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ABSTRACT

Kinky back (KB) disease in chickens causes significant economic loss in the commercial poultry industries. The aim of
the present study was to determine blood glucose levels in broilers with KB disease and the bacterial agents that affect
their organs. The glucose levels were measured and Enterococcus cecorum infections were investigated in animals with
KB disease. The sixth thoracic vertebrae (T6) and liver samples were taken from 42-d-old Cobb 500 broilers with KB
disease from farms located within various geographical areas of Turkey. Ten broilers were selected from each of 10
flocks that showed clinical signs of KB disease (n = 100). Blood samples were taken from the animals in both the control
(n = 10) and experimental groups (n = 100) to assess their blood glucose levels. Organ samples were taken from the
animals and analyzed using microbiological matrix-assisted laser desorption/ionization time-of-flight mass spectrometry.
One-way analysis of variance was used to determine whether there were any statistically significant differences between
the means of the control and experimental groups. The bacteriological analyses of the liver and T6 showed that the E.
cecorum level significantly increased in the experimental group, which was positively correlated with the increasing
glucose levels. Enterococcus cecorum is one of the most important factors causing KB disease, and the most effective
method by which to prevent KB disease is a strong biosecurity program inside the poultry houses.
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INTRODUCTION

Kinky back (KB) disease was first reported in
Great Britain in 1967 (Osbaldiston et al., 1967). Clear
signs of KB disease, which increases the mortality rate,
are observed in breeding broilers and young chickens that
are 5–10 weeks old (Jung et al., 2014). The incidence of
KB disease among male birds ranges from 8 to 30%,
depending on the flock (Makrai et al., 2011). The
causative agent of KB disease is not clear; however,
Enterococcus cecorum, previously classified as a
Streptococcus sp., is one of the main bacteria associated
with the infection. Field observations have substantiated
that E. cecorum infections can be carried from the present
flock to a new flock, which indicates that a contaminated
environment can act as the source of continued infection
(De Herdt et al., 2008).

Skeletal spondylolisthesis, a condition in which
vertebrae placement is altered, is also observed in KB-
affected broilers and might be caused by the same factors.
Enterococcus cecorum might be delivered through
bacteremia to the T6 and liver (Goodwin et al., 1994).
Clinical spondylitis develops during the first week of age
and peaks at 3–4 weeks (Dinev, 2012). If the type of litter
used is not in compliance with standard practices of
health and safety, the chickens become stressed, which
can cause Enterococcus bacteriemia (Mandal et al.,

2016). Skeletal spondylolisthesis is caused by this
condition, which contributes to immunosuppression of
chondronecrosis in the broiler’s caput femur (Wideman et
al., 2013); therefore, broilers with KB disease can be
influenced by similar pathogenesis from other stress
factors, such as Enterococcus. Enterobacteria species and
Lactobacilli are commonly present in broiler intestinal
flora (Proietti et al., 2016). If broilers are exposed to
stress factors under adverse housing conditions,
homeostasis within the cecum, which is part of the
intestinal tract, is impaired (Yang et al., 2011). Before the
chicks are placed into the poultry house, the litter, such as
wood chips and rice hulls, is provided as bedding. The
animals are in contact with this litter from the first to
their last days. Studies have reported that the pathogenic
agents in broilers were investigated in samples taken
from the litter material (Lu et al., 2003) and detected that
Enterococcus sp. is the main bacteria that cause KB
disease. Enterococcus cecorum travels within the
bloodstream to the T6 vertebra and is freely articulated
within the thoracic area of the spine (Behera et al., 2019).

Birds have a high metabolic rate and body
temperature compared with that of mammals with a
similar body mass (Goodwin et al., 1994). The intestinal
wall of a broiler moderates glucose intake by
anaerobically converting 30% of the carbohydrates into
lactate (Behera et al., 2019; Whittow, 1986). Glucose is
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the base carbohydrate metabolized by the gastrointestinal
tract of avian species (Braun et al., 2008) and is formed
by two physiological effects—active transport across
basolateral membranes and diffusion through intercellular
gaps. Active transport studies have proved the stimulation
of short-bout currents after glucose is added to a buffer
mix that washes the gastrointestinal system of birds under
low-salt conditions (Amado et al., 2005; Dudas et al.,
2005), which results from increased oxidative stress and
tissue damage (Braun et al., 2008; Austad et al., 2001).
One study has shown that dexamethasone (DX)-induced
oxidative stress in a broiler hyperglycemia model results
in liver damage. When DX is administered, glycolysis is
inhibited as well as the disintegration of protein (Lv et
al., 2018). On the other hand, an in vitro human neuronal
model study has found that glucose fluctuations play a
role in the damaging effects of diabetes on various
organs, including the brain, and that fluctuating glucose
levels have an adverse effect on the mechanisms by
which neuronal-cell energy is regulated (Russo et al.,
2012).

Aside from the direct effects of high glucose
levels, the accumulation of advanced glycosylation end
products has a direct inhibitory effect on the proliferation
and differentiation of bone cells (Dyck et al., 1999). In
addition, neuropathy within the nervous system is a
possible adverse effect of hyperglycemia. A series of
studies related to this information have reported that the
lack of metabolic homeostasis causes injuries to neuronal
and Schwann cells, and that microvascular innervation
might stimulate nerve ischemia (Dyck et al., 1999; Hotta
et al., 1996). Possible complications that might appear
within the broiler’s nervous system depend on the
localization of harmful pathogens (Noailles et al., 2019;
Baurhoo et al., 2012). The aim of the present study was
to demonstrate that E. cecorum migrates to the thoracic
vertebrae and causes lesions within this area and an
increase blood glucose levels.

MATERIALS AND METHODS

Animals and study area: The present study was
conducted with the approval of the ethics committee of
Abant İzzet Baysal University, Bolu, Turkey (Serial
Number: 2019/06).
In this 2019 study, 42-d-old Cobb 500 broilers with KB
disease (n = 100) and 10 healthy birds (control group)
were used. All animals were given feed and water ad
libitum. T6 and liver tissue samples were collected from
antibiotic-free broiler flocks distributed within different
geographic regions in Turkey.
All animals were housed under similar farm conditions
within a closed-tunnel ventilation system with a capacity
of 511,940 in Sakarya, a major poultry production area in
Turkey. All broilers used in the study pattern were from
the same breeder. The eggs obtained from these breeders

were incubated at the end of the appropriate period and
the chicks produced from the same breeder flocks were
sent to 11 different poultry houses, each with a capacity
of approximately 45,000 (Fig. 1). The animals with
symptoms of KB disease were determined for each group
on day 39.

Figure 1. Study pattern of broiler flocks obtained
from the same breeder and hatchery.

The walking ability of each bird was assessed
using the gate-scoring method. The protocols that ensured
the welfare of the poultry were strictly followed. A bird’s
gait was graded from 0 (perfect walking) to 5 (unable to
move) (Kestin et al., 1992; Silvera et al., 2017). Ten
broilers that showed a symptom score of 5 from each
flock (a typical symptom of KB disease) were removed to
another chamber to be separated from the others. The
affected broilers had difficulty walking and showed
symptoms of posterior paralysis. In addition, they sat on
their knees and attempted to use their wings to move
(Fig. 2A). Spinal nerve compression in T6 was observed
(Fig. 2B). The control group of 10 animals that were
selected with a gate score of 0 (perfect walking) was put
into a chamber separate from the others.

Figure 2. Sitting position of the animal with reduced
mobility on the knee, cloaca, and chest as a
result of spinal nerve compression. A:
Superior view of the disorder of the skeletal
system. B: Longitudinal cross-section view with
compression of the spine at T6 (arrow).
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Glucose levels: Blood glucose levels were measured in
each animal in all groups using blood glucose meter
strips (Bionime, Taichung, Taiwan). To draw the blood
sample, the legs of the chickens were held with one hand
and the back was supported with the other hand. The
wing vein that was visible between the biceps and triceps
was gently punctured, and 1.4–2.5 µL whole blood was
applied to the meter strip, which was then inserted into
the meter. Within 2–3 sec, the glucose meter displayed
the glucose levels in mg/dL. Related studies have
reported that this method is the most widely used by
clinicians and researchers in both the field and poultry
diagnostic laboratories (Goodwin et al., 1994; Vale et al.,
2019).

Bacteriological analyses: The birds’ cages were
appropriately marked to prevent confusing the study
subjects with other poultry on the farms. Animals in all
groups were sent to Abant Izzet Baysal University,
Experimental Animal Application and Research Center,
Bolu, Turkey. The T6 bone and liver samples were taken
from the animals and placed into sterile containers. The
samples were delivered under cold chain protocols (2–8
°C) to the laboratory.

The bone and liver tissue samples were cultured
on Columbia sheep blood agar and Columbia colistin and
nalidixic acid (CNA) agar (Oxoid GmbH) at 37 °C for 24
h under microaerophilic conditions. The method used to
verify the presence of E. cecorum was performed
according to the bacteriological analysis method (Dolka
et al., 2016). A sample was taken from the colony that
grew on the agar and was smeared on a matrix-assisted
laser desorption–ionization time-of-flight (MALDI-TOF)
plate. Using 300 µL sterile distilled water, a bacterial
colony was added to the tubes, after which 1 µL 70%
formic acid was added and left to dry at room
temperature. After drying, 1 µL each of the matrix
(cyano-4-hydroxycinnamic acid) solution was added and
left to dry again at room temperature. The plate was then
placed in the device and read. The MALDI-TOF/TOF
MS spectrometer (Bruker, France) was used for analysis.
Measurement results are provided as values between 0
and 3. Accordingly, score values >2 are accepted as
correct identification on the basis of genus and species
(Jung et al., 2018).

Statistical analyses: One-way analysis of variance was
used to determine any differences between the KB and
control groups using the examined parameters.

Enterococcus cecorum levels were determined from the
livers and T6s. These levels were compared to determine
the relationship between the infection and the chicken’s
blood glucose levels in the experimental and control
groups. The colony forming unit (CFU) value of the
bacterial amounts detected in the tissues and the blood
glucose levels (X) were converted to the Log10 base (Y).
The data converted on Log10 base was as follows:

Log10(X) = Y
X = E. cecorum CFU amount or blood glucose level

Y = converted value
Levene’s test was conducted to check the

homogeneity of variances and whether homogeneity was
violated, and the Games-Howell test was applied
(Neveling et al., 2019). Post-hoc analysis was conducted
using the Games-Howell test. The level of significance of
p values < 0.05, < 0.01, and < 0.001 was also determined.
The data were analyzed using SPSS ver. 22.0 (IBM
Corp., Chicago, IL, USA).

RESULTS

Identification using the MALDI-TOF/TOF MS
(Bruker) yielded E. cecorum and determined that this
bacteria caused the disease. Spectral similarity was
performed using the Vitek MS IVD V2, throughput
system MS-CE ver. CLI 2.0.0 (Bruker). The
identification of the causative agent was later verified by
sequencing of the VITEK 2 GP card as well as the 16S
rRNA gene of E. cecorum with 97% similarity. For
molecular identification of the ≈500 bp E. Cecorum, a
polymerase chain reaction amplification of the 16S rRNA
gene was conducted to using the primers 27F
(Microsynth/Seqlab, Goettingen, Germany) (Frank et al.,
2008; Singhal et al., 2015). This application matched a
468-bp sequence and showed 99% congenerical with the
E. cecorum 16S rRNA gene (GenBank accession number:
LDED00000000) (Dolka et al., 2015).

Table 1 shows the confirmed CFU amount and
glucose levels from the liver and T6 vertebrae samples
taken from the experimental and control groups.
According to the post-hoc results, there were significant
relationships between both bacteria (CFU Log10) and
glucose levels (ng/dL Log10) in the broilers. There was a
significant difference between the glucose levels in the
experimental (with KB) and control groups (without KB)
p < 0.05).
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Table 1. Bacterial load in the liver and T6 vertebrae between experimental and control groups as it is related to
glucose levels (p < 0.05).

Group Sum of Squares df Mean Square F Sig. SEM
Experimental Between groups 392.621 7 56.089 94.550 0.000 0.262245

Within groups 42.712 72AAW 0.593
Total 435.332 79

Control Between groups 68.081 7 9.726 209.044 0.000 0.10631
Within groups 3.350 72 0.47

Total 71,430 79
As seen in Fig. 3, the bacterial mean CFU levels of all KB broilers increased in direct proportion to their mean glucose
levels (ng/dL). The linear increase was observed in all samples except for the T6 E. cecorum levels of animals in the
second flock.

Figure 3. The mean bacterial colony forming units (CFUs) and glucose levels in the groups. According to post-hoc
analysis, Enterococcus cecorum CFU-Log10 values increased in direct proportion to glucose levels in the
experimental group compared to that in the control group (*p < 0.05; **p < 0.01; ***p < 0.001).

DISCUSSION

The present study represents the relationship
between blood glucose levels and bacterial load in the
liver and T6 of the animals with KB disease. Our findings
indicated that the bacterial causative agent for KB
disease, E. cecorum, was associated with hyperglycemia
in the broilers.

The present study showed that bacterial infection
was caused by co-infestation of E. cecorum in the
animals with KB symptoms and disorders in their blood
glucose levels, which might contribute to the
degeneration of the inner intestinal wall. To regulate
glucose metabolism, broilers have alfa, beta, delta, and
islet cells in the pancreas, which play roles in regulating
blood glucose levels (Braun et al., 2008; Chassaing et al.,
2017). Any fluctuation in glucose metabolism results in
the destruction of the nervous system. Within this
context, osteoblast damage within the vertebral bones in
animals showing symptoms of lameness is a result of an
inconsistency in glucose levels (Ghodsi et al., 2016).

During acute inflammation, blood glucose levels
rise to meet the energy needs of the body (Zaefarian et

al., 2019). Within this context, catabolic activity damages
broiler bone tissue and may create an opportunity for
bacteria to settle and thrive. In addition, microorganisms
in the chicken litter play an important role in the
pathogenesis of KB disease.

Dolka et al. (2016) have reported that intestinal
colonization, bacteremia, and osteochondrosis dissecans
of the free thoracic vertebrae in early life are crucial to
the pathogenesis of enterococcal spondylitis. Quamar et
al. (2021) have shown that the microbial load of the litter
can be controlled with diet to prevent lameness and
skeletal disorders; however, with a holistic approach,
biosecurity, well-maintained litter, and correct poultry
management should be implemented to reduce the
number of these bacteria in the litter and flora of the
gastrointestinal system. Feed additives can be prepared to
reduce blood glucose levels when bacteria are present
during the growth period of the animals. In addition,
Ebrahimi et al. (2016) have reported that adding dried
orange peel to feed meal decreases glucose levels until
the animals are of slaughter age.

Conclusion: The results of the present study indicated
that a statistically significant level of E. cecorum was
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detected in animals with KB disease compared to that in
the control group. An increase in blood glucose levels in
the sick animals caused an increase in the number of
bacteria in the tissues. Current results showed that E.
cecorum might be an important causative factor in KB
disease. Hyperglycemia can increase the destructive
ability of these bacteria after they enter the body. This
finding indicates that other pathogens might play a major
role in the occurrence of the disease from the bacterial
load in the litter. If some of these pathogens are
prevented from entering the body, the synergistic effect
for developing various diseases can be eliminated. Once
the animals with KB disease have been sent to the
slaughterhouse, the poultry houses should be kept empty
for suitable periods of time and effective disinfectants
should be used to decrease the levels of disease-causing
agents for the next broiler-production period. For early
diagnosis of skeletal-system disorders, blood samples can
be taken from 1-week-old chick and evaluated using
biochemical parameters to help prevent possible diseases
that could be encountered in later ages. Future studies can
reveal the relationship between these diseases in broilers
and breeding animals.
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