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Abstract

Background:Multiple diagnostic procedures, their results and interpretation in a case with severe lameness in
fattening pigs are described. It is shown that selected diagnostic steps lead to identification of various risk factors
for disease development in the affected herd. One focus of this case report is the prioritization of diagnostic steps
to verify the impact of the different conditions, which finally led to the clinical disorder. Assessing a sufficient
dietary phosphorus (P) supply and its impact on disease development proved most difficult. The diagnostic
approach based on estimated calculation of phosphorus intake is presented in detail.

Case presentation:On a farrow-to-finishing farm, lameness occurred in pigs with 30–70 kg body weight. Necropsy
of three diseased pigs revealed claw lesions and alterations at the knee and elbow joints. Histologic findings were
characteristic of osteochondrosis. All pigs were positively tested forMycoplasma hyosynoviaein affected joints.P
values in blood did not indicate a P deficiency, while bone ashing in one of three animals resulted in a level
indicating an insufficient mineral supply. Analysis of diet composition revealed a low phosphorus content in two
diets, which might have led to a marginal P supply in individuals with high average daily gains with respect to
development of bone mass and connective tissue prior to presentation of affected animals. Finally, the impact of
dietary factors for disease development could not be evidenced in all submitted animals in this case.

Conclusions:Mycoplasma(M.)hyosynoviaewas identified to be an important etiologic factor for disease. Other,
non-infectious factors, such as osteochondrosis and claw lesions might have favored development of lameness. In
addition, a relevant marginal P supply for pigs was found in a limited time period in a phase of intense growing,
but the potential interaction with infection byM. hyosynoviaeis unknown.
The presented case of severe lameness in fattening pigs revealed that three different influences presumably act in
pathogenesis. Focusing only on one factor and ignoring others might be misleading regarding subsequent
decision-making for prevention and therapy. Finally, clinical symptoms disappeared after some changes in diet
composition and anti-inflammatory treatment of individual animals.
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Background
Mycoplasma (M.) hyosynoviae is a commensal of the
upper respiratory tract, especially in the tonsils [1], that
may lead to clinical disease mainly in older pigs (> 10
weeks) [2]. The detection rate has increased in the last
years in pigs with arthritis in Denmark with approxi-
mately 20% already in 2001 [3], and in the USA with ap-
proximately 8% in 2003, 23% in 2010 [2] and 26% in
2015 [4]. Affected pigs show avoidance of standing up or
an impaired ability to stand within approximately 24 h
post infection [5, 6]. The clinical symptoms include sud-
den lameness affecting one or more limbs, with the ani-
mals balancing their weight from one leg to the other
[6] up to a dog sitting position [7]. Young adults often
experience two-three lameness episodes over a 4-6-week
period [8]. M. hyosynoviae is probably present in many
herds worldwide, high morbidity rates occurring in fat-
tening pigs between 50 and 60 kg; gilts and breeding
boars could be affected as well [1]. It is also known that
joint infections with M. hyosynoviae can be clinically
asymptomatic, since the pathogen has also been diag-
nosed in synovial fluid of non-lame pigs [3]. For this rea-
son, additional trigger factors for disease development
should be taken into account during the diagnostic
procedure.
A common degenerative disorder in skeletally imma-

ture pigs is osteochondrosis, which is initiated by failure
of the blood supply in the growth plate cartilage and is-
chemic chondronecrosis resulting also in bone lesions
[9–11]. The etiology of osteochondrosis is mostly multi-
factorial, with several factors triggering disease develop-
ment as heritable and anatomical traits and physical
trauma, while rapid growth and dietary factors were also
discussed [12]. Specific anatomical traits such as un-
favorable joint shapes, carcass length and weight of hams
were correlated with osteochondrotic lesions, especially
if combined with biomechanical stressors [13, 14].
Other important diseases in growing pigs are meta-

bolic systemic osteopathies due to mineral imbalances.
In recent years, the German Fertilizer Ordinance (FO)
has been made stricter, with the aim of reducing the en-
vironmental nitrogen and phosphorus load. According
to national and international legislation, several restric-
tions in manuring came into force to reduce emissions
from intensive animal production [15–17]. A high po-
tential measure for emission reduction is an N- and P-
reduced feeding concept strictly adapted to the animal’s
requirements [18]. Reference standard concentrations
for nutrients in animal feedstuff are commonly used for
calculating the necessary amount of nutrients in a diet
to fulfil animal needs. Usually it is not taken into ac-
count that dietary nutrient levels vary depending on dif-
ferent growth and weather conditions. For this reason,
the routinely performed conception of a diet, which is

based on reference standard concentrations, bears the
risk of a marginal nutrient supply. A specific problem is
the correct quantification of digestible P, which cannot
be defined by chemical analysis of the diet, but by feed-
ing experiments only. The digestible P levels vary be-
tween but also within different crops, especially due to
phytate as well as phytase levels [19].
Phosphorus, in particular, is frequently reduced in the

diet of pigs to lower P-content in manure and to save
costs for this expensive component. General weight-
group dependent estimates for digestible P in diets of
3.3 g/kg (20–28 kg body weight (bw)) and 3.1 g/kg (20–
40 kg bw) are oriented according to growth demands
[20]. Digestible P is primarily used for growth and is in
parallel accumulated in bones with increasing concentra-
tions until a plateau is reached and excess P is excreted
also in urine [21]. In general, requirements for digestible
P are higher for bone mineralization than for maximiz-
ing gains and are defined to be approximately 4.3–5.5 g/
kg [21–23] for pigs with 20–40 kg bw, which were also
dependent on the Ca: digestible P ratio, which should be
approximately 2.5:1 [22].
Reduced dietary P levels in the weaner-grower period

can lead to impaired bone mineralization [24]. It has to
be underlined that bone mineralization in the early
growth phase of mammals is fundamental for maximum
bone mineralization in later life, and is therefore crucial
for prevention of locomotor disorders [25]. P utilization
is not only dependent on the form of the P sources used
(inorganic vs. organic), but also on the activity of phy-
tases present in the diet (endogenous or added) and the
Ca:P ratio [26]. Both elements are tightly regulated in
parallel to maintaining homeostasis with bone as a target
but also as endocrine tissue for the regulating hormones
and modulating factors [27].
A minimum Ca:P ratio of 1:1 is required, while the

recommendation for pigs with a 50–80 kg bw is 1.25:1
[20]. Dietary Ca concentrations for maximal
mineralization were highly variable between different
studies (6.5–10 g/kg) [22]. A Ca deficiency can lead to a
weakening of the growth plate located between meta-
and epiphysis at the ends of long bones, resulting in de-
velopment of osteoid as an unmineralized organic bone
matrix [28, 29]. Other nutritional factors, such as vita-
min D supplementation, influence the Ca-P homeostasis
[30]. Adequate supply of minerals for bone development
might also be dependent on the general herd health be-
cause metabolic changes during infection and inflamma-
tion, immune deficiency or disease-related stress can
alter feed uptake and protein accretion [31]. In addition,
age, gender, economic and several biological factors in-
fluence bone development [32].
In the present case report, it became apparent that the

veterinary practitioner and the involved diagnostic
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institute faced a disease picture, which represented the
final outcome of the exposure to etiologic causes dating
back to earlier periods of life-time (Fig. 1). It was shown
that three different etiologic factors were interlocked
during pathogenesis of lameness in fattening pigs. The
report describes a large panel of diagnostic measures. Fi-
nally, the most straightforward diagnostic approach cov-
ering the different facets of “lameness” is discussed as a
lesson for clinical practice learnt from this case.

Case history
On a farrow-to-finishing farm with 450 productive sows
and 4900 fattening pigs in North Rhine-Westphalia,
Germany, lameness occurred in fattening pigs of both
sexes with a body weight of 40–70 kg. Male pigs were
not castrated on this farm. The genetic background of
sows was DanBred, while the piglets were crossbreds of
DanBred x PIC 408. The farm produced in a three-week
batch system with seven batches in sizes of approxi-
mately 64 productive sows and 2.35 litters per sow per
year. After a lactation of 4 weeks, piglets were raised in
groups of 42 animals per pen up to a weight of 28 kg in
the nursery unit on plastic slatted flooring until week 11
of age. The totally slatted flooring in the fattening stable
complied with the German Animal Welfare Livestock
Farming Regulation with 18 mm gaps and 80 mm wide
concrete elements. The slatted plastic flooring in the
nursery was assessed as soft ground, while the slatted
concrete flooring in the fattening stable was assessed as
hard. In total, the nursery had approximately 3000 places
and the fattening stable approximately 4900 places with
35 pigs per pen. All-in-all-out (AIAO) was performed in
all production units. Average daily weight gain was 820 g
in fatteners within an average fattening period of 110

days. The average body weight of pigs at slaughter was
approximately 116–118 kg.
The final diet in the trough was a combination of fer-

mented ingredients (cereals and rapeseed meal with
0.14% Ca and 0.4% P) and a supplementary feed (Table 1:
AZ-3, VM28, AM40, MM65) in varying proportions for
different age groups. The mixture of ingredients that
were used in the controlled fermentation (13 h at 37–
39 °C) and the supplementary feed were delivered by a
conventional feed company. Fermentation resulted in a
final pH of 3.8 using starting cultures of Lactobacillus
plantarum and Pediococcus acidilactici (Proferm HCL-
FL®, Agravis Raiffaisen AG, Münster, Germany). The fer-
mented part had been automatically added to the final li-
quid diet immediately before feeding starting at day 15
after weaning. The share of fermented ingredients within
the final diet increased from 5% up to 65% in the final
fattening period. The final diet contained thermostable
and pH-tolerant phytase-6 (4a24 DuPont Axtra®-Phy-
thermostabil, DuPont Nutrition & Biosciences,
Copenhagen, Denmark). The drinking water was farm
own ground water. Samples of the different final liquid
diets were analysed by the LUFA/Chamber of Agricul-
ture North Rhine-Westphalia, Germany for nutrient
contents (Table 1). Diets were analyzed by standard pro-
cedures following the routine methods of the Associ-
ation of German Agricultural Investigation and Research
Institutions (Verband Deutscher Landwirtschaftlicher
Untersuchungs- und Forschungsanstalten). Crude pro-
tein was determined on the basis of nitrogen quantifica-
tion following the method of Kjeldahl. Nitrogen was
measured in a high temperature elemental analyzer
(Vario Max®, Elementar, Hanau, Germany). The calcium
content was determined by atomic absorption spectrom-
etry, phosphorus colorimetrically [33, 34]. For the

Fig. 1 Schematic timeline indicating common challenges for veterinary diagnostic activities in case of later involvement and faced with a herd
health problem with a case history of unknown duration
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analysis of crude fiber the fat- and ash-free samples were
cooked with acid (1.25% sulphuric acid) and alkaline
(1.25% sodium hydroxide) solutions in a crude fibre de-
termination device (Fibertec™2010 Hot Extractor, Fa.
Foss GmbH, Hamburg) followed by drying, ashing and
weighing [33].
As shown in the feed declaration in Table 1, compared

to official recommendations shown in Table 2, the total

phosphorus content was reduced in the diet and did not
meet the officially recommended values.
Recurring diseases on farm were arthritis and meningi-

tis caused by Streptococcus (S.) suis, which was treated
by amoxicillin application via the liquid diet in cases of
disease outbreaks. Intermittent cases of fever and re-
spiratory distress occurred in fatteners due to the influ-
enza virus. At the time of this case report, neither S.-
suis- nor influenza-related disease cases were observed.
Routinely, all sows were vaccinated against four influ-
enza virus subtypes at day 80 of gestation (Respiporc
FLU3 and Respiporc FLUPAN H1N1, CEVA Tierge-
sundheit GmbH, Düsseldorf, Germany) and against
parvovirus and swine erysipelas at day 14 after farrowing
(Parvoruvac, CEVA Tiergesundheit, Düsseldorf,
Germany). Routinely, all piglets were vaccinated with
commercial products against the Porcine Reproductive
and Respiratory Syndrome virus (Unistrain® PRRS,
Hipra, Amer, Spain), Porcine Circovirus 2 (Ingelvac Cir-
coflex®, Boehringer Ingelheim, Vetmedica GmbH, Ingel-
heim, Germany) and M. hyopneumoniae (Hyogen®,
CEVA Tiergesundheit GmbH, Düsseldorf, Germany) at

Table 1 Feeding techniques and diets’ composition (in all groups: liquid diet offered ad libitum, probe system)

Diet (AZ-3) for
growing pigs
(88% DM)

Diet 1 (VM28) for
fattening pigs
(88% DM)

Diet 2 (AM40) for
fattening pigs
(88% DM)

Diet 3 (MM65) for
fattening pigs
(88% DM)

Week 9–11 12–14 15–17 18–20

Body weight (kg) 15–28 28–40 41–65 66–80

Pigs, n per group 42 35

Pigs, n per valve 84 70

Length of trough (m) 2.5 3.8

Dry matter (DM) of the final liquid diet (%)a 25.60 21.80 24.40 23.80

Analyzed nutrients (88% DM):

Crude protein (%) 18.10 18.20 16.80 17.40

Crude fiber (%) 3.00 2.90 3.50 3.80

Ca (%) 0.92 0.81 0.87 0.79

P (%) 0.46 0.46 0.46 0.49

Ca:P ratio 2:1 1.8:1 1.9:1 1.6:1

Labeled nutrient content in supplementary feed (88% DM):

Energy (MJ ME) 13.20 13.20 13.20 13.10

Crude protein (%) 18.50 16.14 15.25 14.00

Lysine (%) 1.50 1.15 1.08 0.98

Fat (%) 5.00 3.25 3.00 3.00

Fiber (%) 3.50 4.10 4.25 4.50

Ca (%) 1.00 0.70 0.67 0.65

P (%) 0.45 0.40 0.40 0.37

6-Phytase (FTU/kg) 1125 750 750 750

Analyzed values of diet composition and feeding techniques in the different age groups are shown. P-content is highlighted in bold as it is assessed tobe
critically low compared with the officially recommended values [20] regarding total dietary phosphorus in Table2
aShare of fermented ingredients varied between 28 and 50%

Table 2 Official recommendations for feed intake, energy,
protein and Ca and P contents according to the weight range
of pigs [20]

Body weight range (kg) 11–25 25–50 50–75 75–100

Daily feed intake (g, 88% DM) 953 1582 2229 2636

Energy (MJ ME/kg, 88% DM) 14.0 13.8 13.8 13.8

Protein (g/kg, 88% DM) 189 157 138 121

Calcium(g/kg, 88% DM) 7.0 6.6 5.9 5.2

Phosphorus(g/kg, 88% DM)

-total 6.0 5.6 5.2 4.7

-digestible 3.3 3.1 2.7 2.4
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an age of 24 days, i.e., prior to weaning. At an age of 50
and 70 days, pigs were vaccinated against Actinobacillus
pleuropneumoniae (Coglapix®, CEVA Tiergesundheit
GmbH, Düsseldorf, Germany).
Clinical examination of pigs in the pens was per-

formed daily by the farmer by inspecting groups of pigs
in pens and counting those pigs with suspected lameness
according to behavior during resting, standing up, lying
down and walking. Diseased pigs were color-marked on
the back for later inspection, treatment and follow-up
assessment on the following days. After assessing the
number of affected pigs, selected individual pigs were
examined by visual examination of the joints by the vet-
erinarian at its weekly visits. Main clinical symptoms
were high-grade lameness with a stiff walk in approxi-
mately 10–35% of the fattening pigs at an age of 80–140
days (30–70 kg bw). Limbs were free of swellings and no
obvious signs of arthritis were observed. All diseased an-
imals and the individual treatments were recorded by
the farmer. Treatment data were digitalized within the
official antibiotic database of the obligatory German sur-
veillance system. For treating those pigs with lameness,
amoxicillin trihydrate (Hostamox LA 150mg/mL, MSD
Tiergesundheit Deutschland GmbH, Unterschleißheim,
Germany, 15 mg/kg bw) was injected two-four times at
24 h intervals. In addition, 0.1 mg dexamethasone per kg
bw (Rapidexon Albrecht, Dechra Veterinary Products
Deutschland GmbH, Aulendorf, Germany) was injected
twice with an interval of 1 day. Approximately 90% of
the treated pigs recovered within 1 week after treatment.
The oral treatment with 10 mg tiamulin fumarate (Dena-
gard 45%, Elanco Deutschland GmbH, Bad Homburg,
Germany) per kg bw via the liquid diet was not
successful.

Case presentation
In February 2019, three untreated pigs (32–45 kg bw)
from the affected age-groups showing severe tripping in
the hind legs were selected by the veterinarian for fur-
ther diagnostics. The attending veterinarian performed
X-rays of limbs under deep anesthesia after intramuscu-
larly administering 2mg azaperone/kg bw (Stresnil®,
Elanco Deutschland GmbH, Bad Homburg, Germany)
and 20 mg ketamine/kg bw (Ursotamin®, Serumwerk
Bernburg, Bernburg, Germany). Only those joints with
high probability of osteochondrosis based on observed
movement behavior of the animals (tripping in hind
limbs) were x-rayed. Joints selected for x-raying are de-
scribed in Table 3. Pigs 1 and 3 were reluctant to move
the forelimbs before standing up, so that the shoulder
and elbow joints were x-rayed as well. Digital x-ray
examination of the joints was performed in a radio-
logical unit (Vetsystem 30, IBM Inc., Armonk, NY, USA)
with automatic exposure with 30 kW. Detailed pre-
setting values are recorded in Table 3. Anesthetized ani-
mals were placed in lateral or sternal recumbency de-
pending on the x-ray path. Slight irregularities were
found in the epiphyseal transition zone at the knees of
pig 2 and pig 3 (Fig. 2) as well as the elbow joints in pig
1. No other joints showed pathologic findings in x-ray
pictures. Subsequently, pigs were transported to the
Field Station for Epidemiology of the University of Vet-
erinary Medicine Hannover in Bakum, Germany, where
a further clinical examination was performed prior to
euthanasia. Examination of the limbs following good vet-
erinary practice, starting with inspection from behind,
from the front and the side during standing and walking
of the animal, was performed prior to euthanasia. The
character (during support or hanging of the limb) and

Table 3 Macroscopical findings regarding joints and claws of the three pigs

Pig 1
(female, 45 kg)

Pig 2
(male, 32 kg)

Pig 3
(female, 39 kg)

Joints Elbow and tarsal joint:
Slightly increased amount of synovia,
turbid synovia, redness of synovialis.

Carpal joint:
Subcutaneous edema of the joint.
Knee joint:
Slight increase in synovia, turbid synovia.

Carpal joint:
Slightly increased amount of synovia, turbid
synovia, redness of synovialis.
Tarsal joint:
Subcutaneous edema of the joint.

Claws Both claws of both forelimbs:
Medial dew claws: 2 × 1 cm2 lesion at
the lateral wall.
All dew claws: skin of the coronary band
not intact.
Left claw of hindlimb:
Lateral claw and dew claw each: 1 × 1 cm2

lesion at lateral wall.
All claws:
Superficial erosive heel lesions
(horn detachment at the heel sole horn).

Lateral claw of left forelimb:
Upper sole layer lost, lower layers appear
dark and rough.
All claws:
Superficial horn detachments in the cranial
parts of the heel sole horn.

Lateral claws of both forelimbs:
Wall horn fissures in the caudal part with slight
wall horn detachment from corium in an area
of 0.5 × 1 cm2.

X-ray
pictures

Hips (66 kV, 30 mAs),
knees (50 kV, 20 mAs),
shoulders/elbows (60 kV, 25 mAs),
tarsal joints (50 kV, 10 mAs).

Hips (60 kV, 25 mAs),
knees (50 kV, 10 mAs).

Hips (65 kV, 25 mAs),
knees (50 kV, 15 mAs)
left shoulders/elbows (60 kV, 20 mAs),
tarsal joints (50 kV, 10 mAs).
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severity grade of lameness, as well as the affected ana-
tomical side was assessed by inspection, followed by pal-
pation of the joints. Lameness was characterized by stiff
walking and a quick change in weight-strain between the
hind limbs during standing (tripping). All animals were
reluctant to stand up. No obvious joint swellings were
observed. Blood samples were taken from the V. jugu-
laris of these pigs prior to euthanasia. Blood was centri-
fuged after a clotting time of approximately 30 min at
2000 g for 10 minutes. Pre-analytical treatment of blood
samples is critical for P analysis because hemolysis leads
to an artificial increase in P concentrations. For this rea-
son, hemoglobin was measured in the serum samples as
a quality control. Macroscopic necropsy findings are
summarized in Table 3. Macroscopic cartilage lesions
are shown in Fig. 3 and claw lesions in Fig. 4. Cultural
microbiological testing of articular swabs showed no
pathogens. Real-time PCR was positive for M. hyosyno-
viae (cycle threshold (ct) value 29–32) in all three
animals.
Histologic examinations of the stifle joints were per-

formed at the Department of Pathology of the University
of Veterinary Medicine Hannover, Germany. Inflamma-
tory as well as degenerative lesions were found (Fig. 5,
Table 4).
The femur bones of all three pigs were measured after

thorough removal of adjacent tissue. The distal third of
the femur of each pig was ashed at the Institute of Ani-
mal Nutrition. Serum samples were sent to the Clinic

for Swine, Small Ruminants and Forensic Medicine of
the University of Veterinary Medicine Hannover to de-
termine the concentration of calcium and phosphorus
(Table 5).
In addition, individual serum samples of the pigs were

sent to GD (Gezondheidsdienst voor Dieren, Deventer,
the Netherlands) to determine bone markers osteocal-
cine and C-telopeptid (CTx) reflecting bone metabolism.
Serum samples were pooled according to the routine
diagnostic procedures. Osteocalcine is indicative of bone
formation, while CTx marks bone resorption. While
osteocalcine-concentration was reduced (20.0 � g/L

Fig. 2 X-ray findings of left knee of pig 3. An osseous tulip-shaped
bulge at the distal epiphyseal cartilage of the femur (arrow) as well
as incongruities at the articular surface of the tibia (arrowhead) are
visible. The x-ray picture was produced with pre-settings 30 kV, 50
kV, 15 mAS

Fig. 3 Macroscopic lesions in the knee of pig 3. Irregularities at the
articular cartilage of the tibia are visible (arrow)

Fig. 4 Macroscopic lesions at claws of pig 1. Volar surface of claws
of the hind feet with erosive heel lesions and lesions of the coronary
band at the dew claws. In this pig, erosive heel lesions were found
in all claws
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to cause focal cartilage lesions, which were different from
cartilage degeneration typical of osteochondrosis [56].
At the beginning of being involved in this clinical case,

the primary hypothesis was that the development of the
disease was a multifactorial process starting with an im-
paired bone mineralization and triggering the develop-
ment of osteochondropathy of the joints. Pigs with high
growth rates develop high pressure on cartilage surfaces
of the long bones. In the case that muscular forces are
weakened due to a marginal P supply, deviations in limb
axes with the consequence of improper biomechanical
stress on joint cartilage surfaces, aseptic inflammation
and subsequent pain during movement might occur.
Whether cartilage alterations as shown in these pigs are
predisposing factors for colonization and infection with
M. hyosynoviae remains hypothetical. Some authors have
considered that OC could be a predisposing factor for
joints to be infected with M. hyosynoviae [44]. However,
these assumptions were refuted by authors who did not
find M. hyosynoviae any more frequently in individuals
at the slaughterhouse with OC than in individuals with-
out OC [3].
So far, the potential triad involved in disease develop-

ment can be covered by the most straightforward diag-
nostic steps reported in veterinary practice; namely, i)
comparison of recommended dietary P levels with those
analyzed in the investigated case, during specific growth
phases with expected high growth rates based on avail-
able farm-specific production and feed data, ii) bacterio-
logical diagnostic of articular samples and iii) histologic
examination of articular tissue. The new blood markers
for diagnosis of mineral deficiency should be validated in
the context of more practical cases, because they might
be a promising new diagnostic tool for assessing skeletal
health. Bone marker determination should be recom-
mended especially in pigs with high daily weight gains
showing stiff walking, tripping and reluctancy to stand
up, in order to assess the relation between bone catabol-
ism and bone mineralization. In addition, we recom-
mend in cases of sudden increased lameness to look at
recent findings without neglecting the period before the
episodes, including the previous dietary supply with P,
especially of individuals with higher daily weight gains.
Finally, the question concerning the degree of impact

of either P deficiency or osteochondropathy as well as
claw lesions on the disease and especially on disease
pathogenesis in M. hyosynoviae infection cannot be an-
swered in this case. Thus, experimental studies under
standardized conditions, also taking various genetic
backgrounds into account, would be necessary.
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