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Diagnoses of myxosporean infections are normally
confirmed by their spores and/or pre-spore stages
being in evidence (Hedrick et al. 1992, Thoesen 1994).
To detect spores, a pepsin-trypsin digestion method
can be employed to release spores from host tissues
(Markiw & Wolf 1974). Recently, molecular techniques
have been used to detect myxosporean infections and
even to identify their species. Andree et al. (1998)
developed a nested polymerase chain reaction (PCR)
for the detection of genomic DNA of Myxobolus cere-
bralis, and Antonio et al. (1988) identified the myxo-
sporean infection in fish and in its oligochaete hosts by
using non-radioactive in situ hybridization. Baldwin &
Myklebust (2002) used a single round PCR for the
identification of M. cerebralis myxospores. Antisera
have also been employed to detect myxosporeans
(Markiw & Wolf 1978, Hamilton & Canning 1988,
Markiw 1989), although cross-reactions cannot always

be avoided. A monoclonal antibody of high specificity
was therefore developed to identify the developmental
and sporogonic stages of the proliferative kidney dis-
ease pathogen, which is now known as a myxosporean
infection (Marin de Mateo et al. 1993).

Myxobolus rotundus (Nemezek, 1911), a common
myxosporean parasite of China’s major cultured
cyprinid, the crucian carp Carassius auratus auratus
(L.), is known to cause severe myxosporadiosis in fish
(Wu & Wang 2000). Although mortalities have seldom
been reported, the market value of infected fish is seri-
ously reduced due to large visible cysts on the body
surface (Lu et al. 2002). Early, accurate detection of this
infection is crucial, therefore, for its prevention and
treatment. In a previous study, Lu et al. (2002) devel-
oped a monoclonal antibody, MAb 2D12, which reacts
specifically with both trophozoites and spores of M.
rotundus. The present study was thus conducted to
determine whether a myxosporean infection could be
diagnosed by examining fish skin mucus with MAb
2D12.

Six specimens of crucian carp Carassius auratus
auratus with visible cysts of Myxobolus  rotundus were
obtained from a fish farm in Wuhan, Hubei Province,
China, and 2 non-infected fish from another Wuhan
farm, with no recorded myxosporean infection. The
absence of the parasite was confirmed by microscopic
examination, as follows. The fish skin mucus was
scraped gently with a glass slide, then pooled, before
being stored at 4°C for not longer than 12 h, in order to
avoid the destruction of pre-spore stages. The MAb
2D12 raised against M. rotundus was used in the study.
The dot immunobinding assay was carried out accord-
ing to Hawkes et al. (1982). Briefly, the diluted mucus
(1:10) was spotted onto a nitrocellulose membrane
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(0.45 µm, Sigma), before being washed 3 times in a
petri dish by PBST (PBS pH 7.4 with 0.05% Tween-20).
Adding 5 ml 3% skimmed milk for 30 min at 37°C
blocked non-specific binding sites. The membrane was
probed with the MAb 2D12 (1:2000 in PBST), peroxi-
dase-labelled goat-anti-mouse serum (1:1000 in PBST,
Biotech), and colour-developed with diaminobenzidine
(SABC). The indirect fluorescent antibody technique
(IFAT) as described by Anderson (1990) was also
employed to detect the parasite in the skin mucus, but
with the following modification: slides with dried
mucus smears were fixed in 10% (v/v) methanol for
20 min before being rinsed 3 times in PBS (pH 8.0).
MAb 2D12 (1:10000 in PBST) and fluorescein isothio-
cyanate-labelled goat-anti-mouse serum (1:1000 in
PBST, SABC) were then added to the smear and incu-
bated at 37°C. Lastly, the smears were examined under
a fluorescent microscope. 

The sensitivity of MAb 2D12 was further tested by an
indirect enzyme-linked immunosorbent assay (ELISA).
The fish mucus was serially diluted and each dilution
added to a separate well for coating micro titration
plates (Nunc). PBS (pH 7.6) was used for blank controls.
The dilution of the MAb 2D12 and peroxidase-labelled
goat-anti-mouse serum was optimized, and 1:10 000
and 1:1000 in PBST used, respectively. O-phenylenedi-
amine was added as chromogenic substrate following
the manufacturer’s instructions (Sigma). The optical
density was immediately measured at 492 nm with a
plate reader, and analyzed with a 1-way ANOVA.

As shown in Fig. 1, MAb 2D12 reacted with the skin
mucus collected from Myxobolus rotundus-infected cru-

cian carp, but not with mucus from non-infected fish. Us-
ing IFAT, it was also demonstrated that pre-spore stages,
including trophozoite, the disporous stage, and spores of
M. rotundus can be identified in the skin mucus of the in-
fected fish by using MAb 2D12 (Fig. 2). ELISA analyses
revealed that skin mucus from infected fish had signifi-
cantly higher optical density (OD) values than that of un-
infected fish, even when the skin mucus was diluted
×5120 (F = 2254.07, p < 0.05) (Fig. 3).

The present study has for the first time demonstrated
the successful application of a monoclonal antibody in
the detection of myxosporean infections by examining
fish skin mucus. This seems to be a very effective tool
for diagnosing myxosporean infection, and the use of a
monoclonal antibody can even ensure the specific iden-
tification of myxosporeans at species level (Lu et al.
2002). The identification of pre-spore and spore stages
of Myxobolus rotundus in skin mucus may, to a large
extent, indicate that the antigens recognized by MAb
2D12 are not excretory and/or secretory. However, as
the infected fish used in the present study already had
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Fig. 1. Carassius auratus auratus. Reaction of skin mucus with
MAb 2D12, as determined by dot immunobinding assay. Dot
1: soluble antigens of Myxobolus rotundus as positive control;
Dots 2 to 5: skin mucus of 4 infected fish; Dot 6: uninfected 

fish skin mucus

Fig. 2. Carassius auratus auratus. Identification of (A) tropho-
zoite, (B) disporous stage and (C) spore of Myxobolus rotun-
dus in the infected skin mucus by means of the indirect fluo-
rescent antibody technique (IFAT) using MAb 2D12. Scale 

bars = 10 µm

Fig. 3. Carassius auratus auratus. Response of skin mucus from
infected (R—R) and uninfected (j—j) fish to MAb 2D12 by
means of enzyme-linked immunosorbent assay (ELISA). Bot-
tom line (m—m) indicates blank control, and bars represent SD
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visible cysts on the body surface and were therefore at
a later stage of infection, it remains unknown whether
earlier stages of myxosporean infection could be de-
tected by examining fish skin mucus. It would also be of
significance to establish whether the parasite in its
oligochaete hosts could be detected with MAb 2D12.
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