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Distribution of vectors, transmission indices and microfilaria rates of
subperiodic Wuchereria bancrofti in relation to village ecotypes in
Samoa
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Abstract

Aedes polynesiensis and Ae. samoanus biting densities and Wuchereria bancrofti infection and infective
rates were studied in 47 villages throughout the islands of Samoa Upolu, Manono and Savaii during
1978-79, and microfilaria (mf) rates were surveyed in 28 of the villages. The mf rate was correlated
with both infection and infective rates of Ae. polynesiensis in Upolu, but not of Ae. samoanus. In
Upolu, Ae. polynesiensis was apparently the major vector. It was relatively more abundant in more
cultivated and populated areas, along the northern coast of Upolu, except Apia town area. In Savaii,
Ae. samoanus predominated over Ae. polynesiensis except in “plantation” villages. Relatively high
biting densities and rates of infection and infectivity indicated that Ae. samoanus was not less
important than Ae. polynesiensis as a vector in Savaii. Ae. samoanus preferred natural vegetation, in
contrast to Ae. polynesiensis which was found near human habitations in cultivated land. There was no
difference between the biting densities of Ae. polynesiensis in ‘“‘coastal” and “inland” villages,
indicating that crab holes (numerous only in some coastal villages) may not influence the density of
Ae. polynesiensis. Higher mf rates were associated with villages where Ae. polynesiensis, rather than Ae.
samoanus, was dominant, indicating that Ae. polynesiensis was generally a more efficient vector. In the
former villages, the difference in mf rates between males and females was smaller than in the latter,
probably reflecting a difference in biting habits of the vectors. Ae. polynesiensis infections were
recorded in plantations over 2 km from any village, suggesting that both habitats were foci of

transmission.

Introduction

Although studies on the ecology and bionomics of
Aedes (Stegomyia) polynesiensis (Marks) and Aedes
(Finlaya) samoanus (Gruenberg), the vectors of sub-
periodic Wuchereria bancrofti in Samoa, have been
reported (RAMALINGAM, 1968; SUZUKI & SONE, 1974,
1978), no information on the spatial distribution of
the vectors has been published. ZAHAR er al. (1980)
reviewed the literature on subperiodic bancroftian
filariasis in the South Pacific and underlined the need
to determine the exact association of vectors in
different ecosystems where foci of transmission occur,
so that vector control measures could be designed.

The present study was conducted as a part of the
programme of the WHO Samoa Filariasis Research
Project to clarify several risk factors of filariasis
transmission in relation to (a) spatial distribution of
vectors in village ecotypes and (b) the prevalence of
microfilaraemia. The background review of filariasis
in Samoa has been described in another paper
(SAMARAWICKREMA er al., 1985).

Materials and Methods
Mosquito studies

During 1978-1979, 47 villages, 25 from Upolu, 2 from
Manono and 20 from Savaii were studied; these included 28
randomly selected villages in Upolu and Savaii where a
microfilaraemia prevalence survey was performed by the
Nuclepore filter method (KIMURA er al., 1985).

To determine vector biting densities, 10 min catches of
mosquitoes landing on human bait were made hourly,
indoors and outdoors in each village during morning
(0830-1030 h) and afternoon (1600-1800 h) for Ae.

polynesiensis, and at night (1930-2130 h) for Ae. samoanus. In
order to provide enough moaﬂuitoes for dissection, catches
were made at 12 to 15 sites and repeated 2 or 3 times in each

To study the relative rates of filariasis transmission in
different sites, Ae. polynesiensis was collected also in bush
areas more than 300 m, and plantations more than 2 km,
from 15 villages in Savaii. Most of the mosquitoes caught
were dissected in normal saline to which was added a drop of
Congo red to help microscopical search for infective and
younger stages of filarial larvae.

The mosquito biting density, expressed as density per
man-hour (D/MH), was analysed in relation to the ecological
characteristics of villages with respect to the following three
paired comparisons: “natural vegetation™ vs. “plantation”;
“inland” vs. “coastal” and “open” vs. “shaded”. The
“open” villages had extensive bare ground with well clipped
grass at the centre, whereas the “shaded” villages had
numerous trees interspersed among the houses; classification
into “natural vegetation” and “plantation” villages de-
pended on surrounding vegetation; “inland” and “coastal”
villages were more or less, respectively, than about a mile
from the shoreline.

Blood survey for microfilarial prevalence

Microfilaraemia surveys were conducted from November
1978 to November 1979 in 28 randomly selected villages, 18
from Upolu and 10 from Savaii, described in detail by
KIMURA et al. (1985). 7430 people of all age groups except
infants under one year were examined by the Nuclepore
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filter concentration method, using 1 ml of venous blood.

The microfilaraemia prevalence rates (mf rates) were
analysed in relation to biting densities (D/MH), infection
and infective rates of vector mosquitoes. They were then
compared for the three pairs of ecotypes classified above. Mf
rates were also compared for “Ae. polynesiensis dominant”
and “Ae. samoanus dominant” villages, the dominance
having been confirmed statistically.

Results
Vector densities and infection rates in the study villages

The biting densities, infection and infective rates of
Ae. polynesiensis and Ae. samoanus in the villages of
Upolu and Savaii islands are shown in Tables 1 and 2
respectively. Although much variation of biting densi-
ties was observed in individual villages, and Apia
town constituted an area with very low mosquito
densities, it was apparent that Ae. polynesiensis was
generally more abundant in Upolu (25-9 D/MH) than
in Savaii (7°6 D/MH) and Ae. samoanus more abun-
dant in Savaii (67°3 D/MH) than in Upolu (33-1
D/MH).

Infection rates (2:20% and 1-68%) and infective
rates (0°43% and 0:28%) of Ae. polynesiensis were
higher than those of Ae. samoanus in both Upolu and
Savaii. However, the infection rate of Ae. samoanus
was much higher in Savaii (0-48%) than in Upolu
(0:15%). Potential filarial transmission by both vec-
tors in Upolu and Savaii, respectively, was indicated

by the infective rates of 0'43% and 0-28% in Ae.
polynesiensis and of 0-04% and 0-15% in Ae. samoanus.

The relative abundance of Ae. samoanus [(D/MH cof
Ae. samoanus)/(D/MH of Ae. polynesiensis)], ranked
into four classes, is shown in Fig. 1. Densities of Ae.
samoanus were particularly low along the northern
coast of Upolu and the western most part of Savaii.

Relationship of microfilaria rates with vector densities and
infection rates

Both in Upolu (Table 1) and Savaii (Table 2), no
significant association was found between mf rates
and biting densities of the two species of mosquito.
However, in Upolu, Ae. polynesiensis showed signi-
ficant rank correlation coefficients between mf rates
and infection rates (r = 074, p<<0-001) and infective
rates (r = 0'77, p<0:001). The same was not true for
Ae. samoanus, nor for Ae. polynesiensis in Savail.

Vector densities in different village ecotypes

Biting densities of Ae. polynesiensis and Ae.
samoanus are shown in Fig. 2 in relation to village
ecotypes. In Upolu there was no significant difference
between densities of the 2 species in villages of the
following 6 ecotypes: ‘‘natural vegetation” and
“plantation”, “inland” and “‘coastal”, or “open” and
“shaded”. In Savaii, the densities of Ae. samoanus
were significantly higher than those of Ae. polynesien-

Table 1—Microfilaraemia prevalence rates, biting densities, infection and infective rates of Ae. polynesiensis and Ae. in sel d

villages in Upolu island

Ae. polynesiensis

Ae. samoanus

Density Density
Mf per No. No. per No. No.
Village rate man- No. infected infective man- No. infected infective
No. (%) hour dissected (%) (%) hour dissected (%) (%)
0 06 28 11 0 0 = = — =
2) 00 f e 88 1(1-14) 0 _ — _—
3) 00 3:3 13 0 0 — — -— —_
4) 1'5 1-8 7 0 0 — —_ — —
5) 86 60-0 540 2003-70) 5(0-93) 25-2 80 1(1-25) 0
6) 07 82 98 0 0 08 3 0 0
7 129 372 595 28(4:71) 3(0-50) 9:0 108 2(1-85) 1(0-93)
8) 54 108 86 7(8'14) 1(1.16) 102-0 207 0 0
9) — 00 — — — 00 — — -—
10) = 109 201 6(2:99) 2(1-00) 00 -t - -
11) — 63 25 0 0 00 —_ — —
12) — 148 239 2(0-84) 0 1-0 8 0 0
13) — 75 30 0 0 00 —_ — —
14) — 114:8 335 4(1:19) 1(0-30) 0:0 - — —
15) — 240 90 0 0 240 96 0 0
16) 121 155 373 11(2-95) 1(0-27) 08 3 1] 0
17 35 229 457 16(3-50) 3(0-66) 14'5 58 0 0
18) — 35-1 817 20(2-45) 8(0-98) 00 — — —_
19) — 118 279 0 0 00 — — —_
20) 26 42-4 678 3(0'44) 0 463 185 0 0
21) — 87 45 0 1] 00 — — -
22) 2:8 354 283 0 0 12-3 49 0 0
23) 28 480 925 B8(0'86) 2(0°22) 61°1 734 1] 0
24) 145 277 466 6(1:29) 2(0-43) 52'3 209 0 0
25) — 639 243 3(1-23) 2(0-82) 40-9 131 0 0
26) 47 305 611 5(0-82) 1(0-16) 959 720 1(0°14) (1]
2N 68 224 422 35(8-29) 3(0-71) 20 8 0 ]
*k 25-9 7957 175(2:20) 34(0-43) 331 2599 4015) 1(0-04)

*—Denotes no work done
**__Calculations made from combined totals
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‘able 2—Microfilaraemia prevalence rates, biting densities, infection and infective rates of Ae. pol is and Ae. in sel d
illages in Savaii island
Ae. polynesiensis Ae. samoanus
Density Density
Mf per No. No. per No. No.

"illage rate man- No. infected infective man- No. infected infective
lo. (%) hour dissected (%) (%) hour dissected (%) (%)

1) — 35 28 0 0 33 32 1(3-13) 0

2) 43 16 30 0 0 21 29 0 0

3) 2'5 20 0 0 197 118 0 0

4) — 0-8 6 0 0 446 153 0 0

5) 37 35 55 0 0 1603 756 6(0:79) 2(0-26)

6) 79 19 22 0 0 44 80 0 0

7) 32 0-4 6 0 0 12:2 113 0 0

8) —_ 77-7 —* — — 513-2 —_ — i

9) - 06 5 0 0 03 4 0 0

100 10-3 13-9 293 7(2:39) 0 10-7 96 0 0

11) 82 0-7 9 0 0 07 4 0 0

12) 128 2'5 40 0 0 86'8 347 8(2-31) 2(0'58)

13) — 1'6 13 0 0 95 38 0 0

14) 47 36 57 1(1-75) 1(1-75) 397 388 3(0-77) 0

15) — 16 13 2(154) 1(7+69) 109-7 820 4(049) 1(0°12)

16) - 1-8 28 0 0 134:5 763 2(0-26) 1(0°13)

17) 07 1-5 12 1(8-30) 0 159-0 122 1(0-82) 1(0-82)

18) — 07 11 0 0 1212 679 0 0

19) 1-3 31 43 1(2-33) 0 122-2 1452 6(0-41) 3(0-21)

20) 29 23 0 0 87.3 500 0 0

foid 7'6 714 12(1-68) 2(0-28) 67°3 6494 31(0-48) 10(0-15)

*—Denotes no dissections carried out
*__Calculations made from combined totals

Fig. 1. Graded relative abundance of Ae. samoanus calculated as (D/MH of Ae. samoanus)/(D/IMH of Ae. polynesiensis).
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Fig. 2. Biting densities per man-hour of Ae. polynesiensis and Ae. according to different village ecotypes.
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Fig. 3. Microfilaraemia prevalence rates in relation to village
ecotypes,

for “natural vegetation” vs. “plantation”, the former
was very significantly higher than the latter in both
islands (p<<0-01) and the only two habitat compari-
sons that showed no significant difference in Ae.
samoanus density were “inland” vs. “coastal” and
“open” vs. ‘“shaded” in Upolu.

Microfilaria rates in village ecotypes

MI rates in males and females were compared
between the four paired ecotype categories described
above (Fig. 3). Males had higher mf rates in
“plantation” (p<0-01), ‘“coastal” (0-01<p<0'02),
“open” (p<<0:001) and “Ae. polynesiensis dominant”
villages (0-02<p<0-05), whereas there was no differ-
ence in female mf rates by village ecotype.

Fig. 4 shows mf rates classified by age and sex in
“Ae. polynesiensis dominant” and “Ae. samoanus
dominant™ villages. Although the mf rate of males
was always much higher than that of females in
Samoa; in “Ae. samoanus dominant” villages the
difference in mf rates between the two sexes was less
pronounced.

Focus of filariasis transmission by Ae. polynesiensis
Table 3 compares the mean densities and infectgon
rates of Ae. polynesiensis in 15 villages, corresponding
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>ush areas and plantations in Savaii. The biting
iensities of Ae. polynesiensis were significantly higher
n plantation (p<<0'05) and in bush (p<0-01) than in
he villages. Filarial infection and infective rates in
4e. polynesiensis were similar in the village and in
slantation, but those in the bush were lower.

Discussion

The natural infectivity for W. bancrofti of both
vectors (infective rates 028 to 0:43% in Ae.
volynesiensis, 0-:04-0-15% in Ae. samoanus), demons-
crated in the present study, shows that active trans-
mission of filariasis still occurs in Samoa 7 years after
nation-wide mass chemotherapy with diethylcarbama-
zine (DEC) in 1971, which reduced the mean mf rate
in the whole country to 0-24% in 1972 (Muang &
Penaia, 1976, unpublished WHO report). The pre-
sent infection rates in the vectors were 2-3 times
higher than those obtained by SUZUKI & SONE (1975)
in 1966-1970, clearly indicating resurgence of filariasis
in Samoa. High infection rates in the vectors were also
found by SAMARAWICKREMA et al. (1987) in four
villages in Samoa studied through one year.

The relative abundance of Ae. polynesiensis in

"AE.POLYNESIENSIS-DOMINANT"
VILLAGES

=

w
Q

)
d

101

MF PREVALENCE RATE (%)

10 20 30 40 50 60

AGE
[ JMALE

Upolu may be attributed to the much higher human
population and the urbanized way of life, resulting in
domestic water storage drums and also the accumula-
tion of junk, such as tins, bottles, tyres, machine parts
etc., providing suitable breeding sites for Ae.
polynesiensis (Hairston, 1973, unpublished WHO
report; SUZUKI & SONE, 1978).

The greater abundance of Ae. samoanus in Savaii,
which was less cultivated and covered mostly by
natural forests, seemed to be related to its ecological
dependance on the natural vegetation and inability to
thrive on cultivated land. In Savaii, where Ae.
samoanus was dominant, “plantation” villages showed
exceptionally low densities of Ae. samoanus and in
Upolu, where densities of Ae. polynesiensis were
relatively high, “natural vegetation” villages showed
significantly higher densities of Ae. samoanus than
“plantation” villages. This accords with the observa-
tion that Ae. samoanus densities were lowest along the
north coast of Upolu, where cultivation was most
intensive. Low densities of Ae. samoanus in the
westernmost part of Savaii might be related to the
very dry climate there.

The possible importance of crab holes, which
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Fig. 4. Age-sex distribution of microfilaraemia prevalence rates in two categories of villages classified by the dominancy of species of vector

mosquitoes.

Table 3—Comparison of Ae. polynesiensis densities and filarial infections in Savaii village, bush and plantation areas

Density No. No.
No. per No. infected infective
Site taken man-hour dissected (%) 9
Village 706 33 678 11(1-6) 2(0:3)
Bush 831 92 805 3(0-4) 0(0-0)
Plantation 784 11-8 770 11(1+4) 2(0-3)







