of Pretoria

Main ethics (attached in the apendices).
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1.7 BUDGET
Total cost
Item Cost per item
R115 X 3X
Field work by field 9=R3105
workers R115/worker/day
PCR,ELISA, animal R10 000
Lab work husbandry
Covered through VCRU RO 00
Travel trips
R12 000
Accommodation R600/night X 2 weeks
R25 105
GRAND TOTAL

The funds for the study are available from the South African Field Epidemiology and Laboratory

Training (SAFELTP) grant.
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1.8 ACTIVITIES AND RESPONSIBILITIES

ITEM Person responsible Start date End date

Entomology skills VCRL team July 2012 December 2012

training

Mosquito collection Mpumalanga Team, | November 2012 January 2013
VCRL Team and
Ntsieni

Rearing Nitsieni (and the November 2012 January 2013
VCRU team)

Bio-assay test Ntsieni(and the November 2012 March 2013
VCRL team)

Data entry and cleaning | Ntsieni January 2013 March 2013

Data analysis Nitsieni February 2013 February 2013
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Task

Draft protocol

APC submission

Dec
2012

January
2012

February
2013

March
2013

April
2013

May
2013

June
2013

July
2013

August
2013

Ethics

submission

protocol

approval

Mosquito

collection

Mosquito

rearing

Bio-assay test

Data entry

Data analysis

Report Writing

Dissertation
submission to
University of

Pretoria

Publication
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PART TWO: JOURNAL ARTICLE

2.1 cover letter
Faculty of Health Sciences
School of Health Systems and Public Health
HW Snyman Building (North)
31 Bophelo Road
Gezina
Pretoria
30 October 2013

The Editor
South African Journal of Science (SAJS)

REF: SUBMISSION OF MANUSCRIPT
Dear Sir/Madam,

Please find attached our manuscript entitled “Insecticide susceptibility analysis of Anopheles
gambiae complex in Vlakbult, Mpumalanga 2012/13” by Ntsieni Rahab Ramalwa et., al a

research article for consideration for publication in your journal.

We believe the results presented in the manuscript provide a guide to malaria control efforts in
Mpumalanga in terms of vector control. Mpumalanga will know what interventions are needed
for vector control in Vlakbult because there are malaria transmitting vectors detected in this area
and also, locally acquired cases have been reported in Vlakbult after our study detected An.

arabiensis in this area.

All authors listed have approved the manuscript and declared no competing interests. We declare
that this manuscript has not been published in any scientific journal and is not being considered

for publication by another journal.

Thank you for your consideration. Please address all correspondence to me by e-mail:
ntsieni.sekhwama@gmail.com

Yours sincerely,
m..;\:‘m‘:‘i:; ;;‘a i o ey,

Ntsieni Rahab Ramalwa
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2.2 Manuscript

Insecticide susceptibility analysis of Anopheles gambiae complex
in Vlakbult, Mpumalanga 2012/13

N.R. Ramalwa™"", B.L. Spillings®®, E. Misiani¢, C. de Jager®, S.V. Oliver®, A. Mabuza',
D.P. Moonasar® and L.L. Koekemoer*®

®School of Health Systems and Public Health, Centre for Sustainable Malaria Control Faculty of Health Sciences,
University of Pretoria, Pretoria, South Africa .

®South Africa Field Epidemiology and Laboratory Training Program, National Institute for Communicable Diseases
of the National Health Laboratory Services, Private Bag X1, Sandringham 2131, South Africa .

‘Vector Control Reference Laboratory, Centre for Opportunistic, Tropical and Hospital Infections, National Institute
for Communicable Diseases a division of the National Health Laboratory Service, Sandringham, Johannesburg,
South Africa.

YWITS Research Institute for Malaria, School of Pathology, Faculty of Health Sciences, University of the
Witwatersrand, Johannesburg South Africa.

*National Department of Health- South Africa, Civitas Building, Cnr Andries & Struben Street, Pretoria, Gauteng,
0001, South Africa, Mpumalanga Provincial Government: Department of Health and Social Services, Private Bag
X11278, Nelspruit, Mpumalanga, South Africa

*Author for correspondence E-mail: ntsieni.sekhwama@gmail.com
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2.3 Abstract

Recent entomological surveillance studies revealed the presence of Anopheles arabiensis, a major
malaria transmitting vector within the Anopheles gambiae complex in Vlakbult, an area in
Mpumalanga Province. The aim of the study was to obtain baseline data on prevalence and
insecticide susceptibility of vector mosquitoes present in Vlakbult. This experimental study was
conducted based on the World Health Organization (WHO) bioassay testing procedure. Mosquitoes
were collected and identified using morphological keys and Polymerase Chain Reaction.
Mosquitoes morphologically identified as Anopheles gambiae complex were exposed to 4% DDT
and 0.05% deltamethrin and mortality recorded after 24-hours. An enzyme-linked immunosorbent
assay (ELISA) test was then conducted on these mosquitoes to detect sporozoites. A total of 130
mosquitoes were collected and identified. Results revealed that 56 (43%) were Anopheles gambiae
complex, of which 35 (63%) were identified as Anopheles arabiensis and 4 (7%) were identified as
Anopheles merus. There was 100% mortality within 24 hours of exposure to 4% DDT and 0.05%
deltamethrin. The ELISA test revealed zero parasite prevalence (0/32). This study concludes that
the presence of An. arabiensis in the mosquito population of Vlakbult poses a potential risk for an
outbreak of malaria as these are known malaria transmitting vectors. The Mpumalanga malaria
control program needs to increase their surveillance and review mosquito control strategies in the

Vlakbult area.

Key words: Anopheles gambiae complex, insecticides, susceptibility
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2.4 Introduction

Malaria remains one of the most serious tropical diseases in the world'. The 2012 World Malaria
Report estimates 216 million cases of malaria worldwide' with 81% occurring in the African
region. In addition, the report also recorded an estimated 655 000 deaths of which 91% were in
the African region.' In South Africa three provinces, Limpopo, KwaZulu-Natal (KZN) and
Mpumalanga, are affected by local malaria transmission.” Malaria in South Africa is categorized
as seasonal, with peak transmission occuring between September and May, with the potential of

outbreaks.?

South Africa is targeting malaria elimination by the year 2018, wherein the country aims for zero
recorded locally acquired cases of malaria infections.>>The country has made enormous progress
in controlling malaria transmission over the past 100 years and the most important lesson learned

. . . . . 6
has been the need for constant vigilance and surveillance of malaria vectors and parasites.

The main essential step in a malaria vector control programme is the accurate identification of
mosquitoes involved in malaria transmission so that the limited resources are not wasted on other
mosquitoes that do not transmit malaria.® This starts with separating Anopheles mosquitoes from
other culicine mosquitoes and then identifying species within the genus Anopheles so as to
separate vectors from non-vectors.”® Many species are known to belong to a ‘species complex’
and therefore look identical morphologically. Such species can be identified further through the
use of modern molecular methods such as PCR.”'° One such group is the An. gambiae complex,
which comprises of eight members: An. gambiae, An. coluzzii and An. arabiensis (major malaria
vectors), An. merus, An. melas and An .bwambae (minor or localized vectors) and An.

quadriannulatus and An. amharicus are not known to transmit malaria.'""'2

Although South Africa has one of the most effective malaria control programs on the continent,
it relies on the use of insecticides for vector control.’ South Africa is one of the countries that
continue to use DDT in combination with pyrethroids for indoor residual spraying (IRS).% In
order to ensure that the insecticides chosen for malaria vector control remain effective, routine

WHO insecticide susceptibility assays should be carried out on the local vector populations.]3
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The aims of this study were to : obtain data on malaria vector prevalence in Vlakbult,
Mpumalanga province (November 2012-January 2013), determine insecticide susceptibility
status of An. arabiensis present in Vlakbult and to determine sporozoite infectivity rate in wild

caught An.arabiensis mosquitoes collected in Vlakbult from November 2012 —January 2013.
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Fig.1. A map of Mpumalanga, showing the five municipalities (Mbombela, Bushbuckridge, Thaba Chweu, Umjindi
and Nkomazi) of Ehlanzeni district."> The Vlakbult region is marked by the red star.
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2.5 Materials and Methods

2.5.1 Study Site

Researchers from the NICD and Mpumalanga malaria control program including field workers,
field epidemiologist and entomologists, chose the Viakbult area 25° 38’ 43.3” S, 31°42° 00.2” E
(Fig 1), as the main site for this study.

Entomology surveillance conducted in Vlakbult in 2011 detected a vector breeding site from this
area and identified An. arabiensis, a major malaria transmitting vector (Table 1).'® Comparing to
other mosquito species collected in all new breeding sites, Vlakbult produced 4n. arabiensis in

4
abundance. '

Table 1: Composition of species collected from new breeding sites in Mpumalanga, October — December 2011."

An. An. An. An.
New Breeding sites | arabiensis | merus quadriannulatus | rivulorum | TOTAL
Komati Town 0 3 1 0 4
Mangweni 0 6 0 0 6
Boschfontein 0 2 0 0 2
Magudu 0 1 0 0 1
Mgobodi 2 2 1 0 5
Mzinti 2 8 0 0 10
Tamahawk 3 5 1 7 16
Vlakbult 23 2 0 0 25
TOTAL 30 29 3 7 69

Vlakbult is a village situated in Nkomazi municipality that falls under Enhlanzeni district of
Mpumalanga province in South Africa (Fig: 1)."> During the period of the study, 640 cases were
reported in Nkomazi municipality, 10 of which were reported from Vlakbult (Mpumalanga

malaria control, unpublished data)
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2.5.2 Data collection

We collected samples from the Vlakbult one full week per month during November 2012,
December 2012 and January 2013. Adult mosquitoes were collected using three different
methods: collections from carbon dioxide (C0,) baited traps, pit trap collections and from human
landing catches (HLC). Larval collections were also conducted from stagnant water a near

flowing river in Vlakbult.

Adult An. funestus group and An. gambiae complex specimens were collected and transferred
into polystyrene cups. To protect the mosquitoes from escaping, the cups were covered with
gauze held in place by elastic rubber bands. Mosquitoes had access to 10% sucrose solution. All
the collected specimens (adult mosquitoes and larvae) were transported to the Vector Control
Reference Laboratory (VCRL) insectary at the National Institute for communicable diseases

(NICD) in Johannesburg.

The wild female mosquitoes were placed in separate glass oviposition vials. The females had
access to damp filter paper for oviposition and 10% sucrose. Eggs were reared as iso-female
lines and emerged adults (F; generation) were combined into cages. Adults had access to 10%
sugar water and were analyzed for insecticide susceptibility when they were between 3 - 5 days

old.
2.5.3 Insecticide susceptibility tests

The exposure tubes containing insecticide impregnated papers, sourced from WHO, were
prepared and placed on the susceptibility testing table overnight, together with control tubes. The
following day, mosquitoes aged between 3 and 5 days old were exposed to 4% DDT and 0.05%
deltamethrin.'® Controls included a laboratory colony of An. arabiensis (KGB) which is known
to be susceptible to all insecticides was used as a control to ensure the reliability of impregnated

papersand mosquitoes that were exposed to untreated papers (no insecticide).'®
Initial insecticide knockdown was recorded after a one hour exposure period, following which

the 24 hour post exposure mortality was calculated.'® The WHO criteria for determining

susceptibility/resistance to diagnostic insecticide concentrations was used, which states that a
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98-100% mortality rate 24 hours post insecticide exposure is indicative of susceptibility, < 98%

requires further investigation, and < 90% confirms vector resistance to insecticides.'®

2.5.4 Species identification

The adult mosquitoes captured at the site, and adults resulting from the larval collections, were

78.9,17,18.21 Species level

identified to species group or complex using morphological keys.
identifications of the An. gambiae complex specimens was carried out by Polymerase Chain
Reaction (PCR) according to Scott er al’ PCR using the rDNA method developed by
Koekemoer ef al., was used to identify members of the An. funestus group.'” DNA extractions

for the aforementioned PCR protocols were conducted using a salt precipitation method.’

2.5.5 Plasmodium falciparum Sporozoites Detection

Wild female mosquitoes captured at the site were analyzed for the presence of sporozoites. The
heads and thoraces were separated from the rest of the body and analyzed for the presence of P.
falciparum  circumsporozoite protein, using an indirect ELISA technique.”® Negative controls
consisting of unfed, colonized specimens of An. arabiensis were also included, and synthetic
peptides standardized against P. falciparum were included on each plate as a positive control.
Results were analyzed and after the first ELISA test, specimens that tested positive were retested
by boiling the specimen and re-conducting the ELISA technique to confirm infection of

mosquitoes with sporozoites.?’

2.6 Results
2.6.1 Mosquito collections and identification

A total of 130 mosquitoes were captured during the study period. Identification of collected
mosquitoes by morphological keys identified 62 mosquitoes belonging to the An. gambiae
complex [47.6%], 26 [20%] belonging to the An. funestus group, 3 [2.3%] as other Anophelines
and 39 [30%] as Culicinae. PCR revealed that 39 [62.9%)] of the An. gambiae complex collected
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not be identified at the species level.

The An. funestus group mainly consisted out of An. vaneedeni (61.5%; 16/26) followed by An.

rivolurum (6/26; 23.1%) and An. leesoni (4/26; 15.4%). The specimens identified as An.

marshalli, An. demeilloni contributed to less than 5% of the total sample collected ( Table 2).

Table 2: Mosquitoes captured at the Vlakbult, Mpumalanga region of South Africa during three time periods d from
November 2012 to January 2013.

Anopheles gambiae | Unidentified (to species

Complex level) 11/130 8.5%
An. arabiensis 39/130 30%
An. quadriannulatus 8/130 6.2%
An. merus 4/130 3.1%

SR ey An. vaneedeni 16/130 12.3%

Group
An. leesoni 4/130 3.1%
An. rivulorum 6/130 5.4%

Other Anophelines | An. demeilloni 2/130 23%
An. marshalli 1/130

Culex group Culex sp. 39/130 30%

TOTAL 130 mosquitoes 100%
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Anopheles gambiae complex mosquitoes
collected in Vlakbult, November 2012-January
2013 (=62)

» unidentified (gambiae

complex)

» An. arabiensis

An. quadriannulatus

® An. merus

Fig.2. Mosquito species from An. gambiae complex, showing majority of mosquitoes to be
An.arabiensis. 16% were could not be identified by PCR but were morphologically identified as

mosquitoes from 4n. gambiae complex.
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Table3. Mosquito collections by method of collection, November 2012-January 2013: Vlakbult, Mpumalanga Province of South
Africa.

An arabiensis 2 32 5 | 0 39
An.
quadriannulatu 2 4 2 0 8
s
An. merus 1 2 1 0 4
unidentified
(An. gambiae 5 5 1 0 11
complex)
An. vaneedeni 7 1 7 1 16
An. leesoni 1 0 2 1 4
An. rivulorum 5 0 0 1 6
An. demeilloni 1 0 1 0 2
An. marshalli 0 0 1 0 1
Culex
““:'::"f‘: 34 4 | 0 39
malaria)
Total 58 48 21 3 130
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The collection method that yielded the most An. arabiensis specimens was the larval collection
from stagnant water near a flowing river at the Vlakbult site. Collection from pit traps yielded
three mosquitoes and the CO, baited trap method yielded double the number of mosquitoes

collected from HLC method.

2.6.2 Susceptibility Tests

The captured mosquitoes (larvae that were reared through to adults) were exposed to only two
classes of insecticides, Organochlorides (4% DDT) and pyrethroids (0.05% deltamethrin)
because these are the two insecticides that are used in Mpumalanga for IRS and because of the
small sample size collected. In total there were 28 captured An. arabiensis mosquitoes derived
from the larval collections, and 50 controls exposed. The post 24 hour recordings showed 100%

mortality, indicated on figure 2 below).

8 Wluam 25 suscepti

| | |
100% 100% . 2
- - - o

Figure 2: Results obtained from WHO standard susceptibility assays.
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2.6.3 Parasites detection

A total of 32 captured adult An. arabiensis mosquitoes were tested for the presence of P.
Jalciparum circumsporozoite protein using the ELISA technique. 32/32 (100%) mosquitoes

tested negative for P. falciparum.

2.7 Discussion

Mpumalanga Province is one of the malaria endemic provinces of South Africa’. A vector
breeding site was identified in 2011 at Vlakbult, an area which is considered malaria low risk

within Mpumalanga and entomological surveillance was conducted during 2011."

The results from this study revealed the presence of An. arabiensis mosquitoes. Anopheles
arabiensis are highly efficient vectors and are responsible for malaria transmission in large parts of
sub-Saharan Africa.”®'® Anopheles arabiensis possesses both the anthropophilic and zoophilic
feeding patterns and rests both indoors and outdoors. ”® This exophilic and endophilic behavior
presents a great challenge to vector control programmes that only use IRS, because it means that

other feasible and acceptable strategies will have to be developed for outdoor control.”'”*!

The majority (28/35 [80%]) of An. arabiensis mosquitoes that were collected for this study were
collected using larvae collection method. This could mean that for the Mpumalanga malaria
control, larviciding may be an additional malaria control intervention to current IRS
interventions in Vlakbult. In addition, An. arabiensis outdoor-resting behavior® further
emphasizes the potential suitability of larviciding for vector control within this area.

Three methods were used for collection of adult mosquitoes in this study, namely: collections
from human landing catches, C0, baited traps and collections from pit traps. When comparing
these methods, collection from human landing catches yielded more than double the number of
mosquitoes collected using CO, baited traps collection method and three mosquitoes were

collected using the pit trap collection method from this new breeding site.
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Anopheles arabiensis showed full susceptibility to 4% DDT and 0.05% deltamethrin based on
the WHO recommendation. Although the observed mortality percentage was 100% on both the

DDT and deltamethrin, future monitoring for insecticide resistance is critical.

WHO recommends a sample size of 100 mosquitoes (per species, excluding controls) to be
exposed per insecticide for conclusive results.'® However, this study only exposed 22 An.
arabiensis to 4% DDT and 8 An. arabiensis to 0.05% deltamethrin, And for each exposure, 50
controls were included. The small sample size highlights that entomological surveillance needed
for extensive periods of time to ensure sufficient data are collected to inform the malaria control

efforts in Mpumalanga.

A study done by M.F.Mbokazi 2011'*, also showed very low numbers of mosquitoes (An.
arabiensis, An. merus and An. quadriannulatus) when collecting from this site (Vlakbult) in

1]4

October, November and December 201 We therefore suspect that this new vector-breeding

site has low mosquito populations. However, within the low numbers of mosquitoes collected,

the abundant vector is An. arabiensis.'*

Vector incrimination, through the detection of circumsporozoite proteins, revealed that none of
the mosquitoes collected for this study were infected with P. falciparum. This finding should
however be interpreted with caution. The sample size for this study was small and hence if a
lower entomological infection rate is present in this population, it might not have been detected

due to the limited sample size

Although the parasite infectivity rate was zero percent, the mosquito population in this area is
made up of both major (4n. arabiensis) and minor (4n. merus) malaria vector mosquitoes and
thus the risk of malaria transmission will continue to be present in this area. In March 2013, three
locally transmitted malaria cases were reported from Vlakbult (Mpumalanga Malaria Control,

unpublished data).
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2.8 Conclusion

This study highlights that An. arabiensis is present in the Vlakbult area in Mpumalanga, and
suggests that An. arabiensis is the dominant malaria vector. This vector is variable in its resting
and feeding behaviors reducing the efficacy of an IRS only control strategy. ~'*** This study
concludes that the major malaria transmitting vector is present in Vlakbult and the An.arabiensis
present are susceptible to 4% DDT and 0.05% deltamethrin. None of the mosquitoes subjected
to ELISA technique were infected with Plasmodium falciparum parasites. The presence of a
major malaria transmitting vector in Vlakbult poses a potential risk for an outbreak of malaria.
South Africa strives towards malaria elimination by 2018, and Mpumalanga province strives to
maintain its malaria case fatality rate below 0.5% and its incidence of malaria to < 100 per 100
000 people per year™. To achieve these goals, malaria vector control and surveillance needs to

be intensified, including the continuation of routine insecticide susceptibility studies.
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Guidelines for Authors

The South African Journal of Science accepts articles from any source on the understanding that they are the
original work of the authors named and that they are being offered only to the South African Journal of
Science.

Various kinds and categories of article are welcome. (Please consult a recent issue of the journal for
examples.) Research communications are of three kinds: Research Letters, Research Articles and Review
Articles. Research Letters are shorter reports (normally no longer than 2000 words) and should be up-to-date
accounts of interesting and noteworthy scientific developments. Although these reports may be concerned
with very particular advances, they should be of wider than specialist interest. Research Letters are given
priority in terms of rapid publication after acceptance. Research Articles are longer papers (normally no more
than 6000 words in length). Here the criteria of intelligibility and wider interest are strictly applied. Review
Articles (up to 6000 words long) should be up-to-date surveys of important current developments in science.
Preference is given to concise, reader-friendly submissions.

Submission of manuscripts for consideration: Manuscripts should be submitted online at
http://mc.manuscriptcentral.com/sajs Please ensure that you have complied with the guidelines and
completed the publishing agreement (available from the login page) before you submit. Submissions that are
incomplete or do not comply with the instructions will be returned.

Pre-submission enquiries: If you wish to enquire whether your submission might be suitable for
consideration by the South African Journal of Science, please email the Editor-in-Chief at
j.butleradam@gmail.com. All pre-submission enquiries must include a summary and a cover letter outlining
the article’s interest to a broad scientific readership.

Readability: As the journal has a multidisciplinary focus, authors are requested to write their manuscripts in
a manner and style that is intelligible to specialists and non-specialists alike. Articles are judged by reviewers
at the discretion of the editors. Contributions should therefore be written clearly and simply so that they are
accessible to readers in other disciplines and to readers for whom English is not a first language.

Note: Please use UK spelling and not US spelling. If in doubt, consult the Oxford English Dictionary.

Format of compulsory cover letter: The cover letter should indicate briefly the significance of the work
being reported. State the full name, title, affiliation and contact details (postal address, email, telephone and
cell number) of each author. Please identify the author to whom all correspondence should be addressed.

Include a paragraph briefly summarising the nature of the contribution made by each of the authors listed,
along the lines of the following:
Author contributions: J.K. was the project leader, L.M.N. and A.B. were responsible for experimental and
project design. L.M.N. performed most of the experiments. P.R. made conceptual contributions and S.T.,
U.V. and C.D. performed some of the experiments. S.M. and V.C. prepared the samples and calculations
were performed by C.S., J.K. and U.V. wrote the manuscript.
Authors will be required during submission to provide the names and full contact details (including email) of
three potential reviewers to evaluate the work (reviewers should not be people with whom the researcher has
recently collaborated or published).

Title, summary and keywords page: The article’s full title should contain a maximum of 95 characters
(including spaces). Five keywords should be provided. Articles and letters should begin with a fully
referenced summary paragraph of up to 250 words, aimed at readers in other disciplines. This paragraph
should start with 2-3 sentences that provide an introduction to the field and the particular problem being
investigated. This should be followed by a one-sentence statement of the authors’ main findings (or
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conclusions, in the case of a review paper); and a further 2-3 sentences placing these findings/conclusions in
a general context so that readers are made aware of what the implications of these findings are.

Ethical guidelines: Submissions involving research conducted on human or nonhuman vertebrates should
meet the highest standards regarding both the ethical consideration given and reporting of the procedures
followed. Full details are necessary so that a non-specialist reader can appreciate the need for the research
undertaken.

All reported research involving humans or other animals should be approved prior to commencement of the
study by an institutional ethics committee. The name of the approving body and a reference number (if
provided) should be included in the Methods section of the manuscript.

In addition, all manuscripts describing research involving human subjects, tissue or data should also indicate
that informed consent was obtained and that the principles of the Declaration of Helsinki
(http:/mvww.wma.net/en/30publications/10policies/ b3/) were adhered to. All manuscripts describing research
involving non-human animals should also indicate that the ARRIVE guidelines (http://www.plosbiology.
org/article/info%3Adoi%2F 10.1371%2Fjournal.pbio.1000412) for reporting in vivo animal experiments were
adhered to. Proper reporting should include the number, sex and health status of the individuals used, as well
as full details of anaesthesia and surgical procedures. The Declaration of Helsinki and the ARRIVE
guidelines are also available from sajs@assaf.org.za. Manuscripts failing to adhere to these instructions will
not be considered for publication.

Plagiarism: Plagiarism is when you use someone else’s work (book, article, website, etc.) or idea without
acknowledging them as the source, whether it be copied verbatim or paraphrased. All cases of suspected or
alleged plagiarism will be considered very seriously in accordance with the journal's Plagiarism Policy which
is available on the journal’'s website.

Acknowledgements: If you received any significant help in conceiving, designing, or carrying out the work,
or received materials from someone who did you a favour by supplying them, you must acknowledge their
assistance and the service or material provided. Authors always acknowledge outside reviewers of their
drafts and any sources of funding that supported the research.

References: The reference list should begin on a separate page and include no more than 60 references.
The South African Journal of Science uses the Vancouver referencing style, details of which can be
downloaded from the journal website at www.sajs.co.za. No other style will be permitted.

Key points include:

« A superscript number should be assigned in numerical order to each reference as it is cited in the text.
Sources should be listed numerically at the end of the article, in the same order that they were cited in text.
Book and journal titles are not italicised or placed in quotation marks.

» Abbreviate page numbers to p. (e.g. p. 12-25).

* Only the first words of titles and words that normally begin with a capital letter are capitalised.

+ Journal titles are abbreviated according to the official ISSN abbreviations.

- If a source has more than 6 authors, list the first 6 authors followed by et al.

» If the journal has continuous page numbering, you may omit the month/issue number.

General specifications of manuscripts

Format of text: Manuscripts should be typed in Times New Roman font, 12 point size with one and a half
line spacing. Please save manuscripts for upload in .DOC (not .DOCX) format. Please ensure authors’
names and affiliations and any acknowledgements are omitted to facilitate the double-blind review process.

Unique fonts: If these are necessary, they should be embedded in the .DOC file in order to ensure they
display correctly in the HTML version.

Layout: Start each paragraph at the margin (no tabs to indent first line). Include a line space between
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paragraphs to separate.

Heading styles: First level headings: (Boldface, normal case, centred, on a separate line, 14pt). Second
level headings: (Boldface, normal case, justified at left margin, on a separate line, 14pt). Third level headings:
(Boldface, normal case, justified at left margin, on a separate line, 12pt)

Quotations in the text: Single quotation marks are used for all quotations; to highlight a quote within a
quote, please use double quotation marks. If citations are longer than 30 words, please do not use single
quotation marks; rather indent the citation and italicise it.

Tables and figures: There should be no more than 10 figures and tables in total per article. All captions
should be provided together on a separate page. Figures should be provided as high-resolution images in
TIF format (avoid GIF or compressed formats). Excel files should be uploaded as individual sheets, not the
entire workbook.

Equations: Use English Equation Editor if you have equations in your manuscript; other versions will not
convert correctly.

Acronyms: If a phrase with an established acronym or abbreviation is used, and appears more than five
times in your article, please include the acronym/abbreviation in brackets after first mention of the phrase,
then use the acronym/abbreviation only. Please note that you should not define acronyms or abbreviations in
any of your headings. If either has been used in your abstract, you need to define them again on their first
use within the main text.

Units: The use of units should conform to the Sl convention and be abbreviated accordingly. Metric units and
their international symbols are used throughout, as is the decimal point (not the decimal comma), and the 24-
hour clock.

Spacing and punctuation: There should be one space (not two) between sentences; one space before unit
terms (e.g. 5 kg, 5 cm, 5 mmol, 5 days, 5 °C); but no space before %. Thousands/millions are marked with a
space, not a comma, from 10 000 (e.g. 10 000, 1 000 000 but 1000). Ranges are expressed with an
extended hyphen, not with a short hyphen (e.g. 1990-2000).

Dates: Dates are written in the following style: 12 July 1908.

Permission: Permission should be obtained from the author and publisher for the use of quotations,
illustrations, tables and other materials taken from previously published works that are not in the public
domain. The author is responsible for the payment of any copyright fee(s) if these have not been waived. The
letters of permission should accompany the manuscript. The original source(s) should be mentioned in the
figure legend or as a footnote to a table.

Proofs: Authors can provide feedback on the publication process of their manuscript, at two stages:

1. After copy-editing of the Word document
2. On the PDF proof after layout

Revisions and corrections must be received promptly (within 48 hours) to avoid delays in publication.
Substantial changes made at PDF proof stage will be charged to the author.

Reprints: The journal is published on an open-access model and authors can download their material from
the journal website freely and distribute it under the Creative Commons Attribution Licence.

Strict adherence to these guidelines will expedite the publication process.
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Vancouver referencing style guide
In text

» A superscript number should be assigned in numerical order to each reference as it is cited in the text. A
number must be used even if the author is given in the text (e.g. Jones® reported that...).

e The original number assigned to a reference should be used each time the reference is cited in text.

o  When multiple references are cited together, use a hyphen to join the first and last numbers that are
inclusive (e.g. ...was reported>®) and commas (without spaces) to separate non-inclusive numbers (e.g.
...was reported”®'?),

o The superscript citation number shouid be placed outside full stops and commas and inside colons and
semi-colons. If the source applies to only a part of the sentence, the number should appear directly after
the end of that part of the sentence without a space.

Reference list

» Sources should be listed numerically at the end of the article, in the same order that they were cited in
text.

« Book and journal titles should not be italicised nor placed in quotation marks.

e Only the first word of the article title and words that normally begin with a capital letter should be
capitalised.

» Journal titles should be abbreviated.
» If the journal has continuous page numbering, the month/issue number can be omitted.

« If there are more than six authors, the first six authors should be listed, followed by et al.

Some common examples:

Journal article

Author’s surname Initials, Author's surname Initials. Title of article. Abbreviated journal title. Year of
publication;volume(issue number):page numbers.

Journal article on the Internet:

Author's surname Initials, Author's surname Initials. Title of article. Abbreviated journal title [serial on the
Internet]. Year of publication month day [cited year month day];volume(issue):[number of pages]. Available
from: URL

Article in press
Author's surname Initials, Author's surname Initials. Title of article. Abbreviated journal title. In press Year.
Article not in English

Author's surname Initials, Author's surname Initials. Title of article in original language [translated title in
English]. Abbreviated journal title. Year of publication;volume(issue number):page numbers. Original
language.
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Book

Author/editor's surname Initials. Title of book. ed. [if not 1st]. City of publication: publisher's name; year of
publication.

Chapter in a book

Author's surname Initials. Title of chapter. In; Editor's surname Initials, editor. Title of book. ed. [if not 1st].
City of publication: publisher's name; year of publication. p. xx—xx. [page numbers of chapter, separated by
an en dash and not elided]

Conference proceeding

Author's surname Initials. Title of paper. In: Editor's surname Initials, editor. Title of conference; date of
conference; place where conference was held. City of publication: publisher's name; year of publication. p.
xx—xx. [page numbers]

Newspaper article
Author’s surname Initials. Title of article. Title of newspaper. Year month day;page/section.

Website / homepage

Author/Editor/Organisation's name. Title of the page [homepage on the Internet]. City of publication:
publisher's name; year created [updated year month day; cited year month day]. Available from: URL

Thesis / Dissertation

Author's surname Initials. Title of thesis or dissertation [thesis/dissertation]. City: university; year.

Personal communication

Personal communications used as a reference should be avoided, unless they provide essential information
that is not available from a traceable source. Personal communications should be cited in text only and
should not be included in your reference list. It is advisable to get permission from the source/author of your
personal communication. Personal communications in the text should include the date and type of

communication (e.g. oral or written):

Surname Initials Year, oral/written communication, month day

For a more comprehensive list of examples see http://www_library.up.ac.za/health/Vancouver.htm
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