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Abstract

Nephrocalcinosis cases have been reported in fish, with different causes attributed for calcium
deposition in the kidneys. We report the diagnosis of nephrocalcinosis and the presence of kidney
stones in cobia, describing the main changes caused by the disease. On gross examination, an
increase in kidney size was observed, with the presence of several grouped stones in the renal pa-
renchyma. Microscopically, interstitial fibrosis and tubular dilation with basophil granules due to
calcium deposits in the lumen were observed. By infrared spectroscopy, the stones were found to
be composed of pure calcium (65%), oxalate (15%), calcium phosphate (16%) and non-specific salts
(4%). This report of nephrocalcinosis and kidney stones is the first reported case of the disease in
the species Rachycentron canadum, but given the range of factors that may contribute to the disease
occurrence in aquatic cultivation environments, it was not possible to identify the real cause of the

emergence of lesions in the fish, necessitating the study of the predisposing factors.

Introduction

The cobia Rachycentron canadum is widely dis-
tributed in tropical and subtropical waters of
the Atlantic Ocean, the Indian Ocean and the
Pacific Ocean (with the exception of the eastern
portion) (Brown-Peterson et al., 2001). Interest
in this species evolved largely due to its cultiva-
tion characteristics, which includes an excellent
growth rate (Liao and Leafio, 2007), as these fish
attain weights of up to 6 kg in one year (Arnold
etal., 2002; Benetti et al., 2008) and between 8 to
10 kg in 16 months (Liao et al., 2004).

Among the various diseases that can affect cobia

farms, metabolic disorders represent an impor-
tant area for research investigation.

In humans, nephrocalcinosis is a metabolic
disease of multifactorial etiology, with genetic
and environmental contributing factors (Peres
etal., 2010). The occurrence of nephrocalcinosis
is related to an increase in calcium or urinary
oxalate concentrations or a decrease in urinary
citrate, with calcium being involved in approxi-
mately 85% of the nephrocalcinosis cases. Cases
of non-calcium stones involve uric acid and
cystine, as well as stones resulting from infec-
tion (Gomes et al., 2005).

* Corresponding author’s email: luisalbertoromano0@gmail.com



Various theories for the development of nephro-
calcinosis have been proposed, such as the
common occurrence of an increased urinary
excretion of the elements that participate in the
formation of the stones, as well as a decrease
in excretion inhibitors that participate in the
process of crystallization of such elements.

Nephrocalcinosis cases have been reported
in fish undergoing treatment with sulfamid-
erazin (Smith et al., 1973) and in Nile tilapia
(Oreochromis niloticus) reared in a recirculation
system (Chen et al., 2001). Cases of nephrocal-
cinosis were also observed in salmon (Salmo
salar) (Fivelstad et al., 2003) and spotted catfish
(Anarhichas minor) (Foss et al., 2003) reared in
systems with high levels of CO,, contributing
to the deposition of Ca in the kidney. A high
concentration of phosphate, a pH increase in
the cultivation system and a mineral imbalance
in the diet have also been associated with the
occurrence of nephrocalcinosis in marine horses

(Hippocampus reidi) (Lewisch et al., 2013).

The involvement of the diet in the occurrence of
Ca crystals has been discussed by some authors.
The presence of calcium oxalate crystals in the
renal tubules of clownfish (Amphiprion ocellaris)
fed vitamin A and E-deficient diets (Blazer and
Wolke, 1983) and the occurrence of nephroc-
alcinosis in rainbow trout fed diets with high
levels of selenium have been reported (Hicks
et al., 1984).

The mortalities caused by this disease in fish
farming are generally low, as it is considered a
reversible process (Schlotfeldt, 1981; Fivelstad
etal., 1999, 2002). However, such deposits may
develop and lead to secondary gastric com-
plications (Schlotfeldt, 1981), i.e., abdominal
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distension (Harrison, 1979), which modifies the
appearance of the fish and hampers its com-

mercialization.

Thus, this study aimed to report the diagnosis
of nephrocalcinosis in cobia, describing the
main changes caused by the disease, and to
investigate the possible causes of its occurrence,
as the signs often arise in a subclinical form,
therefore making diagnosis difficult.

Materials and methods

Five fish reared in a recirculating system in the
Laboratory of Estuarine and Marine Aquacul-
ture at the Marine Aquaculture Station - FURG
were studied, which had an average weight of
4.2 +2.4 kg and length of 75+ 3.1 cm. The water
from the system was maintained at 24 °C, with
asalinity of 26 0/, and dissolved oxygen greater
than 6 mg/L.

The moribund fish were collected and eutha-
nized with benzocaine (300 mg/L), then sub-
jected to necropsy according to an existing
protocol (Romano et al., 1987).

Histological analysis of organs:

Kidney, liver, spleen and gills samples were
fixed in Bouin solution, subjected to histologi-
cal processing with inclusion in Paraplast, sec-
tioned into 5um thick sections and stained with
hematoxylin-eosin (HE) and Alizarin red S for
calcium. Histological sections were observed
and examined under a light microscope (Zeiss
Primo Star), and the images were captured
by a digital camera (Zeiss AxioCam ERc 5s).
The slides stained with Alizarin S were ana-
lyzed using polarized light filters TIM-107 ref.
TA-0159 (SICA-Brazil).



140, Bull. Eur. Ass. Fish Pathol., 35(4) 2015

Infrared spectroscopy method

To define the components of the stones, an in-
frared spectroscopy technique was used, which
allows an observation of the crystal structure
of the salts. To this end, the samples for infra-
red measurements were prepared by crushing
with an agate mortar, in approximately 1 mg
to 30 mg of KBr (spectroscopic grade). The
solid obtained was compressed in a hydraulic
press to form an infrared transparent tablet.
The infrared measurements were performed
in a spectrophotometer (Bruker 66, Ettlingen,
Germany) in the spectral region of 4000-400
cm-1 with resolution of 4 cm-1.

Analysis of Phosphorus and Calcium

To analyze phosphorus and calcium, the feed
was dried at 105 °C for 5 hours in a forced
circulation oven and subsequently degreased
and macerated with a Soxhlet extractor, using
petroleum ether as solvent. The samples were
taken to the Laboratory of Hydrochemistry/
IO-FURG and submitted to acid digestion with
nitric and perchloric acid, with the resultant
solutions diluted in distilled water and analyzed
according to the methodology by Silva and
Queiroz (2009). The samples were read on an
atomic absorption spectrophotometer at a wave-
length of 422.7 nm for calcium and in a digital
spectrophotometer (Micronal B342I1- Brazil) at
a wavelength of 725 nm for phosphorus.

Results

Macroscopically, a severe renomegaly was ob-
served, with the presence of several grouped
lithic structures in the renal parenchyma oc-
cupying a large portion of the kidney (Figure
1). The stones were removed and washed for
further analysis, which revealed the stones to be
rounded whitish solids with diameters ranging

from 0.4 to 1.3 cm (Figure 2).

Microscopically, interstitial fibrosis and tubular
dilation with basophil granules due to the
calcium deposits in the lumen were observed.
In some collecting tubules with abundant calcic
material in the lumen, squamous metaplasia

was observed (Figure 3 and 4).

By means of the alizarin red S technique, an
encapsulated calcium material was observed
to be distributed throughout the renal paren-
chyma, coated by fibrous tissue. The calcium
was birefringent when observed with polarized
light (Figure 5 and 6).

By the infrared spectroscopy method, it was
demonstrated that the nephrocalcinosis stones
were composed of pure calcium (65%), oxalate
(15%), calcium phosphate (16%) and non-spe-
cific salts (4%).

In the analysis of calcium and phosphorus in
the feed supplied to the animals, the averages
from the triplicates were 1.55% for phosphorus

and 5.45% for calcium.

Discussion

The kidney lesions described herein are com-
patible with a diagnosis of nephrocalcinosis
and have been reported in other species of fish,
though a variety of causes have been attributed
in these cases (Smith et al., 1973; Chen et al,,
2001; Fivelstad et al., 2003; Foss et al., 2003;
Lewisch et al., 2013).

The interstitial fibrosis observed in the renal
tissue of the cobia sampled represents an injury
similar to that already reported in some studies

in humans with nephrocalcinosis (Wiech et
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Figure 1. Kidney observed after cutting the parietal peritoneum (PP), where several whitish and yellowish
stones could be observed (arrows). Bar =3 cm.

Figure 3. Renal parenchyma with collecting tubules dilated with epithelial squamous metaplasia (E) and
abundant deposits of basophilic material with calcic aspect. Interstitial fibrosis (F), melanomacrophages
(MM) and glomeruli (G) could be observed. H-E, bar =100 pum.
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Figure 5. Abundant calcium material (C) stained in orange surrounded by fibrous tissue (F). Alizarin red,
bar =100 pm.

Figure 6. Calcic material displayed birefringence under polarized light (arrows). Bar = 100 um.



al., 2011). Dilation and renal tubular necrosis
with the presence of intratubular mineral de-
posits have already been reported as injuries
in nephrocalcinosis cases in Nile tilapia (Oreo-
chromis niloticus) (Chen et al., 2001).

Morphologically, the histological lesions ob-
served in the renal tissue of cobia after HE stain-
ing demonstrated a pattern of granular calcifica-
tion, reported by some authors as prevalent in
humans with stones with calcium compounds
(Wiech et al., 2011).

Because this disease has a multifactorial origin,
there are several causes attributed to the occur-
rence of nephrocalcinosis. In humans, metabolic
and anatomical abnormalities are the two main
paths associated with this disease (Miliner and
Muphy, 1993; Sakhaee et al., 2012), and although
metabolic syndrome is considered a major risk
factor for chronic kidney disease, it is not known
if it is only associated with nephrocalcinosis or
is due to the individual metabolic dysfunctions,
specifically obesity, glucose intolerance and
hypertension (Mossetti et al., 2008).

Several studies on the dietary factors in the
emergence of nephrocalcinosis have been re-
ported in humans. Among them, an excess of
purine in the diet causes an overproduction
of uric acid, with hyperuricosuria associated
with the production of calcium oxalate in the
stones (Coe, 1978).

Many of the metabolic disorders associated
with nephrocalcinosis require further research
to detail the relationship of dietary components
with the prevalence of the stones. In the case
of our research involving the cultivation of

fish, when dealing with a disease arising in a
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subclinical form, all information regarding the
animal management, particularly with regard

to the feed supplied, must be researched.

There are many components in the formation
of nephrocalcinosis, such as calcium oxalate,
uric acid, struvite and cystine, as well as stones
resulting from infection (Gomes et al., 2005),
and the results of our analysis of the stones
were representative of this, particularly when
a non-calcic constituent is involved. An evalu-
ation of the metabolic disorder should lead to
the adequate prevention of a recurrence of the
disease (Wasserstein, 1998).

The application of the Alizarin Red S technique
has been discussed in some nephrocalcinosis
studies in humans, where it was possible to
differentiate the types of deposits observed in
kidney damage (Wiech et al., 2011). Through
this technique, we observed calcium birefrin-
gent material distributed throughout the renal
parenchyma, covered by fibrous tissue.

One of the mechanisms involved in the forma-
tion of nephrocalcinosis is the precipitation of
crystals, resulting in urinary supersaturation
influenced by the elimination of solutes ex-
creted through the kidneys, pH and urinary
volume. Nucleation and crystals are formed
when supersaturation occurs. This nucleating
event serves as a surface to deposit new crystals,
leading to the development of nephrocalcinosis
(Branco et al., 2009).

Diets with high oxalic acid content have also
been associated with the occurrence of nephro-
calcinosis in amphibians from the Ranidae
family, which were observed to have renal

injury in the form of renal tubular necrosis,
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fibrosis and squamous metaplasia and the ap-
pearance of intraluminal crystals that were bi-
refringent under polarized light, characterized
morphologically and histochemically as calcium
oxalate compounds (Forzan et al., 2014).

Nephrocalcinosis is a common disease in
aquatic environments rich in carbon dioxide
and phosphates (Stoskopf, 1993). The preva-
lence of nephrocalcinosis in fish is not neces-
sarily caused by the carbon dioxide content in
water, but rather is attributed to nutritional
factors, i.e., selenium toxicity (Hicks et al., 1984),
magnesium deficiency (Knox et al., 1981) and
an unbalanced mineral content in the feed in
general (Hilton and Hodson, 1983). It is there-
fore possible that the feed currently used in
cobia cultivation do not have the ideal mineral
composition for this species.

Nephrocalcinosis in salmonids is a chronic in-
flammatory condition of unknown etiology,
in which calcium and other minerals precipi-
tate as hydroxyapatite within the distal renal
and collecting tubules. This condition is com-
monly seen in water high in carbon dioxide
and phosphates. Advanced cases can be rec-
ognized grossly by whitish streaks and spots
in the kidney. Microscopically, dilation of real
tubules and degeneration of tubular epithelium
can be observed. Mineral-laden tubular casts,
which are histochemically positive for calcium
salts, are usually present (Bendele and Klontz,
1975). The main difference with the calcinosis
of salmonids is that real stones in R. canadum
occur in rather thick deposits generally observed
in nephrocalcinosis.

Recirculation systems are being used more often
to produce fish, and to withstand the high den-

sities, these systems must be able to effectively
add oxygen to supersaturated levels and to
remove solids, ammonia, nitrite and carbon
dioxide. Suboptimal water quality can directly
impact fish health. Environmental problems
can cause direct mortality or act as stressors
that can precipitate disease outbreaks (Noble
and Summerfelt, 1996).

The effect of fish exposure to high levels of
CO2 in the cultivation environment contrib-
utes to the appearance of nephrocalcinosis,
with a consequent reduction in the growth
and feed conversion rate, as has already been
described for the rainbow trout (Eddy et al.,
1979) and Atlantic salmon smolt raised in an
environment with stable pH in freshwater rich
in calcium bicarbonate (Fivelstad et al., 1999).
The effect of CO2 on nephrocalcinosis, ionic
regulation, hematology and growth parameters
in Atlantic salmon smolt was also reported by
Fivelstad et al. (2002). Given that the level of
dissolved carbon dioxide depends on the pH,
alkalinity and temperature of the cultivation
water (Butler, 1991), the maintenance of the
water parameters within optimal levels for the
culture of the species is an important point in
the prevention of diseases.

The addition of an extra source of alkalinity
to the aquatic environment in recirculating
systems may help to maintain the pH and mini-
mize the toxic effects of ammonia and carbon
dioxide (Summerfelt, 1996). In the cultivation
environment of the cobia in our research, daily
doses of sodium bicarbonate were used to main-
tain the alkalinity at greater than 150 ppm.
The use of calcium carbonate replacing the
sodium bicarbonate to increase the pH in the

cultivation water contributes to the occurrence



of nephrocalcinosis in Nile tilapia (Chen et al.,
2001), though it was not used in the cultivation

environment in the present study.

In the latest case of nephrocalcinosis reported
in seahorses, this occurrence was associated
with changes in water parameters, including
a high phosphate concentration, along with
an increase in the pH and mineral imbalances
in the diet offered to animals (Lewisch et al.,
2013), demonstrating the relevance of the role
of phosphate in the emergence of the disease.
This report of nephrocalcinosis is the first case
of the disease in the species R. canadum (cobia),
which is very relevant particularly for some
research initiative projects being carried out in
Brazil that aim to improve the techniques for
the cultivation of the species.

Regarding the range of factors that may contrib-
ute to the occurrence of the disease in aquatic
environments of cultivation, it was not possible
to identify the actual cause of the appearance
of lesions in the fish, therefore necessitating the
study of the predisposing factors.

Acknowledgments

L.A Romano, L.A. Sampaio, and M.B Tesser
received productivity research fellowships from
the Brazilian Council of Research, CNPq.

This study was supported by the research funds
from MCT/ CNPq - Project #131107/2011-9 and
MCT/CNPq/CT-Agronegocio/MPA Edital
036/2009 Project #308013/2009-3), Coordenacao
de Aperfeicoamento de Pessoal de Nivel Supe-
rior (CAPES), and Ministério da Pesca e Aqui-
cultura (MPA)

References
Arnold CR, Kaiser JB and Holt GJ (2002).

Bull. Eur. Ass. Fish Pathol., 35(4) 2015, 145

Spawning of cobia (Rachycentron canadum)
in captivity. Journal of the World Aquaculture
Society 33, 205-208.

Branco CHD, Silva AL, Luiz JM, Mercuri LP
and Matos JR (2009). Caracterizacao de

calculos renais por andlise térmica. Eclética
Quim 34(1), 51-56.

Bendele RA Jr., and Klontz GW (1975).
Histopathology of teleost kidney diseases.
In “Pathology of Fishes” (W.E. Ribelin and
G. Migaki, Ed.s) pp 365-383. University of
Wisconsin Press.

Benetti DD, Sardenberg B, Welch AW, Hoenig
R, Orhun MR and Zink I (2008). Intensive
larvae husbandry and fingerling production
of cobia Rachycentron canadum. Aquaculture
281, 22-27.

Brown-Peterson NJ, Overtreet RM, Jotz
JM, Franks JS and Burns KM (2001).
Reproductive biology of cobia, Rachycentron
canadum, from coastal waters of the southern
United States. Fish Bulletin 99, 15-28.

Butler JN (1991). “Carbon dioxide equilibria
and their applications”. Lewis Publishers,
Chelsea, M1, 259 pp.

Chen Chu-Yao, Wooster GA, Getchell RG and
Bowser PR (2001). Nephrocalcinosis in Nile
tilapia from a recirculation aquaculture

system: a case report. Journal of Aquatic
Animal Health 13, 368-372.

Coe FL (1978). Hyperuricosuric calcium oxalate
nephrolithiasis. Kidney International, 13, 418-426.

Eddy FB, Smart GR and Bath RN (1979). Ionic
content of muscle and urine in rainbow
trout Salmo gairdneri Richardson kept in
water of high CO2 content. Journal of Fish
Diseases 2, 105-110.

Fivelstad S, Olsen AB, Kleften H, Ski H and
Stefansson S (1999). Effects of carbon
dioxide on Atlantic salmon (Salmo salar L.)
smolts at constant pH in bicarbonate rich
freshwater. Aquaculture 178, 171-177.

Fivelstad S, Olsen AB, Asgard T, Baeverfjord G,
Rasmussen T, Vindheim T and Stefansson S
(2002). Long-term sublethal effects of carbon



146, Bull. Eur. Ass. Fish Pathol., 35(4) 2015

dioxide on Atlantic salmon smolts (Salmo
salar L.): ion regulation, haematology,
element composition, nephrocalcinosis
and growth parameters. Aquaculture 215,
301-319.

Forzan MJ, Ferguson LV and Smith TG (2014).
Calcium oxalate nephrolithiasis and tubular
necrosis in recent metamorphs of Rana
sylvatica (Lithobates sylvaticus) fed spinach
during the premetamorphic (tadpole) stage.
Veterinary Pathology 0300985814535607, first
published on May 13.

Gomes PN (2005). Profilaxia da litiase renal.
Acta Urologica 22 (3), 47-56.

Harrison J (1979). High CO2 levels hit hard-
water trout. Fish Farmer 2 (4), 29.

Hicks BD, Hilton JW and Ferguson HW
(1984). Influence of dietary selenium on the
occurrence of nephrocalcinosis in rainbow

trout, Salmo gairdneri Richardson. Journal of
Fish Diseases 7, 379-389.

Hilton JW and Hodson PV (1983). Effect of
increased dietary carbohydrate on selenium
metabolism and toxicity in rainbow trout
(Salmo gairdneri). Journal of Nutrition 113,
1241-1248.

Knox D, Cowey CB and Adron JW (1981).
Studies on the nutrition of salmonid fish.
The magnesium requirementsof rainbow
trout (Salmo gairdneri). British Journal of
Nutrition 45, 137-148.

Lewisch E, Kucera M, Tappert R, Tessadri R,
Tappert M and Kanz F (2013). Occurrence of
nephrolithiasis in a population of longsnout
seahorse, Hippocampus reidi Ginsburg, and
analysis of a nephrolith. Journal of Fish
Diseases 36, 163-167.

Liao IC, Huang TS, Tsai WS, Hsueh CM, Chang
SL and Leafio EM (2004). Cobia culture
in Taiwan: current status and problems.
Aquaculture 237, 155-165.

Liao IC and Leano EM (2007). “Cobia
aquaculture: research, development and
commercial production”. Asian Fisheries
Society, Taiwan, 178p.

Miliner DS and Muphy ME (1993). Urolithiasis
in pediatric patients. Mayo Clinical
Proceedings 68, 241-8.

Mossetti G, Rendina D, De Filippo G, Benvenuto
D, Vivona CL, Zampa G, Ferraro P and
Strazzullo P (2008). Metabolic syndrome
and nephrolithiasis: can we hypotize a
common background? Clinical Cases in
Mineral and Bone Metabolism 5(2), 114-117.

Noble AC and Summerfelt ST (1996). Diseases
encountered in rainbow trout cultured in
recirculating systems. Annual Review of Fish
Diseases 6, 65-92.

Peres LAB, Ferreira JRL, Beppu APK, Aratijo
Junior ER, Vicenzi G and Yamamoto RYT
(2010). Anatomical alterations in patients

with nephrolithiasis. Jornal Brasileiro de
Nefrologia 32 (1), 35-58.

Romano LA, Sardella N and Russomando
F (1987). La necropsia en los peces.
Un protocolo tipo mallory. Revista de
Investigacion y Desarrollo Pesquero 8, 83-86.

Sakhaee K, Maalouf NM and Sinnott B (2012).
Kidney stones: Pathogenesis, diagnosis,
and management: clinical review. Journal
of Clinical Endocrinology & Metabolism 97,
1847-1860.

Schlotfeldt HJ (1981). Some clinical findings
of a several years survey of intensive
aquaculture systems in northern Germany,
with special emphasis on gill pathology
and nephrocalcinosis. In “Proceedings of
the World Symposium on Aquaculture
in Heated Effluents and Recirculation
Systems” ( K. Tiews, Ed.), I, 109- 119.
Berlin.

Silva DJ and Queiroz AC (2009). “Analise
de alimentos: métodos quimicos e
bioldgicos”. 3rd ed. Vigosa, UFV. 235p.

Stoskopf MK (Ed.) (1993). “Fish medicine”.
Saunders, Philadelphia.

Summerfelt ST (1996). Engineering design
of a water muse system. In “The walleye
culture manual” (R.C. Summerfelt, Ed.).
North Central Regional Aquaculture Center



Bull. Eur. Ass. Fish Pathol., 35(4) 2015, 147

Publication Center, Iowa State University,
Ames, IA, p. 277-309.

Wasserstein AG (1998). Nephrolithiasis: acute
management and prevention. Disease-A-
Month. May 44(5), 196-213.

Wiech T, Hopfer H, Gaspert A, Banyai-Falger
S, Hausberg M, Schroder J, Werner M and
Mihatsch M]J (2011). Histopathological
patterns of nephrocalcinosis: a phosphate
type can be distinguished from a calcium
type. Journal of Clinical Endocrinology &
Metabolism 27 (3), 1122-1131.



