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ABSTRACT

Background: Rickets is a deficiency pathology that occurs in young and growing animals, leading to deficient bone min-
eralization. Rickets has been reported in several species producing numerous economic losses. The disease is caused by 
nutritional imbalance of calcium (Ca), phosphorus (P) and vitamin D. The aim of this work was to report two outbreaks of 
rickets in commercial weaning farms in the Seara city, in the western region of Santa Catarina State (SC), Brazil.
Case: In August 2016, the Veterinary Pathology Laboratory (LPV) at the Concórdia Campus of the Catarinense Federal 
Institute (IFC) diagnosed two outbreaks of rickets in pigs in the weaning phase in Seara, SC. The clinical history was 
obtained by interviewing the field veterinarian and the farmers. In the anamnesis, both pig farmers stated having used a 
feed premix product from the same company, starting three months ago, and after that the pigs presented clinical signs of 
posterior paralysis and progressive weight loss. Six animals were submitted to necropsy and organs were collected from the 
abdominal and thoracic cavities; central nervous system and bones; fixed in 10% buffered formalin, routinely processed, 
paraffin embedded and stained with hematoxylin and eosin (HE) for histopathological analysis. Bone specimens were 
decalcified in nitric acid working solution 20 times their volume, during 5 days. In addition, samples of the premix product 
containing minerals and vitamins were sent to a specialized laboratory to analyze macroelements levels through the atomic 
absorption methodology. In property 1, there was a batch of 100 animals, the morbidity rate was 15% and lethality was 5%. 
In property 2, among 30 animals, the morbidity and lethality rate were 33%. Five animals from property 1 and one animal 
from property 2 underwent necropsy, that showed severe bone fragility and flexibility (6/6), growth plate discontinuity (2/6), 
as well as, increased volume of costochondral joints (rachitic rosary) and epiphyseal cartilage thickening (2/6). Regarding 
the premix used in both farms, the label showed manufactured guarantee of 110 g/kg of Ca (minimum), 62 g/kg of total P 
and 38,400 I.U./kg of vitamin D. Meanwhile the analysis of the product used in the feed mixture quantified 74.3 g/kg of 
Ca (minimum), 22.2 g/kg of total P and 40,098.9 I.U./kg of vitamin D. The diagnosis of rickets was established through 
the association of history, clinical signs, macroscopic, microscopic lesions and nutritional analyses.
Discussion: The affected pigs weighed approximately 20 kg and consumed an average of 1.0 kg of feed per day. The 
recommended amount of feed consumption for pigs at this stage is approximately 953 g in American literature, while 
national recommendations described a consumption of 1,036 g/animal. Comparing information in the product label and 
laboratory analyses, the real level of Calcium was 32.4% (35.6 g/kg) lower in the product, as well as total Phosphorus 
level, 64.2% (39.8 g/kg) lower. On the other hand, Vitamin D levels were 4.4% (1,698.9 I.U.) above guarantee provided 
by the company. It is concluded that rickets in pigs raised intensively occurred due to non-observance of the minimum 
intake levels of Ca, P and Vitamin D in the diet. Although this is an evident conclusion, taking into account the industry’s 
technification in Brazil, error in the formulation of the diet leading to animal mortality and serious economic losses to 
farmers should not be expected.
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INTRODUCTION

Brazilian pig breeders are highlight in pro-
duction, technology and quality in order to meet the 
demanding world market. Brazil is the fourth largest 
producer of swine in the world, and Santa Catarina 
state (SC) is the main national producer, with 28% of 
slaughtered animals and responsible for 40% of exports 
[1]. Despite all efforts, some pathological and metabo-
lic diseases that should have been controlled remain in 
the herds, with small, but constant occurrence.

The three main metabolic bone diseases are 
rickets, osteomalacia and osteoporosis. Rickets occur 
in young and growing animals, leading to poor bone 
mineralization. The disease has been reported in se-
veral species [7].

In the last two decades, rickets in pigs received 
little attention because nutritional programs provided 
calcium (Ca), phosphorus (P), and vitamin D sup-
plementation sufficient for normal bone growth and 
mineral homeostasis. Currently, commercial diets for 
pigs are specifically adapted for the production of lean 
muscle mass and growth, with less consideration for 
bone formation [14]. Bone growth is mainly related 
to the metabolism of calcium (Ca), phosphorus (P), 
magnesium (Mg), parathyroid hormone (PTH), vitamin 
D and bone alkaline phosphatase [4].

Pigs are sensitive to the development of rickets 
due to high growth rate and limited exposure to sunlight. 
Moreover, the high weight gain favors the development 
of lesions in the locomotor system, due to biomechani-
cal stress, leading to higher production costs [2].

The aim of the present study was to report two 
outbreaks of rickets in commercial weaning farms in 
the Seara city, western region of the state of Santa 
Catarina, Brazil.

CASE

In August 2016, the Veterinary Pathology 
Laboratory (LPV) at the Concórdia Campus of the 
Catarinense Federal Institute (IFC) diagnosed two 
outbreaks of rickets in pigs in the weaning phase in 
two farms, in the Seara city, state of Santa Catarina.

The clinical history was obtained by inter-
viewing the field veterinarian and the farmers. Six 
animals were submitted to necropsy and organs were 
collected from the abdominal and thoracic cavities; 
central nervous system and bones; fixed in 10% bu-
ffered formalin1, routinely processed, paraffin embe-

dded2 and stained with hematoxylin and eosin (HE)2 
for histopathological analysis. For the histopathology 
of bone, they were decalcified in nitric acid3 working 
solution 20 times their volume, during 5 days, and 
routinely processed as described before.

In addition, samples of the premix product con-
taining minerals and vitamins were sent to a specialized 
laboratory to conduct analyses of the macroelements 
and vitamin D levels through the atomic absorption 
methodology [18]. The levels of Ca and P in the other 
compounds of the diet (ground maize and soybean 
meal) were calculated based on the levels of nutrients 
in the feed formula and the data from the Brazilian 
table for poultry and swine [17].

In the anamnesis, both pig farmers stated ha-
ving used a feed premix product from the same com-
pany, starting three months ago, and after that the pigs 
presented clinical signs of posterior paralysis (Figure 
1) and progressive weight loss. In property 1, with a 
batch of 100 animals, the morbidity rate was 15% and 
lethality was 5%. Property 2, with a batch of 30 ani-
mals, presented a morbidity and lethality rate of 33%. 

Five animals from property 1 and one animal 
from property 2 underwent necropsy, showing severe 
bone fragility and flexibility (6/6), growth plate dis-
continuity (2/6), and increased volume of costochon-
dral joints (rachitic rosary) with epiphyseal cartilage 
thickening (2/6) [Figure 2].

Histopathological examination revealed thin 
bone spicules with a moderate number of islands of 
hypertrophic chondrocytes. In the growth plate of the 
femoral epiphysis, the chondrocyte columns were di-
sorganized in all animals with bone spicules filled with 
pale pink, unmineralized osteoid (Figure 3).

According to the farmers and the premix label, 
68 kg of ground corn, 27 kg of soybean meal and 5 kg 
of the premix were used for each 100 kg of total feed. In 
the anamnesis, the producers reported that the affected 
pigs weighed approximately 20 kg and consumed an 
average of 1.0 kg of feed per day. The recommended 
amount of feed consumption for pigs at this stage is 
approximately 953 g [17], while the recommendation 
of the National Research Council (NRC) [15] is a 
consumption of 1,036 g per animal.

The total amounts of minerals provided by 
ground corn and soybean meal [17] were calculated 
for 100 kg of feed, and they corresponded to 13.6 
g and 64.8 g of Ca; 197.2 g and 159.3 g of P (total) 
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respectively. In the same amount of feed, the levels of 
minerals provided by the premix, second to the labo-
ratory results were 371.6 g of Ca, 111.0 g of P (Total) 
and 200,494.5 I.U. of Vitamin D.

In Table 1, the amount of Ca, total P and 
vitamin D consumed by the pigs according to the la-
boratory analysis and the product label were shown. 
These data were compared with the total requirement 
of these minerals and vitamins with NRC [15] and the 
Brazilian table for poultry and swine [17].

In relation to the premix used in both farms, 
the company established guarantee levels of 110 g/kg 
of Ca (minimum), 62 g/kg of total P and 38,400 I.U./
kg of vitamin D. However, the analysis of the product 
used in the mixture of the diet quantified 74.3 g/kg of 
Ca (minimum), 22.2 g/kg of total P and 40,098.9 I.U./
kg of vitamin D. This represents 32.4% (35.6 g/kg) 
less of Ca and 64.2% (39.8 g/kg) less of total P, but 
Vitamin D levels were 4.4% (1,698.9 I.U.) above the 
guarantee level provided by the company.

DISCUSSION

The diagnosis of rickets was established throu-
gh the association of history, clinical signs, macrosco-
pic and microscopic lesions and nutritional analyses. In 
the literature [14], the morbidity rates range between 2 
and 40% of the batch and a mortality between 10 and 
20%, similar to the reported outbreak. 

Vitamin D deficiency in animals leads to retar-
ded growth, lameness, posterior train paralysis, clinical 
signs of calcium and magnesium deficiency, rachitic 
rosary, enlarged joints, and apathy; the body weight 
of the pigs may favor the arching of the legs [2]. The 
progressive weight loss observed can be explained due 
to the difficulty in locomotion, which in this case was 
reported as loss of posterior. The posterior paralysis 
or dog-sitting posture is observed in pigs with rickets, 
however, it is nonspecific [7]. But this is also observed 
in other animals, such as birds, when they present pain, 
movement difficulty, and consequently progressive 
weight loss [11]. 

The classic rickets lesions in all species des-
cribed in the literature are characterized by increased 
joint volume, being marked in the costochondral region, 
thickening of epiphyseal cartilage, decreased bone 
density and spontaneous fractures [7]. These lesions 
are compatible with those found in the outbreaks in this 
study, although spontaneous fractures were not found 

in these cases, probably due to the low weight of the 
animals, which were young and small. Microscopically, 
there was persistence of hypertrophic cartilage zones 
and thickening of demineralized bone spicules [14]. The 
pathological findings found in this report were similar 
to those reported in sheep and broiler chickens [8,9].

According to Table 1, when the data of the 
laboratory analysis are compared to NRC [15] there 
are deficiencies of 2.7 g (38.5%) of Calcium and 1.6 g 
(26.6%) of total Phosphorus. On the other hand, Vitamin 
D supplementation was 1,710.7 I.U. (855.3%) above the 
minimum recommendation. It was also observed that 
calcium deficiency remained even when the premix had 
the amounts expressed on the label (-1.0 g [-14.3%]).

The data of Table 1, when compared to the 
Brazilian table for poultry and swine [17], regardless 
of the laboratory report or the label information, hypo-
calcemia, hyperphosphatemia and hypovitaminosis D 
were observed. Hypocalcemia can be associated with 
sudden death in vitamin D-deficient diets, although is an 
unexpected clinical presentation [14]. This observation 
suggests that vitamin D-dependent rickets in pigs has 
the potential to be associated with lethal hypocalcemia.

For growing pigs, the assumed maximum level 
of vitamin D3 for long-term feeding conditions (over 
60 days) is 2,200 I.U. D3/kg of food intake. The sup-
plemented vitamin D levels may lead to toxicity, but 
there is only enough information available to define a 
minimum tolerance for vitamin D3 supplementation 
[10]. A very high level of vitamin D can mobilize 
excessive amounts of calcium and phosphorus from 
bones [15], contributing to the development of rickets.

Adequate amounts of vitamin D are also requi-
red for Ca and P metabolism, and vitamin D deficiency 
reduces the retention of Ca, P and Mg [15]. Vitamin 
D deficiency causes disturbances in the absorption 
and metabolism of Ca and P that result in insufficient 
bone calcification. In severe vitamin D deficiency, pigs 
may exhibit signs of Ca and Mg deficiency, including 
tetany [12,15,16].

Adequate levels of Ca and P in the diet for all 
classes of pigs is dependent on: (1) an adequate supply 
of each element in an available form in the diet, (2) an 
adequate ratio of Ca and P available in the diet; and (3) 
the presence of adequate amounts of vitamin D [15]. A 
wide ratio of Ca and P reduces P absorption, leading 
to reduced growth and bone calcification, especially 
if the diet is marginal in P. 
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Signs of Ca or P deficiency are similar to those 
of vitamin D deficiency, and include reduced growth 
and poor bone mineralization, resulting in rickets in 
young pigs and osteomalacia in adults. Excessive levels 
of Ca and P may reduce performance of pigs [15], and 
the effect is greater when the Ca:P ratio is increased. 
Excessive Ca, not only decreases the use of P, but also 
increases the need for zinc in the presence of phytate 
[15]. According to the premix analysis, the relation 
between Ca and P in the diet provided was 3.3:1.

The increased ratio of digestible Ca to P will 
limit P uptake and lead to reductions in growth rate and 
bone mineralization [10]. The relationship that leads 
to clinical problems is not well defined, but a Ca:P 
ratio greater than 1.5 should be evaluated critically. An 
excess of Ca is of little importance with the adequate 
concentration of P in the diet [10].

Pigs are more susceptible to rickets when 
kept confined and stunted, as rapid growth associated 
with lack of light can lead to disease [13]. Therefore, 
the only source of minerals and vitamin D is in the 
feed. In this outbreak, hypocalcemia (-38.5%) and 
hypervitaminosis D (+855.3%) were observed when 

Table 1. Consumption of Ca, total P and vitamin D (Vit. D) of the pigs with 20 kg and consumption of 0.953 kg of feed, according to 
laboratory analysis and label information, and comparing with the National Research Council (NRC)* and Brazilian table** for poultry 
and swine.

Lab. 
results (1)

Label 
(2)

Requirement 
(3)*

Requirement 
(4)**

Difference
1-3

Difference 
2-3

Difference 
1-4

Difference 
2-4

Ca (g) 4.3 6.0 7.0 7.9 -2.7 -1.0 -3.6 -1.9 

P total (g) 4.4 6.5 6.0 3.9 -1.6 +0.5 +0.5 +2.6

Vit. D (I.U.) 1,910.7 1,829.7 200 2,953.5 +1,710.7 +1,629.7 -1,042.8 -1,123.8

*National Research Council (NRC) [15]; **Brazilian table for poultry and swine [17].

Figure 1. Swine with rickets showing signs of ataxia due to posterior paralysis. 

Figure 2. Parietal pleural surface, increased volume of costochondral joints 
(arrow): Rachitic rosary.

Figure 3. Microscopic view of trabecular bone from swine with rickets. Ha-
versian systems are filled with pale pink, unmineralized osteoid [HE; 100x].

A suggested ratio of Ca to total P for soybean 
meal diets is between 1:1 and 1.25:1. A closer Ca and 
P ratio will probably result in efficient use of P being 
one of the most expensive ingredients in the diet. An 
adequate amount of vitamin D is also required for 
proper metabolism of Ca and P, but a very high level 
of vitamin D can mobilize excessive amounts of Ca 
and P from bones [15]. 
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taken into consideration the total consumed in the diet 
and the NRC requirements [15]. On the other hand, 
according to the Brazilian table for birds and pigs 
[17], hypocalcemia (-45.5%) and hypovitaminosis D 
(-35.3%) were observed.

Cases of rickets caused by P deficiency are not 
common in pigs, the most frequent cause is the lack of 
vitamin D leading to a deficiency in Ca absorption [7]. In 
addition, when raised on farms in an intensive manner, 
pigs are less susceptible to rickets due to dietary supple-
mentation [7]. In this outbreak, it can be observed that 
the amount of Ca consumed was significantly below the 
necessary [15,17]. The Phosphorus values in the diet 
were slightly higher (+12.8%) according to the Brazilian 
recommendation [17], but lower (-26.6%) considering the 
American recommendation [15]. The amounts of vitamin 
D were also lower compared to the requirements [17], 
and far higher than the requirements [15], respectively. 

According to dietary recommendations, there 
is a great divergence between the NRC [15] and the 
Brazilian Poultry and Swine Table [17], mainly refer-
ring to P and vitamin D. Comparing the NRC [15] and 
the Brazilian table [17], Brazil recommends 13.4% 
more Ca, 34.5% less P and 985.5% more vitamin D. 
It is believed that these variations from the NRC [15] 
are related to the climatic and technological conditions 
considered in the Brazilian pig farming as well as to 
the researches carried out in Brazil.

In the literature, the most common causes for 
the development of rickets are hormonal deficiencies 
or some particular problem of animals in the absorp-
tion of minerals [14]. However, in this report, it was 
verified that they were not individual causes, but the 
amount of Ca in the diet.

From the analysis of the commercial product 
used, associated with the clinical signs and the lesions 
found, it was possible to conclude that the calcium de-

ficiency in the diet caused the development of rickets. 
This disease is uncommon in an intensive pig rearing 
system. In the Laboratory of Pathology of the IFC, 
Campus Concórdia, between 2013 to 2017, 10 cases 
of rickets in pigs were described, in a total of 367 
diagnoses (2.7%) [5]. In Pelotas, Rio Grande do Sul, 
the pathology laboratory of the Federal University of 
Pelotas (UFPel) described that the deficiency diseases 
in pigs had an incidence of 2% (507 cases) between 
1978 and 2015 [6]. In Santa Maria, Rio Grande do Sul, 
the pathology laboratory of the Federal University of 
Santa Maria (UFSM) described that metabolic and 
nutritional diseases accounted for 11.5% of the labo-
ratorial casuistry (564 cases) from 1964 to 2011 [3].

It is concluded that rickets in pigs raised inten-
sively occurred due to non-observance of the minimum 
intake levels of Ca, P and Vitamin D. Although this is 
an evident conclusion, when the technification of the 
sector in the country is taken into account, errors in the 
formulation of the diet leading to animal mortality and 
severe economic damage to farmers are not currently 
expected.
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