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Abstract
Environmental pollutants cause teratogenic abnormalities in ectoparasites and their hosts. These 
contaminants are consumed or absorbed, and often invisible causing deformities in arthropods, 
including ticks. Teratogen in arthropods arises as physiological and morphological change, and 
often halts proper metabolic function. During normal bird band operations, we collected a replete 
tick from an American Robin, Turdus migratorius, and the fully engorged larva molted to an unfed 
nymph. The larva was normal, but the subsequent nymph was deformed. Consequently, we could 
not identify the unusual specimen with standard taxonomy, so we took microphotographs and 
employed DNA barcoding by means of the mitochondrial cytochrome c oxidase subunit 1 gene. 
Based on molecular analysis, we confirmed the aberrant specimen was a blacklegged tick, Ixodes 
scapularis. Our finding collaborates that songbirds can pass teratogenic compounds to ticks during 
a blood meal, and cause environmental abnormalities in ticks.
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Introduction
Ticks are blood-sucking ectoparasites of medical and veterinary importance. They parasitize 

and transmit tick-borne zoonotic pathogens to vertebrates (avian, mammalian, reptilian), and 
can cause lasting and debilitating symptoms [1]. Prompt identification is important to get timely 
treatment and efficacious medical care. Tick identification is important to determine the tick 
species, and also ascertain potential zoonotic diseases. East of the Rocky Mountains, blacklegged 
ticks, Ixodes scapularis (Acari: Ixodidae), are vectors of at least nine tick-borne zoonotic 
pathogens, including Borrelia burgdorferi sensu lato (Bbsl) complex [2,3], Borrelia miyamotoi 
[4,5], Bartonella spp. [6,7], Babesia spp. [8,9], Mycoplasma spp. [10], Anaplasma spp. [11,12], 
Ehrlichia muris eauclairensis [13], hemolytic Rickettsia spp. [14], and Powassan Virus Disease 
[15]. Polymicrobial infections can occur in ticks and their hosts [16]. Taxonomically, there are at 
least 244 Ixodes species identified around the globe [1].

New-found pathogens in ixodid ticks are capturing special attention worldwide, especially 
Babesia spp. (Apicomplexa: Piroplasmida: Babesiidae) because they cause human babesiosis. These 
piroplasmids include B. crassa-like [17], B. divergens [18], Babesia divergens-like MO-1 [19], B. 
duncani [20], B. microti [21], B. motasi [22], B. odocoilei [9], Babesia sp. XXB/Hang Zhou [23], 
Babesia sp. TW1 [24], Babesia spp. CA1, CA3, and CA4 [25], and B. venatorum [26]. Pathologically, 
symptoms can range from subclinical to fatal. In North America, common symptoms of human 
babesiosis caused by Babesia odocoilei include profound fatigue, inflammation, impaired 
cognition, ischemia, and intolerance to physical exertion [9].

American Robins, Turdus migratorius (Passeriformes: Turdidae), are avian hosts of I. scapularis 
larvae and nymphs. Their diet consists of berries and small fruits, as well as invertebrates, including 
caterpillars and beetles. During frost-free, snow-free temperate months, robins eat earthworms. 
Since 2000, the population of robins has gradually declined in southwestern Quebec. Importantly, 
American Robins widely disperse songbird-transported ticks across North America [27].

The purpose of the present study was to discern the proper identification of an unusual-looking 
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tick collected from an American Robin in southwestern Quebec, 
Canada.

Materials and Methods
Tick collection

The rare specimen in the present study was part of a larger tick-
host-pathogen study conducted in eastern and central Canada. Bird 
banders collected ticks from songbirds during three activity periods 
(i.e., spring migration, fall migration, and nesting and fledgling). 
Ticks were collected using super-fine, stainless steel forceps, and then 
inserted in polypropylene tubes vented with tulle netting secured with 
a push cap (with a 7 mm hole) to prevent live ticks from escaping. 
With the exception of the target specimen, all ticks were identified 
using expertise of a professional acorologist. The unusual tick was 
compared to several specimens in our reference collection, in 
particular, I. scapularis (Figure 1).

When engorged ticks were held to molt, they were retained at 
high humidity (85% to 95%) in a self-sealing plastic bag with a slightly 
moistened section of paper towel. During the period encompassing 
fall migration, ixodid ticks were placed in a light chamber, and 
held at room temperature and high humidity (85% to 95%) with a 
photoperiod ratio of 16:8 (light: dark). After the larva-nymph molt, 
the special specimen was held in the lab for 10 d to make sure the 
body parts were sclerotized and fully mature. The exoskeleton from 
the larva-nymph molt was preserved in 99% isopropyl alcohol. 
Ventral and dorsal photos were taken of the nymph with a Keyence 
VHX-7000 Digital Microscope. In order to keep the entire nymph 
intact, the exoskeleton was initially DNA barcoded. For the second 
barcoding session, anatomical parts (i.e., pulvillus, tarsus, metatarsus, 
tibia) of two legs of the nymph were excised, and DNA barcoded. 
Similarly, for the third session, anatomical parts of two other legs 
were removed by excision, and processed by DNA barcoding.

PCR testing, DNA sequencing, and phylogenetic analysis
In order to decipher the identity of the tick species from the 

submitted samples (nymphal tick, larval exoskeleton), alcohol was 
removed, and the samples were lysed with 50 µL of invertebrate 
lysis buffer with 0.5 mg/mL of proteinase K (Promega, Madison, 
Wisconsin, USA). DNA was extracted from 50 µL of each lysate using 
a validated spin column protocol [28]. The target genetic marker 
(barcode region of the mitochondrial cytochrome c oxidase subunit 
1 gene) was amplified using Polymerase Chain Reaction (PCR) 
employing the cocktail C_LepFolF/C_LepFolR [29]. This procedure 
was repeated twice using the outer segments of two different legs. 
Bi-directional cycle sequencing was performed using a standardized 
commercially available BigDye Terminator v3.1 kit. Sequencing 
reactions were analyzed by high-voltage capillary electrophoresis 
on an automated ABI 3730xL DNA Analyzer. The raw forward and 
reverse trace files were assembled into contigs, and the consensus 
sequences were edited in Codon Code Aligner v. 4.1.1. These DNA 
sequences were compared with the Barcode of Life Data (BOLD) 
systems identification database accessible at http://boldsystems.org/
index.php/IDS_OpenIdEngine. The identity of the closest matching 
reference sequence was used to infer the species identity of the 
DNA contributor in the corresponding test sample. Additionally, a 
phylogenetic tree was generated for the queried sequence and its top 
matching reference sequences to provide additional support towards 
the identity of the queried sequence. Images, primers, sequences, 
and their associated trace files with quality scores were uploaded to 
the secure in-house BOLD project called “CCDB forensic sampling 

[ABCBF].”

The maximum likelihood method was used to compare 
sequences because it has the highest log likelihood (-797.29) [30]. 
Initial tree(s) for the heuristic search were obtained automatically 
by applying Neighbor-Join and BioNJ algorithms to a matrix of pair 
wise distances estimated using the Maximum Composite Likelihood 
(MCL) approach, and then selecting the topology with superior log 
likelihood value. The tree is drawn to scale, with branch lengths 
measured in the number of substitutions per site. The analysis 
involved 18 nucleotide sequences. Codon positions included were 1st 
+ 2nd + 3rd + non-coding. All positions containing gaps and missing 
data were eliminated. There were a total of 81 positions in the dataset. 
Evolutionary analyses were conducted in MEGA7 [31].

The GenBank accession number is: Bankit2532828 gnl|uoguelph| 
ABCF682-21. COI-5P and accession is OL982522. The voucher 
specimen (BIO-21-112) is being held at the centre for Biodiversity 
Genomics, Guelph, Ontario.

Results
Tick collection

A fully engorged specimen (21-5A73) was collected from a 
juvenile American Robin on 02 August 2021 at Ste-Anne-de-Bellevue, 
Quebec, Canada (45.43 N, 73.94 W). Mist nets for songbird capture 
were erected at dawn and taken down at noon. After removal of the 
fully engorged larva from the American Robin, it was active for 13 d 
before it became quiescent. The time period from when the larva was 
collected from the American Robin until it emerged as a nymph was 
36 d. At this point, the nymph seemed to be functioning normally. 
It was held for 10 days to sclerotisze, and then put in 70% isopropyl 
alcohol, and promptly photographed before discoloration occurred. 
Under microscopic observation, the hypostome and palps were 
missing, and the capitulum (anterior body segment) was distorted. 
Although Ixodes ticks vary in color, engorged larvae and nymphs 
normally have a gray color (Figure 2). High-magnification photos 
were taken of the dorsal and ventral sides of the nymph (Figures 
3a-3c). It was noted that the anal groove curved anteriorly around 
the anus, which indicates that this nymph is a member of the genus 
Ixodes.

Molecular identification
A DNA sequence was not recovered for the larval exoskeleton; 

however, bi-directional forward and reverse traces were recovered 

Figure 1: Ixodes scapularis, unfed nymph. This is a typical unfed nymph 
before taking a blood meal.
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from the outer segments of two legs. A DNA barcode of 480 base 
pairs (bp) was generated from legs of the I. scapularis nymph. The 
recovered sequence had a 99.6% match to Ixodes scapularis [30]. 
One sequence of an I. scapularis, which was previously collected 
from a raptor in southwestern Quebec, was molecularly consistent 
[32]. Based on the inferred identity of the sequence, as well as the 
BOLD phylogenetic tree (Figure 4), we have established a species-
level match to I. scapularis. The sequence of sample BIO-21-112-
CCDBFR0655 is compared to known I. scapularis, Ixodes pacificus 
(western blacklegged tick), and Ixodes muris (mouse tick) reference 
sequences in BOLD using MEGA7.

Discussion
We report an aberrant I. scapularis in southwestern Quebec, and 

provide substantial evidence that a teratogenic contagion caused 
the tick malformations. When we examined the unfamiliar tick, we 
questioned its identification, and wondered what might be the actual 
cause of the unconventional abnormalities. Since the I. scapularis 
larva was morphologically normal, and the subsequent nymph 
was deformed, we provide substantive evidence that the juvenile 
American Robin consumed food containing an environmental 
contaminant. After assessing the events surrounding the larva-
nymph molt, we concluded that an environmental teratogen had 
altered standard metabolic function and physiology of the tick, and 
induced the eccentric deformities.

Larva-nymph development
When a tick takes a blood meal, the contents go into its midgut 

and, during the molt, develop into the next life stage [33]. When the 
new life stage is about to emerge, it is directly dorsal to its former self. 

This source of new development clearly indicates that the midgut is 
the origin.

Initially, we considered that the abnormalities may have been 
of genetic origin; however, the scenario lends itself more closely to 
initiation by an environmental pollutant. We felt that if there were 
genetic abnormalities, they would have appeared in the larva. However, 
the malformations only appeared in the nymph. Furthermore, the 
DNA barcoding (99.6%) did not show any genetic abnormities. It 
was only after the larva-nymph molt that the nymph then manifested 
several abnormalities. Since the capitulum had not been handled or 
damaged with forceps, the morphologic abnormalities were most 
likely caused by a toxic chemical in the environment, and triggered 
malformation in the capitulum during the molt [34].

Source of nymphal abnormality
After assessing the timeline, and strange abnormalities, we 

assert that teratogens in the blood meal initiated an alteration in the 
embryonic development of the newly formed nymph [34]. In wildlife 
habitats, teratogenesis has been associated with amphibians, reptiles, 
birds, fish, mammals, and invertebrates [34]. During temperate 
months, the primary source of food for robins is earthworms. 
Although the source of chemical contamination was not probed in the 
present study, teratogens were most likely present in the blood meal 
from the American Robin, and resulted in the apparent causation of 
the aberrant I. scapularis nymph.

We considered that a pathogenic microorganism may have 
instigated the malformations in the nymph. For example, B. odocoilei, 
a parasite of red blood cells, may have been implicated. However, it is 
not known to alter physical structure of an ixodid tick or its hosts (i.e., 
cervids, birds, humans) [9]. Over millions of years, pathogens have 
adapted to their vectors and their hosts.

Species trends and potential teratogenesis
Anatomy-altering findings in the nymph align with teratogens 

in the ecosystem where the American Robin had been foraging for 
food. These birds feed on plant vegetation and organic matter both 
in the topsoil and the soil surface. At night, earthworms come to soil 
surface to feed on organic matter and, in early morning, are eaten 
by ground-frequenting songbirds, especially American Robins. Plant 
vegetation, and subsequent organic matter, is easily contaminated by 
organic chemical in the air. Of note, an established population of I. 
scapularis is present in the locality where the nymph was collected, 
and the American Robin banded [2].

The estimated population trends in the Montreal area for 
American Robins over the past 10 year (2008 to 2018) has been a 

Figure 2: A juvenile American Robin parasitized by the fully engorged I. 
scapularis larva. The white arrow points to a brownish-mauve color (rather 
than gray) larva under the right eye (Photo: Ana Morales).

Figure 3: Ixodes scapularis nymph showing abnormal morphological characteristics: A. dorsal view, entire body, B. ventral view, entire body, and C. ventral view, 
anterior section.

Remedy
Sticky Note
Marked set by Remedy

Remedy
Sticky Note
Marked set by Remedy

Remedy
Sticky Note
Marked set by Remedy



John D Scott, et al., Open Journal of Public Health

Remedy Publications LLC. 2022 | Volume 4 | Issue 3 | Article 10394

gradual decrease (-3.3% per yr) [35]. We show plausible evidence 
that environmental contaminants may be a contributing factor in 
species trends and, in this particular situation, population decline 
of American Robins [35]. Based on our findings, it appears that 
teratogens in the environment are playing a role in this decrease.

Several organic chemicals can have teratological effects on I. 
scapularis ticks. The lead author of the present study has observed extra 
legs on I. scapularis adults collected in 1997 at Point Pelee National 
Park (PPNP) located south of Leamington, Ontario. From 1931 to 
1973, the central part of the park was an apple orchard that was actively 
farmed, and chlorinated hydrocarbons were used for insect pest and 
disease control [36]. Not only did DDT have long-lasting teratogenic 
effect, it acted as a borreliacidal agent at PPNP until 2000 to 2005. 
During the highly contaminated period, the Bbsl was nil [37-39]. Based 
on the findings of independent ecologists, the expiration of five 
amphibian and six snake species was attributed to heavy use of 
chlorinated hydrocarbons in the apple orchards, These pesticides 
persisted for over 30 yr following the agricultural period [40].

Conclusion
Initially, we attempted to use in-house taxonomic expertise to 

identify the nymphal tick that exhibited malformations. Since we 
could not find a suitable match, we employed molecular 
identification to determine the basic nomenclature of an Ixodes tick. 
Based on DNA sequencing and phylogenetic analysis, we authenticate 
that the unusual nymph was a 99.6% match to archetypal I. scapularis. 
When morphological abnormalities form in ticks, DNA barcoding 
provides an authentic methodology to confirm the identification.
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