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Introduction
I don’t know if it was my premed training, my research 

work with Tall Timbers Research Station, and their work 
on controlled burning, or a short research project at the Cary 
Institute of Ecosystem Studies with Dr. Richard Ostfelt and one 
of his students, but I have thought about this issue for a number 
of years. This approach might be what today is called “thinking 
outside the box”1. But first it is necessary to discuss Lyme 
disease, its spread and the black legged tick (Ixodes scapularis 
Say, 1821), also known as the deer tick and bear tick2, and its 
life cycle.

As well as Lyme disease, other tick-borne diseases are 
transmitted by Ixodes scapularis e.g., Borrelia mayonii3(which 
cause Lyme disease), Anaplasma phagocytophilum4,5 

(anaplasmosis), B. miyamotoi6 (hard tick relapsing fever, htrf), 

Ehrlichia muris eauclairensis 19957 (ehrlichiosis), Babesia 
microti8 (babesiosis), and Powassan virus (Powassan virus 
disease) are emerging as diseases locally found within Canada7. 
Tick-born encephalitis9, although not currently in North 
America, and limited to and spreading within Asia and Europe, 
is mentioned it here due to climate change and international 
travel. In the future, it could become an issue here10. Fortunately, 
there is an effective vaccination (TicoVac, FSME-Immun). This 
paper will concentrate on Lyme disease (Borrelia burgdorferi 
Johnson et al. 1984 emend11.).

Lyme Disease

Found in over 80 countries, Lyme disease is a global 
problem12 (Figure 1). My interest and experience are primarily 
in North America and particularly in Canada.
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Tick-borne diseases are a global problem. Currently there are no vaccines available for Lyme disease. Climate change is 
allowing the spread of these diseases as suitable habitats are expanding into areas previously unavailable to Ixodes scapularis. 
Stopping the introduction of the ticks into an area is a preferred approach, but once they are established, methods of interruption 
of the life cycle of the ticks becomes an option. On small areas such as homesteads, planting of certain plants which are deterrents 
to the ticks, or removing the litter layer, are possible. In woodlands and ecotones, the introduction of anecic or epigeic earthworms 
are a possible solution be removing the litter layer essential for the overwintering nymphal stage. There are limiting problems and 
issues with this approach which could make this impracticable.
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Figure 1:  Global distribution of Lyme disease [■] (This image 
is licenced under creative commons attribution)

Lyme disease is a bacterial spirochete infection caused by 
Borrelia burgdorferi, and is transmitted to humans through the 
bite of an infectious blacklegged tick, Ixodes scapularis. This 
is the most common vector-borne disease in North America, 
with an estimated 300,000 cases annually in the United States 
alone13. In 1975, Lyme disease was first recognized in North 
America, when it was described as juvenile rheumatoid arthritis 
cases in several Connecticut towns as a result of farmland 
reforestation14,7. After the initial description of Lyme disease 
in the early 1980s, the blacklegged tick was identified as the 
vector of B. burgdorferi in New York15,16. Lyme disease is found 
throughout eastern North America, including southern portions 
of Canada, wherever blacklegged ticks are present.

In Canada, I. scapularis distribution is limited primarily 
to the southern portions of Manitoba and eastward to Nova 
Scotia17,18 (Figure 2). In the early 1970s, the first population 
of blacklegged ticks in Canada was identified at Long Point 
Provincial Park, in Norfolk County, Ontario, along the northern 
shore of Lake Erie19. Beginning in the mid-1990s and through 
the 2000s, additional established populations of blacklegged 
ticks were located along the northern shores of Lake Erie, Lake 
Ontario, southwest Ontario. Urban-suburban Blacklegged tick 
surveillance also covered Ontario parks20-23. Cases have been 
reported as far east as Newfoundland and Labrador Since 1988, 
the majority of human cases of Lyme disease reported in Ontario 
have originated from southern Ontario, especially in areas of 
southeastern Ontario where blacklegged tick populations are 
expanding (Figure 3). There is another vector of Lyme disease 
in the western US (Ixodes pacificus Cooley and Kohls, 194325), 
it has a rather limited range now, but predictions are that it will 
increase. It has not been reported in Canada26.

Figure 2.  The spread of Ixodes scapularis in central 
Canada; Eastern Canada Risk 2000–2015 (modified from: 

earthobservatory.nasa.gov/images/148482/mapping-the-spread-
of-lyme-disease; future scenario, climateatlas.ca/ lyme-disease- 
under-climate-change.

Figure 3.  Location of Lyme Disease in Ontario in 2020 (modified 
from: Public Health Ontario, risk across areas, 2023 [■])

A model-based prediction by Leighton et al.27 suggested 
that the range of the I. scapularis tick will expand into Canada 
by 46 km/year over the next decades, with warming climatic 
temperatures as the main reason for the increased speed of 
spread.

Many environmental factors are responsible for the expansion 
of blacklegged ticks in Ontario and other provinces. The major 
reason for this spread is climate change, specifically the increase 
in the mean annual degree days above 0°C22,28. Other factors 
that contribute to blacklegged tick expansion include land use 
changes (i.e., farmland to forest; encroaching human populations; 
forest fragmentation) and changes in the tick hosts’ range (i.e., 
white-footed mouse Peromyscus leucopus, white-tailed deer 
Odocoileus virginianus). All tick surveillance indicators suggest 
that the current geographic range of blacklegged tick populations 
is expanding in southern Ontario and will likely continue to do 
so, as available habitats permit24.

Blacklegged Tick (Figure 4)

Figure 4. Adult Ixodes scapularis Say, 1821 also known as the 
blacklegged, deer or bear tick (Illustration by Iza Valle/Can Geo)

Blacklegged tick populations can occur sporadically over 
a wide geographic range in Canada, due to larvae and nymphs 
readily attaching themselves to migratory birds29. These birds 
help transport blacklegged ticks from areas in the US and Canada 
to different areas across Canada and create the possibility of 
infectious tick bites almost anywhere in Ontario. The risk of 
Lyme disease is usually greater in tick-established areas because 
of a greater probability of bites from infectious ticks compared to 
areas where blacklegged ticks are not established30. Ogden et al31 
have prepared risk maps for public health use now for identifying 
current and possible future areas of risk for I. scapularis ticks 
and, by inference, possible current or future Lyme disease risk.
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Though you can find these ticks in a wide range of habitats, 
they can adapt to any number of different areas, but they often 
prefer areas with warm temperatures and humid climates. Their 
favourite type of habitat is the edge of a clearing, where a line 
of forest meets a lawn or a meadow. They most often utilize 
low shrubs and leaf litter. Generally, tick populations tend to be 
higher in elevation, in wooded and grassy areas where the hosts 
they feed on live and roam. One misconception is that the ticks 
live on their hosts. Ticks are not as mobile as people think. They 
do not jump, fly, or drop from trees; instead, they only crawl 
and climb. They can, however, get transported to new areas 
while feeding on their hosts28. There are significant data to show 
that domestic pets, dogs and cats), substantially contribute to 
the spread of ticks and tick-borne bacterial pathogens into the 
home32.

Adult black-legged ticks are in fact most active from fall 
to spring, often after the first frost. In the Northeastern United 
States and Canada, populations of these adult ticks start growing 
in early October and will remain active as long as the temperature 
remains above freezing and the ground doesn’t freeze or become 
covered in snow.

Ixodes scapularis has a 2-year life cycle, containing three 
stages: larva, nymph, and adult (Figure 5). The tick must take 
a blood meal at each stage before maturing to the next. The 
tick females latch onto a host and drink its blood for 4B5 days. 
When the tick has consumed a blood meal, its abdomen is a 
light grayish-blue colour. The tick itself is naturally black when 
unfed31. Deer (Odocoileus spp.) are the preferred host of the 
adult tick, but it is also known to feed on small rodents such as 
mice (Apodemus spp.), etc. After the female is engorged, she 
drops off and overwinters in the leaf litter of the forest floor. 
The following spring, the female lays several hundred to a few 
thousand eggs in clusters33. Transmission of Borrelia burgdorferi 
between life stages in common. There is contrary opinion 
regarding transmission. Rollend et al34. based on their study, 
believe there is strong evidence that transovarial transmission 
is not by B. burgdofferi but the antigenically and phylogenetic 
relative B. miyamotoi. Because of the tick’s genetics, it is a 
successful vector of Borrelia by limiting the proliferation of the 
spirochaeta35.

Figure 5:  Life cycle of the tick Ixodes scapularis (➨ stage 
where life cycle could be broken by the action of earthworms) 
(modified from: Monica Schroeder/Science Source/Science 
Photo Library; Model release not required, Property release not 
required).

Like other ticks, I. scapularis is hardy. It can be active after a 
hard frost, as daytime temperatures can warm it enough to keep 
it actively searching for a host. In the spring, it can be one of 
the first invertebrates to become active. The ticks can be quite 
numerous and seemingly gregarious.

Discussion
There is currently no vaccine available for Lyme disease. 

Clinical trials of new vaccines for Lyme disease are currently 
underway. Valneva and Pfizer have developed a Lyme disease 
vaccine candidate, VLA15, that is currently in Phase 3 human 
trials. VLA15 is a multivalent, protein subunit vaccine that 
targets the outer surface protein A (OspA) of Borrelia. This 
vaccine is designed to protect people against North American 
and European strains of the Lyme disease bacterium36. This is 
good news for those who have sustained bites from infected 
ticks. 

But could there be actions taken to reduce the spread of ticks 
and their range?

Transovarial transmission in Lyme disease complicates their 
epidemiology. This is where the disease agent is transferred from 
female ticks to her eggs so ticks immediately after emergence 
from the egg are infective. Larval and nymphal tick stages play 
important roles in maintaining the disease cycle34.

They tend to flourish more in warm, humid climates, because 
they require a certain amount of moisture in the air to undergo 
metamorphosis, and low temperatures inhibit their development 
of eggs to larvae. The occurrence of ticks and tick-borne illnesses 
in humans is increasing. Tick populations are spreading into 
new areas, due in part to the warming temperatures of climate 
change37. Climate warming and other environmental changes 
have contributed to the expansion of the range of several tick 
species into higher latitudes in North America. As temperatures 
increase in Canada, the environment becomes more suitable for 
ticks and the season suitable for tick activity lengthens, so tick-
borne diseases are likely to become more common in Canada38. 
Because of the tick’s genetics, it is a successful vector of Borrelia 
by limiting the proliferation of the spirochaeta35.

Several plants act as tick repellents. If you want ticks to 
avoid your home, have these plants in your garden or along the 
periphery of your yard. Here are some of the more common 
plants used to repel ticks: Catnip (Nepeta cataria L., 175339), 
Chrysanthemum (Tanacetum cinerariifolium Sch. Bip.), 
Eucalyptus (Eucalyptus spp.) Garlic (Allium sativum L., 175339), 
Geranium (Geranium spp.), Lavender (Lavandula spica L., 
175339), Lemongrass (Cymbopogon spp.), Marigold (Tagetes  
spp.), Pennyroyal (Mentha pulegium L., 175339), Rosemary 
(Salvia rosmarinus Spenner, 183532), Rue (Ruta graveolens 
L., 175339), Sage (Salvia officinalis L., 175340) and Wormwood 
(Artemesia absinthium L., 175339)41,42.

The association of earthworms and medicine is not new43-

45,29. From the life cycle diagram (Figure 5), the stage where it 
can be disrupted is when the nymphs require a leaf litter to over-
winter, e.g., suitable habitat with higher humidity and lower 
temperatures within the leaf litter, as well as protection from 
exposure over winter. If the litter is removed, this stage will not 
survive our current winters. One study indicated that removal of 
leaf litter (detritus and dead leaves) led to a 72%--100% reduction 
in ticks46. There is a literature reference which recommends the 
removal of dead leaves from your property18. This works for 
residential property, but what about woodlands and ecotones that 
are too large and impractical for individuals. Certain earthworms 
could solve this problem, particularly anecic and epigeic species 
which consume leaf litter e.g., Aporrectodea longa (Ude, 
188547), Lumbricus terrestris L., 175848, Dendrobaena octaedra, 
(Savigny, 182649) and Dendrodrilus rubidus (Savigny, 182649) 
(Figure 6).
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Figure 6: Forest floor and plant community at base of trees 
before (A) and after (B) European earthworm invasion in a sugar 
maple-dominated forest (Chippewa National Forest, photo by 
Dave Hansen, University of Minnesota).

The preferred habitat of the tick is woodland or woodland 
transitional zones where the vegetative cover is deciduous trees 
and not conifers. This is also the same tree cover preferred by 
earthworms. The leaf palatability index for earthworms was 
first reported by Reynolds50 and ranked 16 genera: Robinia 
(Locust) >> Populus (Poplar)> Ulmus (Elm) >> Acer (Maple) = 
Liriodendron (Tulip poplar) = Fraxinus (Ash)= Tilia (Basswood) 
= Betula (Birch)> Quercus (Oak) = Fagus (Beech) < Abies (Fir) 
= Larix (Tamarack) = Picea (Spruce) = Pinus (Pine) = Thuja 
(Cedar) = Tsuga (Hemlock). Ticks are adapted for specific 
habitats [31], and as forest-dwelling species do not thrive in 
fields with minimal shrub cover or in grasslands51. Vegetation 
cover is important for most tick species so that forest community 
composition is a strong predictor of tick presence4. Ixodes 
scapularis density increases with the depth of the litter layer52, 
which varies with plant litter quality and differs among plant 
species53. Decomposers, including earthworms, can also reduce 
litter layer thickness and affect tick populations by limiting soil 
refugia54.

Abiotic factors including slope aspect, hydrology, and soil 
texture affect the habitat quality of ticks55, thereby influencing 
both tick survival and behaviour56. In the humid continental 
climate of the North Central United States, I. scapularis (Say) 
(Acari: Ixodidae) is generally associated with forests on well-
drained sandy soils and is not found in inundated areas55. Harsh 
weather conditions are a major driver for tick mortality, and 
these effects vary by life stage and species57.

Conclusion
Can earthworms reduce the spread of tick-borne diseases - 

theoretically yes, but there are practical problems or issues.

1. Aside from personal property, having enough worms in forests 
and ecotones would require mass rearing of the best European 

species that reduce the litter layer. Currently, this has not been 
done on a commercial scale for anecic and epigeic species.

2. In recent decades, 16 species of Asian earthworms have made 
their way to the continent, and they have scientists particularly 
concerned. Originally from Korea and Japan, these pheretimoid 
earthworms are commonly known as “jumping worms,” “snake 
worms,” or “crazy worms” - named for their distinctive thrashing 
when disturbed. They are ravaging soils throughout the U.S., 
and have crossed the border into Canada. The first Canadian 
records were by Reynolds58 and subsequently by Reynolds’ 
colleagues59,60,61.

These jumping worms pose an even greater threat than their 
European predecessors. Jumping worms have many of the same 
effects, except that they grow larger, recycle nutrients even 
faster and exist in dense colonies, sometimes numbering more 
than 100 individuals/m2 of soil. Even more concerning is the fact 
they are parthenogenetic and a single introduction of one worm 
can produce an exploding population.

Jumping worms are known to quickly churn the top layer 
of soil, turning it into something that resembles coffee grounds 
from all the worm droppings and completely destroy the litter 
layer. There is no way of removing them from an area once they 
invade as every single worm would need to be removed. The 
best approach would be to restrict their introduction.

3. Climate change can have a significant effect on organisms 
above and below the soil surface in terrestrial ecosystems62. I 
have noticed a change in the earthworm diversity in North 
America during the past 50 years. In the mid to late 1960’s, 
the Oriental pheretimoid species (Amynthas, Metaphire and 
Polypheretima spp.) were limited in natural habitats to the 
southeastern United States, particularly south of Tennessee63,64. 
A change in climate permits a rapid increase in their range due 
to their parthenogenetic reproduction. In the past 50 years, they 
have spread into the midwestern and the northeastern American 
soils65,58. I may not live to see it happen, but as the soils in 
Canada warm, if precipitation in the form of increased rain, and 
vegetation diversifies, one day earthworms will become a major 
component of the soil fauna in the Canadian far north66.

4. Scientists and naturalists who have an interest in ground 
nesting species (e.g. mourning dove (Zenaida maccroura L., 
175848) and ruffed grouse (Bonasa umbellus L., 1766)67 will 
strongly object to any attempt to reduce the litter layer and 
ground cover.

5. Any change in the natural plant or animal species composition 
in an area can have major consequences. I am not suggesting the 
introduction of invasive species into new habitats. There are a 
number of ways without human assistance that earthworms can 
move into new areas, e.g., transportation by birds and mammals, 
and soils and debris moving downstream during flooding68-81.

Even though earthworms could disrupt the life cycle of the 
tick vectors, it will probably be decades before the change in 
climate and the spread of litter destroying earthworms will have 
any effect on the proliferation of tick-born diseases.

Acknowledgements
The author wishes to thank Wilma M. Reynolds, 

Oligochaetology Laboratory, Kitchener, Canada and Dr. 
Frederick W. Kutz, formerly of the U.S. Environmental 
Protection Agency, Washington, DC for their review, comments 



5

Reynolds JW., Int J Cur Res Sci Eng Tech | Vol: 7 & Iss: 2

and suggestions for improvement of the manuscript. The author 
wishes to thank the Editorial Board of the International Journal 
of Current Research in Science, Engineering and Technology for 
waiving all the publication fees.

References
1.	 Sumption N, Clune B, Pfister J. Thinking outside the box. North 

Charleston, SC: Palmetto Publishing Group 2019;174. 

2.	 Drummond R. Ticks and what you can do about them. Berkley 
CA. Wilderness Press 2013;80.

3.	 Pritt BS, Respicio-Kingry LB, Sloan LM, et al. Borrelia mayonii 
sp. nov., a member of the Borrelia burgdorferi sensu lato 
complex, detected in patients and ticks in the upper midwestern 
United States. In J Syst Evol Microbiol 2016;66(11):4878-4880.

4.	 Foggie A. Studies on tick-borne fever in sheep. J Gen Microbiol 
1949;3(1):1-15.

5.	 Dumler, J.S., A.F. Barbet, C.P. Bekker, G.A. Dasch, G.H. 
Palmer, S.C. Ray, Y. Rikihisa and F.R. Rurangirwa.  2001.  
Reorganization of genera in the families Rickettsiaceae and 
Anaplasmataceae in the order Rickettsiales: unification of some 
species of Ehrlichia with Anaplasma, Cowdria with Ehrlichia and 
Ehrlichia with Neorickettsia, descriptions of six new species 
combinations and designation of Ehrlichia equi and 'HGE agent' 
as subjective synonyms of Ehrlichia phagocytophila.  Int. J. Syst. 
Evol. Microbiol. 51(6): 2145–2165.

6.	 Fukunaga M, Takahashi Y, Tsuruta Y,et al. Genetic and 
phenotypic analysis of Borrelia miyamotoi sp. nov., isolated from 
the ixodid tick Ixodes persulcatus, the vector for Lyme disease 
in Japan. Int J Syst Bacteriol 1995;45:804-810.

7.	 Wilson CH, Gasmi S, Bourgeois A-C, et al. Surveillance for 
Ixodes scapularis and Ixodes pacificus ticks and their associated 
pathogens in Canada, 2019. Canadian Commun Dis Rept 
2022;48(5):208-218.

8.	 França C. Sur la classification des piroplasmes et description 
de deux formes de ces parasites. Arq Inst Bacteriol Camara 
Pestana Lisbon 1912;3:11-18.

9.	 Postler TS, Beer M, Blitvich BJ, et al. Renaming of the genus 
Flavivirus to Orthoflavivirus and extension of binomial species 
names within the family Flaviviridae. Archives of Virology 
2023;168:224. 

10.	 Riccardi N, Antonello RM, Luzzati R, Zajkowska J, Di Bella 
S, Giacobbe DR. Tick-borne encephalitis in Europe: a brief 
update on epidemiology, diagnosis, prevention, and treatment. 
European Congr Intern Med 2019;62:1-6.

11.	 Johnson RC, Burgdorfer W, Lane RS, Barbour AG, Hayes SF, 
Hyde FW. Borrelia coriaceae sp. nov.: putative agent of epizootic 
bovine abortion. Int J Syst Bacteriol 1987;37:72-74.

12.	 Magnarelli LA. Global importance of ticks and ssociated infectious 
disease agents. Clinical Microbiol Newsl 2009;31(5):33-37. 

13.	 Kuehn BM. CDC estimates 300,000 US cases of Lyme disease 
annually. J American Med Assoc 2013;310(11):1110.

14.	 Steere AC, Broderick TF, Malawista SE. Erythema chronicum 
migrans and Lyme arthritis: epidemiologic evidence for a tick 
vector. American J Epidemiol 1978;108(4):312-321.

15.	 Burgdorfer W, Barbour AG, Hayes SF, Benach JL, Grunwaldt 
E, Davis JP. Lyme disease-a tick-borne spirochetosis? Science 
1982;216(4552):1317-1319.

16.	 Steere AC, Grodzicki RL, Kornblatt AN, et al. The spirochetal 
etiology of Lyme disease. New England J Med 1983;308(13):733-
740.

17.	 Ogden NH, Maarouf A, Barker IK, et al. Climate change and the 
potential for range expansion of the Lyme disease vector Ixodes 
scapularis in Canada. Int J Parasitol 2006;36(1):63-70.

18.	 Koffi JK, Leighton PA, Pelcat Y, et al. Passive surveillance for 
I. scapularis ticks: enhanced analysis for early detection of 

emerging Lyme disease risk. J Med Entomol 2012;49(2):400-
409.

19.	 Watson TG, Anderson RC. Ixodes scapularis Say on white-
tailed deer (Odocoileus virginianus) from Long Point. Ontario J 
Wildl Dis 1976;12(1):66-71.

20.	 Barker IK, Lindsay LR. Lyme borreliosis in Ontario: determining 
the risks. CMAJ 2000;162(11):1573-1574.

21.	 Barker IK, Surgeoner GA, McEwen SA, Artsob H. Borrelia 
burgdorferi, the agent of lyme disease, in tick vectors and wildlife 
reservoirs in southern ontario. Ontario Disease Surveillance 
Rept 1988;9:151.

22.	 Ogden NH, Lindsay LR, Morshed M, Sockett PN, Artsob H. The 
emergence of Lyme disease in Canada. Canadian Med Assoc J 
2009;180(12):1221-1224.

23.	 Scott JD, Fernando K, Durden LA, Morshed MG. Lyme disease 
spirochete, Borrelia burgdorferi, endemic in epicenter at Turkey 
Point Ontario. J Med Entomol 2004;41(2):226-230.

24.	 Ogden NH, Maarouf A, Barker IK, et al. Climate change and the 
potential for range expansion of the Lyme disease vector Ixodes 
scapularis in Canada. Int J Parasitol 2006;36(1):63-70.

25.	 Cooley RA, Kohls GM. Ixodes californicus Banks 1904, Ixodes 
pacificus n.sp. and Ixodes conepati n.sp. (Acarina: Ixodidae). 
Pan-Pacif Ent 1943;19:139-144.

26.	 Couper LI, Yang Y, Yang XF, Swei A. Comparative vector 
competence of North American lyme disease vectors. Parasites 
and Vectors 2020;13:29.

27.	 Leighton PA, Koffi JK, Pelcat Y, Lindsay LR, Ogden N. Predicting 
the speed of tick invasion: An empirical model of range expansion 
for the Lyme disease vector Ixodes scapularis in Canada. J Appl 
Ecol 2012;49(2):457-464.

28.	 Ogden NH, St-Onge L, Barker IK, et al. Risk maps for range 
expansion of the Lyme disease vector, Ixodes scapularis, in 
Canada now and with climate change. Int J Health Geogr 
2008;7: 24.

29.	 Scott-Fordsmand JJ, Amorim MJB. The Curious Case of 
Earthworms and COVID-19. Biology 2021;10:1043.

30.	 Ontario Agency for Health Protection and Promotion (OAHPP). 
2020. Map of Lyme disease risk areas. Toronto, ON: Queen’s 
Printer for Ontario, 6 pp.

31.	 Ogden NH, Lindsay LR, Hanincová K, et al. Role of migratory 
birds in introduction and range expansion of Ixodes scapularis 
ticks and of Borrelia burgdorferi and Anaplasma phagocytophilum 
in Canada. Appl Environ Microbiol 2008;74(6):1780-1790.

32.	 Skotarczak B. The role of companion animals in the 
environmental circulation of tick-borne bacterial pathogens. Ann 
Agric Environ Med 2018;25(3):473-480.

33.	 Suzuki D, Grady W. Tree: A life story. Vancouver: Greystone 
Books 2004;110.

34.	 Rollend L, Fish D, JE Childs. Transovarial transission of Borrelia 
spirochetes by Ixodes scapularis: A summary of he literature and 
recent observations. Tick and Tick-borne Diseases 2013;4(1-
2):46-51.

35.	 Chou S, Daugherty MD, Peterson SB, et al. Transferred 
interbacterial antagonism genes augment eukaryotic innate 
immune function. Nature 2014;518(7537):98-101.

36.	 Devchand R, Koehler L, Hook S, et al. Understanding consumer 
and clinician perceptions of a potential Lyme disease vaccine. 
Health Educ Res 2022;36(5):494-504.

37.	 Gilbert L. The impacts of climate change on ticks and tick-borne 
disease risk. Ann Rev Entomol 2021;66(1):373-388.

38.	 Bouchard C, Dibernardo A, Koffi J, Wood H, Leighton PA, 
Lindsay LR. N Increased risk of tick-borne diseases with climate 

https://pubmed.ncbi.nlm.nih.gov/27558626/
https://pubmed.ncbi.nlm.nih.gov/27558626/
https://pubmed.ncbi.nlm.nih.gov/27558626/
https://pubmed.ncbi.nlm.nih.gov/27558626/
https://pubmed.ncbi.nlm.nih.gov/14832686/
https://pubmed.ncbi.nlm.nih.gov/14832686/
https://pubmed.ncbi.nlm.nih.gov/7547303/
https://pubmed.ncbi.nlm.nih.gov/7547303/
https://pubmed.ncbi.nlm.nih.gov/7547303/
https://pubmed.ncbi.nlm.nih.gov/7547303/
https://pubmed.ncbi.nlm.nih.gov/37325256/
https://pubmed.ncbi.nlm.nih.gov/37325256/
https://pubmed.ncbi.nlm.nih.gov/37325256/
https://pubmed.ncbi.nlm.nih.gov/37325256/
https://pubmed.ncbi.nlm.nih.gov/37561168/
https://pubmed.ncbi.nlm.nih.gov/37561168/
https://pubmed.ncbi.nlm.nih.gov/37561168/
https://pubmed.ncbi.nlm.nih.gov/37561168/
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-37-1-72
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-37-1-72
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-37-1-72
https://pubmed.ncbi.nlm.nih.gov/24045727/
https://pubmed.ncbi.nlm.nih.gov/24045727/
https://pubmed.ncbi.nlm.nih.gov/727200/
https://pubmed.ncbi.nlm.nih.gov/727200/
https://pubmed.ncbi.nlm.nih.gov/727200/
https://pubmed.ncbi.nlm.nih.gov/7043737/
https://pubmed.ncbi.nlm.nih.gov/7043737/
https://pubmed.ncbi.nlm.nih.gov/7043737/
https://pubmed.ncbi.nlm.nih.gov/6828118/
https://pubmed.ncbi.nlm.nih.gov/6828118/
https://pubmed.ncbi.nlm.nih.gov/6828118/
https://academic.oup.com/jme/article-abstract/49/2/400/907346?redirectedFrom=fulltext
https://academic.oup.com/jme/article-abstract/49/2/400/907346?redirectedFrom=fulltext
https://academic.oup.com/jme/article-abstract/49/2/400/907346?redirectedFrom=fulltext
https://academic.oup.com/jme/article-abstract/49/2/400/907346?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/1255915/
https://pubmed.ncbi.nlm.nih.gov/1255915/
https://pubmed.ncbi.nlm.nih.gov/1255915/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1231338/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1231338/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2691438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2691438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2691438/
https://pubmed.ncbi.nlm.nih.gov/15061282/
https://pubmed.ncbi.nlm.nih.gov/15061282/
https://pubmed.ncbi.nlm.nih.gov/15061282/
https://pubmed.ncbi.nlm.nih.gov/16229849/
https://pubmed.ncbi.nlm.nih.gov/16229849/
https://pubmed.ncbi.nlm.nih.gov/16229849/
https://ia801408.us.archive.org/15/items/biostor-224975/biostor-224975.pdf
https://ia801408.us.archive.org/15/items/biostor-224975/biostor-224975.pdf
https://ia801408.us.archive.org/15/items/biostor-224975/biostor-224975.pdf
https://pubmed.ncbi.nlm.nih.gov/31937369/
https://pubmed.ncbi.nlm.nih.gov/31937369/
https://pubmed.ncbi.nlm.nih.gov/31937369/
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2664.2012.02112.x
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2664.2012.02112.x
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2664.2012.02112.x
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2664.2012.02112.x
https://pubmed.ncbi.nlm.nih.gov/18498647/
https://pubmed.ncbi.nlm.nih.gov/18498647/
https://pubmed.ncbi.nlm.nih.gov/18498647/
https://pubmed.ncbi.nlm.nih.gov/18498647/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8533077/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8533077/
https://pubmed.ncbi.nlm.nih.gov/18245258/
https://pubmed.ncbi.nlm.nih.gov/18245258/
https://pubmed.ncbi.nlm.nih.gov/18245258/
https://pubmed.ncbi.nlm.nih.gov/18245258/
https://pubmed.ncbi.nlm.nih.gov/23238242/
https://pubmed.ncbi.nlm.nih.gov/23238242/
https://pubmed.ncbi.nlm.nih.gov/23238242/
https://pubmed.ncbi.nlm.nih.gov/23238242/
https://pubmed.ncbi.nlm.nih.gov/25470067/
https://pubmed.ncbi.nlm.nih.gov/25470067/
https://pubmed.ncbi.nlm.nih.gov/25470067/
https://pubmed.ncbi.nlm.nih.gov/34529775/
https://pubmed.ncbi.nlm.nih.gov/34529775/
https://pubmed.ncbi.nlm.nih.gov/34529775/
https://pubmed.ncbi.nlm.nih.gov/33417823/
https://pubmed.ncbi.nlm.nih.gov/33417823/
https://pubmed.ncbi.nlm.nih.gov/31285697/
https://pubmed.ncbi.nlm.nih.gov/31285697/


Int J Cur Res Sci Eng Tech | Vol: 7 & Iss: 2Reynolds JW.,

6

and environmental changes. Canadian Commun Dis Rept 
2019;45(4):83-89.

39.	 Linnaeus C. Species plantarum: Exhibentes plantas rite 
cognitas ad genera relatas, cum diferentiis specificis, nominibus 
trivialibus, synonymis selectis, locis natalibus, secundum 
systema sexuale digestas. Tomus I Holmiae: Laurentii Salvii 
1753;560.

40.	 Lindström A, Jaenson TG. Distribution of the common tick, 
Ixodes ricinus (Acari: Ixodidae), in different vegetation types in 
southern Sweden. J Med Entomol 2003;40:375-378.

41.	 Gebremedhin MB, Xu Z, Kuang C, et al. Current knowledge on 
chemosensory-related candidate molecules potentially involved 
in tick olfaction via Haller’s Organ. Insects 2023;14(3):1-15.

42.	 Selles SMA, Kouidri M, González MG, et al. Acaricidal and 
Repellent Effects of Essential Oils against Ticks: A review. 
Pathogens 2021;10(11):1-17.

43.	 Afreen S, Shaikh A. Therapeutic uses of earthworm - A review. 
Int J Adv Ayurveda Yoga Unani Siddha and Homeopathy 
2020;9(1):571-580.

44.	 Reynolds JW, Reynolds WM. Earthworms in medicine. American 
J Nurs 1972;72(7):1273.

45.	 Reynolds JW, Reynolds WM. Earthworms in medicine. The 
Vermiculture Journal 1979;2(1):6-7.

46.	 Schulze TL, Jordan RA, Hung RW. Suppression of subadult 
Ixodes scapularis (Acari: Ixodidae) following removal of leaf 
litter. J Med Entomol 1995;32(5):730-733.

47.	 Ude H. Uber die Rückenporen der Terricolen Oligochäten, 
nebst Beiträgen zur Histologie des Lieberaschlauches und zur 
Systematik der Lumbriciden. Z. Wiss Zool 1885;43:87-143.

48.	 Linnaeus C. Systema naturae per regna tria naturae, secundum 
classes, ordines, genera, species cum characteribus, differentiis, 
synonymis, locis. Edition decima, reformata, Tom I Holmiae: 
Laurentii Salvii 1758;824.

49.	 Savigny JC. Analyses des travaux de l’Académie Royale des 
Sciences pendant l’année 1821,In: partie physique. Cuvier, M. 
le Baron G. (ed.) Mém. Acad Sci Inst France 1826;5:176-184.

50.	 Reynolds JW. Earthworms (Lumbricidae) of the Haliburton 
Highlands, Ontario. Megadrilogica 1972;1(3):1-11.

51.	 Daniel MV, Cerný F, Dusbabek E, Honzakova and J. Olejnicek. 
Influence of microclimate on the life cycle of the common tick 
Ixodes ricinus (L.) in an open area in comparison with forest 
habitats. Folia Parasitological 1977;24:149-160.

52.	 Schulze TL, Jordan RA. Influence of meso- and microscale 
habitat structure on focal distribution of sympatric Ixodes 
scapularis and Amblyomma americanum (Acari: Ixodidae). J 
Med Entomol 2005;42:285-294.

53.	 Hobbie SE. Temperature and plant species control over litter 
decomposition in Alaskan tundra. Ecol Monogr 1996;66:503-
522.

54.	 Burtis JC, Fahey TJ, Yavitt JB. Impact of invasive earthworms 
on Ixodes scapularis and other litter-dwelling arthropods in 
hardwood forests, central New York state, USA. Appl Soil Ecol 
2014;84:148-157.

55.	 Guerra M, Walker E, Jones C, et al. Predicting the risk of Lyme 
disease: habitat suitability for Ixodes scapularis in the north 
central United States. Emerg Infect Dis 2002;8:289-297.

56.	 Lindsay LR, Barker IK, Surgeoner GA, McEwen SA, Gillespie 
TJ, Addison EM. Survival and development of the different 
life stages of Ixodes scapularis (Acari: Ixodidae) held within 
four habitats on Long Point, Ontario, Canada. J Med Entomol 
1998;35:189-199.

57.	 Ogden NH, Lindsay LR, Morshed M, Sockett PN, Artsob 

H. The emergence of Lyme disease in Canada. CMAJ 
2009;180(12):1221-1224.

58.	 Reynolds JW. The earthworms (Oligochaeta: Acanthodrilidae, 
Eudrilidae, Glossoscolecidae, Komarekionidae, Lumbricidae, 
Lutodrilidae, Ocnerodrilidae, Octochaetidae, Megascolecidae 
and Sparganophilidae) of southeastern United States. 
Megadrilogica 2011;14(9-12):175-318.

59.	 McAlpine DF, Reynolds JW, Manzer L, Elton K. First reports of 
invasive earthworms (Oligochaeta: Megascolecidae) of Asian 
origin in Atlantic Canada. Bio Invasions Records 2022;11(4):830-
838.

60.	 Nelder MP, Russell C, Lindsay LR, et al. Population-based 
passive tick surveillance and detection of expanding foci of 
blacklegged ticks Ixodes scapularis and the Lyme disease 
agent Borrelia burgdorferi in Ontario, Canada. PLoS One 
2014;9(8):105358.

61.	 Reynolds JW, McTavish MJ. New Asian pheretimoid “jumping 
earthworm” records (Oligochaeta: Megascolecidae) in Canada. 
Megadrilogica 2021;26(7):83-89.

62.	 Singh J, Schädler M, Demetrio W, Brown GG, Eisenhauer N. 
Climate change affects on earthworms-A  review. Soil Organisms 
2019;91(3):113-137.

63.	 Reynolds JW. The earthworms of Tennessee (Oligochaeta). IV. 
Megascolecidae, with notes on distribution, biology and a key to 
the species in the state. Megadrilogica 1978;3(7):117-129.

64.	 Reynolds JW. A summary of the status of earthworms (Annelida: 
Oligochaeta) in checklists of the United States of America and 
Canada. Megadrilogica 2019;24(5):51-65.

65.	 Reynolds JW. The earthworms (Oligochaeta: Acanthodrilidae, 
Lumbricidae, Megascolecidae and Sparganophilidae) 
of northeastern United States, revisited. Megadrilogica 
2010;14(7):101-157.

66.	 Reynolds JW. The Earthworms (Lumbricidae, Megascolecidae 
and Sparganophilidae) in Canada. Ottawa: Canada Food 
Inspection Agency, 2022;179.

67.	 Linnaeus C. Systema natura per Régna tria natura, secundum 
classes, ordines, gênera, species, cum characteribus, 
ditferentiis, synonymis, locis. Editio duodecima reformata. Tom I 
Pars II Holmiae: Laurentii Salvii 1766-1768;533-1328.

68.	 Adams DA, Fullerton J, Jajosky R, et al. Summary of notifiable 
infectious diseases and conditions - United States, 2013. Morb 
Mortal Wkly Rept 2015;62(53):1-122.

69.	 Baranton G, Postic D, Girons IS, et al. Delineation of borrelia 
burgdorferi sensu stricto, borrelia garinii sp. nov., and group 
VS461 associated with lyme borreliosis. Int J Syst Bacteriol 
1992;42:378-383.

70.	 Eisen RJ, Eisen L, Lane RS. Prevalence and abundance of 
Ixodes pacificus immatures (Acari: Ixodidae) infesting western 
fence lizards (Sceloporus occidentalis) in northern California: 
Temporal trends and environmental correlates. J Parasitol 
2001;87:1301-1307.

71.	 Johnson RC, Schmidt GP, Hyde FW, Steigerwalt AG, Brenner 
DJ. Borrelia burgdorferi sp. nov.: etiological agent of Lyme 
disease. Int J Syst Bacteriol 1984;34:496-497.

72.	 Jordan RA, Schulze TL. Artificial accumulation of leaf litter 
in forest edges on residential properties via leaf blowing 
is associated with increased numbers of host-seeking 
ixodes scapularis (Acari: Ixodidae) nymphs. J Med Entomol 
2020;57(4):1193-1198.

73.	 Needham GR, Teel PD. Off-host physiological ecology of ixodid 
ticks. Ann Rev Entomol 1991;36:659-681.

74.	 Ogden NH, Trudel L, Artsob H, et al. Ixodes scapularis ticks 
collected by passive surveillance in Canada: analysis of 
geographic distribution and infection with Lyme borreliosis agent 
Borrelia burgdorferi. J Med Entomol 2006;43(3):600-609.

https://pubmed.ncbi.nlm.nih.gov/31285697/
https://pubmed.ncbi.nlm.nih.gov/31285697/
https://pubmed.ncbi.nlm.nih.gov/14680099/
https://pubmed.ncbi.nlm.nih.gov/14680099/
https://pubmed.ncbi.nlm.nih.gov/14680099/
https://www.mdpi.com/2075-4450/14/3/294
https://www.mdpi.com/2075-4450/14/3/294
https://www.mdpi.com/2075-4450/14/3/294
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8617816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8617816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8617816/
https://fatcat.wiki/release/xwhyj3duwjambpbtnk2yozz3va
https://fatcat.wiki/release/xwhyj3duwjambpbtnk2yozz3va
https://fatcat.wiki/release/xwhyj3duwjambpbtnk2yozz3va
https://www.academia.edu/99638289/The_earthworms_lumbricidae_and_sparganophilidae_of_Ontario
https://www.academia.edu/99638289/The_earthworms_lumbricidae_and_sparganophilidae_of_Ontario
https://academic.oup.com/jme/article/42/3/285/848353
https://academic.oup.com/jme/article/42/3/285/848353
https://academic.oup.com/jme/article/42/3/285/848353
https://academic.oup.com/jme/article/42/3/285/848353
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.2307/2963492
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.2307/2963492
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.2307/2963492
https://www.sciencedirect.com/science/article/abs/pii/S0929139314002005
https://www.sciencedirect.com/science/article/abs/pii/S0929139314002005
https://www.sciencedirect.com/science/article/abs/pii/S0929139314002005
https://www.sciencedirect.com/science/article/abs/pii/S0929139314002005
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2732460/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2732460/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2732460/
https://pubmed.ncbi.nlm.nih.gov/7608920/
https://pubmed.ncbi.nlm.nih.gov/7608920/
https://pubmed.ncbi.nlm.nih.gov/7608920/
https://pubmed.ncbi.nlm.nih.gov/7608920/
https://pubmed.ncbi.nlm.nih.gov/7608920/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2691438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2691438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2691438/
https://www.reabic.net/journals/bir/2022/4/BIR_2022_McAlpine_etal.pdf
https://www.reabic.net/journals/bir/2022/4/BIR_2022_McAlpine_etal.pdf
https://www.reabic.net/journals/bir/2022/4/BIR_2022_McAlpine_etal.pdf
https://www.reabic.net/journals/bir/2022/4/BIR_2022_McAlpine_etal.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0105358
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0105358
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0105358
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0105358
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0105358
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6944501/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6944501/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6944501/
https://pubmed.ncbi.nlm.nih.gov/26492038/
https://pubmed.ncbi.nlm.nih.gov/26492038/
https://pubmed.ncbi.nlm.nih.gov/26492038/
https://pubmed.ncbi.nlm.nih.gov/1380285/
https://pubmed.ncbi.nlm.nih.gov/1380285/
https://pubmed.ncbi.nlm.nih.gov/1380285/
https://pubmed.ncbi.nlm.nih.gov/1380285/
https://pubmed.ncbi.nlm.nih.gov/11780813/
https://pubmed.ncbi.nlm.nih.gov/11780813/
https://pubmed.ncbi.nlm.nih.gov/11780813/
https://pubmed.ncbi.nlm.nih.gov/11780813/
https://pubmed.ncbi.nlm.nih.gov/11780813/
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-34-4-496
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-34-4-496
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-34-4-496
https://academic.oup.com/jme/article/57/4/1193/5804234
https://academic.oup.com/jme/article/57/4/1193/5804234
https://academic.oup.com/jme/article/57/4/1193/5804234
https://academic.oup.com/jme/article/57/4/1193/5804234
https://academic.oup.com/jme/article/57/4/1193/5804234
https://pubmed.ncbi.nlm.nih.gov/2006871/
https://pubmed.ncbi.nlm.nih.gov/2006871/
https://pubmed.ncbi.nlm.nih.gov/16739422/
https://pubmed.ncbi.nlm.nih.gov/16739422/
https://pubmed.ncbi.nlm.nih.gov/16739422/
https://pubmed.ncbi.nlm.nih.gov/16739422/


7

Reynolds JW., Int J Cur Res Sci Eng Tech | Vol: 7 & Iss: 2

75.	 Reynolds JW. A checklist by counties of earthworms (Oligochaeta: 
Lumbricidae, Megascolecidae and Sparganophilidae) in Ontario, 
Canada. Megadrilogica 2014;16(10):111-135.

76.	 Reynolds JW. Current status of Asian pheretimoid earthworms 
(Oligochaeta: Megascolecidae) in Canada. Megadrilogica 
2023;28(1):1-20.

77.	 Reynolds JW, Dobson AM. Earthworms of Ontario. OHA Trillium 
Summer 2021:10-13.

78.	 Savigny JC. Analyses des travaux de l’Académie Royale des 
Sciences pendant l’année 1821, In: Partie physique. Cuvier, M. 
le Baron G. (ed.) Mém Acad Sci Inst France 1826;5:176-184.

79.	 Scott JD, Fernando K, Banerjee SN, et al. Birds disperse ixodid 
(Acari: Ixodidae) and Borrelia burgdorferi-infected ticks in 
Canada. J Med Entomol 2001;38(4):493-500.

80.	 Spenner FCL. Handbuch Angewandten Botanik 1835;2:373-
946.

81.	 Wen B, Rikihisa Y, Mott J, Fuerst PA, Kawahara M, Suto C. 
Ehrlichia muris sp. nov., Identified on the Basis of 16S rRNA 
Base Sequences and Serological, Morphological, and Biological 
Characteristics. Int J Syst Bacteriol 1995;45(2):250-254.

https://pubmed.ncbi.nlm.nih.gov/7537059/
https://pubmed.ncbi.nlm.nih.gov/7537059/
https://pubmed.ncbi.nlm.nih.gov/7537059/
https://pubmed.ncbi.nlm.nih.gov/7537059/

	_GoBack
	_Hlk165632309

