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INTRODUCTION

Scuticociliatosis is caused by histophagous ciliated
protozoa in the subclass Scuticociliatia of the phylum
Ciliophora. Infection with the scuticociliate Miamien-
sis avidus (syn. Philasterides dicentrarchi) in teleost
fish species can occur by invasion through compro-
mised skin and/or gills with subsequent spread to
other internal organs via blood circulation, resulting

in necrotizing inflammation and thereby causing
fatal disease in the hosts (Iglesias et al. 2001, Puig et
al. 2007, Jin et al. 2009, Moustafa et al. 2010a,
Kubiski et al. 2011, Harikrishnan et al. 2012, Di Cicco
et al. 2013). Only 3 publications have reported on
scuticociliatosis in elasmobranchs, and thus infor -
mation on scuticociliatosis in sharks is still scarce
(Goertz 2004, Garner 2013, Stidworthy et al. 2014).
Here we describe a case of locally extensive menin-
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goencephalitis with abundant intralesional M. avidus
in a captive zebra shark Stegostoma fasciatum. Our
findings suggest the possibility of a direct neural
invasive pathway of M. avidus through the nasal cav-
ity/ampullary system and/or a unique tissue tropism
of M. avidus specific to brain in zebra sharks.

MATERIALS AND METHODS

A 16.5 kg, wild-caught, 2 yr old female zebra shark
had been kept in an indoor seawater pool for approx-
imately 2 yr with many other species of teleosts and
elasmobranchs. The natural seawater was drawn,
treated in a sedimentation basin with germicidal
ultraviolet light, and then added into the indoor sea-
water pool. The seawater in the pool was routinely
treated through a closed filtration system with a
 sedimentation basin, germicidal ultraviolet light,
protein skimming, biological filtering, and ozone dis-
infection. During the 2 yr interval, the mean ± stan-
dard deviation (SD) of water temperature was 25.3 ±
0.4°C, salinity was 33.4 ± 0.8 ppt, pH was 7.6 ± 0.2,
and the dissolved oxygen level was 6.7 ± 0.2 ppm.
The zebra shark showed poor appetite and lethargy
on 17 November 2016. The next day, the animal was
floating upside down and biting its own tail. Hema-
tology and plasma biochemistry revealed increased
albumin (1.5 g dl−1) and increased creatine kinase
(5259 U l−1). The reference ranges of hematology and
plasma biochemistry were based on previous studies
in other shark species (Haman et al. 2012, Alexander
et al. 2016). In addition, no remarkable findings were
noted on blood smears. Dexamethasone (0.1 mg kg−1,
IM) and ceftazidime (22 mg kg−1, IM) were given, but
the animal was found dead on the morning of 19 No -
vember 2016. In this pool, no new animals had been
introduced recently, and no other animals were af -
fected or had died in the meantime.

A complete necropsy with standardized proce-
dures was performed, and representative tissue sam-
ples, including the brain, gills, heart, gastrointestinal
tract, liver, pancreas, spleen, kidneys, and gonads,
were collected, fixed in 10% neutral buffered for -
malin, processed routinely, sectioned at 4 µm, and
stained with hematoxylin and eosin (H&E). Poly-
merase chain reaction (PCR) with subsequent DNA
sequencing using formalin-fixed, paraffin-embedded
(FFPE) tissues from brain, liver, and gills was per-
formed separately to identify the species of ciliated
protozoa. DNA was extracted from 80 µm sections of
tissue using the QIAamp DNA FFPE Tissue Kit (Qia-
gen) and used as PCR templates. Primer sets target-

ing the gene coding the small-subunit ribosomal
RNA (SSUrRNA) of scutiociliate (PSSU1: 5’-GAG
AAA CGG CTA CCA CAT CTA-3’ and PSSU2: 5’-
CAA GGT AAA GAG CCT ACT CCA-3’) were used
with an expected product size of 350 bp (Ross-
teuscher et al. 2008, Di Cicco et al. 2013). To validate
the quality of the extracted DNA, a primer set (for-
ward: 5’-CTG GTT GAT CCT GCC AG-3’; reverse:
5’-ACC AGA CTT GCC CTC C-3’) targeting the
rRNA gene was used in a PCR with an expected
product size of 560 bp (Díez et al. 2001). The cycling
conditions included an initial denaturation of 5 min at
94°C followed by 35 cycles of denaturation for 30 s at
94°C, annealing for 1 min at different temperatures
(60°C for primer sets targeting the eukaryotic rRNA
gene and 55°C for primer sets targeting the SSUr-
RNA gene), and an extension for 2 min at 72°C, with
a final extension of 5 min at 72°C. The PCR reactions
were carried out with commercial reagents (OnePCR,
GeneDireX). The obtained amplicons were directly
sequenced and compared with sequences available
in GenBank using the Basic Local Alignment Search
Tool (BLAST) server from the National Center for
Biotechnology Information.

RESULTS

Gross examination revealed that the ventral side of
the body had multifocal erythema. Upon opening the
body cavity, multifocal ecchymoses of varying size
were found on the liver surface (Fig. 1A). The brain
showed multifocal accumulations of white cloudy
fragile material (Fig. 1B). Microscopically, the menin -
ges at the ventral and lateral aspect of the brain were
diffusely thickened with increased cellularity, and
the underlying brain parenchyma showed multifocal
to coalescing foci of neuropil rarefaction and lique-
faction (Fig. 2A,B). In the ventral aspect of the brain,
abundant granulocytes with scattered mononuclear
inflammatory cells infiltrated the meninges and ex -
tended into the underlying brain parenchyma with
multifocal perivascular cuffing. Also found in affec -
ted areas were numerous round to oval ciliated pro-
tozoa of approximately 20–25 µm in diameter, which
had a hyperchromatic round to oval macro nucleus
(approximately 10 μm in diameter) and a variably
sized, pale basophilic vesicular cytoplasm containing
varying numbers of homogeneous eosino philic intra-
cytoplasmic globules (Fig. 2C). The granulocytic
meningoencephalitis was confined to the ventral as -
pect of the brain, transforming into non-suppurative
meningitis in the lateral aspect (Fig. 2D), and gradu-
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ally vanished in the dorsal aspect. The normal archi-
tecture of the liver was multifocally disrupted by the
necrohemorrhagic areas infiltrated by low to moder-
ate numbers of granulocytes (Fig. 2E), but ciliated
protozoa were not observed. Furthermore, no evi-
dence of systemic scuticociliatosis, such as the pres-
ence of ciliated protozoa, vasculitis, and intravascu-
lar ciliated protozoa, was found in any other organ
evaluated.

Only the brain tissue was positive for the PCR tar-
geting the SSUrRNA gene (Fig. 3), and the DNA
sequences from amplified amplicons of the SSUrRNA
gene were completely matched to that of Miamiensis
avidus (100% identity with GenBank accession
KX259260 and others). The results of histopathology,
PCR, and DNA sequencing confirmed the final
 diagnosis of locally extensive meningoencephalitis
caused by M. avidus.

DISCUSSION

In previous publications, ciliate infections in sharks
have been identified in skin, gills, kidneys, pancreas,
oviduct, claspers, brain, and liver (Goertz 2004, Gar-
ner 2013, Stidworthy et al. 2014). One case report
covering an acutely lethal scuticociliate infection in
zebra sharks, Port Jackson sharks Heterodontus
portus jacksoni, and Japanese horn sharks H. japo -
nicus found that necrotizing hepatitis, necrotizing
meningoencephalitis, and thrombosing branchitis
with necrotizing vasculitis and/or intravascular fib-
rinocellular thrombi were characteristic lesions for
systemic scuticociliatosis (Stidworthy et al. 2014). In
addition, Miamiensis avidus was found in the brains
of affected zebra sharks (3/4), but not in the brains of
Port Jackson sharks (0/3) or a Japanese horn shark
(0/1) (Stidworthy et al. 2014). Therefore, we specu-
late that there might be a different infective pathway
of M. avidus for zebra sharks. A previous study of
experimental infection in Japanese flounders indi-
cated that M. avidus were frequently observed in the
optic and/or olfactory nerve and found in peripheral
nerve fibers of affected teleost fishes (Moustafa et al.
2010b). Moustafa et al. (2010b) also found that the
lesions in the brain were more severe than those in
the gills and skin, suggesting the possibility of a neu-
ral invasive pathway through periorbital and nasal
routes with subsequent intravascular and/or intra-
neural dissemination (Moustafa et al. 2010b). Fur-
thermore, neural invasive pathogens have been rec-
ognized in sharks. For example, a previous case
re port found ampullary system infection and septi -
cemia caused by Serratia marcescens in a bonnet-
head shark Sphyrna tiburo (Camus et al. 2013), pro-
viding evidence that this may be a viable route of
entry for M. avidus.

In the present case, the tissue distribution of M.
avidus was confined to the brain and confirmed by
histopathological and molecular investigations. There-
fore, we speculate that M. avidus might have
directly invaded the central nervous system via the
nasal  cavity/ampullary system rather than via blood
circulation. However, Garner (2013) stated that pro-
tozoa could be difficult to find in tissue sections.
Although PCR tests were negative in liver and gills,
the possibility of extremely low numbers of M.
avidus in the blood circulation cannot be completely
ruled out. Therefore, it is also suspected that (1)
infection of M. avidus might be established in the
brain and then disseminated systemically, and/or (2)
M. avidus might have tissue tropism specific to the
brain in the zebra shark.
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Fig. 1. Gross findings of the liver and brain of a zebra shark
Stegostoma fasciatum. (A) Ecchymotic hemorrhages of 0.1 to
0.5 cm in diameter on the liver surface (white arrows). (B)
White cloudy fragile material can be seen on the surfaces of 

the cerebrum and cerebellum (black arrows)
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Fig. 2. Histopathological findings (H&E stain) of meningoencephalitis and hepatitis in a zebra shark Stegostoma fasciatum.
(A) Meninges are extensively thickened locally in the ventral and lateral aspects and gradually diminish in the dorsal aspect
(arrowheads). A focal area with severe tissue loss is noted at the lateral-ventral side of brain (black arrow). Scale bar = 2 mm.
(B) Lesions found around the area of brain tissue loss (blue dashed rectangle in panel A). The neuropil is rarefied due to diffuse
edema and liquefactive necrosis with scattered ciliated protozoa (black arrows). Scale bar = 100 μm. (C) Lesions in the ventral
aspect of the brain (red dashed rectangle in panel A). Abundant granulocytes infiltrate the meninges and extend into the un-
derlying parenchyma with scattered ciliated protozoa. Scale bar = 100 μm. Inset: The protozoan organism is covered by rows
of cilia, contains a hyperchromatic round to oval macronucleus, and has vesicular basophilic cytoplasm with several homoge-
neous eosinophilic intracytoplasmic droplets. (D) Lesion in the lateral aspect of the brain (black dashed rectangle in panel A).
Mononuclear inflammatory cells (macrophages and lymphocytes predominant with scattered granulocytes) infiltrate the
perivascular regions of the meninges. Scale bar = 50 μm. (E) Normal architecture of the liver was multifocally disrupted by
the necrohemorrhagic lesions, which are composed of hemorrhages and necrotic cell debris with granulocyte infiltration. 

Scale bar = 50 μm
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The role of the relatively low pH of the seawater in
the affected zebra shark’s enclosure is unknown but
was considered as a potential contributing factor.
Generally, the pH value of seawater should be be -
tween 7.8 and 8.4, and it is best kept between 8.1 and
8.3 (Noga 2010). The negative effects of environmen-
tal acidification in sharks are still largely unknown,
but decreased pH has been shown to compromise the
immune function in carp Cyprinus carpio (Nagae et
al. 2001). Long-term environmental acidification may
have caused immune compromise in the affected
zebra shark and/or may have supported conditions
promoting M. avidus growth and infection. An in
vitro study demonstrated that the optimal pH value
for the growth of M. avidus was 7.2 (Iglesias et al.
2003). To our knowledge, only 1 study on the out-
break of M. avidus in marine fish (Australian pot-
 bellied seahorses Hippocampus abdominalis) men-
tioned the pH value (7.5), and that value was similar
to the one in our case.

Our findings are suggestive of either a direct neu-
ral invasive pathway of M. avidus through the nasal
cavity and/or the ampullary system or a unique tissue
tropism of M. avidus specific to brain in zebra sharks.
The role of decreased pH of seawater in this case
is un known but could potentially play a role in
immuno compromising the host and in the pathogenic-

ity of the pathogen. To understand the pathogenesis
of this emerging pathogen, further investigations into
the marine environment, M. avidus, and elasmo-
branchs, especially zebra sharks, are warranted.
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