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Abstract 
The objective of this study was to feed all stages of Ixodes ricinus ticks in an in vitro feeding 

system. The in vitro feeding system was already established at the Utrecht Centre for Tick-

borne Diseases and adjusted to other tick species such as Rhipicephalus appendiculatus, 

Rhipicephalus evertsi evertsi, Rhipicephalus sanguineus, Hyalomma truncatum, Boophilus 

microplus and Dermacentor reticulatus. 

During this study the in vitro feeding procedure was improved and adjusted to Ixodes ricinus 

nymphs and larvae. In total 70 male ticks, 40 female ticks, 754 nymphs and a estimated 

number of 2530 larvae Ixodes ricinus ticks were used.  

There was a attachment rate of 90% of female ticks. Male ticks were producing feces, evidence 

that they are actually feeding. Nymphs engorged after 94-146 hours and thereafter 

successfully molted to adults. During the feedings engorged nymph rates of 59% and 53% were 

recorded. There was no difference in pig or cow blood for the number of engorged nymphs or 

their engorgement weight. Larvae were difficult to handle and counted because of their small 

size. However, they did feed and approximately 19% engorged, whereas in one unit a 

percentage of 63% of engorged larvae was reached. The engorged larvae successfully molted 

to nymphs.  

The conclusion is that it is possible to feed all stages of Ixodes ricinus in an in vitro feeding 

system, which can be used for controlled transmission dynamic studies.  



 

Feeding all stages of Ixodes ricinus ticks in vitro              - 2 - 

Content 

In vitro feeding of all stages of __________________________________________________ 1 

Ixodes ricinus ticks ___________________________________________________________ 1 

Abstract ____________________________________________________________________ 1 

Content _____________________________________________________________________ 2 

1 Introduction _____________________________________________________________ 3 

1.1 Ixodes ricinus ________________________________________________________ 3 

1.2 In vitro feeding _______________________________________________________ 4 

1.3 Objective of this research ______________________________________________ 5 

2 Materials and methods ____________________________________________________ 6 

2.1 Ticks _______________________________________________________________ 6 

2.2 Membranes _________________________________________________________ 6 

2.3 Feeding units ________________________________________________________ 7 

2.4 Attachment stimuli ____________________________________________________ 7 

2.5 Bonbons ____________________________________________________________ 8 

2.6 Blood ______________________________________________________________ 8 

2.7 Water bath and aquarium ______________________________________________ 9 

2.8 In vitro feeding start __________________________________________________ 10 

2.9 In vitro feeding procedure and recording data _____________________________ 10 

3 Results ________________________________________________________________ 11 

3.1 Feeding 0 adults _____________________________________________________ 11 

3.2 Feeding 1 adults & nymphs ____________________________________________ 12 

3.3 Feeding 2 adults & nymphs ____________________________________________ 13 

3.4 Feeding 3 adults & nymphs ____________________________________________ 14 

3.5 Feeding 4 nymphs ___________________________________________________ 15 

3.6 Feeding 5 larvae, male adults & nymphs __________________________________ 16 

3.7 Feeding 6 male adults & nymphs ________________________________________ 18 

3.8 Feeding 7 nymphs ___________________________________________________ 20 

3.9 Feeding 8 larvae _____________________________________________________ 21 

3.10 Feeding 9 larvae _____________________________________________________ 22 

4 Discussion ______________________________________________________________ 24 

4.1 Ixodes ricinus females ________________________________________________ 24 

4.2 Ixodes ricinus males __________________________________________________ 24 

4.3 Ixodes ricinus nymphs ________________________________________________ 25 

4.4 Ixodes ricinus larvae __________________________________________________ 26 

4.5 In vitro feeding procedure _____________________________________________ 27 

5 Conclusion _____________________________________________________________ 28 

References _________________________________________________________________ 31 

Appendix __________________________________________________________________ 33 

 



 

Feeding all stages of Ixodes ricinus ticks in vitro              - 3 - 

1 Introduction 
Worldwide ticks and tick-borne diseases are affecting animal and human health. Ticks as 

Ixodes ricinus act as vectors of a broad range of pathogens and are the cause of significant 

economic losses(6). This research project is focused at the tick Ixodes ricinus and the in vitro 

feeding. 

1.1 Ixodes ricinus 

Ixodes ricinus, also named as sheep tick or castor bean tick, belongs to the Arachnida. This tick 

belongs under the sub-order Ixodida (Metastigmata) and is from the family Ixodidae, often 

called the hard ticks. Ixodes is the largest genus, in this family, with about 250 species(15).  

The engorged adult female Ixodes ricinus is light grey and up to 1,0cm, the adult male is 2,0-3,0 

mm, the nymphs are less than 2,0 mm in length and the larvae are less than 1,0mm. They do 

not have eyes or festoons.  

Ixodes ricinus is a three-host tick which means that each stage of development takes place at a 

different host. They feed ones a year, the first year as larvae, the second year as nymph and 

the third year as adult. The adult males attach to the host and reattach and attach and are 

mating repeatedly between these blood meals. The adult female is attaching and has a single 

blood meal. When she is engorged she falls on the ground to lay several thousand eggs in a 

period of about 30 days. She does that at the ground in sheltered spots where she dies after 

she is finished with laying the eggs. The eggs become larvae which are molting to nymphs after 

their first blood meal, as nymphs there are molting to adults after they have their second 

blood meal. The feeding usually takes place in the active period, depending on the climate, 

from March till November. The feeding times for a female adult in the nature is about 14 days, 

for nymphs it is 3-5 days and for larvae it is also 3-5 days (15). The hosts for Ixodes ricinus ticks 

are sheep, mice, rabbits, goats, deer, cattle, dogs, and human. So they can feed at all 

mammals, birds and larvae even at lizards. When there is no host larvae can survive for 

approximately 13-19 months, unfed nymphs for 24 months and unfed adults for 21-31 months 

depending humidity and temperature of the environment (15).  

Ixodes ricinus lives in all European countries and in Africa in the cooler and more humid areas 

(2). The preferred habitats for the ticks are woodlands, bushes and rough grasslands.  

In the Netherlands Ixodes ricinus is the most common tick. From July 2005 till October 2006 

4298 ticks, from companion animals, were collected in the Utrecht Centre for Tick-borne 

Diseases (10). From these ticks 67,6% were Ixodes ricinus adults and 21,3% Ixodes sp. nymphs 

or larvae. In 2007 ticks were collected monthly, at twenty-five different locations in the 

Netherlands, were many tick bites on humans had occurred. In twenty-four of these locations 

Ixodes ricinus ticks were found (14). This year there is a new website (www.tekenradar.nl) (17) 

were people can report tick bites. On this website it is also possible to see the expectations of 

ticks dependent on the climate and the areas were people are bitten.  

In adult Ixodes ricinus ticks different pathogens are found such as Rickettsia helvetica, Borrelia 

burgdorferi (Lyme disease), the Ehrlichia-like “Schotii” variant, Anaplasma phagocytophilum, 

Babesia divergens (babesiosis), louping ill virus, tick-borne encephalitis virus, and Babesia 
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microti (10)(16). Ixodes ricinus can transmit these pathogens during feeding. Especially Lyme 

disease has serious consequences in the Netherlands, for instance in 2009, 22.000(13) patients 

were diagnosed with erythema migrans. If unnoticed the disease can cause serious 

neurological, joint, skin or heart complaints.  

Thus tick Ixodes ricinus is widespread in the Netherlands and the consequences for human and 

animal health can be serious. Research to prevention and pathogens in this vector are 

continuously needed. 

1.2 In vitro feeding 

In our society animal welfare is more and more important which does influence the use of 

experimental animals. All experiments with animals have to be done according to European 

legislation, based on directive 86/609/EEC from 1986. This directive was changed in 2010 to 

directive 2010/63/EU(3) which will take full effect from 1 January 2013. The aim of this new 

directive is to improve the welfare of experimental animals, to strengthen legislation and to 

proceed with the principle of the Three R’s. The Three R’s, published in "The Principles of 

Humane Experimental Technique" by W.Russel and R.Burch (4), stand for Replace, Reduce and 

Refine. Every effort should be made to replace, reduce and refine experiments with animals so 

that the animals caused the minimum pain and distress. Now these three R’s are firmly 

anchored in the EU legislation. For experiments with ticks are normally experimentally animals 

needed (8). With the advent of in vitro feeding a lot of these experimental animals can be 

replaced. In vitro conditions also make pathogen transmission studies easier through the 

controlled conditions.    

The in vitro feeding of ticks started with soft ticks and later also hard ticks were tested. Pierce 

and Pierce fed Boophilus microplus ticks using the air cell membrane of an embryonated hen 

egg (11) in 1956. Kemp et al.(7) fed the same tickspecies on skin slices from cattle in 1975. 

Waladde et al. (18) fed Rhipicephalus appendiculatus in 1991 using a biodegradable glue-

impregnated Baudruche membrane. The first time hard ticks were fed on a silicone membrane 

was in 1993 by Habedank and Hiepe(5). This membrane led to further advances (8) as higher 

attachment rates, engorged ticks and molting to different life stages. Kuhnert et al. (9) used 

this membrane to feed the hard tick Amblyomma hebraeum in vitro on cow blood. The life-

cycle was completed by feeding all life-stages of this hard tick through the silicone membrane. 

The larvae and nymphs were fed on a membrane from less than 90µm thick and adults were 

fed on a membrane from 500 µm thick. In 2007 Krober and Guerin (8) used this membrane and 

improved it to fed Ixodes ricinus adults with a much shorter hypostoom length (females 0.5 

mm, males 0.28mm) compared with Amblyomma hebraeum adults (1–1.5 mm). They made 

the membrane softer and thinner (60-150 µm) by using silicone glue with a low Shore A 

hardness. With this membrane there was a tick attachment rate of 75-100% for the females of 

Ixodes ricinus. They improved the membrane further by adding elastic characteristics of skin 

into the membranes. This made it possible that ticks detach and attach elsewhere without 

damaging the membrane.  
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This in vitro system has been introduced at the Utrecht Centre for Tick-borne Diseases. Adult 

Ixodes ricinus was successfully fed in this in vitro system in 2009 (12).In the meantime many 

adjustments were made in the in vitro feeding for other tick species as Rhipicephalus 

appendiculatus, Rhipicephalus evertsi evertsi, Rhipicephalus sanguineus, Hyalomma truncatum, 

Boophilus microplus and Dermacentor reticulatus.  

1.3 Objective of this research 

The main objective of this research was to feed all stages of Ixodes ricinus in the in vitro 

feeding system of the Utrecht Centre for Tick-borne Diseases. Although the adults were 

already fed here, the system was changed frequently and needed to be standardized. A 

standard system for in vitro feeding of ticks is important for subsequent transmission dynamics 

studies. Females were fed in the past, it was unknown if males were feeding in the in vitro 

system. Larvae and nymphs of Ixodes ricinus were never fed before in the in vitro feeding 

system. During the research adjustments are made to accommodate the in vitro feeding 

system for larvae and nymphs of Ixodes ricinus. 
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Figure 1: scraper and 7 membranes on glass sheet 

Figure 2: membrane attached to 

the lid of a six well plate 

2 Materials and methods 
The in vitro feeding method was performed according to the protocol of Kröber and Guerin 

(2007). This protocol is attached in appendix I and includes a list of materials and suppliers. 

Since this protocol is in use in Utrecht many adjustments are made, also during this research, 

which are described in this chapter. 

2.1 Ticks 

Ixodes ricinus originated from the Netherlands (Singraven).  

During the entire experiment 70 Ixodes ricinus male adults, 40 Ixodes ricinus female adults, 754 

Ixodes ricinus nymphs and an estimated 2530 Ixodes ricinus larvae were used. In each feeding 

unit 10 adults, 25-50 nymphs or 50-400 larvae were placed. It was not possible to count the 

larvae precisely because of there small size and the risk to damage them.  

2.2 Membranes 

A layer of kitchen plastic film was spread over a glass sheet (40 x 30 cm) and fixed with tape. 

Eight cleaning papers (70 x 120mm) were spread out on the plastic film and fixed with tape.  

E4 silicone glue (15 gram), silicone oil 

(4,5 gram), 15%Hexane (2,9 gram) and a 

drop of color paste (0,10 gram) to 

enhance membrane visibility where 

mixed. These amounts are good for 16 

cleaning papers/membranes. The 

mixture was spread out over the   

cleaning papers by moving a scraper (80 

mm wide) several times up and down to 

make the layer constant in thickness, 

see figure 1. Then the membranes were 

left to dry for at least twelve hours at 

room temperature.  

After twelve hours of drying the membranes are carefully cut loose with a scalpel (0104 

Schwann-Morton®) on three sides and checked for creases. The thickness of the membrane 

was measured using micro calipers. The proper thickness is between 70 and 110µm without 

the plastic film which is 17µm. After the measurement the 

last side of the silicone membrane was cut loose with the 

scalpel.  

Only suitable membranes with the right thickness were 

used for the experiment and were spread over a plastic lid 

of a six well plate with tape, see figure 2. The thickness of 

the membranes was marked at the edges of the lid. From 

one full good silicone membrane four units were made. 
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2.3 Feeding units 

Feeding units, handmade from Plexiglas by WSV Kunststoffen BV, tube formed with a height of 

45 mm, a diameter of 26 mm, a wall thickness of 2 mm and an acrylic glass ring around it at 4 

mm from one side were used. A drawing of a unit can you find in the protocol, see appendix I. 

Protocol ‘Feeding hard ticks in vitro’. The units are fitting well in a six-well culture plate 

(Greiner bio-one Cellstar®) without touching the bottom of the well.  

The units were glued to the silicone membranes, side closest to the ring towards the 

membrane, using silicone glue (E4). To prevent glue on the inside of the unit the glue was 

equally divided on the unit and removed from the inside with a small paintbrush. The units 

were left to dry for at least three hours at room temperature. After three hours the units were 

carefully cut loose from the lid with a scissor. The outside edges were cut exactly round the 

unit and the thickness of the membrane was written on the unit.  

Before the units were used the plastic kitchen film was removed. The units were checked for 

leaks by putting them in a six-well culture plate filled with demineralized water for twenty 

minutes. Units which were leaking were not used for the experiment. For F0, F1, F2, F3, F4, F5 

and F6 the units were rinsed with 70% ethanol. Thereafter, water was used instead of ethanol 

to avoid cracks in the plastic units.  

2.4 Attachment stimuli 

Two different attachment stimuli were used; cow hair and a membrane rubbed on the back of 

a cow.  

White or light brown hair was cut of from the same cow that donated the blood. The hair was 

further cut in small pieces around 5-10 mm. These hair were put in the unit, on the 

bottom/membrane, just before the ticks were getting in. This attachment stimulus was used in 

F0, F1, F2, F3 and F6. 

The membrane attached to a lid was rubbed over a cow, especially at the areas around the 

flanks. Thereafter, the units were glued onto the membrane. This attachment stimulus was 

used in F4, F6, F7, F8 and F9.  

Both attachment stimuli were used in F5 and F6.  
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Figure 3: (A) from left to right: perforated 

stopper, perforated stopper with the edges cut 

off and stopper with organza paper around it 

called a bonbon (B) from left to right: wire, 

bonbon and perforated stopper. 

A 

B 

Figure 4: Larvae in units. Two perforated stoppers 

in one unit, one down with two organza papers 

wrapped around and one with edges with gauze 

paper.  

2.5 Bonbons 

For adult ticks the edges of a perforated 

stopper were cut off and organza paper was 

wrapped around the shell and fixed with 

wire, see figure 3. 

Instead of one organza paper wrapped 

around the stopper, two organza papers 

were wrapped around the stopper for the 

nymphs. In this way nymphs could not 

escape.  

For the larvae the bonbons were the same 

as for the nymphs only the upper piece of 

the bonbon, which is organza paper, was 

cut off. An extra perforated stopper was 

used to make sure larvae could not escape, 

see figure 4.  

2.6 Blood 

Blood was collected every week, on the day the in vitro feeding was started, from three cows 

(every three weeks the same) at the Utrecht University (Faculty of Veterinary Medicine, 

Department of Farm Animal Health). These three cows were not treated with any anti-parasitic 

drugs. Each time 250-500 ml was collected from the venae jugularis, using a sterile needle and 

catheter. Before puncture the skin was cleaned with alcohol twice. The blood was immediately 

defibrinated manually by stirring with a pipette for 20 minutes. Heparine or other 

anticoagulations were are not used. 

With F0, F1, F2, F3, F4 and F5 the blood was 

collected in one glass bottle. For F6 a 

human blood transfusion bag was used 

with a sterile needle directly attached to 

the bag. In this bag anticoagulation (citrate) 

was used. To mix the blood with the citrate 

the bag was constantly moved slowly up 

and down. For F7, F8 and F9 the blood was 

collected in an Erlenmeyer flask with a 

large opening. In each Erlenmeyer a 

maximum of 250 ml blood was collected so 

there was more space to stir and removing 

the pipette with the coagulation factors 

without touching the edges. 

When arrived at the laboratory D (+) glucose (2 gram per liter) was added to the blood. The 

bottle, or Erlenmeyer and the falcon tubes were hold in a flame to reduce contamination. The 
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Figure 5: (A) Entire water bath and aquarium 

covered with black cloth. (B) Aquarium in 

water bath with floating plates with units. 

A 

B 

blood was divided in falcon tubes (50 ml) and stored at 4 degrees Celsius. In F5, F6, F7, F8 and 

F9 Gibco® gentamicine 50mg/ml (15750-037, Invitrogen™) was added to the blood at a dosage 

of 25 µl per 50 ml blood. The falcon tubes were marked with the date, added substances and 

origin.  

Pig blood was collected for F4, on the day the in vitro feeding was started, from a sow at the 

Utrecht University (Tolakker). This sow was not treated with anti-parasite drugs. Using a sterile 

needle, syringe and glass bottle 200 ml was collected from the venae jugularis. Before 

puncture the skin was cleaned with alcohol for at least two times. The blood was immediately 

defibrinated manually by stirring with a pipette for 20 minutes. No anticoagulants were used. 

When arrived at the laboratory the pig blood received the same treatment as the bovine 

blood. 

2.7 Water bath and aquarium 

The in vitro feeding took place in an aquarium with an air temperature around the 27 degrees 

inside and a humidity of approximately 90%. The aquarium was filled with a potassium 

sulphate solution (120 gram/Liter) till just below the water level of the water bath. The 

aquarium was placed in a thermostat-controlled water bath filled with distilled water with a 

temperature of 37 degrees which created the right environment for the ticks. The aquarium 

was covered by a metal triangular formed lid. The entire water bath and aquarium were 

covered by a black cloth to keep the ticks in the dark 24 hours a day, see figure 5. 
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2.8 In vitro feeding start 

The blood was centrifuged for at least 10 seconds and 3,1 milliliter was placed in the four 

outermost wells of the six-well culture plate, see figure 4. The plate with blood was warmed up 

for 15 minutes in the water bath for F0, F1, F2 and F3. For F4, F5, F6, F7, F8 and F9 the blood 

was warmed up for 30 minutes in the water bath to make sure the blood reached the 37 

degrees temperature before placing the ticks.  

The ticks were carefully placed on the membrane in the unit. The units were closed slowly with 

the bonbons which inserted till approximately one centimeter distance from the membrane. If 

ticks were stuck between the bonbon and the unit the bonbon was pulled up and again put 

slowly down. The units with the ticks were slowly placed in the plate filled with blood. The 

plate was checked for air bubbles below the feeding unit. If there were bubbles the units were 

slowly removed and put back in, first one side and then slowly to the other side. The plate was 

then placed in the aquarium where it could float in the potassium sulphate solution with a 

temperature of 37 degrees.  

2.9 In vitro feeding procedure and recording data 

Every 12 hours the blood was refreshed using the same procedure as with the in vitro feeding 

start, described above. With the refreshing of the blood the units were rinsed with PBS 

(phosphate-buffered saline) in F0, F1 and F2. In F3, F4, F5, F6, F7, F8 and F9 the units were 

rinsed with a 0,9% NACL solution. The PBS and NACL solution were warmed up in the water 

bath to 37 degrees at the same time with the blood. Blood samples from 200 µl were taking 

after refreshing the blood and stored at -20 degrees.  

Every 24 hours the ticks were evaluated to count the number of attached, unattached, dead 

and living ticks. The larvae could not be counted and were only towards the end of the in vitro 

feeding really evaluated. For the nymphs counting was possible but difficult through the feces 

production. The temperature and humidity of the aquarium were measured each time the 

ticks were counted.   
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3 Results 
All results of the experiments are described for each in vitro feeding from feeding 0 till feeding 

9.  

 

 

3.1 Feeding 0 adults 

 

Adults 

In F0 Ixodes ricinus ticks were fed for the first time in the modified in vitro feeding system of 

the Utrecht Centre for Tick-borne Diseases. Two units with a membrane thickness of 65 and 67 

µm each filled with 5 males and 5 females were used. As attachment stimuli cow hair was 

used.  

The male attachment was 0% in both units. After 16 hours one male dead and after 88 hours 

two males dead, so the mortality in total for the males was 15%.  

After 16 hours 60% from the females was already attached. After 88 hours was the adult 

female attachment 100% in both units. No females were engorged. After 88 hours one female 

dead, so the mortality in total for the females was 5%.  

All the results of feeding 0 are shown in appendix II-Feeding 0 adults, table 1-2. 



 

Feeding all stages of Ixodes ricinus ticks in vitro              - 12 - 

3.2 Feeding 1 adults & nymphs 

 

Adults 

In F1 twenty Ixodes ricinus adult ticks were fed in the in vitro feeding system. Two units with a 

membrane thickness of 90 and 87 µm each filled with 5 males and 5 females were used. As 

attachment stimuli cow hair was used. After 15 hours there was a leakage in both units! There 

was mortality from 60% in unit 1 and 70% in unit 2. From the ten ticks in Unit 1 only one male 

and three females were left. In unit 2 only two males and one female were left. They were 

placed in new units with membrane thicknesses of 91 and 84 µm.  

In unit 1 was 100% of the females attached after 65 hours and till 98 hours when the feeding 

was ended. The females were not engorged. In unit 2 there was no attachment seen during 

the whole feeding period.  

 

All the results of the adults in feeding 1 are shown in appendix II-Feeding 1 adults & nymphs, 

tables 3 and 4. 

 

Nymphs 

In F1 fifty Ixodes ricinus nymphs were fed for the first time in the in vitro feeding method. 

Twenty-five nymphs were placed in units with membrane thicknesses of 72 and 67 µm. As 

attachment stimuli cow hair was used.  

The attachment in unit 3 was: 12% after 15 hours 
100% after 89 hours 
87% after 98 hours 

The mortality during the in vitro feeding 1 in unit 3 was 16%. 

The attachment in unit 3 was: 4% after 15 hours 
73% after 89 hours 
53% after 98 hours 

The mortality during the in vitro feeding 1 in unit 4 was 56%. 

There were no engorged nymphs. In unit four there was dark blood seen after 65 hours till the 

in vitro was ended.  

All the results of the nymphs in feeding 1 are shown in appendix II-Feeding 1 adults & nymphs, 

tables 5 and 6. 
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3.3 Feeding 2 adults & nymphs 

Adults 

In F2 twenty Ixodes ricinus adult ticks were fed in the in vitro feeding system. Two units with a 

membrane thickness of 83 and 80 µm each filled with 5 males and 5 females were used. As 

attachment stimuli cow hair was used.  

The attachment in unit 1 from the females was: 0% after 19,5 hours  

60% after 43 hours  

60% after 67 hours  

40% after 91 hours  

20% after 102 hours 

From the males one was attached after 43 hours in unit 1. 

The mortality during the in vitro feeding 2 in unit 1 was 50%. 

The attachment in unit 2 from the females was:  20% after 19,5 hour 

40% after 43 hours 

60% after 67 hours 

60% after 91 hours 

20% after 102 hours 

The mortality during the in vitro feeding 2 in unit 2 was 30%. 

The attachment percentage was reduced over time and there were no engorged ticks. In both 

units black blood is seen after 43 hours till the end of the in vitro feeding! 

All the results of the adults in feeding 2 are shown in appendix II-Feeding 2 adults & nymphs, 

tables 7 and 8. 

Nymphs 

Fifty Ixodes ricinus nymphs were fed in the in vitro feeding method. Twenty-five nymphs were 

placed at units with membrane thicknesses of 70 µm. As attachment stimuli cow hair was 

used.  

The attachment in unit 3 was: 4% after 19,5 hours 

12% after 43 hours 

16% after 67 hours  

44% after 91 hours 

8% after 102 hours 

The mortality during the in vitro feeding 2 in unit 3 was 72%. 

The attachment in unit 4 was:  4% after 43 hours 

20% after 67 hours 

44% after 91 hours 

8% after 102 hours  

The mortality during the in vitro feeding 2 in unit 4 was 88%. 

The attachment percentage was becoming lower in time. In the units black blood is seen after 

43 hours till the end of the in vitro feeding. There were no engorged nymphs.  

All the results of the nymphs of feeding 2 are shown in appendix II-Feeding 2 adults & nymphs, 

tables 9 and 10. 
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3.4 Feeding 3 adults & nymphs 

 

Adults 

Twenty Ixodes ricinus adult ticks were used for the in vitro feeding system. Two units with a 

membrane thickness of 80 µm each filled with 5 males and 5 females were used. As 

attachment stimuli cow hair was used.  

In unit 1 was 0% attached during the in vitro period. The mortality in unit 1 was 0%. 

The attachment in unit 2 was  10% after 10 hours 

20% after 23 hours  

 22% after 31 hours  

The attached ticks were all females. The mortality in unit 2 was 10%.  

All the results of the adults in feeding 3 are shown in appendix II-Feeding 3 adults & nymphs, 

tables 11 and 12. 

 

Nymphs 

Fifty Ixodes ricinus nymphs were used for the in vitro feeding method. Twenty-five nymphs 

were placed at units with membrane thicknesses of 74 µm and 70 µm. As attachment stimuli 

cow hair was used.  

The attachment in unit 3 was  4% after 10 hours 

4% after 23 hours  

20% after 31 hours  

The attachment in unit 4 was  8% after 23 hours  

16% after 31 hours  

The mortality in unit 1 and in unit 2 was 0%. The feeding ended early, after 31 hours, because 

of a mistake (too much water in water bath) in the laboratory which good influence further 

results of the in vitro feeding. 

All the results of the nymphs in feeding 3 are shown in appendix II-Feeding 1 adults & nymphs, 

tables 13-14. 



 

Feeding all stages of Ixodes ricinus ticks in vitro              - 15 - 

Figure 6: (A)Attached nymphs and feces in a twister form in unit 4 of feeding 4: UCTD F4 2012 IW.       

(B) nymphs from feeding 4 after 56 days are molted to adults 

A B 

3.5 Feeding 4 nymphs 

 

Nymphs 

One hundred thirty-three Ixodes ricinus nymphs were used for the in vitro feeding 4. They 
were placed in units with membrane thicknesses of 75, 74, 75 and 70 µm. The ticks in unit 1 
and 2 were fed on cow blood and the ticks in unit 3 and 4 on pig blood.  
As attachment stimuli all the membranes were rubbed over a cow. In all four units was 
attachment seen after 15,5 hours. Engorged nymphs were removed after 114 hours and after 
150 hours. 
 
The numbers of engorged nymphs in each unit were: 
 
Cow blood (61 nymphs): 

 Unit 1: 14 engorged nymphs (45%), mortality from 39% 

 Unit 2: 18 engorged nymphs (60%), mortality from 30% 
Average weight of nymphs on cow blood was 3,29 mg 

 
Pig blood (72 nymphs) 

 Unit 3: 13 engorged nymphs (57%), mortality from 43%  

 Unit 4: 30 engorged nymphs (61%), mortality from 37% 
Average weight of nymphs on pig blood was 2,82 mg 

 
In total 56% of the nymphs engorged during feeding 4. The average weight of the engorged 
nymphs was 3.02 milligram. The mortality during the in vitro feeding was 38% in total. The 
ticks produced a lot of feces in the units, in figure 6A is a picture shown of attached nymphs 
and the special form of feces production. Fifty-six days after this feeding the nymphs molted to 
adults, a picture is shown in figure 6B. 
 
All the results of feeding 4 are shown in appendix II-Feeding 4 nymphs, tables 15, 16 and 17. 
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Figure 7: Feces production of 10 males in unit 2 

of feeding 5: UCTD F5 2012 IW after 91 hours. 

Five males are removed for the picture, one dead 

male in unit. 

3.6 Feeding 5 larvae, male adults & nymphs 

 

Adults 

Ten Ixodes ricinus male adult ticks were used for the in vitro feeding 5. One unit with a 

membrane thickness of 70 µm filled with 10 males was used. As attachment stimuli the 

membrane was rubbed at a cow three days before the in vitro was started and cow hair was 

used. One male dead after 38,5 hours which brings the mortality at 10 % during the in vitro 

feeding period.  

The attachment and production of feces in the unit was:  

0% after 14,5 hours 

0% after 38,5 hours, with a little bit of feces  

 11% after 62,5 hours, with feces 

11% after 86,5 hours, with feces 

11% after 91 hours, with feces 

Figure 7 shows the males with feces production in unit 2.  

The complete results of the adults in 

feeding 5 are shown in appendix II-Feeding 

5 larvae, male adults & nymphs, tables 21 

and 22. 
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Nymphs 

Fifty-one Ixodes ricinus nymphs were used for the in vitro feeding 5. They were placed in units 
with membrane thicknesses of 90 and 60 µm. As attachment stimuli the membrane was 
rubbed at a cow three days before the in vitro was started and cow hair was used. 
The attachment in unit 3 was  4% after 14,5 hours 

16% after 38,5 hours  

20% after 62,5 hours  

43% after 86,5 hours  

43% after 91 hours  

The mortality during the in vitro feeding 5 in unit 3 was 54%. 

The attachment in unit 4 was  20% after 14,5 hours 

21% after 38,5 hours  

21% after 62,5 hours  

33% after 86,5 hours  

58% after 91 hours  

The mortality during the in vitro feeding 5 in unit 4 was 20%. 

The in vitro feeding was ended after 91 hours. There were 5 engorged nymphs (19%) and 5 
half engorged nymphs (19%) in unit 3. The average weight of the engorged nymphs was 3,0 
milligram. In unit 4 there were 10 partly engorged nymphs (40%) but no engorged nymphs. 
 
All the results of the nymphs in feeding 5 are shown in appendix II-Feeding 5 larvae, male 
adults & nymphs, tables 23, 24 and 25. 
 
 
 
 
Larvae 

For the first time larvae were used in the in vitro feeding system. A unit with a membrane 

thickness of 60µm was used. As attachment stimuli was the membrane rubbed over a cow and 

was cow hair used. The larvae escaped after 14,5 hours and were put back in with a different 

bonbon, see chapter 2 materials and methods. It was not possible to see if the larvae were 

attached but feces could be seen. The feeding was ended after 91 hours and the total number 

of larvae was estimated at 110. There were 18 engorged larvae (16,3%) and 27 half engorged 

larvae (24,5%). The mortality was estimated at 20%.  

All the results of the larvae in feeding 5 are shown in appendix II-Feeding 5 larvae, male adults 

& nymphs, tables 18, 19 and 20. 
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Figure 8: (A) unit 5 of feeding 6: 

UCTD F6 2012 IW after 69,5 hours. 

With feces! (B) Left: unit 5 with 

feces production. Right: three males 

in unit 6 after 69,5 hours. No feces 

production in whole unit! 

A 

B 

3.7 Feeding 6 male adults & nymphs  

 

Adults 

Twenty Ixodes ricinus male adult ticks were used for the in vitro feeding 6. Two units with a 

membrane thickness of 100 µm filled with 10 males were used. As attachment stimuli the 

membranes were rubbed at a cow. The ticks in unit 5 had cow blood and the ticks in unit 6 had 

no blood.  

The attachment and production of feces in unit 5 was:  

0% attachment after 15,5 hours 

20% attachment after 39,5 hours, with feces  

11% attachment after 63,5 hours, with feces 

11% attachment after 69,5 hours, with feces 

The mortality was 10% during the period of in vitro 

feeding 6 in unit 5.  

The attachment and mortality in unit 6 was:  

0% attachment after 15,5 hours 

10% attachment after 39,5 hours, mortality 50% 

60% attachment after 63,5 hours, mortality 40% 

0% attachment after 69,5 hours, mortality 33% 

The total mortality during the in vitro feeding 6 
period in unit 6 was 80%.  

 

In unit 6 there was no feces, as shown in figure 8. 

The results of the adults in feeding 6 are shown in 

appendix II- Feeding 6 male adults & nymphs, tables 29  

and 30. 

 

Nymphs 

Hundred Ixodes ricinus nymphs were used for the in vitro feeding 6. As attachment stimuli the 
membranes were rubbed over a cow and cow hair was used. Cracks were seen in the new 
units before the start of the in vitro feeding. These units were replaced with new ones which 
were not rubbed on a cow. Unit 1, 2 and 3 had final only the attachment stimuli cow hair and 
unit 2 had both attachment stimuli; the rubbing on the cow and the cow hair. The membrane 
thicknesses of the units were 70, 75, 82 and 70 µm. The in vitro feeding was ended after 69 
hours. There were no engorged nymphs in all four units.  
 
The attachment in unit 1 was  12% after 15,5 hours 

16% after 39,5 hours  

32% after 63,5 hours  

44% after 69 hours  

The mortality during the in vitro feeding 6 in unit 1 was 8 %. There were 3 half engorged 

nymphs (12%) in unit 1. 
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Figure 9: (A) Attached nymphs in unit 4 of feeding 6: UCTD 

F6 2012 IW (B) attached nymph with blood cloth on other 

site of membrane in unit 3 of feeding 6: UCTD F6 2012 IW 

The attachment in unit 2 was  20% after 15,5 hours 

28% after 39,5 hours  

28% after 63,5 hours  

48% after 69 hours  

The mortality during the in vitro feeding 6 in unit 2 was 12%. There were 6 half engorged 

nymphs (24%) in unit 2. 

The attachment in unit 3 was:  4% after 15,5 hours 

20% after 39,5 hours  

40% after 63,5 hours  

40% after 69 hours  

The mortality during the in vitro feeding 6 in unit 3 was 32%. There were 5 half engorged 

nymphs (20%) in unit 3. In figure 9B a attached nymph with a blood cloth on the other side of 

the membrane is seen.  

The attachment in unit 4 was : 

16% after 15,5 hours  

 leakage, new unit with membrane thickness 60 µm 

28% after 39,5 hours  

40% after 63,5 hours  

60% after 69 hours  

The mortality during the in vitro feeding 6 in unit 4 was 16% after 15,5 hours because of a 

leakage. There were 7 half engorged nymphs (28%) in unit 4. In figure 9A attached nymphs in 

the unit are shown. 

The results of the nymphs in feeding 6 are shown in appendix II- Feeding 6 male adults & 

nymphs, tables 26, 27 and 28. 
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3.8 Feeding 7 nymphs  

 

Nymphs 

Three hundred and twenty Ixodes ricinus nymphs were used for the in vitro feeding 7. Eight 

units with a membrane thickness of 73, 75, 73, 70, 80, 80, 80 and 84 µm each filled with 40 

nymphs were used. As attachment stimuli the membranes were rubbed over a cow the day 

the in vitro feeding started. In all eight units was attachment seen after 15 hours. Engorged 

nymphs were removed after 94,5, 120,5 and 145,5 hours. 

The numbers of engorged nymphs and the mortality in each unit were: 

 Unit 1:  
2 engorged nymphs after 94,5 hours  
12 engorged nymphs after 120,5 hours  
4 engorged nymphs after 145,5 hours  
In total 18 engorged nymphs 45%  
The mortality was 15% 

 Unit 2:  
1 engorged nymph after 94,5 hours  
9 engorged nymphs after 120,5 hours  
2 engorged nymphs after 145,5 hours  
In total 12 engorged nymphs 30% 
The mortality was 13% 

 Unit 3:  
0 engorged nymphs after 94,5 hours 
15 engorged nymphs after 120,5 hours 
3 engorged nymphs after 145,5 hours  
In total 18 engorged nymphs 45%  
The mortality was 10% 

 Unit 4:  
1 engorged nymph after 94,5 hours  
10 engorged nymphs after 120,5 hours 
8 engorged nymphs after 145,5 hours  
In total 19 engorged nymphs 48% 
The mortality was 5% 

 Unit 5:  
1 engorged nymph after 94,5 hours  
9 engorged nymphs after 120,5 hours 
3 engorged nymphs after 145,5 hours  
In total 13 engorged nymphs 33% 
The mortality was 30% 

 Unit 6:  
4 engorged nymphs after 94,5 hours 
3 engorged nymphs after 120,5 hours  
0 engorged nymphs after 145,5 hours  
In total 7 engorged nymphs 18% 
The mortality was 10% 

 Unit 7:  
2 engorged nymphs after 94,5 hours 
0 engorged nymphs after 120,5 hours 
5 engorged nymphs after 145,5 hours  
In total 7 engorged nymphs 18%  
The mortality was 65% 

 Unit 8:  
4 engorged nymphs after 94,5 hours 
12 engorged nymphs after 120,5 hours 
4 engorged nymphs after 145,5 hours  
In total 20 engorged nymphs 50% 
The mortality was 33% 

 
The percentage of engorged nymphs over all nymphs in Feeding 7 was 36%.  
 
After 36 hours till the end of the in vitro feeding there were blood clots on the edges of the 
unit 1 till 8. 
 
All the results of the nymphs in feeding 7 are shown in appendix II- Feeding 7 nymphs, tables 
31, 32, 33, 34, 35 and 36. 
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Figure 10: Attached larvae and feces in unit 3 

of feeding 8: UCTD F8 2012 IW 

3.9 Feeding 8 larvae 

 

Larvae 

Eight units with a membrane thickness of 62, 60, 60, 60, 60, 60, 100 and 100 µm each filled 

with larvae were used for in vitro feeding 8. As attachment stimuli the membranes were 

rubbed over a cow the day the in vitro feeding started. It was not possible to see if the larvae 

were attached but feces could be seen 15 hours. After 87,5 hours was the feeding ended. 

The numbers of engorged and half engorged larvae after 87,5 hours in each unit were: 

 Unit 1:  
Estimated number larvae 100 
15 engorged larvae 15% 
10 half engorged larvae 10% 

 Unit 2:  
Estimated number larvae 100 
22 engorged larvae 22% 
17 half engorged larvae 17% 

 Unit 3:  
Estimated number larvae 120 
20 engorged larvae 17% 
45 half engorged larvae 38% 

 Unit 4:  
Estimated number larvae 50 
4 engorged larvae 8% 
12 half engorged larvae 24% 

 Unit 5:  
Estimated number larvae 60 
4 engorged larvae 7% 
10 half engorged larvae 17% 

 Unit 6:  
Estimated number larvae 60 
5 engorged larvae 8% 
16 half engorged larvae 27% 

 Unit 7:  
Estimated number larvae 100 
35 engorged larvae 35% 
32 half engorged larvae 32% 

 Unit 8: 
Estimated number larvae 100 
25 engorged larvae 25% 
10 half engorged larvae 10% 

 

The estimated percentage of engorged larvae over all larvae in Feeding 8 was 19%.  

All larvae were attached at the edges of the 

membrane. Figure 10 shows these attached 

larvae on the edges and the feces production in 

unit 3. The picture explains the fact that 

counting during the in vitro feeding is 

impossible.  

After 72 hours till the end of the in vitro 

feeding there were dark red/black blood clots 

on the edges of unit 1 till 8. 

All the results of feeding 8 are shown in 
appendix II- Feeding 8 larvae, tables 37, 38, 39, 
40, 41 and 42. 
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3.10 Feeding 9 larvae 

 

Larvae 

Eight units with a membrane thickness of 57, 57, 56, 57, 61, 54, 60 and 62 µm each filled with 

larvae were used for in vitro feeding 8. As attachment stimuli the membranes were rubbed 

over a cow the day the in vitro feeding started. It was not possible to see if the larvae were 

attached but feces could be seen 16,5 hours in all units except unit 6. In unit 6 was a leakage, 

the larvae dead. There was a new unit placed with a membrane thickness of 60 µm and new 

larvae. After 94,5 hours was the feeding ended. 

The numbers of engorged and half engorged larvae after 94,5 hours in unit 1,2,3 and 4 were: 

 Unit 1:  
Estimated number larvae 130 
3 engorged larvae 2% 
6 half engorged larvae 5% 

 Unit 2:  
Estimated number larvae 200 
126 engorged larvae 63% 
38 half engorged larvae 19% 

 Unit 3:  
Estimated number larvae 400 
40 engorged larvae 10% 
187 half engorged larvae 47% 

 Unit 4:  
Estimated number larvae 200 
42 engorged larvae 21% 
107 half engorged larvae 54% 

The estimated percentage of engorged larvae over the larvae in unit 1, 2 ,3 and 4 in Feeding 8 

was 23%.  

The numbers of engorged larvae after 94,5 hours in unit 5,6,7 and 8 were: 

 Unit 5:  
Roughly estimated number larvae 200 
142 engorged larvae 

 Unit 6:  
Roughly estimated number larvae 100 
20 engorged larvae  

 Unit 7:  
Roughly estimated number larvae 200 
35 engorged larvae 

 Unit 8: 
Roughly estimated number larvae 200 
26 engorged larvae 

 

The larvae were attached on the edges of the membranes and in the middle of the 

membranes. Figure 11 and 12 shows pictures of these attached larvae and there place on the 

membrane in the units.  

After 73,5 hours till the end of the in vitro feeding there were dark red/black blood clots on the 

edges of unit 1 till 8. Figure 13 shows these blood clots on unit 3.  

All the results of feeding 9 are shown in appendix II- Feeding 9 larvae, tables 43,44, 45, 46, 47 

and 48. 
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Figure 13: Dark red/ 

black blood cloths on 

the edges of unit 3 of 

feeding 9: UCTD F9 

2012 IW 

Figure 12: picture of 

larvae and feces in 

unit 2, in the middle of 

the membrane, of 

feeding 9: UCTD F9 

2012 IW 

Figure 11: Picture of 

unit 3 of feeding 9: 

UCTD F9 2012 IW. The 

larvae were attached 

in the middle of the 

membrane and on the 

edges 
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4 Discussion 

4.1 Ixodes ricinus females 

The in vitro feeding system with adjustments, as described in Materials and Methods, for 

Ixodes ricinus females, appears to work. In the four feedings with Ixodes ricinus females 

different attachment rates were achieved. An overview in the form of a table is shown in 

Appendix II-Overview feedings Ixodes ricinus females, table 49. 

From the ten females, in feeding 0, 90% attached and only one tick died. If the in vitro was 

continued for approximately 192-336 hours as described by Krober and Guerin(8) and is done 

before in the Utrecht Centre for Tick-borne Diseases(12) they probably engorged. 

The outcome of feeding 1 was not reliable because of the leakage which caused high mortality 

and a very small number of ticks fed in each unit. The ticks which attached remained attached 

until the end which is a good sign.  

In feeding 2 the females attached but detached later on. In this feeding there was dark blood 

observed in all units after 43 hours, which can explain the reattaching of the females and even 

the high mortality rate which occurred after 91-102 hours.  

Feeding 3 ended too early to say anything about the results.  

The females were not immediately attaching to the membrane but this process takes time. 

During feeding 0 all living females were attached after 64 hours which makes the in vitro 

feeding period longer. To make the in vitro feeding period shorter in time it is an idea to make 

them attach faster. In this research there was only cow hair as attachment stimuli used, maybe 

rubbing the membrane over a cow can improve this. Further research for the in vitro feeding 

time period for engorged adult females Ixodes ricinus ticks in the system of the Utrecht Centre 

for Tick-borne Diseases is needed.  

4.2 Ixodes ricinus males 

Krober and Guerin(8) were able to feed Ixodes ricinus adults in vitro. In their article there are 

pictures of attached females but there is no information about the males. At the Utrecht 

Centre for Tick-borne Diseases other tick species were used and attached males were seen.  

For example Dermacentor reticulatus as described in the research report of M.Bonga (1). 

During feeding 0, 1, 2 and 3 only female Ixodes ricinus were attached. It was unknown if the 

males were feeding as well. In feeding 5, 10 males of Ixodes ricinus were placed in one unit. 

After 62,5 hours there was feces seen as is shown in the results. To confirm that Ixodes ricinus 

males were feeding the experiment was repeated with two units in feeding 6. The whole 

procedure and the attachment stimuli were the same for both units except blood or no blood. 

One unit was placed in blood so that the ten males could feed, there was feces seen in the unit 

and only male died during the in vitro period. The other unit was not placed in blood and there 

was no feces seen. There was the high percentages of attachment and the high mortality of 

70% in the unit without blood. Probably they were attaching and after that died because they 

could not feed.    
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4.3 Ixodes ricinus nymphs 

The in vitro feeding system was adapted to nymphs during the research, as described in 

Materials and Methods. In appendix II-Overview feedings Ixodes ricinus nymphs, table 50 is an 

overview shown of the results of the nymphs which gives a complete picture of the different 

feedings.  

In feeding 1 they attached but detached and they did not engorged. Maybe only cow hair as 

attachment stimuli was not enough.  

In feeding 2 was their dark blood after 43 hours. The high mortality of 80% and detachment of 

the ticks may be caused by this dark blood. So the quality of the blood is very important for 

successfully feeding of ticks in vitro.  

With feeding 4 the membranes were, for the first time, rubbed over a cow. The nymphs 

attached and 53% of the nymphs on cow blood engorged and on pig blood 59%. The time of 

feeding required to have engorged nymphs was 114-150 hours. As described in the 

introduction, the feeding time in nature for nymphs is 72-120 hours. So the feeding time in 

vitro was longer. There was no difference between the nymphs on cow or pig blood in the 

total number and weight of the engorged nymphs.  

For feeding 5 the membrane was rubbed over a cow three days before the in vitro feeding was 

started because of practical reasons. However the results of that feeding were less in since 

only 10% of the nymphs engorged. A reason can be that the odor of the membrane was less 

attractive after a couple of days comparing to rubbing the membrane the day the in vitro 

feeding starts.  

In feeding 6 new feeding units were used. These new units had cracks when the feeding was 

started. Three units were replaced and because of that reason not rubbed over a cow. In this 

unit cow hair was used as attachment stimuli. Another unit leaked because of a crack and was 

later replaced. There were no engorged nymphs but there were partly engorged nymphs after 

69 hours. The cracks made the procedure longer, the nymphs were longer out of the water 

bath so out of the right environment. In one unit there was a nymph seen with a blood clot 

under the membrane, the reason of this clot is unknown.  

In feeding 7 were a lot of nymphs used to get better results. They attached and engorged after 

94,5, 120,5 and 145,5 hours. This is longer than in nature but faster than in feeding 4. A reason 

could be that the whole procedures could be performed faster. In total there were 320 

nymphs used and 35,4% engorged (114 nymphs). These numbers are good to perform 

transmission dynamic studies. Still there was enough space on the membranes so the total 

start number of nymphs can be bigger. A number of 50 nymphs in each unit would be perfect, 

more ticks would probably create too much feces. Even with 40 nymphs in each unit it was 

very difficult to say how many nymphs were attached because of the amount of feces. Besides 

the feces there is also another reason to not put too much nymphs in one unit in this concept. 

After 36 hours there were blood clots on the edges of the unit. All nymphs were attached on 

the edges of the units so the blood clots are possibly connected with the attached nymphs. 
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More nymphs attached at the edges of the membrane can possibly create more blood clots 

which can decrease the quality of the blood.  

4.4 Ixodes ricinus larvae 

Larvae of Ixodes ricinus were never fed before in the in vitro system. The larvae have a 

hypostome length of 90μm, so it was important that the membranes were less than 90 μm 

thick. When membranes become too thin leakage is possible. The right membrane thickness 

was estimated at 55-65μm.  

For the first time larvae were used in feeding 5. The first time the larvae escaped and walking 

all over the whole plate. The organza paper was not fine enough to stop the larvae. As 

described in Materials and methods a new method was used to prevent escaping. Despite the 

escaped larvae, some ticks were attached and produced feces. Because of the small size of the 

larvae and the feces the numbers of attached larvae could not be counted during the feeding. 

After 91 hours the feeding was ended and the nymphs were counted. There were 110 larvae 

counted but some larvae could have been missed so this is a estimated number.  There were 

18 engorged larvae what confirmed that larvae can be fed in the in vitro feeding system.  

Feeding 8 and 9 were done to repeat the in vitro feeding of larvae, to make the procedure 

better and the percentage of engorged nymphs higher. The larvae were not counted before 

placing them in the units to prevent damaging the larvae. During the in vitro period the 

mortality and attachment of the ticks could not be seen. Only towards the end the larvae were 

counted. Still this numbers are estimated because counting dead and empty larvae is difficult.   

In feeding 8 the percentage of engorged larvae was 19% from the 690 larvae in total. They 

were all attached on the edges of the membrane and on the other site there were blood clots 

on this edges of the unit. This was also seen in feeding 9 but a difference is that the larvae 

during this feeding also attached in the middle of the units. Probably one larva attached in the 

middle and others were attached next. Still the blood clots were only seen on the edges of the 

unit. This was earlier seen by the nymphs, as described above, only those nymphs were 

attaching at the edges and not in the middle. It is possible that the blood clots (see picture 13) 

arise faster on edges of the unit than in the middle. In the middle of the units in feeding 9 

there were more larvae attached than on the edges.  

A good alternative to prevent these blood clots is to make the units and membrane bigger. The 

ticks want to attach at edges so it is important that edges over the whole membrane are 

made. In this way ticks can attach in the middle over the whole unit. In feeding 9 there were 

434 engorged larvae from 8 units after 94,5 hours. This number is enough to perform 

transmission dynamics studies of pathogens. Still further research is needed to make the 

process of the in vitro feeding better and the percentage of engorged larvae better. In vitro 

feeding can be the replacement for experimental animals to feed the larvae. Therefore it 

would be easier to feed more larvae than now is possible. On experiment animals many more 

larvae can be feed in a shorter time. With this in vitro feeding procedure it is possible but more 

research for improvements are necessary. 
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4.5 In vitro feeding procedure 

In a lot of feedings is dark/black blood seen when the blood was refreshed. As described in 

Materials and Methods the blood is taking as sterile as possible but stirred to remove 

coagulation factor. This stirring takes approximately 20 minutes and during that time the blood 

has a opening with air in a stable. Contamination is possible. A closed system would be better. 

The blood bag used for humans would be perfect with some adjustments. In feeding 6 this bag 

was tested but the needle was too short to have a good blood transfusion from a cow. A 

longer needle placed at a cow with Leucoplast will be an option. Another point is the citrate 

that is in the bag as anticoagulation. It is not known of citrate has an effect on the ticks and 

because of the cracks in the units during feeding 6 these results are not totally reliable. A good 

experiment for the future will be 4 units filled with the same ticks, following the same protocol 

only two units placed in blood with citrate and two units placed in blood without citrate.  

To make the whole procedure practical and better it is also a good idea to create flow into the 

blood. Now the blood stands still and is replaced every 12 hours. The color of many engorged 

larvae and nymphs is orange/light brown as seen in the pictures of the results. Probably they 

feed them self with plasma. If this has any effect on the ticks is unknown. A solution will be to 

stir or mix every hour or slowly continuously without disturbing the ticks. This can also be a 

solution to prevent the blood clots on the edges of the units.  

Experience of the researcher is important for success with the in vitro feedings. The procedure 

contains a lot of details and the ticks have to be handled with care and rapidly. Especially 

handling the nymphs and larvae is very important. The hypostomes are sensitive and they are 

easily damaged. The less you touch them, the better they feed. As the research processed the 

whole procedure was performed faster and there were less leakages.  

The whole in vitro feeding procedure is ready to feed all stages of Ixodes ricinus but to replace 

experimental animals it has to be done an a larger scale. Bigger units and membranes could 

create more space to feed a lot more ticks. In this way it can not only be used for pathogen 

studies but simply to feed all ticks in the laboratory. 
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5 Conclusion 
It is possible to feed all stages of Ixodes ricinus using the in vitro feeding system developed by 

Kröber and Guerin (8) and adjusted as described. The total numbers of engorged larvae and 

nymphs are sufficient for transmission dynamic studies. It needs however more adjustments to 

feed more ticks so the in vitro feeding system can replace experimental animals.   
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I. Protocol ‘Feeding hard ticks in vitro’ 

By Thomas Kröber & Patrick Guerin 

MATERIALS AND METHODS 

1. Ticks 

Before placing the ticks on the membranes, they must be preconditioned for at least 

one week, better 3 weeks, at 20 to 23 °C and 85 to 98% relative humidity, with 10 to 

16 h light per day. 

It is critical to avoid low temperatures (i.e.<14°C) in autumn and wintertime to prevent 

ticks going into diapause.  

2. Blood 

Needed: 

- Glucose 
- ATP solution 
- Gentamycine 
- Nystatine 
 

Blood should be defibrinated (manually by stirring or by collecting it into heparinized 

tubes) and supplemented immediately with 2g/l glucose. It should be stored at 4°C. 

All blood preparation is carried out in a sterile hood. Gentamycine and ATP are added 

to the blood just before the blood is exchanged in the wells. ATP must be applied 

freshly in order to act as attachment and/or feeding stimulus before being 

metabolized. 

5 μl of Gentamycine solution (10 mg/ml in sterile deionised water) is added to 10 ml of 

blood to achieve a final concentration of 5 μl/ml blood. When using a 50 mg/ml 

solution, 1 μl is added to 10 ml of blood. 

100 μl of ATP solution (0.1 molar in NaCl 0.9%), sterile filtered (at 0.2 μm) is added to 

10 ml of blood to achieve a final concentration of 10-3 molar in the blood. 

The amount of blood required for each well is 3.1 ml.  

The well plates are then covered with the well lid and warmed to 37°C in the water 

bath prior to adding the feeding units. 

In all experiments, blood must be exchanged twice daily at 12 hour intervals (max 

interval 14 h) in each well. 

During an experiment, the membrane surface facing the blood is rinsed with sterile 

saline before placing the feeding unit in a fresh well (with ticks still attached). 



 

Feeding all stages of Ixodes ricinus ticks in vitro              - 36 - 

Fungal infections under the membrane are treated daily with Nystatin solution (10,000 

units/ml DPBS) for 10 min. during the blood exchange when the daily evaluation of 

ticks is made. 

3. Membranes 

Preparation of the silicone mixture 

Needed: 

- Silicone glue RTV-1 Elastocil E4 (Wacker-Chemie GmbH, Munchen Germany), 
with very low shore hardness 

- Silicone oil (30% DC 200, ~ 10mPa.s, Fluka, Switzerland) to increase softness 
and reduce ‘frog grip’  

- 15 % Hexane to render the glue more fluid for application 
 

Note: the mixing should be done under dry conditions (as a low relative humidity as 

possible) to reduce the polymerization of the silicone to a minimum.  

Worked example: 

o 60 g (15 g) Wacker Silicone E4 

o 0.6 g (0.15 g) Wacker FL color paste (1% of the silicone)  

o 18 g (4,5 g) FLUKA DC 200 silicone oil (30% of the silicone) 

o 11.7 g (2.9 g) Hexane (technical quality, 15% extra weight) 

(Quantities for a smaller amount are given in brackets) 

 

Creating the membranes 

Kodak lens cleaning paper (70x120 mm), a non-woven tissue made of regenerated 

cellulose rayon (Eastman Kodak, Rochester, NY) is used as a matrix. The lens paper is 

placed on a layer of kitchen plastic film (about 30 cm wide) which has been laid on a 

glass sheet (fixated with adhesive tape). Make sure that there is a 30 mm working 

space between each lens paper. The lens paper is held down with sticky tape. The 

silicone mixture is spread evenly over the lens paper using an 80 mm wide scraper 

from a sheet of silicone (3 mm thick). 

Membranes are left to polymerize for 12 h at room conditions, or to accelerate 

polymerization, for 4 to 6 h in 80 to 90% humidity at 25°C. 

The thickness of every membrane is measured using micro calipers, and only those 

between 70 and 110 μm are used. 

4. Feeding units: preparation 

Needed: 

- Feeding units (Plexiglas® tubing) 
- Glass fiber mosquito netting 
- 70% ethanol 
- Plastic tile spacers (2 mm thick) 
- Fine paint brush, silicone glue 
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The feeding units are made of Plexiglas® tubing (26 mm i.d., 2 mm wall thickness, 45 

mm high) with a ring made of acrylic glass fixed around each tube to limit the depth (4 

mm) to which the unit sinks into the blood in the wells. 

The feeding membrane is attached to the ‘short’ (closest to the ring) end of the tube 

using silicone glue and left to dry (min. 3 h). 

To improve the attachment rate of the ticks to the membrane, a piece of glass fiber 

mosquito netting (1.4 mm mesh, 25 mm diameter) is cut out to fit into the feeding 

unit. 

The netting is glued to the membrane in the feeding unit with silicone glue and left to 

dry. Spread out excess silicone glue with the help of a fine paint brush. 

Following this, the membranes are cut flush with the outer wall of the feeding unit 

using scissors and the plastic kitchen film is removed. The feeding units are checked for 

leaks by sitting them in Petri dishes with 70% ethanol for 20 min. 

It is critical that the ethanol does not enter the feeding unit! 

Check for any holes in the membrane under a stereo microscope and repair any small 

holes using silicone glue diluted with 40% toluene with a fine paint brush. Strictly avoid 

applying thick drops of silicone. 

A plastic tile spacer (2 mm thick tile spacer, size of the 4 arms adjusted to the 26 mm 

diameter of the feeding unit) is placed on the membrane to create additional borders 

where ticks prefer to attach. 

5. Attachment stimuli: preparation 

Attachment stimuli consist of cow hair and cow hair extract. 

Needed: 

- White or light colored cow hair to add to the feeding unit and to prepare cow 
hair extract 

- Dichloromethane (DCM, Merck, extra pure grade) 
 

White or light colored bovid hair is shaven from a non treated animal. The color of the 

hair is important in order to see the ticks in the feeding units, but unimportant for the 

cow hair extract (see below). 

Hair is cut into 4 to 7 mm pieces and kept frozen (-20°C) in a jar for adding to the 

feeding unit and for preparing the cow hair extract 

Preparation of cow hair extract 

50 g Hair is cut off a young light-colored cow on one side and collected in a beaker. An 

extraction is made in three successive 20 minute steps to increase the yield. 
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Use only glass materials with the DCM (i.e. pipets, beakers)!! 

o Add 250 ml of DCM to the 50 g of cow hair, leave for 20 min. 
o Then remove about 100 ml of the DCM solution. 

o Replace this with a fresh 100 ml of DCM, leave this for a further 20 min, then 

again remove about 100 ml of DCM. 

o Repeat this extraction with 100 ml of DCM on more time. 

o Remove as much as possible of the DCM solution left. 

 

The removed extracts are combined.  

To remove hairs and dirt: either the extract is centrifuged at 3000 rpm for 20 minutes 

and the supernatant is removed or the extract is filtered (Machery & Nagel glass fiber 

filter MN GF-2, 0-5 μm pores, Duren, Germany). Filtering is the best option and can be 

done using a vacuum filtering system. 

The extract is concentrated by roto-evaporation (at about 60°C). The DCM will 

evaporate during this step, leaving the lipids from the cow hair. These lipids can be 

dissolved again in DCM, to about 100 ml. This can be stored in a freezer at -80°C.  

The amount of material of low volatility per unit volume (henceforth indicated as the 

‘low volatile mass’, LVM) is estimated by evaporating 1 ml of extract on a glass slide 

and weighing after 30 minutes at room temperature. The stock solution is adjusted to 

100 mg LVM/ml. 

A working solution of 7 mg LVM/ml can be made, by diluting the stock with DCM. The 

working solution is kept at -20°C prior to application on to the feeding membrane. 

6. Attachment: application of stimuli and placing the ticks in feeding units 

- Cow hair extract: 75 μl is applied to the membrane with a micropipette. The 
feeding units are placed for 15-30 min on a metal grid placed on top of a hot 
plate at 40 °C, to evaporate the solvent (DCM).  

- The feeding units are placed in a six-well cell culture plates ( COSTAR, 34.8 mm 
diameter) with 3.1 ml of the blood and warmed to 37°C using a thermostat-
controlled water bath (740 mm long x 540 mm deep x 215 mm high) with a 
sloping Perspex hood, to keep the air above the feeding units near 100% R.H. A 
warm plate may also be used, but stable temperature in the blood must be 
assured and high humidity around the feeding units must be maintained. ! 
Important: the bath must be subject to a 16:8 h light: dark cycle, this is critical 
for attachment. 

- The six-well plates with the feeding units are placed on a metal support 
submerged 15 mm below the water surface in the water bath.  

- The ticks are put into each feeding unit with soft forceps, covered with 1 cm 
layer of cow hair, cut to a length of 4-7 mm. The ensemble is held down with a 
brass grid (25 mm diam., 3 mm mesh, 0.55 mm wire). Each feeding unit is 
closed with a perforated stopper (0.5 mm Sefar plastic mesh) ! Important: 
placing the ticks in the feeding units must be carried out towards the end of the 
16:8 h light: dark cycle, to encourage attachment. 
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7. Recording data on compounds tested 

- Four feeding units are used for each compound at each dose level. 
- The ticks are evaluated once a day to count the number of living and dead ticks 

attached to the membrane, as well as the unattached ticks living and dead 
ticks. All dead ticks are removed from the feeding units. Knock down 
observations are also made.  

- If a large amount of tick feces accumulates this can be removed by gently 
tapping the feeding unit upside down, being careful not to dislodge any of the 
ticks. Sometimes feces get stuck, especially to mating ticks and need to be 
removed. This is done by dislodging the feces with a pair of forceps, being 
careful not to dislodge the feeding ticks. 

 

8. Statistical analysis 

Survival curves are calculated from the numbers of dead ticks recorded per day over 

the different doses of each treatment, using the Kaplan-Meier Statistics 

(KLEINBAUM,1995) with Peto test of the survdiff algorithm in S-plus (V.6.2. build 

6713).  
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9. List of materials and suppliers 

Chemicals, catalogue numbers and suppliers 

- NaCl (Fluka 71380, pa, >99.5% (AT), for saline at 9 g/l (www.sigmaaldrich.com) 
- Glucose (D(+)- Glucose Monohydrate, Fluka 49159, > 99% (HPLC) 
- ATP (Fluka 02060, > 95.0% (HPLC)), 10-3 mmolar in the blood 
- Gentamycine solution (Sigma G1272, sterile filtered 10 mg/ml), 5 μg/ml blood 

or Gentamycine sulfate (Sigma G3632) 
- DMSO (dimethyl sulfoxide, Fluka 41650, >99.0% (GC)), 2.5 μl/ml blood as 

solvent for test products 
- Fipronil (Riedel de Haan, Pestanal 46451, > 97.5% (HPLC)), reference acaricide 
- Nystatin solution (SIGMA N-1348, 100 units/ml) (www.sigmaaldrich.com) 
- Hexane (technical grade) 
- Toluene (Merck, supraSolv, No. 1.08389.1000) 
- Dichloromethane (DCM, Merck, SupraSolv, No. 1.06054.1000) 
- Silicone oil DC200 ~ 10mPa.s 250 ml FLUKA No. 85411 
 

Feeding units, catalogue numbers and suppliers 

- Tubes Plexiglas  XT clear 29070 (www.roehm.de/en/plexiglas.html) 
- External diameter 30 mm, internal 26 mm, wall 2 mm (for corpus) 
- External diameter 40 mm, internal 30 mm, wall 5 mm (for ring) 

- ACRIFIX  106, glue for ring around the feeding unit, from Plexiglas or Rhoem 
- Stopper (PE-Caps), 26 mm with 15 mm hole, PET netting glued with hot glue 

(BOSCH) 
- Polyester Netting Sefar, Switzerland, PET 1000 18-180W PW (www.sefar.com) 
- Glass fiber mosquito netting, grey, HSB Phifer Inc. Tuscaloosa, AL, USA 

(www.phifer.com), Art-No 257251, on membrane 
- Tile spacer, 2 mm cross, white plastic, Germany  
 

Filters 

Glass fiber filter MN GF-2, 0.5 μm pore (Macherey & Nagel, Germany) or other. 

Membranes, catalogue numbers and suppliers 

- Kitchen roll of PE cling film (Tangan No11, house brand from Migros 
Switzerland) 

- Silicone oil DC 200, ~10 mPa.s, Fluka 85411, Switzerland 

- Wacker ELASTOSIL  E4 RTV-1 Silicone Rubber 
(www.wacker.com/internet/noc/Products/ProductsAZ) 

- Wacker ELASTOCIL  COLORPASTE FL white RAL 

- Wacker ELASTOCIL  E41 RTV-1 Silicone rubber (contains Toluene, used for 
repairing small holes in the membrane of the sealing between the acrylic glass 
and membrane.) 
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Illustrations 
 

 

 

Figure 1: Cut out view of the in vitro 

feeding unit for Ixodes ricinus made 

from an acrylic glass tube (45 mm 

high x 30 mm o.d., 2 mm thick wall). 

Part of the plastic cross (C) placed on 

the membrane (M) is visible, and the 

layer of cow hair placed on the 

membrane is held lightly down with 

a brass grid. The ring around the unit 

assures that a layer of 2 mm of blood 

lies under the membrane when 

placed in the well. A perforated 

plastic stopper is inserted on top.  

 

 

Figure 2: (A) Scanning micrograph of a feeding membrane with mosquito netting glued on to it. 

Only a minimum quantity of glue was used to attach the netting to the membrane so as to 

leave cavities (arrow) which allow the ticks to obtain a perch with their mouthparts in the 

membrane. (B) The spaces between the cellulose fibres of the lens cleaning paper are only 

partly filled with silicone providing small regions where the membrane is even thinner (arrow) 

than the thickness of the paper. 
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Figure 3: Construction drawing of the feeding unit made from acrylic glass tubing, scale 2:1 in 

mm; measure (A) should have ≤0,1mm tolerance to ensure an equalized layer of blood under 

the membrane. Measure (C) should be checked for easy fitting without too much play in the 

well. 
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II. Results in vitro feeding 

II-Feeding 0 adults 

Unit 

Membrane 

thickness Odor Blood Tick species 

♂ 

adults 

♀ 

adults 

U1 65 µm Cow hair Cow Ixodes ricinus 5 5 

U2 67 µm Cow hair Cow Ixodes ricinus 5 5 

Table 1: UCTD F0 2012 IW start data adults 

Unit 
 

t= 
 Attached 

(in %) 

Attachment adult 
ticks Mortality 

(in %) 

Total number of 
adult ticks  

♂ ♀ ♂ ♀  

U1 16 30% 0 3 10% 5 (1†) 5  

U2  30% 0 3 0% 5 5  

U1 40 44% 0 4 0% 4 5  

U2  40% 0 4 0% 5 5  

U1 64 44% 0 4 0% 5 5  

U2  50% 0 5 0% 5 5  

U1 88 57% 0 4 29% 4 (1†) 5 (1†)  

U2  56% 0 5 11% 5 (1†) 5  

Table 2: UCTD F0 2012 IW results adults U1 en U2 
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II-Feeding 1 adults & nymphs 

Unit 

Membrane 

thickness Odor Blood Tick species 

♂ 

adults 

♀ 

adults 

U1 91 µm Cow hair Cow Ixodes ricinus 5 5 

U2 84 µm Cow hair Cow Ixodes ricinus 5 5 

Table 3: UCTD F1 2012 IW start data adults 

Unit 
 

t= 
 Attached 

(in %) 

Attachment adult 
ticks Mortality 

(in %) 

Total number of 
adult ticks  

♂ ♀ ♂ ♀  

U1 15 0% 0 0 60% 5 (4†) 5 (2†) Leakage! 

U2  0% 0 0 70% 5 (3†) 5 (4†) Leakage! 

U1 40 50% 0 2 0% 1 3  

U2  0% 0 0 0% 2 1  

U1 65 75% 0 3 0% 1 3  

U2  0% 0 0 0% 2 1  

U1 89 75% 0 3 0% 1 3  

U2  0% 0 0 0% 2 1  

U1 98 75% 0 3 0% 1 3  

U2  0% 0 0 0% 2 1  

Table 4: UCTD F1 2012 IW results adults U1 and U2 

Unit 

Membrane 

thickness Odor Blood Tick species nymphs 

U3 72 µm Cow hair Cow Ixodes ricinus 25 

U4 67 µm Cow hair Cow Ixodes ricinus 25 

Table 5: UCTD F1 2012 IW start data nymphs 

Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

Total number 
of nymphs 

U3 15 12% 0% 25 

U4  4% 0% 25 

U3 40 68% 8% 25 

U4  44% 8% 25 

U3 65 91% 0% 23 

U4  70% 4% 23 

U3 89 100% 0% 23 

U4  73% 14% 22 

U3 98 87% 9% 23 (2†) 

U4  53% 42% 19 (8†) 

Table 6: UCTD F1 2012 IW results nymphs U3 and U4 
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II-Feeding 2 adults & nymphs 

Unit 

Membrane 

thickness Odor Blood Tick species 

♂ 

adults 

♀ 

adults 

U1 83 µm Cow hair Cow Ixodes ricinus 5 5 

U2 80 µm Cow hair Cow Ixodes ricinus 5 5 

Table 7: UCTD F2 2012 IW start data adults 

Unit 
 

t= 
 Attached 

(in %) 

Attachment adult 
ticks Mortality 

(in %) 

Total number of 
adult ticks  

♂ ♀ ♂ ♀  

U1 19,5 0% 0 0 0% 5 5  

U2  10% 0 1 0% 5 5  

U1 43 40% 1 3 0% 5 5  

U2  20% 0 2 0% 5 5  

U1 67 30% 0 3 0% 5 5  

U2  30% 0 3 0% 5 5  

U1 91 20% 0 2 10% 5 5 (1†)  

U2  30% 0 3 0% 5 5  

U1 102 10% 0 1 40% 5 (1†) 4 (3†)  

U2  10% 0 1 30% 5 (1†) 5 (2†)  

Table 8: UCTD F2 2012 IW results adults U1 and U2 

Unit 

Membrane 

thickness Odor Blood Tick species nymphs 

U3 70 µm Cow hair Cow Ixodes ricinus 25 

U4 70 µm Cow hair Cow Ixodes ricinus 25 

Table 9: UCTD F2 2012 IW start data nymphs 

Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

Total number 
of nymphs 

U3 19,5 4% 0% 25 

U4  0% 0% 25 

U3 43 12% 0% 25 

U4  4% 0% 25 

U3 67 16% 0% 25 

U4  20% 0% 25 

U3 91 44% 4% 25 (1†) 

U4  44% 0% 25 

U3 102 8% 71% 24 (17†) 

U4  8% 88% 25 (22†) 

Table 10: UCTD F2 2012 IW results nymphs U3 and U4 
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II-Feeding 3 adults & nymphs 

Unit 

Membrane 

thickness Odor Blood Tick species 

♂ 

adults 

♀ 

adults 

U1 80 µm Cow hair Cow Ixodes ricinus 5 5 

U2 80 µm Cow hair Cow Ixodes ricinus 5 5 

Table 11: UCTD F3 2012 IW start data adults 

Unit 
 

t= 
 Attached 

(in %) 

Attachment adult 
ticks Mortality 

(in %) 

Total number of 
adult ticks  

♂ ♀ ♂ ♀  

U1 10 0% 0 0 0% 5 5  

U2  10% 0 1 0% 5 5  

U1 23 0% 0 0 0% 5 5  

U2  20% 0 2 10% 5 5 (1†)  

U1 31 0% 0 0 0 5 5  

U2  22% 0 2 0 5 4  

Table 12: UCTD F3 2012 IW results adults U1 and U2 

Unit 

Membrane 

thickness Odor Blood Tick species nymphs 

U3 74 µm Cow hair Cow Ixodes ricinus 25 

U4 70 µm Cow hair Cow Ixodes ricinus 25 

Table 13: UCTD F3 2012 IW start data nymphs 

Unit 
 

T=  
 

Attached 
(in %) 

Mortality 
(in %) 

Total number 
of nymphs 

U3 10 4% 0% 25 

U4  0% 0% 25 

U3 23 4% 0% 25 

U4  8% 0% 25 

U3 31 20% 0% 25 

U4  16% 0% 25 

Table 14: UCTD F3 2012 IW results nymphs U3 and U4 
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II-Feeding 4 nymphs 

Unit Membrane thickness Odor Blood Tick species nymphs 

U1 75 µm Cow: membrane rubbed Cow Ixodes ricinus 31 

U2 74 µm Cow: membrane rubbed Cow Ixodes ricinus 30 

U3 75 µm Cow: membrane rubbed Pig Ixodes ricinus 23 

U4 70 µm Cow: membrane rubbed Pig Ixodes ricinus 49 

Table 15: UCTD F4 2012 IW start data nymphs 

Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

Total number 
of nymphs 

U1 15,5 3% 0% 31 

U2  10% 0% 30 

U3  17% 0% 23 

U4  10% 0% 49 

U1 40 13% 0% 31 

U2  27% 0% 30 

U3  48% 0% 23 

U4  16% 0% 49 

U1 64 19% 0% 31 

U2  30% 7% 30 (2†) 

U3  52% 4% 23 (1†) 

U4  45% 2% 49 (1†) 

U1 88 35% 0% 31 

U2  50% 0% 28 

U3  68% 0% 22 

U4  46% 0% 48 

U1 114 26% 10% 31 (3†) 

U2  27% 3% 28 (1†) 

U3  36% 23% 22 (5†) 

U4  44% 19% 48 (9†) 

U1 150 36% 41% 28 (9†) 

U2  44% 44% 27 (7†) 

U3  64% 36% 17 (4†) 

U4  65% 31% 39 (8†) 

Table 16: UCTD F4 2012 IW results nymphs U1, U2, U3 and U4 

Unit 
Number of engorged 

nymphs 
Engorged nymphs  

(In %) 
Weight  

(in miligram/ nymph/ average) 

U1 14 45% 3.712 

U2 18 60% 3.00 

U3 13 57% 2.686 

U4 30 61% 2.694 

Table 17: UCTD F4 2012 IW results nymphs U1, U2, U3 and U4 
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II-Feeding 5 larvae, male adults & nymphs 

Unit 

Membrane 

thickness Odor Blood Tick species Larvae 

U1 60 

Cow: membrane 

rubbed and hair Cow Ixodes ricinus 110 

Table 18: UCTD F5 2012 IW start data larvae U1 

Unit 
 

t= 
 Attached 

(in %) 
Mortality 

(in %) 
Total number of 

Larvae (Estimated) 

U1 14,5 ? ? 110 

U1 38,5 ? ? 110 

U1 62,5 ? ? 110 

U1 86,5 
50% 

? 110 

U1 91 50% 20% 110 (22†) 

Table 19: UCTD F5 2012 IW results larvae U1 

Unit 
Engorged larvae (In 

%) 
Half engorged larvae 

(In %) 

U1 16,3% 24,5% 

Table 20: UCTD F5 2012 IW results larvae U1 

Unit 

Membrane 

thickness Odor Blood Tick species 

♂ 

adults 

U2 70 µm 

Cow: membrane 

rubbed and hair Cow Ixodes ricinus 10 

Table 21: UCTD F5 2012 IW start data adults U2 

Unit 
 

t= Attached 
(in %) 

Mortality 
(in %) 

Total number of 
♂ adults 

 
Feces 

 

U2 14,5 0% 
0% 

10 
- 

U2 38,5 0% 10% 10 (1†) ? 

U2 62,5 11% 
0% 

9 
Yes 

U2 86,5 11% 0% 9 Yes 

U2 91 11% 0% 9 Yes 

Table 22: UCTD F5 2012 IW results adults U2 
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Unit 

Membrane 

thickness Odor Blood Tick species nymphs 

U3 90 µm 

Cow: membrane 

rubbed and hair  Cow Ixodes ricinus 26 

U4 60 µm 

Cow: membrane 

rubbed and hair Cow Ixodes ricinus 25 

Table 23: UCTD F5 2012 IW start data nymphs U3 and U4 

Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

Total number 
of nymphs 

U3 14,5 4% 4% 26 (1†) 

U4  20% 4% 25 (1†) 

U3 38,5 16% 0% 25 

U4  21% 0% 24 

U3 62,5 20% 8% 25 (2†) 

U4  21% 0% 24 

U3 86,5 43% 0% 23 

U4  33% 0% 24 

U3 91 43% 48% 23 (11†) 

U4  58% 17% 24 (4†) 

Table 24: UCTD F5 2012 IW results nymphs U3 and U4 

 

Unit 
Engorged nymphs 

(In %) 
Half engorged 
nymphs (In %) 

Weight of engorged nymphs 
(in miligram/ nymph/ average) 

U3 19,2% 19,2% 3.0 

U4 - 40% - 

Table 25: UCTD F5 2012 IW results nymphs U3 and U4 
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II-Feeding 6 male adults & nymphs  

Unit 

Membrane 

thickness Odor Blood Tick species nymphs 

U1 70 µm Cow: hair Cow Ixodes ricinus 25 

U2 75 µm 

Cow: membrane rubbed and 

hair Cow Ixodes ricinus 25 

U3 82 µm Cow: hair Cow Ixodes ricinus 25 

U4 60 µm Cow: hair Cow Ixodes ricinus 25 

Table 26: UCTD F6 2012 IW start data nymphs U1,U2, U3 en U4 

Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

Total number 
of nymphs 

 

U1 15,5 12% 0% 25  

U2  20% 0% 25  

U3  4% 0% 25  

U4  16% 16% 25 (4†) Leakage 

 U1 39,5 16% 4% 25(1†)  

U2  28% 12% 25(3†)  

U3  20% 28% 25(7†)  

U4  28% 0% 21  

U1 63,5 32% 0% 24  

U2  28% 0% 22  

U3  40% 0% 18  

U4  40% 0% 21  

U1 69 44% 4% 24 (1†)  

U2  48% 0% 22  

U3  40% 4% 18 (1†)  

U4  60% 0% 21  

Table 27: UCTD F6 2012 IW results nymphs U1,U2, U3 en U4 

Unit 
Number of half  

engorged nymphs In % 

U1 3 12% 

U2 6 24% 

U3 5 20% 

U4 7 28% 

Table 28: UCTD F6 2012 IW results nymphs U1,U2, U3 en U4 
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Unit 

Membrane 

thickness Odor Blood Tick species 

♂ 

adults 

U5 100 µm 

Cow: 

membrane 

rubbed Cow Ixodes ricinus 10 

U6 100 µm 

Cow: 

membrane 

rubbed None Ixodes ricinus 10 

Table 29: UCTD F6 2012 IW start data adults U5 and U6 

 

Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

Total number 
of adults 

 
Feces 

 

U5 15,5 0% 0% 10 - 

U6  0% 0% 10 - 

U5 39,5 20% 0% 10 Yes 

U6  10% 50% 10 (5†) - 

U5 63,5 0% 0% 10 Yes 

U6  60% 40% 5 (2†) - 

U5 69 0% 10% 10 (1†) Yes 

U6  0% 33% 3 (1†) - 

Table 30: UCTD F6 2012 IW results adults U5 en U6 
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Unit 
Number of 

engorged nymphs 
Engorged nymphs 

(In %) 

U1 18 45% 

U2 12 30% 

U3 18 45% 

U4 19 47,5% 

       Table 31: UCTD F7 2012 IW results nymphs U1-U4 

 

II-Feeding 7 nymphs  

Unit 

Membrane 

thickness Odor Blood Tick species nymphs 

U1 73 µm Cow: membrane rubbed Cow Ixodes ricinus 40 

U2 75 µm Cow: membrane rubbed Cow Ixodes ricinus 40 

U3 73 µm Cow: membrane rubbed Cow Ixodes ricinus 40 

U4 70 µm Cow: membrane rubbed Cow Ixodes ricinus 40 

Table 32: UCTD F7 2012 IW start data nymphs 

Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

Total number 
of nymphs 

 U1 15 23% 0% 40 

U2  33% 0% 40 

U3  13% 3% 40 (1†) 

U4  20% 0% 40 

U1 39 28% 10% 40 (4†) 

U2  50% 13% 40 (5†) 

 U3  36% 8% 39 (3†) 

U4  35% 5% 40 (2†) 

U1 63 36% 6% 36 (2†) 

U2  57% 0% 35 

U3  50% 0% 36 Engorged 

nymphs (in %)  U4  50% 0% 38 

U1 87 35% 0% 34 0% 

U2  37% 0% 35 3% 

U3  36% 0% 36 0% 

U4  55% 0% 38 0% 

U1 94,5 35% 0% 34 6% 

U2  37% 0% 34 0% 

U3  36% 0% 36 0% 

U4  55% 0% 38 3% 

U1 120,5   32 38% 

U2    34 26% 

U3    36 42% 

U4    37 27% 

U1 145,5   20 20% 

U2    25 8% 

U3    21 14% 

U4    27 30% 

Table 33: UCTD F7 2012 IW results nymphs U1,U2, U3 en U4 
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Unit 
Number of 

engorged nymphs 
Engorged nymphs 

(In %) 

U5 13 32,5% 

U6 7 17,5% 

U7 7 17,5% 

U8 20 50% 

       Table 35: UCTD F7 2012 IW results nymphs U5-U8 

 

 

Unit 

Membrane 

thickness Odor Blood Tick species nymphs 

U5 80 µm Cow: membrane rubbed Cow Ixodes ricinus 40 

U6 80 µm Cow: membrane rubbed Cow Ixodes ricinus 40 

U7 80 µm Cow: membrane rubbed Cow Ixodes ricinus 40 

U8 84 µm Cow: membrane rubbed Cow Ixodes ricinus 40 

Table 34: UCTD F7 2012 IW start data nymphs 

 
Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

Total number 
of nymphs 

U5 15 13% 0% 40 

U6  15% 0% 40 

U7  20% 3% 40 (1†) 

U8  25% 3% 40 (1†)  

U5 39 30% 15% 40 (6†) 

U6  25% 3% 40 (1†) 

U7  41% 13% 39 (5†) 

U8  31% 10% 39 (4†) 

U5 63 35% 0% 34 

U6  26% 3% 39 (1†) 

U7  18% 29% 34 (10†) Engorged 

nymphs (in %)  U8  31% 6% 35 (2†) 

U5 87 68% 18% 34 (6†) 0% 

U6  29% 5% 38 (2†) 18% 

U7  29% 63% 24 (15†) 14% 

U8  30% 18% 33 (6†) 20% 

U5 94,5 68% 0% 28 3% 

U6  29% 0% 34 5% 

U7  29% 0% 8 4% 

U8  30% 0% 25 6% 

U5 120,5   27 27% 

U6    32 8% 

U7    7 0% 

U8    23 39% 

U5 145,5   18 13% 

U6    29 0% 

U7    7 22% 

U8    11 21% 

Table 36: UCTD F7 2012 IW results nymphs U5,U6, U7 en U8 
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II-Feeding 8 larvae 

Unit 

Membrane 

thickness Odor Blood Tick species Estimated larvae 

U1 62 µm Cow: membrane rubbed Cow Ixodes ricinus 100 

U2 60 µm Cow: membrane rubbed Cow Ixodes ricinus 100 

U3 60 µm Cow: membrane rubbed Cow Ixodes ricinus 120 

U4 60 µm Cow: membrane rubbed Cow Ixodes ricinus 50 

Table 37: UCTD F8 2012 IW start data larvae 

 

 

 

 

 

 

 

 

 

 

 

Unit 
Number of engorged 

larvae 
Engorged larvae (In 

%) 
Number of  half full 

larvae 
Half full larvae 

(In %) 

U1 15 15% 10 10% 

U2 22 22% 17 17% 

U3 20 17% 45 38% 

U4 4 8% 12 24% 

Table 39: UCTD F8 2012 IW results larvae U1,U2, U3 en U4 

 

Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

 U1 15 Some Unknown 

U2  Some Unknown 

U3  Some Unknown 

U4  Some Unknown 

U1 39 Some Unknown 

U2  Some Unknown 

U3  Some Unknown 

U4  Some Unknown 

U1 63 Some Unknown 

U2  Some Unknown 

U3  Some Unknown 

U4  Some Unknown 

U1 87,5 Some Unknown 

U2  Some Unknown 

U3  Some Unknown 

U4  Some Unknown 

Table 38: UCTD F8 2012 IW results larvae U1,U2, U3 en U4 
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Unit 

Membrane 

thickness Odor Blood Tick species Estimated larvae 

U5 65 µm Cow: membrane rubbed Cow Ixodes ricinus 60 

U6 55 µm Cow: membrane rubbed Cow Ixodes ricinus 60 

U7 53 µm Cow: membrane rubbed Cow Ixodes ricinus 100 

U8 59 µm Cow: membrane rubbed Cow Ixodes ricinus 100 

Table 40: UCTD F8 2012 IW start data larvae 

 

 

Unit 
Number of engorged 

larvae 
Engorged larvae (In 

%) 
Number of half full 

larvae 
Half full larvae 

(In %) 

 U5 4 7% 10 17% 

U6 5 8% 16 27% 

U7 35 35% 32 32% 

U8 25 25% 10 10% 

Table 42: UCTD F8 2012 IW results larvae U5, U6, U7 en U8 

 

Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

 U5 15 Some Unknown 

U6  Some Unknown 

U7  Some Unknown 

U8  Some Unknown 

 U5 39 Some Unknown 

U6  Some Unknown 

U7  Some Unknown 

U8  Some Unknown 

 U5 63 Some Unknown 

U6  Some Unknown 

U7  Some Unknown 

U8  Some Unknown 

 U5 87,5 Some Unknown 

U6  Some Unknown 

U7  Some Unknown 

U8  Some Unknown 

Table 41: UCTD F8 2012 IW results larvae U5,U6, U7 en U8 
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II-Feeding 9 larvae 

Unit 

Membrane 

thickness Odor Blood Tick species 

Estimated larvae 

counted 

U1 57 µm Cow: membrane rubbed Cow Ixodes ricinus 130 

U2 57 µm Cow: membrane rubbed Cow Ixodes ricinus 200 

U3 56 µm Cow: membrane rubbed Cow Ixodes ricinus 400 

U4 57 µm Cow: membrane rubbed Cow Ixodes ricinus 200 

Table 43: UCTD F9 2012 IW start data larvae 

 

 

Unit 
Number of engorged 

larvae 
Engorged larvae (In 

%) 
Number of  half full 

larvae 
Half full larvae 

(In %) 

U1 3 2% 6 5% 

U2 126 63% 38 19% 

U3 40 10% 187 47% 

U4 42 21% 107 54% 

Table 45: UCTD F9 2012 IW results larvae U1,U2, U3 en U4

Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

 U1 16,5 Some Unknown 

U2  Some Unknown 

U3  Some Unknown 

U4  Some Unknown 

U1 40,5 Some Unknown 

U2  Some Unknown 

U3  Some Unknown 

U4  Some Unknown 

U1 64,5 Some Unknown 

U2  Some Unknown 

U3  Some Unknown 

U4  Some Unknown 

U1 88,5 Some Unknown 

U2  Some Unknown 

U3  Some Unknown 

U4  Some Unknown 

 U5 94,5 Some Unknown 

U6  Some Unknown 

U7  Some Unknown 

U8  Some Unknown 

Table 44: UCTD F9 2012 IW results larvae U1,U2, U3 en U4 
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Unit 

Membrane 

thickness Odor Blood Tick species 

Roughly 

estimated larvae 

U5 61 µm Cow: membrane rubbed Cow Ixodes ricinus 200 

U6 54 µm Cow: membrane rubbed Cow Ixodes ricinus 100 

U7 60 µm Cow: membrane rubbed Cow Ixodes ricinus 200 

U8 60 µm Cow: membrane rubbed Cow Ixodes ricinus 200 

Table 46: UCTD F9 2012 IW start data larvae 

 

Unit 
Number of engorged 

larvae 

 U5 142 

U6 20 

U7 35 

U8 26 

Table 48: UCTD F9 2012 IW results larvae U5, U6, U7 en U8 

 

Unit 
 

t=  
 

Attached 
(in %) 

Mortality 
(in %) 

 

 U5 16,5 Some Unknown  

U6  0% Unknown Leakage! New larvae and new unit. 

U7  Some Unknown  

U8  Some Unknown  

 U5 40,5 Some Unknown  

U6  Some Unknown  

U7  Some Unknown  

U8  Some Unknown  

 U5 64,5 Some Unknown  

U6  Some Unknown  

U7  Some Unknown  

U8  Some Unknown  

 U5 88,5 Some Unknown  

U6  Some Unknown  

U7  Some Unknown  

U8  Some Unknown  

 U5 94,5 Some Unknown  

U6  Some Unknown  

U7  Some Unknown  

U8  Some Unknown  

Table 47: UCTD F9 2012 IW results larvae U5,U6, U7 en U8 
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II-Overview feedings Ixodes ricinus females  

Feeding Ticks Highest attachment rate 

(after how many hours) 

Total hours of in 

vitro feeding 

Mortality 

(in %) 

Details 

F0 Female 

adults 

90% (64-88 hours) 88 10%  

F1 Female 

adults 
75% (65-98 hours) 98 60% Leakage 

F2 Female 

adults 
60% (67 hours) 102 60% After 43 hours 

black blood 

F3 Female 

adults 
20% (31 hours) 31 10% Early ended 

Table 49: Overview of attachment rates and details of adult females of Ixodes Ricinus during Feedings 0, 1, 2 and 
3 
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II-Overview feedings Ixodes ricinus nymphs 

Feeding 
Attachment 

stimuli 

Highest 

attachment 

rate (after how 

many hours)  

Total 

hours of 

in vitro 

feeding 

Mortality 

(in %) 
Details 

F1 Cow hair 87% (89 hours) 98 20%  

F2 Cow hair 44% (91 hours) 102 80% After 43 hours black blood 

F3 Cow hair 18% (31 hours) 31 0% Early ended 

F4 cow 

blood 

Rubbed over 

cow 

42,5% (88 

hours) 
150 36% 

53% engorged (removed after 

114 hours and after 150 hours) 

F4 pig 

blood 

Rubbed over 

cow 
57% (88 hours) 150 39% 

59% engorged (removed after 

114 hours and after 150 hours) 

F5 

Rubbed over 

cow (three 

days before 

start) 

50,5% (91 

hours) 
91 37% 10% engorged 

F6 

Three units  

cow hair 

One rubbed 

over cow 

48% (69 hours) 69 17% 
Leakage in one unit. Cracks in 

units. 21% Half engorged. 

F7 unit 

1-4 

Rubbed over 

cow 

49% (63-94,5 

hours) 
145,5 11% 

41,8% engorged (Removed 

after 94,5, 120,5 and 145,5 

hours ). After 36 hours till the 

end blood clods on the edges. 

F7 unit 

5-8 

Rubbed over 

cow 

39% (87-94,5 

hours) 
145,5 38% 

29% engorged (Removed after 

94,5, 120,5 and 145,5 hours ). 

After 36 hours till the end 

blood clods on the edges. 

Table 50: Overview of attachment rates and details of nymphs of Ixodes Ricinus during Feedings 1-7. 
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