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A Review on Neurophysiologic
and Immunobiochemical
Aspects of Tick Paralysis

From as early as 1550 B.C. to present time, “Tick
fever” has been reported worldwide. There has been
demonstration and review of tick paralysis caused
by 64 species of ticks belonging in different genera.
All the lifecycle stages of ticks can produce
neurotoxin and cause paralysis especially in the young
animals of the larger species and in all ages and sizes
of the pet species and humans.

Tick paralysis is a neurological syndrome that is
frequently confused with other acute disorders.
Experimental studies indicate that the toxin may
produce a substantial decrease in maximal motor
nerve conduction velocities. It is easy to be recovered
from normal tick paralysis by removing the ticks from
body.

The study of vaccination against ticks and tick
paralysis needs to be conducted on the basis of in
vitro and in-vivo studies coupled with
neurophysiology and immunobiochemistry.
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Tick fever has been found to be described in Egyptian
Papyrus Scrolls before 1550 B.C. Papyrus is a thick
and paper-like material produced from the stem of

the papyrus plant, Cyperus papyrus, a wetland plant used
for boats, mattresses, mats and papers. Homer, in around
850 B.C., reported the occurrence of ticks on the dog of
Odysseus (a legendary Greek king of Ithaca and the hero
of Homer’s epic poem called the Odyssey). The name of
the dog was Argus with a hunting character. Probably, since
then, Argus has been the name of a genus of soft-ticks
(Argasidae ticks). Ticks were called as one of the disgusting
and troublesome parasitic animals by Cato, Aristotle and
Pliny in early days 38.

James Backhouse (1794-1869), a botanist and missionary
for the Quaker church in Australia, reported that paralysis
caused by ticks in the hind quarters in sheep, foals and
calves, lead to death 5. The death due to paralysis was
reported in the studies by Cleland 191210

Ticks

Ticks, arachnids, differ from insects in having the head,
thorax, and abdomen fused into one body region (rather

than the three separate regions found in insects), in having
no antennae, and in having four pairs of legs as nymphs
and adults. During the late Paleozoic or early Mesozoic
era, they evolved into parasites. Among ectoparasites, ticks
are very important and harmful blood sucking external
parasites of most mammals (sheep, goats, foals, pigs, cats,
cavies, rats, mice, marmots and man), birds and reptiles
throughout the world.

Ticks belong to phylum, Arthropoda and make up the
largest collection of creatures in Class Arachnida, order
Acarina subclass Acari superfamily Ixodoidea. There are
899 tick species those parasitize the vertebrates including
three groups as soft bodied species or Argasidae (185
species), hard bodied species or Ixodidae (713 species)
and Nuttalliellidae (1 species). Hard ticks feed for extended
periods of time on their hosts, varying from several days to
weeks that depend on life stage, host type, and tick species.
The cuticle of hard ticks can accommodate the large volume
of blood ingested. This may be from 200 to 600 times their
unfed body weight in adult ticks. Similarly, many soft ticks
are resistant to starvation and can survive for many years
without blood meal. The cuticle of soft ticks expands, but
does not grow to accommodate the large volume of blood
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ingested, which may be only from 5 to 10 times their unfed
body weight47.

Their life span is relatively long which is measured in
years. Ticks have four distinct life stages: egg, larva, nymph
and adult. The larvae have six legs, while the nymphs and
adults have eight legs. Hard ticks may have a one host
(Boophilus microplus), two hosts (Rhipicephalus evertsi)
and three hosts life cycle (Dermacentor andersonii), with
each feeding stage of the tick (larva, nymph, and adult).
Six-legged larvae of soft ticks emerge from the eggs, take a
blood meal, and molt to the first nymphal stage. Unlike
hard ticks, many soft ticks go through multiple nymphal
stages (even may be seven nymphal molts), gradually
increasing in size until the final molt to the adult stage 47.

Their extraordinarily versatile salivary glands, the largest
organs in their body, secrete multiple haemostatic and anti-
inflammatory agents enabling attachment and feeding.
During dehydration, some ticks secrete hygroscopic
solutions from their salivary glands into the preoral canal,
and water is directly absorbed from atmospheres. The
digestion is intracellular. The blood taken into the tick’s
midgut remains mostly undigested for long periods except
in the female, at the time of egg-laying. The undigested
blood, a food reserve, is consumed gradually. They can
produce large numbers of eggs and said to have
‘phenomenal fecundity’47.

Tick species

Human cases of tick paralysis are cosmopolitan with
much epidemiologic information of etiologic agents such
as Ixodes, Dermacentor and Amblyomma from Australia,
North America, Europe, Africa and Asia 2, 43 . The potential
for producing paralysis has been demonstrated, described
or suspected in all 64 species of ticks belonging to 7 Ixodid
and 3 Argasid genera 1,2,30,42. The newly described important
genera and species (Table 1) have been listed as the potent
paralytic ticks in veterinary and human medicine.

they are not clinically important. Morbidity due to a
single engorged adult female tick is mostly reported in the
young animals of the larger species and all ages and sizes
of the pet species (dogs and cats).

The toxin

Ross (1926, 1935)45,46 provided the first definitive
evidence that tick paralysis was due to a toxin secreted by
the tick. The toxins occur in the hemolymph and are
secreted by either the salivary or dermal glands. The highest
level of paralyzing toxin occurs toward the end of feeding28.
However, it is not known whether these proteins are the
toxins or are the carrier molecules of toxins of lower
molecular weights.

. The term “ixovotoxin” or holocyclotoxin
has been applied to the paralyzing protein neurotoxin1 .
This is the most toxic fraction with a molecular weight of

40,000-60,000 D. It is a relatively stable compound,
especially when freeze-dried.

A lesser known deep red, water-soluble toxin, produced
by the cuticle of the fully engorged larvae, nymph and
adult female has unknown significance. It appears from the
time the tick drops off the host until either ecdysis or
oviposition occurs and is secreted through the cuticular
canals. When injected intraperitoneally into mice, it causes
respiratory paralysis within 9-10 hours26.

Tick Paralysis

Tick paralysis was probably first recorded in 1824, in
the explorer Hovell’s diary of his journey with Hume to
Port Phillip Bay (Melbourne). The first medical descriptions
of generalized paralysis in humans were at the turn of this
century from the USA50, Canada51 and Australia10 Death
rates may be 10 percent or more in humans and
approximately 7 percent in domestic animals44.

The onset of tick paralysis occurs five to seven days
after a female tick attaches itself to the skin. Engorgement
of the feeding tick is relatively limited until it mates with a
male. Mating leads to rapid engorgement, the fertilization
of eggs, and the production of neurotoxin.

Tick paralysis is a somewhat uncommon but potentially
a fatal disease that can affect virtually all warm-blooded
land animals. The disease is sporadic and is difficult to
diagnose because of the uneven occurrence of the toxin in
different tick population. Adults are affected less
frequently6 most probably because the neurotoxin produced
by the tick has a minimal effect because of their larger body
mass.

The beginning of neurotoxin production synchronizes
with the initial paralytic symptoms in affected patients.
Continued feeding by the tick apparently accelerates toxin
production, accounting for the rapid clinical worsening.
Once engorgement is complete, the female tick disengages
from its host and drops off to deposit the eggs.

Tick paralysis is a neurologic syndrome that is frequently
confused with other acute disorders such as
polyradiculoneuritis, acute peripheral neuropathies,
snakebite, Guillain–Barré syndrome, acute spinal cord
lesion, cerebellar ataxia, poliomyelitis, botulism, myasthenia
gravis, electrolyte disorder, periodic paralysis, diphtheria,
heavy-metal intoxication, insecticide poisoning, porphyria,
solvent inhalation (glue sniffing), hysterical paralysis
etc22,23,26, 27 . Clinical documents include ataxia, normal level
of WBC and protein in cerebrospinal fluid, Babinski sign,
Meningeal signs26,,32.

The symptoms begin with weakening arms and legs.
Paralysis then progresses to the torso, face, tongue, and
throat. Cases of isolated facial palsy have lasted three days
to three weeks17, 40,41,60 Other complications of tick paralysis
in humans include cardiotoxicity accompanied by a reduced
left ventricular fractional shortening or a slowed rate of
auricular and ventricular depolarization and repolarization14
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or reversible myocardial depression leading myocarditis,
myositis  and acute left-sided congestive heart failure 40,41

, lethargy to complete atonic paralysis of all skeletal muscle
tissue and involuntary muscle tissue , megaesophagus8,
indistinct speech, bilateral ptosis, bronchoconstriction,
asthma and finally leading to death due to respiratory
failure. Neuromuscular paralysis and death up to four days
after removal of ticks is well documented 22,41. Timely
removal of the feeding tick usually is followed by complete
recovery (within 24 hours)26 and a fine-toothed comb  and
sharp eyes are the clinical tools for the detection of ticks.

Paralysis can be distinguished according to its duration
(transient shown by the North American Dermacentor spp
to long lasting shown by the Australian Ixodes holocyclus),
its extent (localized to generalized paralysis) and its severity
(mild paresis to paralysis and other poisonous effects).
These vary according to genus, species, the life cycle stage,
and the gender (sex) of the tick and possibly with seasonal
factors20, 29.

The localized paralysis may affect certain muscles. The
example includes eyelid paralysis which occurs in dogs
with ticks on the face. It may result in a loss of the blink
reflex and consequent irritation leading to ocular discharge
and even corneal ulceration. Other examples are the
displacement of the muzzle’s midline with the tick on the
face and fecal incontinence or apparent diarrhea with the
ticks near anus.

The generalized paralysis involves the entire animal but
often first noticeable as an ataxia (in-coordination) and
paresis (weakness) of the hind limbs.

Clinical neurophysiology

Several studies have been found regarding tick paralysis
9, 13, 21,35. However, there have been various results obtained
by the researchers. Haller and Fabara, 197221 found some
nerves showing mild slowing of motor nerve conduction
and of distal motor latencies. The results of the studies
conducted by Cooper and Spence (1976)11 concluded that
there was an abnormality of the excitation–secretion
mechanism possibly due to reduced calcium availability
with the neuromuscular junction as the site of the paralysis.
There is a reduction of end-plate potential amplitude which
is due to a decrease in the amount of acetylcholine released
in response to a nerve action potential14.

In studies in animals, the neurotoxin reduces nerve
conduction velocity and the amplitude of muscle action
potentials and causes total blockade of transmission at
myoneural junctions 44. The resulting effect on cardiac
muscle is a failure to relax (diastolic dysfunction). Others
reports have shown  electrophysiologic abnormalities with
reductions in motor- and sensory-nerve conduction
velocities and the amplitude of muscle action potentials,
without defects in neuromuscular transmission 9,13,21,
prolongation of the distal latency of the peroneal nerve,
with unresponsiveness to repetitive stimulation35 and
diminution of the conduction velocities of the median, ulnar,
and peroneal nerves with the restoration of normal
neuromuscular transmission and rapid reversal of the
abnormalities when the tick was removed 23.

Table 1: A list of tick species that has been reported to cause Tick Paralysis in humans and animals.

1. Ixodes holocyclus
2. I. cornuatus
3. I. hirsti
4. I. rubicundus
5. I. scapularis
6. I. pacificus

1. .Haemaphysalis punctata 1. Boophilus microplus

1. Rhipicephalus punctatus
2. R. evertsi evertsi
3. R evertsi mimeticus
4. R. sanguineus

1. Otobius megnini
2. O. lahorensis

1. Hyalomma kutchensis

1. Dermacentor variabilis
2. D. occidentalis
3. D. andersoni
4. D. albipictus

1. Argas rad iatus
2. A. persicus
3. A. americanus
4. A. maculatum
5. A. walkerae

1. Amblyomma americanum
2. A. maculatum

1. Ornithodoros lahorensis
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Figure 1: A proposed Vaccinology Triad model for the vaccine research to be conducted by exploring the combined
hidden answers in biochemistry, neurology and immunology which are equally important.

Vaccinology of Ticks

It is easy to be recovered from normal tick paralysis by
removing the ticks from body. But it is hard when there is
chronic tick paralysis due to high amount of ticks’ toxins in
the body of animals. For the endemic areas, the vaccine
should be developed to fight against the toxin or antigens
that result into the continuous and normal nerve conduction
along a nerve fiber and synapse.

The first attempts to actively immunize included the
use of complex tick extracts 58,59. Currently, vaccines derived
from Bm86 (a midgut membrane bound protein of Boophilus
microplus, are the only ectoparasite vaccines commercially
available 12,57. When used for cattle under integrated pest
management (IPM) conditions involving strategic use of
acaricides, these vaccines control tick burden to levels
approaching 100% 3

The concept of using concealed antigens to immunize
hosts against ticks was originally based on the idea of
inducing antibody production to tick molecules that
induced the production of hormones 18. These antigens
can be derived from vitellin from eggs, and paramyosin
from partially engorged female gut extract and salivary
glands, and female fat body extract15,16,49. These antigens
are normally hidden from host immune mechanisms58. They
interact with specific immunoglobulins taken up in the blood
meal. The concealed antigens like Bm86 obtained from B.
microplus57, Bm91 (carboxy dipeptidase) from B.
microplus18, Bm95 B. microplus Bm8619, Vitellin  from B.
microplus49, BmPRM (paramyosin) from B. microplus15,
HLS1 from H. longicornis48, Voraxin from A. hebraeum56,
HLS2 from H. longicornis24, P27/30 from H. longicornis37,
4D8 from I. scapularis3  have been currently recruited as
recombinant antitick vaccines.
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B. NEUROPHYSIOLOGY

The effects of holocyclotoxin
or other ticks toxins on the 
neurophysiology (nerve 
conduction, nerve velocity, 
neurotransmitters, neuroionic
production, pre-and post-
synaptic physiology) with or 
without adjuvants in vitro and 
in vivo?

C. IMMUNOLOGY

The immunologic  mechanisms 
involved in non-immunized and 
immunized hosts in vaccine 
trials, including the roles of 
TLRs, NLRs, naïve, cytotoxic, 
effector, regulatory and memory 
T cells and B-cell biology, 
antigen presenting cells and 
their subsets in vitro and in vivo?

A. BIOCHEMISTRY

Chemical and molecular 
structure, functional 
groups of holocyclotoxin 
or other concealed and 
exposed antigens?

VACCINOLOGY

Anti-tick Vaccine
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Similarly, exposed antigens are taken up at the tick
feeding site by host dendritic cells, which process and
present them to T lymphocytes, priming a cellular mediated
T cell- or antibody-mediated B cell immunity31.

The exposed antigens like Calreticulin obtained from A.
americanum,  D. variabilis, B. microplus16,25,
immunoglobulin-binding protein from  R. appendiculatus55,
histamine-binding protein from R. appendiculatus39, HL 34
from H. longicornis54, RIM36 from R. appendiculatus7,
64TRPs from R. appendiculatus 52,53 have been evaluated
as recombinant antitick vaccines.

The current treatment for tick paralysis is in the form of
a polyclonal dog antiserum. This antiserum treatment is
expensive and effective only in the early stages of paralysis.
So, a successful vaccine would provide cost-effective, long-
term protective immunity against tick-induced paralysis61.

Future proposal

A rational approach to vaccine development is a long
and complicated process. It needs the systematic
identification and evaluation of candidate antigens,
including definition of the neuro-immunolgic mechanisms
induced by the antigens, and the innate receptors such as
Toll-like Receptors.

Although the idea of controlling ticks by vaccination
has been around for almost 70 years57, progress in
producing effective vaccines has been slow particularly
due to the lack of suitable antigenic targets36 and adjuvants.

It has been hypothesized that a genetic factor may be
involved for the different capacity of paralysis production
by the same species and sex. In the wild, paralysis is usually
not a problem for the common native hosts for I. holocyclus.
Bandicoots, opossums, kangaroos and koalas are mostly
immune as adults. The immunity seems to be acquired and
short lived 46. These examples may be helpful to design the
vaccine mechanisms of toxins.

Because of the risk associated with using live parasites
(such as the need for a cold chain, limited shelf-life, side
effects, reversion of attenuation), research towards subunit
vaccines is rapidly advancing. Existing vaccines have a
high level of side effects, low coverage and high expense
for manufacture. Their development is problematical by
several factors, such as antigenic variation and strain
diversity, delivery, adjuvant, age of the animal, complete
biochemical and immunological properties of neurotoxins
etc. ‘Ideal’ antitick vaccine should have following
characteristic features: active against all tick species with
all life cycle stages, long-lasting adaptive immunity, induces
detachment from engorgement, no vaccine resistance and
should be cost effective.

Antiholocyclotoxin or other antitickvenoms with the
holocyclotoxinocidic and/or holocyclotoxinostatic function
should be discovered for the continuation of the nerve
impulse for treatment and prevention of tick paralysis by
studying in-vivo. For the vaccine design, I have compiled

some questions for the exploration of answers on the head
of future vaccinologists by designing the Vaccinology Triad
(Figure 1).

Each question of the above study carries a lot of
hidden answers in them. The vaccinologists should explain
the answers in terms of cause and effect relationship in
each triangular stage rather than the descriptive association
in a linear track as provided by public health specialists.
After getting the correct answers of these issues in
scientific way, we will be able to find the immune responses
of the tick paralysis. The future will come when we can
prevent the tick paralysis in the tick endemic areas if the
study is made in the context of neurophysiology and
immunobiochemistry.

Conclusion

Tick paralysis has been frequently misdiagnosed, and
this envenomation syndrome must be included in the
differential diagnoses of any patient presenting with an
ascending symmetrical paralysis. If not treated, it can lead
to death of humans and animals. So, medical as well as
veterinary personnel should be in the way of research of
treatment and preventive measures of this paralysis.
Vaccination against ticks and tick paralysis should be
conducted on the basis of in-vivo studies coupled with
neurophysiology and immunobiochemistry.
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