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Abstract

Nematodes of the genus Physaloptera are common in rodents, including in species of the Family Cricetidae. There is no
report of nematodes parasitizing Cerradomys goytaca, so this is the first one. For this study, 16 rodents were captured in
the city of Quissama, in the northern of Rio de Janeiro State. The rodents were necropsied, and the digestive tracts were
analyzed under a stereomicroscope for the presence of parasites. The nematodes were fixed in hot AFA, clarified in
Amann’s lactophenol, mounted on slides with coverslip, and observed under an optical microscope. Part of the nematodes
was fixed in Karnovisk solution for scanning electron microscopy. Nematodes presented evident sexual dimorphism. Oral
openings had two semicircular pseudolabia, with an external lateral tooth and an internal lateral tripartite tooth on each
pseudolabium. Males had a ventral spiral curved posterior ends with the presence of a caudal alae with 21 papillaec with
four pairs of pedunculated papillae arranged laterally, three pre-cloacal sessile papillae arranged rectilinearly and five pairs
of post-cloacal sessile papillae. There was also a pair of phasmids located between the fourth and fifth pairs of post-cloacal
papillae as well as two spicules that were sub-equal in size but of distinct shapes. The females have five uterine branches.
The morphological and morphometrical analyses of the nematodes collected from C. goytaca were compared with other
species, and the results indicated that this is a new species of the genus Physaloptera, Physaloptera goytaca n. sp.

Keywords Cricetidae - Nematoda - Sandplain - Endoparasites - Physalopteridae

Introduction

The genus Cerradomys Weksler, Percequillo and Voss, 2006,
is composed of eight valid species: Cerradomys subflavus
(Wagner, 1842), Cerradomys maracajuensis (Langguthand
and Bonvicino, 2002), Cerradomys scotti (Langguthand and
Bonvicino, 2002), Cerradomys marinhus (Bonvicino, 2003),
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Cerradomys vivoi (Percequillo, Hingst-Zaher and Bonvicino,
2008), Cerradomys langguthi (Percequillo, Hingst-Zaher and
Bonvicino, 2008), Cerradomys goytaca Tavares, Pessda and
Gongalves, 2011, and Cerradomys akroai Bonvicino, Casado
and Weksler, 2014. These rodents inhabit mainly open vege-
tation biomes, which form a belt across South America, span-
ning from the northeastern and southeastern Atlantic coast of
Brazil to eastern Paraguay and Western Bolivia (WEKSLER
etal. 2006; D’ELIA et al. 2008; PERCEQUILLO et al. 2008).
Cerradomys goytaca is an endemic species of the sandy
coastal plains known as restingas, which are covered by
open shrub vegetation that extend from the southern coast
of the Espirito Santo State to the northern region of the
State of Rio de Janeiro, Brazil (TAVARES et al. 2011).
There is only one study on the helminths that infect this
species, and it reported that the cestode Fuhrmannetta
Jjurubatensis Oliveira, Oliveira and Ederli, 2017, infects
the intestine of this rodent (Oliveira et al., 2017).
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dFig. 1 Physaloptera goytaca n. sp. parasite of Cerradomys goytaca
Tavares, Pessoa & Gongalves, 2011. a Anterior region. Bar 500 um. b
Anterior end. Bar 100 um. ¢ /n face view. Bar 30 um. d Uterine branches.
Bar 200 um. e Female posterior end, ventral view. Bar 100 wm. f Female
posterior end, lateral view. Bar 100 pm. g Vulva region. Bar 500 um. h
Vulva. Bar 50 um. i Excretory pore. Bar 25 um. j Gubernaculum. Bar
25 pm. k Spicules. Bar 100 pm. 1 Male posterior end. Bar 100 pm

Nematodes of the genus Physaloptera are common in ro-
dents and were reported in Muridae, Cricetidae, Sciuridae, and
Dasyproctidae (VECIANA et al. 2013). Physaloptera galvaoi
was reported in C. subflavus from Minas Gerais State, Brazil,
on the Cerrado biome. In Brazil, another species,
Physaloptera bispiculata Vaz and Pereira, 1935, was reported
in Nectomys squamipes Brants, 1827 (Cricetidae,
Sigmodontinae), from the States of Sdo Paulo and Rio de
Janeiro (VAZ and PEREIRA 1935; GOMES and VICENTE
1984; GOMES et al. 2003). This is the first report of nema-
todes parasitizing C. goytaca, and it contains a description of a
new species Physaloptera goytaca n. sp.

Material and methods

Cerradomys goytaca were captured from a total of 16 rodents
in the sandplain areas in the city of Quissama, in the northern
region of Rio de Janeiro State, Brazil, using live traps and
lures made with a mix of fruits, seeds, and peanut butter.
Rodents were euthanized in a CO, chamber and necropsied,

Fig. 2 Scanning electron micrography of Physaloptera goytaca n. sp.
parasite of Cerradomys goytaca Tavares, Pessda & Guimardes, 2011
(Rodentia, Cricetidae). a Anterior end, showing oral opening (OO),

and the gastrointestinal organs were analyzed in Petri dishes
with 0.65% saline solution under a stereomicroscope for the
presence of parasites. Stomach and intestinal contents were
passed in a sieve with 0.025-mm mesh and observed under a
stereomicroscope. Nematodes were collected, washed in
0.65% saline solution, fixed in hot A.F.A [93% ethalmnol
(70° GL), 5% formaldehyde (37%), 2% glacial acetic acid]
overnight, conserved in 70% ethanol, and clarified in
lactophenol (one part distillated water, two parts glycerin,
one part lactic acid, one part phenic acid) between a slide
and coverslip, according to Amato et al. (1991), for light mi-
croscopy. Five females were dissected after mensuration to
analyze the pattern of uteri ramification.

Measurements were taken to the nearest micrometer (range
(mean + standard deviation)) from adult specimens (four
males and six females), and 48 eggs in utero were isolated
from different rodents. Measurements were performed with
an Axioplan Zeiss light microscope (Carl Zeiss, Germany)
equipped with a Canon Power-Shot A640 digital camera
(Canon, China) and Zeiss AxionVision Sample Images
Software (Carl Zeiss, Germany) for image analysis.
Drawings of the parasites were obtained using an Axioplan
Zeiss light microscope (Carl Zeiss, Germany) equipped with a
camera lucida and were digitized using the Adobe Photoshop
Elements 8.0 software with the aid of an Intuos4 Wacon® pen
tablet (Wacon Co. Ltd., Japan).

For scanning electron microscopy analysis, nematodes
were fixed for 2 h in 2.5% glutaraldehyde, 4% freshly pre-
pared paraformaldehyde, 5 mM calcium chloride in 0.1 M

teeth (thick arrow), amphids (A), cephalic papillae (thin arrow), and
porous area (PA). Bar 30 um. b External lateral tooth (T) and internal
lateral tripartite teeth (arrows). Bar 10 um
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cacodylate buffer, at pH 7.2, and were post-fixed in 2% osmi-  critical-point dried with CO,, sputter-coated with gold, and
um tetroxide in 0.1 M cacodylate buffer, according to Ederliet ~ examined in a Zeiss EVO 40 scanning electron microscope
al. (2008). The samples were dehydrated in an acetone series, (SEM) at 15 kV.
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<« Fig. 3 Light micrography of females of Physaloptera goytaca n. sp.
parasite of Cerradomys goytaca Tavares, Pessda & Guimardes, 2011
(Rodentia, Cricetidae). a Anterior region with cephalic collarette (thin
arrow), muscular esophagus (ME), glandular esophagus (GE), nerve
ring (thick arrow), excretory pore (EP), and intestine (I). Bar 200 pm. b
Anterior end with tripartite teeth (T), lateral teeth (black thin arrows),
cephalic collarette (black thick arrow), esophageal cap (white thin
arrow), and nerve ring (white thick arrow). Bar 100 um. ¢ Excretory
pore (arrow). Bar 50 um. d Uterine branches. Bar 200 um. e Vulva
opening. Bar 100 pum. f Posterior region with anus (A). Bar 200 um. g
Vulva region (arrow), vagina (V), and uteri (U). Bar 400 pm. h Eggs in
uteri. Bar 50 pm

Results

Physaloptera goytaca n. sp.

Taxonomic summary

Type-host: Cerradomys goytaca (Tavares, Pessoa and
Gongalves, 2011) (Rodentia, Cricetidae)

Type-locality: Reserva de Jurubatiba, Quissama, Rio de
Janeiro, Brazil (22° 10" 36.5" S, 41° 25" 42.0" W)

Dates of collection: Between April and December 2015

Site in host: Stomach

Prevalence: 37.5% (6 of the 16 specimens examined)

Mean intensity: 5 (2-12 worms per host)

Type-material: Holotype and alotype CHIOC 38550

Etymology: The scientific name “goytaca” derives from
the host of the new species, Cerradomys goytaca

General description

Body filiform and robust, pinkish in vivo. Evident sexual
dimorphism, with females larger and more robust than
males (proportion of 1:0.54) and males with a well-
developed caudal alae. Thick cuticle with strong trans-
verse striations, forming rings, and an evident cephalic
collarette near the anterior end. Longitudinal oral opening
with the presence of two semicircular pseudolabia, with
an external lateral tooth and an internal lateral tripartite
tooth on each pseudolabium (Figs. 1c and 2a, b). The
tripartite teeth are composed of unequal subunits, includ-
ing the two lateral ones with a rounded tip and a central
one that is triangular (Figs. lc and 2a, b). In the apical
region, there are four cephalic papillae, one pair of
amphids and four porous regions close to the oral opening
(Figs. 1c and 2a). Pharynx present; long esophagus divid-
ed into an anterior muscular portion and another, longer,
posterior glandular portion. Esophagus with greater diam-
eter at the posterior end (Fig. la). Excretory pore well
visible (Fig. 3a, ¢). Nerve ring surrounding the final mus-
cular portion of the esophagus. Rectilinear intestine sepa-
rated from the esophagus by a well-delimited esophageal-
intestinal valve (Fig. 3a).

Males

Males shorter than females (Table 1), with a body total
length of 23,273 £3471 (18,963-26,976) and major body
wide at the median region of the body, measuring 1002 +
191 (782-1188). Cephalic collarette present at anterior
end, highly visible, at 73+ 14 (57-90) from anterior ex-
tremity. Body width measured at the level of the cephalic
collarette 202 +77 (106-271). Pharynx measuring 68 + 12
(57-84) long by 67 £ 14 (51-84) wide. Muscular esopha-
gus approximately 489 +93 (394—617) long by 110+24
(79-135) wide, measured at the nerve ring level, and glan-
dular esophagus approximately 3176 =558 (2385-3611)
long by 392 +75 (296—470) wide at the posterior region.
Proportion of esophagus total length relative to body total
length approximately 1:0.16. Anterior esophagus region
covered by a chitinous cap with an irregular surface, mea-
suring 13.7+0.1 (13.6—-13.7) thickness (Fig. 1b). Distance
from nerve ring to anterior end approximately 510+97
(426—644), and body width at the level of nerve ring ap-
proximately 476+ 11 (468—483). Distance from excretory
pore to anterior end approximately 814 +62 (770-858),
and body width measured at the level of excretory pore
approximately 398 =46 (365—431). Posterior end ventrally
curved in spiral with a well-developed caudal alae,
ornamented with an irregular, linear texture (Figs. 11 and
4b). Cloacal aperture at 641 =116 (479-755) from posteri-
or extremity. Body width measured at the cloaca level ap-
proximately 595+ 146 (456-801).

The 21 total caudal papillae are four pairs of pedun-
culated papillac organized laterally at the caudal alae,
three pre-cloacal papillac organized rectilinear arrange-
ment and five pairs of post-cloacal papillaec (Figs. 11
and 4a, b), with the following distribution: two pairs
of papillae immediately after the cloaca in rectilinear
arrangement and slightly internal in the cloacal opening;
the third pair located below, with a perpendicular orien-
tation; and the fourth and fifth pairs arranged in an
equidistant, parallel arrangement near the caudal end
(Figs. 11 and 4b). Presence of a pair of phasmids locat-
ed between the fourth and fifth pairs of post-cloacal
papillae (Figs. 11 and 4b). Spicules sub-equal in size
and different in shape, with the left one slightly larger
than the right one, measuring 379+65 (323-451) and
372 +£22 (339-385), respectively (Figs. 1k and 4d). Left
spicule with a dilation at the final third, measuring 45.9
wide, with a slightly curved end. Right spicule with
constant width measuring 34.3, with a sharp end and a
curve slightly more pronounced than the left spicule
(Figs. 1k and 4d). Spicules ratio:body total length of
approximately 1:0.02. Right spicule with a striated
sheath in its upper third (Fig. 4c). Gubernaculum
gondola-shaped (Figs. 1j and 4c).
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Fig. 4 Light micrography of males of Physaloptera goytaca n. sp.
parasite of Cerradomys goytaca Tavares, Pessda & Guimardes, 2011
(Rodentia, Cricetidae). a Tail in lateral view, with pedunculated papillae
(thin arrows) and cloacal opening (thick arrow). Bar 200 um. b Tail in

Females

Females larger than males (Table 2), with a body total length
approximately 43,043 +15,311.1 (25,902-58,166), and a ma-
jor body width measured at the median region of the body
approximately 1388 +£370 (997-1848). Distance from the ce-
phalic collarette to the anterior extremity approximately 98 £

ventral view, with pre-cloacal papillae (thick arrows) and post-cloacal
papillae (thin arrows), pedunculated papilae (PP), cloacal opening (C),

spicules (S), and phasmids (F). Bar 200 um. ¢ Gubernaculum (thick
arrow) and spicules (S). Bar 50 um. d Spicules. Bar 100 um

33.6 (61-161), and body width measured at the level of the
cephalic collarette approximately 208 +£67.5 (131-298).
Pharynx measured 93 +24.5 (72-137) deep by 75+30 (43—
119) wide. Muscular esophagus measured 525+ 137 (369—
665) long by 163 +55.1 (94-234) at the level of the nerve
ring; glandular esophagus approximately 4702+ 1611
(3192-7323) long by 504 +76.9 (402—602) wide, measured
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at the posterior region. Ratio of esophagus total length by
body total length approximately 1:0.12. Esophageal cap mea-
sured 15+5.9 (10-23) thickness (Figs. 1a and 3a). Distance
from the nerve ring to the anterior end approximately 570 +
172 (350-774), and body diameter at the level of nerve ring
approximately 634 = 194.5 (450-954). Distance from the ex-
cretory pore to the anterior end approximately 1052 +412
(586—1522), and body diameter at the level of the excretory
pore approximately 671 = 182.8 (482-932).

The uteri have five branches (Figs. 1d and 3d). The uterine
loops occupy a large part of the body, filled with eggs (Figs.
lg and 3g). Muscular vagina, with total length of difficult
observation (Figs. 1g and 3g). Vulva with prominent small
lips, which open in a transverse slit (Figs. 1h and 3e), in the
anterior third of the body at 14,008 +5691.4 (7187-19,079)
from the anterior end. Diameter of the body at the level of the
vulva approximately 1322 4+337.3 (948-1709). Anus near the
posterior end, with a transverse opening (Figs. le, fand 3f) at
617+158.7 (415-806) from the posterior end. Body width
measured at the level of anus approximately 584 +133.6
(426-745). Eggs are small (Fig. 3h), measuring 46 £2.3
(41-52) long by 25 +2.4 (22-29) wide.

Discussion

The nematodes collected from C. goytaca were identified
as Physaloptera according to the characteristics described
by Yamaguti (1961) and Yorke and Maplestone (1969) as
follows: thick cuticle with striations; the presence of two
triangular, well-developed pseudolabia, each with teeth on
the free edge and cephalic papillae; the presence of a ce-
phalic collarette; a cervical papillae posterior to the nerve
ring; males with an ornamented caudal alae connected ven-
trally, anterior to the cloaca; 21 caudal papillae, including
four pedunculated and 13 sessile pairs (seven surrounding
the cloaca and three at tail); spicules sub-equal in size and
with different in shape; and females with the vulva located
on the anterior third of the body and five uterine branches.
However, a more recent key for identification, as described
by Chabaud (1975), considered the genus Physaloptera to
include species with two to four uterine branches; species
with more than four uterine branches were placed in the
genus Turgida. However, the species included in the genus
Turgida presented more uterine branches, ranging from 9
to 14 (TRAVASSOS 1920). Séo Luiz et al. (2015) recently
described a new species of the Physaloptera parasite of the
stomach of Cerradomys subflavus, an endemic rodent from
the State of Sdo Paulo, Minas Gerais, Bahia, and Goias
(Brazil). That species, P. galvaoi Sao Luiz et al. (2015),
has four to five uterine branches, similar to that observed in
P. goytaca n. sp. described herein. In addition, both species
have three internal lateral teeth, forming a tripartite

structure and a triangular external lateral tooth and a pair
of papillae in each pseudolabia. However, P. galvaoi has
two pairs of small external lateral teeth, located in the cu-
ticular fold on each side of the pseudolabia, for a total of
four small teeth. These characters were not observed in P.
goytaca n. sp. in the light and scanning electron microsco-
py. In addition, P. goytaca n. sp. differs from P. galvaoi by
the pattern of the fourth pair of post-cloacal papillae. In P.
goytaca n. sp., this pair of papillae has a parallel arrange-
ment and is equidistant to the fifth pair (Fig. 11), whereas
these papillae are organized in an inclined pattern in P.
galvaoi, which means that the left one is superior to the
right one. The pattern of the other papillae is similar in
both species, as are the location of the phasmids and the
presence of a circular structure with a button shape (SAO
LUIZ et al. 2015).

Physaloptera goytaca n. sp. differs from the other species
reported from rodents, mainly in the number of uterine
branches. Physaloptera bispiculata Vaz and Pereira, 1955, P
murisbrasilliensis (Diesing, 1861), P. longispicula Quentin,
1968, and P, hispida Schell, 1950, have two uterine branches
(ORTLEPP 1922; VAZ and PEREIRA 1935; MORGAN
1943; SCHELL 1950; SUTTON 1989; VICENTE et al.
1997; SAO LUIZ et al. 2015), while the uteri of P aduensis
Baylis, 1928, divide into three primary branches. Ultimately,
each primary branch subdivides in two secondary branches,
for a total of six uterine branches. In one specimen of this
species, the author noted that one of the three primary
branches subdivided into three secondary branches (seven
branches in total) (BAYLIS 1928). Thus, in P. aduensis, the
females have six to seven uterine branches, distinguishing
them from P. goyfaca n. sp. in both the quantity (five) and
pattern of the uterine branches.

Among the species of the genus Physaloptera that infect
rodents with more than four uterine branches, P. goytaca n. sp.
stands out due to its higher total body length (Tables 1 and 2),
with P. aduensis being the smallest species (males 9000—
14,000; females 13,000-20,000) (BAYLIS 1928) and P.
goytaca n. sp. being the largest (males 19,000-27,000; fe-
males 25,900-58,170). Another characteristic that distin-
guishes these species is the length of the spicules (Table 1).
In P. goytaca n. sp., the difference in the spicule length (right
and left) was discreet (right 340-380, left 320—450), but in the
other two parasites of rodents, which had similar numbers of
uterine branches, the lengths of the spicules were considerably
different in both P. galvaoi (right 190-230, left 230-280) and
P aduensis; in the latter species, the maximum value of the
smallest spicule did not reach the smallest value of the largest
spicule (right 320-540; left 800-7700) (BAYLIS 1928; SAO
LUIZ et al. 2015).

The maximum body width described by Sao Luiz et al.
(2015) for P. galvaoi females was considerably higher
(1110-3180) than those observed for P. goytaca n. sp. (990—
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1850). However, this characteristic is not reliable for
distinguishing the species. The egg size of P. aduensis is larger
than that observed for other species (Table 2). Another differ-
ence observed in the morphometry among the species of
Physaloptera rodent parasites was the length of the muscular
esophagus of the females of P. galvaoi. Although the females
of this species are smaller than those of P. goytaca n. sp., the
maximum value of the muscular esophagus of P. galvaoi is
higher (710) than that observed in P. goytaca n. sp. (660). A
similar fact was observed in the morphometry of the glandular
esophagus of the males of P. galvaoi, where the maximum
value for this structure was slightly higher (3740) than that
observed in P. goytaca n. sp. (3600). However, it is empha-
sized that P. goytaca n. sp. has an average total body length
that is greater than that of P. galvaoi (Tables 1 and 2).
Moreover, P. galvaoi has two extra small teeth, which is not
observed in the new species described in the present study
(SAO LUIZ et al. 2015).

In Brazil, four species of Physaloptera have been de-
scribed: P. murisbrasiliensis which parasitizes Mus
brasiliensis (MORGAN 1943); P. bispiculata from the
Cricetid Nectomys squamipes (MORGAN 1943; GOMES et
al. 2003); P. longispicula from the rodent Thrichomys
apereoides (SUTTON 1989; SAO LUIZ et al. 2015); and P
galvaoi, which is found in C. subflavus (SAO LUIZ et al.
2015). This last species, although it infects a congeneric ro-
dent, inhabits different biomes, including C. subflavus in the
cerrado and C. goytaca in sandplain.

Thus, morphological, morphometric, and ultrastructural
analyses of characteristics such as the number and pattern of
the uterine branches, the pattern of the fourth pair of post-
cloacal papillae, the spicule length, the absence of small ex-
ternal lateral teeth in the cuticular fold of the pseudolabia, and
the body total length allow us to distinguish the nematodes
collected from C. goytaca from other species that have been
reported to parasitize rodents. In this manner, the description
of'a new species of P. goytaca n. sp. that parasitizes the stom-
ach of C. goytaca is justified. In addition, this is the first report
of nematodes parasitizing C. goytaca.
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