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Abstract
Background: In Mexico Haliotis fulgens catch decreased considerably in 2012. In other 

countries like U.S.A., Australia, and Tasmania, their decline was associated with death by 
pathogens. Goals. We studied the bacterial effect on the concentration of some biochemical 
components of haemolymph of H. fulgens. 

Methods: Eight apparently sick abalone of culture and fi ve healthy abalone were collected 
in 2013. The concentration of glucose, total proteins, albumin, globulins, and bacterial species 
were obtained. 

Results: We found Vibrio alginolyticus, Acinetobacter lwoffi  i, Serratia sp. y Aeromonas 
hydrophila. The diseased abalone had a higher total protein concentration than the healthy 
abalone (1.20 g/dl and 1.09 g/dl, p < 0.05, respectively). The increase of glucose, total 
proteins, globulins, and albumins was directly proportional with bacterial effect. 

Conclusion: This is the fi rst report of V. alginolyticus, A. lwoffi  i, Serratia sp. y A. hydrophila 
in H. fulgens, cultivated in La Boca, Baja California Sur, Mexico. A regression analysis showed 
a negative effect on the biochemical components of hemolymph due to these bacteria. 
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Introduction 
In Mexico, the catch of abalone Haliotis fulgens decreased considerably 

in 2012 [1]. Some researchers point out that the mortality of Haliotis on the 
coasts of the United States was associated with an infectious phenomenon 
[2]. In Tasmania and Australia, the presence of Vibrio harveyi, caused 
losses in the crops of Haliotis rubra and Haliotis laevigata [3]. In particular, 
the Haliotis genus has an immune system activated by the entry of foreign 
agents [4]. Until now, the eff ect of pathogens on the concentration of 
serum components has not been demonstrated in abalone, cultivated in La 
Boca, Baja California Sur, and Mexico. Therefore, the present work studied 
the bacterial eff ect on the concentration of some biochemical components 
of the hemolymph of blue abalone H. fulgens.
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Materials and Methods
In La Boca, Baja California Sur, Mexico (26° 3' 

45''N, 112° 17'12'' W) in 2013, an anomalous mortality 
was observed in a culture tank for fattening H. fulgens. 
The organisms came from culture tanks (5000 L), with 
seawater, fi ltered and irradiated with Ultraviolet (UV) 
light, oxygenated, temperature of 17 ± 2°C, and fed 
with natural food (Eisenia arborea). Eight presumably 
sick baby abalone were collected; from another tank 
fi ve apparently healthy abalones were collected as 
a control group. Approximately 2.5 ± 0.5 ml of foot 
hemolymph was extracted from each organism. The 
bacterial analysis was performed by culture on blood 
agar plates (agarose), Tryptone Soy Agar, 3% saline 
Tryptone Soy Agar and Thiosulfate Citrate Agar 
medium Bile Salts Sucrose. Bacterial identifi cation 
was performed with a commercial kit (BBL Crystal, 
USA) following the manufacturer's instructions [5]. 
The levels of glucose (mg/dl), cholesterol (mg/dl), 
total proteins (g/dl), albumin (g/dl) and globulins (g/
dl) in hemolymph were performed with commercial 
packages for serum examination (Randox, 
Laboratories Ltd., USA). The A/G ratio was calculated 
by: A/G ration = Albumin/ lobulin values.

Normality was verifi ed with the Kolmogorov-
Smirnov test and homogeneity of variance with Chi 
square. A one-way analysis of variance (ANOVA) 
was performed for each biochemical component 
between sick and healthy patients; between albumins 
and globulins of the sick and healthy; and by type of 
bacteria. Where there were diff erences, the Dunnett 
tests were used (p = 0.05), the data were analyzed 
by using the software Statistica StatSoft versión. 
Regression tests were used between the concentration 
of each biochemical component in healthy organisms 
(control) and bacterial presence to verify the Bacterial 
eff ect (Eb). 

Results and Discussion
The results showed in diseased abalones the 

presence of Vibrio alginolyticus, Acinetobacter lwoffi  i, 
Serratia sp., and Aeromonas hydrophila. There were 
no cases with more than two bacterial species in the 
same mollusk. No eff ect was observed on cholesterol 
concentration between sick (1.63 mg/dl) and healthy 
(1.6 mg/dl) patients. In the diseased abalones there 
was an increase of glucose (4.86 mg/dl), albumins 
(0.10 g/dl) and globulins (1.10 g/dl), compared to 
healthy organisms (glucose = 2.60 g/dl, albumin = 

0.08 g/dl; globulins = 1.02 g/dl), but not signifi cant 
(Figures 1a,b). There was more total protein in sick 
people than in healthy people (1.20 g/dl and 1.09 g/
dl, Dunnett, p < 0.05) (Figure 1b). In Haliotis fulgens 
there is only one study on the levels of glucose and 
total proteins in hemolymph in which the increase 
in proteins and glucose was observed with increasing 
hypoxia stress [6]. Therefore, the increase in total 
protein and the trend of increased glucose in the 
hemolymph of H. fulgens was caused by the bacterial 
infection.

In mollusks, little is known about serum globulins 
and albumins. In Pinctada radiata it has been seen 
that the concentration of albumins and globulins 
are altered in contaminated environments [7]. In 
H. fulgens the A/G ratio found was low, in healthy 
(0.08) and diseased (0.09) abalone. It has been shown 
that albumin concentration is considerably lower in 
marine than freshwater fi sh [8]. Although we do not 
have a reference for abalone, the similar A/G ratio of 
healthy and sick individuals indicates that the low 
A/G ratio is a characteristic of H. fulgens that can be 
taken as a reference for future studies.

Figure 1 Concentration of biochemical components (Means, ± 
SE) in hemolymph of diseased a). and healthy b). Haliotis fulgens 
abalone. Means of sick and healthy people with the same type of 
font and letter are not statistically different (Dunnett, p > 0.05).
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The bacterial analysis showed that the 
concentration of total proteins (1.25 g/dl, Dunnett, 
p < 0.05) in abalones with V. alginolyticus was higher 
than that of healthy organisms (1.09 g/dl, Dunnett, 
p < 0.05). Regression analysis showed an increase in 
glucose (R2 = 0.9408) in the presence of V. alginolyticus, 
A. hydrofi la and Serratia sp; and the increase in total 
proteins (R2 = 0.9766), globulins (R2 = 0.9289) and 
albumins (R2 = 0.8993) with V. alginolyticus, A. lwoffi  i 
and Serratia sp. (Figure 2a-d).

We can say that these bacteria had the ability to 
cause a negative eff ect on the biochemical metabolism 
of Haliotis fulgens, and V. alginolyticus had a more 
obvious eff ect on proteins. In H. fulgens, as has been 
reported in vertebrates, the increase in serum proteins 
seems to be associated with infectious events [9]. It 
has been seen that Aeromonas spp. and V. alginolyticus 
are capable to cause high mortalities in mollusk, 
shrimp, and fi sh cultures, in Serratia sp. damage to 
cephalopods and oysters [10,11]. In the genus Haliotis, 
there is only one report of infection by V. alginolyticus 
in Haliotis diversicolor, and in H. rufescens [12,13], but 
until now there are no reports of the presence of V. 

alginolyticus, Serratia sp., A. lwoffi  i, A. hydrophila in 
Haliotis fulgens. This study reports for the fi rst time in 
H. fulgens the presence of V. alginolyticus, Serratia sp., 
A. lwoffi  i, A. hydrophila, which had an adverse eff ect on 
the concentration of its serum components. However, 
to establish a more accurate diagnosis and treatment 
of the metabolic condition of H. fulgens, based on the 
plasma components, it is necessary to continue with 
studies to establish the normal ranges of the values of 
glucose, cholesterol, and total proteins (albumin and 
globulins) in hemolymph, in healthy organisms with 
diff erent ages, as well as in abalone in reproductive 
activity and inactivity. It is important to highlight 
that the analysis of hemolymph as part of health 
monitoring avoids the sacrifi ce of organisms for 
diagnosis, which results in an economic benefi t for 
producers, since this resource has a high cost in the 
market [14].

Conclusion
In conclusion, we can say that the bacteria V. 

alginolyticus, Serratia sp, A. lwoffi  i increased glucose 
and total proteins in the hemolymph of Haliotis 
fulgens.

Figure 1 The bacterial effect on the concentration of plasma components (media) of Haliotis fulgens. Bacterial effect (Eb); a). Glucose (Gl); b). 
Total proteins (Pt); c). Globulins (Gb); d). Albumins (Al).
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