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Field efficacy and persistence of Long Lasting Insecticide treated
mosquito Nets (LLINs) in comparison with conventional Insecticide
Treated mosquito Nets (ITN) against malaria vector in Thailand

Suchart Patipong, Siriporn Yongchaitrakul

Bureau of Vector-borne Disease, Department of Disease Control, Ministry of Public Health

Abstract

In Thailand, the conventional Insecticide Treated mosquito Nets or ITN have been used
over the years by the villagers. These mosquito nets are treated with permethrin 10%w/w EC
manually as under the guidance of the health workers. These treated nets have efficacy for 6
months and need re-treated again. Long Lasting Insecticide treated mosquito Nets or LLINs, which
can retain persistence for at least 3 years, are being considered to replace the conventional ITN.
This study is intended to monitor the bioefficacy of two products of LLINs under field conditions
in Thailand. These nets are PermaNet® and OlysetNet®

The study was carried out in a malaria endemic area of Kanchanaburi province. PermeNet®,
OlysetNet® and conventional ITN were distributed to the households in Baan-Su-Phan hamlet of
village n0.5, Loom-Soom subdistrict of Sai-Yok district and the households were allowed to use
the bed nets. The nets were washed at every 6 months intervals and only conventional ITN were
re-treated after washings. WHO standard procedures for cone bioassay tests were conducted with
the bed net samples collected from the households that were using the nets and laboratory reared
Anopheles minimus. The mosquitoes were exposed to the mosquito net samples for 3 minutes and
the mortality rates were measured after 24 hours recovery period. Bioassays were carried out every
month continuously for 3 years. The community acceptance of LLINs was studied by informal
interview of the net users.

Results of the study showed that both LLINs (PermaNet® and OlysetNet®) offered >
80% mortality on Anopheles minimus over the entire 3 years period of field evaluation. The
conventional ITN performed similar to LLINs except the fact that ITN were re-treated at 6 months
intervals. Interestingly the ITN offered only 15% mortality after 6 months use and were washed
without re-treatment.

The qualitative data on community acceptance of LLINs revealed that the majority of the
households prefer PermaNet® due to its soft nature of net material, easy to wash and pack after use.

Key words : conventional insecticide treated mosquito nets, long lasting insecticide treated
mosquito nets, bioefficiency, bioassay test, Anopheles minimus



Introduction

Malaria is considered as a main vector-borne diseases worldwide. In Thailand, malaria remains
a major public health problem with approximately 30,000 to 40,000 cases being reported annually.
Among the vector-borne diseases,the highest rate of fatality is due to malaria with about 100 to 200
deaths reported every year'.

In Thailand the hilly forest regions are highly endemic for malaria transmitted through the
mosquito vectors, Anopheles minimus and Anopheles dirus. In the recent years An. minimus has been
considered as the most important vector of malaria because it is widely distributed in malaria endemic
area all over the country while An. dirus has a restricted distribution with low density.

Indoor residual spraying (IRS) is the main vector control method used in high malaria endemic
areas in Thailand, while conventional insecticide treated mosquito nets are used in moderate and low
malaria endemic areas. The usage of these products is implemented in the country based on the
recommendations of World Health Organisation (WHO)?. Deltamethrin 5% w/w WP is used twice in a
year for IRS at a target dosage of 20 mg a.i./m” surface. Permethrin 10% w/w EC is used to impregnate
mosquito nets once in 6 months at a target dosage of 300 mg a.i./m” net as a general recommendation,
while in some parts of the country Deltamethrin 25% w/w WT is used at a target concentration of 25 mg
a.i./m” net.

With the innovation of long lasting insecticide treated mosquito nets (LLINs) technology,
which do not require insecticide re-treatment have been introduced to replace the conventional ITN which
need 6 months interval re-treatment. An LLINs is a factory-treated mosquito net expected to retrain its
biological activity for at least 3 years of normal use under field conditions. The purpose of this study was
determine the long lasting efficacy of LLINs which have been recommended by WHO to evaluate the
field net samples for its persistence nature of treated insecticides against the major malaria vector
An. minimus under malaria field conditions in Thailand.

Materials and Methods

PermaNet® and OlysetNet® were the two LLINs selected for the study since they have been
recommended by WHO for malaria prevention and control®. PermaNet® is a long lasting insecticide
treated mosquito net manufactured and supplied by Vestergaard Frandsen S.A, Switzerland. It is treated
with Deltamethrin at 55mg a.i./m” mixed in a resin that coats the netting polyester fibres and releases the
insecticide progressively in order for the net to retain efficacy after repeated washings”. OlysetNet® is a
long lasting Permethrin treated mosquito net manufactured and supplied by Sumitomo Chemicals, Japan.
It is an insecticide incorporated polyethylene polymer before yarn extrusion and is blended with Permethrin
2%w/w as active ingredient corresponding to 1,000 mg of a.i./m>* Conventional ITN was treated with
Permethrin 10%w/w EC at a target dose of 300 mg a.i./m” which requires treatment at every 6 month
intervals was also included in the study for comparison.

The bioefficacy of long lasting insecticide treated mosquito nets was carried out in a malaria
endemic area of Kanchanaburi province which is located 150 kilometers from Bangkok and is the western
part of the country near Thai-Myanmar border. Baan-Su-Phan hamlet in Village No.5, Loom-Soom Sub-
District of Sai-Yok District was selected for the study. The hamlet consists of 30 houses located near
foot-hill of the forest and most of the villagers were farmers who cultivate cassava and make bamboo
mats for their livelihood. A total of 15 houses were selected randomly from the hamlet. The 15 houses
were grouped into three and each group was supplied with PermaNet®, OlysetNet® and conventionally
treated ITN. Mosquito net samples were distributed to the households at the rate of one net per house. The
nets were washed at every 6 months intervals by the users and were washed by hand using detergent available
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in the local shop. WHO kit for cone bioassay test was used to evaluate the efficacy of bed net samples.
Laboratory reared Anopheles minimus from the insectary of the Bureau of Vector-borne disease, Ministry
of Public Health was used to conduct bioassay as an indirect method to evaluate the long lasting efficacy
and persistence of field net samples for the entire study program. Bioassays were carried out every month
continuously for 3 years using the bed net samples collected from the households that were using the nets.
All nets samples were washed once in 6 months and only ITN were re-treated after washings. WHO
standard procedures for cone bioassay tests® were conducted in the village conditions by using laboratory
reared An. minimus mosquitoes. Four bioassay cones were used per sample net, each cone being fixed at
the center of each side of a field collected net sample. A batch of 15 numbers of sugar fed, 2-5 days old
female Anopheles minimus mosquitoes were transferred to each cone and exposed to net samples for 3
minutes following which they were removed from the cones to holding tubes with access to sugar
solution. About 60 mosquitoes were tested on each net. Mortality was recorded after 24 hours. Mosqui-
toes exposed to untreated nets were used as control. Abbott’s formula® was used to correct mortality rates
where control mortality ranged between 5 and 20 percent. The temperature and relative humidity during
the trial period were recorded. Bioassay results were pooled and reported as percentage mortality for
every month. The community acceptance of LLINs was studied by informal interview of all users who
were supplied with net samples.

Results

During the 3 years of study, the bioassays were carried out in the morning to avoid high
temperatures in the afternoon. The average temperature records were between 28°C — 34°C and relative
humidity were between 59 — 79%. After exposure to the net samples, the tested mosquitoes were kept in
cooler boxes with some ice and cover with damp towels to maintain low temperature and high humidity
entire holding period before reading results. The mortality rates which are shown in table 1-3 have
already corrected by Abbott’s formula where the control mortality rates were between 5-20%.

The results of the first year study are presented in table 1 and figure 1. PermaNet® offered
98% mortality on An. minimus samples over the first year while OlysetNet® offered 93.7% mortality.
The conventional ITN showed good results up to 5 months and mortality declined considerably to 756%
after 6 months. All net samples were washed in October after performing bioassay tests. In November,
bioassay tests were carried out before re-treatment of conventional ITN. The mortality dropped to 15%.
This indicated that the conventional ITN’s loose bioefficacy after repeated washing, In contrast, both
LLINs remained very high mortality after washing (100% mortality in November). After re-treatment, the
conventional ITN gave 100% mortality again in December and declined to 84.7% in April (after 5
months use).

Table 1 First year results of bioassay tests showed mortality rates (mean + SD) of An. minimus

Nets May-04 Jun-04 Jul-04 Aug-04 Sep-04 Oct-04
ITN 977 [£| 43 |1000| | 00 [1000| | 00 | 940 || 35 | 807 || 56 | 750| | 84
PermaNet® | 997 [+ | 07 |1000|£| 00 [1000|+| 00 | 990|+| 22 | 997 |£| 07 | 997 | £ | 07
OlysetNet® | 97.0 | | 3.0 [1000|+| 00 [1000{ x| 00 | 990|£| 22 | 983 x| 24 | 983| x| 37

0 U4 e )4 3 L ap-U = U . U
ITN 150 | | 24 [1000| x| 00 | 967 [£| 47 [930|£| 45 | 897 | x| 32 | 847 || 36
PermaNet® | 100.0| £ | 0.0 | 1000/ £| 0.0 |1000| | 00 | 983 || 1.7 | 983 |£| 24 | 980 | | 18
OlysetNet® [ 1000| 2| 00 | 997 |+ | 08 | 980 || 27 | 963 || 38 | 937 |£| 67 | 977 | £| 19




Figure 1 First year results of bioassay test showed mortality rates (mean + SD) of An. minimus

% Mortality

100 -

90
80
70 -
60
50 -
40
30

IR A A A N A NN ANARNARNESSASSASNY

OO

WA

POV

NNSARESNANSNSESENNSNSSSSASSN

PR SRR A R R AN R RRARSASASESS]

BAOSOOSIRRERNSSNSSANSNSSSSSS

o
¥ v»*"& cﬁ"ﬂ ¥
Months of bed nets use

1
AAARSARRRRRNERNNANENANNENENS

POSRASRSAENENASSANSANASASS

RSSO RRR R AN NSNS RRRNNNSEN]

gConv. TN @
@ PermaNet ®

@ OlysetNet

The results of the second year study are presented in table 2 and figure 2. PermalNet® yielded

91.7-99% mortality rates, slightly declined compared to the first year results, same was with OlysetNet®.

The mortality rates of An.minimus samples caused by OlysetNet® were between 90.3-96.0%. The
conventional ITN exhibited 86.3% and 83.3% mortality on October and April (6 months after re-
treatment). All net samples were washed after bioassays in October and April. Re-treatment of conventional

ITN was carried next day after washing. Results of bioassays in November and May obtained after re-

treatment of conventional ITN.

Table 2 Second year results of bioassay tests showed mortality rates (mean + SD) of An. minimus

Nets May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05
ITN 9.7 || 39 | 967 |£| 26 | 983 || 20 | 993|*| 15 | 900 |*]| 91 | 863 |£| 7.2
PermaNet®| 987 [+ | 14 [ 990 | x| 15 | 990 || 15 | 983|x| 20 | 950 || 49 | 980 |%| 27
OlysetNet® | 93.0 || 52 | 957 [ x| 45 [ 953 || 51 | 960 |£| 56 | 913 || 07 | 927 [£| 7.2
0 ) PDe | D-U » [ JO
ITN 970 |+| 14 | 923 || 55 | 957 [*| 15 | 900|*| 46 | 833 |*| 1.7 | 833 |%| 20
PermaNet®| 944 |+| 1.0 | 917 [£| 1.7 | 944 || 10 [961|£]| 19 | 956 || 25 | 928 | x| 1.9
OlysetNet®| 904 |+ 52 | 904 | +]| 21 [ 937 |£| 14 | 933 |£| 1.7 | 933 |£| 1.7 | 903 [£| 27

Figure 2 Second year results of bioassay
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The results of the third year study are presented in table 3 and figure 3. PermaNet® produced
80.6-91.7% mortality against mosquito test samples, while OlysetNet® produced 80.3-87.7% mortality.
The conventional ITN’s showed 83.3-86.3% mortality after 6 months use before re-treatment.

Table 3 Third year results of bioassay tests showed mortality rates (mean + SD) of An. minimus

May-06 Jun-06

ITN 977 || 28 | 967 |*| 20 (903 |*| 14 | 837|*| 18 | 833 |*| 47 | 863 |%| 72
PermaNet®| 917 |+ | 73 | 900 | x| 17 | 883 |+| 44 | 906 |£| 25 | 867 || 1.7 | 850 [%| 1.7
OlysetNet® | 880 |+ 30 [ 883 || 12 | 877 |+ 19 | 873 | x| 19 | 870 |+| 27 | 830|£| 52

ITN 950 || 17 | 977 | £| 5] 903 || 22 | 863 | ]| 41 833 ] 5.1 | 833 x| 20
PermaNet® | 833 [+ | 44 [ 839 |+| 25 [ 811 |+ | 10 | 822 |%| 38 | 822 |+| 10 | 806| | 1.0
OlysetNet® | 813 |+| 59 [ 830 |+ | 36 | 820 |+| 30 | 830|x| 14 | 803 || 1.8 | 803 |%| 07

Figure 3 Third year results of bioassay test showed mortality rates (mean * SD) of An. minimus
100

B Conv. ITN

AR ARANRSSRRRNRNENAN

O PermaNet

O OlysetNet .

% Mortality
&

T T T o
RS S AR AR A AR AR NN NS AR A AR ANN NN
M
RSSO S S AR SRR SRR A RN NSRS SRR

AR RARSNARARSARSARNAARNSY

BN N A A N N N A N A N N N N A NN NN NSNS
SRR AARARARARNARRRARNAARAANANNN]

IERRIEN RN RN RN DR RN NN RR RN R RN NN IR NR]
SN RN AR N AR R ARA N AR RN YR LY
T
T T ]
AR ARAANRASAAR AR AR A

AANRASANSANASANARNNNNSSSSNN

T O T T T T

1
A

AR AR ERANARRSANNAS

1

& SIS & & Q& @
OGN f o & & FFF
Months of bed nets use

Figure 4 Comparative efficicency during May 04 to April 07 (3 years)

100

¢ e
a0 -

80 .

70

|
g
:

% Mortality
8 8 & 8

-
o

£ I ) ! ! L ! ' '

PSS E *© & A @

‘”&ﬂl %@9:6@:@9\@9\@5&:& %‘QS\**"@%»#” W ﬁ;@&\& c,&ié&\@ &
Months of bed nets use

11



12

Conclusion and Discussion

PermaNet®and OlysetNet® which were normal regularly used by households offered >80%
mortality on Anopheles minimus laboratory strain over the entire 3 years period of field evaluation
(figure 4). In the present study both the LLINs exhibited long lasting efficacy against the most important
malaria vector in Thailand all along despite repeated washed at 6 month intervals. From enquiry the local
people in the study area, mosquitoes nets washing frequency were usually every 3-6 months as normal
practice. For the conventional ITN program, household were advised by local health workers to wash their
nets just before re-treatment.

Overall the conventionally treated ITN performed similar to LLINs except the fact that ITN
were retreated at 6 months intervals. Interestingly the ITN offered only 15% mortality against malaria
vector when repeat treatment did not take place immediately after the 6 months use and were washed.
This indicated the failure of ITN when re-treatment was not properly scheduled exactly at 6 monthly
intervals. This is the main reason for WHO emphasizing the need for LLINs like PermaNet® and
OlysetNet® in malaria prevention for endemic areas. Pyrethroid impregnated bed nets are one of the
preventive methods of the WHO Global Strategy for malaria control, and their large scale use in the next
decade is one of the goals of the recently developed programme Roll Back Malaria. However, the
successful implementation of ITN at community level has several technical, operational, economical and
social factors such as the low re-treatment rates usually observed, which limit the sustainability of ITN
programmes and, therefore, their efficacy in reducing malaria transmission and morbidity on a long term
basis as envisaged by WHO?. The study further revealed that if re-treatment of ITN fails due to some
reasons, there is likely a possibility of control failure of vectors transmitting malaria. In order to solve the
issue of re-treatment of ITN, WHO has encouraged introduction of “long lasting” and “wash resistant”
mosquito nets (LLINs). LLINs are supposed to last longer than “hand treated” nets (3-5 years instead of
6-8 months) and to keep their efficacy even after several (20 or more) washes™®

The qualitative data on community acceptance of LLINs from the household users revealed
that PermaNet® was considered preferably due to its soft nature of the polyester fabric than OlysetNet®
which was made up of polyethylene nets. The polyethylene nets by nature are rough in texture. The other

® over OlysetNet® was, easy to wash and pack after use in view of the soft

advantages of PermaNet
polyester fabric, while OlysetNet® were considered difficult to wash and pack after use due to polyeth-
ylene fabric.

The recent years LLINs have been used all over the world for effective malaria control, these
nets do not require repeated treatment with insecticides and can be used for a minimum period of 3 years
continuously or to a minimum of 20 standard washes whichever is earlier. LLINs are treated with
insecticides in the factory through a specialized process for a long lasting biological activity under field
conditions. LLINs are recommended by World Health Organization as an effective tool in malaria control
all over the world. However conventionally treated mosquito nets requiring repeat insecticide treatments
(once in 6 months) failing of which has resulted in resurgence of malaria in many parts of the world,
WHO emphasizes the need for use of LLINs to avoid operational failures of repeated treatment of
conventionally treated mosquito nets. LLINs are preferred to re-treatment of mosquito nets with insecti-
cides. Even though the initial costs of LLINs are higher than mosquito nets that are retreated regularly, in
the long run LLINs are more cost effective than ITN’.
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The study of pattern & procedure on prevention and control
of DHF in School

Tuangporn Srisawad, Noparat Mongkalangoon, Sornpet Maharmart, Jirapat Ketkaew

Dengue control section, Bureau of Vector Borne Disease, Department of disease control, Ministry of public health

ABSTRACT

This is a qualitative study. It was conducted at the exceptional prevention and
control measure school at Amphure Level in four Region, from November 2004 - September
2005, 9 schools. The study aimed to determine the design of prevention and control procedure
and attitude of teachers, student and parent in school. The data collected by in dept interview,
focus group, observation and other report in the school at the Amphure Level in four Region.
The result show that the school have the appropriate prevention and control measurement in
local area comprise of a school executive emphasize and support the procedure. There ap-
point the responsible performer for measurement. There was an continue activities around the
year. The participation of teachers, student, parent and community by health officer supportation
to be built. Furthermore, Teacher, student and parent have a good attitude and harmonious
goal for prevention and control procedure to decrease the incidence of dengue cases. The
activities of the procedure consist in; to established; committee from school or another,
prevention and control program, to integrate knowledge of dengue fever with current course.
Then, it should be administer auxiliary teaching in class room. By mean of, invitation the
expert from health sector to give a knowledge about dengue fever. Public relations by
commune radio. Assign the student responsible for accommodate a campaign in school.
There should be search the volunteer to look out for the larvae of mosquitoes (Aedes
aegypti). The school make a brooch for the good volunteer. Therefore the operation of health
in school is succeed when There should be promote a school executive emphasize and teacher

to have a good attitude. Besides, It creates cooperation in all levels.

Key words : pattern & procedure, prevention and control, DHF
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Efficacy of entomopathogenic nematodes (Nematoda : Rhabditida) against
Culex gelidus (Diptera : Culicidae) larvae

Wongdyan Pandii', Sornpet Maharmart', Supawadee Boonchuen', Suthep Silapanuntakul®, Vacharee Somsook °
"Department of Parasitology, Faculty of Public Health, Mahidol University

*Department of Environmental Health Sciences, Faculty of Public Health, Mahidol University
*Entomology and Zoology Division, Plant Protection Research and Development Office, Department of
Agriculture, Ministry of Agriculture and Co-operative

ABSTRACT

The breeding sites of Culex gelidus, a secondary vector of Japanese Encephalitis,
are close to agricultural areas and homes, such as temporary and semi-permanent fresh
ground water from pig farms and rice fields. Entomopathogenic nematodes (EPN) are an
alternative bio-control for insects. Therefore, the application of EPN to control Cx. gelidus
larvae was studied with the objectives of 1) determining the efficacy of EPN between 2
genera against 3“-4" instars larvae of Cx. gelidus under laboratory conditions and 2)
determining the dosages of EPN effective against Cx. gelidus larvae. The experiment was
carried out in the laboratory under room temperature of 29 * 2°C and relative humidity (RH)
70-80 %.

Results indicated that mortality rates of 3"-4" instars Cx. gelidus larvae caused by
Steinernema carpocapsae (Weiser) EPN were greater than Heterorhabditis indica (Local
Thai strain) 63% and 13%, respectively. The mortality of both control groups was 5%.
Infection rates between the 2 genera were 14.5% and 2%, respectively. The thorax of dead
Cx. gelidus larvae were the site where EPN were mostly found, more than other parts of their
bodies. Comparing mean difference for mortality rates of Cx. gelidus larvae between 2
genera at 48 and 72 hours post exposure found significant difference by T-Test (p-value <
0.05). S. carpocapsae (Weiser) kills more than 50% at dosage 2000 and 4000 1Js per larvae,
but there was no significant difference in number of 3"-4" instars larvae Cx. gelidus killed
at either dosage. There was significant interaction between the 2 genera at the various
dosages (p-value < 0.01, analysis by 2 way ANOVA).

The results showed that under laboratory conditions, S. carpocapsae (Weiser) EPN
have potential as a bio-control against 3“~4" instars Cx. gelidus larvae. Further study should
involve water depth, temperature, pH of water and feeding behavior of target host prior to use
in field trials.

KEY WORDS : ENTOMOPATHOGENIC NEMATODE / STEINERNEMA CARPOCAPSAE
(WEISER) / HETERORHABDITIS INDICA (LOCAL THAI STRAIN) /
CULEX GELIDUS LARVAE
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1. Introduction

Japanese encephalitis (JE), a central nervous system (CNS) infection caused by a
flavivirus, is the most important public health problem among other encephalitis in Thailand
(1). The vector of the disease is Culicine mosquitoes which in Thailand they are Culex
tritaeniorhynchus Cx. gelidus and Cx. fuscocephala. Among these three species, Cx.
tritaeniorhynchus is the main vector of the disease while Culex gelidus Theobald is secondary
vector (1).

In Thailand, JE virus was reported to be isolated from Cx. gelidus in 1972 (2) and
this virus was also found in Cx. gelidus in suburban area of Bangkok (3). This mosquito is
close to man and domestic animals such as pigs, cows and buffaloes in rural and urban
communities of Thailand. Their larvae have been collected from various habitats such as
temporary and semi-permanent fresh ground water from pig farms and rice fields.

Biological control, a natural control method, is one of the alternative means that has
been used to control pests and one example of this method used pathogen from nature like
bacteria, protozoa, virus, fungi and nematode(4). Entomopathogenic nematodes (EPN), which
are insect pathogens, have become increasingly popular in insect control since the infective
juveniles kill insects in 24-48 hr. and they are proven to be safe for plants, animals and
environment by The United States Environmental Protection Agency(5).

In Thailand, most of the studies regarding the efficacy of EPN against mosquito
larvae are for control of Aedes aegypti (L.) and the results show they are significantly
effective(6). The aim of this study is to determine the efficacy of EPN, i.e. Steinernema
carpocapsae (Weiser) and Heterorhabditis indica (Local Thai strain), under laboratory
conditions, as to whether they can be used as an alternative mean in controlling Cx. gelidus

larvae or not.

Objectives of Study

General objective

To determine the efficacy of entomopathogenic nematodes against Cx. gelidus
larvae under laboratory conditions.

Specific objectives

To compare the efficacy of entomopathogenic nematodes of the genera Steinernema
carpocapsae (Weiser) and Heterorhabditis indica (Local Thai strain) against Cx. gelidus
larvae.

To determine the dosages of entomopathogenic nematodes which is effective against

Cx. gelidus larvae.
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Materials and methods

Research Design

Experimental 2 x 4 factorial research designs were used in this study. Each experiment
had 4 replications. Mortality of 3"-4" instar larvae of Culex gelidus by entomopathogenic
nematodes, S. carpocapsae (Weiser) and H. indica (Local Thai strain), were then determined.
Factors A are two genera of entomopathogenic nematodes and factors B are different dosage
of nematode (numbers of EPN per Cx. gelidus larva) which is 500, 1000, 2000 and 4000.

Experimental Place

The experiments were carried out at :

1. Laboratory of Parasitology Department, Faculty of Public Health, Mahidol
University, Bangkok and

2. Entomology and Zoology Division, Plant Protection Research and Development

Office, Department of Agriculture, Ministry of Agriculture and Co-operative, Bangkok.

The study was divided into three parts as follows :

2.1 Preparation of the entomopathogenic nematodes, Steinernema carpocapsae
(Weiser) and Heterorhabditis indica (Local Thai strain)

The procedure for preparing nematodes of the two genera were followed the manual
recommended by the Entomology and Zoology Division, Plant Protection Research and
Development Office, Department of Agriculture. Using dilution counting technique they were
identified under microscope. Four million nematodes are stored in synthetic sponge sealed in
plastic bag. Rinse these nematodes off synthetic sponge using dechlorinated tap water.

2.2 Preparation of 3“~4" instar larvae of Cx. gelidus.

Engorged females of Cx. gelidus were collected at rice fields in Bangbuathong
district, Nonthaburi province using aspirator from man baits and light trap. The mosquitoes
were then transferred into paper cups (approximately 100 individuals per cup). Cotton wool
soaked with 5% sugar solution was provided as the source of food during transportation. At
the laboratory, female mosquitoes were released into 30 x 30 x 30 cm cages. Cotton wool
soaked with a mixture of 5% sugar solution and multivitamin syrup (1:1) was supplied as
food.

A few 2-3 days later, plastic cups containing rice straw infusion water were placed
in cage for oviposition. The female mosquitoes lay egg rafts in plastic cups. About 200-300
hatched larvae were introduced into an enamel tray containing about 1.5 liters of 3 days
fermented rice straw infusion water. Add homogenized dog biscuit which were provided as

food for larvae. (7)
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The larvae which were suitable for the test are 3*~4" instars larvae. This is done by
observation of their body length which were 0.4-0.5 cm and 0.8-1.0 cm respectively.

2.3 Determination of the efficacy of EPN against Cx. gelidus larvae. Four dosages
of EPN per larva, i.e. 500, 1000, 2000 and 4000 were tested against Cx. gelidus larvae,
each dosage consisted of four replications and control group. The total volume of water filled
in each cup was 38.5 cm® and water depth was 2.5 cm. The observations time for mortality
and infection were done at 18, 24, 48, 72 and 96 hours after the larvae are exposed to EPN.
Dead larvae (no movement and no feed) were dissected in saline water under microscope.
Record and take photographs of dissected larvae.

2.4 Data Analysis

The results of four replicates in exposure time observed was calculated by mean
(X), percentage (%) and standard deviation (S.D.). The comparatives mean percentage differ-
ence of Culex gelidus larvae mortalities by using entomopathogenic nematodes between two
genera, S. carpocapsae (Weiser) and H. indica (Local Thai strain) and the mean percentage
difference level of nematode per larvae was analyzed by Analysis of Variance 2-way ANOVA.

The determination of significant difference p-value level was at 0.05.

3. Results

3.1 The mortality of the 3“-4" instars Culex gelidus larvae by two genera of
entomopathogenic nematodes.

The mortality of the third and fourth instars Cx. gelidus larvae caused by
S. carpocapsae (Weiser). The mortality rates of either dosages were different between 4000,
2000, 1000, 500 and O IJs per larvae and were 63.0%, 53.0%, 31.0%, 29.0% and 5.0%,
respectively (Table 1).

The mortality in the third and fourth instars Cx. gelidus larvae in part of H. indica
(Local Thai strain) had a least difference in each level of nematodes per larvae and exposure
times. The mortality rates of either dosage were different at 4000, 2000, 1000, 500 and 0 IJs
per larvae and were 13.0%, 8.0%, 5.0%, 4.0% and 5.0%, respectively (Table 1).

The data indicated that the mortality rates in highest dosage were difference
between two genera, S. carpocapsae (Weiser) and H. indica (Local Thai strain) namely 63%

and 13% and the mortality of both control groups were 5%.
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Table 1 Mean and standard deviation mortality of the 3"'-4" instars Culex gelidus

larvae infected by two genera of entomopathogenic nematodes.

Species of Dosage of n Cumulative No. of dead larvae in duration of Mortality
nematodes  nemato-des time (Hours) rates (%)
per larva 18 24 48 72 96
S. carpocapsae 4000 4 0.0£0.0 1.0x0.8 7.3%t1.9 13.0x14 15.8%1.7 63.0
(Weiser)
2000 4 0.0X0.0 05%0.6 58%t3.1 113128 133122 53.0
1000 4 0.00.0  0.0%0.0 4.3%1.0 6.0t1.4  7.8%1.7 31.0
500 4 0.00.0 03105 3.3122 5.312.5 7.3+1.9 29.0
0 4 0.00.0  0.0£0.0 0.0%0.0 0.510.6 1.3%0.5 5.0
H. indica 4000 4 0.00.0  0.0%X0.0 0.5%0.6 1.8%1.0 33121 13.0
(Local Thai strain)
2000 4 0.00.0  0.0£0.0 0.0%0.0 0.8+05  2.0%0.8 8.0
1000 4 0.0£0.0  0.0£0.0 0.5%0.6 0.8+1.0  1.3%1.0 5.0
500 4 0.00.0 0.0%0.0 0.3%05 0.510.6 1.0%0.8 4.0
0 4 0.00.0  0.0£0.0 0.0%0.0 0.310.5 1.3%1.0 5.0

3.2 The infection of Cx. gelidus larvae by two genera of entomopathogenic nema-
todes.

S. carpocapsae (Weiser), after dissected larvae the total infection rate was 14.5%
and that found the nematodes infected mostly in thorax than head and abdomen of larvae
mosquitoes 83.0%, 10.0% and 7.0%, respectively. While H. indica (Local Thai strain), after
dissected larvae the total infection rate was 2.0% and the nematode genus H. indica (Local

Thai strain) were found only in thorax of mosquito larvae (Figure 1).

Head ThoraxA bdomen

Figure 1 Infective stages of nematodes in different parts of Cx. gelidus larvae. X100
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3.3 Analytical mortality of odds ratio of EPN applied against the third and fourth
instars Cx. gelidus larvae

The odds ratio of S. carpocapsae (Weiser) applied against larvae of Cx. gelidus in
each dosage compared to control group (0 IJs per larvae) at 4000, 2000, 1000 and 500 were
32.35 (95% CI 11.32-99.62), 21.43 (95% CI 7.55-65.50), 8.54 (95% CI 2.96-26.44) and
7.76 (95% CI 2.68-24.13), respectively.

For genus H. indica (Local Thai strain) applied against larvae of Cx. gelidus in
each dosage compared to control group (0 IJs per larvae) at 4000, 2000, 1000 and 500 were
2.84 (95% CI 0.89-9.56), 1.65 (95% CI 0.47-6.07), 1 (95% CI 0.24-4.14) and 0.79 (95%
CI 0.17-3.53), respectively.

3.4 The comparative mean different of mortality between S. carpocapsae (Weiser)
and H. indica (Local Thai strain) applied against the third to fourth instars Cx. gelidus larvae
at either dosage.

The two way interaction test found that there were interactions between 2 factors
(p = 0.008; df = 4; F = 4.178). Multiple comparison of interaction between two genera in
each dosages of EPN per larvae that found significant difference interaction in varies dosages
X*= 48.435, df = 15, p < 0.001 (Kruskal Willis Test) and multiple comparison to determine
mean rank difference between groups namely (A1) (AJ) (AK) (A,L) (AM) (AN) (A,0)
(A,P) (B.,)) (B,J) (B,K) (B,L) (B,M) (B,N) (B,O) (B,P) (C,)(C)J) (C,K) (C,L) (CM) (C,N)
(C,0) (C,p) (D) (D,J) (D,K) (D,L) (D,M) (D,N) (D,0) (D,P) (E)J) (E,K) (E,L) (EM) (E,N)
(E,0) (E,P) (F,L) (FM) (F,N) (F,0) (F,P) (G.K) (G,L) (GM) (G\N) (G,0) (G,P) (H,L) (HM)
(H,N) (H,0) (H,P) (1,O) (ILP) (J,P) and (K,P) (Figure 2).
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* Significant difference (p-value < 0.05)

The numbers in parenthesis are mean rank of dead mosquito larvae after interaction dosages.

Figure 2 Difference and similar of interaction between two genera of EPN in each dosage of
EPN per Cx. gelidus larvae. * Difference and similar of interaction between two
genera of EPN in each dosage of EPN per Cx. gelidus larvae.

*(A = S500+H500, B = S500+H1000, C = S1000+H500, D = S1000+H1000,

E = S500+H2000, F = S1000+H2000, G = S500+H4000, H = S1000+H4000,

I = S2000+H500, J = S2000+H1000, K = S2000+H2000, L. = S2000+H4000,

M = S4000+H500, N = S4000+H1000, O = S4000+H2000 and P = S4000+H4000)
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4. Discussion

Efficacy of entomopathogenic nematodes of the genera Steinernema carpocapsae
(Weiser) and Heterorhabditis indica (Local Thai strain) against Cx. gelidus larvae. This
study has showed that the infective juveniles (IJs) of S. carpocapsae (Weiser) caused significant
higher mortality than control (P < 0.001). The mortality rate at highest dosage of nematodes
per larva was more than 60%. In contrast, the mortality of larvae by H. indica (Local Thai
strain) compared to control was not significant difference. The mortality rate at highest
dosage was lower than 15%. Comparative two genera had significant (P < 0.05). Infection
rate from S. carpocapsae (Weiser) was higher than that from H. indica (Local Thai strain),
being 14.5 and 2%, respectively. Mortality rates had strongly started at 48 hour in genera S.
carpocapsae (Weiser) but not seem in genera H. indica (Local Thai sp). The reasons for
these differences remain unclear and may be related to nematode behavior, efficiency of
nematodes, and adaptation to a given host (attraction to the host of ability to overcome
defense mechanism) (8). In study of Fallon et al., 2006 (9) found similarity studied our that
efficacy of EPN against the cottonwood borer, Plectrodera scalator (Fabricius), Steinernema
feltiae SN and S. carpocapsae all killed 58% and 50% of larvae, while H. indica MG-13
killed less than 10% of larva in both assays. The host diet was compared to that of Anoplophora
glabripennis, a host against which S. carpocapsae Sal and S. feltiae produced 71-100%
mortality in similar bioassay (10-11).

The dosage of entomopathogenic nematodes which is effective against Cx. gelidus
larvae. This study has showed that the infective juveniles (IJs) of S. carpocapsae (Weiser) in
the dosage had significant different mortalities of mosquito larvae than control (P < 0.001).
Although between dosage 2000 and 4000 1Js per larva had highest mortality rates (more than
50%), but there was not significant different among the two dosage in the mortality. Therefore,
the dosage suitable for control larvae is 2000 IJs per larvae. In contrast, the mortality of
larvae by H. indica (Local Thai strain) was so low that it may be unsuitable for control Cx.
gelidus larvae.

George, Pionar and Kaul, 1981(12) showed the similar results when the nematode
concentration increases, a higher number are ingested and more nematodes reach the body
cavity of host. The larval mortality rates of Aedes aegypti was a positive linear function of
nematode dosage and exposure time. (13) Size (stage) of host, parasitism in general was
highest in fourth-instar larvae. (12,14) Host reaction, Cx. pipiens larvae are able to melanize
nematodes that have entered their hemocoels. The melanization process is mush more rapid
and strong in the third and fourth-instar larva than the second. In the latter, a newly entered
nematode is often able to initiate development and liberate the bacterium. Only after the
maximum melanization number is reached can additional nematodes develop freely in the
hemocoel and release their bacteria. (14) Then, involve behavior of larvae feeding (bottom
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feeding). Level of depth water that was found related feeding behavior of larvae mosquito.
Manit, Chaiyaporn and Anu, 2004 (6) showed that five nematodes had most effect in
controlling the larvae of Aedes aegypti (L.) than other mosquito larvae because feeding
behavior are “Collecting-gathering” that mean highly expose than other larvae. The aquatic
habitat offers an excellent environment for nematode survival. However, steinernema and
heterorhabditids are soil organisms and are not adapted for directed motility in the aquatic
environment (15).

Mosquito feeding behavior and spatial of the nematodes also affect efficacy. The
substrate type influences uptake of nematodes by the mosquito larvae. Nematodes settle
quickly to the bottom. Mosquitoes will easily remove them from a smooth surface, but when
debris is added, the nematodes are less available to the mosquitoes larvae (16,17). The result
that found that larval mortality of Aedes aegypti was a positive linear function of nematode
dosage and exposure time (13).

Responses interaction to Cx. gelidus larvae infected between two genera in combining
each dosage of EPN. This study has showed multiple comparison had mean rank difference
significant (p < 0.001) namely interaction between two genera of EPN in each dosage of
EPN per larva. S. carpocapsae and S. glaseri co-invade Galleria larvae in the laboratory
(18, 19). Koppenhofer et al. (1995)(18) found no effect on number of nematodes establish-
ing in mixed versus single infections, whereas Wang and Ishibashi, 2006 (19) found that
more S. carpocapsae invaded when mixed with S. glaseri than when they were used alone.
But normally Heterorhabditis and Steinernema cannot co-exist within a host, though clearly
they can co-infect (20). In addition, responses by Heterorhabditis to insects harboring
heterospecifics have received less attention than those of steinernematids.

Pertersen and Willis, 1970 (14) studied the susceptibility of insects to control
agents has generally been found to decline with increases insect size that has been
demonstrated with mermithid nematodes against mosquitoes larvae.

Mosquitoes and black flies would appear to be prime candidates for control with
nematodes because they readily ingest nematodes. However, a number of factors reduce
efficacy, including damage to the nematode during ingestion, (21-22) host immune response
and spatial separation of host and nematode. (17)

Gaugler and Molloy, 1981 (21) demonstrated that the nematodes were physically
excluded during feeding of the first through third instars, rendering the host resistant to
infection. Older instars were susceptible to infection. The principle regulating susceptibility
was nematode injury caused by the larva mouthparts during ingestion, Dadd, 1971 (22)
observed that larvae size excluded nematode ingestion by early instars and that some nema-
tode injury occur during ingestion.
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Abstract

Since “Microscopist in Malaria Clinic” course has conducted, the successful of the
course has been evaluated only by end of course test. Trainee who passed standard criteria
would get the certificate approval from the Disease Control Department for diagnosis and
treatment malaria patient and operation in malaria clinic. However the after trained
performance has never been assessed. The objective of this study is to extend scope of course
outcome by follow-up the duty in microscopist of trainees and evaluate their performance.
The evaluation including the operation in real workplace and factors related to passing
criteria. Data was collected from 69 trainees who were trained in “Microscopist in Malaria
Clinic” course during fiscal year 2004-2006. The questionnaire and blood slide created by
researcher was sent to local office of each trainee. This survey assessment of, first, to survey
the trainee who responsible for microscopist in malaria clinic and also evaluate malaria clinic
management by using observation and check-list, second, evaluate efficiency of diagnosis
malaria by reading unknown slide with microscope. Both evaluation types were controls by
chief of each local office. Evaluation results would be sending back to researcher. The data
has been analyzed by using descriptive statistic and Chi-square test.

The result showed that 52% of trainees were microscopist in malaria clinic. However
only 36% of this microscopist passed both evaluation types even it is their routine job.
Factor affecting efficiency of diagnosis malaria in trainee attending slide reading test was
being microscopist. But sex, age and education background did not relate to efficiency of
diagnosis malaria. Moreover, experience 1-3 years in microscopist did not relate to
efficiency of diagnosis malaria. Slide result read by trainee found the false negative 9.6%. If
this finding occurs in real diagnosis, the patient would not be treated. In relation to patient
life, Malaria control and training budget, the efficiency of trainee operation in their workplace
should be more consideration by review in supervisory system, slide recheck system and
ability of checker, in order to find out the right solution. For course conducting should have
effective measure to screen the trainee and should review course curriculum to improving
efficiency and update course.

Key words : Malaria Clinic, Microscopist, Outcome Assessment, Diagnosis
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Assessment of a Real-Time PCR for the Efficacy Monitoring of

Antimalarial Treatment

Rujira Lerdprom', Kanungnit Congpuong®, Wanna Srisajjarak’, Kallaya Tunjan®
'Vector Borne Disease Training Center Phrabuddabat, Saraburi Province, *Bureau of Vector Borne Disease,

3Vector Borne Disease Control Center 9.3 Mae Sot District, Tak Province

Abstract

The objective of this study was to assess a Real-Time PCR for the efficacy monitor-
ing of antimalarial treatment. The assay compared microscopy with Real-Time PCR for
assessing the efficacy of artesunate-mefloquine combination in the treatment of falciparum
malaria patients. Thirty six patients with uncomplicated falciparum were selected from fifty
patients. Thick peripheral blood smears were taken on day 0, 3, 7, 14 and 28. The ratio of
male and female was 4:1. The ratio of Thai and Burmist was 2:7.

The results showed that all thick blood films of 36 patients were positive while the
Real-Time PCR showed 33 positive for falciparum (Tm73-74°C) and 3 positive for vivax
(Tm76-77°C). The thick blood film of 165 samples from 33 patients was negative. 16.33 %
of these samples were positive when testing with Real-Time PCR. The thick blood film
sample of 6 patients from 36 patients was negative on day 3, 7, 14 and 28 after treatment
while the results of Real-Time PCR were P. falciparum on day 3 and 28 in 3 and 1 patients
respectively. The real-time PCR showed positive P.vivax on day 7 in 2 patients.

The results showed that thick blood film had a lower sensitivity than the Real-Time
PCR method. However, microscopic detection remains the most reliable standard. In this
result we classified every negative thick smear corresponding to a positive Real-Time PCR
results as a false negative. Furthermore, the important finding in this study is that 16.67 % of
treatment failure were detected by the Real-Time PCR method while, 5.56 % of treatment
failure were detected by thick blood film. The Real-Time PCR method is useful for in vivo
drug efficacy studies. It is important to detect resistant malaria parasites before they reach

high resistance level.

KEY Words : Real-Time PCR, Efficacy Monitoring, Antimalarial Treatment
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