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SUMMARY:
[bookmark: _Hlk206244871]Here, we present a protocol to collect saliva, haemolymph, salivary glands, and midgut, following the dissection of an individual fed tick, to study tissue-specific localization of tick-borne pathogens to advance understanding of vector competence and pathogen–microbiome interactions.

ABSTRACT:
Ticks are blood-feeding ectoparasites recognised for their ability to transmit several infectious pathogens to humans and animals. Tick-borne pathogen (TBP) surveillance generally relies on detecting pathogens in homogenates of entire ticks, including those acquired during blood feeding, which may not be transmitted by the tick. To better understand the pathogen transmission mechanism, it is essential to investigate the dissemination and concentration of TBPs in various tick tissues, which is important for elucidating transmission mechanisms in ticks and determining their vector competence. This, in turn, rests on procedures for isolating saliva, haemolymph, salivary glands, and the midgut of individual ticks in order to examine the location of TBPs within these tissues and fluids. In this study, we describe a protocol for tick tissue collection, including a novel procedure for the collection of haemolymph. The results confirm that Rickettsia africae occurs at higher levels in the haemolymph of Amblyomma gemma, affirming the likely role of this tick species as a competent vector for R. africae. In contrast, Hyalomma dromedarii exhibited high rates of R. africae in the midgut, but the bacterium was absent in the haemolymph. The presence of TBPs in the haemolymph is therefore a valuable indicator of vector competence, and rests on the availability of a method that ensures ease of collection.

INTRODUCTION:
Ticks are obligate blood ectoparasites that serve as vectors and reservoirs for many infectious agents such as viruses, bacteria, spirochetes, fungi, and helminths, which have a significant impact on human and animal health1–3. Ticks attach to their vertebrate hosts by piercing the skin with their hypostome and injecting saliva into the host to assist with feeding4. The saliva secreted by the salivary glands contains various bioactive molecules that control host responses5,6. Pathogen presence in saliva is an indicator that a pathogen has, following ingestion, successfully overcome several barriers (physiological and immunological) within the tick to reach the salivary glands; a key indicator of vector competence. Tick salivary glands and midgut are the primary organs involved in pathogen acquisition and transmission. The midgut is the first organ encountered by pathogens acquired during blood-feeding, while the salivary glands and their secretions play an important role in pathogen transmission to new hosts7. Indeed, tick-borne pathogens (TBPs) are transmitted via the saliva to hosts during bloodmeals. Tick haemolymph consists of the haemocytes and plasma8 and serves as a medium for nutrient and metabolite transport to and from all tick organs, while also providing protection against pathogens through the enzymes involved in innate immunity9. The tick ovaries play a crucial role in the transmission of pathogens from one generation to the next10.

Changes in the distribution of different tick species and the emergence of new TBPs have created an urgent need for more effective methods for tick control and risk assessment, and to unravel the tripartite interactions between specific tick species, the pathogens they transmit, and their vertebrate hosts11. However, most surveillance studies investigating these associations consider whole tick homogenates, which will include pathogens that may have simply been obtained during blood-feeding, which the tick may not readily transmit. It is therefore important to clarify the role of a tick species in pathogen transmission and distinguish between dead-end host and competent vector status. This will ensure that efforts directed at targeted interventions, such as transmission-blocking vaccines, are successful12.

Empirical demonstration of vector competence requires experimental infection studies, which are costly, time-consuming, and may not accurately reflect the vector-pathogen combinations in circulation in the field. Instead, we propose that investigating the microbiomes of specific tissues/fluids of field-caught ticks will identify microbes, including TBPs, that replicate within a specific tick species and can be transmitted to subsequent hosts. To achieve this, we established a detailed protocol to aseptically extract four tick tissue/organ and fluid components (saliva, haemolymph, salivary glands, and midgut) from individual ticks for microbiome sequencing. This article demonstrates a protocol for tissue-specific pathogen screening in ticks to improve studies on vector competence.

PROTOCOL:
This study received ethical approval from the Pwani University Ethics Review Committee (Ref: ERC/EXT/002/2020E) and a research license from Kenya's National Commission for Science, Technology and Innovation (NACOSTI) (Ref: NACOSTI/P/22/16467). This study used rabbits to maintain and rear ticks under controlled laboratory conditions at the International Centre of Insect Physiology and Ecology (icipe). All procedures were reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) in accordance with its Standard Operating Procedures (2017). Animal handling was conducted by trained personnel following international animal welfare guidelines and Kenyan regulations to ensure humane care and minimise discomfort.

1. Application and scope 

1.1. Collect saliva, haemolymph, salivary glands, and midgut from a partially and fully engorged female or male. 

NOTE: This protocol was applied at icipe to partially feed males and females of Hyalomma dromedarii, Hyalomma rufipes, Amblyomma gemma, and Rhipicephalus pulchellus collected from camels in Laikipia and Marsabit counties, Kenya¹³.

1.2. Use isolated tissue samples in separate nucleic acid extractions for molecular analyses, including tissue-specific metagenomic sequencing.

NOTE: The required reagents and equipment are summarized in the Table of Materials. 

2. Saliva collection

2.1. [bookmark: _Hlk208757196]Sterilize the tick exterior carefully by wiping the whole tick with a paper towel soaked in 1%  bleach (sodium hypochlorite; NaOCl), followed by 70% ethanol for 30 s, and allow the tick to dry.

CAUTION: Sodium hypochlorite is corrosive and releases toxic fumes. Handle with gloves and protective eyewear in a chemical hood.

2.2. [bookmark: _Hlk208757962]Gently clean the mouth parts with the forceps by holding a small piece of paper towel soaked in 70% ethanol, and allow it to dry. 

NOTE: This step will help to minimize the likelihood of contamination by tick surface microbes.

2.3. [bookmark: _Hlk206245822][bookmark: _Hlk208758051]Place the tick on a clean glass slide under the microscope with the ventral surface of the tick facing upward, and hold it securely between the finger and thumb before injecting the tick.

2.4. [bookmark: _Hlk208758282]Inject 20 µL of a mixture consisting of 2% Pilocarpine HCl and 1× PBS (in a 1:1 ratio) directly behind coxa 4 using a 31 G syringe14,15. 

[bookmark: _Hlk206246181]NOTE: Take care not to inject too deeply as this will rupture the tick's body and affect the integrity of the sample. Alternatively, use 4–8 mm pen needle to control injection depth.

2.5. [bookmark: _Hlk208758364]Rotate the tick so that the dorsal surface is exposed and fix it in place on one end of the slide by using transparent tape. 

NOTE: Take care not to apply too much pressure when mounting the tick on the slide, as this may result in rupture and loss of samples.

2.6. [bookmark: _Hlk208758478]Put a small piece of non-toxic modeling clay at the opposite end of the slide to provide a fixed surface to support insertion of a 10-µL tip over the hypostome of the tick. Using non-toxic modeling clay is optional.

2.7. [bookmark: _Hlk208758861]Insert the 0.5–10-µL tip between the palps to ensure it covers the hypostome.

2.8. [bookmark: _Hlk208758719]Wait for the tick to produce saliva or gently massage the hypostome by moving the tip in and out. 

2.9. [bookmark: _Hlk208759454][bookmark: _Hlk206247462]Draw the saliva into the pipette tip or create slight pressure for 5–10 s to stimulate its release. In case this does not work, always ensure to have 1× PBS prewarmed to 38 °C at hand; pipetting a small amount (1 µL) of the prewarmed solution prior to fitting the tip over the hypostome and between the pedipalps assists with the release of saliva. 

NOTE: Take care not to break/damage the hypostome as this will result in diffusion of haemolymph into the tips instead of saliva.

2.10. Release the saliva from the tip into a sterile and properly labelled microtube and store at -20° C/-80 °C until further analysis. 

NOTE: It is possible to collect up to 10 µL of saliva from the tick. The saliva collection process is summarized in Figure 1.

3. Haemolymph collection

3.1. Continue with the same tick after saliva collection or use a new tick after surface sterilisation as mentioned above.

3.2. Place the tick on a new clean glass slide and cut off one of the tick's legs using a scalpel blade size no.11.

3.3. Gently press the body, taking care not to apply too much pressure as this may rupture the tick or the internal organs, and release the midgut contents with the haemolymph.

3.4. The haemolymph will be released as a drop from the leg, collect it with a pipette by placing a 0.5–10 µL tip on the leg. 

NOTE: Create a slight pressure using the pipette to facilitate the release of the haemolymph. Alternatively, cut several legs to obtain enough haemolymph.

3.5. Dispense the haemolymph from the tip into a sterile, labeled microtube and store until further analysis. 

NOTE: It is possible to collect up to 10 µL of haemolymph from the tick. The haemolymph collection method is summarized in Figure 2.

4. Tick dissection and tissue collection

4.1.  Prepare the following:  

4.1.1. Melt the paraffin wax and pour it into a clean Petri dish.

4.1.2.  Sterilize the surface of the tick by rinsing it three times in separate containers containing 1% bleach (sodium hypochlorite; NaOCl), followed by a final rinse in polymerase chain reaction (PCR)-grade water16.

4.1.3. Prepare separate slides/Petri dishes (one for each tissue type) by adding 50 µL of 1× PBS to each.

4.2. Heat the paraffin wax using a soldering iron to create a melted spot in the Petri dish where the tick will be placed.

4.3. Place the tick in the melted wax cavity, ensuring that the ventral part of the tick's body is submerged and held firmly in the wax.

4.4. Cut the dorsal edge of the body carefully using the scalpel blade and remove the dorsal cover of the tick body.

4.5. Extract the salivary glands, midgut, and other tissues using forceps and transfer each to a separate slide/Petri dish.

4.6. Using a pipette, place five drops (50 µL) of 1× PBS in separate slides/Petri dishes and thoroughly wash each of the extracted tissue types (salivary glands and midgut) using forceps multiple times.

4.7. Transfer each tissue type (salivary glands or midgut) to a sterile, labeled microtube and add 1× PBS (20 µL or more) until the tissue is fully submerged.

4.8. Store the tube containing the tissue for subsequent nucleic acid extraction.

NOTE: The tick dissection and tissue collection method is outlined in Figure 3.

REPRESENTATIVE RESULTS:
This protocol facilitated the successful collection of tick samples and biological tissues necessary for pathogen screening and other downstream analyses. Figure 1, Figure 2, and Figure 3 illustrate the collection of saliva, haemolymph, salivary glands, and midgut from partially and fully engorged female Hy. rufipes ticks. These ticks were obtained from a tick colony reared under controlled conditions on New Zealand rabbits in the icipe insectary. The collection of saliva and haemolymph, as well as tick dissection, was conducted at the Martin Lüscher Emerging Infectious Diseases (ML-EID), icipe in Nairobi, Kenya. Using the described protocol, tissues from 126 adult ticks collected from camels in Laikipia and Marsabit counties were prepared for DNA extraction and screened for tick-borne pathogens (TBPs) via PCR-high-resolution melting (HRM) analysis of taxon-specific PCR products. Saliva and haemolymph volumes ranged from 3–10 µL, with the haemolymph generally yielding higher volumes. DNA concentrations were measured using a microvolume spectrophotometer. As illustrated in Figure 4, DNA yielded more in haemolymph than in saliva in the four tick species. This difference is likely due to the fact that haemolymph is rich in host and microbial cells, while saliva is secreted in smaller amounts and is largely composed of proteins with comparatively fewer nucleated cells. 

[bookmark: _Hlk206243377]Importantly,  pathogen screening was performed on tissues from individual ticks without pooling, and the DNA yielded from a single specimen was sufficient for downstream analyses. Pathogen detection varied across tissue types and species: for example, Rickettsia africae was predominant in the haemolymph of Amblyomma gemma and was not detected in the haemolymph of Hy. dromedarii. The findings suggest the effectiveness of this approach in detecting TBPs across different tick tissues and species, underscoring the value of tissue-specific approaches for vector competence studies. Detailed results and interpretation are presented in Khogali et al. (2024)16.

FIGURE AND TABLE LEGENDS:
Figure 1: Illustration of saliva collection from a female tick. (A) injection site of the Pilocarpine behind coxa 4, and (B) the procedure of saliva collection. Numbering corresponds to: (1) coxa 4, (2) syringe, (3) glass slide, (4) pipette, (5) non-toxic modelling clay, (6) tip, (7) hypostome, (8) transparent tape. Illustration created in BioRender.com.

Figure 2: Illustration of haemolymph collection from a female tick. (A) The site at which the leg is cut using a scalpel blade, (B) Collection of haemolymph droplets using a pipette tip. Illustration created in BioRender.com.

Figure 3. Illustration of the tick dissection procedure. (a) Melt paraffin wax and pour it into a Petri dish. (b) Allow the wax to cool. (c) Create a melted spot using a soldering iron. (d) Mount the tick ventral side down in the melted spot. (e) Remove the dorsal half of the idiostoma by cutting along the edge of the tick body to expose the salivary glands (SG), midgut (MG), and ovaries (OV). Illustration created in BioRender.com.

[bookmark: _Hlk206181775]Figure 4: Concentrations of DNA (ng/µL) extracted from tick saliva and haemolymph. Boxplot shows concentrations of DNA extracted from saliva and haemolymph of Amblyomma gemma, Rhipicephalus pulchellus, Hyalomma dromedarii, and Hyalomma rufipes. DNA concentrations were measured using a microvolume spectrophotometer. Boxes represent the interquartile range (IQR), horizontal lines indicate the median, whiskers extend to 1.5× IQR, and points represent outliers.

DISCUSSION:
This protocol builds upon prior efforts to isolate individual tick tissues for tissue-specific pathogen detection and microbiome profiling. Critical steps include precise injection of Pilocarpine HCl 2% solution mixed with 1× PBS in a 1:1 ratio behind coxa 4 to stimulate saliva production14,15, careful positioning of the pipette tip over the hypostome, and maintaining sterile technique throughout to minimise contamination. The use of prewarmed 1× PBS at 38 °C can enhance saliva release by mimicking host body temperature. During haemolymph collection, applying gentle pressure with a pipette tip facilitates fluid flow without rupturing internal organs. Washing extracted tissues multiple times in 1× PBS before storage is essential to remove external contaminants.

We introduced several modifications to improve efficiency and sample quality. Unlike traditional approaches, where saliva and haemolymph are collected separately, here both are obtained from the same tick, conserving specimens and reducing variability. For saliva, direct collection into a pipette tip is faster and more consistent than collection into capillary tubes. For haemolymph, collecting directly into sterile microtubes preserves sample integrity for molecular analyses. Troubleshooting tips include using prewarmed 1× PBS if saliva production is poor, avoiding excessive pressure that can rupture ticks, and refraining from collection when ticks are gravid, as pilocarpine injection or haemolymph extraction at this stage may cause damage. The extracted organs were washed using multiple droplets of 1× PBS and subsequently stored in centrifuge tubes containing sufficient 1× PBS to ensure the organs were fully submerged. There is limited published literature covering procedures of collecting saliva and haemolymph as well as dissection of ticks13,14,17,18. 

While effective, the protocol has limitations. Saliva production can be varied, particularly at later stages post-feeding. The method is most effective up to 2 weeks after tick removal from the host; longer intervals may reduce fluid yield. Small-bodied, flat, or partially engorged ticks may yield insufficient volumes for downstream analyses. The requirement for pilocarpine injection means that the technique cannot be applied to live ticks, which is intended for further behavioral studies. Additionally, the protocol demands fine motor skills and practice to avoid rupturing ticks or contaminating samples.

Compared to existing methods, this protocol offers a cohesive workflow for collecting saliva, haemolymph, and dissected tissues from a single tick, enabling integrated analysis of multiple sample types. Prior methods typically focused on one fluid at a time, often requiring separate specimens. The direct saliva collection into pipette tips and haemolymph capture into microtubes reduce handling steps, improve preservation, and minimise contamination risks. Washing extracted tissues several times with 1× PBS before storage is also critical for minimising haemolymph carryover and reducing cross-contamination by other organs. These refinements make the method particularly well-suited for molecular applications such as metagenomic sequencing19, and for studies investigating the presence of tick-borne pathogens (TBPs) in haemolymph as a potential indicator of vector competence13.  

This protocol has broad applicability for future studies. It can be adapted to other tick species and life stages to investigate TBP localisation patterns across diverse ecological settings. Coupled with high-throughput sequencing, the method can be used for detailed microbiome profiling and pathogen discovery at the tissue level. It also has potential for proteomic or transcriptomic analyses of tick fluids and organs to explore vector–pathogen–microbiome interactions. The approach may inform the development of anti-microbiota or anti-saliva vaccines, improve diagnostic markers of vector competence, and support surveillance programmes targeting emerging tick-borne diseases.

ACKNOWLEDGMENTS:
The authors sincerely acknowledge the financial support provided by the following organizations and agencies: the European Research Council (ERC) under the European Union's Horizon 2020 Research and Innovation Program (grant agreement No. 101000365, PREPARE4VBD); the Swedish International Development Cooperation Agency (Sida); the Swiss Agency for Development and Cooperation (SDC); the Australian Centre for International Agricultural Research (ACIAR); the Government of Norway; the German Federal Ministry for Economic Cooperation and Development (BMZ); and the Government of the Republic of Kenya. Rua Khogali gratefully acknowledges support from the German Academic Exchange Service (DAAD) through an icipe ARPPIS-DAAD scholarship, as well as a postgraduate bursary from the University of Pretoria. The views expressed in this publication are those of the authors and do not necessarily reflect those of the funding agencies.

DISCLOSURES:
The authors have declared no conflict of interest.

REFERENCES:
1. [bookmark: _Hlk206195003]de la Fuente, J., Villar, M., Cabezas-Cruz, A., Estrada-Peña, A., Ayllón, N., Alberdi, P. Tick-host-pathogen interactions: Conflict and cooperation. PLoS Pathog. 12 (4), e1005488 (2016).
2. Michalik, J. et al. Diversity of Borrelia burgdorferi sensu lato species in Ixodes ticks (Acari: Ixodidae) associated with cave-dwelling bats from Poland and Romania. Ticks Tick Borne Dis. 11 (1), 101300 (2020).
3. Lu, M. et al. Molecular survey of vector-borne pathogens in ticks, sheep keds, and domestic animals from Ngawa, Southwest China. Pathogens. 11 (5), 606 (2022).
4. Boulanger, N., Boyer, P., Talagrand-Reboul, E., Hansmann, Y. Ticks and tick-borne diseases. Med Mal Infect. 49 (2), 87–97 (2019).
5. Scholl, D. C. et al. Immunomodulatory effects of tick saliva on dermal cells exposed to Borrelia burgdorferi, the agent of Lyme disease. Parasit Vectors. 9 (1), 394 (2016).
6. Nuttall, P. A. Wonders of tick saliva. Ticks Tick Borne Dis. 10 (2), 470–481 (2019).
7. Lejal, E., Moutailler, S., Šimo, L., Vayssier-Taussat, M., Pollet, T. Tick-borne pathogen detection in midgut and salivary glands of adult Ixodes ricinus. Parasit Vectors. 12 (1), 152 (2019).
8. Gudderra, N. P., Sonenshine, D. E., Apperson, C. S., Roe, R. M. Tissue distribution and characterization of predominant hemolymph carrier proteins from Dermacentor variabilis and Ornithodoros parkeri. J Insect Physiol. 48 (2), 161–170 (2002).
9. Liu, L., Yan, F., Zhang, L., Wu, Z. F., Duan, D. Y., Cheng, T. Y. Protein profiling of hemolymph in Haemaphysalis flava ticks. Parasit Vectors. 15 (1), 179 (2022).
10. Moreira, H. N. S. et al. A deep insight into the whole transcriptome of midguts, ovaries and salivary glands of the Amblyomma sculptum tick. Parasitol Int. 66 ( 2), 64–73 (2017).
11. Šimo, L., Kazimirova, M., Richardson, J., Bonnet, S. I. The essential role of tick salivary glands and saliva in tick feeding and pathogen transmission. Front Cell Infect Microbiol. 7, 281 (2017).
12. Khanal, S., Taank, V., Anderson, J. F., Sultana, H., Neelakanta, G. Rickettsial pathogen perturbs tick circadian gene to infect the vertebrate host. Int J Mol Sci. 23 (7), 3545 (2022).
13. Khogali, R. et al. Tissue-specific localization of tick-borne pathogens in ticks collected from camels in Kenya: Insights into vector competence. Front Cell Infect Microbiol. 14, 1382228 (2024).
14. Patton, T. G., Dietrich, G., Brandt, K., Dolan, M. C., Piesman, J., Gilmore, R. D. Jr. Saliva, salivary gland, and hemolymph collection from Ixodes scapularis ticks. J Vis Exp. 60, 3894 (2012).
15. Tirloni, L. et al. Saliva from nymph and adult females of Haemaphysalis longicornis: A proteomic study. Parasit Vectors. 8, 338 (2015).
16. Binetruy, F., Dupraz, M., Buysse, M., Duron, O. Surface sterilization methods impact measures of internal microbial diversity in ticks. Parasit Vectors. 12 (1), 268 (2019).
17. Oliveira, C. J. et al. Proteome of Rhipicephalus sanguineus tick saliva induced by the secretagogues pilocarpine and dopamine. Ticks Tick Borne Dis. 4 (6), 469–477 (2013).
18. Edwards, K. T., Goddard, J., Varela-Stokes, A. S. Examination of the internal morphology of the ixodid tick, Amblyomma maculatum Koch (Acari: Ixodidae): A "how-to" pictorial dissection guide. Midsouth Entomol. 2 (1), 28–39 (2009).
19. Khogali, R. et al. Exploring the microbiomes of camel ticks to infer vector competence: Insights from tissue-level symbiont–pathogen relationships. Sci Rep. 15 (1), 5574 (2025).

[bookmark: gjdgxs][bookmark: 30j0zll][bookmark: kix.dnstqay1kwjl][bookmark: 3znysh7][bookmark: 2et92p0][bookmark: 3dy6vkm][bookmark: 1t3h5sf][bookmark: 4d34og8][bookmark: 2s8eyo1][bookmark: 17dp8vu][bookmark: 3rdcrjn]

