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SUMMARY

Halicephalobus nematodes are parasites in horses, ruminants, and humans. They with

the most demonstrated H. gingivalis infect the hosts and cause granulomas to fatalities.
Anthelmintic treatments are not effective in many cases, so precautions against
Halicephalobus infection based on the understanding of life history may help. So far, ten
species have been globally identified. We isolated many wild-type Halicephalobus sp. strains
in vegetation samples collected from two national parks (Cat Tien and Cuc Phuong National
Parks) in Vietnam and cultured them on bacteria. Thus, Halicephalobus nematodes could
live in the wild and feed on bacteria. In previous studies, horses were predominantly found
to be hosts of Halicephalobus sp. nematodes, but in this study they are not presented in the
parks, suggesting that other wild animals such as ruminants in the parks should be their hosts.
In addition, we analyzed the 18S rDNA sequences of the isolated nematodes and found that
they are likely divergent between the two ecological systems, suggesting the two nematode

communities have evolved differently.
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INTRODUCTION

Ten species of the nematode genus
Halicephalobus, which may live in animals,
have been found. They were isolated from
clinical specimens of animal organs (Anwar
et al., 2015; Lim et al., 2015; Onyiche et al.,
2018) or in the wild (Akagami et al., 2007,
Yoshiga, 2007). Halicephalobus gingivalis
was a predominant parasite in horses, zebras,
ruminants, and humans (Nadler et al., 2003;
Bhavesh Papadi et al., 2013; Enemark et al.,
2016), and a synonym of H. gingivalis

named H. deletrix was limited to horses and
humans (Darien et al., 1988; Rames et al.,
1995; Isaza et al.,, 2000; Ondrejka et al.,
2010); both were found in more than 16
countries around the world (Onyiche et al.,
2018). While less reported, four species (H.
minutum, H. parvum, H. palmaris, and H.
intermedia) were isolated from plants in
three countries (Germany, Brazil, and
Russia). Four other species (H. limuli Timm,
H. similigaster, H. laticauda, and H.
mephisto) were sampled from water in five
countries  (Pakistan, Germany, Brazil,
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Russia, and Belgium) (Anderson et al., 1998;
Fronderie, 2023), and finally, H. brevicauda
was from the soil in Uzbekistan (Akagami et
al., 2007; Fronderie, 2023). Thus, the
distribution of H. gingivalis is broader than
that of the other species, possibly because it
lives in domestic animals that have been
globally transferred everywhere. Within a
host, the infected H. gingivalis individuals
invaded organs through hematogenous
spread (Brojer et al., 2000; Papadi et al.,
2013; Henneke et al., 2014) or semen and
urine sediment (Kinde et al., 2000). The
infection of H. gingivalis could cause
granulomas to fatal
meningoencephalomyelitis. Clinical cures
by anthelmintic treatments for horses
infected by H. gingivalis were successful in
a few cases (Dunn et al., 1993; Pearce et al.,
2001; Muller et al., 2008) but remained
failures in many others (Anderson et al.,
1998; Fonderie et al., 2012; Enemark et al.,
2016). Better protection from the infection of
Halicephalobus species has potential
through the understanding of their life
history strategies.

In Vietnam, the distribution, infection,
lifestyle, and cultivation of Halicephalobus
species are unknown. As a previous result of
the coincidence of H. gingivalis with horses,
donkeys, ruminants, and humans (Onyiche et
al., 2018), we assumed that H. gingivalis and
other Halicephalobus sp. could present in the
habitats of those Bovidae mammals and they
should live in the organismal composts
(wastes and dead organs), which mixed with
forest vegetation in the wild (here both are
so-called vegetation samples) are a vector for
the transmission of Halicephalobus sp.
between different mammals. To address our
curiosity, we conducted isolation and agar
cultivation of Halicephalobus sp. wild-type
strains of either H. qgingivalis or
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Halicephalobus sp. in vegetation samples
collected from two national parks, Cat Tien
in the south and Cuc Phuong in the north of
Vietnam. We used 18S rDNA sequences as
regular barcodes for nematodes to analyze
the potential divergence of the wild-type

Halicephalobus isolates to reveal the
variation among them.

MATERIALS AND METHODS

Isolation and cultivation of

Halicephalobus nematodes

Isolation of nematodes was done as in our
previous report (Le et al., 2021). In brief,
approximately 100 g of vegetation compost
was collected from each site within two
national parks, Cat Tien or Cuc Phuong in
Vietnam. Each vegetation sample was kept
in a zipper plastic bag at cool (20°C to 25°C)
during transportation. In the laboratory,
approximately 10 g to 20 g of each sample
was placed on an agar plate of NGM seeded
with Escherichia coli OP50 (called sample
plate) and incubated for three days at room
temperature (25°C).

Generally, two gravid nematodes
(isofemale), which were similar to
Caenorhabditis species in size and presented
on sample plates, were individually picked
onto single media plates to grow strains
(either NcM18, NcM12, or NGM + E. coli
OP50 (Le et al., 2021)). If none of the
Caenorhabditis-like ~ nematodes  were
observed for a few seconds, smaller larvae or
individuals were chosen instead. The strains
were given a numerical category.

Molecular identification

DNA extracts were prepared under a
modified method of the single worm lysis
protocol for Caenorhabditis nematodes
(Ahringer, 2006). In brief, one to a few
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worms of each strain were lysed by putting
in a PCR tube which had 20 ul of worm lysis
buffer adding 1 pl of proteinase K. The worm
solution was frozen in liquid nitrogen (-
196°C) for 10 min. Next, it was incubated at
62°C for 90 min. The worm lysis was used
for PCR to amplify the 18S rDNA sequence

using the SSU18A (5'-
AAAGATTAAGCCATGCATG-3) and
SSU26R primers (5'-

CATTCTTGGCAAATGCTTTCG-3")
(Barriere, Felix, 2006). The PCR product
was Sanger-sequenced (ATGC Company
Ltd, Vietnam or Apical Scientific
Sequencing Co, Malaysia). Following, the
achieved sequences were aligned to the
nucleotide database by nucleotide BLAST
on the National Center for Biotechnology
Information (NCBI) website (Zhang et al.,
2000).

Phylogenetic analysis

The phylogeny was formulated with the
18S rDNA sequences of Halicephalobus
isolates. The phylogenetic tree was

reconstructed by MEGA 11 software
(Molecular Evolutionary Genetics Analysis)
using the Neighbor-Joining method with 100
bootstrap replications (Tamura et al., 2021).

RESULTS

Isolation of Halicephalobus sp.

We picked approximately 200 nematodes
(mostly isofemales and several larvae), each
to a separate agar media plate. Many of them
grew well to be single strains with multiple
generations, while many others did not
develop and died on the bacteria agar media
plates. To classify the taxon for each
nematode strain, molecular methods were
used for the identification of 18S rDNA
sequences. Among the survivors, 66 strains
were Halicephalobus sp., which were isolated
from samples localized in 45 different sites in
two national parks, and in particular, 40
strains from 26 out of 52 sites in Cuc Phuong
National Park and 26 strains from 19 out of 40
sites in Cat Tien National Park (Fig. 1 and
Table 1).

Figure 1. Examples of Halicephalobus species isolates (CFB271 and CFB169 adults).
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All 66 Halicephalobus sp. strains in this
research developed on either NGM or NcM18
media, providing a way to gain wild-type
Halicephalobus sp. in the wild and to rear
them in vitro on E. coli OP50 (Cooper 2017).
They were found in vegetation samples
whereas in many previous studies, H.
gingivalis was reported to live in horses,
zebras, donkeys, ruminants, and humans
(Darien et al., 1988; Rames et al., 1995;
Nadler et al., 2003; Ondrejka et al., 2010;
Bhavesh Papadi et al., 2013; Enemark et al.,
2016; Onyiche et al., 2018; Noivaetal., 2019;
Avila et al., 2020). Thus, they may live in the
animals that inhabit in Cat Tien National Park
and Cuc Phuong National Park rather than
horses, zebras, and donkeys that never
develop in the two parks (Murphy, Phan,
2002; Polet, Ling, 2004; Rugendyke, Nguyen,
2005).

Molecular determination

To describe the diversity of wild-type
Halicephalobus sp. strains, we used part of the
18S rDNA sequences amplified with two
specific primers (Table S1). The identity
comparisons of 18S rDNA sequences for all 66
strains with the nucleotide database on NCBI
showed they were either H. gingivalis or
unknown Halicephalobus species for the first hit
of the alignment result list (Table 1).

The 18S rDNA sequences were plotted
together and they show a likely distorted
distribution  pattern (Fig. 2). Forty
Halicephalobus strains from Cuc Phuong
National Park (60.6%) are mostly biased
toward one side of the phylogenic tree. Of
them, twenty-eight strains (70%) are
identical to the referred Halicephalobus sp.
MKO087054.1 [least 91.27% (CFB156) and
last 97.63% (CFB89)], and five strains
(12.5%) are identical to MKO087055.1
[82.85% (CFB74) and 93.22% (CFB123)].

330

Le Tho Son et al.

Of the seven left strains, three (7.5%) are
identical to MK087053.1 [93.74% (CFB138)
and 95.23% (CFB152)], three strains (7.5%)
present similarity to MK087052.1 [79.02%
(CFB125) and 89.48% (CFB128)], and
finally only CFB86 (0.25%) is comparable
with H. gingivalis JF706244.1 [88.57%)]
(Table 1).

Meanwhile, the majority of 26 strains
from Cat Tien National Park (39.4%) were
quite opposite in the tree. Ten strains
(38.46%) have identity to Halicephalobus
sp. MK087054.1 [89.46% (CFB184) and
99.66% (CFB228)] and 11 strains (42.3%)
have that to MKO087055.1 [79.33%
(CFB183) and 89.64% (CFB179)]. Of the
rest five strains, four (15.4%) are identical
to MKO08052.1 [87.99% (CFB187) and
91.85% (CFB166)] and last, CFB229
(0.38%) has similarity to MK087053.1
[94.88%] (Table 1).

Comparisons of 18S rDNA presented a
divergence between the Halicephalobus
isolates in the two parks in Vietnam and H.
sp. isolates in other countries (in vast,
MKO087054.1 and MKO087055.1). Thus,
possibly Halicephalobus species
ecologically adapt to the local hosts.

Halicephalobus species have different
types of life histories. In previous reports,
they completed the lifecycle in animals’
organs (Hermosilla et al., 2011; Taulescu et
al., 2016). Other Halicephalobus species
might live in the wild and infect the host
animals through open lesions (Cooper,
Dholakia, 2017; Cooper et al., 2017). In this
research, the rearing of Halicephalobus sp.
strains on NcMs and NGM strongly suggests
that they live and eat bacteria through life in
environments. Our hypothesis is supported
by previous findings of Halicephalobus
species in soil (Anderson et al., 1998;
Akagami et al., 2007; Fronderie, 2023).
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Figure 2. Phylogenetic tree of wild-type Halicephalobus sp. in two national parks. Phylogenesis was
formulated for the unassembled sequences of 18S rDNA by the Neighbor-joining method. The
numbers at joints are bootstrap values in 100 replicates. Asterisks-strains from Cuc Phuong National
Park. Non-asterisk-strains from Cat Tien National Park.
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Table 1. Site sampling and identity of each Halicephalobus sp. Strains.

Le Tho Son et al.

. L . . NCBI
Site Global positioning % identical to
No. name system (GPS) CFB No. Halicephalobus sp.t Genbank
access
Cuc Phuong National Park
1 cp2 20°20'56.7” N CFB156 91.27%, MK087054.1 0Q625526
2 105°35'48.1" E CFB153 96.41%, MK087054.1 0Q594694
3 CP4 1200;02305,546675,,'\:5 CFB271 97.28%, MK087054.1 0Q594713
4 CP5 12005002305,5475'32,,'\& CFB127 94.28%, MK087054.1 0Q594685
5 cp7 20°20'58.4" N CFB268 94.05%, MK087054.1 0Q594712
6 105°35'36.5" E CFB280 96.68%, MK087054.1 0Q594715
7 P12 20017°40.0" N CFB147 95.26%, MK087054.1 0Q594691
8 105°39'57.5" E CFB120 90.24%, MK087054.1 0Q594679
9 CFB152 95.23%, MK087053.1 0Q594693
10 CFB145 96.22%, MK087054.1 0Q594690
11 P14 20017°41.5" N CFB128 89.48%, MK087052.1 0Q594686
12 105°39'58.4" E CFB121 88.54%, MK087052.1 0Q594680
13 CFB140 96.18%, MK087054.1 0Q683787
14 CFB142 96.18%, MK087054.1 0Q625525
15 CP17 120022452%‘2‘00,,'\:5 CFB159  96.02%, MK087054.1 0Q594696
16 CP18 1200;3452§é205"'\|15 CFB154 95.93%, MK087054.1 0Q594695
17 CP20 120022451,5517'26,,'\:5 CFB89 97.63%, MK087054.1 0Q594670
o ’ ”
18 CP21 120053452?’20456,,1 CFB82 97.06%, MK087054.1 0Q594667
oA EA OF
19 CP22 12005:452?2“é97,,'\|15 CFB272 90.13%, MK087054.1 0Q594714
20 cp23 20°15'29.9" N CFB124 85.28%, MK087055.1 0Q594683
21 105°42'28.7" E CFB99 92.05%, MK087054.1 0Q594671
0 ’ ”
22 CP24 120053452,229374,,'\:5 CFB81 97.31%, MK087054.1 0Q594666
oA Ea AP
23 CP25 12005:452,238542,,1 CFB125 79.02%, MK087052.1 0Q594684
0 ’ ”
24 CP26 120053452,2??5‘22,,'\:5 CFB122 84.77%, MK087055.1 0Q594681
oA EIA Qn
25  CP27 20°1524.8" N CFB80 94.79%, MK087054.1 0Q594665
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26 CP28 1200;01452,2331'26,,'\& CFB149 95.28%, MK087054.1 0Q594692

27 CP30 1200;3452?4200,,'\,15 CFB85 94.98%, MK087054.1 0Q594668

28 cpan 20015'7.60” N CFB116 95.06%, MK087054.1 0Q625527

29 105°42'45.0" E CFB71 97.30%, MK087054.1 0Q594662
20°14'53.6” N

30 CP33 105042'35.9" E CFB160 95.02%, MK087053.1 0Q625520
20°14'53.5" N

31 CP34 10504234 3" E CFB144 92.09%, MK087054.1 0Q594689

32 53N CFB123 93.22%, MK087055.1 00594682
20°14'53.9"”

33 CP35 10504237 0" E CFB113 84.56%, MK087055.1 0Q594677

34 CFB73 93.13%, MK087054.1 0Q594663
20°14’59.8” N 88.57%, H. gingivalis

35 CP3¢ 105°42'28.1" E CFB8S  jr706244.1 0Q594669
20°14'56.7” N

36 CP37 10504221.1” E CFB74 82.85%, MK087055.1 0Q594664

37 . 20014°40.4” N CFB138 93.74%, MK087053.1 0Q594688

38 105°42'25.2" E CFB117 97.54%, MK087054.1 0Q594678

39 o o CFB163 92.15%, MK087054.1 00625522

CP50 Missing determination

40 CFB164 92.23%, MK087054.1 0Q625523

Cat Tien National Park

41 cT3 11°23'18.8" N CFB184 89.46%, MK087054.1 0Q594706

42 107°21'3.6" E CFB196 79.95%, MK087055.1 0Q594709

43 CT5 11017(’02231,216&,,'\"5 CFB109 83.82%, MK087055.1 0Q594676
11°23'39.7” N

44  CT9 10792147 .9 E CFB171 93.79%, MK087054.1 0Q650164

45 CT14 iy CFB166  91.85%, MK087052.1 0Q594698
11°24'20.9" N

46 CT15 10792429 3" E CFB106 81.47%, MK087055.1 0Q594674

47 CT19 11017002282?'562'49,,'\"5 CFB105 84.23%, MK087055.1 0Q594673
11°27°56.1" N

48 CT22 10792243 5" E CFB180 80.70%, MK087055.1 0Q594703

49 CT28 R CFB183  79.33%, MKO87055.1 0Q594705
11°27'15.2" N

50 CT29 107921'18.3" E CFB131 94.04%, MK087054.1 0Q594687

51 CT30 11°27°32.8" N CFB195  91.62%, MK087054.1 00625521

107°20°44.2" E
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11°27°’5.00” N

52 CT32 107921'25.6" E CFB228
11°27°17.9” N

53 CT34 107°22'5.60" E CFB229
11°27°'33.8” N

54 CT37 107926'52 9" E CFB165

55 CFB187

56 CFB175
11°27°51.8” N

57 CT39 10799742 1" E CFB181

58 CFB189

59 CFB169
11°26'13.9” N

60 CT42 107°25'25.0" E CFB167
110°25’41.2” N

61 CT45 107925'37 2" E CFB101

62 ' » CFB174
CT49 11025 ?0.7 ”N

63 107°2545.9” E CFB168
11024°48.2” N

64 CT51 107°25'25.9" E CFB179

65 ' ” CFB107
CT52 11025 ?6.4 "N

66 107°25'45.1" E CFB173

Le Tho Son et al.

99.66%, MK087054.1 0Q594710
94.88%, MK087053.1 00594711
94.61%, MK087054.1 0Q594697
87.99%, MK087052.1 0Q594707
79.83%, MK087055.1 0Q594701
88.72%, MK087052.1 0Q594704
90.92%, MK087052.1 0Q594708
95.37%, MK087054.1 00594699
81.38%, MK087055.1 0Q650163
81.51%, MK087055.1 00594672
93.71%, MK087054.1 0Q625518
92.38%, MK087054.1 0Q625519
89.67%, MK087055.1 0Q594702
96.05%, MK087054.1 0Q594675
80.02%, MK087055.1 0Q594700

T The nucleotide sequence alignment showed a percentage of the 1st hit with the Halicephalobus
species which was not isolated in this research. The BLASTnt was conducted on the NCBI website

on March 24, 2023.
CONCLUSION

We isolated and molecularly determined
66 wild-type parasitic nematode strains of
Halicephalobus sp. freely living in
vegetation composts from two national
parks. They are segregated, indicating that
the distinct local host animals might play a
key role in the nematode divergence in the
ecological systems (forests). These parasites
could invade animals rather than only horses,
ruminants, and humans, causing granulomas
to fatality. Thus, it is prudent for humans to
visit forests and consume raw forestry
products.
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