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Plate I Crab illness symptoms and microscopic parasite features
A. A healthy crab (left) and a diseased crab with whitish muscle symptom (right); B. The whitish muscle smear examination, showed nu-
merous spherical parasitic protozoa with size of 1-2 um (arrow, x1000); C. After opening the shell of crab with MD, the coelomic fluid and
deteriorated watery tissues leaked from the body (left); The gills changed to be yellowish opaque, while the muscle and viscera became shrink
and fuzzy (right); D. The milky muscle smear examination showed many round-shape parasitic protozoa with size of 8—10 um (arrow, x1000).
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Plate I HE staining of the tissues from diseased crabs

A. Normal muscle tissues from a health crab, muscle bundles (MB) keep orderly arrangement; B—D: Muscular changes associated
with Whitish Muscle Disease (WMD). B. MB ulceration, rupture, collapsing, causing MB reduced and disordered in large area. Mas-
sive parasites occupied among MB (thick arrow). Meanwhile, haemolymph infiltration was clearly shown (thin arrow); C. A partial
enlarged diagram of photo B, most MBs were destroyed as the numerous parasites occupied and surrounded among them (thick ar-
rows). The gap between MBs was increased, haemolymph infiltration significantly shown (thin arrow); D. Photo showed gill conges-
tion (thin arrow), gill epithelial cell edema and degeneration, even loss of gill structure (thick arrows); E—F: Muscular changes asso-
ciated with the milky disease (MD); E. Longitudinal section of the muscle. Bundle gaps increased and fulled with the numerous para-
sites (thin arrow), parasite infection resulted in MB fracture (thick arrow); F. A large number of parasites (thin arrow) invaded MBs,
resulting the muscle fibers rupture, disintegration or necrosis (thick arrow).
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Plate III

Pathogenic morphology and ultrastructural pathology of whitish muscle disease (WMD) pathogen

Scan electron microscopy (SEM) of the cross section of whitish muscle associated with WMD. A cavity is clearly shown, where a
large number of parasitic microsporidian occupied (thick arrows); B. Transmission electron microscope (TEM) of the whitish muscle
sample associated with WMD. A large number of vacuoles (small arrows) appeared and a lot of microsporidian surrounded (thick
arrows); C. A large number of microsporidian (thick arrow) existed within a fused cell, and the organelles disappeared. D-E. TEM
section of whitish muscle sample to show a single microsporidian morphology; AD: anchoring disk; CM: cilium; EX: exospore;
M: manubrium; N: nuclear; PM: plasma membrane; PF: pole filament; PP: polaroplast; PT: pole tube; W: spore wall.
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Plate IV Pathogenic morphology and ultrastructural pathology of the milky disease (MD) pathogen
A. SEM of the coelomic fluid sample. Thick arrow pointing parasitic Hematodinium sp. in coelomic fluid; Thin arrow pointing the
tissue debris in coelomic fluid; B. SEM of the muscle associated with MD. Numerous Hematodinium sp. (thick arrow) fixed on mus-
cle fibers (thin arrow); C. TEM photography of the trophozoite, there were many cilium-like structures. N: nuclear; W: cell wall; PM:
plasma membrane; D. There were many vacuoles as the muscular cell fused, and Hematodinium parasited in the fused cellular plasma,
G: Golgi complex; M: mitochondrion; P: vesicle; E. Two kinds of parasites existed within the same tissue in a diseased crab, thin
arrow pointing a parasitic microsporidian, and thick arrow pointing a parasitic Hematodinium sp.
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Tab.1 Theaffect outline of cultured shrimps and crabsinfected with microsporidian in China

A GESIES SR H A Kt N
year host species epidemic region incidence cilium reference
1982  HEXHF Penaeus chinensis % Haibu, Qingdao - JE no [10]
1991 " EXTUF Penaeus chinensis L7811 Yingkou, Liaoning - 7t no [11]
2001  BEFXTHF Penaeus monodon - - 7t no [12]
2002  HAEGFEE Eriocheir sinensis - HEHF only carry JC no [13]
2009  FLANEEXTEF Penaeus vannamei JTAHEYT. Zhanjiang, Guangdong  80%—90%(FET % mortality rate)  JG no [14]
2012 HRE AU Exopalaemon carinicauda  7I.75J5 75 Qidong, Jiangsu 5%—8%(J& YLK infection rate)  JC no [15]
2012 =JEMFME Portunustrituberculatus 7TI.75)8 75 Qidong, Jiangsu - H yes [3]
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Tab.2 The affect outline of cultured shrimps and crabs infected with Hematodinium sp. in China

RIEH (CERES & Y R B 278 3k
year host species epidemic region indicence reference
2004.7-9 =R FHE Portunustrituberculatus  #iYLFFLL Zhoushan, Zhejiang >60%(FET-* mortality rate) [9]
2006.7-9 4z HE Scyllaserrata WL =11 . g lifEsR 60%—70%(JET-3 mortality rate) [20] [21]
Sanmenwan, Zhejiang
2008.9 B Y Exopalaemon carinicauda  #77L#}1l1 Zhoushan, Zhejiang - [22]
2012 =Ji# T8 Portunustrituberculatus  ILIZREEDT . A 10%( [ SRJZ YL 3R natural infec- [4]

Weifang and Yantai, Shandong

tion rate)
60%(IEHTAET- %

infection rate by injection)
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R T8E, A 2B HaED > 2, 4
Xk — G, ARG AT X, E i
17 H A R 75 50 s T M 78 5 H AR X IR R 77 46
FREHAE I, Bk — R O XU . LA 2R
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Etiological and pathological analyses of massive mortality in cultured
crab Portunus trituberculatus along the coasts of Tianjin and Hebei,
China
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Abstract: In July 2014, the widely cultured pond crab Portunus trituberculatus (commonly called Chinese swim-
ming crab) had a disease outbreak along the coasts of Tianjin and Hebei provinces, China, resulting in massive
mortalities. Symptoms of two different illnesses appeared in the crabs. One was white muscle disease (WMD),
with its symptoms being anorexia, slowed movement, and the muscles turning opaque white and finally emulsify-
ing into a toothpaste-like consistency. Mortality among the crabs displaying WMD was 60%—70%. The other was
milky disease (MD), which displayed as a softened carapace, cessation of feeding, slowed movement, and the
muscles similarly turning opaque white but then becoming watery (‘milky’) and finally shrinking; the coelomic
fluid and the deteriorated tissue leaked from the body and had not coagulated. Mortality among the crabs display-
ing MD exceeded 90%. According to the characteristics of the epidemic, and histopathological and ultrastructural
analyses, the supposed cause of WMD was infection with a microsporidian. The parasite was ellipsoid, measured
(1544+250) nm, and had the following structure: pole filament (8 or 9 laps), spore wall [thickness (130+22) nm],
cilium (length 120—500 nm), polaroplast [(726£200) nm], pole tube, anchoring disk, plasma membrane and nu-
cleus. The MD outbreak was caused by Hematodinium sp., a monad, sized 8—10 um, with an oval shape, and
wrinkled and raised surface; its basic structure was a cell wall, multiple nuclei, cilium and other structures. Histo-
pathological examination showed that the two kinds of diseased crabs had significantly different muscle lesions.
The crabs associated with WMD had many microsporidia adhering to their muscle fibers, causing the fibers to
break, collapse and necrosis, finally reducing them to muscle bundles. SEM observations showed that the muscle
cells became fused and acquired a large number of vacuoles, while the mitochondria and endoplasmic reticulum
disintegrated and disappeared. In comparison, the gap in the muscle bundles was bigger in cases of MD, in which
numerous parasites occupied or adhered to the muscle fibers, resulting in the fibers rupture, disintegration, and
resolvable necrosis. Electron microscopy also confirmed that the two different parasites could infect the same tis-
sue in the same crab, and both parasites could enter the disintegrated cytoplasm after muscle cell fusion. Since the
initial epidemic of these diseases, other occurrences of WMD and MD have tended to cause a higher level of mor-
tality, causing concern as significant diseases currently effecting the crab-farming industry.

Key words: Portunus trituberculatus; white muscle disease; milky disease; microsporidian; Hematodinium sp.;
resolvable necrosis
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