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1 Abstract  

 

The susceptibility of engorged females and larvae of Boophilus decoloratus 

ticks,- collected from cattle on breeding farms in Kwazula Natal, Eastern Cape 

and Limpopo provinces in South Africa-, for amitraz, cypermetrin and 

chlorfenvinphos. Was examined by means of the Adult Immersion test (AIT), the 

Shaw Larval Immersion Test (SLIT) and the Larval Packet Test (LPT).  

The results indicated resistance of Boophilus ticks to cypermetrin on all nine 

farms examined. On six farms ticks had developed resistance against amitraz 

demonstrated by all three tests procedures. On one farm ticks were still 

susceptible for amitraz in all tests, whereas in 2 remaining farms tests were not in 

agreement. Furthermore ticks were found susceptible for chlorfinvenphos on 

three farms in all three tests, whereas in 5 farms showed they appeared to be 

resistant. In general  the results obtained with the different tests were in 

agreement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



      Acaricide resistance in the blue cattle tick in South Africa; a comparison of three assays                

 

  3 

2 Introduction                                                                                                                                                                                                                                                                             

 

Ticks have been distributed for a long time in all the countries over the world. 

Many of them are parasites on most of the animal species. Acaricides are the 

chemicals which are being used as application, in most of the times, to get rid of 

the ticks. If an animal is infested heavily with ticks, it will cause blood- and 

production (milk) loss, and reduces their body weight 

Even in South Africa the blue tick causes lots of economical damage, because of 

the ineffective and expansive dip chemicals. In the past most of the farmers 

dipped their animals incorrectly by using the same chemicals every time, 

administer badly, or by using an inaccurate dosage. 

The tropical cattle tick Riphicephalus (Boophilus) decoloratus and microplus are 

one host ticks. They spend about 3-4 weeks on a specific host (mostly cattle, but 

on other ruminants they occur as well) developing from larvae to engorged adult. 

This tick forms an important vector in the spread of diseases in mostly cattle. 

Boophilus decoloratus and Boophilus microplus are the two economically most 

important Boophilus species found on cattle in South Africa. (De Vos 1979; 

Tonnesen et al 2004). These two Boophilus species do have a one-host life cycle 

and are even the most important vector in the spread of other diseases. The B. 

decoloratus for instance spread the Babesia bigemina wich causes Redwater in 

cattle and the spread of Anaplasmosis, which causes Gall sickness in cattle. 

(Riek 1964; Potgieter 1977) B. microplus is the vector of several diseases such 

as Bovine Babesiosis (severe tick borne infectious blood disease of cattle caused 

by intraerythrocytic parasites of the genus Babesia) and Anaplasmosis (disease 

of ruminants caused by obligate intraerythrocytic bacteria of the genus 

Anaplasma) (Ribeiro 2007) Because all the stages occur in one host, the ticks 

are able to complete up to 3 generations per year. This enables them to develop 

resistance much faster than other ticks, and makes them difficult to control. B. 

decoloratus, which ranges from southern Africa to the Sahara, is being replaced 

in the eastern and southeastern part of this area by B. microplus . This seems to 

be caused by the shorter life cycle of microplus, as well as the tendency to 

assortative mating and more successful feeding on cattle and is cause of much 
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concern in the area, because the expansion of microplus-transmitted pathogens 

(Tonnesen 2004, Estrada-Pena 2006)  

Acaricide resistance in ticks causes nowadays enormous problems for farmers in 

most (sub) tropical parts of the world. At present no new accaricides are 

available. Tick resistance can be caused by various factors like: the frequency 

and method of acaricide application, the nature of the acaricide being used and 

the application strategy together with the security of the farmers against tick 

invasion. Especially the intensive use of acaricides (up to ones a week) has led 

to the devlopment of tick resistance in the last decennium. For most the head 

groups of acaricides used in South Africa for tick control, resistance was already 

confirmed. It’s for the utermost importance to develop alternative management 

strategies to prevent the development of acaricide resistance. This is because 

the process of development of novel acaricides is time consuming and 

expensive. Therefore the protection of the currently available acaricides , by 

monitoring the state of resistance is very important in conservation of these 

acaricides, and for the continual success of tick control. At the moment 

standardised tick resistance testing models for the development and monitoring 

of tick resistance are highly needed. . 

Alternative strategies or other anti-tick products are necessary to cope with the 

problem of acaricide resistance. An efficient dipping procedure will also help 

farmers to reduce their costs for treatment of their animals. 

 

2.1 The Assays 

Adult immersion test (AIT) 

This assay has been described by several authors, but the protocol of 

Drummond et al (1973) is most being used. It was used by them for evaluating 

the efficacy of new acaricides, as well as acaricide resistance testing and toxicity 

studies. 

The AIT uses engorged female ticks, collected in the field, for getting tested 

directly in the laboratory. They are immersed in technical or commercial 

acaricides (Sabatini 2001).  
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It was adapted for resistance testing in most laboratories all over the world but, 

standard protocols have not previously been developed (FAO 2004) This might 

make it difficult to compare the results of the different laboratories. 

  

Shaw Larval Immersion Test (SLIT) 

This test was originally developed by Shaw (1966). Meanwhile it has been 

modified (Shaw et al,1968) From that moment the larvae were incubated for a 

longer time; 72 hours before the mortality was determined. This test has not 

being used that frequently The advantage of the Shaw’s immersion sandwich 

technique is that the larvae are immersed in a solution suspension of the 

acaricide and this usually increases toxicity. The method provides a result in six 

weeks. The SLIT is not recommended or standardized by FAO (Sabatini 2001). 

Comparative studies have indicated SLIT results can be compared with the 

Larval Packet Test (LPT) results as there is good agreement between results of 

the test methods. It may be worth considering the SLIT test when developing 

new tests for the detection of resistance to MLs (Maximum Limits) in tick larvae. 

(FAO 2004) 

 

Larval Packet Test (LPT) 

The LPT is another assay which uses the larval stage of a tick. The LPT was 

mostly used with organophosphates and carbamates and was originally 

developed in the DDT era. Nowadays it is applied to determine the resistance to 

pyrethroids. 

The FAO has adopted the LPT as the preferred assay for determining the 

presence of resistance in a tick population (Stone et all, 1962) 

 

2.2 The Chemicals 

In this project three main groups of acaricides have been used. These groups 

were Amidine (Amitraz), Pyretrhroid (Cypermetrin) and Organophosfates 

(Chlorfenvinphos). All these chemicals have been diluted to field concentration. 

For each assay according to its own dilution table (see Attachment 2-4) 
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2.3 Administration of Acaracides  

Several methods have been used for bringing on the acaricides on the cattle in 

the field. 

Most of the visited farmers used one of the following ways or a combination of 

administration. They used the plunge dip (6): in which the body of animal, except 

the head is being covered totally. Another way of administration is the pour on 

method (3); the chemical has been dropped in the neck and/or the back of the 

animal. The Spray raise(3), administered with a backpack pump by contractors, 

should cover the entire body. The last group is the “remaining” one.   An injection 

or pour on with Ivermectine (7), for instance, has been used by several farmers. 

Besides this, another application method is  under development. The Scorpion 

dip applicator   is an application method for bringing on the acaricide on cattle in 

the field. The device is placed at the gate or the walkway for cattle, between 

fences. The weight of the animals will activate the device, releasing the 

corresponding dosage to the desirable location.  

 

Aim of study 

In this study three tests are being compared for resistance-testing. All the tests 

have been done on the same strains, 9 in total. It has been tried to establish a 

golden standard for the determination of tick resistance.  
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3 Material and methods 

 

3.1 Collection of ticks 

In august 2008 the ticks have been collected in four Provinces in South Africa. In 

the Province Kwazulu Natal 3 farms have been visited in the Mkuze area. In the 

Eastern Cape 3 farms in the Alexandria area have been visited. At last 2 farms in 

Polokwame in the Limpopo province have been visited and 1 farm in Badplaas in 

the Mpumalanga Province. The selection of the farms has been done after an 

advertisement in “Landbouweekblad” in wich commercial farmers could apply for 

contribution in this project. Out of 27 reactions the farmers were chosen 

according to their geographical location, as close as possible together in each 

Province. A total of 9 farms were selected for this study. 

On every farm the ticks were collected from adult cattle of various (cross-)breeds. 

The pure breeds were: Bonsmara, Angus, Brahman, Simmentaler, Afrikaner. 

Several cross-breeds were sampled like for instance Sembra’s (Simmentaler x 

Brahman) and  Brangus (Angus x Brahman). The collection has been done most 

of the times by putting them one by one in the drag-corridor, to do first a visual 

inspection if there were blue ticks available and if there were enough fully 

engorged females. On most of the farms we took a representative monster of at 

least 100 female ticks. At least 20 males were also collected to make proper  

specie- identification available. 

 

 

Foto 1: blue ticks all over the udder of a cow    Foto 2: tick sampling in a drag corridor 
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Figure 1: Collection sites pointed out on the South African map 

 

3.2 Assays 

The followed protocols of all the three assays are listed in Attachment 2-4. They 

are listed below for short. 

 

Adult immersion test (AIT; Attachment 2) 

This test has been described by several authors, but the protocol of Drummond 

et al (1973) is most being used. The used protocol in this study is derived from it: 

Ordinary the engorged female B. decoloratus were washed, dried, selected (alive 

and big) and packed in groups of 10. Each tick was weighed, dipped in a solution 

(field concentration), or in distilled water (controls) for 10 minutes. Then they 

were drained and dried on filter papers in tinfoil pie plates. 

After at least an hour and if the ticks were dry, they were placed with double 

sided adhesive paper on a glass plate and placed in an incubator, with a 

temperature of 27° C (± 1 ° C) and a Relative Humidity of 75%, for at least 3 

weeks. On day 7,11,15 and 21 after starting, the total egg mass of all the 

individual ticks was weighed and placed in pill vials, held in the same conditions 

until hatching was estimated visually (Drummond et al, 1973) 
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Shaw  Larval Immersion Test (SLIT; Attachment 3) 

The SLIT originally described by Shaw (1966) and modified by Shaw et al (1968) 

has adapted a bit in the following way: 

Exactly 10ml of each chemical sample in field concentration was transferred into 

test tubes. Larvae were removed from the flask, containing the ticks, with a new 

small brush, and placed on a round filter paper (11 cm) in a tinfoil pie plate. 

Another sheet of filterpaper was placed over the larvae, and water (control) or 

chemicals was poured uniformly over the filter paper sandwich that contained the 

larvae. The solutions were remixed on a vortex mixer, just before pouring the 

liquid on the filterpaper sandwich that contained the larvae. This procedure was 

repeated for all the chemicals and the control (water) in duplicate at 60 seconds 

intervals. After exactly 10 minutes the filterpaper sandwich was picked up, and 

placed on one section of the 24 cm. diameter filterpaper. The sandwich was 

opened with the forceps and each half was placed tick side up on a dry portion of 

paper. More than 100 larvae were transferred into each of two replicate 

envelopes with a new brush. The edges of the open envelope were then sealed 

with a crimpler and masking tape. The procedure was repeated for all the 

chemicals at 60 seconds intervals. The envelopes were placed in the groves of a 

Perspex bar.This was done in such a way that the envelopes were not in contact 

with each other, and placed in an incubator at 27ºC. (± 1ºC.) and a Relative 

Humidity of > 75%. The controls (distilled water) were kept sepparatly in another 

incubator. After 72 hours the ticks were removed from the incubator and mortality 

was established by counting the live and dead ticks.  

 

Larval Packet Test (LPT; Attachment 4) 

The Food and Agricultural Organisation (FAO) adopted this assay as a standard 

for measuring susceptibility of the southern cattle tick (Miller et al, 2002) 

In this study the unfed larvae are used and they are placed in a paper packet, 

which had been impregnated with one of the chemicals and diluted in chloroform 

and olive oil combination. 
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3.3 Scorpion dip applicator 

The Scorpion dip apparatus is an application method for bringing on the acaricide 

on cattle in the field. By using the device it is possible to administer the right dip 

dosage to each animal at the right place, with minimal labour and less stress for 

the animals. It will work efficient and cost-effective. The device is placed at the 

gate or the walkway for cattle, between fences. The weight of the animals will 

activate the device, releasing the corresponding dosage to the desirable location. 

When the installation has been finished in the right way, the device will be 

accurate up to 95 % in relation to the animals’ body weight. It’s even possible to 

shift the device to any place needed and will only take 15 min for installation. To 

get the animals in the device, you should make use of their intrinsic motivation 

(hungry and thirst). 

In this way it will be easier for the farmer to dip his animals and getting control 

over the treatment of ticks and their diseases. 

  

 

  

Photo 3: SLIT; larvae are drenched in between Photo 4: LPT: larvae are packed for 72 hours in 

              filterpapers for 10 min                 impregnated filterpaper 
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4 Results 

 

4.1 Identification of ticks 

From the start of the study it was wanted to make a comparison between the 

different kind of tests and a comparison between the Rh. (B) microplus and the 

Rh. (B)  decoloratus ticks. By identification of the samples from all the nine farms, 

it came true that none of the samples had Rh. (B) microplus. There was only Rh. 

(B.) decoloratus found.  

 

4.2 Results and interpretation of the different tests in overview  

All the results for each chemical are listed in separate tables. (Appendix 5) The 

tables show first the detailed results followed by their interpretation. The figure 

below shows the interpretation of the results for susceptible strains on specific 

farms. By this interpretation, the results of the three tests have been included 

 

 

Figure 1: Susceptibility of the ticks on all the farms for the different acaricides 

 

Amitraz: three farms do have resistant ticks. Three other farms are developing 

resistant ticks. One farm has susceptible ticks. On two other farms the tests show 

a different outcome. 
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Cypermetrin: all the farms have resistant ticks to cypermetrin 

 

Chlorfinvenphos: three farms are still susceptible! On three other farms the ticks 

are developing resistance. The other 3 farms do have resistant ticks tot CFVP 

 

Finally the results show that the ticks are 4 times susceptible, 6 times they are 

developing resistance and 15 times they are resistant. Two strains remain 

unidentified, because the different tests have different outcome. 
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4.3 Comparison of the tests 

 

Adult immersion test 

The figure below shows the results for Amitraz of all the components of the AI 

together. The average is given so the spread between the different components 

of the tests on each farm can be seen. The spread in outcome of the different 

components is laying on a minimum. On farm 3, 6 and 9 the spread is more than 

20%. On all the other farms the difference is less than 20% 
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Figure 2: Results of all the components of the AI test separately and the average listed together 

for Amitraz 

 

The figure for Cypermetrin is omitted because all the strains show clearly 

resistance to that chemical and the spread won’t be important than. 

 

Figure 3 shows the difference in outcome of the 3 components of the AI for 

CFVP 

The strains of the farms 1, 5 and 9 show a spread of more than 20 %. All the 

other farms show less spread.  
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Figure 3: Results of all the components of the AI test separately and the average together for 

CFVP 

 

 

 

  

Photo 5: AIT; female ticks are drying after a Photo 6: AIT; females stuck on glass did lay  

             10 minutes drench    eggs 
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Comparison of the SLIT and LPT 

If a comparison is made, the SLIT and LPT can be compared because they both 

work with the larvae. Figure 4 shows the difference in results of both tests. It is 

not possible to compare the AI with the other tests quantitatively; because it is 

based on other standards The AI has 3 types of results for all the different stages 

of the tick. Even by interpretation the stages do have their own results. For the 

adult ticks the ELT (Egg Laying Test) is important. On the other hand the RE 

(Reproductive Estimate) tells something about the amount of new developing 

eggs. And the hatch group shows how many of the eggs will hatch to new larvae. 

 

 

Difference in Results for SLT in relation to results LPT
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Figure 4:  The difference in results of the SLT and the LPT is shown 

 

A difference in outcome for both tests is shown above. On a couple of farms (3 

and 9) the difference seems to be big. If an interpretation (see appendix 5) is 

made however, almost all the strains are classified for the same groups. 
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5 Discussion  

 

5.1 Identification of ticks 

By identification of the samples from all the nine farms, it came true that none of 

the samples had Rh. (B) microplus. There was only Rh. (B.) decoloratus found. If 

there was a doubt about the identification, those were separated for the expert 

for a re-identification. The well known taxonomist, Prof. I.G. Horack, confirmed 

however that all those ticks were Rh. (B.) decoloratus as well. 

 

5.2 Comparison of the tests 

An increased awareness of acaricide resistance has led to the implementation of 

a range of bioassay methods used at different laboratories over the world, The 

bioassays used at present, are the Adult Immersion Test (Drummond et al.,1973) 

the SLT (Shaw, 1966) and the LPT (Stone and Haydock, 1962) 

 

From the start of the project the plan was to visit all the farms for a second time; 

for taking a second sample on all the farms after specific treatment. Due to 

circumstances this plan didn’t succeed. During this study the AI, the SLT and the 

LPT were used on the same strains to determine their comparability in 

establishing tick resistance against chemical control. Advantages and 

disadvantages of each assay were considered tot decide what the best strategy 

would be in the aim for standardisation of methods to monitor the development of 

tick resistance. The results of the AI can not be compared to the SLT and the 

LPT directly because the AI is based on the adult stage and the others on the 

larval stage. That’s like comparing apples to oranges. 

 

The AI test is mostly used commercially at recommended field concentrations to 

immerse the female ticks, as described by Drummond et al (1973). One of the 

advantages of this test is that three instead of one parameter is determined. 

More information about the susceptibility of the different stages is available then. 

Besides that, the preliminary results are already available after 7 days, the final 

results are available after 42 days. A possible disadvantage might be that the 
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ticks are not always suitable for testing. The females for instance, could be in 

different stages, started egg-laying already or were damaged during collection. 

Even after collection the adults of the female ticks should be delivered to a 

laboratory within 2 days to be able to perform the test, before the females start 

laying eggs.  

 

The SLIT has the advantage to make use of the unfed larvae, which are more 

easily standardized, and the mortality of the larvae can be recorded easily 

(Wharton, 1970). With the use of larvae alone, more comparable results can be 

obtained. A disadvantage of the SLT would be that the period of time ticks are 

exposed to acaricides in the field, is not well imitated by the 10 minutes exposure 

in the SLT.  

 

The LPT has a big difference in relation to the other tests: the larvae are exposed 

for 24 hours to the acaricides instead of 10 minutes in the other 2 tests, where 

they have been dipped. The larvae in the LPT won’t even have full body contact 

with the acaride. 

Another argument will be that the olive oil used in the LPT is not standardised. 

Interactions between the paper packet and the acaricide might reduce the 

effectiveness of the acaricides. This makes it difficult to apply the results to field 

conditions. 

  

Although the results of the AI and the SLIT are not directly comparable they 

showed more similarities in the control to acaricides than the LPT did to AI. In 

both the SLIT and the LPT larvae are used for testing procedures, the results 

(figure 4) show for large part similarities. The results of both tests for 2 strains 

differ more than 30% in outcome of both tests. The largest contribution in the 

difference for the results is for Amitraz, followed by CFVP and the minimum 

difference is for Cypermetrin. Besides that the results for Amitraz show strange 

abnormalities for farm 5 and 8. After interpretation of the results the ticks should 

be susceptible according the AI, but show resistance according to the SLIT and 

the LPT 
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At the moment it is really important to get a standardized method, so a 

comparison of the results should be possible. The FAO used the LPT for years 

for measuring susceptibility in the cattle tick already. Meanwhile different 

techniques all over the world have been used. This makes it difficult to make a 

standard comparison between the tests. 

 

5.3 Alternative administrations to combat ticks 

There are several administrations for bringing on the acaricide on cattle. Most of 

the chemicals are administered by the plunge dip: the cattle are dipped in a bath 

with the chemical solution. The total body is covered then with the acaricide. A 

second method is the pour on in which the chemical is administered on one spot 

on the animal. The substance shall ensure that is distributed in the skin 

throughout the whole body. The spray raise is a third method. The animal is 

sprayed manually with a backpack pump all over the body. A lot of farmers in 

South Africa are using nowadays an ivermectine injection, because of the  

increased resistant problems. This chemical however does have a wide 

operation range and the first reports of resistance are already a fact. 

Because of these problems above, a quite new device is in development: the 

Scorpion dip applicator. (SDA) The creator, Mr. P van Niekerk, had the idea for 

a longer time already and is still busy to optimize his device. The apparatus 

should administer the right dip dosage and at the right spot on each animal. It will 

cost the farmer less labour and stress and so it’s economically attractive. The 

device is placed at the gate or the walkway for cattle, between fences. The 

weight of the animals will activate the device, releasing the corresponding 

dosage to the desirable location.  It’s even possible to shift the device to any 

place needed and will only take 15 min for installation. 

When the device was in operation, it showed that some animals were dipped 

twice, because they were standing with front- and hind legs on the platform. 

Others stand with one claw on it and were only dipped once. The device was 

leaking fluid after passage of a cow and missed the hindquarters. Others were 

not dipped at all, because they jumped all over the platform, if it was placed at 

the end of the gateway. A possible solution could be to place the device halfway 
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the gateway and place a stick above it, so the animals won’t jump. Besides that 

the base of the device should be covered well in the soil, so the animals won’t 

scare. Another measurement should be to let the animals get used to the device.  

 

    

Photo 7: SDA placed at the end of the;       Photo 8: SDA placed in the gateway with a  

 gateway; animals will jump over it     stick above: the cows can’t jump   

 

Resistance in ticks is a multi-factorial problem and depends on a lot of 

environmental circumstances, like: tick species, grazing strategies, soil type, 

wildlife, game animals, rainfall and so on. If one would solve the problem of 

resistance, is depending on a lot of factors, like: knowledge of the farmers, their 

willingness to change, the used (homebrew)- mixtures etcetera. 

A possible strategy for instance, would be to delay the development of resistance 

by using a single acaricide for as long as possible, until laboratory results 

indicate the development of resistance. If this happens one need to change to 

another acaricide group. There is no standard solution to solve this problem; a 

specific strategy for every farm separately is needed. 
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5.4 Conclusions       

It will be concluded that 4 out of 27 strains were still susceptible for a specific 

chemical These 4 strains were collected at three farms; three were susceptible 

for CFVP, one for Amitraz.  

Nowadays there are 3 levels to focus on resistance in ticks: First of all, it is 

possible to check the genome for capabilities for developing resistance by means 

of a PCR. Secondly there are possibilities for in vitro feeding of the ticks in 

relation to resistance. And the last and oldest option is to do a combination of the 

tests, what is done in this study.  

For determining tick resistance in the field one would do best by using a 

combination of the Adult immersion test and the Shaw Larval test (as a gold 

standard). The SLT is a more efficient test for determining the state of resistance 

in a specific area. This combination will ensure adequate information for a 

successful management strategy to be followed. Further research on this subject 

however is needed. Alternative management strategies should be considered, to 

cope with the problems of developing total resistance. The idea of the Scorpion 

dip applicator is excellent, but it appeared that it should be adjusted better. More 

research and practical experience is needed to make it accurate in the battle 

against ticks.                                    
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7 Attachments 
 
Attachment 1: Questions for the farmers (interview) 
 
Farm no.:   
Collection date:  
Name:   
Addres:   
City:    
Contact number:  
Email/fax:   
GPS:    
 
Are the animals dipped before collection? 
 
Treatment history 

2005  2006  2007  2008 
plunge   
pour on     
spray      
other     
 
How many times are you dipping the animals and in what way? 
 

What dosage do you use? And do you differentiate between the weights?  
 

Do you know what kind of ticks you do have on the farm? 
 

What kinds of breeds (or crossbreeds) do you have on your farms? And how 
many?  
 

What kind of vegetation are they on? 
 
Do you have problems with ticks? If yes, what kind of problems and specially at 
what time? 
 
Do you have other problems with your cattle? what kind of problems?   
 
Are there game animals on the farm? How many? And in contact with you cattle? 
 
Are there horses, sheep or goats on the farm? 
 
Is there already tick resistance confirmed at your place? In what way 
 
Do you introduce new animals on your farms (open/closed)? 
 
Does a veterinarian come to your place? For what kind of indications? 
 
Remarks by the farmer? 



      Acaricide resistance in the blue cattle tick in South Africa; a comparison of three assays                

 

  23 

Attachment 2: Adult immersion 
 
The geometric series of dilutions of seven concentrations of the acaricide, based on 

the percentage active in mass per volume.  

 

 

Table 1a: Serial dilutions made from a 12.5% (w/v) Amitraz solution. 

Dilution #r 
Concentration (% 

m/v) 
Dip 

2x Distilled 
water 

Total 

 Control - 10ml 10ml 

1 0.000006 18ml of # 2 78ml 95ml 

2 0.000032 20ml of # 3 80ml 100ml 

3 0.00016 20ml of # 4 80ml 100ml 

4 0.0008 20ml of # 5 80ml 100ml 

5 0.004 16ml of # 6 84 ml 100ml 

6 0.025* 25ml of # 7 75ml 100ml 

7 0.1 10ml of Stock 90ml  100ml 

Stock 1% 6ml Amitraz solution 69ml 75ml 

 

Table 1b: Serial dilutions made from a 15% (w/v) Cypermethrin solution. 

Dilution #r 
Concentration (% 

m/v) 
Dip 

2x Distilled 
water 

Total 

 Control - 10ml 10ml 

1 0.00002 20ml of # 2 80ml 100ml 

2 0.0001 10ml of 0.001% Stock 90ml 100ml 

3 0.0005 40ml of 0.001% Stock 40ml 80ml 

Stock 0.001% 10ml of # 5 90ml  100ml 

4 0.002 13ml of # 5 87ml 100ml 

5 0.015* 15ml of 0.1% Stock 85ml 100ml 

6 0.05 40ml of 0.1% Stock 40ml 80ml 

Stock 0.1% 10ml of 1% Stock 90ml  100ml 

7 0.2 20ml of 1% Stock 80ml  100ml 

Stock 1% 4ml Cypermethrin 
solution 

56ml 60ml 
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Table 1c: Serial dilutions made from a 9% (w/v) Chlorfenvinphos solution. 

Dilution #r 
Concentration (% 

m/v) 
Dip 

2x Distilled 
water 

Total 

 Control - 10ml 10ml 

1 0.00013 13ml of 0.001% Stock 87ml 100ml 

2 0.0004 40ml of 0.001% Stock 60ml 100ml 

Stock 0.001% 10ml of # 5 90ml 100ml 

3 0.0012 12ml of # 5 88ml 100ml 

4 0.003 30ml of # 5 70ml 100ml 

5 0.01 10ml of # 7 90ml 100ml 

6 0.03* 30ml of # 7 70ml 100ml 

7 0.1 10ml of 1% Stock 90ml  100ml 

Stock 1% 4ml Chlorfenvinphos 
solution  

32ml 36ml 
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Attachment 3 
 
SHAW  LARVAL Immersion TEST  

 
Preparation of concentration range: 
 
A geometric series of dilutions from the initial 1% concentration for each acaricide will 

be prepared to give seven concentrations, based on the percentage active ingredient in 

mass per volume (Table 1). 

   

Table 1a:  Serial dilutions made from a 12.5% (m/v) Amitraz solution. 

Dilution #r 
Concentration (% 

m/v) 
Dip 

2x Distilled 
water 

Total 

 Control - 10ml 10ml 

1 0.000006 18ml of # 2 78ml 95ml 

2 0.000032 20ml of # 3 80ml 100ml 

3 0.00016 20ml of # 4 80ml 100ml 

4 0.0008 20ml of # 5 80ml 100ml 

5 0.004 16ml of # 6 84 ml 100ml 

6 0.025* 25ml of # 7 75ml 100ml 

7 0.1 10ml of Stock 90ml  100ml 

Stock 1% 6ml Amitraz solution 69ml 75ml 
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Table 1b:  Serial dilutions made from a 15% (m/v) Cypermethrin solution. 

Dilution #r 
Concentration (% 

m/v) 
Dip 

2x Distilled 
water 

Total 

 Control - 10ml 10ml 

1 0.00002 20ml of # 2 80ml 100ml 

2 0.0001 10ml of 0.001% Stock 90ml 100ml 

3 0.0005 40ml of 0.001% Stock 40ml 80ml 

Stock 0.001% 10ml of # 5 90ml  100ml 

4 0.002 13ml of # 5 87ml 100ml 

5 0.015* 15ml of 0.1% Stock 85ml 100ml 

6 0.05 40ml of 0.1% Stock 40ml 80ml 

Stock 0.1% 10ml of 1% Stock 90ml  100ml 

7 0.2 20ml of 1% Stock 80ml  100ml 

Stock 1% 4ml Cypermethrin 
solution 

56ml 60ml 
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Table 1c:  Serial dilutions made from a 9% (m/v) Chlorfenvinphos solution. 

Dilution #r 
Concentration (% 

m/v) 
Dip 

2x Distilled 
water 

Total 

 Control - 10ml 10ml 

1 0.00013 13ml of 0.001% Stock 87ml 100ml 

2 0.0004 40ml of 0.001% Stock 60ml 100ml 

Stock 0.001% 10ml of # 5 90ml 100ml 

3 0.0012 12ml of # 5 88ml 100ml 

4 0.003 30ml of # 5 70ml 100ml 

5 0.01 10ml of # 7 90ml 100ml 

6 0.03* 30ml of # 7 70ml 100ml 

7 0.1 10ml of 1% Stock 90ml  100ml 

Stock 1% 4ml Chlorfenvinphos 
solution  

32ml 36ml 

 

Transfer 10ml of each concentration to a test tube with a syringe.  Mark the test tubes 

with a permanent marker by writing the corresponding acaricide and concentration on it.  
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Set up of workplace: 

 

Vortex 

Crimpler 

Containers with brushes 

A 

B C 
Petri Dish with Acetone 
containers A, B & C 

Glass plate 
Paper towel 

Tray 

Foil plate 

11 cm Filter paper 

24 cm Filter paper 

Petri Dish with water 
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Exposure of larvae to acaricides: 

 
1. Set up all the apparatus that are going to be used in the test on a glass plate.  

Paste double sided tape near the edges of the glass plate to prevent larvae from 

escaping. 

2. Cover the glass plate with towel paper and place a stainless steel tray on it.   

3. Place one 24 cm filter paper on the tray.  This is to soak up any drops of water or 

liquid which may spill. 

4. Place a foil plate containing two 11cm filter papers, on the 24 cm filter paper. 

5. Remove the cotton wool plug from the flask in which the larvae are kept, with 

forceps and put it in the foil plate. 

6. Take a fine brush and push some ticks from the neck of the flask onto the bristles 

(when picking up ticks with the brush, always push the brush forward into the ticks, 

when brushing ticks off the bristles, stroke the brush backwards on the filter paper). 

7. Brush some larvae on the one filter paper and cover the larvae with the second filter 

paper. 

8. Place the cotton wool plug back into the neck of the flask with the forceps, and put 

the flask in a petri dish filled with water.  (This is to prevent the larvae from 

escaping.  When using the flask again, dry the bottom of the flask with towel paper 

before removing the plug). 

9. Rinse the forceps in Acetone tube A and place the brush in Acetone tube B.  Leave 

the brush there for the moment. 

10. Stir the test tube with water for a few seconds on the vortex and pour the water in a 

zig-zag pattern over the filter paper “sandwich”.   

11. Start the stopwatch the moment the water is poured on the filter paper. 

12. Repeat steps 5 to 8 starting with the lowest concentration in the range up to the 

highest concentration at 60 second intervals. 

13. Place the plates in a row on the side of the counter in the same order mentioned in 

step 12. 
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Packeting of Larvae: 

 

1. Using the 24 cm filter paper, wipe down the tray, squashing any stray larvae and 

mopping up drops of liquid. Throw the paper away. 

2. Take the ticks out of the Petri dish and wipe any stray larvae from the flask and 

plug.  Place the larvae back into the incubator. 

3. Place a fresh sheet of 24 cm filter paper on the tray. 

4. After exactly 10 minutes, as the second hand reaches 60 seconds, pick up the filter 

paper “sandwich” from the first plate (i.e. the water control) with the forceps and 

place it on one section of the 24 cm filter paper. 

5. Throw the foil plate away. 

6. Open the “sandwich” with the tip of the forceps and place the two 11 cm filter 

papers next to each other on the 24 cm filter paper to dry. 

7.  Rinse the forceps in Acetone tube A. 

8. Hold the first filter paper envelope open with one hand and use a uncontaminated 

paint brush (N.B. this is the water control) to stroke 70-100 larvae as close to the 

centre of the envelope as possible. 

9. Repeat with the replicate envelope. 

10.  Place the paintbrush in the Acetone tube B (uncontaminated brushes are placed in 

tube B). 

11. Turn the crimpler handle and allow the open edges to run between the cogs, 

sealing them. 

12. Seal the crimpled edges of the envelope with masking tape and put it in a foil plate, 

marked “Control”. 

13. Fold in all the edges of the 24 cm filter papers, use the bundle to mop the tray, then 

throw the papers away. 

14. Place two fresh sheets of 24 cm paper on the tray, together with the next foil plate. 

15. Wait until the stopwatch reaches 60 seconds once more and repeat step 8 starting 

with the filter paper envelope allocated to the lowest concentration in the range and 

using contaminated brushes from this point on. 

16. Repeat step 9. 
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17. Place the paintbrush in the Acetone tube C (contaminated brushes are placed in 

tube C).  

18. Repeat steps 11 and 12. 

19. Seal the crimpled edges of the envelope with masking tape and put it in a foil plate, 

marked “Treated”. 

20. Stop the stopwatch once all the concentrations have been done. 

21. Clip bulldog clips onto the sealed edges of the control envelopes and place the 

envelopes in the incubator with the centre of the envelopes pointing upwards. 

22. Place the “treated” envelopes in the grooves of the Perspex bar with the centre of 

the envelopes pointing upwards. 

23.  Spray the waste – bucket with Acetone to kill the larvae. 

 

Cleaning of brushes: 

1. Transfer the uncontaminated and contaminated brushes from tubes B and C and to 

soap containing glass beakers, marked “soap clean” and “soap contaminated”, 

respectively. 

2.  After 5 minutes remove the brushes from the soap and place into acetone 

containing glass beakers, marked “acetone clean” and “acetone contaminated”. 

3. Leave for 5 minutes and then make sure that all the larvae have been removed by 

the washing it in the acetone. 

4. Rinse brushes well with water and dry with towel paper. 

5. Repeat steps 3 and 4 until no larvae are left between the bristles of the brushes. 

6. Place the brushes back in the marked containers (“uncontaminated” and 

“contaminated”). 
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Method to read the test: 

1. After 72 hours the envelopes are removed from the incubator. 

2. Starting with the water control, remove the masking tape and open the crimped 

edge. 

3. Open the envelope and place it on a 24 cm filter paper sheet. 

4. Using the prodder, squash all the live ticks (i.e. the ones which are able to move 

around), counting them as you do so. 

5. Alternatively, use a piece of masking tape to pick up the live ticks while counting 

them. 

6. Write the total of live ticks on one edge of the paper.    

7. Turn the envelope over the 24 cm filter paper and shake gently. All the dead ticks 

will fall off and these can now be counted. 

8. Write the total on the right of the live total.  Add the two together add write the grand 

total on the left. Reading from the left you now have Total, Alive, Dead. 

9. Repeat the procedure with all the envelopes, stacking the completed ones in order 

of concentration. 

10. These figures are entered into an Excel spreadsheet and a percentage of mortality 

for each concentration is calculated. 

11. In cases where the % mortality of the water control is less than 10% the % for the 

concentration is corrected by that figure and the graph plotted using these figures.  

If the water control is greater than 10 % the test is discarded and repeated again. 

12. Calculate corrected mortality according to Abbott’s formula i.e. : 

13. CM% = %i - %c      x     100 

100 - %c        1   

14. Where %i  = % mortality in concentration i 

15. %c = % mortality in water control 

16. CM % =  corrected mortality 
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Attachment 4 
 
LARVAL PACKET TEST 
 
 
Larvae: 
Use larvae at day 14 – 20 days old. 
 
Preparation of test filter papers: 

1. Sterilize olive oil (B.P. grade) by heating to 110˚C for 75 min. 
2. When cooled down add 0.02% of the antioxidant Ionol. 
3. Mix 40ml Olive Oil and 80ml Trichloroethylene/Chloroform (1:2 ratio by 

volume). 
4. Prepare a serial dilution from the initial 1% concentration for each 

acaricide (Table 1). 
5. Validate balance before and after weighing of pure chemical. 

6. Fold filter paper strips (5×10 cm, Whatman No.2) in half into a square bag 
and mark with the chemical, dilution, tick specie and date. 

7. Impregnate each filter paper with 0.53 ml of the appropriate concentration 
in a fume cupboard, starting with the control papers and finishing with the 
highest concentration. 

8. Leave papers to dry in a draft for one hour (Trichloroethylene will 
vapourise leaving the chemical in solution on the paper). 

 
Method: 
1. Seal sides of envelopes with clips to form a bag. 
2. Pick up a small cluster of approximate 100 larvae with a fine brush from 

the holding container and ease into the envelopes (starting with the 
control, followed by the lowest to the highest concentration).  Use a new 
brush for each chemical. 

3. Seal open end of envelope with a clip. 
4. Handle packet by the clips only. 
5. Store packets at 27˚C and a humidity >75% for 24 hours. 
6. Determine mortality by counting the dead and alive larvae. 
7. Determine LC50 and LC99.
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Table 1: 
The geometric series of dilutions of seven concentrations of the acaricide, 

based on the percentage active in mass per volume. 

Control papers are only impregnated with the Chloroform & Olive Oil 

solvent. 

 

 

  Table 1a: Serial dilutions made from a 12.5% (w/v) Amitraz solution. 

Dilution #r 
Concentration (% 

m/v) 
Dip 

Solvent Total 

 Control - 15ml 15ml 

1 0.0000025 1.5 ml of # 2 13.5 ml 15ml 

2 0.000025 1.5 ml of # 3 13.5 ml 15ml 

3 0.00025 1.5 ml of # 4 13.5 ml 15ml 

4 0.0025 1.5 ml of # 6 13.5 ml 15ml 

5 0.015 0.6 ml of # 7 14.4 ml 15ml 

6 0.025* 1 ml of # 7 14 ml 15ml 

7 0.25 3.75 ml Stock 11.25 ml  15ml 

Stock 0.1 0.8ml Amitraz 
solution 

9.2ml 10 ml 

 

 

Table 1b: Serial dilutions made from a 15% (w/v) Cypermethrin solution. 

Dilution #r 
Concentration (% 

m/v) 
Dip 

Solvent Total 

 Control - 15ml 15ml 

1 0.0000015 1.5 ml of # 2 13.5 ml 15ml 

2 0.000015 1.5 ml of # 3 13.5 ml 15ml 

3 0.00015 1.5 ml of # 4 13.5 ml 15ml 

4 0.0015 1.5 ml of # 6 13.5 ml 15ml 

5 0.015* 1.5 ml of # 6 13.5 ml 15ml 

6 0.15 1.5 ml of stock 13.5 ml 15ml 

7 0.3 3 ml Stock 12 ml  15ml 

Stock 0.15 1 ml  9 ml 10 ml 
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Table 1c: Serial dilutions made from a 9% (w/v) Chlorfenvinphos solution. 

Dilution #r 
Concentration (% 

m/v) 
Dip 

Solvent Total 

 Control - 15ml 15ml 

1 0.000003 1.5 ml of # 2 13.5 ml 15ml 

2 0.00003 1.5 ml of # 3 13.5 ml 15ml 

3 0.0003 1.5 ml of # 4 13.5 ml 15ml 

4 0.003 1.5 ml of # 5 13.5 ml 15ml 

5 0.03* 1.5 ml of # 7 13.5 ml 15ml 

6 0.06 0.75 ml of # 7 14.25 ml 15ml 

7 0.3 1.5 ml Stock 13.5 ml  15ml 

Stock 3.0 3.33 ml  6.67 ml 10 ml 
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Attachment 5 Results 
 
Description of the tables listed below 
 
AI: Adult Immersion 
SLT: Shaw Larval Test 
LPT: Larval Packet Test 
 
ELT (%): Egg Laying Test (% females that did lay eggs after 7 days) 
RE (%): Reproductive Estimate (corrected) 
Hatchability Estimate group (1: 0-25%, 2: 25-50%, 3: 50-75%, 4: 75-100%) 
CM (%) Corrected Mortality 
 
Results for Amitraz 

Farm      AI   SLT LPT 

  
ELT corrected 

(%) RE (%) Hatch CM (%) CM (%) 

1 100 81,9 4 36,8 34,8 

2 111 115,6 4 18,6 12,7 

3 80 72,5 2 11,7 32,5 

4 67 56,5 3 41,1 9,7 

5 11 2,8 0 25,8 31,5 

6 80 52,9 4 64 37,6 

7 0 1,5 1 95,2 97,6 

8 0 0,5 0 67,9 31,9 

9 50 47,8 1 23,7 -41,1 

 
Interpretation Amitraz 

Farm      AI   SLT LPT 
  ELT (%) RE (%) Hatch CM (%) CM (%) 

1 R R R R R 

2 R R R R R 

3 R ER S R R 

4 ER ER S R R 

5 S S S R R 

6 R ER R ER R 

7 S S S S S 

8 S S S ER R 

9 ER R S R R 
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Results for Cypermetrin 

Farm      AI   SLT LPT 

  
ELT corrected 

(%) RE (%) Hatch CM (%) CM (%) 

1 100 94,5 4 18,6 12,7 

2 100 117,6 4 4,9 0,4 

3 80 82,6 4 -2,3 1,4 

4 111 101,6 4 11,4 4,9 

5 100 81 3 12,7 9,9 

6 100 105,3 4 0,5 7,3 

7 86 66,1 4 12,2 4,4 

8 117 104,4 3 -3,3 -13,9 

9 100 93 3 5,6 -52,6 

 
Interpretation for Cypermetrin 

Farm      AI   SLT LPT 
  ELT (%) RE (%) Hatch CM (%) CM (%) 

1 R R R R R 

2 R R R R R 

3 R R R R R 

4 R R R R R 

5 R R ER R R 

6 R R R R R 

7 R ER R R R 

8 R R ER R R 

9 R R ER R R 
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Results for Chlorfinvenphos 

R   AI   SLT LPT 

  
ELT corrected 

(%) RE (%) Hatch CM (%) CM (%) 

1 30 27,8 3 87,7 77,5 

2 56 44,9 3 53 68,4 

3 90 83,2 4 25,6 4,5 

4 67 59,4 4 74,5 28,4 

5 100 83,9 3 -4,9 14,6 

6 70 85,5 4 33,8 41 

7 14 7,2 1 96,7 100 

8 0 6,6 0 98,8 99,6 

9 70 55,2 2 62,6 66,6 

 
Interpretation for Chlorfinvenphos 

Farm      AI   SLT LPT 

  ELT (%) RE (%) Hatch CM (%) CM (%) 

1 S S ER SW SW 

2 S S ER ER ER 

3 R R R R R 

4 ER ER R ER R 

5 R R ER R R 

6 ER R R R R 

7 S S S S S 

8 S S S S S 

9 ER ER S ER ER 
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Interpretation of the results 
  
ELT (Egg Laying test) 
80-100% alive: Resistant 
50-80% alive: Emerging Resistant 
0-50% alive: Susceptible 
 
CM % Corrected Mortality   (% test mortality- control mortality     X 100) 
    (%100- % control mortality  )   = %i - %c      x     100 

100 - %c        1   

 
90-100%: Susceptible   <10 
80-90%: Susceptible with Restriction 10-20 
50-80% Emerging Resistant  20-50 
< 50%: Resistant    >50 
 
Interpretation of the colours: the outcome of the 3 tests considering 
 
 
Green: Susceptible!: 4 farms 
Orange: Resistance upcoming, action is needed: 6 farms 
Red: Resistant! Measurements should be taken: 15 farms 
Blue: The results of the three tests won’t match here?!: 2 farms 
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