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Abstract

Ticks collected in 2011 were screened for the presence of filarial nematode genetic material, and
positive samples were sequenced for analysis. Monanema-like filarial nematode DNA was recently
discovered in Amblyomma americanum in northern Virginia, marking the first time genetic
material from this parasite has been discovered in ticks in the state. Phylogenetic analysis revealed
that this material was directly related to a previously discovered filarial nematode in A.
americanum populations in Maryland as well as recently identified parasites in /xodes scapularis
from southern Connecticut. Further study is warranted to visually confirm the presence of these
nematodes, characterize their distribution, and determine if these ticks are intermediate hosts.
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Introduction

The lone star tick, Amblyomma americanum, is a known vector for numerous pathogens and
has a broad distribution throughout the central and eastern United States (Goddard and
Varela-Stokes, 2009). This tick species is most commonly known as a vector for the bacteria
that cause human ehrlichiosis, such as Ehrlichia chaffeensis, but more recently has also been
implicated as vector for Heartland virus and the causative agent of southern tick-associated
rash illness (STARI) (Armstrong et al., 1996; Masters et al., 2008; Savage et al., 2013). Its
wide distribution, potential to transmit multiple Ehrlichia species, and aggressive feeding
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behavior all contribute to the recent increasing trends in ehrlichiosis cases in the United
States (Childs and Paddock, 2003).

Previous research on Wolbachia endosymbiont infections in A. americanum also revealed
the presence of filarial nematodes, a broad family of parasitic, arthropod-transmitted worms
that can cause significant human and veterinary infections (Zhang et al., 2011). Although
they are most commonly identified in insect vectors, tick species have been implicated in
carrying and transmitting nematodes usually associated with veterinary infections (Brianti et
al., 2012; Olmeda-Garcia et al., 1993; Otranto et al., 2012). The nematodes identified in the
Wolbachia study were most closely related to the genus Acanthocheilonema (Zhang et al.,
2011). Additional studies identified a related nematode infecting /xodes scapularisin
Connecticut (Namrata et al., 2014), suggesting a novel clade of filarial nematodes associated
with diverse ticks.

In order to better elucidate the prevalence and distribution of filarial nematodes in wild ticks,
ticks were collected in Fairfax County, Virginia, and screened to determine the presence of
filarial nematodes. The sampling location was selected due to its proximity to a reclaimed
landfill that has been the focus of extensive tick investigation in the county. In this study, we
identified filarial nematodes in A. americanum from Fairfax County, Virginia, and assessed
their relationship with previously reported tick-associated nematodes.

Tick collections

Ticks were collected from May to August 2011, in central Fairfax County, Virginia, near a
site that was the focus of an invasive Amblyomma maculatum population (GPS coordinates:
38.8492, —077.3998) (Fornadel et al., 2011). The sampling location was a park created after
the introduction of a row of power lines. The area under the power lines was grass, which
was surrounded on both sides by deciduous forest. The intersection of the grass and forest
was marked by dense vegetation, which served as the primary sampling location for this
study. Ticks were collected using drag collections and carbon dioxide traps (Gladney, 1978).

After collection, all ticks were morphologically identified as A. americanum, A. maculatum,
1. scapularis, or Dermacentor variabilis (Keirans and Durden, 1998; Keirans and Litwak,
1989). Following identification, ticks were sorted by sex and life cycle stage and stored at
—80 °C until processing.

Sample processing

DNA was extracted from frozen ticks using a modified version of the MasterPure Complete
DNA Purification Kit (EPICENTRE Biotechnologies, Madison, WI1). Ticks were
homogenized in 50 pL of tissue cell lysis solution in a TissueLyser Il (Qiagen, Valencia,
CA) for 3 min at 30 Hz using a 5-mm stainless steel bead. DNA extraction from the
homogenate was subsequently conducted as previously described in Henning et al. (2014).
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Molecular and sequence analyses

Results

Tick samples were screened for filarial nematodes by PCR using primers and protocols that
amplified specific regions of the filarial 12S mitochondrial rRNA and cytochrome ¢ oxidase
subunit I (COIl) genes (Casiraghi et al., 2001; Casiraghi et al., 2004). Previously identified
positive samples were used for positive controls, and no template controls were used for
negative controls. In order to confirm results and determine sequence variability, all samples
positive for filarial 12S mitochondrial rRNA gene amplification were purified and directly
sequenced using primers 12SF and 12SR. COI positive samples were also confirmed
through sequencing using COlintF and COIlintR primers. Sequence results using the 12SF
primers were analyzed using BLAST (National Center for Biotechnology Information,
Bethesda, MD), and alignment and phylogenetic analysis were performed using MEGA
version 5.05 (Tamura et al., 2011). Phylogenetic trees were constructed using Maximum
likelihood using the general time reversible (GTR) model, and tree robustness was evaluated
by 500 bootstrap replications.

Ticks were collected from May 18, 2011, to August 3, 2011, and a total of 1223 A.
americanum were processed. Of these, 120 were male, 137 were female, and 966 were
nymphs. All ticks were screened for the presence of mitochondrial 12S rRNA and COI
genes. A total of 9 of the 1223 (0.74%) tested samples were positive for filarial sequences.
None of the A. maculatum (N = 10), D. variabilis (N = 23), or 1. scapularis (N = 1) tested
positive for filarial nematodes (Table 1).

Samples that were PCR positive for filarial nematodes were sequenced to confirm the
accuracy of the initial results. 12S mitochondrial rRNA sequences (440 bp) were 96-99%
identical to the previously identified filarial nematode species in A. americanum (GenBank
accession no: JF732757), and these differences resulted from single substitutions within the
target gene (Zhang et al., 2011). The 12S sequence was deposited in GenBank under
accession number KR364883. Phylogenetic analysis also showed that nematodes associated
with A. americanum formed a monophyletic group with a newly identified nematode species
in Connecticut /. scapularis (90% identity) (Fig. 1) (Namrata et al., 2014). This clade of tick-
associated nematodes was most closely related to the nematode Monanema martini (Fig. 1).

The COI gene sequence results (640 bp) were most closely related to Dirofilaria repens with
87% identity, with the exception of one sequence, that displayed 85% homology with
Onchocerca dewittei japonica. COl gene sequences from this study displayed 96-99%
identity with each other. The COI sequences were deposited in Gen-Bank under accession
numbers KR364884 and KR364885. Lack of available COI gene sequences from
representative taxa in the Gen-Bank database prevented construction of informative
phylogenetic trees that were comparable to the 12S analysis.

Discussion

This study provides the first record of Monanema-like filarial nematode DNA in A.
americanum ticks in Virginia. The presence of filarial nematode DNA suggests that A.
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americanum may serve as hosts for the developmental stages of these organisms, but it is
important to note that no microscopic visualization was conducted. All samples positive for
the 12S mitochondrial rRNA PCR were also positive for the presence of COI genes.
Additional samples were positive for the presence of COI genes, but not 12S mitochondrial
rRNA genes, which could suggest a lack of sensitivity for the 12S mitochondrial rRNA
PCR.

Sequencing results from PCR positive tick samples showed that this nematode species is
most closely related to previously described filarial nematodes in A. americanumin
Maryland with sequence identity of 99%, and formed a monophyletic group with nematodes
identified in /. scapularis in Connecticut. This tick-borne nematode clade was previously
reported to be of the genus Acanthocheilonema (Zhang et al., 2011; Namrata et al., 2014),
but further analysis using newly available nematode 12S sequences in the Gen-Bank
database suggests that these nematodes likely belong to the genus Monanema (Fig. 1).

Having similar sequence identity and phylogenetic relationship to the filarial nematodes
discovered in Maryland is not surprising due to the geographic proximity of the sampling
areas. The collections from the Zhang et al. (2011) study that yielded positive results for
filarial nematode infections were from areas near the Potomac River in Southern Maryland,
which is approximately 20 miles from the collection site in this study. It is not implausible to
think that ticks could have been transported across the river via birds, which have been
documented as being parasitized by A. americanum, or mammalian hosts, thus leading to
establishment of infected populations (Scott et al., 2001). Further study into filarial
distribution in ticks and elucidation of vertebrate host species will be necessary to confirm
any connections between these two populations.

Although there is close identity and a distinct cladistic relationship between the Monanema-
like filarial nematodes found in Maryland and Virginia, it is too early to definitively state
that these are the same species. Few studies have been done on the levels of intraspecific
variation for 12S rRNA gene sequences, but published reports suggest that sequence identity
is 97-99% and variation is below 1% (Ferri et al., 2009; McNulty et al., 2013; Otranto et al.,
2011; Yatawara et al., 2007). The two nematode sequences referenced in this study fall
within this range, but to make a definitive statement that these nematodes are the same
species would likely require morphological identification and further phylogenetic analysis.

The low overall infection prevalence in this study is similar to that found in A. americanum
ticks in Maryland, but is markedly smaller than that detected in /. scapularis populations in
Connecticut (Namrata et al., 2014; Zhang et al., 2011). This phenomenon could reflect that
1. scapularis is more favorable to infection and development of nematodes in this clade than
A. americanum. It is also possible that differences in host species or the nematode species
from this clade may result in higher parasitemia, which could bias the reported infection
rates. Continued collections across expanded areas would help to elucidate the true
prevalence of infection of Monanema-like nematodes within this clade in local tick
populations.
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Further investigation into the ecology of the Monanema-like nematodes in A. amercanum is
necessary. Monanema nematodes are known to be exclusive parasites of rodents and have
had microfilariae isolated from the rodent cutaneous lymphatic system (Bain et al., 1986;
Junker et al., 2012). The localization of microfilariae to the cutaneous lymphatic system
could allow for uptake by ticks during blood meals, but this suggestion is conjecture without
investigation. It is important to note that A. americanum do not traditionally feed on small
mammals in nature, making it unlikely that rodents would be the definitive host for these
parasites (Childs and Paddock, 2003; Zimmerman et al., 1987). This apparent contradictory
ecology needs robust study to determine if there is a biological association between this tick
and nematode species or if aberrant feeding behavior led to the results observed in this study.

Conclusions

This study shows the presence of filarial nematode DNA in A. americanum tick populations
in Virginia, confirming previously reported results in these ticks in the Mid-Atlantic. This
study also provides a phylogenetic analysis of this species, showing its relatedness to a
recently discovered nematode in /. scapularisin New England. This nematode clade appears
to be related to the Monanema genus of rodent parasites, which ixodid ticks can transmit.
Further study is needed to assess the ability of these tick species to propagate infections and
what the definitive host species is in nature.
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Table 1

Infection rates of filarial nematodes in various tick species in Fairfax County, Virginia.

Total number tested (number positive for 12SrRNA gene)

Species Male  Female  Nymph Overall infection rate (%)
Amblyomma americanum 120 (2) 137 (2) 966 (0) 0.33

Amblyomma maculatum 9(0) 1(0) 00) O

Dermacentor variabilis 11 (0) 12 (0) 00 O

Ixodes scapularis 0 (0) 0 (0) 10) o0

Total number tested (number positive for COI gene)

Amblyomma americanum 120 (2) 137 (6) 966 (1) 0.74

Amblyomma maculatum 9 (0) 1(0) 00 O
Dermacentor variabilis 11 (0) 12 (0) 00) O
Ixodes scapularis 0 (0) 0 (0) 10) O

Total number tested (number positive for filarial genes)

Amblyomma americanum 120 (2)  137(6) 966 (1) 0.74

Amblyomma maculatum 9 (0) 1(0) 00 O
Dermacentor variabilis 11 (0) 12 (0) 00 O
Ixodes scapularis 0(0) 0(0) 1(0) O
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