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Table 4

Number and coverage of IBN in the communities

Province Distirict Total population No. of No. of Total No. No. of old  Total No. Person/IBN

where IBN was Olyset nets  Normal of bed net  net treated  of IBN
operated nets

Vientiane Feuang 11134 0 3389 3389 1953 5342 2.08
Xanakham 8970 0 3055 3055 909 3964 2.26
Hinheub 7532 1102 779 1881 1062 2943 2.56
Met 7977 1722 104 1826 642 2468 323
others 35 35
Total 35613 2859 7327 10186 4566 14717 242

Borikhamxay  Thaphabat 5428 0 874 874 895 1769 3.07
Bolikhan 2257 0 300 300 0 300 7.52
Pakkading 6024 0 1329 1329 17 1346 4.48
Khamkeut 23286 3596 2905 5433 166 5599 4.58
Viangthong 1882 904 904 0 904 2.08
Others 143 143
Total ) 38877 4643 5408 8983 1078 9918 3.92

Khammouane  Hinboon 2367 150 690 840 3 843 2.81
Mahaxay 2276 0 548 548 88 636 3.58
Nongbock 6739 660 676 1336 86 1422 4.74
Xebangphay 16300 1097 2054 3151 1843 4994 3.26
Xaibatong 9244 1310 988 2298 0 2298 4.02
Boualapha 20926 4676 756 5432 0 5432 3.85
Others 23 17 40
Total 57852 7916 5729 13645 2020 15625 3.70

Others: delivering to provincial staff or hospital.

[

(o)

v B W

Number of bed net in house hold

Fig. 2. Comparison of the number of bed nets in each household among sub-district in Boualapha district.
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as model district to be located in highest endemic area.

The coverage of IBN in the communities is shown in
Table 4. The number of person per IBN (total popu-
lation/number of IBN) was used to estimate coverage
in the community. The national IBN program aims at
80% coverage. This was set as an indicator to evaluate
the coverage. The average of person per net was un-
der 3.7 in Vientiane and Khammouane Provinces. In
the first year, the person per net ratio in Borikamxay
Province appeared high due to a misunderstanding in
the project plan. After the monitoring of the project
in the first year, the remaining nets were delivered to
the communities where the indicator of coverage was
low. The indicator fell to 3.92 by the end of 2000 in
Borikhamxay Province.

The person per IBN ratio is an indicator which
shows the degree of coverage, however, the actual
coverage cannot be determined without a survey of
each household. The household survey was conducted

in Boualapha district, where IBN was used all vil-
lages, and almost 80% of population was covered.
Three villages were randomly selected in each sub dis-
trict of the survey. Fig. 2 shows the number of bed
nets per household in each sub district. The capital
of Boualapha district is located in Talong sub dis-
trict. Sek, Dou, Nonama and Khunse are located in
an area where it takes more than 24 h to reach the
center of district using any form transportation. In
these rural areas neither, IBN nor normal bed net was
found in a lot of households. Bed net was not used
in all households, and especially poor family might
be received any bed net. Whereas indicators showed
a satisfactory level in the district unit, some area;
especially rural area was not always able to benefit
from the project. It is recommended that the super-
vision in rural communities, which are highest en-
demic of malaria, is necessary in next phase of the
project.

35000 100.00
30000 + &23 No.of total patient
No.of malariacase
T 80.00
== %
25000 +
=
8
g
T60.00
k]
@ k2
8 2
s 3
S 54
S 8
T4000 E
5
S
P4
T 20.00
} . : } 0.00
1999 2000 1999 2000 1999 2000
Khammouane Borikhamxay Vientiane

Fig. 3. Comparison of number of malaria patients between 1999 and 2000 in three provinces.
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Slide positive rate (%) /3 ’ e
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Khammouane 2000
Borikhamxay After operation
Vientiane

Fig. 4. Comparison of slide positive rate between 1999 and 2000 in the health facilities in three provinces.

2. Evaluation by passive case detection The rate of malaria patients in the total number of pa-
tients also decreased. It was assumed from these re-

The total number of malaria patients in all public sults that all malaria patients including those from the
health facilities in 2000 markedly decreased in all three area where the inhabitants were not able to gain ac-
provinces as compared with 1999 (shown in Fig. 3). cess health facilities had also decreased. Fig. 4 showed

0.600 —_—
T 1 T|RlAug-Sep/2000 ||
— B July-Aug/1999
0.500
0.400

0.300

0.200

0.100 —

July-Aug/1999

0.000 Before operation of IBN

Control village
(No delivering bed Control village
net) (Bed net deliver only)

Aug-Sep/2000
After operation of IBN

Village where IBN
operated

Fig. 5. Comparison of density of A. dirus before and after operation of IBN.
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the reduction in malaria positive case in patients who
presented with fever in all public health facilities in
three provinces. Early treatment in the communities
was conducted from 1993 to 1995 in Khammouane
Province operating of drug revolving fund. After 1995,
there was no expansion of this fund and no other activ-
ities related to early treatment in the area where IBN
operated after 1999. Thus, IBN opération was claimed
to be main factor in reducing the fall in the rate of
cases in 2000.

3. Mosquito biting behavior in the pilot area

It has been reported the delivery of untreated bed
nets could also protect against malaria (Clarke et al.,
2001), but nevertheless, that IBN operation has not
influenced the reduction of morbidity, caused by
malaria, when coverage of IBN was low. Thus, a
survey was conducted to evaluate the direct efficacy
of IBN against malaria vector mosquitoes since the

Parous rate (%)
of An.dirus collected

100.000

80.000 "/

60.000

40.000

20.000

Control village
(Bed net deliver
only)

T

Village where IBN
operated

direct efficacy of IBN can be proved by studying the
variation of malaria vector mosquitoes.

Three villages in Bourapha district, one of most se-
rious malaria endemic areas, were selected for the sur-
vey. From July to August 1999, when IBN operated,
and August—September 2000 (1 year after IBN oper-
ation), Anopheles dirus suspected main vector in this
area, was collected by human bait in three villages
(Toma et al., 2003). Olyset net was used in Napoung
village. At least one Olyset net was delivered to total
60 households. As a control, the new untreated bed
net was delivered to Koutboun village. In this village,
at least one untreated bed net was used in 40 house-
holds. As the other control, no bed net was delivered
in Thapachone village. In these villages, no other vec-
tor control activities were conducted. Fig. 5 shows the
mosquito density calculated by number of mosquitoes
per hour per person. The decrease of mosquito den-
sity was found in the village where IBN scheme was
operated, however, the density did not decrease in the
other two control villages. All A. dirus, were dissected

—_—

Aug-Sep/2000
8 July-Aug/1999

]

July-Aug/1999

After operation of IBN
Aug-Sep/2000

Before operation of IBN

Fig. 6. Comparison of the parous rate of A. dirus before and after operation of IBN program.
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Fig. 7. Mean of number of A. dirus which were collected by human bait collection in Boualapha district.

Table 5
Percentage of collection for major Anopheline mosquitoes in three
villages, Boualapha district, in August 1999

Species Human bait Animal bait

(Celia)
A. aconitus 53 0.9
A. dirus 275 0.6
A. kochi 45 11
A. maculatus 1.6 0.3
A. minimus A 11.8 1.4
A. nivipes 253 36.6
A. philippinensis 2.7 4.6
A. sawadwongporni 1.6 0.3
A. tesselatus 1.1 0.6
A. vagus 1.1 3.3

Anopheles
A. barbirostris g. 32 L5
A. peditaeniatus 0.8 1.8
A. sinensis 12 36.3

to exam the parity of mosquito. The parous rate de-
creased to almost 0% in the village where IBN was
operated (Fig. 6), however, in the other control vil-
lages the parous rate of A. dirus was not very different
between 1999 and 2000. This indicated that the opera-
tion of IBN provided protection against most mosquito
bites.

The biting behavior of A. dirus was studied to make
clear the reason why IBN is an effective to controling
the malaria vector in this area. Table 5 shows a com-
parison of the proportion of Anopheline mosquitoes
which were collected by human bait and by animal
bait in the three villages in 1999. A large number of
A. dirus were collected by human bait; however, only
a few A. dirus were found in animal bait collection.
Thus, A. dirus showed the behavior of anthorophilic
mosquito in this area. Fig. 7 shows other biting behav-
ior of vector mosquito in this same area, and the num-
ber of A. dirus in each hour collected by human bait
in the Thapachone village in 2000. The majority of
mosquito bit human in around midnight; from 21:00
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Mortality ¢ /100,000y

D -1.54
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Fig. 8. Malaria mortality among provinces in Lao PDR (2000) by
Ministry of Health, Lao PDR.

to 03:00 h. These biting behaviors assist the transmis-
sion of malaria to humans. On the other hand, when
control vector was considered, these biting behaviors
were also advantageous to prevent malaria infection
using by IBN. '

A. dirus is found in the central and southern
provinces in Lao PDR (Vythilingam et al., 2001;
Vythilingam et al., 2003). Ministry of Health, Lao
PDR reported a high malaria mortality in central to
southern province (Fig. 8). It explained generally that
human behavior and the poor economic situation of

Table 6
Number of bed nets supported by project and number of bed nets
delivered by confirmation in report

No. of bed nets No. bed Rate of
supported nets delivering
delivered bed nets
Vientiane
Olyset net 3500 2859 81.7
Normal net 8000 7327 91.6
Borikhamxay
Olyset net 6000 4643 77.4
Normal net 4800 5408 112.7
Khammouane
Olyset net 10500 7916 75.4
Normal net 7200 5729 79.6
Total 40000 32391 81.0

the minority group, named “Lao thung” influence
high mortality in southern provinces. However, the
result of our study suspects other factors in this area.
The area of distribution of A. dirus corresponded
to the high endemic area of malaria in Lao PDR.
Thus, it is expected that the expansion of the IBN
program in the southern provinces may lead to the
success of malaria control in future years. However,
it is known that the mosquitoes are able to change
their baiting behavior. It is recommended therefore
that monitoring of mosquito behavior is an impor-
tant measure to controlling malaria in Lao PDR
(Table 6).
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Development of SE36 Malaria Vaccine Targeting at Achilles Heel Antigen of Plasmodium falciparum
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SHORT COMMUNICATION

Diving Ability of Anopheles gambiae (Diptera: Culicidae) Larvae

NOBUKO TUNO,! KAORI MIKI,2 NOBORU MINAKAWA,? ANDREW GITHEKO,* GUIYUN YAN®
AND MASAHIRO TAKAGI!

J. Med. Entomol. 41(4): 810-812 (2004)

ABSTRACT Anopheles gambiae Giles larvae usually live near the surface of shallow and temporary
aquatic habitats. How deep the larvae can dive and how long they can submerge may be related to
feeding efficiency and predator avoidance. This study examined diving behavior of An. gambiae larvae
in the laboratory. We recorded diving depths and larval mortality of second and fourth instars in clean
water and muddy water by using deep water (32-cm) and shallow water (20-cm) columns. In deep
water columns with clean water, we found that 2% of second instars and 6% of fourth instars died from
diving, whereas 3% of second instars and 11% of fourth instars died in muddy water. The fourth instars
dived deeper in muddy water than in clean water. The mortality rates of the fourth instars subjected
to diving stimulations were significantly higher than those in the shallow water columns. Therefore,
larval diving behavior may offer the benefits of predator avoidance and food acquisition but also incur

energetic costs and increased mortality.

KEY WORDS Anopheles gambiae, larval ecology, diving behavior, mosquito

MOST HABITATS OF Anopheles gambiae Giles and Anoph-
eles arabiensis Patton are small, temporary, sunlit, tur-
bid pools of water, whereas Anopheles funestus Giles is
often found in permanent water bodies (Gillies and
De Meillon 1968, Minakawa et al. 1999, Gimnig et al.
2001). An. gambiae larvae generally live near the sur-
face of aquatic habitats, but they dive and remain at
the bottom for some time if some mechanical distur-
bance takes place. While at the bottom, they often
adopt a C-shaped posture, resembling dead insect
carcasses. They also can move along the bottom, turn-
ing over particle after particle (N.T., unpublished
data), These observations suggest that the diving abil-
ity of anopheline larvae (i.e., depths and duration of
diving) may be related to predator avoidance and
feeding.

Romoser and Lucas (1999) studied mosquito pupal
diving behavior. They showed that diving behavior
varied dramatically among mosquito genera: Culex
pipiens L. and Anopheles stephensi Liston make short-
duration, shallow dives, whereas Aedes aegypti (L.),
Aedes albopictus (Skuse), and Aedes triseriatus (Say)
make longer duration dives, typically to a depth at
which they become neutrally or negatively buoyant.
They suggested that pupal diving behavior helps avoid
predation and the mechanical shock of a direct hit by
araindrop and prevents them from being washed away
from their container habitats by overflowing water. In

L Department of Vector Ecology and Environment, Institute of
Tropical Medicine, Nagasaki, University, Nagasaki 852-8523, Japan.

2 Suemasa 34, Tatsuno, Tatsuno City, Hyogo 679-4125, Japan.

3 Department of Biological Science, State University of New York,
Buffalo, NY 14260.

4 Kenya Medical Research Institute, P.O. Box 1578, Kisumu, Kenya.

this article, we report a study on the diving ability of
An. gambiae larvae and the effects of water condition
and larval age on larval diving ability.

Materials and Methods

This study was conducted using An. gambiae larvae
from a laboratory colony maintained in the Vector
Biology Control and Research Center, Kenya Medical
Research Institute, Kisumu, western Kenya. This
strain was derived from wild mosquitoes collected in
the vicinity of the Institute. All experiments were
conducted in 500-ml graduated cylinders (34 cm
height, 5 cm in inner diameter at room temperature
[26 = 2°C).

The diving ability of the second and fourth instars
was examined under two water conditions to deter-
mine the effect of turbidity on larval diving behavior
under two different water depths. Two water condi-
tions were dechlorinated tap water (hereafter re-
ferred to as “clean water”), and mixture of local black
cotton soil with dechorinated water (hereafter re-
ferred to as “muddy water”). The muddy water had
=~2-3-mm thick sediment at the bottom of the muddy
water column and the turbidity was 170-400 Forma-
zin turbidity units. In the deep water columns, indi-
vidual larva was discharged into the 500-ml graduated
cylinder with 32-cm-deep water from a plastic cup by
using a pipette with 0.5 ml of water. In most cases, the
discharging acts provoke a dive. When they did not
dive, we discharged another 0.5 ml of water with a
pipette at the surface and repeated until they started
to dive (three stimulations were sufficient). Caution
was taken not to touch the larvae and to maintain
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Table 1. Mortality of the second and fourth instars of An. gambiae s.s. larvae in clean and muddy water column
Clean water Muddy water
Water depth (cm) ~ Age of larvae No.larvae  No. larvae reached  No. larvae-  No. larvae  No. larvae reached  No. larvae
tested to the bottom died tested to the bottom died
32 Second instar 100 10 2 100 9 3
Fourth instar 100 16 6 100 21 11
20 Second instar 100 7 [4} 100 20 0
Fourth instar 100 34 0 100 49 0

similar stimulation intensity for all larvae. The depth
each larva reached and whether it returned to the
surface were recorded. Those individuals that did not
return to the surface immediately also were observed
for survivorship within 6 h. In total, we measured the
diving depths and mortalities for 100 second and 100
fourth instars in each of the two water conditions
(clean and muddy water); thus, a total 400 larvae were
used. In the shallow water columns, second and fourth
instars were individually placed in the same 500-ml
graduated cylinders that were filled with 20-cm-deep
clean or muddy water. Their survivorship was exam-
ined within 6 h. A total of 400 mosquito larvae were
used in the shallow water column group.

Fisher's exact test was used to test the difference in
larval mortality between the deep water and shallow
water columns and between second and fourth instars
under clean and muddy water conditions. The effects
of water conditions and larval age on diving depth
were analyzed using the two-way analysis of variance
(ANOVA) and two-tailed t-tests.

Results

We observed both active and passive dives. An ac-
tive dive involved twisting the body in a zig-zag man-
ner, whereas a passive dive resembled a free-fall, in
which the body was held straight and the larva sank to
the bottom. Usually, the larvae actively swam down-
ward (active diving) to break the adhesion with water
surface and then changed to passive mode; however,
passive and active modes were both observed at every
depth. Some larvae attempted to ascend to the surface,
but they were unable to sustain their activities and
began to sink and eventually drowned. In the clean
water columns (32-cm depth), among the 100 second
instars tested, 10 (10%) reached to the bottom of the
water column and two (2%) died (Table 1). The pro-
portion of the second instars that reached the bottom

and mortality rates in the clean water columns were
similar to those in the muddy water columns (9%
reached the bottom, 3% mortality rate). For the fourth
instars, 16% reached to the bottom and 6% died in the
clean water columns, similar to those in the muddy
water columns (21% reached the bottom and 11% died
in the muddy water columns, Table 1; Fisher's exact
test, P = 0.31). In the shallow water group, higher
proportion of mosquito larvae dived to the bottom of
the 20-cin water column for both clean water and
muddy water, but no mortality was observed (Table
1). Diving stress increased larval mortality in fourth
instars in the 32-cm depth water columns, compared
with the 20-cm depth water columns (Fisher’s exact
test: clean water, P = 0.03; muddy water, P < 0.001).

Table 2 shows the average diving depths after the
drowned individuals were excluded from the analyses.
ANOVA revealed that water turbidity and larval age
significantly affected the diving depth (larval age: F =
7.990; df = 1, 374; P < 0.01 and turbidity: F = 9.465; df =
1, 374; P < 0.01). The fourth instars dived significantly
deeper (mean * SD, 16.90 + 7.80) in the muddy water
columns than in the clean water columns (12.83 *
8.25) (P = 0.001; Table 2). However, the diving depth
of the second instars was similar between muddy and
clean water columns (P = 0.404). The water turbidity
affected the diving depth of second and fourth instars
differently. In clean water column, the diving depth of
second and forth instars was similar (P = 0.530),
whereas in muddy water the forth instars dived deeper
than the second instars (P < 0.001).

Discussion

This study has demonstrated that the fourth instars
of An. gambiae dived significantly deeper in muddy
water columns than in clean water columns. The mor-
tality rates of fourth instars in 32-cm depth water
columns were significantly higher than those in shal-

Table 2. Diving depth of survivors of second and fourth instars of An. gambiae in clean and muddy water column

A Water turbidity c . t-Test
8¢ Clean Muddy omparison t df P

Second instar Mean 12.10 13.03 Second (muddy vs. clean) - 0.837 193 0.404
SD 7.78 777
N 98 97 Fourth (muddy vs. clean) — 3427 181 0.001

Fourth instar Mean 12.83 16.90 Clean (second vs. fourth) - 0.629 190 0.530
SD 8.25 7.80
N 94 89 Muddy (second vs. fourth) - 3.870 184 0.001

P, Bonferroni adjusted probability; ¢, pooled-variance #-test statistics.
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lower depth (20-cm) water columns, regardless of
water turbidity. The vertical movement of larvae and
pupae is affected by buoyancy. The relative buoyancy
density of anopheline larvae is >1.0, but <1 for pupae
because pupae contain space for wing and proboscis
development and considerable air is trapped inside
the pupae (Romoser 1975, Clements 1999). Thus, mos-
quito larvae can sink passively to the bottom of the
water column after detaching themselves from the
water surface, whereas pupae consume considerable
energy to dive (Lucas and Romoser 2001). In our
study, we observed that An. gambiae larvae moved
actively to detach from the water surface and then
often passively sank. Unlike pupa, mosquito larvae do
not have specific organs to stock air. As a consequence,
a larva diving deeper will consume more energy to
swim back to the water surface. Mosquito larvae would
drowned if they did have the energy or ability to swim
back to the air-water interface.

Gimnig et al. (2001) reported that water bodies
inhabited by both of An. gambiae and An. arabiensis
were shallower (mean depth 9.7 cm) than those that
did not contain An. gambiae complex larvae (mean
depth 22.9 cm). Water depth of larval habitats gen-
erally correlates with other biotic or abiotic factors
such as habitat persistence, temperature, algae con-
tent, and predator presence (Minakawa et al. 1999). In
this study, we demonstrated that water depth directly
affected the mortality rate of An. gambiae when larvae
were forced to submerge. It is not known whether
female anophelines can detect habitat depth and
thereby avoid laying eggs in deep habitats, because
water depth may be correlated with many variables
that directly or indirectly affect female oviposition
behavior. Fourth instars dived deeper in muddy water
than in clean water, whereas the second instars did not
show such a difference. Perhaps An. gambiae larvae
are adapted to reach to the muddy bottom where they
could avoid predation or acquire food. Such adapta-
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tion might be more apparent for older larvae but not
for younger ones. Therefore, larval diving behavior
may not only offer the benefits of predator avoidance
and food acquirement but also incur energy expendi-
ture and increasing mortality.
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