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EXECUTIVE SUMMARY
Ghana’s Guinea Worm Eradication Programme (GWEP) has made little progress during the last twelve years in reducing the number of dracunculiasis incidence. As a result, it has lagged behind other endemic countries in West Africa. In 2004, it reported about 7275 cases, which is more than any other country, and nearly half of the total of cases reported worldwide. From 2005 to 2007 the number of reported cases stalled at about 4000 cases per year.
This joint external evaluation, with the participation of partners, including the Ghana Health Service, UNICEF and WHO had, as its primary objective, to make recommendations for accelerating eradication by assessing the effectiveness of surveillance and interventions. The specific objective was to investigate the efficacy of temephos on copepods.
The group evaluating surveillance and interventions carried out field work in seven districts in the Northern Region (East Gonja, Central Gonja, Karaga, Savelugu-Nanton, Tamale, Tolon-Kumbungu, and Yendi). A total of 29 villages were covered and in each village, an average of 10 household heads were interviewed. In total, 261 households were visited.
The vector control group visited eight dams including two dams in the Tolon/Kumbungu district which had reported a low efficacy of temephos. The activities that were carried out in the field were:  (1) Monitor the abate application and effect of the treatment on the copepods populations in Voggu dam which reported low efficacy; (2) Conduct laboratory tests on the sensitivity of the copepods to temephos and chlorination. 
Progress made: Great progress has been made in surveillance and interventions since the last evaluation in June 2005. For example, contrary to the results of the evaluation of 2005, no underreporting of cases was observed during this evaluation. This was due to the increased resources which had been made available to the Programme. One important factor was the introduction of Area Coordinators to compensate for the weakness of Zonal Coordinators.
Leadership and ownership of the programme: It is important that all partners involved in eradication are in harmony and this will require strengthening the leadership and ownership of the programme, particularly at district level. Emphasizing these aspects of the programme will necessitate establishing national technical advisory group to guide the programme in its future direction. This can be complemented by conducting yearly national independent evaluation with one or more members of the technical advisory group participating in the evaluation.
Expanding the unit of implementation: In order to reduce the number of newly endemic villages that continued to emerged every year and thus prevent re-introduction of the disease to at risk villages, the Programme should consider the endemic sub-district
 rather then endemic village as the unit of implementation. Funding should be available from the Government and partners to the Programme to support financial implication of this change.
Supervision: In all villages visited, CBSVs confirmed that next level supervisors visited them weekly on average. Although supervisory checklist was developed, as confirmed by the National Coordinator, it has not been used by all supervisors at regional and district levels. It will be useful if regional and district supervisory visits use those checklist and fulfil an audit function by verifying the number of cases in randomly selected households.
Motivation for good performance: In general, motivation to improve performance to achieve eradication target as planned is not strong enough. The Programme should continue and expand granting a prize to the districts, zone and/or villages found to be successful in showing best performance in interrupting disease transmission. This event should be widely publicized. 
Safe water supply: Drilling of boreholes has not been successful in the Northern Region with a success rate of only 20%. Furthermore, only 34% of the villages visited had functional safe water supply. But even then, a small fraction of the population (6%) has access to the supply in those villages because of large villages and a few hand pumps. Large towns such as Savelugu Town, which has 37,318 population had a tap water system but services were not regular.
Therefore, it is recommended that safe water supply be provided to all villages in endemic sub-district. Innovative engineering and alternative technology which is cost effective and user friendly are required. Existing and new water sources should be monitored and  non-functional hand pumps should be maintained  and repaired by district team. Ongoing efforts of the Government for restoring the urban water supply systems in Tamale and Savelugu will help in increasing the safe water coverage.
Filter distribution and use: Although filters were available in almost all households, only 86% of households have intact cloth filters (with no holes). Cloth and pipe filters should be available to the programme in adequate quantity before  transmission season. Monitoring the availability and suitability of cloth filters should be strengthened.
Case Containment Centers: Case Containment Centers are viewed by some as useful and others mentioned that some patients do not want to go to these Centers. There is no evidence of their effectiveness. At this stage of the eradication, the programme should not pursue further expansion in the number of the existing Case Containment Center. The programme should consider scaling down these Centers and integrating them into existing health facilities.
Health education: Although knowledge about cause and prevention of the disease is high among the population visited, compliance with health education messages seem weak as evident by repeated infection year after year. Few posters were found on display in villages visited (7%; 2/27) and few were in stock with CBSVs (40%; 11/29).
The programme should have a focal point at national level to monitor and coordinate health education activities. Review of the existing health education materials should be conducted soon and new materials should be developed, produced and distributed. School-based dissemination of health education should be intensified.
Efficacy of temephos application: The vector control team has undertaken the investigations on the temephos efficacy on copepods in the dams. The team visited eight dams including two dams in the Tolon/Kumbungu district which had reported a low efficacy of temephos. The activities that were carried out in the field were: (1) Monitor the abate application and effect of the treatment on the copepods populations in low efficacy dam (Voggu dam); (2) Conduct laboratory tests on the sensitivity of the copepods to temephos and chlorination. 

It was concluded that temephos is still effective in the field situation. However the laboratory test indicated that the copepods from the low efficacy dam had less sensitivity to temephos at a concentration of 1 ppm. The effectiveness of chlorination on killing copepods was also confirmed. 

Using more efficient and more effective application of temephos in vector control should be emphasized, in order to accelerate the GGWEP prevention strategy to achieve the goal. Temephos is still applicable even in a large dam, however, it is important to use temephos correctly since there was a sign of develop of resistance of copepods to temephos. The measuring of copepod densities should continue regularly every month, in order to monitor the efficacy of the treatment.

1. INTRODUCTION

1.1. General background

Ghana’s Guinea Worm Eradication Programme was launched in 1988. It was the third such national programme in Africa. In 1989, the programme reported 179,556 cases. This number fell to only 8,894 in 1995, but the Programme’s progress then stalled for the next ten years, and the number of cases was hardly changed at 7,275 cases in 2004. 
Various reasons have been suggested for the poor performance of the Programme over the last decade (as mentioned in the 2005 evaluation), including:

· the ethnic conflict which broke out in Northern Region in 1994, in which health and water infrastructure were vandalised and a substantial number of staff fled the Region;

· cuts in funding from major Programme partners, such as USAID;

· the change to the Sector-Wide Approach, under which preventive programmes such as GWEP were not given the desired priority in the allocation of the health sector’s inadequate funds, which were sometimes released too late for the transmission season;

· the pooling of  Programme vehicles by health managers, following the  health sector reforms aiming at Integration and Decentralization;

· the transfer of environmental health staff, which included most District Coordinators, from the Health Ministry to the Ministry of Local Government and Rural Development.
In mid-2005, a joint external evaluation was led by WHO in collaboration and participation of major partners including Ghana Health Services (GHS), The Carter Center and UNICEF. The evaluation objectives were to examine the effectiveness of surveillance and interventions of the programme in a view to enhance eradication efforts. During the 24 months following the evaluation, from July 2005 to June 2007, the programme implemented several recommendations of that evaluation. Other recommendations were either partially implemented or were not implemented at all (annex ?).
1.2. Progress since the evaluation of June 2005

During that period or two infection seasons of July 2005 to June 2006 and July 2006 to June 2007, the number of cases did not show significant decrease (4005 cases and 4464 cases respectively). While several West African endemic countries had interrupted disease transmission in 2006 and the remaining had reported significant decrease in the number of cases, Ghana continued to report the same level of cases of about 4000 cases a year. In East Africa, Sudan continued to report a high number of cases (6096 cases from January to September 2007) although it was a considerable decrease compared with 2006.
The major developments during the last few years have been:

· The Carter Center has supported supervisory personnel, both expatriate and Ghanaian, in the most endemic districts. Surveillance and interventions were thus significantly strengthened. The Carter Center engaged additional Technical Assistants to support the district level. The introduction of the Area Coordinators has been a significant contribution which strengthened the link between the CBSV and the districts.
· WHO also provided a National Programme Officer to support surveillance in the communities recently freed from Guinea worm. 
· UNICEF is the leading agency in water development in support of Guinea worm eradication. Recently, EU supported UNICEF with 20 millions Euros to implement a water supply programme specifically targeting the Northern Region with particular emphasis on eradicating Guinea worm disease.
Although the number of cases has not been declining during the last two years, the Programme has at last begun to show signs of progress. The disease declined from several regions that were heavily infected two years ago such as Volta and Brong-Ahafo Regions. In 2006, guinea-worm cases were concentrated in the Northern Region which reported 89% of the number of cases. In the Northern Region, the disease is also focused in 5 highly endemic districts of Savelugu-Nanton (1182 cases), Tolon-Kumbungu (827 cases), Tamale (416 cases), East Gonja (382 cases) and Yendi District (335 cases). Part of the problem in Savelugu-Nanton and Tamale Districts has been attributed to the failure of town water systems in the main towns in these regions.
Furthermore, the number of cases has decreased dramatically during the last two months, September (19 cases) and October (27 cases) compared with the number of cases reported in the same months of 2006, 39 cases and 144 cases respectively.
1.3. Vector control component of the programme

Vector control (VC) is an important aspect of the Guinea Worm Eradication Programme (GWEP), and has been practiced for several years in all the African endemic countries. The Northern Region of Ghana remains one of the most important foci of the three countries left globally that has an inadequate water supply and therefore VC plays a very big role in eradication of Guinea Worm, using temephos (abate) for the control of copepods. 

The guidelines produced by the WHO Collaborating Center, CDC in 1989 only provided practical recommendations for dams or ponds up to 500 m3.  In the 90’s, the GGWEP expanded the treatment to cover dams larger than the recommended volume in the Northern Region and developed the vector control guidelines including temephos application to the large dams. The GGWEP defined a large dam as any dam requiring more than 1 drum (20litre) of temephos (Abate) or having a volume of 10,000m3. In the guideline, the decision of treating or not treating the large dams with temephos was left to the National Guinea Worm Programme manager. He and his team would take into consideration the volume of water, population using dam and the importance of the dam in relation to neighbouring endemic villages.

Each district has a list of ponds and dams that need to be treated regularly.  In some cases the dams were not treated regularly, because the ponds or dams were dried-out or were over flowed, or some logistic and operational problems. Also, sometimes it was impossible for the area coordinator to treat all dams in his area in one month.

In order to promote the vector control activity and to boost community acceptability, hand lenses were provided by the programme with the support from UNICEF to ensure quality control. A total of 125 to 385 dams within a wide range, were treated with temephos, between January and May 2007.  Three of the dams; two in Tolon/Kumbungu District and one in Savelugu/Nanton District reported low efficacy and no impact of temephos concentration on copepods. 
1.4. Terms of reference
The main terms of reference are:
1. To make technical recommendations for a more effective vector control component in the GWE programme in Ghana, with particular emphasis in the northern region, to enable a more effective use of Abate, and other measures against water bodies where Abate cannot be used.
2. To carry out rapid laboratory investigations of copepod sensitivity. 
3. To examine the effectiveness of the application of other strategies used in the eradication of Guinea worm disease in Ghana, in particular health education, filter cloth distribution, safe water supply and case containment. 
4. To examine the effectiveness of guinea-worm surveillance and the supervision system at each level, village, zone, sub-district, district and region. 
5. To make recommendations on the way forward to achieve the target of eradication.
The first two terms of reference were carried out by one group of the team who are all entomologists and the remaining second two terms of reference were conducted by another group of epidemiologists and public health specialists. Therefore, the report will comprised of three sections; section 1 Introduction, Section 2 Surveillance and Interventions and section 3 Vector control 
2. METHODOLOGY
2.1. Surveillance and interventions
It was planned to carry out the field work in eight districts and dam sites in the Northern Region which had reported the highest number of cases during 2006.  These district, according to the teams covering them were:

· Team 1. Tamale and Yendi

· Team 2. Savelugu-Nanton and Gushegu
· Team 3. East Gonja and Karaga
· Team 4. Tolon-Kumbungu and Central Gonja
Note that group that worked on vector control and covered dam sites in Savelugu-Nanton and Tolon-Kumbungu.
But one district Gushegu was dropped because of the distance. It was also decided that the team that was supposed to cover that district should concentrate on Savelugu-Nanton and cover more zone and villages in that district which reported the highest number of cases in 2006. 

These seven districts were covered by four evaluation teams, each led by an international evaluator and including representatives of the Programme at regional and/or district level. The aim was to conduct semi-structured interviews with programme staff from national, regional and district level and, where possible, the local Zonal Coordinators of the 32 study villages, 8 in each district. 

The topics covered in each interview included:

· Surveillance, Training, Monitoring and supervision, Transport Water supply, Filter distribution and use, Health Education, Case containment and Vector control

Additional questions about logistics and management were asked at national, regional and district level.

The villages was chosen at random, allowing for logistical constraints, and purposive exception made to ensure the inclusion of the most endemic villages in each district and at least one re-infected or newly-infected village.

In each village the interviewees included the CBSV and Red Cross mothers’ club members, up to 10 households along a random transect. The latter served two purposes; to obtain an independent sample of cases from which to assess the sensitivity of surveillance, and to conduct a simple KAP survey to evaluate the coverage and efficacy of Programme interventions at the grass roots. A total of 261 household heads were interviewed. Further details of the evaluation’s methodology and scheduling are provided in Annexes ?? 1 to 5.

2.2 Methodology for vector control 
It was agreed that the field work for the VC should be carried out in following two districts that reported low efficacy of Abate in the dams., Savelugu/Nanton and Tolon/Kumbungu 

In Tolon/Kumbungu District, 5 dams (DA1 – DA5) were visited including the 2 dams (Kangbagu (DA1) and the Voggu (DA2)) where temephos low efficacy was reported.  The Savelugu/Nanton District dams visited were DB1, DB2 & DB3. 

Copepods samples taken from Voggu dam (DA2) were used for efficacy and sensitivity to temephos tests. The dam was treated with temephos on the next day (16/11) according the GGWEP guidelines by the Area coordinator and his team. 

The surveys and tests carried out by the vector control team were:

a. Field Survey: (1) Copepod density in the different dams, (2) The effect of temephos treatment on copepods density and (3) Mode of abate distribution in dam water

b. Laboratory Tests: (1) 
Sensitivity of copepods to temephos, (2) Efficacy and effectiveness of temephos (3) Effect of dam water on temephos efficacy and (4) Effectiveness of chlorination of water on copepods

Water samples taken from all 8 dams was for water quality and the copepods population densities studies. The field monitoring of the temephos treatment efficacy and effectiveness was carried out at the sites as recommended by the GGWEP. 

For a test on effect of temephos distribution in the dam, sampling points at two sites (fetching places) were prepared and marked with sticks; at 3, 10 and 20m from edge of dam (beach). Samples were taken regularly before the treatment, one (1) hour after, 3 hours after, 24 hours after and 72 hours after the treatment at collection points. The sampling method was standardized with a 5 liter bucket for each point of a site and for each sampling period.

The laboratory tests were carried out in Tamale using standard methods and procedures. Cyclops collected in Voggu dam (DA2) were used for tests. The sensitivity of Cyclops to 10ppm, 5ppm, 1ppm, 0,5 ppm and 0,1 ppm solutions of temephos were examined. The efficacy of products of temephos provided to the GWEP by Carter Center and brought by the team from Geneva was compared. The efficacy of temephos in mineral water and dam’s water was also tested. The detail methods are described in Annex 2.

3. Findings and recommendations

3.1. Findings and recommendations for surveillance and interventions
The present findings and recommendations, according to the major strategies and activities, are described below: 

3.1.1.  Planning, management and finance
Findings:

It was clear when interviewing district staff, particularly District Coordinators (DC), that they were not playing an active role in Guinea Worm Eradication Programme. They depended upon the Area Coordinators (AC) who usually receives better salary from The Carter Center. All seven District Coordinators were interviewed by members of evaluation team but they made sure that an Area Coordinator was present during the interviews. Each district visited had at least one functional vehicle for implementation of Guinea worm eradication activities except Karaga District, which had no vehicle. although several of them confirmed that they had reliable means of transport. Most of the responses were made by Area Coordinators. Ownership of the programme by all levels of the GHS is key to achieving the desired target of eradication. In order to have all partners engaged in the eradication activities with the same harmony and enthusiasm, they should be empowered and motivated to do such activities.
High number of newly re-infected villages are reporting cases every year. The current practice of dropping villages when they report zero cases from the list of villages that receive interventions, is counterproductive. In 2006, 706 villages reported 1 or more cases. Out of these, 316 villages reported cases both in 2005 and 2006. The remaining 290 villages reported cases only in 2006 but not in 2005. It is true that 177 of these villages reported locally imported cases but there were still 113 new villages that reported indigenous cases. The Programme maintain the villages which report indigenous cases, as endemic for two years. But the villages that have cases in a certain year are given high priority in that year in term of visits by Coordinators, training and monthly meetings for CBSVs and supplies. 
It was not possible to find a difference between the villages that report low number of cases (<5 cases) in 2006 compared with those reported high number of cases (>5 cases), in term of the frequency of visit. However, 36% (5/14) of registers with CBSVs in villages where the number of cases was 5 cases and less were not filled while only about 1% (1/14) were not filled in villages with high number of cases (>5 cases). This is mainly in Karage and East Gonja districts. These villages are left to the GHS to cover in term of surveillance and supervision. This is creating a mosaic of villages that are well taken care of and others in between that are left unattended to and thus, are likely to be re-infected. Because the surveillance system is weak in those villages, it is likely that indigenous cases can occur without being reported and can increase year after year to be then reported as an outbreak. It is important to extend an active surveillance and intervention to cover all villages in a sub-district if this sub-district has one ore more villages endemic with the disease.

Extending active surveillance and interventions to non-endemic villages in the endemic sub-district will require extra funding by the Government and other partners. However, providing extra funding to cover those villages is justified if the Programme and partners are keen to interrupt disease transmission soon. This will reduce the number of newly infected or re-infected villages. 

The programme received funding from the Government during the last three years. This increase throughout the years in 2005, 2006 and 2007 which was 1 billion, 5 billions and 10 billions Cedis respectively (20000 Cedi equal 1 US$). However, there is usually delay in receiving funding from the Government. These amounts were distributed among the district according to their burden of the disease. It is expected that the funding will be used to expand and strengthen surveillance. 
The National Coordinator is trying to get more funding to work independently in order to step up surveillance in formerly endemic villages. This is because The Carter Center only support villages that are reporting indigenous cases and thus the surveillance in some non-endemic villages will be supported by the government. Other partners will be thought to fund surveillance in those villages. Resources allocation should include formerly endemic villages. The challenge is how to put the resources from different partners together and strengthen surveillance and interventions when villages are divided into two groups; endemic and non-endemic and partners do not agree about investing in both categories.
Although the Programme strategies is sound and adopted by many countries that have interrupted disease transmission, the programme needs independent technical advisory body to assist in analysing situation and advising when change of approach is required. The Programme had adopted several approaches that were not cost-effective or useful to the programme and sometimes they were damaging to the future of the programme. One example is introducing the worm extracting and introducing reward system when the programme was reporting thousands of cases. Embracing such approaches will not been possible if a technical advisory body was established and advise the programme on such approaches.
The evaluation of 2005 was beneficial for the programme although not all the recommendations were implemented. The sensitivity of surveillance has increased so that there was no under-reporting of cases has been noticed in during this evaluation compared with 44% noticed in 2005. Inventories of dams are available to the programme at district and regional level and the list is continuously updated. There has also been a move towards longer postings for expatriates working in the Programme. The weakness in the link between the CBSV and the district has been strengthened by creating the Area Coordinator, although this has not strengthened the role of District and Zonal Coordinators. Other recommendations were either partially implemented or are being implemented. Several have not been implemented at all but those are either beyond the responsibility of the Programme or were not practical to implement. It is important therefore to strengthen monitoring of the activities of the Programme and to evaluate the activities yearly either by a local evaluation team or by joint external and local evaluation teams.
Recommendations:

The Programme should consider taking the endemic sub-district as the unit of implementation rather than endemic village. A sub-district is considered endemic if one or more villages in that sub-district reported one more indigenous guinea-worm cases.

Funding should be available from the Government and partners to the Programme to support some activities that are not covered by The Carter Center including expanding the implementation unit to be the sub-district.

The programme should consider establishing a Technical Advisory Group from distinguished epidemiologists and public health specialists in the country  to advise the Programme regularly or when new approaches are suggested.
An internal evaluation should be made as an integral part of the programme activities and the recommendations of such review/evaluations should be implemented in letter and spirit.

3.1.2. Supervision and staff training

Findings:
Although supervisory visits were frequent, weekly on average, several of supervisors (21%) did not fill the registry book which is kept with the CBSVs. This was mainly true in villages visited  in East Gonja and Karaga. The evaluation team were informed that although standard checklists for supervisory visits from the district and regional level were developed, utilization has not fully implemented yet.
Recommendations: (The following were the recommendations of the 2005 evaluation which either were partially implemented or were not implemented at all. They are still relevant and they will constitute part of the recommendations of this evaluation)
1. A standard checklist for supervisory visits from the regional level should be developed, ideally in a form which can be completed, with a space for comments and suggestions, as a trip report and a copy given to the supervisee.

2. Similar checklists, though simpler and without a copy for the supervisee, should be instituted for visits from the district to the sub-district or zone, and from the zone to the village. They could be printed as pages of a notebook, with spaces for numbers of cases, stock levels of filters, etc. and additional room for comments.

3. Regional supervisory visits should fulfil an audit function, making unannounced visits to districts and villages for quality control. The visits could be designed along the lines of our evaluation, taking a sample of households on a transect, looking for cases and checking coverage and compliance with Programme interventions.
3.1.3. Surveillance

Findings:

The existing dracunculiasis surveillance system depends upon CBSVs who are the frontline workers who identify and report cases in the villages. There are one or more CBSV in each village visited. Those are volunteers who are selected by their communities and are trained by the Programme to perform their surveillance and interventions activities. In large villages the CBSVs are assisted by Mother Red Cross Club (supervised by Coaches) who detect cases and report to CBSVs. The CBSVs are also used by other health programme such as polio for helping in mobilizing the communities for NIDs. The second level personnel are the Zonal Coordinators who usually supervise the CBSVs in about 5 villages under active surveillance. Each is usually provided with a bicycle but they are considered volunteers although they receive 10 New Cidis a month. Because the ZC were considered a weak link between the CBSV and the district, Area Coordinator was created in the last two years to supervise 5 to 7 ZC . Those receive relatively high salary from The Carter Center. They are mainly concerned about endemic villages. None of these are government employee but some ZC can be health workers or teachers working for the Programme as volunteers. District Coordinators are the first level that are government employees followed by the Regional Coordinators. They visit households in their village weekly as confirmed by (???%) households visited.
Surveillance.
IDSR cover health facilities and does not reach villages with no health facilities. The government is introducing CHPS who will be employee of the GHS and are therefore paid and may eventually replace Zonal Coordinators who are volunteers.
The Carter Center do not invest in villages reporting imported cases or that do not report cases. It is difficult to establish whether an imported case has contaminated the drinking water sources or not. Non-endemic villages in endemic area can be considered as at risk villages because of low coverage of safe water supply. For the Programme, it is more assuring to assume the worst and apply interventions in the village with imported cases and at risk villages. The Government has asked all Regional Health Directors to implement CBS but regions associate CBS with Guinea Worm Eradication Programme and thus they will implement it if they receive funding from the Programme. GHS should be encourage to take CBSV seriously and support them and use his record and data effectively. 

CBS surveillance in respect of guinea-worm has significantly improved, particularly in endemic villages, so that the degree of under-reporting (44%) that was documented in 2005 has not been found during this evaluation. High percentage of households (???%) confirmed that the CBSVs or Mother Red Cross Volunteers visited them during the week preceded the visit. 
Recording especially in villages which report zero guinea worm cases has to be improved as the record of zero cases has to be continuously maintained for certification purposes. The record register with CBSV has to be replaced before the end of the year as in the absence of the register they are constrained to record important activities in loose papers which they may lose later.

Start putting measures for certification in the former endemic villages. Training of volunteers in this area will be seen as a reward for them.

Recommendations:
A prize should be awarded to the districts, zone and/or villages found to be successful in performing best  during supervisory visits. The prize or reward should be highly publicized. CBSVs should also be rewarded for best performance. Reward to include guinea worm free sub-district.
3.1.4. Water supply

Findings:

There are several difficulties with drilling of boreholes and installation of hand pumps in the Northern Region of Ghana. Success rate of drilling boreholes is too low (20%) and existing boreholes have low yield and may dry out quickly. In order for boreholes to have enough and permanent yield, the CWSA constructed boreholes near the dams, which are usually far from the households. Several of hand pumps are located on high platform with high steps that make it difficult for people, particularly children, to reach. Furthermore, high percentage of the hand pumps are not functional (24%; 8 out of 33). Several of the functional hand pumps are located in highly populated villages so that they are supposed to cover an average of 2500 person. This is ten time the designed capacity of the hand pump. This reduces the coverage of safe drinking water per households. It is not likely that eradication of Guinea Worm goal may be achieved at the target date unless there is significant increase in the safe water supply coverage in the next 12 months.
Some of the dams visited were very large and if properly constructed, could serve the community throughout the year. However, the practice of animals (large herd of cows) and human being using the same water source was observed. This may definitely pose the problem of contamination by the animal.

Recommendations:

Provision of safe water supply to all villages in endemic sub-district should be given top priority including villages that are not endemic. Trained water technician at village level for regular maintenance of the water system and spare parts should be available.
Monitoring the maintenance and repair of existing non-functional handpumps should be the responsibility of the district team.
Innovative engineering and alternative technology which is cost effective and users friendly are required to be implemented using other water sources in areas where ground water is difficult to obtain and with deliberate strategy of bringing the water sources close to people.
We acknowledge the ongoing efforts of the Government for restoring the ……..

It should take the responsibility for provision adequate of the urban water supply in Tamale and Savelugu.
See also 2.2.5 recommendation 4 to 8.

3.1.5. Distribution and use of cloth and pipe filters

Findings

It is encouraging to see the cloth filters distributed to the majority of households visited. Very rarely that a household teams came across a household which did not have a cloth filter. Some households have two filters, old filter and newly distributed one which is suppose to replace the old one. But the majority of filters were with no holes (86%) whether old or new. People claimed that they filter their drinking water. High percentage of persons interviewed (89%) claimed that when they go to the field, they either filter their water and take it with them or filter the water they drink from sources near the field. 
High percentage (86%) of filters were available at households and were intact, with no holes. Since the programme has recently distributed filter, it is likely that difficult to know if filter a greater percentage will be having holes. The previous evaluation of 2005, which was conducted in June, found roughly 30% of cloth filters were holed. If the percentage of filter with holes will increase corresponding to the duration of use, this percentage can be greater during the peak transmission season in January to March. Regular monitoring the status of filters is important to reduce the percentage of filters that are damaged or with holes.  

These that were seen to be torn and old in certain cases hence need to be replaced quickly. It was also observed that there was no stock of filters either with the CBSV or AC. This gap needs to be quickly filled.

There is stock of pipe filters in several districts but these have not distributed yet.  No pipe filter was seen during the survey. Filters are not kept to dry in shade. It reduces the longevity of the life of filter. They should not keep the old filter with them which have holes. Water vender use big water filter to filter their water. In Tamale and Yendi, central Gonja and other districts, filter pipes were not seen in the community 
Recommendations
Cloth and pipe filters should be available to the programme in adequate quantity and should be distributed to households before the start of transmission season. 

Monitoring the availability and suitability of cloth filters should be carried out monthly by the district and region team. They should examine drinking water stored in randomly selected households to determine if water is being filtered to check the presence of cyclops.
3.1.6. Abate application
Findings

Abate application is conducted by the AC supported by the ZC and sometimes CBSV who help them with measurement of the volume of water. Each districts has drawn up a list of ponds for treatment, but some ponds were not treated during the last two months, September and October, because the water was still flowing. The last treatment for several dams as per the information available from ZCs that  was in the month of August. 
Large dams of many thousands of cubic meters capacity poses a problem of operational and high cost of treatment. It needs more chemicals and its degree of contribution to guinea worm eradication, in term of the number of cases it cause is not well known.
For the purpose of Ghana programme a large dam is defined as any dam requiring more than 1 drum (20 litres) of Abate or having a volume of 10,000 m3. The programme has developed a guidelines (annex 8) for the use of Abate which leave the decision of treating or not the large dams to the GGWEP Manager and his team taking into consideration volume of the water, population using the dam, importance of the dam in relation to neighbouring endemic villages and other consideration.
Monitoring the density of the cyclops in each dam can help in deciding when to start treating each dam. Monitoring should be done from the end of transmission season to several months of following transmission season (June to November). This will help in saving large quantity of abate as treatment can only start during the months when the density of cyclops is high. Decision on the suitable threshold when to apply abate should be made by the programme in collaboration with its partners.
The National Coordinator confirmed that the regional team are being trained to monitor the efficacy of treating the dams with temephos so that they start this practice 24 hr after each treatment. 
Treatment of drinking water sources using abate does not require the compliance of village population compared with filtering using cloth or pipe filters.

To test the efficacy of abating the edges of big dams.

Some dams are over-covered by grass and weeds which poses a big problem in abating them. Steps should be taken to clear the grass and weeds to enhance better diffusion of abate in the affected dams.

Area coordinators can not cover all dams targeted for abating. Another persons should be appointed to cover the gap in affected districts during peak season of activities.
Recommendations

Intensify the process of testing the efficacy of treatment should be done on regular basis by the regional team.

3.1.7. Case containment
Findings:
The terms of references of this evaluation did not include specific objective to evaluate the Case Containment Centers (CCC). However, CBSVs were asked about their relation with these Centers and were probed on their views of these Center. Some confirmed that the Centers had been useful. Other mentioned that patients did not want to go to those Centers as they did not want to be seen as a guinea worm case in the community as it embarrasses them. Case containment by CBSV at village level was appreciated by some guinea worm sufferers, particularly adult members and attendants, as they can perform their agricultural activities and their attend household chores in the same time. Infected children are encouraged to go to these Center because they have less responsibilities than adult and also because they can get some rewards such as free food, bednet and bed cover when the leave the Centers. Although patients were not put in the CCC against their well, there might be lot of persuasion by the enthusiastic programme staff to take them to CCC. Some CBSVs reported that these Centers were becoming unpopular to population. In They are under-utilized because of low number of patients during sometimes in the season. It is worthwhile mentioning that the CCCs form a parallel system and are not integrated into the GHS system. 
Case containment centers are becoming unpopulat especially among adults who have other family duties and obligations. They are underutilized. This could be linked to patients who intentionally hide their worm.  

Recommendations: 

At this stage of the eradication, the programme should not pursue further expansion in the number of the existing Case Containment Center. The programme should consider scaling down these centers and integrating these Center into GHS.
3.1.8. Health education
Findings
There was no visibility of the health education material on display in the form of posters, pamphlets, banners in all villages visited. Flip chart was seen in some villages which was developed by Jica. Occasional video shows or drama have been organized in some villages during the past 12 month as confirmed by some communities. Inter personal contact between the community and CBSV and village meetings is frequently mentioned by the people surveyed in the villages surveyed.

The survey across the community revealed a fair degree of knowledge about disease transmission (83%) and prevention (97%).
Health education needs further intensification in terms of organizing video shows and folk dramas based on prevention of the disease. These shows along with other measures like radio jingles, cinema slides, use of print and electronic media, display of posters and banners should be encouraged depending upon the media habits of the community that is targeted. Help from popular leaders, village headman, religious leaders and other prominent persons be sought for educating the community on prevention aspects.

Guinea Worm-week is ongoing.

Recommendations
The programme should have experience person to be a focal point at national level to monitor and coordinate of the activities of health education.

A review existing HE materials in English and local language be developed and produced by the GGWEP and field tested by IEC specialist. It should be then distributed to each village under active surveillance for use by the CBSV and Red Cross mother volunteers. 
School-based dissemination of health education should be intensified. 
3.1.9. Recommendations of 2005 evaluation that have not been completely implemented

The recommendations of the last evaluation that were not completely implemented should be considered as part of the recommendations of this evaluations. They are the followings:
4. The staff of each District Assembly should be given the capacity (trained, equipped, and supported) to manage the repair and maintenance of hand pumps, and the District Coordinator of the Guinea Worm Eradication Programme should become a member ex officio  of the District Water and Sanitation Team.
5. Water tariffs set by the District Assemblies should be subject to regulation by the CWSA, with special vigilance for Guinea worm endemic communities.
6. The district GW team should submit …CWSA should be asked to submit a quarterly report to the Regional Minister in each endemic Region on the status of all boreholes and hand pumps in Guinea worm endemic villages, and the GWEP Regional Coordinator asked to submit his/her comments.
7. The long term strategy of the GHS should be to integrate the role of the Zonal Coordinators under the supervision of the sub-district.

3. VECTOR CONTROL
3.2. Findings and recommendations for vector control
3.2.1 Findings

Operation and Application

Vector control is conducted by the AC (?) supported by the ZC (?) and sometimes CBSV who help them with measurement of the volume of water. Some dams were not treated during the last two months, because the water was still flowing. The last treatment as per the information available from ZCs was in the month of August 2007. Each district has drawn up a list of ponds for treatment, and each list contains more than 30 dams. According to the VC guideline a treatment cycle should be every 28 days so AC needs to treat more than one dam a day during several days of a month. 

In case of the temephos treatment activity in Voggu dam, the practical operation of the water volume measurement was done by ACs and VVs (village volunteers) with only one simple equipment, and the temephos preparation and application were done by AC alone without any precaution and protection at the dam site where people were washing. Based on the calculation instructed by the GGWEP guidelines the required amount of temephos was measured and put in to the bucket, then thrown by AC`s hand from the shore around the dam. Temephos was gradually spreading towards offshore, but did not reach to the middle of dam. 

Most of the visited dams were very large (5.000 to 10.000 m3 of water) and all were partially covered by water plants (Nymphea lotus, Ceratophyllum). Water plants (mainly Nymphea lotus) need to be removed before the beginning of the treatment but it is beyond AC’s work capacity especially for the large dams. The communities were not much involved in this activity.

The National Coordinator confirmed that the regional team are being trained to monitor the efficacy of treating the dams with temephos so that they can start practicing 24hours after each treatment.  

Test Result

All detailed results of the tests that were carried out in field and laboratory are in Annex 2.

Field 

· The absence of cyclops were observed after a treatment period of 3 hours with 1ppm temephos by eye examination. The number of copepods increased after one day and then decreased to disappear after 3 days of treatment within 20 metres distance from the shore. The fluctuations in the presence of live copepods during the three-day observation period after treatment of large dams was probably due to movements of live copepods from the central part of the dams.
· Temephos emulsion could not be spread evenly on the water surface due to the wind and water current. Therefore, especially in the large dams, some cyclops were not exposed to temephos immediately.

Laboratory

· Some copepods were not killed by 1ppm concentration and LC 50 was 2.89ppm. T copepods population was less sensitive or slightly resistant to temephos. It is possible that the resistance of the copepods may become serious matter in the future. However, at this stage, copepods can be controlled by the method of temephos treatment in dams. It is known that the sensitivity in the field is usually higher due to the environmental conditions and many copepods may be killed by the delayed effect under current practical concentration. 

· It was confirmed that the efficacy of temephos from WHO, used for the GGWEP, was not significantly different, and also the efficacy of temephos in dam water and mineral water was not significantly different.

· All Cyclops were killed by chlorination (1 tablet of Aquatab for 20 litres). 

3.2.2. Recommendations

Temephos application
· There is a need of strengthening the safe management for use of insecticide and for drinking water from dams. The operators would be provided with protective gloves and spray pumps and specific guidelines and training for safe application of temephos. The GGWEP should also consider safety for drinking water from fetching points of the dam immediately after treatment since application is done from the shore including the fetching points with high concentration of temephos.

· The management and communication, for timely temephos application, in each district and endemic area should be strengthened.  The temephos should be regularly applied in all copepods positive dams including large dams in the endemic area and ensure to cover the surface of water with treatment effectively (by canoes, sticks, long nozzles etc ). The GGWEP should support the community ownership and effective involvement in the intervention of vector control (water plants removal) as an integrated approach of GW prevention strategy

Monitoring and training
· Temephos is effective even in a large dam, however it is important to use temephos correctly since there was a sign of decrease sensitivity of copepods to temephos. The regular monitoring for the efficacy of treatment should be done each month by measurement of copepods densities including large dams before and after treatment. The density monitoring of the copepods in each dam also helps in deciding when to start the treatment for each dam. The programme in collaboration with its partners should make the decision when to apply temephos. 

· The GGWEP should consider re-training the area and zonal Coordinators, the regional team for carrying-out the monthly temephos treatments and monitoring the efficacy of treating the dams with temephos so that they could start practicing 24hr after each treatment as recommended in the guidelines.

Operational research 
· Testing the efficacy of treatment should be regularly made by the regional team. Monitoring of the efficacy/effectiveness of temephos and the copepods sensitivity on the temephos distribution in larger dams, should be carried out by operational research team. The effectiveness of chlorination in the field should be tested. The programme should consider collaboration with an independent body such as institutes or universities, for a random check of a sample of waters in the dams, especially level of copepod sensitivity. 

Vector control technical support group
· A National Vector Control Technical Support Group (NVCTG) should be established. WHO should take a leading role in collaboration with Ghana GWEP to organize the NVCTG. The group will meet each year before transmission season (1) to make arrangements and coordinate for effective vector control activities and monitoring, and (2) to review progress and give guidance and support to the programme. The Group Members should be GGWEP, WR/Ghana, AFRO, HQ, NMIMR, and TCC/CDC

Summary of findings and recommendations

Findings:

1. Great progress has been made in surveillance and interventions since the last evaluation in June 2005. This is due to the increased resources which had been made available to the Programme and its partners. One important resources was introduction of Area Coordinators to compensate for the weakness of Zonal Coordinators. But this left District Coordinator less involved in the programme activities

2. High number of newly endemic villages continued to emerged every year. One reason can be that villages are dropped from conducting active surveillance and interventions and thus are re-infected because they are still at risk.

3. Still resources are not enough to cover surveillance and interventions in villages that are disease free in order not to re-introduce disease to those villages.

4. The Programme has been introducing several approaches since its initiation in 1988 and then abandoning them. This is because adopting such approaches has not been based on evidence of their positive impact.

5. The evaluation of June 2005 was useful which led to increased resources. Several of the recommendations of that evaluation were completely or partially implemented. However, yearly national independent evaluation can be useful and less expensive than an evaluation driven by international persons and partners.  

6. Although supervisory checklist was developed, as confirmed by the National Coordinator, it has not been used by all supervisors at regional and district levels.

7. Supervisory visits to endemic villages by regional level are frequent but it stop at village. Sample of households are not visited to verify the data.

8. Motivation for different levels to improve performance is lacking (except Area Coordinators). Motivation should be given to few workers and entities as a prize.
9. Only about one third (34%) of the villages visited had functional safe water supply or hand pumps. In fact, coverage of safe water supply was very low in the total population of those villages (10 boreholes for 47,808 population). This means that only 6% of the population are covered by safe water supply.
10. The system of monitoring of breakdown of hand-pumps is not satisfactory. 
11. Savelugu which has 37,318 population had a tap water system but services is not regular.
12. The staff of each District Assembly should be given the capacity to manage the repair and maintenance of hand pumps.
13. Water tariffs set by the District Assemblies should be subject to regulation by the CWSA, with special vigilance for Guinea worm endemic communities.
14. The district GW team should submit should a quarterly report to the Regional Minister in each endemic Region on the status of all boreholes and hand pumps.
15. Although filters was available in almost all households, only 86% has intact cloth filters. 
16. Testing the efficacy of temephos treatment should be done on regular basis by the regional team.
17. Case Containment Centers are viewed by some as useful. But there is no evidence of their effectiveness.
18. Although knowledge about cause and prevention of the disease is high among the population visited (83% and 97% respectively), only 76% of households confirmed that they attended health education session during 2007. compliance with health education messages seem weak as evident by repeated infection year after year. Monitoring of quality and frequency of dissemination of health education is important.
19. No poster was found on display or in stock with District and Zonal Coordinators and with CBSVs.
20. Activities related to dissemination of health education through schools seems weak. 
Recommendations

1. More leadership and ownership is needed at the district level, involving the District Assembly, the Ghana Health Services and other sectors
2. The Programme should consider taking the endemic sub-district as the unit of implementation.
3. Funding should be available from the Government and partners to the Programme to support extra activities.
4. The programme should consider establishing a Technical Advisory Group.
5. A yearly internal independent evaluation should be made as an integral part of the programme activities.
6. Strengthen utilization of the standard checklist for supervisory visits from the regional and district levels.
7. Regional supervisory visits should fulfil an audit function.
8. Continue and expand granting a prize to be awarded to the districts, zone and/or villages found to be successful in performing best. 

9. Continue and expand granting a prize or reward to best performing CBSVs. 
10. Provision of safe water supply to all villages in endemic sub-district should be given top priority.

11. Monitoring the maintenance and repair of existing non-functional handpumps by district team.

12. Innovative engineering and alternative technology which is cost effective and users friendly are required.

13. We acknowledge the ongoing efforts of the Government for restoring the urban water supply systems in Tamale and Savelugu.
14. The staff of each District Assembly should be given the capacity to manage the repair and maintenance of hand pumps.
15. Water tariffs set by the District Assemblies should be subject to regulation by the CWSA, with special vigilance for Guinea worm endemic communities.
16. The district GW team should submit should a quarterly report to the Regional Minister in each endemic Region on the status of all boreholes and hand pumps.
17. Cloth and pipe filters should be available to the programme in adequate quantity before  transmission season. 

18. Monitoring the availability and suitability of cloth filters should be strengthened.
19. Testing the efficacy of temephos treatment should be done on regular basis by the regional team.
20. At this stage of the eradication, the programme should not pursue further expansion in the number of the existing Case Containment Center. The programme should consider scaling down these Centers and integrating them into existing health facilities.
21. The programme should have a focal point at national level to monitor and coordinate of the activities of health education.

22. Review of existing HE materials in English and local language be developed and produced. 

23. School-based dissemination of health education should be intensified. 
Summary of findings for vector control
It was concluded that temephos is still effective in the field situation. However the laboratory test indicated that the copepods from the low efficacy dam had less sensitivity to temephos at a concentration of 1 ppm. The effectiveness of chlorination on killing copepods was also confirmed. 

Summary of recommendations for vector control

Using more efficient and more effective application of temephos in vector control should be emphasized, in order to accelerate the GGWEP prevention strategy to achieve the goal. Temephos is still usable even in a large dam, however, it is important to use temephos correctly since there was a sign of decrease in the sensitivity of copepods to temephos. The measuring of copepod densities should continue regularly every month, in order to monitor the efficacy of the treatment.

Annex 1. Surveillance and interventions
Annex 1.1. Map of endemic village in Ghana in 2007.
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Annex 1.2. Time schedule of the evaluation
	Date
 
	Activities

	Sunday, 11 Nov
	Arrival Accra of most of external evaluators
(Surveillance and interventions group and vector control group) 



	Monday, 12 Nov
	Meeting in WHO Office to prepare logistics and design the evaluation and discuss questionnaires (both groups)


	Tuesday, 13 Nov
	Continue discussing questionnaires and prepare for the evaluation (Surveillance and interventions group)
Discussion with representative of Nogoshi Institute (Vector control group)



	Wednesday, 14 Nov

	Travel to Tamale
Meeting with Programme team and discuss design and questionnaires


	Thursday, 15 Nov

	Continue discussions the questionnaires (Surveillance, interventions group)

Start field and lab work (Vector control group)

Start survey (surveillance and intervention group) 


	Friday, 16 Nov

	Continue field and lab work (Vector control group)

Continue survey (surveillance and intervention group)


	Saturday, 17 Nov

	Continue field and lab work (Vector control group)

Continue survey (surveillance and intervention group)


	Sunday, 18 Nov

	Meeting to discuss issues faced (Surveillance and intervention group)
Working in the lab (vector control group)



	Monday, 19 Nov


	Continue field and lab work (Vector control group)

Continue survey (surveillance and intervention group)


	Tuesday, 20 Nov


	Meeting with all District Coordinators in GGWEP

Continue field and lab work (Vector control group)

Continue survey (surveillance and intervention group)


	Wednesday, 21 Nov


	Move from Tamale to Accra (both groups)
Visit to Nigush Institute (Vector control group)

Report writing



	Thursday, 22 Nov


	Report writing, Meeting with WR and Ministry of Health



	Friday, 23 Nov


	Meeting all partners for debriefing about the finings and recommendations of the evaluation




Annex 1.3. Distribution of the 5 evaluation teams
	Team

No
	Team composition
	Activities / District
	Zone
	Villages visited

	Surveillance and interventions teams



	Team 1
	Vinod Kumar

Ahmed Tayeh


	Tamale 


	Bamvim

	Yagili, Yong

	
	
	
	Shishegu

	Shishegu, Nyarizee

	
	
	Yendi
	Tidjo
	Sakoya


	
	
	
	Chegu
	Chegu West


	
	
	
	Sang A
	Sang, Sanzee


	Team 2

	Oladele Kale
	Savelugu
	Boggu
	Koduzegu, Kpalan, Boggu


	
	
	
	Daire
	Zoosali


	
	
	
	Kugafong
	Laligu


	
	
	
	Nanton
	Sandu


	
	
	
	Savelugu
	Savelugu


	Team 3
	Lola Sadiq


	East Gonja
	Binjai
	Kabache-Kabease, Kabache-Kasawuripe


	
	
	
	Jantong
	Dashei, Dabogushei


	
	
	Karaga
	Karaga
	Karaga, Tong, Kumoayilli


	
	
	
	Kuduli
	Tindang


	Team 4
	Evans Liyosi 

Oluwafemi Odediran


	Tolon-Kumbungu
	Gburimani
	Gburimani, Tigogo


	
	
	
	Wantugu
	Wantugu, Kunguri


	
	
	Central Gonja
	Kpatiyan
	Dariovuype


	
	
	
	Issape
	Issape


	Vector Control Team*


	
	Ousmane Faye

Osamu Komagata 

Kazuyo Ichimori

	Tolon-Kumbungu

Savelugu-Nanton
	
	


* National staff were Amankwa Iddisah, Abdul-Salaam Sayuti and Lawrence Yelifari

Annex 1.4. Agenda of meeting to present and discuss the findings and recommendations 

Of Ghana Guinea Worm Eradication Programme, 23 November 2007

	Date and time
	Activities

	Presenter

	Friday, 23 November 2007



	09:00 - 09:15
	Welcome and opening remarks


	

	09:15 - 09:30    
	Global status of Guinea Worm Eradication 


	Dr Ahmed Tayeh

	09:30 - 10:00
	Status of Ghana Guinea Worm Eradication Programme (including status of implementation of the recommendations of 2005 evaluation


	Dr Andrew Seidu Korkor

	10:00 - 10:30
	UNICEF supported WASH Programme in the Northern Region of Ghana


	UNICEF

	10:30 - 10:45
	Issues for clarification/Short discussion


	

	10:45 - 11:15
	Coffee break


	

	11:15 - 12:15
	The findings and recommendations of the current evaluation

i. The findings and recommendations of the team investigating possible cyclops resistance and alternative ways for vector control

ii. The finding and recommendations of the surveillance and intervention teams


	

	12:15 - 12:45
	Discussions


	

	12:45 - 13:15
	The Way Forward

· WHO

· GHS


	

	13:15 - 14:15
	Closing and Lunch


	


	Summary of recommendation
	Degree of implementation*
	Why not fully implemented

	
	Completed
	Partially completed
	NNot  completed
	

	1. The Programme’s funding partners should take the National Programme Manager into their confidence and share with him the details of their budgetary provisions for each coming year.
	X
	
	
	 

	2. Posting of expatriate personnel should not be for less than six months (unless they come for specific consultancies with agreed terms of reference), and preferably for two years.
	X
	
	
	 

	3. A standard checklist for supervisory visits from the regional level should be developed, ideally in a form which can be completed, as a trip report and a copy given to the supervisee.
	
	X
	
	Utilization still suspect

	4. Similar checklists, though simpler and without a copy for the supervisee, should be instituted for visits from the district to the sub-district or zone, and from the zone to the village. 
	
	X
	
	Utilization still suspect

	5. Regional supervisory visits should fulfill an audit function, making unannounced visits to districts and villages for quality control. The visits could be designed along the lines of our evaluation, taking a sample of households, looking for cases and checking coverage and compliance with Programme interventions.
	X
	
	
	 

	6. A widely-publicized monthly prize should be awarded to the district, zone and/or village found to be performing best in such visits.
	
	X
	
	Quarterly prizes given to deserving field staff

	7. The existing databases and procedures should be adjusted to reflect the recent subdivision of large settlements into a number of sectors. 
	X
	
	
	 

	8. The long-term strategy of the GHS should be to integrate the role of the Zonal Coordinators under the supervision of the sub-district.
	
	X
	
	Lack of finding stalling scaling up

	9. The Coordinator in every endemic district should have several copies of up-to-date maps of their district.
	
	X
	
	Large maps produced, smaller ones would be produced at end of the year

	10. Programme documents defining terms and procedures to be used in Ghana’s Guinea worm surveillance, should be distributed and explained anew to each district coordinator in the course of the next round of training.
	X
	
	
	 

	11. Zonal Coordinators should be provided with a printed record book, with a page to be completed during each supervisory visit to a VV. They should also be given a ring file to store their copies of all reports to the district level, and encouraged to use it. 
	X
	
	
	 

	12. The staff of each District Assembly should be given the capacity (trained, equipped, and supported) to manage the repair and maintenance of hand pumps, and the District Coordinator of the Guinea Worm Eradication Programme should become a member ex officio  of the District Water and Sanitation Team.
	X
	
	
	 

	13. The requirement of cash contributions for construction of water supplies should be waived in the case of endemic villages. 
	
	X
	
	Contradicts Govt Policy. Not entirely waived, but can contribution of the equivalent still required

	14. Water tariffs set by the District Assemblies should be subject to regulation by the CWSA, with special vigilance for Guinea worm endemic communities.
	
	
	X
	CWSA not the regulatory body; PURC in-charge; negotiations still ongoing

	15. CWSA should be asked to submit a quarterly report to the Regional Minister in each endemic Region on the status of all boreholes and hand pumps in Guinea worm endemic villages, and the GWEP Regional Coordinator asked to submit his/her comments.
	
	
	X
	Never brought up at ICC meeting

	16. If they are not excessively expensive, we recommend that the use of radio spots should continue. 
	X
	
	
	 

	17. A new set of easily portable visual aids should be produced by the Programme, and field tested by IEC specialists. It should then be distributed to each endemic village for use by the VV and Red Cross volunteers. In the interim, more of the existing materials should be ordered and distributed, and there is room for experimentation with live demonstrations.
	
	X
	
	Lack of coordination the problem

	18. The Programme should urgently obtain a substantial supply of pipe filters for distribution to men and women in all endemic villages. 
	X
	
	
	 

	19. The report of the current study of pipe filters should be shared with the National Programme Manager soon.
	X
	
	
	 

	20. An inventory of ponds suitable for treatment should be drawn up during this wet season by each district, with the help of their regional supervisors. This should include dams previously considered too large to treat. From this, a feasible shortlist of high-priority ponds should be compiled.
	X
	
	
	 

	21. Each endemic district should keep a line listing of ponds for treatment, with columns in which to record the date of treatment or reason for non-treatment in each month of year.
	X
	
	
	 

	22. The Programme should consider training numerate Zonal Coordinators to carry out monthly Abate treatments.
	X
	
	
	 

	23. The efficacy of treatment of a sample of ponds each month should be verified by measurement of copepod densities, with priority for the largest dams and those treated by ZCs.
	
	X
	
	Just started. Delays due to lack of independent team

	24. Guidelines should be produced for the Abate treatment of the edges of large dams, if this is found to be effective.
	
	
	X
	Not perceived to be effective

	25. The Programme should adopt a procedure for recording of suspect cases. It should not be essential for the VV to witness the worm personally, as long as others can testify to seening it.
	X
	
	
	 

	26. In training for VVs and R C volunteers, it should be emphasized that the home visits are not only to check filters but also for surveillance, and that even suspect and unco-operative cases must be recorded. They should also be encouraged to liaise among themselves on a regular basis, and to follow up cases which may need re-bandaging.
	X
	
	
	 

	27. The Programme should give thought to the appropriateness of the treatment that it provides to Guinea worm cases. In this context, a trial of different anti-histamine or anti-inflammatory emollient creams might be worthwhile.
	X
	
	
	 

	28. Medical Assistants with training and experience in the surgical extraction of pre-emergent Guinea worms (and careful removal of emerged ones) should be encouraged to continue their involvement in the Programme by offering this service in appropriate cases. 
	
	X
	
	Few MAs with excessive workload.


Annex 1.5. Questionnaires for households, 2007

Village name ___________________District ______________, Interviewer __________Date ________

N.B. Select randomly 10 households/compounds through the village and interview them. On the way, seek to identify and interview up to 10 cases (all cases if there are <10 in all.) Ask in each household for rumours of other cases, and go to their household and continue from there. The search for cases is accompanied by a simple KAP survey in 10 households.

	No
	Name of cases in 2007
	Age
	Sex
	Recorded? examine records Y/N
	Verified by supervisor within 7 days Y/N 
	Contained?

Y/N
	Resident or non-resident  Y/N

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	

	Total


	
	
	
	
	
	


KAP survey (Ask head of household or housewife):  Y or N
	Household no.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Total

	Know how GW is transmitted
	
	
	
	
	
	
	
	
	
	
	

	Knows how to prevent GW*
	
	
	
	
	
	
	
	
	
	
	

	Intact filter in use (check)
	
	
	
	
	
	
	
	
	
	
	

	Drinks safe water when in the fields** (probe)
	
	
	
	
	
	
	
	
	
	
	

	Knows name of community Volunteer
	
	
	
	
	
	
	
	
	
	
	

	Visited by CBSV/RC club member in last week
	
	
	
	
	
	
	
	
	
	
	

	Attended HE session in 2007
	
	
	
	
	
	
	
	
	
	
	

	Are you satisfied with supply and replacement of cloth or pipe filters***?
	
	
	
	
	
	
	
	
	
	
	

	If you have a GW, to whom would you go for treatment?  CBS, CCC, Health facilities (Y/N)
	
	
	
	
	
	
	
	
	
	
	


*Note any unusual source of information.  Note any unusual responses.  **Probe other social events
***Write the reasons if not satisfied
Remarks _____________________________________________________________________________________

Annex 1.6. Check list for Ghana GWEP Evaluation 2007
1. Visit 2 district and interview District Director/DHMT and District Coordinator.

2. In each district, visit and interview 2 zonal coordinator.

3. In each zone try to visit at least 2 villages

4. In each village, interview head of the village for questionnaire 1. The remaining questionnaire should be answered by the CBSV. 

5. In each village also interview 10 randomly selected households.

6. In each village, interview 10 cases that occurred in 2007, whether in the selected household or identified by the community.

7. Please write any observation, comments or suggestions obtained from the interviewees on a notebook to be included in the report. Describe the village and their water sources.

Write your finding and recommendations daily (General for both Districts and specific for each district).

 Annex 1.7. Quantitative data from household interviews according to district
	Item
	Tamale
	Yendi
	Savelugu-Nanton
	East Gonja
	Karaga
	Tolon-Kumbungu  
	Central Gonja
	TOTAL

	Cases recorded/found

(sensitivity %)
	
	
	
	
	
	
	
	

	KAP survey:
	
	
	
	
	
	
	
	

	No  households interviewed
	36
	40
	40
	40
	40
	40
	25
	261

	Know how GW is transmitted
	31 (86%)
	39 (97%)
	36 (90%)
	40(100%)
	25 (63%)
	26 (65%)
	20 (80%)
	217

(83%)

	Knows how GW is prevented
	34 (94%)
	40 (100%)
	38 (95%)
	39 (97%)
	40 (100%)
	37 (93%)
	25(100%)
	253 (97%)

	Intact filter in use


	32 (89%)
	28 (70%)
	35 (86%)
	36 (90%)
	38 (95%)
	35 (86%)
	21 (84%)
	225 (86%)

	Drinks safe water in fields
	34 (94%)
	40 (100%)
	36 (90%)
	36 (90%)
	39 (96%)
	28 (70%)
	19 (76%)
	232 (89%)

	Knows name of CBSV
	29 (81%)
	40 (100%)
	38 (95%)
	35 (88%) 
	38 (95%)
	37 (93%)
	24 (96%)
	241 (92%)

	Visited by CBSV/RC Women last week
	28 (78%)
	39 (97%)
	33 (82%)
	27 (68%)
	29 (73%)
	27 (68%)
	24 (96%)
	207 (79%)

	Attended HE session in 2007
	24 (67%)
	36 (96%)
	39 (96%)
	28 (70%)
	33 (82%)
	30 (75%)
	15 (60%)
	205 (76%)

	Satisfied with filters replacement
	34 (94%)
	40 (100%)
	34 (85%)
	38 (95%)
	40 (100%)
	28 (70%)
	25(100%)
	239 (92%)

	Would go to CBSV for GW treatment
	33 (92%)
	40 (100%)
	40 (100%)
	39 (97%)
	40 (100%)
	39 (96%)
	25(100%)
	256 (98%)


	The CBSV keeps the register.
	29/29 (100%)

	The register is up-to-date (Check the register)
	18/27   (67%)

	CBSV received training on GWE activities
	26/29   (90%)

	Know the name of the next-level supervisor responsible for collecting data?
	27/29   (93%)

	The next-level supervisor confirmed all cases
	28/28  (100%)

	How do you transmit data to the supervisor 

                        a. Supervisor comes to collect it,
                        b. The information is sent to him, 
                        c. Sometimes a and sometimes b
	18/29    (62%)
2/29      (7%)
9/29    (31%)


Supervision

	Activities
	Positive/Interviewed (%)

	The next-level supervisor usually visit the village

                                                a. Twice weekly.
                                                b. Weekly    
                                                c.  Every two weeks
	5/22    (23%)
11/22  (50%)
6/22    (27%)

	The last time you were visited by your supervisor

                                                a. < 1 wk ago.  
                                                b.  1 - 2 wks ago.
                                                c.  2 - 4 wks ago. 
	20/27  (74%)
4/27    (15%)
3/27    (11%)

	Last two dates register was signed by next level supervisor
                                                a. Nov
                                                b. Oct
                                                c. Not filled
	19/28  (68%)
3/28    (11%)
6/28    (21%)


Annex 1.8. Multiple water sources used in the villages according to District

	Item
	Tamale
	Yendi
	Savelugu-Nanton
	East Gonja
	Karaga
	Tolon-Kumbungu  
	Central Gonja
	Total

	Number of villages

	4
	4
	7
	4
	4
	4
	2
	29

	Tap

	1*
	0
	1*
	0
	0
	0
	0
	2 (7%)

	Handpump

	2
	4
	3
	0
	3
	1
	0
	13 (45%)

	Functioning hand-pump

	1
	2
	3
	0
	3
	1
	0
	10 (34%)

	Protected well

	1
	2
	3
	3
	2
	1
	0
	12 (41%)

	Dam

	4
	3
	7
	4
	4
	4
	0
	26 (90%)

	Pond

	0
	0
	0
	1
	4
	2
	1
	8 (28%)

	River or stream


	1
	0
	3
	3
	1
	0
	2
	10 (34%)


*Not regular or once a week

**Stream 
 Filter Distribution and use

	Every household have a cloth filter in good condition (no holes)
	23/28   (82%)

	CBSV has enough filters in stock
	13/29   (45%)

	CBSV can demonstrate the proper use and maintenance of cloth filters
	23/25   (92%)

	CBSV know of households that have received filters but do not use them
	10/26   (38%)


 Table. Village findings of the surveillance and intervention survey

	 No
	Questions
	Positive/
interviewed (%)

	Questions for village head

	1
	Is there a Village Development Committee
	25/26 (96%)

	2
	How has the village supported the GWEP efforts?
	19/20 (95%)

	3
	Is there an active  CBSV responsible for GWEP activities?
	25/25 (100%)

	4
	Does the CBSV receive incentives  (in-kind or direct) from the Village for his work on health issues?
	8/25 (32%)

	5
	Does the CBSV receive any incentive from the GWEP?
	14/23 (61%)

	6
	Does this village have Red Cross women's club?
	22/26 (85%)

	Questions for CBSV

	
	Number of cases since last Christmas to end of Oct 07 (according to CBS register)
	

	
	If there were more cases from Christmas to end October 2007 than whole 2006?
	

	
	Do you  receive any incentive from the GWEP?
	16/29 (55%)

	
	Do you receive any incentives from any other sources?
	16/29 (55%)

	
	The CBSV keeps the register.
	29/29 (100%)

	
	Is the register up-to-date (Check the register)?
	18/27 (67%)

	
	Have you received training on GWE activities (surveillance and other)?
	26/29 (90%)

	
	Know the name of the next-level supervisor responsible for collecting data from you?
	27/29 (93%)

	
	Has the next-level supervisor confirmed all cases?
	28/28 (100%)

	
	How do you transmit data to the supervisor                         a. Supervisor comes to collect it,

                                                                                           b. The information is sent to him, 

                                                                                           c. Sometimes a and sometimes b
	18/29 (62%)

2/29    (7%)

9/29    (31%)

	
	How often does the next-level supervisor usually visit the village? a. Twice weekly.   

                                                                                                      b. Weekly    

                                                                                                      c.  Every two weeks
	5/22    (23%)

11/22  (50%)

6/22    (27%) 

	
	When was the last time you were visited by your supervisor?          a. < 1 wk ago.    
                                                                                                      b.  1 - 2 wks ago.   

                                                                                                      c.  2 - 4 wks ago. 
	20/27  (74%)

4/27    (15%)

3/27    (11%)

	
	Check the last two dates register was signed by the next level supervisor         Oct

                                                                                                                       Nov

                                                                                                                       Not filled
	3/28    (11%)

19/28  (68%)

6/28    (21%)

	
	During the past 6 months, how many health education sessions on GW have been conducted
	

	
	Type of the health education session last 6 months (Probe if no answer; Drama, Posters, …):
	

	
	Are relevant health education  materials on the prevention of GW available for you?
	11/29   (38%)

	
	Check if there are any on display
	2/27     (7%)

	
	Please mention  two messages that should be delivered to patients with recently emerged worms?
	29/29   (100%)

	
	Does every household have a cloth filter in good condition (no holes)?
	23/28   (82%)

	
	Do you have enough filters in stock?
	13/29   (45%)

	
	Can you demonstrate the proper use and maintenance of cloth filters?
	23/25   (92%)

	
	Do you know of households that have received filters but do not use them?
	10/26   (38%)

	
	Have you received training in the procedures for case containment?
	28/29   (97%)

	
	Can you describe what you will do/say to a patient with: a. A recently emerged worm? 

                                                                                            b. A pre-emergent worm?
	29/29 (100%)
23/28 (82%)

	
	Why do you think some people do not want to bandage their lesions? Pain
	22/29 (76%)

	
	Do you have a supply of materials for treating guinea worm lesions sufficient to last until the supervisor's next re-supply visit?
	20/29 (69%)

	
	What is your relationship with the CCC if available in your area?
	

	
	Number of dams eligible for abate treatment that were treated last 3 months?
	11/27 (41%)

	
	Number of pond eligible for abate treatment that were treated last 3 months?
	24/24 (100%)

	
	Not treated because dam is still running or big?
	6/6     (100%)

	
	People have positive response regarding abate treatment

Water has smell

Other reasons
	21/29 (72%)
5/29   (17%)
3/29   (10%)

	
	What is your role in Abate® application?                                  Help in Measurement

                                                                                                 Has no role
	21/28 (75%)
7/28   (25%)


Annex 1.8. Degree of implementation of recommendations of 2005 evaluation

Annex 1.9. List of abbreviations
AC

Area Coordinator

CBS
Community Based Surveillance

CBSV
Community Based Surveillance Volunteer

CCC
Case Containment Center

CHPS
Country Health and Panning Services

CWSA
Community Water and Sanitation Agency

GHS
Ghana Health Service

GGWEP
Ghana Guinea Worm Eradication Programme

IDSR
Integrated Disease Surveillance and Response

IEC
Information, Education and Communication

JICA
Japanese International Cooperation Agency

NID
National Immunization Day

NR

Northern Region

RC

Regional Coordinator

UNICEF
United Nations Children’s Fund

USAID
United States Agency for International Development

WHO
World Health Organization

ZC

Zonal Coordinator
Annex 2. Vector Control
annex 2.1 schedule of work (vector control team)
	DATES
	ACIVITIES

	Monday and Tuesday 12, 13 November
	Briefing  with WR/Ghana, reviewing the questionnaire

	Wednesday 14 November
	Travel to Tamale and briefing with the National Programme Manager and his team 

	Thursday 15 November
	Field visit to dams in Tolon District (Wantugu & Dalun sub districts)

	Friday 16 November 
	Abate Voggu dam treatment, sampling and tests (efficacy & sensitivity)

	Saturday 17 November
	Continue sampling (24h after) and 

Tamale laboratory work (counting and tests)

	Sunday 18 November 
	Continue Tamale lab work (counting & tests)

Work on the Draft report 

	Monday 19 November 
	Visit of Savelugu District dams, 

Continue Tamale lab work 

Work on the Draft report. Discussions for new approaches of vector control 

	Tuesday 20 November
	Tamale lab work. Work on the Draft report

	Wednesday 21 November
	Travel to Accra. Visit MNIMR.  

	Thursday 22 November
	Work on the Draft report

	Friday 23 November
	Debriefing meeting & end of the mission.

	
	


Annex2 : FIELD SURVEY and LABORATORY TESTS

1. Field Survey 

1-1. Copepod density in the different dams

Purpose:

To investigate water quality in the different dams and to determine the necessary indicators for condition of copepod survival.

Methods:

Eight dams were visited, 5 in Tolon/Kumbungu District, and 3 in Savelugu/Nanton District. In each of these dams, water samples were taken for investigation for population density of copepods and water quality.

Seven indexes for water properties and quality were tested including Nitrate, Nitrite, COD, Alkali Level, Dissolved Oxygen, pH and Hardness using the test kits (Aquachek-Eco test strip (Nitrate, Nitrite, Hardness, Alkali level and pH) (Bayer-Medical Co. Ltd.), Dissolved Oxygen (DO) (U.S.A. CHEMetrics), Chemical oxygen demand (Kyoritsu-Kagaku, Japan)).

Copepods were collected by a plankton net (Diameter 20cm, length 50cm with stainless valve Mesh size 0.1mm) from sample water 40L, and then numbers of alive and dead copepods were counted under a microscope in the laboratory at Tamale. 
Results:

· The results are summarized in Table 1.

· The nitrate and nitrite were not contaminated in all dam water. In addition, the dam water hardness was less than 50 mg/L. These values are less than a reference values (Nitrate < 50mg/L, Nitrite < 3mg/L, Hardness < 200mg/L) in WHO guidelines for drinking-water quality1).
· The pHs of the dam water were neutral (pH6.5-7.2). Temephos is hydrolysed by strong acids and alkalis (optimum stability is at pH 5-7)2).

· The water of all dams contains oxygen in riches (>4mg/L). Dissolved oxygen of 2mg/L is necessary for test of Daphnia sp.3).
· The COD of the dam water was less than 13mg/L. Although no global reference value exists in COD it is known that COD of the wastewater over 100mg/L. 

· The alkali level of the dam water was less than 40mg/L. No global reference value exists in this property. The alkali level of the outside water generally shows often over 100mg/L.
· The density of copepods was high only in DA2 (VOGGU) among eight dams.

Conclusion: 

· It was confirmed that water from all 8 dams met water quality standards for drinking, and was suitable for copepod survival.

· There was no clear indicator found to explain the reason why a density of copepod is high in only DA2 (Voggu) from these water properties.

Table 1. Results of water tests and copepod density from eight dams

	Code
	District&
Name
	Visiting 
Date
& Time
	Latitude&
Longitude
	Nitrate&
Nitrite
(mg/L)
	Hardness &
Alkali Level (mg/L)
	pH
	Dissolved Oxygen
&
Chemical 
oxygen 
demand
	T (°C)
	Temephos
last
treatment
&

Low efficacy report
	Copepod
Density
/40L
( alive
dead )

	DA1
	Tolon
	15 Nov
	N 9°30'49''
	0
	0
	6.8
	8
	32.6
	Jul 2007
	3

	
	KANGBAGU
	11:20
	W 1°7'50.4"
	0
	10
	
	1.3
	
	Low efficacy? 
	48

	DA2
	Tolon
	15 Nov
	N 9°32'14.3'
	0
	50
	7.0
	7
	33.3
	Aug 2007
	23128

	
	VOGGU
	13:20
	W 1°2'16.6''
	0
	20
	
	7.5
	
	Low efficacy?
	248

	DA3
	Tolon
	15 Nov
	N 9°30'39.3''
	0
	25
	7.0
	5
	33.4
	9th Nov 2007
	0

	
	WANTUGU
	14:45
	W 1°8'31.5"
	0
	20
	
	13
	
	
	0

	DA4
	Tolon
	15 Nov
	N 9°29'37.4''
	0
	25
	6.6
	5
	34.2
	Nov 2007
	5

	
	KPANIYILI
	15:20
	W 1°7'45.6"
	0
	0
	
	13
	
	
	5

	DA5
	Tolon
	15 Nov
	N 9°26'5.8"
	0
	25
	7.2
	5
	32.2
	
	3

	
	TOLON
	15:50
	W 1°4'39"
	0
	20
	
	5
	
	
	5

	DB1
	Savelugu
	19 Nov
	N 9°36'49.2"
	0
	50
	7.0
	4
	29.8
	Jul 2007
	32

	
	DIKUNANI
	9:10
	W 0°50'29.3"
	0
	40
	
	10
	
	Low efficacy?
	7

	DB2
	Savelugu
	19 Nov
	N 9°35'33.1"
	0
	25
	6.5
	6
	31.1
	Never
	166

	
	LABGA
	10:04
	W 0°51'5.4"
	0
	20
	
	10
	
	
	86

	DB3
	Savelugu
	19 Nov
	N 9°36'31.2"
	0
	0
	6.8
	6
	29.7
	Jul 2007
	126

	
	MOGKURILI
	10:30
	W 0°49'36.1"
	0
	0
	
	5
	
	
	73


1-2. The effect of temephos treatment on copepod density
Purpose:

The effect of temephos treatment on density of copepod from the VOGGU dam in Tolon district was examined at the field level.
Methods:

Copepods were collected by filtering 20 liters from the Voggu dam (DA2) using a monofilament filter cloth, a standard filter cloth used in Ghana and other countries for GWEP. The samples collected from two different points (1 and 2 in Figure 1) were divided and put into bottles with 500ml of clean water. Half bottles were treated with temephos in the final concentration of 1ppm as treated samples, and other half bottles were kept no treatment as control. The copepod densities in each bottle (control and treated sample) were examined by eye at sites until 3 hours after treatment, and then brought in Tamale laboratory to observe until 48 hours

Results and conclusion:

The result is shown in the table 2 below: Most of copepods in the treated sample died immediately but some died later. It implied that the effects of temephos gradually appeared in some conditions. Almost copepods were alive in the control sample after 48 hours.

Table 2. Effect of temephos at field

	Time after 

Application
	Control
	[image: image6.png]


Temephos 1ppm

	
	Sample1
	Sample2
	Sample1
	Sample2

	1h
	+++++
	+++++
	+
	+++

	3h
	+++++
	+++++
	+
	++

	1day
	+++++
	+++++
	-
	++

	2days
	+++++
	+++++
	-
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Symbol: approximate number of copepods in bottle

+++++ = 5000; ++++ = 1000-5000; +++ = 100-1000; ++ = 10-100; + = 0-10; - = 0
1-3. Mode of temephos distribution in dam water
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There is a possibility that diffusions of temephos in a dam are not enough and the efficacy may not reach the center of the dam[image: image10.emf]

. Mode of temephos distribution in dam water after application was investigated. 

Methods:

The temephos application was done for the VOGGU dam on 16 November 2007 by the area coordinator according to the guideline. The temephos solution was spread by hand from the shore along the dam.
5L dam water samples were collected with time course (before, after 1h, 3h, 1day, and 3days) and at different distances from the shore. Sampling points were in two sites, A and B, 6 points (see above in Figure 2). Copepods were collected with a water clothe filter (Ghana) and counted under a microscope in the laboratory.

Table 3. Mortality of Copepods collected at different points and different time

Site A

	
	Distance

(m)
	Mortality (%)

	
	
	Before
	1h
	3h
	1day
	3days

	A3
	3
	20.0 
	70.0 
	40.0 
	46.2 
	80.0 

	A10
	10
	38.5 
	71.4 
	71.4 
	41.7 
	95.0 

	A20
	20
	18.9 
	100.0 
	66.7 
	40.0 
	80.0 


Site B

	
	Distance

(m)
	Mortality (%)

	
	
	Before
	1h
	3h
	1day
	3days

	B3
	3
	0.0 
	33.3 
	66.7 
	50.0 
	100.0 

	B10
	10
	15.6 
	53.6 
	75.0 
	27.3 
	100.0 

	B20
	20
	25.0 
	29.3 
	75.0 
	41.7 
	100.0 
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Figure 3. Mortality of Copepods at different times after treatment

Results:

· After temephos application, the mortality of copepods was more than 70% at A one hour later, and the mortality decreased 60% three hours later. The mortality increased at B until 3 hours later and became more than 70%.
· It is observed that the mortalities increased in 3 hours at all sampling points including 20m after treatment.

· It is more than 80% mortality rate at the point of 20 m from the fetching point after 3 day.
· The density of copepods increased after 1 day and decreased after 3 days of treatment. Possible explanations for the observation are described below:

· As the high concentration of temephos was applied, the copepods around the water that temephos reached directly were killed in a short time (1-3 hours).

· As temephos diffused widely in water of dam, its concentration became diluted. Some copepods were not exposed to high concentration of temephos, and temporarily observed after 1day.

· The copepods within 20m in the dam were killed with temephos which diffused widely in the dam after 3 days.

· The reasons of the high mortality in only A after one hour of application seem as below.
· Temephos was applied to A20 directly. However, it did not apply B20 directly.

· The wind-induced water flow (shore to center of dam at A) assisted temephos diffusion in dam water.

Conclusion:
· The high concentration of temephos applied directly killed copepods within 3 hours after treatment. The copepod observed one day after treatment were possibly due to movement of copepods from center of dam. Eventually, it took three days after application to attain an overall mortality above 80% at the sampling sites within 20 m from water fetching points.
2. Laboratory Tests

The laboratory tests were carried out in Tamale. The items tested were:

1. Sensitivity of copepod to temephos

2. Temephos efficacy and effectiveness

3. Effect of temephos in dam water

4. Effectiveness of Aquatabs on copepod

(2 and 3 were carried out as one test.)
Copepod and dam water sampled in Voggu dam (DA2) were used for tests. The major Copepod involved was Thermocyclops sp. or Mesocyclops sp.. Mineral water "Voltic" was used as clean water. 

The toxicity test was carried out by a simplified procedure of the OECD guideline3). At least 20 copepods were put in each of 200 mL plastic cup containing 100 mL of water. 3 temephos formulations (Abate®: AW, AG and AO) were used for test. Temephos dilution was added to a test cup using a disposable glass micropipette. After 24 hours the copepods were filtered and counted for their survival or death under microscope in laboratory. 

The toxicity test was carried out according to the standard method. However, due to the time constraints and lack of equipments in the field laboratory in Tamale, some procedure was modified. As glassware was not available for the test, plastic cups were used instead. 

Mortality of the control tended to be consistently high in every assay in this laboratory test series. The cause of the high mortality could not be specified. Experimental validities with high mortality of control were considered as follows.
In the susceptibility test (2-1), all the samples treated within a range of 0.5-10 ppm temephos showed both high mortalities exceeding that of the corresponding control and a fair dose-response of mortality. Therefore, the major cause of death in the treated series is regarded as toxicity of temephos in this test, and the LC50 estimated stands with as is a susceptibility index of the copepod in the present investigation.

2-1. Sensitivity of Copepod to temephos

Purpose;

LC50 of temephos for copepod from the VOGGU dam in Tolon district was investigated in the laboratory. 
Methods:

The copepods collected from the Voggu dam were put in 200mL plastic cup containing 100mL of water and at least 20 copepods were put in to each cup. A series of temephos diluents were prepared and 20 micro liters each were in poured to a test cup using a disposable glass micropipette so that the final temephos concentrations were 0.1, 0.5, 1, 5, and 10 ppm. Three replications (0.1, 0.5, 1 ppm) and two replications (5,10ppm) were made. After 24 hours, the copepods were filtered and counted for the survival under the standard microscopy method. LC50 was calculated by the probit method.

Table 4 and figure 4. Mortality of copepods exposed to temephos at different concentrations after 24 hours 

	Temephos

concentration

(ppm)
	Mortality (%)

	0.1
	7.5 

	0.5
	36.0 

	1
	40.4 

	5
	83.3 

	10
	97.7 

	Control
	34.6 


Results: 
· The LC50 (ppm, 24 hours) of temephos for Copepod after Abbott’s correction was 2.89 ppm (95% Confidence Limit: 2.64-3.18 ppm) in the laboratory. The slope of the linear regression of probit mortality on log concentration (Fig. 4) was 2.82 (Standard Error: 0.134).

· Because of not negligible mortality in control copepods (34.6%), the raw mortalities of treated cyclops were corrected according to Abbott’s formula: a constant portion of control deaths was subtracted from the respective treated deaths prior to the probit analysis.

· As a result of Abbott’s correction the treatment at the lowest temephos concentration (0.1 ppm) lost a sense, suggesting the impairment of the estimated LC50 value. Corrected mortality 0% for 0.1 ppm was used as one of data for LC50 calculation. However, treatments at the other four higher concentrations resulted in a better fit to the expectation of concentration-dependent corrected mortality response, and thus we are sure the major result that is a slightly lowered susceptibility to temephos at its practical concentration (1 ppm).
· Copepods survived by 50% for 2.89 ppm after 24 hours treatment in the laboratory. When Muller chose the temephos by screening in 1970, LC50 (24h) for his copepod was 0.002 ppm4). Although an experimental method is different, the 2.89 ppm obtained in the present trial is too high in comparison with Muller’s estimate.
· The LC50 is higher than 1ppm that is the practical concentration in the field. The value is only 3 times higher than the practical concentration. That is a concern of a future development of temephos resistance. There are many cases that the ratios of the LC50 in insect natural populations easily exceed practical concentration of insecticides by 10 times5).
· The results of the sensitivity test in laboratory depend on the term of the treatment. It is important to follow the update of the OECD guideline3). The method of test took 24 hours previously, but 48 hours observation is the main term. For example, there are the following results of temephos-susceptibilities for zooplanktons
· Gammarus lacustris 6) 0.96ppm (1day), 0.64ppm (2days), 0.082ppm (4days)
· Gammarus mucronatus 7) 1ppm (1day), 0.01ppm (2days)
· Daphnia sp. 8) 2.8ppb (4h), 0.4ppb (12h)
This test was carried out in 24 hours observation that is shortest period according to guideline3). If LC50 of the copepod is evaluated at 48 hours after the start of treatment for a determination of the delayed effect, it is very likely that LC50 is expected to be a lower value.
Conclusion: 
· In summary, the copepod was slightly resistance. Copepod may be controlled in 3days at the present practical concentration (1ppm). A continuous monitoring of copepod susceptibility will be needed against a further decrease in the pesticide susceptibility.
2-2. Efficacy and effectiveness of temephos 
Purpose: 

Effect of temephos that varies in condition was compared. 
Materials:

The following 3 samples temephos formulations (Abate®) were tested in tamale; 1 AW: Abate(WHO)  Procurement by WHO (Torre S r.l. Abate 500g/L EC Batch: 732701 Pack 1x20L), 2 AG: Abate(New, Ghana) presently used at Voggu (BASF, Abate500E, Batch 5506, Mfg Date 03/2007) and 3 AO: Abate(Old, Ghana) kept in the tamale laboratory (BASF, Abate500EC, Batch 5446, Date of Manufacture 01/2007, Expiry Date: 01/2009) 

This test was done in the same way as the sensitivity test. Clean water or dam water (from Voggu) of 100mL was put in 200mL plastic Cup. More twenty copepods were put into the cups. Temephos diluents were prepared and 20 micro liters were taken using a disposable glass micropipette so that the final concentration was 1ppm temephos. Four replications were prepared. After 24 hours, the copepod were filtered out and counted under the microscope in the laboratory. Four replications were prepared for control, thus without temephos.
Table 5 and Figure 5.

	Effective comparison between the three original temephos formulations

	Mortality (%)
	Water

	Temephos 1ppm
	Dam
	Clean

	WHO 
	46.4 
	52.7 

	Ghana (new)
	33.8 
	22.7 

	Ghana (old)
	20.9 
	12.9 

	Control
	22.7 
	32.8 


Analysis of Variance

	Factor
	variation
	Freedom
	Variance
	Ratio
	P-Value
	F-Value

	Column
	1122.35 
	3.00 
	374.12 
	6.85 
	0.07 
	9.28 

	Row
	0.79 
	1.00 
	0.79 
	0.01 
	0.91 
	10.13 

	Error
	163.80 
	3.00 
	54.60 
	
	
	

	Total
	1286.95 
	7.00 
	
	
	
	


Results:

· There is slightly difference of copepod mortality for 1ppm temephos between temephos formulations from the GGWEP and WHO. However, the efficacy of these temephos formulations was not significantly different (5%) by analysis of variance.
· The mortality of AW for 1ppm in the test 2-2 was also slightly higher than that of control. The mortalities for AG and AO were slightly lower than that for AW. This trend in the efficacy difference among the three formulations preparations looks consistent in the test of comparing clean and dam waters, suggesting that the tendency (i.e. mortality: AW>AG and AW>AO) is assured.
2-3. Effect of temephos in dam water
Purpose:

The influence that dam water gave effect of temephos was compared with clean water. 

Methods:

Effect of temephos in clean water and dam water was tested. Susceptibility of copepod to temephos compared in the two samples. The test was carried out with “2-2 Temephos efficacy”.

	Table 6 Effect of temephos in dam water

	Mortality (%)
	Temephos
	

	Water
	WHO
	Ghana (new)
	Ghana (old)
	Control

	Dam
	46.4 
	33.8 
	20.9 
	22.7 

	Clean
	52.7 
	22.7 
	12.9 
	32.8 



Figure 6. Mortality of copepod for 1ppm temephos in dam and clean water

Results:
· The influences that dam water and clean water give effect of the temephos were almost same. There was no significantly difference by analysis of variance (see “2-2. Temephos efficacy”).

2-4. Effectiveness of chlorination (Aquatabs®) on copepods

Purpose:

An Aquatabs® (a.i. Sodium Dichloroisocyanurate, Global Hydration Water Treatment Systems Inc.) was examined susceptibility for copepod as alternative material for temephos. 
Methods:

The Aquatabs is a tablet to do chlorination of water. The concentration is 1-2 tablets for water 20L by dirtiness of the water. Clean water of 100mL was put in 200mL plastic Cup. About twenty copepods were put in to the cups. Aquatabs treated water (The concentration is 1 tablet / 500mL) was prepared and were taken using a disposable pipette and diluted by clean water so that the final concentrations were 1 tablet, 2 tablets, 4tablets / 20L(Clean water). Each concentration was prepared with three replications. In addition, properties of water after the aquatabs treatment were examined.

Table 7. Sensitivity for Aquatabs

	Concentration
	Mortality (%)

	Control
	22.4

	X1*
	100

	X2
	100

	X4
	100


*x1: 1 tablet in 20 L

	Table 8. Aquatabs treated Water properties

	Nitrate-Nitrogen(mg/L)
	0

	Nitrite-Nitrogen(mg/L)
	0

	Water hardness (mg/L(CaCO3))
	0

	Alkali Level (0-180mg/L)
	30

	pH
	6.8

	Dissolved Oxygen
	10

	Chemical oxygen demand
	0


Figure 7. Mortality of Copepods in aquatab solution 

Results:

· Copepod could not survive in Aquatabs treated clean water, even in the lowest practical concentration (1 tablet / 20L) in this test.

· The treatment of the Aquatabs did not have a large influence on above seven properties of water.
· Aquatabs is a potential alternative to kill Copepod in drinking water.
Remarks

Clean Water:

Mineral water “Voltic” (Voltic (GH) Limited) was used as clean water. 

	Mineral Content* (mg/L)
	
	Water properties (Actual value)

	Calcium
	12.4
	
	Nitrate-Nitrogen(mg/L)
	0

	Magnesium
	2.6
	
	Nitrite-Nitrogen(mg/L)
	0

	Bicarbonates
	55
	
	Water hardness (mg/L(CaCO3))
	0

	Nitrates
	5.6
	
	Alkali Level (0-180mg/L)
	10

	Sulphates
	6.9
	
	pH
	6.8

	Potassium
	1.8
	
	Dissolved Oxygen
	10

	Iron
	0.02
	
	Chemical oxygen demand
	0

	pH
	6.8
	
	
	


*Label Information on the water bottle

Reference

1) WHO Guidelines for drinking-water quality, Third Edition. 2006

2) Pesticide manual (Twelfth edition), The British Crop Protection Council. 2001
3) OECD Guideline TG202: Daphnia sp., Acute Immobilisation Test. 2004
4) Muller, R. (1970) Laboratory Experiments on the Control of Copepod Transmitting Guinea Worm. Bull. Wld Hlth Org. 42:563-567

5) Kasai, S. et al. (2007) Insecticide Resistance in Potential Vector Mosquitoes for West Nile Virus in Japan, J. Med. Entomol. 44(5): 822-829
6) Sanders, H.O. (1969) Toxicity of Pesticides to the Crustacean Gammarus lacustris. Tech.Pap.No.25, Bur.Sports Fish.Wildl., Fish Wildl.Serv., S.D.I., Washington,D.C.:18 p.
7) Ruber, E., and K. Lafrance (1983) Effects of Temephos on the Respiratory Rate of the Salt Marsh Amphipod, Gammarus mucronatus. Bull.Environ.Contam.Toxicol. 31(2):148-151
8) Helgen, J.C., N.J. Larson, and R.L. Anderson (1988) Responses of Zooplankton and Chaoborus to Temephos in a Natural Pond and in the Laboratory. Arch.Environ.Contam. Toxicol. 17(4):459-471











































� EMBED MSGraph.Chart.8 \s ���





A





B





B20





B10





B3











A20





A10





A3











Figure 2. A3, A10, A20, B3, B10 and B20 were sampling points.
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Figure 1. 1 and 2 are sampling site of sample 1 and 2 at Voggu dam.
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� A sub-district can be considered endemic if a village in that district become endemic. 
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