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1. Introduction

The Sei Whale, Balaenoptera borealis is from the
family of Balaenopteridae; commonly inhabits tem-
perate to subpolar oceans and thought to migrate in a
long-distance journey from north to south (Norina et al.,
2017). Researchers also believe this Sei Whale does not
remain in a single place for more than a year (Jafferson
et al., 2015). They mainly feed on small schooling fish,
but in some areas, their diets consist extensively of zoo-
plankton or shrimp-like crustaceans (krill). The study
of ectoparasite and endoparasites of marine mammals
are not habitually done because some species are en-
dangered and protected by law (Pinto et al., 2004). A
few studies have been reported previously regarding the
parasites found in whales (Measures, 1992; Omar and
Margolis, 1998; Pinto et al., 2004). There are multiple
species of parasites found in infected whales, with dif-
ferent infection sites including intestines, kidney, liver,
pancreas, stomach, uterus, and skin (Hermosilla et al.,
2015).

Acanthocephalan is an endoparasites, which are
typically found in the internal organ particularly the
stomach and intestines of their host body. Their life cy-
cle is heterogeneous, in which they usually need one to
two intermediate hosts including crustaceans and fishes,
in order to complete their life cycle (Hermosilla et al.,
2015). Common acanthocephalans belong to the gen-
eral Bolbosoma and Corynosoma, where genus Bolbo-
soma are mainly found in whales whilst Corynosoma
in pinnipeds (Golvan, 1959). Common Bolbosoma sp.
infected-whales come from the species of B. brevicolle,
B. capitatum, and B. physeteris (Baylis, 1932; Gubanor,
1951; Delyamure, 1955). The whale can be infected by
these Acanthocephala parasites either through the inges-
tion of Bolbosoma-infected krill or by feeding the sec-
ond intermediate host which is fishes (Hermosilla et al.,
2015). A previous study has reported the presence of B.
balaenae encapsulated in cephalothorax of large whales
in the Northeast Atlantic Ocean (Gregori et al., 2012).
Other than whale as their host, Bolbosoma sp. also has
been found hosting in the black scabbard fish, oceanic
horse mackerel and in common dolphins (Costa et al.,
2000). The high presence of Bolbosoma sp. parasites
embedded in submucosa may lead to complete luminal
obliteration and haemorrhage, which eventually caused
death; as reported by Diaz-Delgado et al. (2018), on the
death of adult female stranded cetaceans in the Canary
Island circa 2006-2012.

In current study, the whale was found dead in Sun-
gai Sarang Buaya, Semerah, Batu Pahat, Johore, Malay-
sia after being stuck in the mud. The fresh sample of the
intestine was collected in-situ and the worms extracted

74 Jurnal llmiah Perikanan dan Kelautan

from fresh intestines were subsequently fixed in 10%
buffered formalin for further species identification, as
detailed described in the materials and methods part. To
the best of our knowledge, this is the first study that re-
ported the presence of B. turbinella hosting Sei Whale,
found in Malacca Straits, Malaysia. Findings are im-
portant to control the spread of these parasites into other
aquatic areas and the possibility to infect other aquatic
animals.

2. Materials and Methods

2.1 Sample collection

The dead Sei Whale (B. borealis) was examined,
with an estimated length: 11.7 m and weight: 10 tonnes.
A total of ten worms are taken freshly from the dead
whale’s intestine organ, and fixed in 10% buffered for-
malin for histopathological purposes. The analysed
samples were viewed under Portable Scanning Electron
Microscope (SEM) purposely to study their morpho-
logical characteristics. The morphology characteristic
of bulb, neck, proboscis, and hook are the important
keys for the identification of the parasites as compared
to the previous study. Standard operational procedures
for fish diagnosis were applied in this study to acquire
better analysis results. The standard procedures for di-
agnostic are referred to as the standard method by the
Department of Agriculture and Water Resources, Aus-
tralian Government. Methods for DNA applications for
the parasitological study were performed as described in
Bass et al., (2015).

2.2 DNA Extraction

Firstly, the genomic DNA was extracted by using
QIAGEN DNeasy Blood and Tissue Kit (QIAGEN,
USA). The cytochrome ¢ oxidase subunit one mito-
chondrial gene of the parasite was amplified by Primer
CO1 Forward (5>-GTT CCACAAATC ATAAGG ATA
TTG G-3”), and Reverse (5-TACACC TCAGGG TGA
CCA AAA AAC CA-3). The PCR conditions of COl
rDNA were as follows: each 25 ml reaction contained
2.5ul of 10X EasyTag® buffer solution, 1.0ul of deoxy-
nucleotide triphosphate dNTP max 10 mmol/L, 2.3ul of
total DNA (20ng/ul), 0.6ul of each primer (25umol/L),
3.0ul of EasyTag® DNA Polymerase; 5U/ul, Invitrogen
(Sigma-Aldrich, USA), and bi-distilled water to com-
plete the final volume.

The PCR consisted of the following temperature
cycles: initial denaturation for 2 minutes at 94°C, fol-
lowed by 35 cycles of 30 s at 94°C for denaturation, 30 s
at 50°C for hybridization, and 60 s at 72°C for an exten-
sion, with a final extension of 10 minutes. The quality
of extracted DNA and PCR products was assessed using
electrophoresis on 1.2% agarose gel in TBE buffer and
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Table 1. Morphology measurement of Bolbosoma turbinella from the previous study

Morphology Measurement (mm)

Bolbosoma turbinella (Measures, 1992) Bolbosoma (This Study)
Total Length 19.9 22.0
Bulb Width 25 1.2
Bulb Length 1.2 0.4
Neck Length 3.25 2.5
Neck Width 7.25 4.0
Proboscis Length 7.99 2.0
Proboscis width 6.80 3.0
Proboscis Receptacle Length 1.5 0.5
Proboscis Receptacle Width 6.23 3.0
No. of Longitudinal Row of Hooks on
Proboscis 2.0 9
No. of Hooks Per Row on Proboscis 06-07 10-13
Hook Length - 0.4
Table 2. Maximum likelihood fits of nucleotide substitution models of this study.
Model Parameters BIC AlCc InL
HKY 13 3.392.647 3.310.923 -1.642.416
Table 3. Estimates of evolutionary divergence between sequences of this study.

1 2 3 4 5 6

1 3428032 A2 Bolbosoma (this study) 0.01 0.01 0.01 0.02 0.02
2 KU314823.1 Bolbosoma tubinella  0.03 0.00 0.01 0.02 0.02
3 KU314823.1 Bolbosoma tubinella  0.03 0.01 0.01 0.02 0.02
4 JX442189.1 Bolbosoma tubinella  0.12 0.09 0.02 0.02
5 KF156891.1 Bolbosoma caenoforme 0.20 0.17 0.17 0.16 0.00
6 JX442190.1 Bolbosoma sp. 0.20 0.17 0.17 0.16 0.00

observed under UV light. Fragments were purified and
sequenced by using First Base Sequencer (Axil Scientif-
ic Pte Ltd., Singapore).

3. Results and Discussion

This is the first report of Bolbosoma sp. found in
the intestine of whales stranded in Malaysia. The
previous study had reported the death of this Sei
Whale was due to decompression sickness, lost its
body balancing which eventually stranded in mud
and died. However, in this study, infection of these
parasites contributed to the factor of host death.

Copyright ©2021 Universitas Airlangga

A total of ten samples of parasites were analysed
for morphological study and genetic study that proved
the result of the sequence was B. turbinella. The pre-
vious report of B. turbinella was described in blue
whales from North American waters, and it is the first
publication from the eastern coast of North America
(Measures, 1992). As the earlier identification of Bolbo-
soma sp. is difficult because of the unavailability of the
sample, it may be useful to mention the genus of Bol-
bosoma was reported in whales from North American
waters. However, this sample from Malaysia, the DNA
sequence indeed belongs to B. turbinella (Figure 3).
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Microscopy Lab, AKUATROP, UMT
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Figure 1. Portable Scanning Electron Micrograph (Hitachi TM-1000) of the anterior portion of an
individual Bolbosoma turbinella from Whale small intestine (D and F). The pictures showed the
typical proportions of presomal parts, distribution of cuticular spines of the two cephalic fields, and
some posterior extension of anterior bulbar spines ventrally (A, B, C and E).

stained with carmine and (b) parasite eggs
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The result was supported with the previous re-
search where they found B. turbinella in the Sei Whale
(B. borealis) from the Pacific Ocean of British Colum-
bia (Margolis and Pike, 1955). In this study, the mor-
phological structures of the examined parasites showed
the typical proportions of presomal parts, distribution
of cuticular spines of the two cephalic fields, and some
posterior extension of anterior bulbar spines ventrally
(Figure 1). Factually, Bolbosoma sp. infection has lit-
tle relevance on host health such as local reactions pro-
duced by the proboscis of the parasites (\Vongpakorn et
al., 2012). According to the previous report, this acan-
thocephalan was identified as Bolbosoma sp. The mor-
phology of the worms had a bulb that could divide into
three parts: anterior, posterior, and intermediate ring-
bulb, in the proboscis containing mostly 14 longitudinal
rows of hooks, and each row contains 8-9 hooks respec-
tively (Yamaguti, 1963). This parasite had been reported
possibly zoonotic and potentially infected humans. The
symptom shown is acute abdominal pain (Tada, 1983).
Surprisingly, these samples of parasites are in the ma-
tured stage and carrying an egg (Figure 2). The lifecycle
of these parasites is still not completely reported before.

In term of host specificity, B. turbinella is not re-
stricted only to blue whales. It also had been reported
previously from several Mysticetes; Blue Whale, Sei
Whale, Fin Whale, Humpback Whale, and North At-
lantic Right Whale and one Odontocete; the North
Atlantic Bottlenose Whale which is the host type ac-
cording to Diesing (1851). The distribution of B. tur-
binella in whales includes the Atlantic and Pacific
Oceans in the northern and southern hemispheres
(Measures, 1992). lonita et al. (2008) also reported
that this Bolbosoma sp. also found in the intestine of
seals. The possibilities of these parasites to infect hu-
mans are also significantly positive because they are
categorized as zoonotic parasites (Shuko et al., 2019).

In term of DNA study, the sequence submitted for
sequencing showed a positive result of B. turbinella.
This result of the size of the parasites did not show a sig-
nificant difference from a previous study by Measures
(1992) (Table 1). The morphology character of bulb,
neck, proboscis, and hook of the parasite shows the most
likely similarity to the previous study report (Figure 1).
The DNA study which then supports the confirmation of
this study result using molecular phylogenetic analysis
by maximum likelihood method (Figure 3).

The maximum likelihood fits of nucleotide sub-
stitution, Hasegawa-Kishino-Yano (HKY) models are
suggested as the best model to apply this test (Table 2).
Models with the lowest BIC scores (Bayesian Informa-
tion Criterion) with a value of 3392.647 are considered
to describe the substitution pattern the best (Table 2).
The AICc value (Akaike Information Criterion, cor-
rected), the Maximum Likelihood value (InL), and the
number of parameters (including branch lengths) are
also presented for each model (Hasegawa et al., 1985).
Non-uniformity of evolutionary rates among sites may
be modelled by using a discrete Gamma distribution
(+G) with five rate categories, and by assuming that a
certain fraction of sites is evolutionarily invariable (+1).
Whenever applicable, estimates of the gamma shape pa-
rameter and/or the estimated fraction of invariant sites
are shown. Evolutionary divergence between sequenc-
es is shown similarity with the range of divergence be-
tween 0.01 to 0.09 with the previous study (Table 3).

Assumed or estimated values of transition/transver-
sion bias (R) are shown for each model as well. They are
followed by nucleotide frequencies (f) and rates of base
substitutions (r) for each nucleotide pair. Relative val-
ues of instantaneous r should be considered when eval-
uating them. The sum of r values is made equal to 1 for

3428032 A2 Bolbosoma (this study)

11
100 KU314823.1 Bolbosoma turbinella

—_

0.020

[ KU314821.1 Bolbosoma turbinella
JX442189.1 Bolbosoma turbinella

| KF156891.1 Bolbosoma caenoforme

JX442190.1 Bolbosoma sp.

Figure 3. Molecular phylogenetic analysis by Maximum Likelihood method
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each model for simplicity. Tree topology was automat-
ically computed for estimating ML values. The results
involved six nucleotide sequences. Codon positions in
the sequences included were 1st+2nd+3rd+Noncoding.
There was a total of 704 positions in the final dataset
of sequences. Evolutionary analyses were conducted in
MEGA X software (Kumar et al., 2018).

The evolutionary history was inferred by using the
Maximum Likelihood method based on the Hasega-
wa-Kishino-Yano model (Hasegawa et al., 1985). The
tree with the highest log likelihood (-1641.71) is shown.
The percentage of trees in which the associated taxa
clustered together is shown next to the branches with
100% similarity (Figure 3). Initial tree(s) for the heu-
ristic search were obtained automatically by applying
neighbor joining and BioNJ algorithms to a matrix of
pairwise distances estimated using the Maximum Com-
posite Likelihood (MCL) approach and then selecting
the topology with a superior log-likelihood value.

The tree is drawn to scale, with branch lengths
measured in the number of substitutions per site. The
analysis involved six nucleotide sequences. Codon po-
sitions included were 1st+2nd+3rd+Noncoding. There
is a total of 704 positions in the final dataset. Molecular
phylogenetic analysis showed that Bolbosoma sp. From
this study is more likely related to Bolbosoma turbinella
with 100% of similarity (Figure 3). Evolutionary anal-
yses were conducted in MEGA X (Kumar et al., 2018).

The number of base differences per site from be-
tween sequences is shown. Standard error estimate(s)
are shown above the diagonal and were obtained by a
bootstrap procedure (1000 replicates). The analysis in-
volved six nucleotide sequences. Codon positions in-
cluded were 1st+2nd+3rd+Noncoding. All ambiguous
positions were removed for each sequence pair. There
was a total of 704 positions in the final dataset. Evolu-
tionary analyses were conducted in MEGA X software
(Hasegawa et al., 1985).

4. Conclusion

This is the first report of Bolbosoma sp. found in
the intestine of Sie Whale stranded in Malaysia. Total
of 10 samples of parasites were analysed, and DNA ge-
netic study has been done, and positively proved that
the result of sequence reading showed the species of B.
turbinella.
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