Current Situation of Vector Control Activities with especial Emphasis on Malaria Vector

In Yemen Republic

Introduction

Yemen is one of 14 countries in the WHO Eastern Mediterranean Region where malaria is endemic. Malaria is one of the top priority health problems in the Republic of Yemen. Out of a population of 18 million, 60% are estimated to be at risk of malaria. The recorded malaria cases range from 1,500,000 to 1,800,000 annually, with an estimated mortality rate of 1% of the recorded cases.

Malaria in Yemen belongs to the Afro tropical type having P. falciparum species (90- 95%) and An arabiensis as predominant vector. A Socotra island is the only exception since it belongs to the Oriental type of malaria with An culicifacies as the predominant malaria vector.

Yemen Republic has been divided into four epidemiological regions (Knight1953, Mount 1953, Thuriaux 1971, Kouzetsov 1976)

1- The costal plain (Tihama); from sea level to 200 m elevation 

2- The foothills and middle height; from 200 to 2000m elevation

3- The central highland plateaux; from 2000m and above elevation  

4- The arid slopes; from the plateaux to the desert

The endemicity differs from one area to another varying from hypo to meso, hyper and even holo endemicity. The transmission season is from October to March along the coastal areas and from April to September/October in the foothills and the mountains below 1500 meters high.

History of malaria control in Yemen: -

· 1940: Malaria unit in Abyan

· 1969: Malaria control programme in Aden 

· 1978: Malaria control programme in Hodeidah 

DDT spraying in the houses were carried out in 1970`s and 1980`s but it was stopped in late 1980`s mainly for financial reason. Larviciding programme using Temephos was carried out in areas with relatively high risk of malaria, however the activity was limited to 5 wadis in Hodeidah governorate early in 1990`s mainly due to financial limitation.  

During the last decade, the malaria control programme, lost most of its trained staff and the remaining few were transformed into blood collectors and examiners. Meanwhile malaria and its vectors progressed, invaded new territories and consolidated positions. By late 1990`s, malaria in some governorate had almost reached a saturation point and fatalities from disease had been increased significantly.         

· January2000: the ministry of public health committing Yemen to “ROLL BACK MALARIA” with its 6 elements issued a “statement of Intent” 

· The year 2000 was the start of the preparatory phase of RBM in Yemen large efforts were made to provide the programme with essential equipments, vehicles and insecticides beside some areas were selected for implementation of pilot anti- malaria programmes namely Socotra Island, Hodeidah governorate and Al-Gaffr district; with the objective to evaluate the feasibility and sustainability of different anti- malaria measures. Besides the strengthening the routine activates in the rest of the country. The actual programme activities started during the first quarter of the year2001 with exception of Suqatra Island, which was started in September 2000. 

The programme is adopting the following 8 main strategic directions during the 5-year plan 2001-2005 (khalifa, et. al 2001): -

· Human resource development to have competent national cadre.

· Early diagnosis followed by prompt and correct treatment of malaria cases 

· Selective integrated vector control through multiple and sustainable preventive measures

· Epidemic preparedness and response for efficient forecasting and controlling of malaria outbreaks.

· Prevention of malaria in pregnancy to insure safer pregnancy. 

· Strengthening the information system and surveillance

· Increasing the capacity of the community to recognize, prevent and control malaria

· Developing the capacity to plan and implement operational field research. 

The long-term objective of vector control Strategies in Yemen is to sustain intersectoral support among ministry of health, agriculture, private sector and beneficiaries to reduce the disease burden, minimize the risk of epidemics, reduce morbidity and mortality through community based sustained vector control interventions. 

The main vector control Activities:

· Regular and focused training of vector control personnel at all levels on the different multiple prevention measures.        

· Establish demonstration projects

· Health education campaign to raise the awareness of the community 

· Regular monitoring of the susceptibility of the malaria vectors to different insecticides   

Anophleine mosquito of Yemen Republic:

15 Anophleine species were recorded by different workers from Yemen Republic belong to three zoogeographical regions namely, the Ethiopian, the Palaearctic and the oriental region recorded 15 Anopheles species. In order to determine the role of these different species in malaria transmission in a variety of eco-epidemiological conditions existing in the country more comprehensive studies are needed, however Kouznetsov (1976) suggested the following relation for the four geographical zones: 

Coastal Plains: -

An arabiensis and An culicifacies are the known vectors. Their breeding places are practically all man – made habitat. In settlements located close to the foothills along the dry beds of streams, An arabiensis is brought down by the sudden surges of floodwater from the mountains (September- November) and is intensively breeding in the short- lived pools formed in the river beds. The construction of an irrigation system in some parts of this area had worsened the malaria situation. 

Foothills and Middle height: -

An arabiensis is the major vector in this region. It is responsible for meso-endemic malaria in the valleys of the middle heights, where ecological conditions favour perennial malaria transmission. Malaria is hypo endemic and seasonal in the low foothills area, where most of streams dry up during the winter and spring months. The malaria transmission in the low foothills area and the peak of malaria transmission in the middle heights coincide with the late summer and beginning of autumn. However, An arabiensis is not the only vector in the area, since at altitudes above 1500m, where it’s extremely rare, a few small malaria foci were detected. The other Anophleine species, which, by analogy with the neighbouring countries, could be considered as vectors are An sergenti and A fluviatilis . 

Highland plateaux: -

Repeated findings of An sergenti in the settlements with reports of malaria cases and its presence in substantial number during malaria outbreaks strongly indicate its possible involvement in malaria transmission. However unfavourable climatic conditions and lack of suitable breeding sites for anopheline in most of the settlements provide a constant check on malaria transmission and the spread of infection. Exceptionally favourable condition (warm weather and heavy rains) is probably needed to build up a malaria epidemic.

Arid slopes from plateaux to Arabian Desert: -

The malaria prevalence was comparatively higher in the area with An arabiensis than in the area with An sergenti.

Recently during 2002 with the help of WHO consultant the key for identification of anopheline mosquitoes of Yemen were prepared and translated into Arabic. The key is partly based on click (1992). Four entomology technicians were trained on identification of anopheline mosquitoes. To update the geographical distribution of anopheline species general entomological surveys were conducted in some govern orates of the Yemen yet many areas of the country are not surveyed. 

The results of surveys are shown in Map (1)    

Susceptibility of the Vectors to insecticides: -

Dr.Shidrawi (1996) reviewed all computerised susceptibility tests performed in Yemen between 1983 and 1991(Table 1) the data indicated there was no problem of vector resistance at that time. 

Table (1) 

Summary of computerised susceptibility tests reported from Yemen

	Governorate
	Locality
	Date
	Insecticide
	Conc.
	Exposure
	Corrected Mortality

	
	
	
	
	
	Time
	No.
	

	A arabiensis –Larvae

	Hajja
	Abs
	--/12/79
	DDT
	0.500
	
	
	100

	Hajja
	Al-Deeba
	--/12/81
	Fenitrothion
	0.125
	24H
	
	100

	Hajja
	Al-Deeba
	--/12/81
	DDT
	2.500
	24H
	
	100

	Hajja
	Al-Deeba
	--/12/81
	Dieldrin
	0.100
	24H
	
	100

	Hajja
	Al-Deeba
	--/12/81
	Fenthion
	0.050
	24H
	
	100

	Hajja
	Al-Deeba
	--/12/81
	Malathion
	3.125
	24H
	
	100

	Hodeidah
	Al-Zohra
	02/12/86
	Temephos
	0.250
	24H
	100
	100

	Hodeidah
	--
	21/11/91
	Temephos
	0.250
	24H
	100
	100

	Hodeidah
	Zabid
	--/01/80
	Dieldrin
	0.100
	24H
	
	100

	Hodeidah
	Zabid
	--/02/80
	HCH
	0.500
	24H
	
	100

	Hodeidah
	Zabid
	--/11/80
	Malathion
	3.125
	24H
	
	100

	Hodeidah
	Zabid
	--
	Fenthion
	0.050
	24H
	
	100

	Hodeidah
	Zabid
	10/11/88
	Temephos
	0.25
	24H
	69
	100

	Hodeidah
	Bajel
	05/11/88
	Temephos
	0.25
	24H
	72
	100

	Hodeidah
	Jabal Hatab
	21/03/90
	Temephos
	0.25
	24H
	100
	100

	Hodeidah
	Wadi Siham
	11/12/96
	Temephos
	0.025
	24H
	43
	100

	Hodeidah
	Wadi Siham
	11/12/96
	Temephos
	0.125
	24H
	21
	100

	Hodeidah
	Wadi Siham
	11/12/96
	Malathion
	3.125
	24H
	47
	100

	Hodeidah
	Wadi Siham
	12/12/96
	Malathion
	0.625
	24H
	48
	100

	Hodeidah
	Wadi Siham
	12/12/96
	Temephos
	0.025
	24H
	44
	26.3

	Al-tour
	Wadi La’a
	30/04/91
	Temephos
	0.25
	24H
	100
	100

	Abyan
	Bates
	20/12/88
	Temephos
	0.25
	24H
	59
	

	Lahaj
	Toban
	06/12/88
	Temephos
	0.25
	24H
	58
	100

	An arabiensis –Adults

	Hajja
	Abs
	--/10/79
	Dieldrin
	0.4
	1H
	
	100

	Hajja
	Abs
	--/10/79
	DDT
	4.0
	1H
	
	100

	Hajja
	Al-Zaidiyah
	--/11/79
	Dieldrin
	0.4
	1H
	
	100

	Hajja
	Al-Zaidiyah
	--/11/84
	DDT
	4.0
	1H
	
	100

	Hodeidah
	Bajel
	07/11/88
	DDT
	4.0
	1H
	60
	100

	Hodeidah
	Al-Zohra
	12/12/85
	DDT
	4.0
	1H
	63
	100

	Hodeidah
	Al- Zohra
	03/12/86
	DDT
	4.0
	1H
	66
	100

	Hodeidah
	Al- Zohra
	22/10/87
	DDT
	4.0
	1H
	74
	100

	Hodeidah
	Mekhaya
	09/12/96
	Malathion
	5.0
	1H
	40
	100

	Hodeidah
	Mekhaya
	09/12/96
	Permethrin
	0.25
	1H
	37
	62.5

	Hodeidah
	Mekhaya
	10/12/96
	Permethrin
	0.25
	1H
	43
	94.7

	Maarib
	Maarib
	--/11/83
	DDT
	4.0
	1H
	
	100

	Maarib
	Maarib
	17/02/89
	DDT
	4.0
	1H
	100
	100


In 2002 monitoring of susceptibility of vectors to insecticides was undertaken as an important technical activity where ever vector density permitted. WHO standard methods and Kits for larvae and adult tests were used. Larvae / adults are exposed to a single discriminatory dose. It is very difficult to get enough number of adults from field collection; therefore we depend upon the available larvae for larval tests as well as adult tests. Table (2) shows the results of the tests carried out in 2002. The limited data show the vector species is susceptible to the currently used insecticides
Table (2) Summary of the result of susceptibility tests carried out in Yemen in 2002 

	Governorate
	Locality
	Date
	Insecticide
	Conc.
	Exposure
	Corrected Mortality

	
	
	
	
	
	Time
	No.
	

	Hodeidah
	Elmaraiq
	10.4.2002
	Temephos
	0.125ppm
	24h
	100
	100%

	Hodeidah
	Khalifa (W. Siham)
	8.4.2002
	Temephos
	0.125ppm
	24h
	105
	100%

	Taiz
	AlAmra dam
	2.6.2002
	Temephos
	0.125ppm
	24h
	50
	100%

	Taiz
	AlMakasses
	3.6.2002
	Temephos
	0.125ppm
	24h
	30
	100%

	Hodeidah
	Khalifa (W. Siham)
	9.4.2002
	Lambda-cyhalothrine
	0.05%
	1h
	15
	100%

	Taiz
	AlMakasses
	3.6.2002
	Lambda-cyhalothrine
	0.05%
	1h
	30
	100%


Existing Malaria Field Operations: -

During the period 1991-2000, all field operations were stopped. No larva control, no residual spraying & no field operations of any type to control Anopheline mosquito. 

Larviciding: -

Late in 2000 Geographical Reconnaissance in three pilot areas were conducted in:

1- Hodeidah& Tihama areas of Hajja, Sa`ada, Mahweet, Dhamar and Taiz

2- Ibb

3- Socotra

The purpose of such work was to identify the potential breeding sites in the target areas. All the breeding sites were mapped. Spraymen were selected from the same villages to be sprayed so as not waste time in transport. Larviciding started in Socotra Island in September2000, in Ibb May 2001 and in Hodeidah in September2001. Temephos (Abate) is the insecticide of choice applied at a target dose of 56 gms/ha using Hudson X pert fitted with cone jet (Tx3) nozzle. A system for supervision was designed at three different levels i.e.. Larva checking at the unit level and crosschecked by governorate teams and central teams. Table (3) summarized the ongoing Larviciding operations.

Table (3)

	Summary of Larviciding Operations in 2002

	Area
	No of spray men
	NO of Field 

Supervisors
	Length of wadis covered weekly/km
	Abate consumption monthly / liter

	Tihama
	247
	37
	1235
	249

	Ibb
	62
	8
	310
	62

	Sana’a governorate
	7
	1
	35
	7

	Dhamar governorate
	28
	4
	140
	28

	Aden governorate
	5
	1
	25
	5

	Socotra island
	35
	4
	175
	35

	Taiz governorate
	7
	1
	35
	7

	Lahaj governorate
	13
	4
	65
	13

	Total
	404
	60
	2020
	404


 Spraying with residual insecticides: -

Lambda-cyhalothrin (Icon) is suitable insecticide as the main vector An arabiensis is susceptible to it. Spraying is focal, in selected epidemic prone areas based on epidemiological grounds. In the year 2002 residual house spraying was carried out in the following areas (foothills and middle height):

· Socotra Island, villages around the capital Hadibo, Nogad and the eastern part of the island

· Taiz: Alamera dam, Almafeer

· Dhamar: Jabal el shariq

· Wadi Zabeed

· Almalaheez and Sheida (Bordering Saudi Arabia);

· Upal

· Sheida.

Prior to the spraying operation the spray men were trained in the field for three days on the spraying technique. 513.66 Kg of Icon 10 WP was used at a target dose of 0.025g/sq. m the average coverage in target areas was found to be 95-98.2 %.   Table (4) summarizes the residual house spraying campaigns carried out in 2002.

Table (4)

                          Residual Housing spraying in The Year 2002

	Governorate
	Total No. Of houses sprayed
	Total No. Of rooms sprayed
	Amount of insecticide used (Icon) (Kg)

	Socotra island
	522
	1965
	19.2

	Taiz
	1312
	10949
	132.5

	Dhamar
	145
	701
	9.63

	Wadi  zabeed
	6518
	11085
	194

	Socotra island
	945
	2835
	34.7

	Almalaheez
	2007
	5190
	69.94

	Sheida
	666
	2019
	28.94

	Upal
	720
	1855
	24.75

	Total
	12835
	36599
	513.66


Space spraying: 

Fogging and ULV space spraying were carried out in selected villages whenever an outbreak of malaria was reported. The main objective was to reduce vector density and increase vector mortality as soon as possible. Lambda-cyhalothrin at target dose of 1g/ hectare well as Deltamethrin were used during the year 2002. Hand carried and vehicle-mounted multi- purpose machine were used for the application

Impregnated Bednets: -

Introduction of ITNs can be seen as the most effective and sustainable tool against vector borne disease in Yemen BUT its introduction requires time and efforts to educate and mobilise communities for its acceptance and proper use. Impregnated mosquito bed nets were introduced in Yemen for the first time in 1997 through a pilot study in Khamis Bani Saad village and the results were not encouraging due to improper introduction and implementation of this strategy. In January 2002, a demonstration project was implemented in Socotra Island through the distribution of about 1150 treated bednets contributed to the good impact on malaria reduction along with other vector control measures. In July 2002 in collaboration with the regional office, a draft national ITN strategy was developed in which the challenges of implementing ITNs in Yemen and reaching the RBM targets 60-100 % of pregnant mothers and children under 5 must be sleeping under nets by 2005 were highlighted. 3500 impregnated bed nets are currently distributed in Socotra islands to replace residual house spraying which was carried out in the eastern part of the islands at the beginning of the transmission season. Iconnet is used for impregnation which was received free of charge from one of local private company for trial purpose. A proposal for implementation and evolution of bed net in Tihama areas; the worst affected area in Yemen accounting for about 1/3 of all malaria cases in Yemen, was submitted to EMRO for possible funding.

Biological control using fish Aphanius dispar is under study although it has been implemented on small scale in Tihama areas and Socotra Island

Other Vector borne disease control: -

In September 2000 Rift Valley Fever hit the Tihama area. Late season rains resulted in floods in wadis and created numerous mosquito-breeding sites.  Intensive vector control operations took place jointly by the ministry of health (The national malaria programme) and the ministry of Agriculture and irrigation. Vector control operations were designed and aimed to control both larval and adult stages. Larviciding using Temephos and Dursban as well as ULV space spraying using Lambdacyhalothrin, Delamethrin and Choropyrifos Methyl was conducted.

The National Malaria Control Programme was heavily involved in the investigation and control of Dengue fever out break in Shabwa Governorate in August 2002. Normal water supply in the affected areas was disrupted causing the people to store water containers in their dwellings, which favour the breeding of Aedes aegypti. The house Index reached 63.6% while the container index was 46.2 %. Appropriate emergency measures for Aedes aegypti control, through health education cooperated in source reduction campaign, were implemented in addition to space spraying with Deltamethrin to destroy adult population.

Human Resource: -

There is a serious lake of qualified, trained and experienced national cadres. This applies to all fields of malaria control. The following training courses in vector control were held in the year2002:

Table (5)

	SUBJECT
	COURSE DURATION

In days
	NO. OF TRAINEES
	DATE

	Impregnated Bednets
	7
	7
	Jan. 2002

	Anopheles species identification 
	4
	4
	March2002

	Susceptibility Test
	6
	5
	March 2002

	Larvae control
	3
	3
	April2002

	Field supervision
	6
	37
	June ‏2002

	WHO Vector control training course 
	12
	23
	July2002

	Field supervision
	4
	20
	Augest2002

	Residual House spraying (Syngenta)
	2
	25
	October2002
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