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Abstract

Trichuris guanacastei n sp., a parasite isolated from the Salvin’ spiny mouse Heteromys salvini, collected from the
Guanacaste Conservation Area, Costa Rica, during February 1996 is described. The new species was compared
morphologically with the 29 known species that parasitize rodents distributed in 12 families in North and
South America; T. guanacastei n. sp. it is characterized by the following set of traits: presence of a spicular tube
(measuring 0.72-0.99); thick proximal cloacal tube and a short distal cloacal tube with a total length of 0.72-1.36;
eggs 0.03-0.05 long and a semi-protrusible vulva. The new species represents the first one described in the genus
in Costa Rica and the fifth one described in the Americas that parasite Heteromyidae.
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Resumo

O objetivo deste estudo foi descrever Trichuris guanacastei n. sp., um parasita isolado do rato espinhoso de Salvin,
Heteromys salvini, coletado na Areade Conservacdo de Guanacaste, Costa Rica, durante fevereiro de 1996. Anova
espécie foi comparada morfologicamente a 29 espécies conhecidas que parasitam roedores, distribuidas em 12
familias na América do Norte e do Sul. T. guanacastei n. sp. é caracterizado pelo seguinte conjunto de caracteristicas:
presenca de um tubo espicular (que mede 0.72-0.99); tubo proximal cloacal e um tubo distal cloacal com uma
longitude total de 0.72-1.36; ovos de 0.03-0.05 de largura e uma vulva semi-protrusible. A nova espécie representa
a primeira descrita do género na Costa Rica e a quinta descrita nas Américas que parasita Heteromyidae.

Palavras-chave: Nematoda, nova espécie, Rodentia, Guanacaste, Costa Rica.
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Introduction

Heteromyidae is a family of rodents distributed from southern Canada to northern Colombia and Venezuela;
the family includes 50 species belonging to five genera (Chaetodipus, Dipodomys, Heteromys, Microdipodops and
Perognathus) that inhabit different ecoregions (Alexander & Riddle, 2005; Fernandez et al., 2014; Hafner et al.,
2007). In particular, Heteromys comprises 13 species, 7 of which [H. anomalus (Thompson), H. australis Thomas,
H. desmarestianus Gray, H. gaumeri Allen, H. irroratus (Gray), H. pictus (Thomas) and H. salvini (Thomas)] have been
studied from a parasitological perspective. In Costa Rica, this genus has been poorly studied; helminth species
have only been reported in two (H. desmarestianus and H. salvini) of the four species distributed in the country
(Falcon-Ordaz et al., 2019; Rodriguez-Herrera et al., 2014). In order to increase the knowledge of the nematode
parasites of Heteromyidae rodents in this Central American country, we describe a new species of Trichuris collected
from H. salvini. Twenty-nine species in this nematode genus have been recorded in American rodents belonging to the
families Caviidae, Cricetidae, Ctenomyidae, Dasyproctidae, Echimyidae, Geomyidae, Heteromyidae, Myocastoridae,
Octodontidae and Sciuridae (Eberhardt et al., 2019; Robles et al., 2018). The main morphological traits used to
distinguish among them include the presence/ absence of a spicular tube (which contains the spicula), the length
of the spicule, the shape of proximal cloacal tube (formed by the junction of the intestine and the ejaculatory tube)
and distal cloacal tube (which in turn is originated by the junction of the proximal cloacal tube with the spicular
tube) and vulvar morphology. Based on these features, we erected the new species and presented a taxonomic
key for the species that parasitize American heteromyids.

Materials and Methods

Thirty-four individuals of H. salvini were collected by Sherman traps in February, 1996 from Area de Conservacién
Guanacaste, Costa Rica, and were examined for parasites. Nematodes were obtained from the caeca of the hosts
and placed in 0.85% saline, fixed in glacial acetic acid and stored in 70% ethanol. Specimens were cleared for study
with a solution of glycerol and 70% ethanol (2:1). Drawings, micrographs and measurements were made with a
Zeiss microscope equipped with a drawing tube and Axiocam ERc5s camera. Measurements are given in millimeters
unless otherwise indicated. The range of measurements is presented at the beginning, followed by the mean,
standard deviation and holotype or allotype measurements in parentheses. Specimens processed for scanning
electron microscopy (SEM) were dehydrated through a graded series of ethanol, critical point dried with CO, and
sputter-coated with a mixture of gold-palladium; for SEM study were mounted on metal stubs with silver paste,
and examined under a Hitachi Stereoscan S-2469 N at 15 kV at Laboratorio Nacional de Biodiversidad (LANABIO),
Instituto de Biologia, Universidad Nacional Autonoma de México (IBUNAM), Mexico City, Mexico. Type material
was deposited in the Coleccién Nacional de Helmintos (CNHE), IBUNAM, Mexico City, Mexico.

Results
Family Trichuridae (Ransom, 1911) Railliet, 1915
Genus Trichuris Roederer, 1761
Trichuris guanacastei n. sp. (17 males and 30 females)

General: Based on the holotype, allotype and paratypes. Cuticle with fine transverse striations. Anterior end of
body long, narrow and sharp. Posterior end of body wide, diminishing towards the end (Figure 1A). Stichosome
with a single row of stichocytes, and 1 pair of conspicuous cells at the esophagus-intestinal junction level. Nuclei
of stichosome single with 1 nucleus per every 1 to 2 subdivisions; at the esophagus-intestinal junction level, they
may present numerous nuclei within the stichosome (Figure 1B).

Male (Based on the holotype and 16 paratypes)

Total body length 13.31-22.75 (18.0316.67, n=2) (22.49). Ratio between anterior and posterior body
length 1.24:1, n=1 (1.10:1) (Anterior part of body 7.90-12.63, 10.27+3.34, n=2) (12.50). Posterior part of body
8.32-10.11(9.27+0.63, n=12) (9.984). Width at middle of anterior part of body 0.104 (0.104+0.0, n=2) (0.091). Width
at level of esophagus-intestinal junction 0.15-0.26 (0.21+£0.04, n=13) (0.23). Width at middle of posterior part of
body 0.23-0.36 (0.30+£0.045, n=12) (0.26). Total length of esophagus 7.9-12.63 (10.27+3.34, n=2) (12.50), muscular
portion 0.52-0.78 (0.63+0.13, n=3) (0.66), stichosome portion 7.38-12.04 (9.71+3.2, n=3) (11.83).
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Figure 1. Trichuris guanacastei n. sp. (A) Male, total view, showing esophagus-intestinal junction (ElJ); (B) Female, showing
stichosome with stichocytes (Es), esophagus-intestinal junction (El)), slightly protruding vulva (V), eggs (E) oval, flat with lemon
form and bipolar plugs, and ovejector (O); (C) Posterior end of male, showing intestine (In), ejaculatory duct (Ed), junction of
intestine and ejaculatory duct to form proximal cloacal tube (X2), retractor muscle (Rm), proximal cloacal tube (PCT), distal
cloacal tube (DCT), junction of proximal cloacal tube and spicular tube (X1), spicular tube (St), spicule (S) and spicular sheath
(Ss); Scale bar 200 pm.

The reproductive system (Figure 1C) has a spicular tube with a length of 0.41-0.89 (0.60+£0.15, n=11)
(0.76). Spicule total length 0.72-0.99 (0.86+0.09, n=6) (0.90). Width 0.009-0.02 (0.01+0.004, n=6) (0.02) at tip,
0.005-0.01 (0.008+0.002, n=12) (0.006) at middle region, and 0.007-0.013 (0.008+0.003, n=13) (0.007) at base. Thicker
proximal cloacal tube united laterally to the middle region of the shorter distal cloacal tube having a total length of
0.72-1.36(1.10+0.19, n=14) (1.15). Distance of junction of proximal cloacal tube to the beginning of distal cloacal tube
0.12-0.48 (0.34+0.13, n=7) (0.46). Spicular sheath cylindric and densely spinose measuring 0.08-0.29 (0.15+0.07, n=6)
(0.08) (Figures 2A, 2B). Distal cloacal tube length 0.40-0.93 (0.66+0.17, n=14) (0.66). Width 0.01-0.03 (0.02+0.005, n=8)
(0.02) at tip, 0.02-0.03 (0.02+0.01, n=7) (0.02) at middle region and 0.02-0.04 (0.03£0.008, n=8) (0.031) at base.
Spicular retractor muscle 0.81-1.21(1.06+0.12, n=8) (0.86). Testis 0.87-1.78 (1.46+0.24, n=13) (1.47) from the distal tip.

Ratio total body length/ posterior portion length 1.32-2.24 (1.78+0.65, n=2) (1.78). Ratio posterior
portion length/ anterior portion length 0.80 (0.80+£0, n=1) (0.79). Ratio total body length/ spicule length
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Figure 2. Trichuris guanacastei n. sp. (A) Male, proximal cloacal tube (PCT), distal cloacal tube (DCT), spicular sheath (Ss), and spicule (S).
Scale bar 5 pm; (B) Male, caudal end showing densely spinose spicular sheath (Ss) and spicule (S). Scale bar 100 um. (C, D) Female,
slightly protruding vulva (V) and ovejector (O). Scale bar 5 ym and 100 100 pum, respectively.

17.47-22.84(20.16%3.79, n=2) (24.78). Ratio posterior portion length/ spicule length 9.69-13.20 (10.85+1.09, n=10)
(11.00). Ratio proximal cloacal tube length/ distal cloacal tube length 1.22-2.82 (1.80+0.57, n=14) (1.48). Ratio
maximum posterior body width/ posterior portion length 0.02-0.03 (0.03+0.004, n=12) (0.02).

Female (Based on allotype, 29 paratypes)

Total body length 31.43-36.21 (33.82 + 3.38, n=2) (26.80). Ratio between anterior and posterior body length
0.85:1-1.03:1 (1.74 £ 2.01, n=2) (1.34:1). Anterior part of body (filiform) 14.50-18.38 (16.44+2.73, n=2) (15.39).
Posterior part of body (fusiform) 9.28-21.26 (16.63+£3.54, n=13) (11.41).

Width at middle of anterior part of body 0.104 (0.104+0.0, n=2) (0.09). Width at level of esophagus-intestinal
junction 0.10-0.28 (0.18+0.04, n=22) (0.26). Width at middle of posterior part of body 0.26-0.57 (0.41+0.08, n=13)(0.52).
Total length of esophagus 14.50-18.38 (16.44+2.73, n=2) (15.39), muscular portion 0.60-0.853 (0.72+0.17, n=2) (0.71),
stichosome portion 13.90-17.53 (15.71+£2.56, n=2) (14.67). Slightly protruding vulva, anterior lip mostly protruding
than posterior (Figures 2C, 2D), located at 0.007-0.19 (0.09+0.06, n=14) (0.11) below the esophagus-intestinal junction
and 9.29-19.25(15.7443.81, n=8) (11.46) from the distal tip. Ovejector 0.42-0.86 (0.6310.14, n=13) (0.69) (Figure 2C).
Eggs oval, flat with lemon form and bipolar plugs 15-22; 0.03-0.05 (0.04+0.005) x 0.020-0.028 (0.025+£0.001) mm (n
=25) (Figure 3A). Rectum length 0.07-0.41 (0.25£0.10, n=14) (0.27). Anus subterminal, with a distance of 0.007-0.023
(0.018+0.005, n=13) (0.0156) from de distal tip (Figure 3B, 3C). Ratio total body length/ posterior portion length
1.85-2.03(1.9440.12, n=2) (2.34). Ratio posterior portion length/ anterior portion length 0.97-1.16 (1.01+1.29, n=2)
(1.01). Ratio maximum posterior body width/ posterior portion length 0.017-0.044 (0.025+0.024, n=13) (0.044).
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Figure 3. Trichuris guanacastei n. sp. (A) Female, eggs oval, flat with lemon form and bipolar plugs. Scale bar 1 pm; (B, C) Caudal
end showing anus (A). Scale bar 5 pm and 100 pm, respectively; (D) Bacillary glands with conspicuous pore in bacillary band.
Scale bar 100 pm.

Bacillary band begins in the anterior region of the body, extending at its midpoint and fading gradually prior to
the esophagus-intestinal junction. Bacillary band has cuticular inflations of different sizes and shapes bordering
the band at the anterior end of the body; visible bacillary glands with conspicuous pore (Figure 3D).

Taxonomic summary

Type host: Heteromys salvini (Thomas, 1893) (Salvin“s spiny pocket mouse) (Rodentia: Heteromydae)

Site of infection: Cecum

Type locality: Area de Conservacién Guanacaste, Costa Rica.

Prevalence and mean intensity: 58.82% (20 infected rodents out of 34) and 2.35 individual per infected host.

Deposition of specimens: Holotype (CNHE 11250, male); Alotype (CNHE 11251, female); paratypes (CNHE 11252,
16 males, 29 females).

Etymology: the name of new species refers to Area de Conservacién Guanacaste, Costa Rica, where the hosts
were collected.

Remarks

The new species was compared with the 29 known species that parasitize rodents belonging to 12 families in
North and South America: Trichuris guanacastei n. sp. differs from 12 of these 29 species (T. opaca Barker & Noyes,
1915; T. bradleyi Babero, Cattan & Cabello, 1975; T. chilensis Babero, Cattan & Cabello, 1976; T. elatoris Pfaffenberger &
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Best, 1989; T. robusti Babero & Murua, 1990; T. travassosi Correa-Gomes, Lanfredti & De Souza, 1992; T. bursacaudata
Suriano & Navone, 1994; T. pampeana Suriano & Navone, 1994; T. pardinasi Robles, Navone & Notarnicola, 2006;
T. navonae Robles, 2011; T. bainae Robles, Cutillas, Panei & Callejon, 2014 and T. massoia Robles, Cutillas & Callején,
2018) by the presence of a spicular tube, while in the 12 referred species, the spicule lies entirely within the distal
cloacal tube (Chandler, 1945; Tiner, 1950; Cameron & Reesal, 1951; Read, 1956; Frandsen & Grundmann, 1961;
Todd & Lepp, 1972; Babero et al., 1975, 1976; Barus et al., 1975; Babero & Murua, 1987, 1990; Pfaffenberger &
Best, 1989; Correa-Gomes et al., 1992; Suriano & Navone, 1994; Robles et al., 2006, 2014, 2018; Robles, 2011;
Torres et al., 2011; Panti-May & Robles, 2016, Eberhardt et al., 2019).

For 2 of the 17 remaining species, T. gracilis (Rudolphi, 1819) and T. dolichotis Morini, Boero & Rodriguez, 1955, the
males are unknown. Despite this, these species can be differentiated of T. guanacastei n. sp., because the females
of both species present a non-protrusive vulva; in the new species, the vulva is semi-protrusive. Additionally, the
total body size and anterior end of the body of T. gracilis (38.5-39.6 and 21.55-27.44 mm, respectively) are larger
than those in T. guanacastei (31.43-36.21 and 14.50-18.38 mm, respectively), and egg size of the new species
(0.03-0.05) is smaller than in that of T. dolichotis (0.075) (Robles, 2011; Panti-May & Robles, 2016). Fifteen speciesin
the genus have a spicular tube similar to that of the new species: T. muris (Schrank, 1788) Hall, 1916, T. fossor Hall,
1916; T. myocastoris Enigk, 1933, T. citelli Chandler, 1945, T. perognathi Chandler, 1945, T. neotomae Chandler, 1945,
T. peromysci Chandler, 1946, T. madisonensis Tiner, 1950, T. stansburyi Frandsen & Grundmann, 1961, T. fulvi Babero
& Murua, 1987, T. dipodomis Pffafenberger & Best, 1989, T. laevitestis Suriano & Navone, 1994, T. silviae Panti-May &
Robles, 2016, T. thrichomysi Torres, Nascimento, Menezes, Garcia, Santos, Maldonado, Miranda, Lanfredi & Souza,
2011 and T. cutillasae Eberhardt, Robles, Monje, Bel[domenico & Callejon, 2019. Nonetheless, 9 of these species
have a longer spicular length than that of Trichuris guanacastei n. sp. (0.72-0.99): T. citelli (1.15-6.8), T. cutillasae
(2.70-2.94), T. dipodomis (1.15-1.23), T. fulvi (1.21-1.33), T. laevitestis (3.47-3.71), T. myocastoris (2.96-4.5), T. neotomae
(1.3-2.1), T. silviae (1.3-1.4) and T. thrichomysi (1.86-2.78). In addition, the new species can be differentiated from
T. citelli, T. cutillasae, T. fulvi and T. myocastoris by the total body length in males, which is 13.31-22.75 in the
Costa Rican species and varies between 23.5 and 56.52 in the other species. Furthermore, the distal cloacal tube
length in T. guanacastei n. sp. (0.40-0.93) is smaller than those in T. citelli (1.10-1.30), T. cutillasae (1.14-2.2) and
T. myocastoris (1.26-2.63). On the other hand, the eggs of T. fulvi, T. laevitestis, T. neotomae, T. silviae and T. thrichomysi
are smaller than those of T. guanacastei n. sp. (0.03-0.05 in the new species vs 0.06 to 0.09 in the other 5 species).
An additional feature that allows the differentiation of T. fulvi, T. laevitestis and T. silviae and the new species is
the presence of a non-protrusive vulva in these 3 species and a semi-protrusive vulva in T. guanacastei. Similarly,
the anterior part of the body of T. neotomae males’ measures 14.0 to 17.0 while in T. guanacastei n. sp. this region
only measures 7.09-12.63 in length. Another useful feature to distinguish T. guanacastei from T. thrichomysi is the
length of the spicular tube (0.41-0.89 vs. 1.73-2.02, respectively), and the distance of the testis makes it possible
to differentiate the new species from T. dipodomis, since this is greater in the Costa Rican specimens (0.87-1.78)
than in T. dipodomis (0.43-0.58).

Other 3 species with spicular tube (T. fossor, T. madisonensis and T. peromysci) can be differentiated from Trichuris
guanacastei n. sp. because their vulva is not protrusive, while in the new species, it is semi-protrusive; further, the
length of eggs of these 3 species range from 0.069 to 0.092 vs 0.03-0.05 in T. guanacastei n. sp.

The length of the proximal cloacal tube of two of the three remaining species with a spicular tube as T. guanacastei,
i.e., T. muris (0.80-2.18, average 1.38) and T. stansburyi (1.74), differentiates them because their proximal cloacal
tube is greater than that of the new species (0.72-1.36, average 1.10). Furthermore, the width of the spicule base
of the Costa Rican species (0.007-0.013) is smaller than those reported for T. stansburyi (0.027-0.052) and T. muris
(0.020-0.040). In the same way, the length of the eggs of the 3 species (T. muris: 0.062-0.068; T. stansburyi: 0.051-0.063
and T. guanacastei: 0.03-0.05) makes their distinction possible (Feliu et al., 2000; Frandsen & Grundmann, 1961).

Finally, the total length of males (13.31-22.7) and females (31.43-36.21) of T. guanacastei n. sp. is smaller than
the total length of males (25.0-30.0) and females (46.0- 47.0) of T. perognathi, the final species of the genus with
a spicular tube; moreover, the eggs size of the new species (0.03-0.05) and the cloacal tube length (0.72-1.36)
clearly distinguish it from T. perognathi, in which these structures measure 0.065-0.067 and 2.00 mm, respectively.

Discussion

Trichuris guanacastei n. sp. is the first species of Trichuris described in Costa Rica and the fifth species described
in the Americas that parasitizes Heteromyidae (Chandler, 1945; Read, 1956; Pfaffenberger & Best, 1989; Panti-May
& Robles, 2016). The new species was compared with 29 known species of Trichuris that infect rodents in the
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Americas and separated from these species based on a combination of various morphological characteristics
in both males and females, mainly the presence of a spicular tube, the spicule size, vulvar morphology, and the
length of the eggs. However, the identification of the Costa Rican specimens was difficult because some of their
morphometric characteristics overlap, particularly with species that parasitize host included in the same family
(T. silviae, T. perognathi, T. elatoris and T. dipodomis, see Robles, 2008). In addition, as Panti-May & Robles (2016) noted,
the descriptions of some species are incomplete (e.g., T. dipodomis, T. perognathi, T. stransburyi, T. madisonensis and
T. fossor), and the nomenclature of several traits should be clarified, especially those related to vulvar morphology
as well as the spicular sheath. Authors such as Panti-May & Robles (2016) and Hasegawa & Dewi (2017) have
analyzed the taxonomic value that features such as the presence/absence of a cephalic stylet, the characteristics
of the bacillary band and accompanying structures, and the number and shape of nuclei in the stichocytes could
have for the identification of Trichuris species. Further, DNA sequencing analysis of Trichuris species will be a key
element for their differentiation in the future.

Key to the species of Trichuris parasites of Heteromyidae rodents

1.- Spicular tube abSent ........cceveirinieirieeeeee s T. elatoris; Dipodomys elatoris Merriam, 1894
SPICUIAT TUDE PIrESENT ittt ettt b sttt b s bt e bt ekt e s e st e bt s b e b es e e be b enteb e st et entebesbensenessn 2
2.- Projections of SPICUIar SNEATN @CULE .....ouiiiiiiiceree et sttt s st b st be e 3
Projections of spicular sheath saccular.....c.ccccviveinininencnnnn T. dipodomis; Dipodomys ordii Woodhouse, 1853
3.- Length of SPICUIE < T.00 MM ittt ettt b bbbttt b et e e b e st et estebesbeseneenn 4
Length of spicule 1.30 mm to 1.50 MM .....cccevvvvvnineennnn. T. silviae; Heteromys gaumeri Allen and Chapman, 1897
4.- Length of cloacal tube < 1.40 MM...ccecvineneineneeene Trichuris guanacastei n. sp. H. salvini (Thomas, 1893)
Length of cloacal tube 2.00 MM ...ccoevieirineniireeenn T. perognathi; Chaetodipus californicus (Merriam, 1889)
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