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ABSTRAC~

The potential of Aedes aegypti to act as a 'lector of
dengue \DEN) viruses was assessed in the cropical and
subtropical regions of South Africa. The prevalence in
bamboopot ovitraps, utilization of artificial larval
habitats and antihr-opophf.Li smof Ae. aegypti wasmeasured
in fifteen populations from coastal Natal and f~.ve from
the Transvaal. Pot indices generally ranged from 40-100
per cent (x±s;c= 60,3±9,8), with a mean abundance index
of O,43±O,15 (sx) mosquitoes/pot/day. Artificial
container indices ranged from 11-83 per cent (X±si =
56,8±5,6). Biting rates ranged from 0,2-29,0 per man-
hour, in direct relationship to the level of
urbanization. The feral Nduntupopulation was least
anthropophilic, although pot and abundance indices were
high.

To investigate the presence of subspp. aegypti and
formosus, the pale scales d!') t.~rgite-l were counted in
ten or more siblings from each of 196 families,
represen~ing eighteen populations. At least 118 of these
families were hetero9'eneous, each containing some
siblings with no pale.;scales and others with pale scales
on tergite-1, thus invalidating this character for
distinguishing between the subspp. Isozyme
electrophoresis 'did not provide diagnostic electromorphs
for distingllishing between different populations.
Allelomorph frequencies and the numberof pale scales on
tergite-l and tergite-2 differed significantly in
individual populations but not between anthropophilic and
non-anthropophilic populations. As there was no
correlation between tergal morphology, isozymes and
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anthropophilism, the populations could not be resolved
into the two subspp. Based on the only morphological
character that appears to be reliable, viz. the blackness
of the background scales, all of the populations are
probably Ae. aeg'ypti formosus.

The vector I competence of five populations for DEN-l

and DEN-2viruses was tested in the laboratory after
allowing mosquitoes to feed on an infective blood-virus
mixture. Viral antigen was detected by indirect
fluorescent antibody test. Head-squash infection rates
(HSIRs) ranged from 11-54 per cent for DEN-land from 19-
46 per cent for DEN...2. Transmis<:'·dN1rates (TRs) were
determined by in vitro capillary method and ranged from
67-100 per cent for DEN-l and from 11-86 pier cent for
DEN-2.Meanvector competence indices (cal~\ulat,ecl from
HSIRsand TRS) ware 0,13-0,41 for DEN-l and 0,,18-0,34 for
DEN-2. It is concluded that, should DENbe ~eintroduced
to South Africa via the shipping or tourist industries,
Ae. aegypti would b-a an efficient urban vector. The
Durban population is of particular epidemiological
importance because it was highly anthropophilic and was
the most vectorially competent of the South Af:;rican
populations.
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PREFACE

o

Danque has become the world'sl most important
arboviral disease, causing considerable humansuffering
and placing unexpected burdens on the health services
(and economies) of countries tha't have been affected by
epidemics. South Africa, too, is at risk, for several
reasons:

i) several generations have passed since the last
dengue epidemic of 1926/1927 in the Durbanarea, so that
the humanpopulation is largely susceptible to infecti0n
with dengue virus;

ii) the mosquito responsible for transmitting dengue,
AedE:i:saegypti, occurs within our borders and its
population density is thought to have increased in the
subtropical parts of Natal and the Transvaal due to
incre.ased urbanization;

fii) there have been real and suspected intro-
ductions of dengue through infected travellers returning
from the endemic areas of Asia, a situation which can
only eaceLat.e with the growth in air-links with these
countries;

Lv) be'cween1976 and 198~1 dengue outbreaks have
occ\..rred in Mozambiqueand other East African countries
where before they had only been recorded in WestAfrica,
except for the Durban epidemic in 1926/1927~

o

In view of this, a study was initiated in the
Arbovirus Unit of the Nat:l.onal Institute for Virol ':JY
(NIV), sandringhamto determine the potential for dengue
epidemics in the tropical and subtropical regions of
south Africa. The approach used was to investigate the
potential mosquito vectors of dengue virus, of which

viii



there are several, in these regions. The work submitted
in this dissertat' ,concentrates on the ecology,
taxonomy and vector competence of one of these mosquito
species, viz. Aedes ~.§9y..p.tit forming a subset of the

larger study.

I wish to thank Professor B.D. Schoub, Director of
the NIV, for permission to submit work for this
dissertation which was done in the course of my official
"iuties as medical errco ..ologist in the Arbovirus unit. I

am particularly grateful to Dr P.G. Jupp for initially
providing me with the opportunity to work· 75 his research
assistant, and for his supervision and continual
encouragement since that time. The ....cological and vector
competence work would have been Lmpoas Ib.Le without his
direct involvement. and generous sharing of expertise •.I
also need to acknowledge Dr Jupp for gc~erating the data
in the morphological study of Aedes 2_egy~t~.

o

Mosquitoes were collected from areas under the
jurisdiction of the KwaZulu Bureau of Natural Resources
and the Natal and National Parks Boards, and froI,lfarms
belonging to Messrs J. Henderson of Port shepscone

(Armadale), J. Hiemstra of Mica (Hope) and R.J. t.aburn of
Magaliesburg (Kloofwaters). For hospitality and field
collaboration, I thank the following: the Department of
community Services, 1Richards Bay; the Durban city Health
Department; Mr O. Human of "Kinderstrand", Glenmore

I am indebted to other staff-members of the Arbovirus
Unit: ,the Deputy-Director I Dr N.K· Blackburn for advice
on the :i.ndireQtinununofluorescent antibody technique; Mrs
G.M. Meen~han for p.'reparingmouse anti-dengue ascites;
Messrs o. Matlala, M.E. Chauke, BoJ. Mahlangu, D. Tegedi
and s. Nhlapu for technical assistance in the field and
insectary.
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Beach; the Kruger National Park; Dr B.M.MCIntoshof Oslo
Beach; the National Institute for Tropical Diseases:,
Eshowe and Tzaneeni the NdumuGameReserve; and the

t

Research Insti tute for Diseases in a ';;ropical
Environment, Congella.

Dr M. Coetzee, medical entomologist at the South
Af+ican Institute for Medical Research (SAIt~) provided
training in the technique of polyacrylamide gel
et6ctrophoresis of mosquito enzymes for which I ~mmost
grateful. Dr Coetzee and her colleagues, Dr R.R. Hunt
(Bead of the M~q;ioalEntomologyUnit, SAIMR}and Mr P~'.11.
Corned gave invaluable advice on the interpret ion of
'.banding patterns. Drs Hunt and Coetzee kindly read the
chapter dealing, ~Jith isozymeelectrophoresis and provided

Ii

much appreciated comment., Dr dUpP read and commentedon
the earlier drafts, and he and mywife, Debbie, checked
the readabili ty and English usage. I gratefully
ackil0wledgEptheir proof-reading skills and the generous
giving of their time. However, any ~rror.s or ommissions
in the final copy al:''a myOr'"1.

'I·

(J'

The chapteis dealing with ecology I laorphology and
vector competenceof Aedes aeg:FPtihave been pqblis;hed in
relevant research journals as parts of 'three papers ~Kemp
and Jupp (1991), Jupp et, aL (1991) and Jupp and Kemp
(1993), respectively.

Figures 1, 2 and 3 were produced with' the help of the
Photographic Illustration Uhit of the University of the
Witwatersrand.
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CHAPTER 1. INTROD tJCTION

1.1..The dengue vit:~

The denque' (DEN) (arthropod-borne
viruses) are comprised of f~)ur antigenically related
serotypes, designated DEN-1 ~:.oDEN-4, in the genus
Flavivirus of the family Flaviviridae (Westaway et ale
1985). DEN viruses are small, with a diameter of
approximately forty-five nm. They have a single strand of
positive-sense RNA with a molecu.lar weight of 4 X 106, a
nonglycosylated oaps Id , a small polypeptide, and one
envelope glycoprotein.

o

The diseuse manifestations of DEN infection are
similar for all four serotypes. Th,~ mild type of DEN
illness has symptoms which resemble those of chikungunya
in the genus Alphavirus (Togaviridae), with which DEN has
sometimes been confused (Carey 1971). The clinical
symptoms can include sudden onsel: of fever lasting for
three to seven days, frontal and retro-ocular pain,
myalgia, rash, joint pain, nausea and vomiting (Gubler
1988). Normally, DEN causes either clinically inapparent
infection or mild fever but may progress to the severe
illness termed dengue haemorrhagic fever (DHF). The
predisposing factors for DHF are not well understood
(Rosen 1989), but are believed to include the virulence
and serotype of the DEN viI..us and an abnormal immune
response in the human host following sec:!-..lentialinfection
with a different: serotypE~ (Halstead 1988). In e}ctreme
cases of DHF, pat.Lerrt.smay present wi1:h circulatory
failure and hypovolemic shock. This has been termed the
OEN shock syndrome (bSS) and is often fatal.

- j
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DENfever has displaced yellow fever as the most,
important ,arboviral disease to affect man, recently
reaching pandemic proportions in China (Qiu. and Zha()

1988), Cuba (Kouri et al. ],983) and Brazil (Figueiredo ~j;

al. 1~90). The causative vjruses shar-e a world-wid4~
distribution with their most important mosquito vector,
Aedes (_Stegomyia) aegypti (Linnaeus), throughout th.a
tropics. The recognized natural hosts are primates and.
culicine Vecto~s in the genus Aedes Meigen~

In the Afrotropical region, DENvirus is endemic or
has h. .m involved in epizootics in Burkina Faso and the
Iyory Coast (Cordellier et al. 1983, Roche et al. 1983,
Hervy et al. 1984), and in Senegal (Cornet et al. 1984,
Zeller at al . 1992). Recent DENepidemics and smaller
outbreaks in human populations have occurred in the
Seychelles in 1976-1977 (Metselaar et al. 1980), Burkina
Faso in 1982 (Gonzalez et al. 19R5)I Kenya in 1982
(Johnson e~ .~1.1982), Mozambique in 1984 (Gubler et al.
1986), somal~i~and Sudan in 1984 (Saleh et al. 1985) I and
Senegal in 11390 (Zeller et al. 1992). Except for two
isolates of DEN-4 in Senegal in 1983 (Salu:;..zo et al.
1986), DEN-l and -2 were the only two serotyp~s isolated
in the East and West African outbreaks, with DEN-2
becoming more predominant recently. The 1984 Mozambican
outbreak provided the first isolations of DEN-3 in
Africa. The threat of DENepidemics and endemism in 'che
other tropical regions of b.frica where the mosquito
vectors are present must therefore be considered to be
very real.

()
DEN-1 occurred in Durban, Natal, and surrounding

areas in 1926-1927 (Edington 1927) in ar epidemic
conservatively estilnated to have affected over. forty
trhousand people. Since t.hen, there has been one isolation
of DEN-1from a traveller returning to south Africa from
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India in 1985, and two suspected recent infeLtions in a
married couple returning fr.:>ma visit to Saudi Arabia and
Pakistan in the same year (Blackburn and Rawat 1981).

1.2. The arthropod vector~ Aedes aegypti

A~ aegypti, the suspected vector in the Durban DEN
epidemic, is endemic in much of South Africa. The
southern limit of the distribution of Ae. aegypti in
.Africa is approximately 33°40'S latitude, with the sp.
being recorded from Grahamstown (Edwards 1941) and Port
Alfred (Mattingly 1953) in the eastern Cape province.
Aedes aegypti is found throughout the Transvaal: and on
the COq, D- plane of Natal, Transkei, Ciakei and the
eastern Cape. Its distribution extends inland to the
north-western Cape: de Meillon (1943) reported it from
upington, and Muspratt (1956) from Graaf Reinet,
Kimberley and Prieska. The present study concentrated
mainly on populations of Ae. aegypti from ~ae tropical
and subtropical climatic regions of South Afrioa, which
are loea·ted in the Natal coastal plain and north-eastern
Transvaal, because these are the regions where imported
DEN is likely to infect the local vector populati.on.

o

Current opinion holds that there are at least two
behavioural forlllsof Ae. aegypti in Africa, the one
associated with human dwellings where the mosquito
oviposits in artificial containers and bites man, and the
other associated with forests where it oviposits in rot-
holes in trees (tree-holes) and does. not appear to bite
man (Christophers 1960). Mattingly (1957) classified Ae.
aegypt:i.into ..type form", subsp. formosus (Walker) and
var. gueenslandensis (Theobald) based on morphology,
behaviour and distribution. Only the first two forms are
believed to occur in South Africa, primar~ly on evidence
of anthropoph'ilic and non-anthropophilic populations. For
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convenience, I will use the terlu "zoophilic" to describe
non-anthropophilic populations.

The type form of Mattingly (1.957) is variously
referred to as subsp. ty~icus and subsp. aegypti. I will
use the latter to conform to the practice in the recent
literature on the taxonomyof Ae. aegypti.

1.3. scope of the ~tudy

The larval habitats (i.e.
oviposition) and anthropophilic
various geographically isolated

preferred sites for
biting,upreference of
populations of Ae.

aegypti were studied in this dissertation. Theoccurrence
of the two subspp, , aegyQti and formosusI was
investigated on a morphological basis in these
popul.ac.Lons using M:att.ingly's (1.951) taxonomic
distinctions. Isoz~ne electrophoresis was employed,
initially to find unique electromorphs (electrophoretic
bands) that could distinguish the South African
populations and, eventually to determine allele
frequencielS at polymorphic ,gene loci that coded for
isozymes in two allopatric populations I representing
anthropophilic and zoophilic A.e. aegypti. Finally, the
vector competence of Ae. aegypti to DEN-l and -2 was
determined for populations from five localities in Nat:al
and the eastern Transvaal. The ecological and vectorial
attributes of Ae. aegypti were used to assess the
abilities of the different populations to contribute to
viral transmission in the event of DENoutbreaks in South
Africa.

4



5

CHAPTER 2. ECOLOGY: DISTRIBUTION AND BEHAVIOUR OF
Aedes aegY'Qti

The aedine subgenus stegomyia Theobald, contains
several natural vectors of DEN virus, including Ae.
aegypti, the principt1l urban epidemic veet.)r. Aedes
aegypti. oviposits above the water-line in natural rain-
filled receptacles such as tree-holes, rock-holes and the
leaf-axils of cultivated bananas, Mus spp. (Musaceae).
When the eggs are inundated by mone rain, they hatch and
the larvae feed on the aquatic microfauna (bacteria and
protozoa) growing on the sides of the receptacle. In
urban areas, the domestic (private properties) and
peridomestic sites (business premises, motorcar
scrapyards, rubbish dumps, etc.) contain artificial
receptacles which are filled with water, either naturally
by rain or artificially by man. suitable larval habitats
are created when the wind deposits leaf-litter in the
water-filled container, and the process of decay produces
organio mol~cules that act as ovipositional attractants
for the adult mosquito, and provides nutrients for the
microfauna that the larvae feed on.

o

Zoophilic populations of Ae. ~ti are associated
with the forests (coastal scrub, riverine and montaine)
and wooded savanna (bushvald) of eastern South Africa
(Muspratt 1956, McIntosh at al. 1972, Jupp and McIntosh
1990), while anthropophilic popula'Lions breed in close
proximity to man in the urban areas (Muspratt 1956). A
survey of several localities in Natal and the Transvaal
and one in the eastern Cape was made by setting bamboo
pot ovitraps, investigating artificial containers and
collecting biting mosquitoes with human bait. The

I
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presence and abundance of Ae. aegypti in these larval
habitats, and the diurnal biting rates were measured to
asse~~ the impact the sp. may have in the event of a
dengue epidemic. certain, more remote localities were
also selected to provide furthe.r samples of Ae. ~egypti
for the morphological and biochemical studies (Chs. 3 and
4) •

2.1. Materials and Methods

collections and observations were made at the twenty-
two localities mapped in Fig. 1. The three farms,
Armadale, Hope and Kloofwaters, are situatecl near Port
Shepstone in Natal, near Mica in the north-eastern
Transvaal and near :t-1agaliesburgin the Mag(:lliesberg
mountains, respectively. I will refer to the latter two
localities as Mica and Magaliesberg f respectively. st.
Lucia :represents the town st. Lucia Estuary. Tzaneen
represents two sites: Jaffray's farm and the
neighbourhood (if the National Institute for Tropical
Diseases.

2.1.1. ovjsx~ps in trees

ovitraps consisted of bamboo segments which were cut
to form receptacles or "pots". The bamboo pots were
filled with water and a few dried poplar leaves were
added to each one. They were hung in trees at heights of
betweeen one and four met.ers above ground level at
several localities in Natal and the Transvaal (Fig. 1).
Eggs, larvae and pupae were collected over periods of 38-
153 days from 7 November 1989 to 17 May 1990.

o
A second type of ovitr.ap was used to supplement the

bamboo pots at two of the localities in the Transvaal,
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Figure 1. South African localities where Aedes aegypti
was sampled, shbwing collection method.

c

viz. Magaliesberg and Mica. Eggs were collected on wooden
tong~e-depressors, which were inserted in water-filled,.
black plastic bottles suspended in trees. For the
pUrpo§'es of this study, no distinction was drawn between
bamboo pots and the bottles.

ovitraps containing eggs were returned to the
laboratory along with any larvae and pupae (immature
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stages) that were present. Eggs were flooded with tap-
water and left for two days to hatch. All i:mmature stages
we.re reared to adults. 'rne pot index is defined as the
percentage of pots found to contain Ae. aegypti. The
abundance index is the number of Ae. aegypti at each
locality divided by the product of the number of pots and
the number of days that they were exposed.

2.1.2~ Leaf-axils

Samples of immature mosquitoes were taken from small
collections of rain-water found in the leaf-axils of the
Nat-.alstrelitzia or uwild banana" r Strelitzia nicolai
Regel and Koern (strelitziaceae), at Palm Beach and of
the Natal dracaena or !ldragonplant", Dracaena hooke~iana
Koch (Agavaceae), at Oslo Beach.

2.1.3. Artificial containers

(I

Immatu!!'emosquitoes were sampled from artificial
containers in peridomestic sites such as motorcar
scrapyards and municipal rubbish dumps at various
localities (Fig. 1) from 5 November 1988 to 18 April
1989. Artificial containers consisted of discarded tyre-
casings r floor-pans and tyre-wells in scrapped cars t

metal drums, tins and beverage cartons. Where possible,
the entire contents of containers were emptied into
inspection trays. containers hOlding large amounts of
water, such as drums, and tyre-casings were sampled as
follows: as much as possible of the floating leaf-litter
was removed with forceps and a ladle was dipped
repeatedly into the water until at least fifty larvae
and/or pupae had been obtained, or at least three times
until it was evident that there were no immature
mosqui toes present. Larvae and pupae were reared to
adults in the insectary and identified. container indices

o
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were recorded as the percentage of artificial containers
colonized by Ae. ~egypti at a particular site and were
averaged for each locality.

2.1.4. Human-baited collections

o

Adult female mosquitoes were collected over the
months of January to April 1989, November 1989 to
February 1990, January to February 1991 and November to
December 1991. The collection sites coincided with the
artificial container sites, except for Palm Beach,
Armadale, Ndumu and Tzaneen, where they coincided with
the po).sites (Fig. 1). collecting generally took place
on days when the. ~prevailing climatic conditions were
warm, humid, pa14'tly:cloudy and calm or slightly windy.
Two to ten volunteers collected mosquitoes in the open
during the day Ii.qht;hours of 05h30 to 09h30 and 15hOO to
19hOO, in vlew of the recorded diurnal activity-pattern
of Ae. aegypti. Catchers used glass tsst tubes to trap
mosquitoes that were probing on their legs nnd feet. At
least two collections were made at each locali ty on
different days and biting rates were based on the total
number of mosquitoes collected in a locality, divided by
the mt··."C" of man-hours invested {the collection effortj .
Limited collections were also made from 10hon to 15hOO in
Durban and Palm Beach with the Durban collection being
spaced one.month apart in early 1991. Observations were
made on various aspeccs of feeding behaviour.

2.1.5. Insectary conditions

o
Adult mosquitoes were held in cages measuring 160 X

160 X 160 mm3 in an insectary maint.ained at 25-26 °C and
75-80 per cent RH. The daily light cycle consisted of a
day period of twelve hours;, a night period of ten hours,
and two transitional periods of one hour each, consisting
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of either decreaSing or increasing light intensities to
simulate dusk and dawn, ref>pectively.

2.2 Results
,.,::', .• ,.1

/1

2.2.1. QvitraQs in trees

Datq.' from "-che pot survey of tree-hole breeding
mosquit1!oeiSat eight different localit:,es are given in
Table 1. Aedes aegyJ2,tiwas not collected at Armadale and
only 9 per ce~t of the pots at st. Lucia were utilized.
The low pot index at st. Lucia was related to a low
abundance index. Pot indices of 70 per cent and moxe
consistently accompanied high abundance. indices:. The mean
pot index was 60,3±9,8 (X±si) per cent ~nd mean abundance
index was O,43±O,15 (~tsx)Ae. aegYQti/pot/day.

\\

._il_ _._ __ .~.. ~':.i..

Although culicine larvae and pupae were found in the
leaf-axils of Str€',litzia~. "'lai and Dracaena hOo:~eriana

\ -,

!)lants, chese did not i;'1clti\i>'~the sp. Ae. aegypti.
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Tab:e 1. Survey for Aedeg aegmi using pots at various

localities in Natal and the Transvaal.

Locality
NA'l'AL
Po,,:,tEdward
Palm Beach
Oslo Beach
Armadale
Durban
Richards Bay
st. Lucia
Ndumu

TRANSVAAL
Magaliesberg
Skukuza
Mica
Tzaneer. 1,39

No. of Exposure Pot Abundc~.ce
pots ~e~ioq(q)__~i~n~d~e~x~·~ina:~e~x~b_

5 57 40
10 57 100
15 57 93
6 57 0

15 57 53
14 b7 50
23 56 9

44 64 73

22 :1.12 45
23 153 100
26 31 67
15 38 93

0,10
1,17
0,85

0,14
0,07

<0,01
0,35

0,01
0,65

a ~ Ho. of pots contaiQing_mosguitoes ,X 100
Total No. of pots

b - No. of A~. aegypti/No. pots/No. days exposed.

2.2.3. Al"tificial containers

Table 2 lists the container indices for Ag. aegYP'ti
in artificial containers on the ground. Nine of the
fifteen localities which were sampled had container
indices greater than 50 per cent, with the three highest
occurring at Port Shepstone, Empangeni and Durban.



12
Table 2. Immature Aede..~~.l1ti in artificial

containers and adults in human-baited collections
at various localities in Natal and the Transvaal.

Locality

Larvae __ ...7<\gu:U·JL._
Man- BitingNo. of

containers
Container
index· _ hours

NATAL
Port Edward
Oslo Beach
Palm Beach
Port Shepstone
Park Rynie
Sco1-:.tburgh
Darban
stanger
Empangeni
Richards Bay
Mtubatuba
st. Lucia
Mkuze
Ndumu

TRANSVAAL
Johannesburg
Skukuza
Tzaneen

o a - No. of containers with mpsguitoes
Total No. of containers

b - No. of biting females per man-hour
c - None Found

17 47

NFl,)

18
37

19

45
13
18
53
21
9

10,
NF

2,0 0
31~2 11,2

4,0 18,0

9,0 29,0
5,0 12,4
4,5 18,0

23,5 1,5
5,5 2~9
8/0 Q,8
5,5 3,5
5,0 0,2

2,0 13,0
13,8 4,8
37,0 2,9

-.;00._

X 10Q

83

54
11
76
54
78
62
33
56
70

33

10
45
70

2.2.4. lWman-baited collections!

Aedes g._egyptiwas collected at significantly high
bit.ingrates (11-29 Ae. aeg_.YJ2.tiper man ...hour) at six of
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the fourteen localities sampled (Table 2) including
Johannesburg. Biting rates were low at localities in
Natal north of Empangehi, correlating with generally low
pot abundances (Table 1). In the paired adult collections
made in .Durban ill early 1991, the first biting rate was
15 per man-hour- and the biting rate one month later was
89 per man-hour. The rainfall totals for the thirty-day
periods prior to each c~11ection were 43 romand 263 rom,
respectively. The st Lucia and Ndum11populations were
collected at bi ting rates lower than 1 per man-hour.
Biting rates were also low in the north-eastern
Transvaal· (Table 2), in spite of high abundances in the
ovitraps (Table 1).

o

DUringthe human+beLtred collections, ma:I.emosquitoes
were observed to furm small swarms, which rarely
contained more than ten insects, about; the catcher 's
exposed leg. These mosquitoes occasionally alighted on
-the 9;}Jait"01:.' surrounding ve.getation and could be caught
w:i.th test tubes. They were. identified as male Ae.
~. Usually within minutes of the formation of the
swarm, the femal.es arrived at the. bait and would
immediately be mated while still on the wing. Stationary
males resting on .the hai t also became aoti va in the
presence of females. copulating mosquitoes would either
remain in flight or land on either the ground or the
bait. After copulation, "c.hefemales would approach the
b~it to feed. 'l'he females of Ag. aegypti..were often slow
to alight on the bait, particularly when a slight breeze
was blowing. Females were also seen arriving at

L-

* Biting rates for Skukuza and Tzaneen differ from
those pUblished in Kempand Jupp (1991) .because of
the addition of collection data acquired si!'~e r=~t
publication.
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the bait to feed 'withoutthe presence of the males.

At Palm Beach, where the only larval habitats that
could be found were water-retaining leaf-axils of
Strelitzia nicolai, adult be. aegypti were only caught in
small numbers at anyone collection site. In ora~r to
obtain a representative sample for this particular
locality, human-baited collections were made at regular
intervals during a roving search.

2.3. Discussion

(I

The olilnateof the east coast of soutr'.ern Africa is
strongly influenced by the warm, tropi6al waters of the
Mozambique and South Equa:t.:.>rialcurrents in the Ind:hm.n
Ocean, which beoome confluent jU$t south Of Madagascar to
form the Agulhas current. The Agulhas f.lows southwards
along the cont.Lnerrcat shelf off the Natal and eastern
Cape coasts, and evaporation of the warm water from its
surface provides good rainfall when carried onshore by
the prevailing winds. The rain is responsible for t:he
relatively luxuriant vegetation at the coast, inland as
far as the escarpment and along the large rivers that
derive from the climate and geology of the east-coast.
!Jlhenatural vegetation of the eastern coastal plane and
Transvaal lowveld is sinlilarand consists of bushveld and
sour grassveld, interspersf.'.dwith relict scrub and.
montaine forest (Acocks 1975). The l.owveld rainfall is
highly seasonal and l"ass\'1e11dispersed than in Natal.
Urban and resort development is particularly high on the
Natal coast south of Durban, while northern Natal and the
T.ransvaal lowveld are largely rural, farming areas
interspersed with extensive game farms and nature
reserves. As a result, these regions attract local and
international tourism throughout the year.

:0
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Aedes aegypti 0::1 the south coast appears to be

confined to the urban areas. The Palm Beach collections
were made at a holiday resort consisting of large
caravans (mobile homes) in permanent berths with attached
storerooms and bathrooms. Thevegetation of PalmBeach is
typical fot' the region and includes dense stands of Natal
strelitzias and dracaenas amidst the coastal scrub flora.
Biting rates for Ae. aegypt:i",were high. Howevert no
discarded containers could be found in the resort and the
only available breeding sites appeared to be roof-
gutters, tree-holes and leaf-axils. Aedes aegypti could
have been breeding in discarded containers just outside
the resort but this was not investigated. The vegetation
on the primary dunes at Oslo Beachwas similar to that of
Palm Beach, and was littered with discarded beverage
cartons and cans. Artificial container indices and biting
rates were only measured on the adjoining, urbanized,
secondary dunes of Oslo Beachbut Ae. aegypti was present
in large numbers in the ovitraps on 'the primary dunes.
Palm Beach and oslo Beach lie about 40 km and 20 km,
respecti ve1y, south of ArmadaleI near Port Shepstone.
Armadale, howevert is an uninhabited nature conaervancy
area e$tablished on several adjoinint] farms, and consists
of near·-virgin coastal forest with high populations of
Natal strel'Ltzias and dracaenas. Even though high
densities of other phytotelmatous mosquitoes wer~/present
(Kempand Jupp 1991), no Ae. aegypt~ were collected in
the ovitraps or from human bait, except for a single
specimen taken biting in late February 1991. It is
possible that this specimen could have been transported
in our vehicle from Palm Beach~which had been v'isited
earlier that day.

o
In Durhan, paired human-baited collections of M.

Sf!gypti were made one month apart where the second
collection was fortuitously preceded by a six-fold
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increase of monthly rainfall compared to the previous
month. The biting rates increased dramatically from l5 to
89 per man-hour, reflecting a rapid increase in the
density of the population with the improved breeding-
conditions. Averagedover several collections f the Durban
biting rat.es were the highest recorded for any of the
localities.

The Ag. aegypt.:j. populations were highly
anthropophilic in the urbanized areas as far north as
Empangeni. Further north in Natal, however, the highest
biting rate was only 3,5 per man-hour (Mkuze, Table 2),
even though container indices were generally high because
of the discarded tyres present at :most of the chosen
sites (Table 2). TheAe. ,glagyptipopulations at NdUl'l\Uare
very poorly anthropophilic. Ndumuis a game reserve on
the border between South Africa and Mozambique and
attracts only small number-sof tourists because of its
isolated posi tion. Most of the ovitraps \lere set in
riverine gallery forest and on the shores of a permanent
pan in the reserve, where the dominant sp , is the
sycamore fig, Ficus sycamorus Linnaeus (Moraceae). Even
though the bamboo pots were heavily utilized by ~e.
aegypt:i, only a single female was caught biting man.
These results confirm the absence of biting Ae. aegypti
during the extensive work undertaken by the staff of the
Arbovirus unit in the reserve in the 1960s (Dr Jupp,
personal communication).

:(9

'1'he Transvaal collections included anthropophilic
populations of Ae. aegypti from Johannesburg in the south
and Tzaneen in the north. The Johannesburg site was a
small tyre-repro.cessing business to the north of the city
where shredded rubber was converted into commercial goods
such as belts and sandals. The lnosquitoes are believed to
have been introduced from Durban via eggs in the used
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tyres. As a result, it seems that there are temporary
annual extensions of the range of Ae. aegypti from the
tropics and sUbtropics to the densely ~opulated,
temperate Highveld region, where the sp , mayonly survive
during the warmer seasons.

skukuaa was sam,pledfor Ae. ~ptjl because it is the
main tourist camp in the Kruger National Park and,
therefore, is epidemiologically important to the dengue
study. skukuza supports a large p~rmanent community, as
it is also the administrational centre for the park, and
comprises a staff village, light industry, and
conse:r,vat.ion and administration offices. The local
population of Ae. £l.~pti was commonin the ovitrap
collections, as indicated by the high bamboopot and
abundance indices, and the moderate biting rates
suggested that it was anthropophilic.

The remaining two Transvaal localities "t'lereselected
to Collect populations of Ae. aegypti that. had not been
exposed to humansand that were zoophilic. Aedes aegypti
was not collected biting in the limited human-baf.t.ed
collections at Magaliesberg and was not very abundant in
the ovitraps. No human-baited collections were made at
Mica because the local popuLat.Lon of Ae. pegypti was
knownto be zoophilic from an earlier study (Jupp and
McIntosh 1990). 'rhese populations were needed for the
taxonomic study on the subspp. of Ae. aegypti.

Most of the human-baited collections were madeearly
in the morning or late in the afternoon, as these are the
reputet\ times when Ae. aegypti is most likely to bite
(Reed at al. 1901, Trpis et al. 19'7~). Teesdale (1955)
also found a strong biting peak in the hour before midday
and Lumsden (1957) reported biting peaks during the
crepuscular per.iods. Amongthe south African populations,



both Durban!and Palm Beach Ae. aegypti were collected at
very high bitinp:f,,\atesfrom 10hOO to 15hOO in human-
baited collections. Christophers (1960) reviews several
reports of Ae. aegypti feeding at night. Although this
was not specifically investigated in the present study,
Ae. aegypti was caught biting in artificial light indoors
at Palm Beach. In general t the sp. is perhaps best
described as a diurnal biter, especially as the mosquito
is believed to rely primarily on visual stimuli to
identify a potential blood-source at a distance
(Christophers 1960). The behaviours of both male and
female Ae. aegypt~ during the human-baited collections
were similar to those reported by Hartberg (1971).

r~
10

The highest biting rates in the South African
populations of Ae. aegypti exceed the average rates
recorded for East African populations. In twenty-four ...
hour human-baited collections during the 1952-1953
epidemic of chikungunya fever in Southern Province,
Tanzania, biting rates for p,_e.aegypti were 6,6 per man ..
hour (Lumsden 1957), while landing rates (possibly an
over-estimation of biting rates) were 9 t 9 per Irian-hour.in
an automobile dump in Dar-es-saladm, Tanzania (Trpis et
aL 1973). Mukwaya (1974) collected Ae. aegy)2ti in
Kampala, Uganda from human bait and obtained biting rates
over ten periOds of twelve hours each of 0,01 per man-
hour instde houses and 1,05 per man-hour outside.

The Ndumu and Skukuza localities are both close to
international borders with Mozambique I a country that has
recent experience of DEN. Howeveri the introduction of
DEN to South Africa through tourists from the endemic
African and Asian regions is perhaps more likely than the
co-incidental cross-border migrations of ei·ther human
host or vector during an epidemic in a neighbouri.ng
,/ountry. The populations of Ae. aegypti in the major

II
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tourist areas are clearly well adapted to coexist with
humans and are highly anthropophilic, especially in
Durban which is a densely populated city and
international harbour. Therefore, there is a real danger
that they may again become involved in human-to-human
transmission of DEN virus, as happened before in Durban
(Edington 1927).

,,_...,.-
l;~~
I
!



20

CHAPTER 3. MORPHOLOGICAL VARIATION IN DIFFERENT
POPULATIONS OF Aedes aegypti

According to Mattingly (1957), the absence of pale
scales in the dorso-median area of the first tergite
(first dorsal segment of the abdomen) distinguishes Ae.
aegypti subsp. !ormosus from Ae. aegypti subsp, aegypti
and Ae. aegypti var. gueenslandensis. subsp. aegypt~ is
generally reported to possess a distinctly paler or
browner body than subsp. formosus but this character was
only considered by l-lattinglyto be taxonomically useful
in the female. The value of the criterion of tergal
ornam~ntation has remained unclear sinJe McClelland
(1960, 1974) disputed its taxonomical usefulness.
Mattingly (1957) acknowledged that the presence of scales
on the first tergite was "not, unfortunately, completely
constant" •

o

Several other studies besides McClelland's (1960,

1974) have also documented jtlst how inconstant tergal
ornamentation is in various African and Asian populations
of Ae. aegypti. summers Cannal (1927) described
morphological variation in "Ae. argenteus Poiretn
(synonym of Ae. aegypti) from Nigeria. Based on the
progeny fr.om seven different matings, she found the
entire range of tergal scale patterns, subsequently used
by Mattingly to describe the three forms of Ae. aegypti,
and concluded that the sp. was pol~norphic rather than
polytypic. In a World Health Organization mimeograph,
Harth~rg (1969) reported polymorphis.m in tergal
ornemerrcatri.onin siblings of wild-caught female Ae.
aegypti from Dar-es-Salaam, Tanzania, using mosguitoes
that were all dark in cuticle and "ground" colour (the

()
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colour of the darker, background scales, which range from
pale brown to black). Hartberg et al. (1986) studied the
inheritance of the tergal scale pattern in two
experimental strains of Ae ..aegypti and found that tergal
scale pattern was controlled by three, independently
assorting gene loci, and several mutant gl, .iswhich could
act as modifiers. They concluded that tergal scale
pattern was not sUfficient in itself to distinguish
between mosquitoes from different populations. Mo;ri ~
ale (1984) found tergal scale patterns to rary
considerably within populations from the Philippines, but
failed to correlate scale pattern with any of the
following: indoor vs. outdoor breeding, city vs. town
breeding or occurrence of dry aeaeorr. Mogi .sU; aL (1989)
also tested for correlation of tergal scale pattern with
:b:teedinghab:i.tator season in northern Thailand and ,;ould
find none, as before.

Perhaps the simplest way to conclusively demonstrate
the veracity of a taxonomic character is to examine the
offspri'~lgof individual females caught in the field.
Female mosquitoes collected on human bait will have been
fertilized under natural conditions where assortative
mating can occur. Sibs of. severJ.:lI,south African
populations of Ae. aegypti were examined to identify the
two sub~pp. using Mattingly's (1957) criterion of white
scales on the first tergite. The pattern of white scales
on the dorsal area. of the second tergi te was also
investigated in th~ sibling groups or families, as they
will bo referred to here. The term "family" should not be
confused with the taxonomic category of the same name.

c_...,..----
f::~
.~

o 3.1. Materials and Methods
d~

.~ A series of populations of Ae. aegypti was sampled
from eighteen localities, approximately covering the
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distribution of 1)he sp. in souch Africa: one in the
eastern Cape, twelve in Natal and five in the Transvaal
(Fig. 1; Table 3). Mosquitoes were collected as eggs
from bamboo potsp larvae and pupae from artificial
containers, and adult females in human-baited collections
(see Ch. 2). The anthropophilic nature of the mosquitoes
in the eg~ and in~ature collections was deduced from the

Table 3. Populations of Aedes aegypti used in the
morphological study.

Locality stages Host-choice

CAPE
Grahamstown

NATAL
port Edward
Palm Beach
Port Shepstone
Park Rynie
Durban
stanger
Empang~ni
Richards Bay
Mtubatuba
st Lucia
Mkuze
Ndumu

TRANSVAAl.

Johannesburg
Magaliesberg
Skukuza
Mica
Tzaneen

Larvae, pupae

Larvae, pupae
Adults
Larvae, pupae
Adults
Adults
Adults
Adults
Adults
Adults
Larvae
Larvae

Unknown-
Anthropophilic
Unknown"
AnthropophIlic
Anthropophilic
Anthropophilic
Anthropophilic
Anthropophilic
Anthropophilic
Anthropophilic
Anthropophilic
ZoophilicEggs

Adults
Eggs
Larvae, pupae
Eggs, larvae, pupae
Adults

Anthropophilic
Unknown'
Anthropophilic
Zoophilic
Anthropophilic

a - probably anthropophilic~
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results of human-baited collections made previously at
the same localities.

The Fl progeny were obtained in separate families
from samples of Ae. aegypt.i fe.males collected in the
field or reared from egg and larval collections in the
laboratory. 'The gravid parental females (mothers) were
placed in separate glass vials (50 mm length, 25 rom
diameter)~ each containing a base of cotton-wool and a
st.rip of filter-paper against the side. Vials were capped
with fine netting. The mothers were released aft-et:
d::positing their eggs on the moistened cottC>lv...'tI,rp.-::,;_>. and
filter-paper substrates, and the vials were kept '\.1 •. the
insectary until the substrates had dried. Eggs were
hatched by filling the vial with a weak, filtered po~lar-
leaf infusion of tap-water (prepal-ed at least four" days
before) and left overnight. J:mnlature mosquitoes were
reared through to adults and ten or mor-efemale sibs from
each family were pinned.

o

Specimens y,Tereexamined wi~.'iha binocular dissE'!cting
microscope at 60-80 times magnification in blue-filt.ered,
incident light. The ~ilvery-white scales bn the dorsal
surface,s of the first tergite, Tl and the aeoond tergite,
Ir2 (forming basal bands whenpresent on Tz) were counted.
Where a mosquito specimen lacked pale scales on Tl, it
was classified as the formosus form, otherwise it was
classified as the "type" form, according to Mattingly's
(1957) criteria. Samples of sibs r~p'resenting ·the
families were classifi(,J as "homogeneous" if all
specimens in the sample were either form~ or type
form, and "heterogeneousll if the sample contained both
forms. Ranges, means, standard errors and 95 per cent
confidence intervals were oalculated for the two tergal
scale counts in each population. The means and val'ianC"''''Is
of the two tergal scale counts f'or the differ'; ;:.

o
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populations were r;ubje-cted tel one-way analysis of
variance, Bartlett's test for homogeneity of variance and
the non-parametric Kruskal-Wallis test (equivalent to the
Mann-Whitney U test for two unpa.ired samples) 'Using
n.lcrooonpucer software, Ep:l. Info Version 5.1b (Dean et
al. 1990) and statgraphics Version 5 (Rockville,
Maryland, USA: STSC, Incorporated).

3•2. Resul..ts

A selection of three of the f:amiliE's :~romPark Rynie
in Natal demonstrates +he range of te:r:gaJ-phenotypes on
T) and Tz (Fig. 2). The first. two mothers were both of the
Iormosus form and the third represented the type form.
The formostt~ mothers g~'ve rise to a wide range of Tl
phenotypes in their offspring, with sibs of both
morphological forms of Ag. aegypti. occurring. They also
differed markedly in Tz phenotype, with a basal band of
white scales present in the one mother but absent from
the other, yet the offspring of both possessed
intermediate Tz phenotypes ranging f:r:ompresence to
absence of basal bands. The typa moth.erI however,
produced only two sibs of the type form, the majority
bei11gtypical of the formosus form. Xl· this family, pale
sce Les were also :r,'areon T1'

The FI families are classified ill Table 4 according
to the variation in TI phen~type. out of 196 families,
only three (1,5 per cent) were homogeneously Wmos'l!§.and
seventy-five (38,3 per cent) homoqerieous l.y t~tpe formi
60,2 pet· cent were heterogeneous. The formosus forms were
from 'the anthropophilic population of Park Ryn:..e and the
probably zoophd I i.e population from Magaliesberg. All
e.!Lgh'teen populations inclluded families composed
lL)mogeneouslyof type forms except for the one from Park
Rynie.
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Figure 2. Distribution of white scales on the first
(Td and second (T2) te:r;gites in three Aedes
peg~ti mothers (M) and samples of their respective
daughters.
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Table 4. Classification of Fl families of Aedes aegypti
from various localities according to the occurrence
of tormosus and type forms.

Pro:gortions tQer cent}
Homog. • Homog. Heterog •b

Locality nC formosus type both forms

Grahamstown 11 0 45 55
Port Edward 11 0 36 64
Palm Beach 12 0 25 75
Port Shepstone 12 0 33 66
Park Rynie 12 8 0 92
Durban 10 0 50 50
stanger 10 0 40 60
Empangeni 9 I) 44 56
Richards Bay 11 0 45 55

Mt.ubatuba 8 0 38 62
St Luoia 11 0 82 18
Mkuze 10 0 10 90
Ndumu 11 0 36 64
Johannesburg 11 0 36 64
!~agaliesberg 15 13 20 67
Skukuza 11 0 73 27
Mica 13 0 31 69
TzaneEm 8 0 62 38

1

ICl
// II

I

a - Homogelleous.
b - Heterogeneous.
c - Sample size (number of families).

In a slimilart.reatlne;ntof tergal phenotype in respect
of Tu 55,6 per' cent of the families were heterogeneous
for the p~'esence of the white scales in basal, bands in
the Fl females.

(y

;:;:.
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Table 5 summarizes the scale counts of the two

tergites for samples of M. aegypg from each of the
various populations. A sample cons.i.sted of sibs in ten to
thirteen families from each locality. FOr each of the
eighteen samples, the range of values for Tl and T2 if:>
given together with the respective mean and standard

Table 9. Number of white scales on the first (T]) and
second (T2) tergites of Fl female Aedes aegmti
from variolls localities.

Locality
---------- ._-- _._--

Mean

~~----------

7,6±0,9
5,o±0,7
5,7±0,7
6,0±O,7
2,0±0,4
SI8±1,0

13, 1:t:1,5

6,6±0,7
7,2±0,7
5,8±0,6

11,9±O,9
2,8±0,3
4,5±O,4
5,0±0,6
3,4±0,5
8/8±0,7
5,4±0/5
8,1±1,1

4-35
0-18
0-25
0-11
0-15
0-22
0-7./5
0.....23
0-16
0-17
0-19
0-21
0-27
0-22
0-20

0-20
0-16

a - sampl~ size (number of Ft females).
b - x±sx'

Range

Grahaw.stown
Port Edward
Palm Beach
Port Shepstone
park Rynie
Durban
stanger
Empangeni
Richards Bay
Mtuba.tuba
st Lucia
Mkuze
Ndumu
Johannesburg
Magaliesba:o:-;:r
Skukuza
~ica
Tzaneen

104
112
110
104
110
102
100
94

109
81

100
96

125
104
129
108
130
63

0-45
0-40
0-30
0-34
0-24
0-35
0-60
0-30
0-40
0-24
0-40
0-15
0-19
0-2\)
0-25
0·'31

0-30
0-30

Hi I 5tr~,6
'7:I!it:O,4

4,f 6tO 14

3,1±O,3
4,2±O,4
5, S~±O,5
\SI O.to ,5
4,8:i;0,5
5,4±O,4
7,1±O,5
3,9±O,4
4,4±014
9,7±O,5
7,4±O,5
4,4±0,3
S,4±O,6
9,3±O,4
5,7±0,6

I:

:.}
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error. All the ranges of values for both T) and T2
overlapi b~lng similar for all populations except for
differences at the upper end of the range. The ranges are
generally larger for T, than for T21 except in Mkuze and
Ndumu.

The various 95 per cent confidence intervals of the
mean scale counts on TI and T2have been plotted in Fig.
3. contrary to the overlap in rangesf there are

G?AHAMSTOWN ~
PORT EDWARD
PAL.MBEACH

PORT SHEPSTONE·
PARK RYNIE

DURBAN
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RICHARD'S BAY-
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Number of White Tergal Scales

l"igure 3. Sample means and 95 per cent confidence
intervals for the number of white scales on Tl and
in the basal band on T2 in .var i.oue populations of
Aedes aegY'pti.
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C: Bartlett's x?
Kruskal-Wallis H

94,948
0,748

ae..9YP-ti.

dfb P...value

17 <0,001
17 <0,001

17 <0,001
17 <0,001

1 <0,001
1 0,387

noticeable differences in some of the confidence
intervals. Bartlett's Xl test (Table 6) revealed a
significant lack of homogeneity in the variances of the
tergal scale counts. The Kruskal'''Wallis H test revealed
highly significant differences between localities in the
sample means for both tergal scale counts (:%'able6: data
sets A and B). However, there was no significant
difference between the mean scale counts on '1'1 for the
two behavioural forms, anthropophilic and zoophilic, of
Ae. aegypti (Table 6: data set C).

Table 6. statistical comparisons of the mean scale
counts on '1'1 and '1'2 in the different populations
and behavioural forms of Aedes

Data' 'rest statistic
__ --------------------------------------------------------A: Bartlett IS X2

Kruskal-Wallis H
220,000
252,310

B: Bartlett I S X2

Kruskal Wallis H
56,097

469,458

a - A: Mean scale count for '1'1 in the different
populations.

B: Mean scale count for '1'2 in the different
populations.

C; Mean scale count for '1'1 in populations
grouped into arrchropo-- and zoophilic forms.

b - Degrees of freedom.
,
'~
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3.3. Discussion

The morphological heterogeneity within more than 60
per cent of the families studied, with silvery-white
scales on Tl present in some sibs and absent from others
in the same family, clearly shows that this character is
unsuitable for subspecific discrimination in Ae. aegy:ptL
For t~i$reason it must be emphasized that the references
to rormosus and type forms in section 3.2. (Results) were
conditional. This is consistent with the polymorphism
found by Hartberg (1969), the only other work with Ae.
aegypti where families reared from wild females caught in
the field were studied, rather than the progeny of
females mated selectively in the laboratory.

I .~._
...

one of the three families that were homogeneously
dark on Tl originated from Park Rynie, a population that,
paradoxically, is highly anthropophilic. The homogeneous
presence of white scales on Tl in the remaining families
should not be unexpected. Machado-Allison (1971), as
reported by VandeHey et a1. (1978) f described a gene
termed IIblack tergiteil (designated Bt) that is expressed
phenotypically as absence of pale scales on T1• Its
allele Bt+ controls the presence of white scales on Tp
Pro'ni.dedthe parent mosquitoes are not homozygous for Bt
and at least one parent is homozygous for Bt+, simple
dominance would ensure the expression of pale scales on
Tl in all of the sibs in the next generation.

The mean number of white scales on either tergite
differed significantly in the various populations, but
when the anthropophilic and zoophilic populations were
grouped separately, the composite means for Tl were not
statistically different (Table 6). A more sophisticated
statistical analysis (Jupp et al. 1991) of the same data,
comparing each of the zoophilic or probably zoop:q,ilic
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populations ~ith each of the anthropophi~ic populations
in turn, also failed to show significant differences
(Waller-Duncan test, a=0,05). Jupp et al. (1991) also
demonstrated by multi)~ariate analysis that all eighteen
populations differed 'gnificantly in respect of tergal
ornamentation on Tl and T2• Gene flow is not likely to
occur between geographically dispersed populations and a
polymorphic character such as t,ergal scaling may be
expected to vary considerably.

I
I
I

I~ .....-1..', .......

The earliest reference to dark and pale forms of Ae.
aegypti is not from Africa b'ut from the Townsville area
of northern Queensland, AJ'!stralia(Hill 1921), under the
synonym, stegomyia fasciata. Larvae of the dark form were
collected from an artificial container in dense coastal
scrub 550 m away from human dwellings, and adults were
collected r ..::ingat the same site. This form was also
found in a tree-hole. The pale form was collected within
the precincts of a hospital and is described as larger
than the dark form. In the laboratory, the pale form bred
true, producing pale females for several generations,
while the dark form produced both pale and dark
phenotypes as well as intermediates. In both cases, the
males were always dark. Mattingly (1957) interprets the
description of 't.hetwo forms as the type form and yare
gueenslandensis.

In sub-Saharan Africa, Mattingly's formosus is the
feral form of Ae. aegypti, occurring widely throughout
the regiorl, and differs from the domestic form which
br~eds in stored-water containers inside huts in small,
highly diSpa.Lsed populations on the east. coast of the
continent. This description, however, is oversimplified.
Haddow (1945) found Ae. aegy~ti to be largely sylvan and
zoophilic in the Bwamba district of Uganda. Lumsden
(1955) recorded predominantly anthropophilic Ae. aegypti



32

r~
l
!
1°
Ii

"I

Mr.tttingly(1957) notes several reports of feral Ae.
aegypti (described as formosus) from Zaire, Nigeria and
zimbabwe that had beCome urbanized at inland localities,
e.g., !.Iiegeois (1944) who described highly urbanized
populations from several localities in the then Belgian
Congo, breeding preferentially within ten metres from
houses. In contrast, Philip (1933) described Ae. aegypti
breeding prolifically in bamboo pots set between thirty

'~.1 and ninety yards away from the nearest building in dense
forest; these l'no,squitoeswere treated as a continuation

;0

in Newala District and on the Makonde Plateau in southern
Tanzania, describ. '\qthe ad ..lts as commonly pale but with
intermediates and c, '1::'k forms also occurring. These Ae.
aegypti were breeding in water storage pots inside
villagers' huts as well as in tree-holes on the plateau,
but it is not clear whether the tree-hole mosquitoes '(..rere
different from the domestic forms. At Ganda, a village on
the Kenyan coastg van Someren et ale (1958) and
McClelland (1960) collected ae. aegypti larvae in
abundance in villager's huts, and Mcclelland (1960) found
that approximately 82 per cent of the Ae. aegypti biting
in and around ~he huts were var. gueenslandensis.
However, McClelland (1959) collected anthropophilic Ae.
aegypti in a plantation near Entebbe, Uganda, which were
identified to be predominantly the dark form, formosus.
Trpis and Hausermann (1978) demonstrated a.nthropophily in
feral Ae. pegypti in the Rabai area of eastern Kenya by
human-baited collections. Nasidi et al. (1989) reported
on urban A~. aegypti breeaing well into the dry season in
Nigeria during the 1987 epidemic in Ogbomosho, yet the
population had a relatively low hiting rate of 2 I 7 per
man-hour , The ogbomosho mosqui toes were shown to have
isozyme profiles typical of west African Ae. aegypti
(Miller et li. 1989), generally considered to be
Mattingly's type form.
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of the domestio population near the oompound of the West
African Yellow Fever commission near Lagos, "'''igeria.
These examples are intermediate between the two extreme
forms, var. queenslandensis, which apparently has never
been found in natural breeding-places I and the feral
populations described by Haddow (1945) and Garnham et al~
(1946).

In South Africa, Ae. ;egypti is common along the east
coast but is :0.u:'obablymore dispersed elsewhere and absent
from the west coast. Muspratt (1956) speculates that
either there are two "strains", presumably the type and
feral forms~ or that the sp. is adaptable to both feral
and peri-domestic habitats. Based on its adaptability and
its inland, perido~estic distribution fUrther north in
Africa, it appears that p,.e.aegypti in South Africa is
exclusively Mattinglyis subsp. formosus, as he had
originally proposed (Mattingly 1957). The references to
cOllections of lipale" forms from Durban and Ntambanana in
Natal (Mattingly 1953) i interpreted by Muspra.tt (1956) to
be Ae. aegypti var. gyeenslandensi:a, may have represented
limited introductions as there have been no subsequent
recordings of pale forms from South Africa. In the
present study, the blackness of the darker scales, whioh
form the background to the white markings, lends further
weight to this synopsis, and may also be more reliable
taxonomically than the presence of pale scales on Tl for
distinguishing between the two subapp , However, the range
of background colours given for Mattingly's type form
could be pr-obl.emat.Lc in the apparently limited C'\ses
where. it occurs in synlp~~try with the classical, dark,
sub-Saharan form.
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CHAPTER 4. ELECTROPHORETIC ANALYSIS OF ISOZYMES IN
Aedes p.egypti

The sepa.ration of isozym,es by polyacrylamide gel
electrophoresis (PAGE) has been an important tool for
distinguishing closely related spp. in, amongst others,
the Anophele~ gambiae complex, which include the
principal mosquito vectors of n,al:ariain Africa (Mahon et
al. 1976, Miles 1979). Several studies have employed the
technique to distinguish geographically isolated
popular.ions of Ae. aegypti, in particular the two
putative subspp., aegypti and formosus.

J.~
P'"

Scott and McClelland (1975) investigated sympatric
popUlations of "dark feral" and "pals domestic" forms of
Ae. aegypt;l from the coastal area near. Mombasa, Kenya,
and found differences j n isozyme allele frequencies
between them. 'l'hiswas ascribed to lIpartial reproductive
isolation" e.ven though assortative mating could not be
demonstrated from the tergal morphology of the progeny_
Tabachnick et al. (1979) classed the two forms from the
same area in Kenya as "sylvan" and II: omestic" I and showed
that gene flow was restricted between populations but not
that it was entirely absent. Tabachnick and Powell (1979)
extended the earlier work into a werld-wide study and
related differences in allele frequencies in African and
New World populations of Ae. aegypti with "light
domestic" and "dark, often sylvan" forms. Wallis et sl.
(1983) also reported on allele frequency variation in the
sp. on a "macro-geographic" scale.

A PAGE analysis of th~ 10zymes of south African Ae.
aegypti was undertaken toO characterize different
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geographically isolated populations and to identify the
two putative subspp.

4.1. Materials and Methods

4.1.1. Mosquitoes

Female Ae. aegypti from the following localities were
used for the PAGE study: Grahamstown, Palm Beach, Park
Rynie~ Durban, Mkuze, Richards Bay, Ndumu, Johannesburg,
Magaliesberg (Kloofwaters fa.rm)and Mica (Hope farm) (see
Fig. 1)~ :!,)long-established colony from the Rockefeller
Institute ("''lOW the Rockefeller university) was included
as 0 standard rt:ference with some of .the PAGE runs. Fi
and Fz materia'l obtained from field mosquitoes and reared
in the laboratory were used in the electrophoretic w'rk,
except for the Rockefeller colony (generation unknown)
and some of the work with the Richards Bay colony (F9 and
FlO)' Mosquitoes were killed by freezing at -20°C and
stored in liquid nitrogen until required for PAGE.

The PAGE methods were those of Coetzee gt sl. (1993)

and were adapted for use at the NIV.

A. Polyacrylamide gels

!O

Polyacrylamide gels measuring 10 X 10 cmz were cast
to a thickness of 1,6 rom on supporting plates of thin
glass, with gel strength, T = 7,0 per cent. Each gel was
composed of 7,0 ml of 25 per cent (w/v) acrylamide/N.N'-
methylene-bis-acrylamide (MBA); 5 m l, of 25 per cent (w/v)
su~rose; 0,63 ml 01 2 per cent (w/v) ammonium persulphate
(initiator); 1215 ~l tetramethyl-ethylenediamine
(accelerator); and 12y36 ml of the relevant gel buffer
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'solution. Il'be prc;?ortion of MBAto acrylamide gave a
cross-linking ~. ,~ (C} of 2,7 per cent. Defore
polY:f;lerizCl.ti6n,i .gel solution \-las degassed under clow
agitation and vacuum for ~5 minutes. Gels Tllereusually
layered two de.sp to allow two different enzyme s~lstems
with tha same buffer solution requirements to be stained
for one set of samples.

B. Sample preparation

Indi vidual mosquitoes were tnawed to room temperatmce
and homogenized in a small droplet of distilled water on
a frosted glass slide. A sample of the homogenate was
absorbed by a small, 5 X 7 mm2piece of filter paper
(WhatmanNO.1).

c. Electrophoresis

Gels were run on a Bio-Phoresis Horizontal
Electrophoresis system (Bio-Rad) with the gel cooled to
4 °C by ref:t'igerant (distilled water mixed 3:1 with car
radiator anti-freeze additive) circulating through the
gel support. A Bio-Rad Model 500/200 power supply
provided a constant potential difference of 250 V and
maximum available current, ranging from 10"'50 mA,
depending on the particular resistance-characteristics of
the various ge~ and electrode buffer systems. The buffer
system recipes· were those of Steiner and Joslyn (1979)'
for moat;of the enzyme systems except.Lnq malic enzyme and
superoxide dismutase/ocatanol dehydrogenase (Barlow and
Ridgway 1971). All gels were pre-electruphoresed at

'* IiRecipeet is a common term for. the chemical
formulation of an isozyme stain or electrophor3tic
buffer solution.
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250 V for 30 minutes. PAGEI\-fun-timesdepended on the time
for a band of trackiug dye, J::)i~mophenol-blUO,to traverse
the length of the gel. '~

"I

Ii
After pl~e-electroPhoresi~, the gel was ct.t into two

parts to gi.ve a st.rip l.O mmwide at one end (th~ cathodal
end) and the two parts werEI left in contaeft with each
other on the supporting glass plate. The sar~ple was
inserted between the two sections of the gel as soon as
thl::! filter paper had dr~,ed. strips of cotton cloth or
"wicks" were used to connect the anodal and cathodal ends
of the gel to the respective electrode buffers to
comple·te the circui tl'

!~lcluded with every gel was a standi;trd reference,
cClnsisting of a sample of",haemoLyaed blood (1 :\1 mixture
of whole human blood and d~~-ionized ",rater) stained with
0,1 mM bromophenol-blue in ethanol.

I},'he twelve enzymes 'that were studied, with the

respecti v« numbers of loci coding for if:fozymes in each
enzyme system, are given in Table 7. The stain recipes of
.steiner and Joslyn (1979) were used (occas LonaLy wi'th
ll\odification$) for all enzyme systems ex~ept for
Gdh (Harr:i.s and Hcpki.naon 1977), Pg iI\ (Harris and
Hopkinsl~n1977, Urbanelli Ct'1dBullini 1981» I Me (coet.aee ,
SA!MR,tlerscmal communication) and the .~ombined stain,
Sod/Odh (Mahonet~Sil. 19'115). The recip~s !Ire presented in
Appendix A.

o

I)
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Table 7. List of enzymes used in the PAGE study of
isozymes of Aedes aegypti.
--------.-------------------------------------------

EnzY1ne
system

No. of
E.C. No. II loci

2.7~4.3 2

3.1.1.1 3

1.1.1.47 1
5.3.1.9 1

1. 2.1.12 1

2.7.1.1 4

1.1.1.42 2

1.1.1.37 2

1.1.1.40 1

1.1.1.73 1

2.7.5.1 1

1.15.1.1 1

Adenylate kinase (Ak)
Esterase. CEs}
Gluco.se dehydrogenase (Gdh)
Glucose phosphate isomerase (Gp.i.)
Glyce.rald~hyde phosphate

dehydrogenase (Gapdh)
Hexokinase (Hk)
Isoaitrate de~ydrogenase (ldh)
Mali..~tedehydrogenase (Mdh)
Mal~o enzyme (Me)
octanol dehydrogenase (Odh)
Phosl!>hogluoomutase(pgm)
Superoxide dismutase (Sod)

a - Enzyme classifi,cation numbers according to the
com:mission on Biological Nomenclature (19'73).

Individual mosquitoes from the different populations
were run on the same gel to find unique electromorphs
that could serve as lagnostic markers for distirlguishi:ng
the populations. One mosquito from the Rockefeller
reference colony was included on each gel.

~. Allele frequencies

The allele frequencies of eight gene loci ~oding for

,0
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isozyrnes in three enzyme systo;'!li1S(Ak, Hk and Idh) were
determined for :the Durban and Ndumupopulations of M..
gtegy:pti, representing anthropophilic and zoophilic
behavioural forms, respectively. Gels were scored by
measuring the distanr.!e of migrati'on of the allelomorphs
(allelic electromorphs) from the origin in millimeters.
l!"irstly, the groups of electromorphs representing the
different isozyme loci in a particular enzymesystem were
identified, numbering them in the order of progressive
migration from the origin (Ayala et .El..l.. 1972, Munetermann
1979, Mt1.n~ttermannand Craig Jr 1979). Secondly, the band
or bands representing the paired. alleloli1orphs of each
locus were identified for each gEmome.The allelomorphs
were scored by dividing their distances of migration with
that of the most(commonlyoccurring allelomorph amongst
the genomeson the gel, and grouped in clasFes of 10 per
cent on either side of the most commonallelomorph
(having a value of 100 per cent and written, e.g.,
Ak-l1OO). Where no ,all(~lon\orph could be designated "l01:>n

on a gel, Rf values were determined rela'ti ve to the
haemoglobin electromorph on this gel, as well as one that
did have a 100 per cent allelomorph, and tl'le first gel
was sccired accordingly. These. classes Were classified
alphabetically from the slowest, nearest to the origin,
to the fastest, nearest to the anodal end of 'the gel, for
the entire range of allelomorphs in both populations.

In a separate exercise, gels were also scored
qtlalitatively by assigning alleles to genome~on a single
gel according to the visually apparent banding patterns,
without~ I:l.ctually measuring the dl.stances of migration.
Alleles were assigned approximate Rr values relative to
the most commonallelomorph.

Each individual genome could be charact.erized by a
couplet of alphabetic letters representing an allele
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pair. Genomic data in this form may be converted into
allele frequencies by the FORTRANsoftware, l~IOSYS-1
Release 1.7 (Swofford and Selander 1981), implelMmtecion
an IBM-compatible personal computer. BIOSYS-1provides
statistical comparisons of allele frequency distributions
against expected Hardy"'Weinbergequilibria, and ':fenerates
observed and expected heterozygosities as well as genetic
distances and identities.

The cbserved heterozygosities are d.erived fl:omdirect
counts of the heterozygous loci in a population and the
mean, HOI is simply the average or arithmetic mean of.
these values. The mean expected heterozygosity, He' is
the average of the unbiased esi:imates of heterozygosity
for each locus in a population (Nei 1978). The.Stu.dent's
t-tests used in the comparisons .of tha heterozygosities
were generated using Statgraphics Vel's.i.on5. Whendealing
with samples Where the variances wer-e shown to be f~ual
using the variance-!'atio (F) distribution for the two-
tailE:ld test I the proil...-IJilities pr-oduced by the computer
programme(associated with 2n-2 degrees of freedom) were
accepted. However, where samples had unequal variances,
the more conservative prcbability associated with only n-
1 degrees of freedom was used (Zar 1984).

BIOSYS-l produces genetic distance (D)
including Nei f s standard D and Rogers' O.

indices,
Nei's 0

(I
estimates the mean numberof codon differences per locus
between two popuLatd.ons that have accumufatied since the
populations diverged from their commonancestor (Nei
1972). As for this study, the codon differences are
usually based em a sample of nucleotide substitutions
that produce electrophoretically detectable, mutant
alleles. Rogers I 0 differs from NeiISO by being a purely
geometrical calculation of the mean distance between
allelle frequency vectors per locus for the two
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4.2.2. All.ele frequenoies of anthrQPophj.lic and
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populations, usLnq the pythagorean theorem (Rogers 1972).
The theoretioal range of Nei's D is from zero to infinity
and of Rogers' D is from zero to unity.

4.2. R~sults

All of the electromorphs in the twelve enzymesystems
migrated anodally on the ge1. All of the isozymes but one
had banding patterns consistent with monomericor dimeric
quaternary structures I ranging from single bands
(homozygotes) to two bands (monomericheterozygotes} to
three bands (dimeric heterozygot€:s).

4.2.1. Compakisonof ~1e.ctr9moxJihsin different
populations

I ~_-
R

Membersof the ten popuLat.Lons of Ae. aegypt;j. from
South Africa could not be conclusively distinguished in
any of the twelve enzymesystems based on a cr'~,parison of
electromorphs, although cer'cain electromor}:lhS in some
systems occurred in only a pJ:oportion of the mosquitoes
within a population (e.g., sef~"4.2.2. Allele frequencies
of anthropophilic and zOI?philic Aedes .aegypti II). The
South African mcaqud,toes al~~c)did not differ consistently
from the Rockefeller referl;mce colony wit:.h respect to
elect:tomorphs.

The sample gel in Fig. 4 shows the Idh enzyme system for
Ae. Slegypti females from Ndumuand Durban. The slower
group of e.lectromorphs has been termed Idh-l and the
faster group Idh-2. Both isozy~nes are composed of dimers
in the heterozygous genotype. Lanes 3, 8 and 9 were

'I
1

1
,j

I
Al
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heterozygous for Idh-l, \'JhileJ.anes3 arids were composed
( \

of one tyPt~ of heterozygote and lane 5 was composed of
another for Idh-2. The most common allelomorph (seen in
thm homozygous genotypes in Fig. 4) often corresponds to
one of the heterozygotic allelomorphs.

3 5 8 9
(')

') I

Figure 4. Sample electrophoretic gel cf the isocitrate
dehydrogenase isozymes of Aed~ aeg~.

l
nl
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The allele frequencies for samples of the
anthropophilic and zoophilic behavioural forms of ~.
gegYl2tiare given in Table 8. Only one of the ed9ht loci,
Hk-3, was monomcz-phLc" for both populations. ~\)th
Idh-1 and -2 were essential:,y monomorf;:hic in the
zoophilic population but polymorphio to varying degrees
for the anthropophilic population. The degree of
pol}~orphism at the other loci was similar for the two
populations. The tn 190 allele was present at the same
frequency as the Hk-11OO allele in the zoophilic
population.

The allele freque'ncy distributions differed
significantly fromHardy-weinberg expected frequencies at
all loci, except for Ak-2 in the Durban population and
Idh-2 in the Ndumupopulation.

* A monomorphiclocus is one where t.he most common
alJ.IA:,~.s~h,HI a frequency greater than 95 pex' cent
\Ayal<i et al. 1972).

l'r
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Table 8. Allele frequenoies for isozymes in anthropo-
philic and zoophilic populations of A~des aegypti
from Durban and Ndumu, respectively.

Isozymes Alleles Durban Ndumu

Ak-l n* 57 57
80 0,009
90 0,123 0,096

100 0,728 0,588
110 0,123 0,132
120 0,018 0,114

Other 0,070

AK-2 n 57 57
80 0,105 0,035
90 0,070 0,079 I

i
~ 100 0,754 0,833 !

i
j

Other 0,061 0,053 I

I
!
!
IHk-l n 24 25 ~
i80 0,104 0,140 I~90 0,438 0,200 I100 0,438 0,620 IOthe.r 0/021 0,040 j~~- I,_,.

r':':~ Hk-2 n 27 27 I! <,

'j 80 0,019 II 0 90 0,037 0,037
Ii 100 0,944 0,852 I110 0,111I i1
1

1< Hk-3 n 27 27 ",
(J

100 1,000 1,000

~ ..#< -""=

I' 4
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Table 8 continued.

Isozymes Alleles Durban

n 27
90 0,037

100 0,926
110 0,037

n 56
90 0,027

100 0,902
110 0,018

Other 0,054

n 57
80 0,026

100 0,772-
110 0,202

____...~-.---- ....... ...___

Ndumu

Hk-4 27

0,926
0,074

Idh"'l 57

1,000

Idh-2 57
0,009
0,991

a - Genome sample size.

In the Nd'umu mosquitoes, 62,5 ljl)ercent and, in
Durban, 87,5 per cent of the loci wel:'~\po Iymozph ic. The
genetic variability in the two populations are presented
in 'l'able 9. In both populations of Ae., ~aegypti, Observed
and expected levels of heterozygosi'l:y were clearly
different for two loci, Ak-1 and Hk-1,t while expected
het.erozygosities were generally high for Ak-1, Ak-2 and
Hk-l. The Ndumu population did not differ significantly
from the Durban population with respect to either of the
two mean heterozygosities, HI) (t:;::1,5009; P = 0,1771) or
He (t == 0,4083; P == 0,6893). The observed and expected
mean heterozygosities did not differ statistically for
either Durban (t :;::-1,9091; P :;::0,0774) or Nduml1 (t == -
2.3030; P = 0(0547).

1::-:';"':1
I
\
1

to

I
!
j

1

! (j
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Tar/Ie 9..Genetic heterozygosity at eight isozyme loci.

in anthropophilic and zoophilic populations of
Aedes aeg:Y:Qltifrom Durban and Ndumu, respect.ively.

Durban Ndumu
Isozyme ha hb ho he(> e

Ak-:;' 0,018 0,443 0,105 0,618
Ak-2 0,421 0,415 0,105 0,298
Hk-l 0,083 0,619 0,040 0,566
Hl~-2 0,037 0,108 0 0,266
Hk-3 0 0 0 0
Hk-4 0 0,143 0 0,140
Idh-1 o t 3.43 0,185 0 0

Idh-2 O,2J.l 0,366 0,018 0,018

Mean, H 0,114c 0/285d 0,034 0,236
si 0,051 0,073 0,016 0,087
s2 0,021 0,043 0,002 0,061

a - Observed heterozygosity (estimate by direct
count).

b - Expected heterozygosity (Nai's unbiased
estimate assuming Hardy-Weinberg equilibrium).

c - HOI observed mean heterozygosity.
d - Ho, expected mean heterozygosity.

The estimate of genetic distance between the two
behavioural forms of Ae. aegypti from Durban and Nd11mu
given by Nel's D \lIas0,022 and by Rogers' D was 0,109.

The visual, qualitative scoring method did not
provide significant differences in allele frequenoies,
heterozygosities or genetic distances from the
quaLf.tiatiLvemetihod',In fact, none of the seven loci (Hk-3
is excluded because it was monomozphd.c in both
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populations) had allele frequency distributions in Hardy-
Weinberg equilibrium using the qualitative method.

Atypical electromorphs were occasionally encountered
in this study. Very infrequently, the Mdh-2 region of a
gel consisted of a cluster of five bands instead of three
bands or a single band. This may have represented a
mutant genotype consisting of a tetrameric heterozygote
or else have been a combination of the typical Mdh-2
h!~terozygote and the monomeric heterozygote of a third,

I

rare Mdh locus. occasionally, an electromorph would also
develop in gels st~ined for Idh that migrated faster than
Idh-1 and -2, possibly representing a rare locus, Idh-3e
These atypical electromorphs were excluded from the
i~ozyme analysis.

()

Behaviourally different forms of An. gambiae were
shown to form a sp. complex and could be successfully
differentiated by polytene chromosome mapping and
characte~istic isozyme electromorphs (Mahon et ale 1976,
Miles 1979). Unfortunately, there are no comparable
karyotypic or electrophoretic markers for characterizing
the two behavioural forms of Ae ..aegypti (Tabachnick and
Powell 1979). Paterson et al. (1976) interpreted the
allele frequency differences, reported by scott and
MCClelland (1975) for eo~logically separated
subpopulations from a particular locality in Kenya~ as
evidence for assortati ve mating. However, Trpis and
Hausermann (1975, 1978) suggested that mosquitoes from
this locality h1:bridized naturally r based on the presence
of a peridomestic form of Ae. aegypti, behaviourally and
morphologically intermediate between the feral and
domestic forms.

r-~
I
1 c
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Neils D (Nei 1972) and Rogers' D (Rogers 1972) are

the two measures of genetic distance most commonlyused
in the el~ctrophoretic literature. The estimates of these
ir!dices suggest very littlE:! phylogenetic divergel<ce
between the anthropophilic and zoophilic populations of
Ae. _Q,egypti. Ideally, a large number of loci should be
included to obtain a reliable estimate of genetic
dis.ta.fice, as this reduces the sampling error (standard
error) of the mean heter'?zygosity. HO'I'(lever,the sampling
error can also be reduced to some ~xtent by studying a
large number of genotypes r even though the number of loci
used may be small (Nei 1978). Indeed, Neifs D between the
two behavioural ~~rms from South Africa was almost
identical to t;he avercA~ D f 0,018 between the "outdoor
forms" (subsp . .,;_,ormost:.:)from West and East Africa, and
roughly half the value of 0,049 calculated between the
two putative subspp. from East Africa by Tabachnick and
Powell (1979).

Grant at a~. (1988) modified Thorpe's (1982) graph "f
the frequency d~stributions of pUblished values of Nei' s
standard genet!~d identity for different categories of
taxa to reflect values of Nei's D instead. D ranges from
zero to 0,25 for the taxonomic category of "conspecific
populations", and from approximately 0,10 to greater than
2 for the category of "congeneric species". By this
def ini tion, the two South African poj, .i(.~ ':iol'~S and the
populations studied by Tabachnick and P~~al1 (1979) and
Wallis et al. (1983) all fall into a single sp.

o

Estimates of mean values of D between populations of
Ae. aegypti from iH iferent regions and continents range
from 0,017 to 0,053 (Wallis et al. 1983) and from 0,014
to 0,049 (Tabaohnick and Powell 1979). The mean Dbetween
sympatric sylvan and domestic forms from coastal Kenya
was 0,042 ± 0,004 (si) (Tabaohnick et a1. 1979). These
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values of D are significantly smaller than those found
for subspp. of the fruitfly, Drosophil~, by Ayala et ale
(1974). Perhaps more, aptly, they are comparable to those
between populations of the culicine, Culex 2ipip.n~ ~nsu
stricto, from Italy and populations of the behaviourally
different Culex pipiens var. molestus from Italy, Israel
and Egypt, with D ranging from 0,023 to 0,067 (Urbanelli
et ale 1985). These data would suggeBt that there is no
evidence for subspp , of Ae. g_e.,.mrntiat. the Laozyme level.

<;)

The het.ez- ~ygosities of the two populations of .Ae.
aegy:pti from South Africa (Table 9) are ~igh when
comparea to other reported heterozygosities. ci~7tchi et
al. (1985) listed He values of 0,07 to 0,21 for severa.l
different aedine species. Tabachnick et ale (1979)
reported values of 0,141 for a "domestic" population and
0,163 f9r a IIferal" pc....uLatiLon of ~e. aegypti but>, by
comparing only the h, values; for loci that correspond t()

six of t.he eight used in this study, viz. Ak-2,.Jlk-2 'to ...
4 and IDH-l and -2, a value of 0,269 is ca1pulated' fen:" He
f.or the "dome~t,it:::,gpopulation. Tabachnick and l'owell
(1979) measured He values of between 0,096 and 0,:t,p5 fer
19 loci in populations of Ae. aegypti representing Asia,
the Americas and the two subspp. from Africa; however,
the mean of tt-;e "average expected heterozygosit'.iesll' for
four highly differentiated loci (Idh-l, Pgm, Ndh and G-t$-

pdh) was 0,264. Differences between h, and he are rclreJLy
provided in the extant ...lteratul'e, although differe'ncEls
in he for different gene-pools or geographio population.s
have been destrjbed, e.g. I Tabachnick and Powell (1979) ,.
Unfort~lnately I Tabachnick and PoweJ1, (1979) calculiated
st~mdard errors for· the He vaLues of the var-Lous
populations without taking into account the i11herent
error in the estimate of he at each locus. The total
error cannot be smaller tban thE' l.argest error in any nne
constituent heterozygosity estimate. Thereiot':.a, the
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standaJ:d error of He for the East African .f.Qr..mosus
population must be at least 0,046 and not 0,009 as
reported. A confidence level of 95 per cent in the
estimate of. He requires the doubling of the standard
~rror, giving 0,155 ± 0,092 so that this value is not
significantly different from any of the other He values,
contrary to the authors' interpretation of the data. The
eight loci employed in the present study are clearly
insufficient for determining representative mean
heterozygosit.ies for the two South African populations,
even though their heterozygosities are comparable at the
level of the locus.

The lack of agreement of allele frequency
distributions with Hardy-Weinbergequilibria is notable,
oonsLder-Lnqthat these loci are believed to segregate in
Mendelian, codor.'linantfashion, particularly in the Hkand
Idh systems (Tabachnick: 1978, Munstermannand Craig Jr
1979). This suggests that gene flow between compo=errt.sof
the mosqUitoes sampled in either lo(.::ali,t,iwas restricted,
possibly reflecting the temporal genotypic variation in
a population sampled over several gelvrations. The
superficial deviation of Ht) frt)m He is seen to be
statistically insignificant (P = 0,05) and reflects
inf~tead the inherent error due to the sampling methods
used. PAGEis believed to detect as little as 30 or 40

per cent (Nei 1971) of the total isozyme polymorphisms
preaent, largely beoause it is estimated that only 30 per
cent of all possible nucleotide substitutions code for
amino acids with different charges (Sha'(t{1970). If a
proportion of the isozyme alleles go undetected, one
would expect deviations from Hardy-Weinbergequilibrium
to be common.Munstermann (1979) reported that t.wenty-
seven out of 134 enzyme loci-Ae. Sl_egyptipop\!lation
combinatlons deviated from Hardy-Weinbergeqt:.ilibriuln at
P == 0,05.
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I
Fairbairn and Roff (1980) tested the power of the X2

'test for comparing observed allozyro~ frequencies with the
expected frequencies of allelE>:!1se'::!1:·sgating in Hardy-
Weinberg eqUilibrium in the case of a di.<.)!lelic locus,
against three alternative hypot:le~1~s:car'.Clnmvariation,
vcriation due to post-translational moddr Loat.Lon of
protein s·tructure I and variation due to the segregation
of an undetected ("mlll" or "silent") allele. They
conclude. that the X2 test has little powe;;'in all three
cases whensample sizes are smaller than two-hundred, and
whenthe sample is madeup of several smaller collections
rather than a single, large, homogeneous collection.
Fairbairn and Roff (1980) note that Ak isozymes lose
positively charge~ amid~ groups from glutamine or
asparagil1e with sample storage, producing an increase in
electromorphs towards the anode. Tabachnick (1978) and
Tabachnick and Powell (3.979) report on null alleles in
Idh~2, Hk-2 and Hk-4. Interestingly, the one monomorphic
locus in both the Ndumuand Durbanpopulations, Hk-3 has
been recorded as not !I ;:tvingnull alleles in other studies
(Tabachnick 1978, Wallis ,et al. 1983).

The recent development of DN.A.-and RNA-·basedtests
for characterizing different populations of Ae. aegypti
(Ballinger-crabtree et sl. 1992, Wattamand Christensen
1992) may cast· '.·\fl light on the taxonomic status of the
behaviourally different forms. Ballinger-crabtree et ale
(1992) demonstrated genetic variation in Ae. aegypti by
amplifying randomly selected fragments of' DNAin its
genome by polymerase chain reaction (random-amplified
polymorphic ONApolymerase chain. reaction or RAPD-l?CR).
Using discriminant analysis of the frequenc.les of RAPO
fragments, they could distinguish between populations of
Ae. aegypti from central ;,I\frica and populations from
other continents (described as subapp, formosus and
aegypti, respectively) f and calculated a relatively large
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value of 0,3 for Nei's unbiased D (Nei 1978).
Unfortunately, several of the Ni.gerian localities from
which the "formosus" populations originated were urban
(Ballinger-Crabtree et al. 1992), casting doubt on their
true taxonomic status.

o

The scoring of gels is, to someextent, an arbitrary
process due to several factors~ including distortion in
the gel which causes spur ious banding patterns with
equivalent electromorphs lyinq in a smoothcurve relative
'\:0 each other. This makesa strictly quantitative scoring
methoddifficult to apply. Even in the ::J.bsenceof such an
obvious irregularity' in the gel, electromorphs can assume
a large array of differen't mobilit.ies, ¢liffering by less
than 1 per cent from each other. Onewayto makesense of
the data wcuLd be to determine the mean mohili ty and
standard error for each individual isozyme in a large
sample of moaqud,to genotypes. 1..s this Could be a
laborious process, the data maybe ~implified by ot"dering
the quantitative mobility data iItto suitable classes. The
data mayalso be simplified by Cjualit,atively alloca'ting
alleles according to the judgment of the experimenter.
Both short-cut methods allow the expe,rilnenter to
compensatefor spurious mobility differences due tc. gross
distortion of the gel, but loss of information is
unavoidable. '!'his loss maybe a major contributor to gene
ft"equency distributions not bei.ng in Hardy-Weinberg
equilibrium, besides the }:Jroblemscaused by hidden
heterogeneity and insuffL.dent sample size.

J ,'_~~

",-

.(j

In summary,the lack of Hardy-Weinbergequilibrium in
the gene frequency distributions at six of the eight
isozyme loci studied cannot be easily resolved. The
accuracies of the genetic distance indices were there.fore
undermined. Meanheterozygosities \Olerenot statistically
different but were high in comparison to published
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figures, mainly because the number of loci sampled was
too small to be representative of the mo~quito genome.
Despite these obvioq$ shortcomings in the present study,
the results at the very lea~t indicate a high lev~l of~. ~
isozyme polymorphism in both the anthrC1_Bophilic and
zoophilic ~. aegypti populations in South Africa.

~_.,.,.--
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CHAPTER5. VEC'l'ORCOMPETENCEOFPOPULATIONSOF
Aedes aegypti

The natural <lectors of DEN only include aer.'d ~',e
species in the subgenera DicerolJlyia, Finlaya i.'l1d
stegomyia. Forest canopy-dwelling mosquItoes from which
DENvirus has been isolated in the field include the Ae.
(Finlaya) niveus group in Asia (WorldHealth or~.tanization
1976, Rudnick 1978) and the Ae. (Diceromyia) fUrcifer
group :in Af:r~ca (Cordellier at aJ,. 1983, Roche at al,.
1983, co:tnet et al. 1984). These studies demonstrated the
involvement of mosquitoes and monkeys in forest cycles of
DENin similar fashion to the classic enzootic cye-les of
yellow fevet' virus. Hervy et ale (1984) refer ~o a single
isolation of DEN-2 from a pool, of Ae. (Aedimor'p'hus)
cumminsii (Theobald) but this is the only such record for
this suhgentls.

,
.~.

The vectors in the forest cycles also i.nclude several
stegomyia spp. that art; believed to transmit DENto
humans in the rural and urban environments of Asia and
Africa (Simmonsat ale 1931, Mackerras 1946, Rosen et al.
1954, Rudnick and Chan 1965, cordel).ier et li. 1983,

Roche et at. 1983, cornet et a,l. 1984, Hervy et al.
1984). Circumstantial evidence suggests a similar role
for A~. H~ymnometopa)mediovittatus (Coquillett) in the
Caribbean (Gubler et al. 1985). This sp. and Ae.
(}?rotomacleaya) triseriatul? (Say) have been incriminated
as DENvectors in the laboratory (Freier and Grimstad
1983, Gubler et al. 1985}f as have Japanese Ochlerotatus
(Eshita ~:t ale 1982, quoted in Gubler et .al. 1985) 4

Limited susceptibility has also been dernonst:rated
experimentally with A~. (Aedimorphus) vittatus (Bigot)

l·.....,"......
l:-~~
!
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(Mavale ct ale 1992)~ Jupp and Kemp (1993) demonstrated
the vector potential of South African ,stegomyia and
Diceromyia in the laboratory for DEN-1 and DEN-2.

No natural DEN vectors have been found in other
genera t except for reports of isolations from Culex
(Cule~) g\~inguefasciatus Say (Chen ~t ale 1982, Chen et
Al. 1986) during epidemics involving DEN-2 and ~EN-3 in
cn+na , ThE;..~~findings are supported by laboratory
evidence for the vector competence of Culex
~uinguefasciatus in China (Liu ar~ Zhao 1985, Tong at ~l.
1987, quoted in Huang gt ale 1985; Xue-dong and Gui-fang
1985, quoted in Gubler 1988). HoweverI' other recent
studies have failed to show infection after intrathoracic
inoculation of virus in populations of the sp , from
T~iwan, the Philippines and Puerto Rico (Rosen ~ al.
19~5, Huang .§!; al. 1992). Rosel1 et .al. (1985) found
various sp~. in the genera Armigeres, Anopheles, Culex~
Heizmannia, Topomyia and Tripteroides to be refractory to
infection by the oral route with DEN viruses.
Eretmapodites quinguevittatus Theobald is similarly
refractory to DEN-l and DEN-2 in the laboratory (Jupp and
Kemp 1993).

r'
10

Aedes aegypti has long been recognized
internationally as the urban vec't,orof DEN (Siler et ~.
1926, smith 1956, Rao 1964), and knowledge of its vector
competence is of great consequence. A certain degree of
variation in susceptibility has been recorded for
different populations of Ae. g,ggypti throughout its
distribution (Gubler et al. 1979 t Tardieux et al. 1990).
The present study was concerned with the implica.tions of
var Iabicns in infection and transm:tssion rates in South
African populations.

The two serotypes, DEN-1 and -2, were selected for
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o

the following reasons: DEN....1 virus is the only serotype.
to have been Lncr iminated or isolated in souch .Africa
(Kokernot at 91. 1956, Blackburn and Rawat 1987), and
recently DEN....n virus has been the most active of the four
serotypes in \ ,.I.e Afrotropical region .. The likelihood of
DEN-2being imported from south-east Asia is greater than
from other parts of Africa. South Africa has strong
trading ties with the Far East and the use of a 11EN-2

strain front Taipei in this ~tudy seems C1\particularly apt
choice.

,

5.1. Materials and Methods

5 .''1.. 1. Mosquitoes

r~I \
,0

Aedes aegypti populations from five localities (Ii'ig.
1) were selected for the vector competence study.
Mosquitoes originated from human-baited collections at
Durban, Palm Beach and Skukuza; artificial-con-calnar
collections at Richards Bay; and ovitrap collections at
Durban, Ndumuand Skukuza (Tables to and 11). Several of
the tests were done with Ae. aegypti females taken
directly from. fi~)d populations in the human-sba.Lt.ed
collections but most; were done with Fl and F2 females,
plus one. test with the F~ (T~ble 10). The ages of these
f'leld-caught adults were not determined but none of the
adult mosquitoes reared in the laboratory were older than
twenty-one days.

A reference oQlony of Ae. aegypti from the
Rockefeller Institute was employed in the vector
competence tests TV'ithDEN-1to act as a standard against
which to compare the local populations.
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5.1. 2. Amplification, preparation and deteC'~ion of
virus

DEN-1 (Cassim str,"IJn) was isolated at the NIV from
the acute-phase serum o.~a patient from Durban in october
1985 (Blackburn and Rawat 1987) and had been passaged
three times in suckling mouse brain and freeze-dried.
DEN-2 (BC 5007 strain) was isolated from a febrile
patient from Taipei, Thailand in November 1989 and had
been passaged twice in Aed~s albopi~tus tissue cuI tu:r;e
cells (C6-36) at the Ce.nters for Disease Control, USA,
and freeze-dried prior to being sent to the NIV.

Rehydrated DEN-1 and DEN-2 seed viruses ~.rer.a
al1'iplified by serial inoculation (see "5.1. 3. Inoculation
of mosquitoes with virus") of samples of adult Ae.
aegypti females. 'I'he Cassim st ~ain (DEN-i) was amplified
by three or four p&ssages and the Be 5007 strain (DEN-2)
'Y;'.,samplified by two passages in Ae. a~pti. The stock.-
viruses were stored at -70 0(' as whole, infected
mosquitoes.

o

The vircises used in the experiments to;ere based on
units of thirty virus-stock mosquitoes per 2 ml of BPA
incorporating 10 per cent heat-treated foetal calf serum
(FCS)I 20 p.g/ml gentamicin, 5'00 units/ml penicillin G,
500 p,g/ml streptomycin sulphate and 0,5 J.1,g/ml
amphot~ricin B. BPAis an abbreviation for 0,75 per cent
(w/v) of bovine serum albumin in phosphate-puffered
saline pH 7,2. One such unit of infective mater.al was
sufficient: for inoculation into a group of mosqnitoes to
determine one infection rate while $everal units w~re
required when a blood-virus mixture was made up to
provide an infective blood-meal.

Virus-stock mosquitoes were homogenized in BPAand
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centrifuged at 3000 rpm for thirty minutes in a
refrigerated ultracentrifuge coolea to 4 °e. The
supernat.arrcwas drawn off and passed through a (J c 45 /-Lm
filter before being used to inoculate mosquitoes.

Mosquito infection was determined using an indirect
immunofluorescen" antibody test (IFAT), a variation of
the method of Kuberski and Rosen (1977), to detect DEN
viral antigen in mosquito tiss~.l(,><;:'..Mosquitoes were
decapi':"atedby scalpel and the severed heads squashed
under siliconized·· oovez sLi.ps on glass slides~ Head-
squashes were washed in acotone to kill any virus
present, t.henincubated in the presence of mouse anti-PEN
hyperimmune ascitic fluid (HAF)( rinsed, dried, and
stained with a commercia.l anti-mouse fluorescent
conjugate (conjugate of fluorescein isothiocyanate and
anti-mouse immunoglobulins). Fluorescent antigen was
visualized under ultra-violet light at 250 times
magnification.

5.1.3. Inoculation of mosquitoes with virus

The intrathoracic method of .i,l1oculationas described
by Rosen and Gubler (1974) w&s used to amplify, assay or
titrate DEN virus in mosquitoes. Mosquitoes were
anaesthetized with carbon dioxide and a small volume of
inoculum (i±s = 0,34±O,02 /-Ll;see "Appendix Btl) was
injected intrathoracically into each mosquito. r.noculated
moequf toes were placed in suitable cages which were
supplied with cotton~wool pads soaked in a 5 per cent
sucrose solution and were covered with polythene bags.
This provided both nourishment and a high humidity for
the mosquitoes. The cages were kept in a security
insectary at approximately 30 <c for eight days (see
"Appendix CII). After the incubation period, mosquitoes
were killed by freezing at -20 °C.and stored at -70 °e
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un+ il required for either preparation of in:rective blood-
meals or viral assay_

5.1.4. Titration of virus

~
,

Virus in the infective blood-meals were titrated at
the start of each feed. si:{ ten-fold dilutions of a
sample.of the infective blood-meal were prepared and 0,34
ILl aliqG'U't:;swere inoculated into batches of fifteen
highly susceptible Ae. aegypti or Eretmapodi tes
guinguevittatus mosquitoes p~r dilution. The mosquitoes
were held in a security insectary for ej.ght days at 30°C
(se~ "5.1. 3 . Inoculation of mosquitoes with virus"),
after which they were killed by freezing and stored at -
70°C for later processing. The proportions of infected
head-squashes were determined for ten mosquitoes from
each assCiY batch by IJ!'AT(see U5" 1.2. Amplification,
preparation ann deteC'''',ionof virus"). The viral titres
Were calculated as 'the 100'", MIDsoper mL using the method
of Reed and Muench (1938), representing the dilution at
which fifty per cent of the inoculated mosquitoes became
infected.

I _,./-:
'"

r'}
.1

1
0

I
I
(

10

In two of the oral infection experiments, one with
each PEN serotype, the infective blood-meal was titrated
again three hours after the start of the experiment to
measure the drop in titre, during the feeding period.

5.1.5. Infective feeds and mosquito susceptibili~

Samples of seventy-five to a hundred female Ae.
aegypti per loc&lity were put into each of two cages with
dim~nsions of 160 X 160 X 160 rom3• The mosquitoes were
starved under standard insectary conditions (see "2 .1.5.
Insectary conditions") for eighteen to twenty-four hours
before being moved to the security insectary for their

i.,
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infective feed. Here, t~~ cages were enclosed in
polystyrene boxes which w~re provided with water-soaked
pads of cotton-wool to provide a high humidity.

An infective bl.cod-meaL was prepared from one part of
virus filtrat.e (see "5.1.2. Amplification, preparation
and detection of virus") mixed with two parts of fresh,
defibr:l.nated~ human blood donerbed just prior to the
experiment. Using the Upledget method II r a discardable
petri~dish containing a cotton-wool pad soaked with
approximately 5 ml of the infective blood-meal i <vasplaced
in the bottom of each cage. (TwO feeding pads required
ninety virus-stock mQsquitoes ground in six ml of BPA,
givingr approximately 5,5 ml of virus filtrate.) Due care
was ta:kennot to produce aerosols that may have infected
the experimenter. After at least 35 mosquitoes had
engorged on the blood-virus mixture, the pad was removed.
from the cage and disposed of safely. The mosquitoes were
tubed singly in test tubes plugged with cotton-wool, and
studied under a hand-lens of 10 times ~~gnification to
id.entify the engorged ones. The fe· ..ling rate was
determined and well-engorged mosquitoes were transferred
·to a new cage. The unfed mosquitoes were destroyed.

Another in vitro feeuing method was employed to
expose mosquitoes to art infective blood-meal in the
earlier experiments with DEN-1, i.e. the "droplet method"
of Gubler and Rosen (1976). Single mosquitoes in v '.s
closed with nylon mesh were presented with an infp.ctive
blood-meal in the form of a small droplet on top ~f the
mesh. This method was compared with the pledget method
for the Rockefeller colony of Ae. ae.gypti to discover
differences in feeding rates.

The cage of engorged mosquitoes was provided with a
large cotton-wool pad soaked in 5 per cent sucrose
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solution and was enclosed in a plastic cage-cover. The
temperature in the security insectary was adj uabed to
approximately 30°C and was mQnitored on a daily basis
over an incubation period of fourteen to twenty days,
whereafter infection rates were determined and
transmission experiments done.

Infection was demonstrated by l]~ATon head-squashes
(see "5.1. 2. Amplificat..:..m, preparation and detection of
virus'l). Twohead-ssquaah infection rcltes (HSIRs), one for
each DENserotype, t·' :Te calculated fClr each population of
Ae. aegypti. The h .," :i.s def ined as the proportion of a
sample of mosqu:U:.oeswhich had engo~:-gedon an infect! ve
blood-meal, and tbat had developed dissemin.::'lted
infections that could be detected by IFAT on head-
squashes.

~
I

f

The effect of varying the incubation period f:r.om
fourteen to twenty days on the HSIR was investigated
through regression analysis.

5.1. 6~ EXMrimental transmissi.on

The .iu vit.r(\ feeding technique described by Aitken
(1977) was employed to demonstrate the secretion of DEN
virus in the mosquito's saliva~ as an approximation of
viral transmission. A sample of at least twenty
mosquitoes, which had engorged on an infective blood-
meal, were selected for each "t.ransmission feeding tv

experiment. Mosquitoes were starved for eighteen to
tWenty-four hours prior to the transmission feed.
Capillary feeding tubes (with one end drawn to about half
the diameter of the tube) were filled with a 20 mmcolumn
of feeding solution consisting of equal parts of 10 per
cent sucrose solution and Fes, equivalent to a volume of
6,8 J1.l. The wings and legs of the mosquitoes ,qere removed
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under carbon (i\\d!~'bxida-anaesthesia. The proboscis of th~j
',\ I; il

mosquito wa~ ~~serted into the feeding fluid containe.d in
the capillary tube (the "capillary fluid") and the
mosquito left to hang from its proboscis with the
capill9:tY tube supported vertically in a suitable stand.
l'he mosquito was allowp-d to feed until the level of
capillary fluid had dropped by at least 2 mID, whereupon
it was removed and :;tored at -70°C until' the test for
infection of the he.ad"'squash could bA-carried out. These
mosquitoes will be t-~iferred to as "secreting mosquitoesu•

C .;~
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The partially consumed capillary fluid was ejected
from the capillary into 25 ~l of BPAand the capillary
flushed at least twice in the BPAto eject as muchof the
mosquito saliva as possible. The salivary solution was
inoculated intrath,oracica12_y into six highly susceptible
(assay) mosquitoes' of the app, .Ae. aegypti c,r
Eretrnapodites quinguevittatus per capillary tube. The
inoculated assay mosquitoes were placed into small, 100
ll\Ill high, cylindrical cages made from PVCpiping with a
diameter of 110 nunand enclosed with fine netting at each
end. These were labelled according to the translnittJ~ng
mosquito. 'I'he cages were provided with pads of cotton-
wool soaked in 5 per cent sucrose solution and covered
with polythene bags. After an inCUbation period of eight
day~ in a security insectary at 30°C (see under ".15.1.3.
Inoculat.ion of mosquitoes with virus ll), the assay
mosquitoes were killed bl' .freezing and stored at -70°C
fer lc.te:c process.ing.

()

In order. ii> determine transmission rates with the two
DEN serotypes for the different populations of Ae.
aegypti, four of the six assay mosquitoes were tested by
IFAT on head-squashes (see "5.1. 2. Amplification,
preparation and detect.ion of virus"). Transmission was
considered to have occurred if at least one of these four
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assay mosquitoes had a positive. head-squash infection.
The transmission rate (TR) is thus defined ?.isthe
proportion of a sample of infected mosquitoes which
secreted virus to the capillary fluids. An alternative
transmission rate was also calculated as the proportion
of the original sample of engorged mosquitoes (regardless
whether infection could be demonstrated in their head-
squashes) Which secreted virus into the capi.llary fluids.

Those engorged mosquitoes not needed for th(
transmission feeds were included in the determination of
the HSIR for a population (see h5.1.5. Infective feeds
and mosquito susceptibility"). The vector competence
index (VCl) of each population of Ae. gegypt~ for DEN-1
and DEN-2 was calculated from the products of the decimal
fractions of the relevant HSIRs and TRs. The max;mum VCI
of 1,0 represents 100 per cent HSIR and TR in a
population.

5.2. Results

5.2.1. Incubation temperatures and viral ti1;.reEi

r~
~ 1
!
I

Ie

I
,1

i10

Incub(':"ion temperatures (i±s) in the security
-,insectary I ovnr a long period and const.ituting a large

number of observations (n = 286), ranged from a minimum
of 28,8±1,4 °0 tc a uax imum of 30,9±1,3 °C.

The origin~~ and genelations of the var' "IUS samples of
A~. aegypti used .in 't!le infective feeds as well as the
titres of virus in the blood-meals are shown in Tables 10
(DEN-l) and 11 (DEN-2). On the -two occasions when hlood-
meals were titrated before and after the feeding period,
the paired titres were 10.7,3 and 10.7•0 M1Dso/ml for DEN"'l,
and 10.7,1 and 10.6•7M1Dso/ml fot'DEN-2. 'rhedrop-off in titre
during the feed was usually lower than this as most of
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the mosquitoes ware observed to be engorged within the
first hour.

Table 10. Vector competence experiments with DEN-l:"
Mdes aegYlli populations and viral titres in
infective blood-meals.

Viral titre
(MIDso/ml)GenerationPo!,ulation Source

10.6,1

10.7,1

10.6,3

10.7,1

10.6,1

10.7,1

1.0.6,3

10.7,9

10.8,4

10.6,9

10.7,2

Biting
Biting
Biting
Biting
Tyree:;
Tyres
oyitraps
ovitraps
ovitraps
ovitraps
Lab colony

Palm Beach F3
p.
F2
p'/

F2
Fl
Ft

F2

Durban

Richards Bay

Ndumu

Skukuza p

p

Rockefelleril
Lab colony lO~7.9

a - Parental generation.
b - Rockefeller Institute colony of unknown

generation~
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Table 11. Vector cqmpetence experiments with DEN-2:

b.~~ aegypti populations and viral 1:.itres in
infeotive blood-meals.

Viral titre
Generation Source (MIDso/11l1)

FI Biting 10.7,2 1;

FI Biting 10-7,2

F2 Biting 10-7,9

FI Biting 10.7,5

1"1 OvitJ:.'aps 10-7,0

Pl Tyres 10-7,5

F2 r.ryres 10-7,2

Fz Ovitraps 10"7,1

FI ovitraps 10-'7,1

Fz ovitraps In-7,1

FI Biting 10-7,9

F2 Biting 10-7,0

,;

population

Palm Beach

Durban

Richards Bay

Ndumu

Skukuza

5.2.2. Presentation of infective blood-meal

:0

The pledget feeding method gave higher feeding rt'tes
than the droplet method in two of the three mosquito
samples shown in Table 12, and it.,consistently provided
a sufficiently large number of engorged mosquitoes in all
three. Droplet feeding is a more labour intensive method
because it.' requires the individual tubing of large
numbers of mosquitoes. The pledget feeding method was
therefore more convent ant and more efficient than the
droplet feeding method and was the method of choice in
all subsequent experiments.

(:':~

t 0/
I
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Table 12. A comparison of the effects of two in vitro
feeding methens on feedi.ng rate in Aedes acgypti.

Feeding P012ulation colony -
method Durban Ndumu Rockefeller

\,_)

Droplet 38/13211 78/150 9/150
Pledget 58/95 48/150 37/150

a - No. of engorged l110Squit.oes
No. of mosquitoes in feeding cage

5.2.3. Vector competence

Susceptibili ty and trans.mission data for: the
replicate experiments with th~ different samples of Ae.
ae~.~,-_!a:r.egiven in Tables 13 (DEN-i) and 14· (DEN-2).
Transmission rate is either based ('ninfected mosquitoes
only (TRl) or on engorged mosquitoes whether infected or
not (TRll). Replicate results for a particular population
differ noticeably, e~g., with DEN-2 virus the H:SIRs for
four samples from Durban differ by as much as 38,9 per
cent and the two TRls for skuxuaa by 66,7 per cent (Table
14). This discrepancy between :r.e,l?licateresults extends
to TRll as well, e.g., 46,7 per dent in the Durban
population with DEN-1 (T~hle 13).

*HSIRs for Durban differ slightly from the published
values in Jupp and Kemp (1993) due to the addition of new
data.
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Table 13. Head-squash infection rates (HSIRs) and

transmission rates (TRS) in five populations and a
reference. colony of Aedes aegypti given infective
feeds with DEN-l virus.

Incubation
Population period, days HSIR TR1

a TRn'b

Palm Beach 17,19 6/40 3/3 3/20
16,17 9/32 3/6 3/20

Durr~'m l7,19 15/22 12/13 12/15
13,15 13/30 8111 8/24

Richards Bay 18 19/40 5/9 5/20
17,18,19 10/36 5/6 5/28

Nd.umu 18,19 14/43 3/t. 3/16
18,19 18/45 3/3 3/20

Skukuza 14 3/16 3/3 3/16
17,20 2/31 1/1 1/20

Rockefeller 18-20 16/30 10/10 10/20
15,18 2/44 1/2 1/20

a - No. of mosquitoes that transmit virus
No. of infected mosquitoes in the sample

b - _ No. of ,.m.osguitoe.sthat transmit yirus_
No. of engorged mosquitoes
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Table 14. Head-squash infection rates (HSIRs) and

transmission rates (TRS) Ln five populations of
Aedes aegypti given infective feeds with DEN-2
virus.

Population
Incubation

period, days HSIR TRt TRIIb

17,18 5/35 1/1 1/22
17118 6/36 0/3 0/24
15 9/36 5/6 5/30
17,18 1/6 ----·-NDc-'... --

14,15 10/18 6/8 6/13
14 2/7 -----ND-----
15 13/36 9/12 9/30
15,18/20 15/36 9/11 9/28
14,17,1.8 6/36 2/3 2/25
17,18 18/36 9/14 9/30
14 7/11 ...-""'--ND-----
13,1<1, 4/35 3/3 3/30
15,10 7/35 2/6 2/29
19,20 13/36 12/12 12/30

Palm Beach

Durban

Richards Bay

Ndumu

Skukuza

a - No. of mosquitoes that transmit virus
No. of intected ~osquitoes in the sample

b - No. of mosquitoes that transmit virus
No. of engorged mosquitoes

c - Not done.

,
\\ i
\:' ,J~

Because of the discrepancies between them, the
replicate values were treated as belonging to a Single
large sample and new HSIR and TRI values, HSIRp and TRpf
were calculated for each population of Ae. aeqypti with
each e)f the DEN serotypes (Table 15). All five
populations of Ae. aegyp!:i were susceptible to DEN-1 and
DEN-2 viruBeS. The population from Palm Beach was weakly
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susoeptible to both dEN serotypes while that from Skukuza
was least susceptible of all the populations to DEN-1~
The remaining populations were all more susceptible to
DEN-1 than the Rockefeller colony of Ae. aecrlpti and the
Durban population developed the h.ighest HSIRps with both
serotypes.

Values for TRl"were all significantly higher than 50
per cent but ld~er than the 91, 7 ~~er cent of the
Rockefeller colony with DEN-l, except; \\for the skukuza
population (Table 15)" The Durban popu Latri.onwas ranked
as the most compet'~~'ltvector grlbup for both serotypes
baseo on vcr. The populations fro~ Richards Bay and Ndumu
had similar vets to the Rockefe\ller colony for DEN-J
whiHl Palm Bea(jh and Skukuza populations were

Table 15. The vector competence of five populations and
a reference colony of Aedes aegypti given infective
feeds with DEN-1 and DEN-2.

-~-----'--------"""""-

(~~

t,0

I
I
b
III
I
10

DEN-;!' DEN-2
Population HStRpl. TR b vcr HSIR., TRp vcrp

Palm Beach 20,8 66,7 0,14 18,7 60,0 0,11
Durban 53,S 83,3 0,45 38,8 75,0 0,29
Richards Bay 38,2 66,7 0,25 29,2 78,6 0,23
Ndumu 36,4 66,7 0,24 35,4 70,6 0,25
Skukuza 10,6 100,0 0,11 28,2 77,8 0,22
Rockefeller 24,3 91,7 0,22 ----~-NDd__--,--

a - Population head-sq:uash infection rate (per
cent) •

b - Population transmission rate (per cent) based
on infected mosquitoes only.

c - Vector competence index = HSIRp/l00 X TRp/100.
d - Not done.
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both poorer vectors. There was little difference in VCl
between the populations for DEN-2 I except for the, one
from Palm Beach.

A statistical evaluation of the significance of the
differences in HSIRp and VCl between the populations Ijf
Ae. aegypti is given in Table 16 (X2 values and
probabilities are Labu Latied in Appendix lJl.•~ The palm
Beach and Skukuza populations both differ s'ignificantly
from the other populations in HSlRp for D~N-1 but not
from eaoh other. Palm Beach differs signi~icantly from
Durban &nd Ndumu in HSIRp for DEN-2i ther~1 are no such
differences between the other populations. With regard to
VCl for DEN-1, all of the populations differ
significantly from each other except for Richards Bay and
Ndumu. For DEN-2, only Palm Beach differs from Durban,
Richards Bay and Ndumu, there being no differences in VCl
between the..:=- other ,populations. The TRp v-alues were

i/

compared by Fisher exact test because of the small sample
sizes. No significant differences were found between the
populations for this measurement.

!O
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Table 16. statistical- significance of the differences

in HSIRpb and vcr between five populations of
Aedes aegypti for DEN-l (below the di~gonal)
and DEN-2 viruses (above the diagonal).
NS = not significant; s = significant.

Palm Richards
Locality Beach Durban Bay Ndumu Skukuza

HSlRp

Palm Beach S NS S NS
Durban S NS NS NS
Richards Bay S NS NS NS
Ndumu s NS NS NS
Skukuza NS S S S

VCl
~

Palm Beach S S S NS
Durban S NS NS NS
Richards Bay S S NS NS
Ndumu S S NS NS
Skukuza S S S S

a - X2 test of independence t.,ith Yates continuity
correction at the 5 per cent level of
significance.

b - Popul;ation head-squash infection rate.
c - vector competence index~

10

The incubation periods and HSIRs of mosquitoes
infected with DEN are plotted in Fig. 5 and there were no
discernable linear or curvilinear relationships between
the 1:wovariables. Long incubation periods produced loW
and high HSIRs, as did the shortest incuba.tion periods.
A regression analysis of inCUbation periods on HSlRs gave
a correlation coefficient, r of -0,15 and therefore the
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probability of a linear rela't.ionship between them, r2 was
only 0,02. Logarithmic, power and inverse transformations
of these variables did not improve the regression, with
r2 ranging from 0,01 to 0,03 regardless of the
transformation.
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Discussion

In some of the vector competence experiments, only a
small sample of infected mosquitoes survived through to
the transmission feed, as varying levels of mortality
occurred during the incubation period. Such experiments
were repeated until an experiment could be replicated
succes9fully with a suitable sample .of infected and
transn\itting mosquitoes. This provided some basis for
determining mean HSIR and TR rates but the significance
of tae differences between replicates could not be
determined. At least seven or eight Late measurements
would normally be required in statistical tests of
confidence, but this is impractical to achieve because
the experiments are so time-consuming. Large sample sizes
for d~termining H8IRs were used to try and redress these
shortcomings, yet TRs often depended on relatively small.
numbers of infected mosquitoes.

~~

r-~jo

The HSIR is not directly comparable to all of the
infection rates given in the literature. In the past,
infection rates were often determined by testing the
whole mosquito for virus I usually by Lnocu Lat.Lon of
mosquito homogenate into suckling mice. Such an infection
rate may inclUde mosquitoes where the arboviral infection
has not. p-rogressed beyond the midgut epithelium, e.g. I

the DEN-1 viral escape barriers in the midguts of Ae.
(Protomacleaya) hendersoni (Freier and Grimstad 1983) and
Ae. albopictus (Boromisa gt al. 1987). Even worse, one
may be detecting virus in the residues of the last
bloodmeal in the lumen of the mosquito'S gut~ Therefore,
it is preferable to measure infection rates based on
disseminated infections in order to determine
susceptibility more accurately. The head-squash technique
tests for the pesence of virus in the central nervous
system, the haemolymph and the head mUSCUlature of the
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vectore There is a good correlation between head-squash
IR and salivary gland IR for Ae. aegypti (Cben et ale
1990), with headsquashes being slightly less sensitive,
resulting in more conservative estimates of IR$ Although
not determined in the present sttldyt furtber intrinsic
barriers to infection or transmission may exist at the
level of the salivary glands, as demonstrated for Ae.
al.bopictus with DEN virus (BQromisa et ale 1987) and Ae.
henderson! with La Crosse virus (Grimstad ~t ale 1985).

~SIRs were relatively low and TRs were relatively
high/in most of the populations. However, a low HSIR was
not always corrca.;atedwith a lower TR, e.g., skukuaa
(DEN-1 and -2) and the Rockefeller colony (DEN-l). In
order to rank the populations of Ae. B..§.mmt.i. according to
the infection and transmi~sion components of their vector
competence, HSIR and TR were combined into one value, the
YCI. 'rhisprovides a convenient index for discriminating
between populations and avoids the complexity of
descrj.bing their abilities to act as vectors in terms of
two characters.

_~ler et a1. (1979) generally found that HSIRs for
OEN-2 were higher than for Dl1:N-1in Ae. aegypti. This
was not the case in the South African popu Latidrns and
perhaps reflect t.he advantages of working with low-
generation laboratory colonies. Gubler et ale (1979) and
Rosen et ale (1985) obtained maximum DEN-1 HSIRs of 25
per cent, lower than any of the South African
populations, except Palm Beach and Skukuza. Skukuza is
unusual in our populations, with an extremely low HSTR
for DEN-l compared to DEN-2. DEN-2 HSIRS were generally
comparable to or somewhat lower than those of Gubler et
a1. (1979) I Rosen et a1. (1985) and Tardieux et a1.
(1990).
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Transmission data not readily available in the
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literature, except for irtwo. Gubler et al. (1979) report
HSIRs and T~S for Af}:.aegypti from Jakarta, :r'ldonesia and
Shimba Hillst Kenya, with DEN-2, determined usir~g the
droplet metho~. ):<'),lichmay be converted into ,vcrs of 0,19

.; ,- 'r-.. ; '.

and 0 I {)7, reS.b /iivel}i. Boromisa at al. (1987) reports on
the v'Pc;tor competence of a Houston, Texas popuLatid.on of
Ae. aegYQti with DEN-1and the VCl is only 0,05. These
values are low when compared to the south African
populations,' except for Palm Beach. The only other work
giving TRs are for Ae. .aLbopLctiue , Comparing DEN-1, VCIs
calculated from IR and TRdata are 0,88 (Mitcilell et al.
1987), from 0,04 to 0,40 (Boronisa et ale 19&7) and,O,37
(loiiller and Ballingeri 1988). For DEN...2, derived vena are
0,68 (Mitchell at, aL 1937) and 0621. (Miller and
Ballinger 1988). The South African Ae. aegvptl thus
appear to be. at least a~ competent as Ae. albopictus in
the laboratory, considering IR and TR together, despite
the reports of the higher susceptibility of Ae.
albopictus (Rosen ~t gl. S5).

o

Amongsouth African spp., Ae. aegypti was found to b~
the ll\~st competent vector (Jupp and Kemp1993). Due to
its prevalence in the urban, peridomestic envdz'onmerrt., it
is expected to play the principal role in the event of an
urban epidemic.
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CHAPTER6. gpNCLUSIONS

The two dichotomies, pale/dark morphology and
anthropophilic/zoophilic:: host preference, underpin the
whole Ae. ~pti contarcvezsy , HoweverI the correlations
between dark~ feral and zoophilic traits are not
inviolate (see "3.3 Discussion"). The relationship
between backqr'ound oolour and domestici ty could
concei vably be compar-ed to the classic 1. study on
industrial melanism blr Hasebroek (1934) in several
lepidopteran spp., whelt."ethe generally pale, greyish
moths were gl:'adually belng replaced by dark forms in the
industrial districts of England and western Europe.
Kettlewell (1961) demonsltrated that avian predators were
being assisted by the air-borne pollution Which was
destroying the lichfms that grew on tree-trunks. The
birds co\\lldrecognize the pale moths more readily because

I'

they stOlitdout against the dark bark of the tree and thus
provided a strong selection pressure for the dark
mutaticn. Perhaps man is likewise d:rivil,~gselection in
urban~. ae9~~ in the inverse of melanism. The rrocess
maybe described as the genetical response Of a sp , to an
artificially altered (man-made)environment, in this case
the paJ.e interior walls of huts and houses. Pale larval
colour (SummersconnaL 19:a6i Trpis and Hausermann 1975,

1978) may also be select;ively advantageous to indoor
populations of M. aegypt;b.

McClelland (1974) Sluggested that the spatial
"discontiuui ty between populations represent,s at least
incipient speciation". If the presence of speciaticn is
indicated by extensive g~netic varia,tion in several
hio) ..ogicl'll characters, the.n a degree of cQrrelation
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should exist between the char ',cters. This is definitely
not the case in ternlS of the feral or peridomestic
habitat preference, host preference, tergal morphology,
isozymeprofile and vector competence of Ae. aegypti. The
apparently haphazard relationships between ;'he various
Sp;.i;lf;traof characteristics in Ae. aegypti could indicate
etrong evidenc9 for a morphologically, physiologically
and behaviourally plastic and variable sp. The lack of
Hardy-Weinberg eg'.:dlibrium in. allele frequencies at
several Lsoayme+codLnq loci suggests the absence of gene
flow between components of the same geogra.phical
population (i. e. assortati ve mating) but this is based on
r~mlysix out of lS:!ightloci in samples smaller than the
200 required by Fairbairn "lnd Roff (1980). 1'he ge)letic
distance. between the two behavd.cnxaL forms of Ae. ~..pti
in south Africa appears to be too small to postulate the
presence of two spp. based on Nei's D. For these reasons,
the South African populations of Ae. aegypti appear t9
belong to a mingle sp , displaying morphological and
behavioural plasticity.

Mayr (1963) defined the subsp, as "an aggregate o:E
local populations of a species inhabiting a geographi::
subdivh~ion of the. range of the species, and differing
taxonomically from other populations Of the species".
This definition holds true for the Gubspp. aegyp'tj. and
.fQ.mQ2Y.§1 in most of Africa, even though the r.axonomi,o
distinctions between them are not that clear. It only
breaks down in the limited geographical region of Rabal
on coastal Kenyawhere Trpls and Hausermann (3.975, 1978)
found the two forms to be sympatric. Whentwo aubspp,
come into contact in a limited region of sympa~ry, they
will, by definition, be able to hybridize naturally. The
ti'uconomical evidence for subspp, elseWhere in Africa
appears to consist of a morphological gradation between
the overall pale and dark background colour characters,



vc

78

behaviour and isozyme phenotype, as shown by the gene
frequency differences })stweenthe two behavioural forms.
Since the two different behavioural fox'msof Ae. ae<;;y'pti
in South Af.rica are not that easily differentiated, and
from a comparison with the estimate of Nei' s D by
Tabachnick and Powell (1979), it is suggested that the
south African populations all belong to Mattingly's
(1957) subsp., f_ormosus, il1vl)lving feral forms tha't have
becomeadapted to the urbant peridomest:ic environment.

Al'though all five popuj.at.Lons of Ae. aegypti were
capable of harbouring and transmitting DEN-l and -2, it
is particularly noteworthy that t.he most competent.vectox'
population was from Durban. Durban was also the most
ant:hropophilic of the populations (Kempand jupp 1991),
and was abundant; in arti f icial containers at peridomestic
sites in the city bounds. Not surprisingly, considering
the i.ong absence of DENfrom the country, the human
population is highly susceptible to infection. A
serological survey in the high risk, eastern areas of
South Africa conclusively identificad only one of 1951
human sera wittl ancLbodLea indicating reoent DEN
infection (Blackburn et al. 1987). HowDEN-1arrived in
Durban to cause the 1926/1927 epidemic is not known.
However, thE~ establishment of new air ...links with
countries in sotlth"'east Asia and the increased trade by
air and sea improves the likelihood of DEN being
reintroduoed to South Afl~ica. These are all important
considerations in the potential epidemiology of a SOIl-th
African DENepidemic.

Seemingly, the main difference between climatic
conditions in Durban today and those of 1926 and 1927
when the epi.demic of DEN-1 occurred, is ths
unch~racteristioally heavy rains that fell in those two
years, with a five,fold increase in J.926 and an eightfold
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increase in 1927 over the normal mean annual rainfall.
This must have led to extremely high population densities
of the vectors, which would presumably have been
responsible f<')r the extensi ve spread of the epidemic.
Ambient temperatures were actually depre.ssed below the
annual means due to the. intense precipitation, so th~t
conditions in Durbanwere not ideal for the survival of
this tropical virus. Onemay, however, speculate that the
effeots of adverse temperatures on the virus were
successful~,y countered by the existence of large numbers
of vectors which could rapidly distribute the virus in
the humanhost population.

Modern public health practices may have provided
improvedcontrol of artifici..tl Larva), habitats compared
to the situation in South AfJ:ica at the start. of the
century but there are limitations to what can be achieved
by public health auth·orities. These authorit.ies tend to
he understaff,ed during periods! between epidemics and are
expected to provide other services than vector mosquito
control. It Ls important to note that increasing the
domestic and i)eridomestic areas, eithe~ by development of
rural areas or by enlargj.ng existing cities such as
Durban, may lead to an Increase in the number of
artificial larval ha.bi.tats available to M. a~gypti. This
could again create a fertile Emvironmentfor DEN to gain
a foothold in South Africa, should it be reintroduced via
the shipping or tourist industries.

o ;

J
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APPENDIX A
=v;

/(
RECIPES.F:OR PAGE BUFFER SOLUTIQNS AND ENZYME Srr.AINS

i. Buffer recipes for the various enzyme systems
adapted from steiner and Joslyn (1972); all
quantities have been trebled to give stain volumes
of around 105 ml; solutions were made in distilled
water.

Gel and electrode
Enzyme buffer system

Ak CA-8 (8,45; 8,1)1
--~--------.--~-----------~------

stain

105 ml O,05H Tris/HCl pH 8b

600 mg a-D-gluGose
60 mg ADP

30 mg NADP

300 mg MgCl2.6H2Q
30 mg MTT
10 mg PMS
50 units glucase-6-
phosphate dehydrogenas:e
80 units hexokinase

Es ~iOH (8,45; 8,25)
---

50 ml 0,2M NaH,PO'] ,
10 m1 0,2M. Na2HP04 pH 6,4
40 ml H2O
80 mg a-naphthyl acetate
50 mg Fast Blue RR sal.t
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Gel and electrode
Enzyme buffer system

Gapdh CA-8 (8,45; 8,1)

Gpi tiOR (8,45; 8,25)

stain

105 ml o,lM Tria/HCI pH 7,5
240 mg fructose-1,6-
diphosphate
60 mg NAO
300 mg Na2HAs04.7H20
30 mg MTT
10 mg PMS
105 units aldolase

105 ml O,lM Tris/HCI pH 8
160 mg fructose-6-phosphate.
15 mg NADP
200 mg MgCl2.6HzO
30 mg MTT
10 mg PMS
JO units glucose-6-
phosphate dehydrogenase

Hk CA-7 (7,1; 6,9) 105 ml O,lM Tris/HCl pH 8
150 mg a-D-glucose
120 mg ATP
30 rug NAD!'
60 mg MgC12.6HzO
30 mg MTT
10 mg PMS
60 units glucose-b-
phosphate dehydrogenase

, (j
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Gel and electrode
Enzyme buffer system

Idh CA-8 (8,45; 8,1)

stain

105 ml 0,i~\\Tris/HCl pH 8
150 mg DL-isocitric acid
30 mg NADP
30 mg MTT
10 mg PMS

Ndh CA-U (8,45; 8,l) 105 ml 0,111 Tris/HCl pH 8
800 mg DIJ-malic acid
30 mg NAD
30 mg MTT
10 mg PMS

Odh LiOH (8,45; 8,25) 105 ml 0,2M Tris/Hel pI{ 8
6 ml octanol (dissolved in
3 ml methanol:3 ml ethanol)
60 mg NAD
30 mg MTT
10 mg PMS

a - system (gel buffer pH; electrode buffer pH)
after steiner and Joslyn (1972).

b - stain recipe modified from Steiner and Joslyn
(1972) and Urbanelli and Bullini (1985).

c - Stain recipe from Urbcmelli and Bullini (1985).
Abbreviat:i,on@.:M'l'TI 3- (4,:i-din\ethylthiazol-2-yl) -
2,5-diphenyltetrazolium bromide; PMS, N-methyl-
phenazonium methosulphatej Tris, tris-
(hydroxym~thyl)-aminomethane.

(1
o
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Th~ enzyme system, Me was developed and stained for
according to the methods of the Medical Entomology unit
of the SAIMR (Coetzee, personal co~~unication), and Sod
and Odh were stained on the same gel using the method of
Mahon et aL, (1976). The e.Leotirode buffer solution used
for these three enzyme systems was that of Barlow and
Ridgway (1971). The stock buffer solution is made up as
follows: 1,0 1 solution of 2,0M ~ris + 1,0M boric acid +
O,lM EDTA in distilled water. The electrode buffer
solution is obtained by diluting a 100 :rolsample of the
stock solution to 1,0 1 with distilled water and
adjusting the pH ,to 8 I 6 wi th a saturated solution of
sodium hydroxide. Both stock and electrode buffers can be
stored at 4 °C for later USe. The gel buffer solution is
prepared freshly for each batch of gels by diluting 75 rol
of electrode buffer to 250 ml with distille.d water and
adjusting the pH to 8,2 with saturated boric acid. The
stain recipes

A. Me
used are as follows:

40 rol O,lM Tris/HCI pH 7,0 + :aOO mg
L-malic acid (readjust pH to 7);
200 mg MgC12.6H20 in 5 ml H20;
10 mg NADP in 2 ml H20;
10 mg M'rT in 2 m.l, H20;

1 mg PMS in 0,2 m1 H20;

1 9 agar-agar in 50 rolH20.

B. Sod/odh 100 ml O,lM 'l'ris/HClpH 8,5;

0,4 rol octanol;
50 mg NAD;
100 mg NET (nitro-blue tetrazolium);
10 mg PMS.

o
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The buffers and stains for Gdh are taken from Harris
and Hopkinson (1977):

Electrode buffer:- O,lM Tris/HCl pH 9.
Gel buffer:- 0,02M Tris/HCl pH 9.
stain:- 50

50
m'L 0,02511 NaH2P04.2H20 ]

ml 0 I 025M NazHP04.2H20 pH 7,5;

18 g a-D~glucose;
60 109 NAD;
15 mg MTTj
15 109 PMS.

<,j

For Pgm, the electrode and gel buffers are taken from
Harris and Hopkinson (197'7) and the stain recipe is
modified from Urbanelli and Bullini (1985):

Electrode buffer:- 0,111Tris + 0,1M maleic acid
+ 0,01MMgCl2.6H20 + o,OlM EDTAi adjust pH to
7,4 with saturated NaOH solution.

Gel buffer:- 1:10 dilution of electrode buffer.
stain: ...90 mi 'O,OSH Tris/HCl pH 8,Oi

240 109 a-D-glucoS~-l-phosphate;
30 109 NADP;
60 mg MgC12• 6H20;
30 109 MTT;
10 mg PMS;
60 units glucose'-6-phosphate
dehydrogenase.

o

t J'y
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APPEND!X B

VOLUME OF INOCULATION

In order to determine the average volume per
inoculum, a ;:;alnpleof twelve of the capillary tubes used
to make inoculation needl~$ were calibrated. A standard
10 ~l of distilled water at an approximate temperature of
25 :c (similar to that at which inoculations generally
took place) was measured out by micropipette and
immediately drawn up into a capillary. The heights of the
columns of water in the capillaries were measur-ed and the
:r:"~~dius()feach capillary obtained from the standard

a - Radius of capillary (rom)in parentheses.
0\

i. Dete~mination of mean radius of capillary tubes used
to make inoculation needles and feeding capillaries
by volumetric method.

Capillary Height of water column in mm (Radius·)
tube A B C

1 30,0 (0,33) JOt£:; (0,32) 29,5 (0,33)
2 29,0 (0,33) 28,3 (0,34) 29,0 (0,33)
3 29,8 (0,33) 30,0 (0,32) 31,0 (0,32)
4 29,0 (0,33) 28,0 (0,34) 29,5 (0,33)
5 29,0 (0,33) 30,0 {0,33) 29,0 (0,33)
6 30,0 (0,33) 32,5 (0,31) 31,0 (0,32)
7 28,8 (0,33) 28,0 (0,34) 29,5 (0,33)
8 30,0 (0,33) 28,8 (0,33) 29,0 (0,33)
9 27,3 (0,34) 28,0 (0~34) 29,5 (0,33)

10 32,0 (0,32) 32,5 (O,31) 31,5 (0,32)
11 29,5 (0,33) 30,5 (0,32) 29,8 (0,33)
12 27,0 (0,3.4) 27,0 (0,34) 26,5 (0,35)

u
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formula for the volume of a cylinder. Three sets of
measurements were made with each capillary.

The vo Iums of a 1 rom column was ce.LcuI» ;~d for each
capillary '(;;ubeand the mean (±s) Wf,iS I, found to be
O,34±0/02 J1,l.Subsequent inoculations were based on the
equival~~c of 1 rom of inoculum from a capillary needle.

ii. Cb.lculation of mean volume of inoculum delivered
fro~\ an inoculation needle calibrated in one rom

'}~
grad !,ations•

capillary Volume of inoculum (gl)
tube A B C «

1 0,34 0,32 0,34
2 0,34 0/36 Of34

3 0,34 0,32 Q,32
4 0,34 0,36 0,34
5 0,34 0,34 0,34
6 0,34 0,30 0,32
7 0,34 0,36 0,34
8 0,34 0,34 0,34
9 0,36 0,36 0,34

10 0,32 0,30 0:32
11 0,34 0,32 0,34
12 O£36 Ot36 0,38

i±s O,34±O,02
I'
"

',_' -o
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APPENDIX C

INCUBATION OF INOCULATED DEN VIRUS

In an initial test with DEN-1 and a sample of Ae.
aegypti from Empangeni, inoculated mosquitoes were kept
under security insectary conditions for varying p~riods
of betwe\sn seven and twelve days. The effective
incubation period was defined as the minimum number of
days required for at least 95 per cent of the inoculated
~osguitoes to become infected.

Infection ~~tes of 100 per cent were obtained from
day seven onwards. consequently, an incubation period of
eight days was adopted in all parenteral infections under
standard security insectary temperatures of approximately
30°C.

) )

i
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1,69
(0,194)
1,31

(0,253)
O,P03
(O,9~8)
0160

(0,437)

APPENDIX D ;

2 x 2 CONTINGENCY TABLES OF VEC'!'ORCOMPETENC}5
MEASUREMENTS IN DIFFERENT POPtJJ..JATIONSOF
Aed~ aegYRti EOR DEN VIRUSES

i. statistical comparisons of HSIRp in five populations
and a reference colony of As;des aegYRti by x2 test
of independence with Yates c~ntinuity correctiob

\, (DEN-l below the diagona:\ and DEN-2 above).
-------------------------~---~":"SK

PB

PB DB RB ND

7.,57a 2,11 5,88
(0,006) (0,146) (0,015)

1;3,11 1,04' 0,07
«0,001) (OrJ07) (0,793)

4,51 2,47 0,42
(0,034) (0,116) (0,517)
3,89 3,40 0,01

(0,049) (0,065) (0,940)
1,45 18,84' 9,66 8,94

(b,229) «0,001) (O,O02) (O,003)
0,09 10,24 2,72 2,20

(0,759) (0,001) (0,099) (0,138)

DB

ND

RC 2,66
(0,103)

a - X2 value with probability in parentheses below.
Abbreviations of OOIUml! ~~Id row headih'gs!
FB = Palm Beach; DB = O~rbani RB = Richards Bay;
NO =: Ndumu; SK = S}.ukuza; RC = Rockefeller colony.
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) ii. statis't:.icalcomparisons; of TRp in five populations
and a reference colony of Aedes aeromtl by Fisher
exaot test of independence (DEN-l below the
diagonal and DEN-2 above).

--_... ----
FB DB RB ND SK

PE 0,331· 0,296 0,439 0,284
DB 0,277 0,572 0,526 0,573
RB 0,675 C,20F 0,466 0,649
ND 0,690 0,277 0,668 0,460
SK O,2S4 0,.519 0,250 0,294

}i

RC 0,189 0,451 0,139. 0,189 0,750

a ... One-taile.J.probability.
AW?t:ev:j,at:ion.s.Qf .Q£;.JJImn gnd row headings:
PB ::::;Palm Beach; DB ::::;Durban; RB = Richards Bay;
ND ::::;Ndumu; SK = skuxuaa] RC ::::;Rockefeller colony.

o '.I

U
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iii.. stat.istical comparisons of VCl:in five populations

and a reference colony of Aedes ",egypti by Xl test
of independence with Yates continuity correction
(DEN-l belOvl the diagonal and DEN-2above).

l?B DB

PB 8,83'
(0,003)

DB 21,64
«0,001)

RB 3,19 7,93
(0,074) (0 1005)

ND 2,63 8,85
(0,105) (0,003)

.. 0,18 27,01
(0,669) «O,eOl)

~ RC 1,66 10,86
(0~198) «0 1001)

RB

4,16
(0,041)
0,65
(0,420)

o
(1)

5,72
(0,017)
0,11
(0,739)

NO SK

5,57 3,51
(0,018) (0,(61)
0123 0,95
(0,633) ,(0,3'30)

0,03 0

(O,aG8) (1)

0,11
(0,739)

4,99
(O,026)
0,03 3,63
(0,967) (0,057)

a - X'l value \'Tl th probabil i ty in parentheses below.
A12m;eviations of column and row headings:
PB - Palm Beach; DB= Durban; RB =: Richards Bay;
ND= Ndumu; SK= Skukuzai RC= Rockefeller colony.

C" I
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