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Abstract

A new pinworm species, Enterobius (Colobenterobius) emodensis sp. n. (Nematoda: Oxyuridae) is described from the
Central Himalayan langur, Semnopithecus schistaceus, in Mandal Valley, Chamoli District, Uttarakhand, India, based on
mature and immature adults and fourth-stage larvae. This species closely resembles Enterobius (Colobenterobius) zakiri
parasitic in Tarai langur, Semnopithecus hector, recorded from Uttarakhand and Uttar Pradesh, India, but is readily distin-
guished by having a shorter esophagus and a shorter spicule. It is surmised that this pinworm has co-speciated with the
host langur. The new species is also characterized in that the posterior 1/3 of the esophageal corpus is much darker. Phy-
logenetic analysis based on the sequences of partial Cox/ gene of mtDNA suggested a basal position of diversification of
Colobenterobius from the Enterobius lineage.
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Introduction

The langurs of the genus Semnopithecus (Mammalia: Primates: Cercopithecidae: Colobinae) are distributed across
India and surrounding areas. Although only one species, Semnopithecus entellus, was recognized previously, recent
studies have demonstrated the presence of seven monotypic species (Wilson & Reeder, 2005). One species, the
Central Himalayan langur, Semnopithecus schistaceus, is distributed across northwestern Pakistan and the high
Himalayan mountains (1,500—4,000 m a.s.l.) of northern India, Nepal and up to the Sankosh River in Bhutan. In
China it is distributed in the Tibetan regions of Bo Qu, Ji Long Zang Bu and the Chumbi valleys (IUCN, 2017).
During field research of this langur species in the Chamoli District, Uttarakhand, India, we found pinworms
discharged in their feces. They belonged to the subgenus Colobenterobius of the genus Enterobius. From the
Semnopithecus langurs, two species of pinworms, namely Enterobius (Colobenterobius) zakiri Siddiqi et Mirza,
1954 and Enterobius (Colobenterobius) entellus Hugot, 1987, are known (Siddiqi & Mirza, 1954; Hugot, 1987b).
However, close examination revealed that the present worms possess some features differing from those of the
previously reported ones as described and discussed herein. DNA sequencing was also performed to elucidate the
phylogenetic position of Colobenterobius.

Materials and methods

Fecal collection was made for Mandal troop in the Mandal Valley (N 30.4790, E 79.2824; 1,558-2,000m a.s.L.).
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The study troop was comprised of 5 adult males, 13 adult females, 7 subadults and 12 juveniles, during the period
from December, 2016 to November, 2017. When pinworms were noticed on the feces with the naked eye during
behavioral observation of the troop, several grams of each fecal mass were collected and fixed in 10% formalin and
separately in pure ethanol. In the laboratory, each sample was washed with running water on a 100 um aperture size
sieve (Hasegawa, 2009). Residues left on the sieve were transferred to a petri dish and observed under a
stereomicroscope to recover the worms. Worms were re-fixed in 70% ethanol, and cleared in glycerol-ethanol
solution by evaporation of ethanol. Then, the worms were mounted on glass slides with 50% glycerol for
microscopic observation. Figures were made with the aid of a drawing tube. Measurements, mean followed by
range, are given in micrometers unless otherwise stated. Type specimens were deposited in the Meguro
Parasitological Museum (MPM), Tokyo.

Six worms fixed in pure ethanol were subjected to DNA extraction, amplification and sequencing. DNA
extraction from each worm was performed using Quick-DNA™ Miniprep Plus Kit (Zymo Research). The Tks
Gflex™ DNA polymerase (TaKaRa) was employed for PCR, together with the manufacturer-supplied reaction
buffer. Mitochondrial DNA (mtDNA) of cytochrome ¢ oxidase subunit 1 gene (Cox/) was targeted with the
following original primers: Entero coxl/F 5'- GTCACCTGATATGAGTTTTCCTCG -3' (forward) and
Entero cox1/R 5'- ACTTAAAACATAATGGAAATGAGC -3' (reverse). The partial 18S ribosomal RNA gene of
nuclear DNA (rDNA) was also targeted using primer sets reported by Katayama et al. (1993) and Floyd et al.
(2005):  Neml18SF 5- CGCGAATRGCTCATTACAACAGC -3' (forward) and 18SPCR 5'-
ACGGGCGGTGTGTRC -3' (reverse). The original primers N28S/F 5'- TGATTACCCGCTGAACTTAAGCAT -3'
(forward) and N28S/R2 5'- TCCTTAGCGGGTACCGACTTCCAT -3' (reverse) were used for amplification of
partial 28S rDNA. The PCR was run for 40 cycles (98°C for 10s, 55°C for 30s, and 68°C for 30s) in a total volume
of 25 pl including 0.25 puM of each primer and 1 pl of template DNA. The PCR amplicons were sequenced using
the BigDye terminator cycle sequencing kit and ABI genetic analyzer 3500 (Applied Biosystems). Each of the PCR
primers was used as a sequencing primer. The resultant nucleotide sequences were deposited in the DDBJ/ENA/
GenBank databases.

Phylogenetic analysis was made using the neighbor joining method (Saitou & Nei, 1987) and maximum
likelihood method for nucleotide and amino acid sequences, respectively, using MEGAG6 software (Tamura et al.,
2013). Syphacia frederici, a murine pinworm from the large Japanese field mouse, Apodemus speciosus, was
chosen as the outgroup. The bootstrap values were calculated by 1,000 replicates (Felsenstein, 1985).

Results

Ten fecal masses were found pinworm positive with the naked eye. In total, 480 male and 233 female pinworms
were detected from the feces. The condition of the worms collected from one fecal sample (#37), which was fixed
in formalin, was much more suitable for detailed morphological study than those recovered from other feces fixed
in ethanol. This sample contained 35 mature males, 30 gravid and 8 immature adult females, and 1 male and 6
female fourth-stage larvae, which were used for the following description. Eleven mature males and 12 gravid
females were chosen as type specimen material. Additional measurements of worm length and spicule length were
made for 100 males.

Description

Enterobius (Colobenterobius) emodensis sp. n.
(Figs. 1-22)

General: Body light brown in color. Cephalic expansion well developed, with internal septa in posterior half (Figs.
1, 2, 8). Cuticle with transverse striations. Lateral alae single crested, triangular in cross section (Figs. 4, 12).
Cephalic end with 3 developed lips; dorsal lip with 2 cephalic papillae, subventral lips each with cephalic papilla
and amphidial pore (Figs. 3, 10). Pharyngeal teeth with lamellated superstructures, corresponding to one-third of
lip width in apical view (Figs, 3, 10); slots with cuticular wall extending to the posterior one-fourth of pharynx

66 - Zootaxa 4514 (1) © 2018 Magnolia Press HASEGAWA ET AL.



(Fig, 11). Esophageal corpus long club-shaped, with posterior one-third darker containing granules in wall (Figs. 1,
2, 8); short esophageal isthmus present but often hardly discernible in fully gravid females; esophageal bulb

valved.

50 ym

50 pm

FIGURES 1-7. Male of Enterobius (Colobenterobius) emodensis sp. n. collected from Semnopithecus schistaceus in Chamoli
District, Uttarakhand, India. 1. Holotype, left lateral view. 2. Enlarged view of anterior portion of holotype, left lateral view. 3.
Cephalic end, apical view. 4. Lateral ala in cross section. 5. Posterior portion of holotype, left lateral view. 6. Caudal end,

ventral view. 7. Spicule.

Male (Holotype and 10 paratypes): Body tapered to anterior end; posterior body bent ventrally, forming coils
(Fig. 1). Length 2.61 (2.01-2.90) mm; maximum width 183 (143-216). Distance between amphidial pores 40.
Lateral alae commencing at level slightly posterior to nerve ring, terminating at level anterior to caudal alae (Figs.
2, 5). Cephalic expansion 161 (123-186) long by 89 (75-97) wide. Pharynx 29 (28-32) long; esophageal corpus
431 (355-464) long by 66 (51-79) wide; isthmus 5 (3—6) long by 21 (18-24) wide; bulb 123 (91-135) long by 113
(95-125) wide. Total esophagus length including pharynx, corpus, isthmus and bulb 587 (480—620), corresponding
to 22.5 (21.1-24.0) % of worm length. Nerve ring 157 (141-167) and excretory pore 795 (657-976) from cephalic
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apex. Caudal alae supported by 4 pairs of papillae: 1% pair precloacal, pedunculate, large, directing laterally; 2" and
3" pairs near cloacal aperture, sessile, small, directing ventrally; 4™ pair pedunculate, directing posterolaterally;
phasmidial pore near base of 4" pair (Figs. 5, 6). Testis directing anteriorly (Fig. 1). Distal portion of testis filled
with round spermatozoa each with ca. 2.5 diameter. Spicule slender, 223 (197-238) long, arched, bending ventrally
distally, proximal end with light-refractive mass; portion protruding from the cloacal aperture often covered with
dark material (Figs. 5-7). Relationship between worm length and spicule length shown in Fig. 23.

50 ym

FIGURES 8-14. Female of Enterobius (Colobenterobius) emodensis sp. n. collected from Semmnopithecus schistaceus in
Chamoli, Uttarakhand, India. 8. Anterior portion of allotype, left lateral view. 9. Posterior portion of allotype, left lateral view.
10. Cephalic end, apical view. 11. Cephalic apex sectioned. 12. Lateral ala in cross section. 13. Ovejector, right lateral view. 14.

Egg.

68 - Zootaxa 4514 (1) © 2018 Magnolia Press HASEGAWA ET AL.



FIGURES 15-20. Fourth-stage larvae of Enterobius (Colobenterobius) emodensis sp. n. collected from Semnopithecus
schistaceus in Chamoli, Uttarakhand, India. 15. Cephalic apex of female, apical view. 16. Anterior portion of male, right lateral
view. 17. Posterior portion of male, right lateral view. 18. Anterior portion of female, right lateral view. 19. Posterior portion of
female, right lateral view. 20. Anterior portion of premolt female, right lateral view.

Female (Allotype and 11 paratypes): Body tapered to both extremities. Length 7.51 (7.15-8.10) mm,
maximum width 428 (360—488). Distance between amphidial pores 42. Lateral alae commencing at level slightly
posterior to nerve ring, terminating at middle of tail. Cephalic expansion 243 (204-257) long by 129 (106—143)
wide. Pharynx 35 (32-36) long; esophageal corpus 739 (680—776) long by 103 (90-114) wide; isthmus 3 (2-4)
long by 26 (24-28) wide (n=5); bulb 168 (162—178) long by 160 (147—-172) wide. Total esophagus length 926
(796-992), corresponding to 12.4 (10.7-13.7) % of worm length. Nerve ring 210 (184-249), excretory pore 1.15
(0.94-1.32) mm (n=5) from cephalic apex. Distance from cephalic apex to vulva 1.88 (1.60-2.14) mm,
corresponding to 25.0 (21.5-28.7) % of worm length (Fig. 8). Muscular vagina thick, directing posteriorly; vagina
uterina with thick epithelium, about twice as long as muscular vagina; cellular wall present dividing length from
vagina and opening to uterus ca. 3:1; amphidelphic; uterus of young gravid females filled with dark material,
vagina uterina just before cellular wall containing mass of minute round structures each with ca. 2.5 diameter (Fig.
13). Tail slender, gradually tapering to sharp point, 1.49 (1.25-1.73) mm long, occupying 19.8 (16.8-21.6) % of
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worm length (Fig. 9). Phasmidial pore opening on lateral ala at level slightly posterior to anus. Eggs with one side
flattened, 60.6 = SD 1.2 (59-63) by 27.1 = SD 0.6 (26-28) (n=25), convex side with operculum-like structure near
pole (Fig. 14).

FIGURES 21, 22. Reproductive organs of immature adult females of Enterobius (Colobenterobius) emodensis sp. n. collected
from Semnopithecus schistaceus in Chamoli District, Uttarakhand, India. 21. Ventral view (in worm of 2.48 mm long). 22.
Right lateral view (in worm of 3.95 mm long).

Fourth-stage larva

General: Cuticle with transverse striations; cephalic portion with wider and prominent annulations (Figs. 16, 18,
20); lateral alae single crested, commencing slightly posterior to cephalic end. Mouth without lips, triangular with
rounded corners, surrounded by four cephalic papillae and two amphidial pores (Fig. 15). Esophagus composed of
short pharynx, corpus, isthmus and bulb with valve. Tail long, tapering to pointed end (Figs. 17, 19).

Male (1 worm): Length 1.55 mm, maximum width 73. Total esophagus length 212: pharynx 8 long; corpus
137 long by 24 wide; isthmus 16 long by 10 wide; bulb 51 long by 36 wide, corresponding to 13.7 % of worm
length. Nerve ring slightly posterior to middle of corpus, 91, excretory pore posterior to esophago-intestinal
junction, 364, respectively, from anterior end (Fig. 16). Tail 210 long, corresponding to 13.5 % of worm length;
pulp abruptly narrowed posterior to anus (Fig. 17). Spicule and caudal papillae not seen clearly.

Female (2 worms): Length 2.32 (2.28-2.35) mm, maximum width 98 (93—102). Total esophagus length 279
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(275-282), corresponding to 12.0 (12.0-12.1) % of worm length: pharynx 18 (16-20) long; corpus 177 (175-178)
long by 31 (30-32) wide; isthmus 17 (16—18) long by 13 (12—14) wide; bulb 63 (61-65) long by 50 (48-52) wide.
Nerve ring slightly posterior to middle of corpus, 116 (115-117), excretory pore posterior to esophago-intestinal
junction, 415 (405-425), primordial vulva 0.70 (0.69—0.73) mm, respectively, from anterior end (Fig. 18).
Ovejector directing posteriorly. Tail 0.53 (0.52-0.54) mm long, corresponding to 22.5 (22.1-22.8) % of worm
length; pulp not narrowed abruptly (Fig. 19).

Female at premolt and molting phases (4 worms): Length 2.38 (2.20-2.58) mm, maximum width 109 (102—
118). Total esophagus length 678 (623—739), corresponding to 28.5 (27.3-30.2) % of worm length: pharynx 31
(26-36) long; corpus elongated, with inconspicuous muscular fibers, 535 (479-574) long by 35 (30—43) wide;
isthmus 20 (12-36) long by 17 (14-21) wide, gradually continuous to corpus and bulb; bulb 105 (102—113) long by
72 (58-83) wide. Nerve ring at anterior 1/3 of corpus, 132 (127-137), excretory pore posterior to esophago-
intestinal junction, 431 (366—472), and vulva 0.74 (0.70-0.77) mm (n=3), respectively, from anterior end (Fig. 20).
Ovejector directing posteriorly; vagina uterina empty. Plug-like structure absent at vulva. Tail 0.53 (0.50-0.57) mm
long, corresponding to 22.0 (21.6-24.0) % of worm length; pulp not narrowed abruptly.

Females just after molt (4 worms): Morphology generally identical with those of gravid females except for
underdeveloped reproductive organs. Length 2.47 (2.37-2.63) mm, maximum width 127 (118-143). Total
esophagus length 689 (656—711), corresponding to 28.0 (26.5-29.7) % of worm length: pharynx 29 (27-32) long;
corpus elongated, with muscular fibers and uniform color, 533 (504-552) long by 54 (50-57) wide; isthmus well
defined, 7 (6-8) long by 23 (20-28) wide; bulb 118 (111-121) long by 93 (85-97) wide. Nerve ring at anterior 1/3
of corpus, 146 (135—-154), excretory pore posterior to esophago-intestinal junction, 438 (385—485), and vulva 0.76
(0.70-0.84) mm (n=3), respectively, from anterior end (Fig. 20). Vagina plugged; ovejector directing posteriorly,
vagina uterina containing granulate substance, uterine branches lacking open lumen, running anteriorly to join
recurved ovaries (Fig. 21). Tail 0.56 (0.49-0.59) mm long, gradually tapering to sharply pointed end.

Non-gravid female adults (4 worms): Morphology generally identical with females just after molt, but with
larger body. Length 4.01 (3.70—4.40) mm, maximum width 211 (196-241). Total esophagus length 790 (759-824),
corresponding to 19.7 (18.7-20.5) % of worm length: pharynx 34 (33-36) long; corpus with posterior dark portion,
614 (584-640) long by 76 (75-78) wide; isthmus well defined, 6 (2-8) long by 23 (20-26) wide; bulb 136 (133—
143) long by 123 (121-126) wide. Nerve ring 180 (171-192), excretory pore 745 (683—-851), and vulva 1.22 (1.13—
1.37) mm (n=3), respectively, from anterior end. Vagina plugged; ovejector directing posteriorly, vagina uterina
containing mass of round structures each with 2.5 diameter, uterine branches elongated but still lacking open
lumen; ovaries recurrent posteriorly (Fig. 22). Tail 0.83 (0.67-0.96) mm long.

Taxonomic summary

Type host: Central Himalayan langur, Semnopithecus schistaceus (Primates: Cercopithecidae: Colobinae)

Site in host: Intestine (Discharged in feces).

Type locality: Siroli Village, District- Chamoli, State-Uttarakhand, India.

GPS coordinates: Latitude: N 30.467526, Longitude: E79.275426, Altitude: 1,844 m a.s.l.

Date of collection: 17 June 2017.

Specimens deposited: MPM Coll. No. 21455 (Holotype male and allotype female); No. 21456 (10 male and 11
female paratypes); No. 21457 (fourth-stage larvae, molting larvae and postmolt juveniles; 15 worms).

Etymology. Species epithet was chosen after the Himalayan distribution of the pinworm.

Remarks. By having an esophagus with posterior bulb with valve, reduced number of caudal papillae, only
one spicule and no precloacal sucker in male, eggs with one side flattened, the present species belongs to the order
Oxyurida, which contains only superfamily Oxyuroidea (Chabaud, 1974). By having non-pedunculate amphids,
and the genital cone of male lacking a sclerotized supporting structure, it belongs to the family Oxyuridae (Petter &
Quentin, 1976). Presence of a cellular wall (so-called ‘diaphragm’) in the ovejector along with other morphological
characters and host preference, assigns it to the subfamily Enterobiinae (Hugot er al., 1996). This subfamily
includes the genera Enterobius, Lemuricola, Trypanoxyuris and Xeroxyuris. By lacking a caudal appendix and
having an amphidelphic genital tract, it belongs to the genus Enterobius. By having pharyngeal teeth with
superstructures, the present species is placed in the subgenus Colobenterobius (Hugot et al., 1996). Twelve species
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are known in this subgenus: E. (C.) colobis Vuylstéke, 1964, E. (C.) guerezae Hugot, 1987, E. (C.) inglisi Wahid,
1961, E. (C.) paraguerezae Hugot, 1987 and E. (C.) pesteri Wahid, 1961 from African colobuses, and E. (C.)
entellus Hugot, 1987, E. (C.) longispiculum Quentin et al., 1979, E. (C.) pitheci Cameron, 1929, E. (C.) presbytis
Yin, 1973, E. (C.) pygatrichus Hasegawa et al., 2002, E. (C.) serratus Hasegawa et al., 2003 and E. (C.) zakiri
Siddiqi et Mirza, 1954, from oriental colobuses (see Hugot, 1987a, b; Hasegawa et al., 2002, 2003).

The present species is easily distinguished from the African representatives, namely, E. (C.) colobis, E. (C.)
guerezae, E. (C.) paraguerezae, E. (C.) pesteri, all of which have large pharyngeal teeth, (Vuylstéke, 1964; Wahid,
1961; Hugot, 1987a; Hasegawa et al., 2008). The pharyngeal teeth have not been understood adequately in £. (C.)
inglisi, which was described based on only two males. However, E. (C.) inglisi could be distinguished from the
present species by having a longer spicule (0.3 mm long in males with body length of 3 to 3.2 mm) with pointed tip
(Wahid, 1961). Among the oriental members of the subgenus, both sexes have been described in E. (C.) entellus, E.
(C.) longispiculum, E. (C.) presbytis and E. (C.) zakiri, while only females have been known in E. (C.) pitheci, E.
(C.) pygatrichus and E. (C.) serratus. By having wide pharyngeal superstructures, corresponding to about 1/3 of lip
width, the present species differs from E. (C.) entellus, E. (C.) presbytis and E. (C.) pygatrichus, which have much
narrower pharyngeal superstructures (Quentin et al, 1979; Hugot, 1987b; Hasegawa et al, 2002, 2003).
Distinguishing characters other than the width of pharyngeal superstructures are as follows: E. (C.) entellus has a
much shorter spicule (100 um long) and smaller ratio of total esophagus length to worm length in males (15%)
(Hugot, 1987b); E. (C.) presbytis possesses a much shorter esophagus in females (corresponding to 6.6 to 8.3 % of
worm length; Hugot, 1987b); and E. (C.) pygatrichus has a much shorter esophagus and a shorter tail in females
(corresponding 7.0 to 7.9% and 9 to 12.7 %, respectively, of worm length; Hasegawa et al., 2002).

By having wide pharyngeal superstructures, the present species resembles E. (C.) longispiculum, E. (C.)
pitheci, E. (C.) serratus and E. (C.) zakiri (Quentin et al., 1979; Hugot, 1987b; Hasegawa et al., 2003). However, it
is readily distinguished from the former three species by the following features: E. (C.) longispiculum has a
relatively shorter esophagus in males (corresponding to 14.2% of worm length), and smaller eggs (52 by 27.5 pm)
(Quentin et al., 1979); E. (C.) pitheci has a relatively shorter esophagus (corresponding to 9.2 to 9.7 % of worm
length: Cameron, 1929; Hugot, 1987b) and a shorter tail (occupying 13.7% or 14.3% of worm length) in females
and smaller eggs (50 to 55 by 25 um) (Hugot, 1987b); E. (C.) serratus has serrated inner margins of lips
(Hasegawa et al., 2003); and E. (C.) zakiri has a longer spicule (350 um) in males (Siddiqi & Mirza, 1954; Hugot,
1987b).
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FIGURE 23. Relationship of spicule length to worm length in males (Approximation formula: y = 14.725x + 191.94; n=112).
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FIGURE 24. Phylogenetic reconstruction of primate pinworms based on partial Cox/ nucleotide sequences each with 599
positions using Neighbor-joining method. Asterisks indicate captive individuals.
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4?
E. (E.) vermicularis [AB626869] (Human, Japan)

L— E. (E.) vermicularis [AB626872] (Chimpanzee*, Japan)
E. (E.) vermicularis [AB626873] (Chimpanzee*, Japan)

Human pinworm

E. (E.) vermicularis [AB626874] (Chimpanzee*, Japan)
E. (E.) vermicularis [AB626861] (Chimpanzee*, Japan)
E. (E.) vermicularis [AB626880] (Chimpanzee*, Japan)
E. (E.) vermicularis [AB626862] (Chimpanzee*, Japan)
E. (E.) itheci [AB626860] (Chimpanzee*, Japan)
E. (E.) shriveri [K)768611] (Crab-eating macaque*, USA)

45 4F (E.) macaci [AB626858] (Japanese macaque, Japan)

9 E. (E.) macaci [AB626859] (Japanese macaque, Japan)

— E. (C.) emodensis sp. n. [LC411765] (Langur, India) .
100 — E. (C.) emodensis sp. n. [LC411766] (Langur, India)

100 T. microon [AB626878] (Night monkey*, Japan)

T. microon [AB626879] (Night monkey*, Japan)

Subgenus Enterobius

52

Genus Enterobius

34

99— T. atelophora [KP266379] (Geoffroyi’s spider monkey, Mexico)
81 | 7. atelophora [KP266382] (Geoffroyi's spider monkey, Mexico)
99 T. minutus [KU6285479] (Black howler monkey, Mexico)
63 T. minutus [KP266343] (Mantled howler monkey, Mexico)
90 T. multilabiatus [KU6285487] (Mantled howler monkey, Mexico)
T. multilabiatus [KU6285488] (Mantled howler monkey, Mexico)

T. atelis [AB626877] (Wooly monkey*, Japan)

47

69

T. atelis [AB626876)] (Long-haired spider monkey*, Japan)
87 T. atelis [AB626875] (Geoffroyi’s spider monkey*, Japan)
89| T- atelis [KP266344] (Geoffroyi’s spider monkey, Mexico)

T. atelis [KP266346] (Geoffroyi’s spider monkey, Mexico)

Syphacia frederici [AB282593] (Apodemus speciosus, Japan)

0.02

FIGURE 25. Phylogenetic reconstruction of primate pinworms based on partial Cox/ amino acid sequences each with 199
positions using Maximum Likelihood method. Asterisks indicate captive individuals.
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Phylogenetic position by DNA sequencing. DNA amplification was successful only for two individuals out
of six worms tested with the Cox/ primers. Meanwhile, none of the worms responded positively to the 18S rDNA
and 28S rDNA primers. Two sequences of partial Cox/ (each 851 bp) from the two worms (LC411765 and
LC411766) had T-C and G-C substitutions at two sites, which resulted in two amino acid substitutions, M-T and
W-C. Phylogenetic analysis was made on 599 nucleotides and 199 amino acid sequences, which overlapped with
those of primate pinworms already deposited in the DNA database. The Kimura 2-parameter model (Kimura,
1980) was chosen for Neighbor Joining reconstruction on nucleotide sequences and the JTT+G model was applied
for Maximum Likelihood analysis for amino acid sequences. Representative sequences of partial Cox/ of
Enterobius and Trypanoxyuris pinworms from both Old and New World primates and humans were also analyzed
with the present sequences.

Figures 24 and 25 show phylogenetic trees reconstructed based on nucleotide and amino acid sequences,
respectively. In the amino acid-based tree, outgroup setting was not necessary because S. frederici was located
most basally. In both trees, lineages to the Old World genus Enterobius and the New World genus Trypanoxyuris
were first divided. In the Old World lineage of the nucleotide-based tree, the common ancestor of macaque
pinworms (Enterobius macaci and Enterobius shriveri) first diverged and then the lineage to the present species
separated, leaving chimpanzee pinworm (Enterobius anthropopitheci) and human pinworm (Enterobius
vermicularis) to diversify subsequently. In the tree based on amino acid sequences, general topology was similar
with that of the nucleotide-based one. However, E. (C.) emodensis was first diverged from the common ancestor of
other Old World representatives. In both nucleotide and amino acid-based trees, the bootstrap values at nodes of
early diversification in Old World lineage were generally low.

Discussion

It has been generally considered that pinworms have coevolutionary relationships with their vertebrate hosts often
showing specificity to host genus (see Cameron, 1929; Brooks & Glen, 1982; Hugot, 1999). The subgenus
Colobenterobius is considered to have coevolved with colobine monkeys (Hugot, 1999). According to the
phylogenetic relationship of Old World primates, the common ancestor of colobines and macaques diverged from
the lineage to Hominoidea in the early Oligocene, about 25 Mya BP, and then diverged into colobines, macaques,
and other monkeys (Wilkinson, et al. 2011; Springer, et al. 2012; Stevens, et al 2013). The basal position of the
divergence of macaque and langur-parasitic pinworms from the lineage to the hominioid-parasitic species shown in
the Cox1 phylogeny may coincide with this evolutionary history of host primates. This assumption could be further
supported by rDNA sequencing in the future.

It is of special interest that some colobine genera host more than one species of Colobenterobius:
Trachypithecus harbors three pinworm species, namely E. (C.) longispiculum (from T. obscurus of Malay), E. (C.)
pitheci (from T. pileatus of Assam) and E. (C.) presbytis (from T. phayrei of Yunnan and 7. cristatus of Malay);
Semnopithecus also harbors three pinworm species, namely E. (C.) entellus and E. (C.) zakiri from S. entellus
(Siddiqi & Mirza, 1954; Quentin et al., 1979; Hugot, 1987b; but see discussion on the host species below) and the
present species from S. schistaceus. The presence of more than one species suggests rapid speciation of pinworms
in Trachypithecus and Semnopithecus, which are considered to be close together phylogenetically (Osterholtz et
al., 2008).

The type locality of E. (C.) zakiri was Garhwal, Uttarakhand (Siddiqi & Mirza, 1954). This species was later
found from S. entellus in Allahabad, Uttar Pradesh, India, and also collected as a mixed infection with £. (C.)
entellus from the same host species autopsied at the zoological garden in Giza, Egypt (Hugot, 1987b). The
Semnopithecus langurs in Northern India were previously assigned to a single species, S. entellus, but today is
regarded to be separated into three species, S. schistaceus, S. hector and S. ajax (see Ashalakshmi et al, 2014).
Siddiqi & Mirza (1954) recorded the host as S. entellus schistaceus but called it the ‘Tarai langur’, which is today
assigned to S. hector. Hence, it is strongly surmised that the actual type host of E. (C.) zakiri was S. hector. If this is
the case, it can be suggested that the pinworms have co-speciated with the host langurs. Further study employing
DNA sequence analysis along with morphological and ecological analyses is also expected to elucidate the
evolutionary process of Colobenterobius in the Indian colobines.

Observation of the fourth-stage female larvae revealed that the esophagus is rapidly elongated more than twice
during the perimolt period. This elongation of the esophagus shifts the position of the excretory pore from the post-
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to pre-esophago-intestinal junction level. In mature females, the excretory pore opens near the level of the
esophago-intestinal junction apparently due to extension of cuticle of the anterior body. The isthmus in the fourth-
stage larvae is smoothly continuous to the corpus and bulb, but becomes a distinct structure during the perimolt
period. Sex differences are seen in tail morphology and length in the fourth-stage. Because adult males lack the tail
process, it is suggested that the pulp of the male tail is rapidly absorbed during the premolt phase.

It is noteworthy that all immature females after molt had a mass of round structures in their vagina uterina.
These structures are considered to be spermatozoa because the shape and diameter of these structures are the same
as the spermatozoa found in the testis. It is hence suggested that copulation was made immediately after the molt.
Such an early copulation of immature female pinworms with adult males has been well documented in Oxyurida
(see Hugot et al., 1996). Moreover, the plug-like structure/substance at the vulva has been described/drawn for
various pinworms (e.g. Hugot, 1984, 1986; Hasegawa et al., 2002, 2008; Kuze et al, 2010). It may act as a
copulation plug, preventing further copulation with other males.

Acknowledgments

We would like to thank the Uttarakhand Forest Department and National Institute of Advance Studies, Indian
Institute of Science for the research permission in Kedarnath Wildlife Sanctuary. We are also very thankful to the
National Biodiversity Board of India for giving us permission to transport samples for analysis in Japan. We are
also indebted to Professor K. Matsuura and Professor M. Nakao for their kindness in allowing to use the laboratory
in Oita University (for HH) and to utilize the newly designed primers, respectively. HN was supported in the field
by funding from the Primate Wildlife Science Leading Graduate Program (PWS) and a Leakey Foundation
Franklin Mosher Baldwin Fellowship for work in the laboratory. Funds to MAH supported aspects of the field and
laboratory work provided to him by PWS (U04-JSPS).

References

Ashalakshmi, N.C., Chetan Nag, K.S. & Karanth, K.P. (2014) Molecules support morphology: species status of South Indian
populations of the widely distributed Hanuman langur. Conservation Genetics, 16, 43-58.
https://doi.org/10.1007/s10592-014-0638-4

Brooks, D.R. & Glen, D.R. (1982) Pinworms and primates: a case study in coevolution. Proceedings of the Helminthological
Society of Washington, 49, 76-85.

Cameron, T.W.M. (1929) The species of Enterobius Leach, in primates. Journal of Helminthology, 7, 161-182.
https://doi.org/10.1017/S0022149X00018770

Chabaud, A.G. (1974) No. 1. Keys to Subclass, Orders and Superfamilies. /n: Anderson, S.R., Chabaud, A.G. & Willmott, S.
(Eds.), CIH Keys to the Nematode Parasites of Vertebrates. Commonwealth Agricultural Bureaux, Farnham Royal,
Buckinghamshire, pp. 6—17.

Felsenstein, J. (1985) Confidence limits on phylogenies: An approach using the bootstrap. Evolution, 39, 783-791.
https://doi.org/10.1111/j.1558-5646.1985.tb00420.x

Floyd, R.M., Rogers, A.D., Lambshead, P.J.D. & Smith, C.R. (2005) Nematode-specific PCR primers for the 18S small subunit
rRNA gene. Molecular Ecology Notes, 5, 611-612.
https://doi.org/10.1111/j.1471-8286.2005.01009.x

Hasegawa, H. (2009) Methods of collection and identification of minute nematodes from the feces of primates, with special
application to coevolutionary study of pinworms. /n: Huffman. M.H. & Chapman, C.A. (Eds.), Primate Parasite Ecology.
Cambridge University Press, Cambridge, pp. 29-46.

Hasegawa, H., Murata, K. & Asakawa, M. (2002) Enterobius (Colobenterobius) pygatrichus sp. n. (Nematoda: Oxyuridae)
collected from a golden monkey Pygathrix roxellana (Milne-Edwards, 1870) (Primates: Cercopithecidae: Colobinae).
Comparative Parasitology, 69, 62—65.
https://doi.org/10.1654/1525-2647(2002)069[0062:ECPSNN]2.0.CO;2

Hasegawa, H., Matsuo, K. & Onuma, M. (2003) Enterobius (Colobenterobius) serratus sp. nov. (Nematoda: Oxyuridae) from
the proboscis monkey, Nasalis larvatus (Wurmb, 1787) (Primates: Cercopithecidae: Colobinae), in Sarawak, Borneo,
Malaysia. Comparative Parasitology, 70, 128—131.
https://doi.org/10.1654/4078

Hasegawa, H., Greiner, E.C. & Gillespie, T.R. (2008) Morphology of Enterobius (Colobenterobius) colobis Vuylstéke, 1964
(Nematoda: Oxyuridae: Enterobiinae) collected from an ashy red colobus, Procolobus rufomitratus tephrosceles (Elliot,
1907) (Primates: Cercopithecidae: Colobinae) in Uganda. Journal of Parasitology, 94, 1082—1086.

ENTEROBIUS EMODENSIS FROM CENTRAL HIMALAYAN LANGUR Zootaxa 4514 1) © 2018 Magnolia Press - 75


https://doi.org/10.1654/1525-2647(2002)069[0062:ECPSNN]2.0.CO;2
https://doi.org/10.1654/1525-2647(2002)069[0062:ECPSNN]2.0.CO;2

https://doi.org/10.1645/GE-1442.1

Hugot, J.P. (1984) Etude morphologique de Zenkoxyuris mabokensis (Oxyuridae: Nematoda) parasite de Zenkerella insignis
(Anomaluridae, Rongeur). Systematic Parasitology, 6, 131-137.
https://doi.org/10.1007/BF02185520

Hugot, J.P. (1986) Etude morphologique d’Helminthoxys urichi (Oxyurata, Nematoda) parasite de Dasyprocta aguti
(Caviomorpha, Rodentia). Bulletin du Muséum National d’Histoire Naturelle, Paris, 4éme Série, 8, Section A, n° 1, 133—
138.

Hugot, J.P. (1987a) Sur le genre Enterobius (Oxyuridae, Nematoda): s. g. Colobenterobius. 1. Parasites de primates Colobinae
en région éthiopienne. Bulletin du Muséum National d’Histoire Naturelle, Paris, 4éme Série, 9, Section A, n° 2, 341-352.

Hugot, J.P. (1987b) Sur le genre Enterobius (Oxyuridae, Nematoda): s. g. Colobenterobius. 11. Parasites de primates Colobinae
en région orientale. Bulletin du Muséum National d Histoire Naturelle, Paris, 4éme Série, 9, Section A, n° 4, 799-813.

Hugot, J.P. (1999) Primates and their pinworm parasites: The Cameron hypothesis revisited. Systematic Biology, 48, 523-546.
https://doi.org/10.1080/106351599260120

Hugot, J.P., Gardner, S.L. & Morand, S. (1996) The Enterobiinae subfam. nov. (Nematoda, Oxyurida) pinworm parasites of
primates and rodents. International Journal for Parasitology, 26, 147-159.
https://doi.org/10.1016/0020-7519(95)00108-5

ITUCN (2017) The IUCN Red List of Threatened Species. 2017-3. Available from http://www.iucnredlist.org/details/39840/0
(accessed 30 June 2018)

Katayama, T., Yamamoto, H., Wada, H. & Satoh, N. (1993) Phylogenetic position of acoel turbellarians inferred from partial
18S rDNA sequences. Zoological Science, 10, 529-36.

Kimura, M. (1980) A simple method for estimating evolutionary rates of base substitutions through comparative studies of
nucleotide sequences. Journal of Molecular Evolution, 16, 111-120.
https://doi.org/10.1007/BF01731581

Kuze, N., Kanamori, T., Peter Malim, T., Bernard, H., Zamma, K., Kooriyama, T., Morimoto, A. & Hasegawa, H. (2010)
Parasites found from the feces of Bornean orangutans in Danum Valley, Sabah, Malaysia, with a redescription of
Pongobius hugoti and the description of a new species of Pongobius (Nematoda: Oxyuridae). Journal of Parasitology, 96,
954-960.
https://doi.org/10.1645/GE-2379.1

Osterholtz, M., Walter, L. & Roos, C. (2008) Phylogenetic position of the langur genera Semnopithecus and Trachypithecus
among Asian colobines, and genus affiliations of their species groups. BMC Evolutionary Biology, 8, 58.
https://doi.org/10.1186/1471-2148-8-58

Petter, A.J. & Quentin, J.C. (1976) No. 4. Keys to Genera of the Oxyuroidea. /n: Anderson, S.R., Chabaud, A.G. & Willmott, S.
(Eds.), CIH Keys to the Nematode Parasites of Vertebrates. Commonwealth Agricultural Bureaux, Farnham Royal,
Buckinghamshire, pp. 1-30.

Quentin, J.C., Betterton, C. & Krishnasamy, M. (1979) Oxyures nouveaux ou peu connus, parasites de primates de rongeurs et
de dermoptéres en Malaisie. Création du sous-genre Colobenterobius n. subgen. Bulletin du Muséum National d’Histoire
Naturelle, Paris, Série 4 (Zoologie), 1, 1031-1050.

Saitou, N. & Nei, M. (1987) The neighbor-joining method: A new method for reconstructing phylogenetic trees. Molecular
Biology and Evolution, 4, 406—425.

Siddiqi, A.H. & Mirza, M.B. (1954) On a new oxyurid worm, Enterobius zakiri n. sp. from the rectum of Semnopithecus
entellus schistaceus (Tarai langur). Indian Journal of Helminthology, 6, 24-26.

Springer, M.S., Meredith, R.W., Gatesy, J., Emerling, C.A., Park, J., Rabosky, D.L., Stadler, T., Steiner, C., Ryder, O.A.,
Janecka, J.E., Fisher, C.A., William J. & Murphy, W.J. (2012) Macroevolutionary dynamics and historical biogeography of
primate diversification inferred from a species supermatrix. PLoS ONE, 7 (11), e49521.
https://doi.org/10.1371/journal.pone.0049521

Stevens N.J., Seiffert E.R., O’Connor, P.M., Roberts, E.M., Schmitz, M.D., Krause, C., Gorscak, E., Ngasala S., Hieronymus,
T.L. & Temu, J. (2013) Palaeontological evidence for an Oligocene divergence between Old World monkeys and apes.
Nature, 497, 611-614.
https://doi.org/10.1038/nature12161

Tamura, K., Stecher, G., Peterson, D., Filipski, A. & Kumar, S. (2013) MEGAG6: Molecular Evolutionary Genetics Analysis
Version 6.0. Molecular Biology and Evolution, 30, 2725-2729.
https://doi.org/10.1093/molbev/mst197

Vuylstéke, C. (1964) Mission de zoologie médicale au Maniema (Congo Léopoldville). 3. Vermes—Nématoda. Annales du
Musée Royal de I’ Afrique Centrale, en-8°, Zoologie, 132, 41-66.

Wahid, S. (1961) On two new species of the genus Enterobius Leach, 1853, from a Colobus monkey. Journal of Helminthology,
35, 345-352.
https://doi.org/10.1017/S0022149X00004727

Wilkinson, R.D., Steiper, M.E., Soligo, C., Martin, R.D., Yang, Z. & Tavaré, S. (2011) Dating primate divergences through an
integrated analysis of paleontological and molecular data. Systematic Biology, 60,16-31.
https://doi.org/10.1093/sysbio/syq054

Wilson, D.E. & Reeder, D.M. (2005) Mammal Species of the World. 3" Edition. Johns Hopkins University Press, Baltimore,
Maryland, 2142 pp.

76 - Zootaxa 4514 (1) © 2018 Magnolia Press HASEGAWA ET AL.


https://doi.org/10.1016/0020-7519(95)00108-5
https://doi.org/10.1016/0020-7519(95)00108-5

	Abstract
	Introduction
	Materials and methods
	Results
	Description
	Enterobius (Colobenterobius) emodensis sp. n.
	Taxonomic summary
	Discussion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


