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Abstract
Specimens of Sardina pilchardus (n=90) obtained in a fish market of north of Portugal were examined 
for the presence of Kudoa spores in the muscle. Number of spores per gramme of muscle tissue 
was determined and the muscle texture was assessed by digital pressure and recorded as normal 
or so�.

The morphology and morphometric characteristics of the spores are consistent with those reported 
for Kudoa thyrsites. The prevalence of infection was high (85.7%) and the intensity varied widely 
being 1.57x106 spores per gramme of muscle the highest value observed. Thirty percent of the fish 
specimens presented so� flesh and a significant positive correlation was obtained between propor-
tion of specimens with so� flesh and abundance of spores.

Introduction
The genus Kudoa (Myxozoa: Myxosporea) has 
a worldwide distribution and comprises about 
70 species reported from a large number of 
marine fish species (Moran et al., 1999; Swearer 
and Robertson, 1999; Whipps and Kent, 2006). 
Several species infect the musculature and some 
of them may produce unsightly cysts or post-
mortem myoliquefaction.

Kudoa thyrsites is a well known species with a 
broad geographic range reported from several 
marine teleosts which has been associated to 
postmortem myoliquefaction (Langdon, 1991; 
Langdon et al., 1992; Yokoyama and Itoh, 2005; 
Whipps and Kent, 2006; Levsen et al., 2008). The 

level of muscle degradation depends on the 
abundance of the parasite and time of evaluation 
post-mortem (St-Hilaire et al., 1997; Gilman and 
Eiras, 1998; Dawson-Coates et al., 2003; Zhou 
and Li-Chan, 2009). This myoliquefactive condi-
tion, also known as so� flesh, renders the fish 
unsuitable for direct consumption or canning.

In Portugal the occurrence of Kudoa sp. and 
so�ening of musculature on infected fish was 
reported from sardine Sardina pilchardus by 
Gilman and Eiras (1998). The sardine is a small 
fish (usually reach 20 cm) that occurs in the 
Northeast Atlantic from North Sea to Senegal 
and throughout the Mediterranean Sea (Froese 
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and Pauly, 2011). In Portugal the annual catches 
are about 60,000 tonnes and the fish is highly 
appreciated for consumption fresh or canned.
Given its economic importance it is desirable 
to study Kudoa infection in this host. In the 
present work the morphometric characteristics 
of Kudoa spores, the intensity of infection and 
the relationship between abundance of spores 
and so� flesh were analysed.

Material and Methods
The specimens of S. pilchardus (n=90, total length 
= 19.5 ± 0.7 cm, weight = 111.6 ± 15.1 g) were 
obtained in September and October 2009 in a 
fish market of north of Portugal (Vila do Conde). 
The fish were stored at 4ºC until examination, 
carried out between 24h to 48h post-catch (this 
was the time it takes for fish to reach the con-
sumer).

The muscle texture of the fish was assessed 
by digital pressure and recorded as normal or 
so�. A muscle tissue sample (approximately 
2g) from each specimen collected from dorsal 
muscle just behind the head was placed in a 
plastic vial and stored at -20º C until spore 
counting. Additionally wet mounts of fresh 
minced muscle portions of some specimens 
were made for spore measurements. The meas-
urements were made according to Lom and 
Dyková (1992) and Burger and Adlard (2010) 
under 1000x magnification. Spore width, spore 
thickness and polar capsules width were made 
in 30 spores in apical view and spore length and 
polar capsules length were made in 30 spores 
in lateral view.

A�er defrosting 500 mg of muscle was weighed 
and homogenized in phosphate buffered 
saline (PBS) (final volume = 3.0 ml) using a 

glass mortar. The homogenate was placed in a 
Neubauer haemocytometer for spore counting. 
The spores were counted in the 8 square areas 
(volume of each area = 10 -4 ml) under 400x 
magnification and the number of spores/g of 
muscle was calculated. Using this method the 
detection limit of the infection is 7500 spores/g 
muscle (1 spore counted in the haemocytom-
eter). Prevalence, intensity and abundance of 
infection were determined according to Bush 
et al. (1997).

The relationship between so� flesh and Kudoa 
spores abundance was analysed by Gamma corre-
lation using the proportion of specimens with so� 
flesh in each abundance class (Class 0 = 0 spores/g 
muscle; Class 1 = 7,500 -100,000 spores/g muscle; 
Class 2 = 100,000 – 500,000 spores/g muscle and 
Class 3 > 500,000 spores/g muscle)

Results
Kudoa sp. spores (Figure 1) were observed in 
skeletal muscle of S. pilchardus. The spores 
were stellate in apical view with 4 pyriform 
polar capsules of unequal size (one large, two 
intermediate and one small). The dimensions 
of spores are recorded in Table 1.

Kudoa spores were found in 77 out 90 sardines. 
The prevalence was high (85.7%) and the in-
tensity varied widely, being 1.57x106 spores/ g 
muscle the highest value observed (Table 2).

So� flesh was observed in 30% of the examined 
specimens. The number of specimens showing 
normal or so� flesh in each abundance class 
is presented in Table 3. A significant positive 
correlation was obtained between proportion 
of specimens showing so� flesh and abundance 
of infection (G=0.444, n=90, p=0.011).
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Table 1. Spore measurements (n=30) of Kudoa sp. from muscle of S. pilchardus, with mean ± standard deviation 
and range in parentheses, in μm.

Spore
Polar Capsules

Large Intermediate Small

Length Thickness Width Length Width Length Width Length Width

7.0 ± 0.5

(6.4 – 7.8)

7.3 ± 0.4

(6.7 – 8.0)

12.8 ± 1.0

(11.4 – 14.7)

5.4 ± 0.7

(4.4 – 7.8)

3.2 ± 0.3

(2.3 – 3.7)

4.1 ± 0.5

(3.4 – 4.9)

2.5 ± 0.3

(2.0 – 3.0)

2.4 ± 0.4

(2.0 – 3.4)

2.1 ± 0.3

(1.3 – 2.7)

Table 2. Prevalence, intensity and abundance of Kudoa sp. from S. pilchardus, with mean ± standard deviation 
and range in parentheses.

Number of Fish
(Infected / Examined)

Prevalence
(%)

Intensity
(x103 spores / g muscle)

Abundance
(x103 spores / g muscle)

77 / 90 85.6
235.5 ± 306.9
(7.5 – 1567.5)

201.5 ± 295.6
(0 – 1567.5)

Figure 1. Kudoa sp. spore from muscle of S. pilchardus (Bar: 10 μm).
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Discussion
The morphology and the morphometric char-
acteristics of the spores are consistent with the 
observations on K. thyrsites. All the measure-
ments of the spores in present work are included 
in range reported for this species from different 
hosts and locations (Langdon, 1991; Yokoyama 
and Itoh, 2005; Whipps and Kent, 2006; Levsen 
et al., 2008) and, except for thickness, more 
similar to the small values of the range observed 
in spores from Sardinops oceallatus (Whipps and 
Kent, 2006) and Beryx splendens (Yokoyama and 
Itoh, 2005) from South Africa.

The prevalences of K. thyrsites infections from 
different host species, host sizes and locations 
are quite variable: values from 0.8 % in Scomber 
scombrus from North Sea to 93% in farmed Salmo 
salar from British Columbia has been reported 
for this infection (Morado and Sparks, 1986; 
Langdon et al., 1992, St-Hilaire et al., 1997, 1998; 
Dawson-Coates et al., 2003; Levsen et al., 2008; 
Zhou and Li-Chan, 2009).

In the present work, the prevalence (85.6%) 
reaches the higher values reported for K. th-
yrsites infections and is higher than the preva-
lences (39% to 57%) reported by Gilman and 
Eiras (1998) for Kudoa infection in this host off 
the Portuguese coast.

The maximum intensity value (1.57x106 spores/ 
g muscle) is lower than the values of K. thyrsites 
reported for farmed Atlantic salmon S. salar 
(5.21x106 spores/ g muscle) by Dawson-Coates 
et al.(2003) and for Pacific hake Merluccius pro-
ductus (2.44x106 spores/ g muscle) by Zhou and 
Li-Chan (2009).

Correlation between the intensity of K. thyr-
sites infection and flesh quality was previously 
demonstrated by St-Hilaire et al. (1997), Daw-
son-Coates et al. (2003) and Zhou and Li-Chan 
(2009). Despite the variability of results, these 
authors reported a decrease of muscle firmness 
with the increase of the infection intensity. The 

Table 3. Proportion of S. pilchardus specimens with so� flesh related to the abundance of Kudoa sp. spores.

Abundance Class
(x103 spores / g muscle)

% of fish specimens
with so� flesh

Number of fish specimens

with so� flesh with normal flesh

Class 0
(0)

23.1 3 10

Class 1
(7.5 – 100)

15.6 5 27

Class 2
(100 – 500)

37.1 13 22

Class3
(> 500)

60.0 6 4

Overall 30.0 27 63



Bull. Eur. Ass. Fish Pathol., 31(6) 2011, 209

present results seem to be in accordance with 
these reports. The observation of so� flesh in 
uninfected fish as well as the higher percent-
age of fish specimens with so� flesh when the 
infection is absent when compared with those 
with low infections (table 3) suggests that other 
factors besides Kudoa affect the muscle texture. 
The importance of factors, besides Kudoa inten-
sity, to explain the flesh texture was previously 
stated by St-Hilaire (1997) and Dawson-Coates 
et al. (2003) on their studies. According these 
authors the inherent flesh quality is high vari-
able and may be affected by factors as feeding 
rate, growth rate, water temperature and 
processing conditions.

A threshold level of spores number above which 
all the fish developed noticeable muscle dete-
rioration was determined in previous studies. 
0.75x106 spores/ g muscle is the threshold re-
ported for K. thyrsites in Atlantic salmon (Daw-
son-Coates et al., 2003). In contrast in present 
study, despite intensities higher than 0.75x106 
spores/ g muscle in 5 fish specimens, no thresh-
old level was possible to be determined (the 
highest intensity value was observed in a fish 
specimen with normal flesh) which suggests 
than the threshold level in S. pilchardus is higher 
than in Atlantic salmon. This disparity may 
also be explained by the different time period 
between catch and muscle texture assessment 
in present work (1-2 days) and in the previous 
study (6 days).

Finally the high prevalence of Kudoa infection 
and the amount of fish specimens showing so� 
flesh demonstrate the economic importance of 
this parasite in the exploitation of S. pilchardus 
in Portugal.
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