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To investigate the correlation between avian tuberculosis and duck amyloidosis, the liver, lung, spleen, kidney,
duodenum and pectoralis muscle of ducks naturally infected with Mycobacterium avium subsp. avium were used
to detect amyloidosis by Congo red staining and potassium permanganate-Congo red staining. The expression
level of IL-1p, IL-6, IL-10, TNF-a and SAA2 were detected by quantitative real-time RT-PCR (qRT-PCR). The
results showed that the liver, lung, spleen, kidney, duodenum and pectoralis muscle of the infected ducks ex-
hibited amyloid proteins under ordinary light microscopy and the polarization light under polarized light mi-
croscopy. However, no amyloid deposition in potassium permanganate-Congo red staining sections indicated
that the amyloidosis was AA amyloidosis. In addition, the expression level of IL-1f, IL-6, IL-10, TNF-a and SAA2
increased from 4 to 43. This study showed that avian tuberculosis could induce secondary amyloidosis in

naturally infected ducks.

1. Introduction

Amyloidosis is a disease caused by the abnormal deposition of in-
soluble amyloid proteins extracellular or blood vessels [1]. Amyloid A
amyloidosis (AA amyloidosis) is systematic amyloidosis, which can
occur in humans, mammals and poultry [2]. The precursor substance of
AA amyloidosis is serum amyloid A (SAA), which is mainly synthesized
by the liver. Drastically increased levels of IL-1, IL-6 and TNF-a sti-
mulate the liver to synthesize SAA when the body is exposed to trauma,
chronic infections, inflammatory stimuli and sustained immune stimu-
lation [3,4]. The remaining N-terminal amino acids are converted to
amyloid protein A after the partial C-terminal amino acid degradation
of SAA [5,6]. The pro-inflammatory cytokines IL-1B and TNF-a are
primary cytokines that stimulating the release of SAA [7]. Although, IL-
6 primarily stimulates the secretion of haptoglobin. It can modulate the
production of IL-1 and TNF-a, and synergistically induces the synthesis
of SAA [7]. IL-10 acts as anti-inflammatory cytokines, inhibits the re-
lease of pro-inflammatory mediators from monocytes/macrophages and

therefore inhibits the secretion of TNF-a, IL-1f, IL-6 [8].

Avian amyloidosis, belongs to AA amyloidosis [1], occurs in nu-
merous bird species [9]. The occurrence of avian amyloidosis is related
to the age, species, feeding management and inflammatory disease.
Amyloidosis occurs in older birds [9]. Exotic, poorly adapted or ex-
cessively aggressive birds are more susceptible to amyloidosis [10].
Chicken AA amyloidosis is referred to as amyloid arthropathy and is
associated with Enterococcus faecalis infection [11]. In waterfowl, AA
amyloidosis is frequently secondary to bumblefoot caused by Staphy-
lococcus infection [2]. Investigations have claimed that birds with tu-
berculosis could be accompanied by amyloidosis [12]. At present, there
are reports about amyloidosis occurrence in wild boars that have been
naturally infected with tuberculosis [3]. This study attempted to ex-
plore the correlation between avian amyloidosis and avian tuberculosis,
in order to supplement the research amyloidosis occurs in domestic
Pekin duck (Anas platyrhynchos domestica).

Abbreviations: MAA, Mycobacterium. avium subsp. avium; AA amyloidosis, Amyloid A amyloidosis; QRT-PCR, quantitative real-time RT-PCR
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2. Materials and methods
2.1. Animals selection

Sixteen Mycobacterium. avium subsp. avium (MAA) infected breeder
Pekin ducks from a duck farm in Sichuan Province, China and two non-
infected ducks from another flock of the same age were used for this
study. Infection and non-infection were confirmed by postmortems,
histology, and PCR amplification of the IS901 and the 16S rRNA genes,
as we reported previously [13]. Ziehl-Neelsen staining was positive for
the tissues with gross lesions. And the single colony incubated by the
tissues homogenate on the Middlebrook 7H10 agar was identified as
MAA by PCR amplification. All eighteen ducks were anesthetized
(pentobarbital sodium, 30 mg/kg of body weight, intravenous injec-
tion) and humanely killed by cervical dislocation. The animal proce-
dures were approved by the Animal Ethics Committee of the Sichuan
Agricultural University (approval 2015-018). Liver, spleen, lung,
kidney, duodenum and pectoralis muscles were collected from the same
regions from all ducks. These organs were fixed in 4% paraformalde-
hyde within 24 h followed by standard paraffin embedding.

2.2. Histopathology of target tissues

All liver, lung, spleen, kidney, duodenum and pectoralis muscle
sections were routinely dewaxed and rehydrated before being stained
with H&E, Congo red and potassium permanganate-Congo red staining.
The specific Congo red staining steps followed the instructions de-
scribed by the Bennhold Congo Red dyeing kit (Solarbio, Beijing).
Briefly, sections were stained in hematoxylin for 5min, then were
stained in Congo red dye for 15 min and were differentiated in 70%
alcohol for 30s. The steps of potassium permanganate-Congo red
staining are as follows: sections were oxidized in potassium perman-
ganate for 5min and were neutralized with 5% oxalic acid solution,
then sections were stained in hematoxylin for 5 min, stained in Congo
red dye for 15 min and differentiated in 70% alcohol for 30s. All sec-
tions were dehydrated in graded alcohol and xylene and then mounted.
All sections were observed under ordinary light microscopy (Nikon
Eclipse 80i, Japan) x 400 magnification and Congo red stained sections
also were observed under DMLP polarized light microscopy (Leica,
Germany) at X 400 magnification. All images were taken using a Spot
Flex camera (Diagnostic, USA). The results of Congo red staining were
classified as follow: ( - ), no amyloid deposition; (1+), mild amyloid
deposition; (2+), moderate amyloid deposition; (3+), severe amyloid
deposition.

2.3. Quantitative real-time RT-PCR for immunological factor monitoring

The total RNA of six infected ducks and two no-infected ducks were
extracted from whole blood following the instructions described by the
RNAiso Plus (Total RNA extraction reagents) (Takara, Japan). cDNA
was inversely transcribed from RNA, following the instructions of the
PrimeScript™ RT reagent Kit with gDNA Eraser (Takara, Japan). The
expression of IL-1f, IL-6, IL-10, TNF-a and SAA2 were measured using
SYBR Green method with SYBR® Premix Ex TaquI (Tli RnaseH Plus)
(Takara, Japan). The GAPDH gene was used as the internal reference
gene. The nucleotide coding region of IL-1f, IL-6, IL-10, TNF-a, SAA2
and GAPDH were found through the National Center of Biotechnology
Information (NCBI) database. These specific primers were designed
with Primer Premier 5.0 software. The primer information for each
gene is shown in the Table 1. The qRT-PCR reaction system was as
follows: 2L cDNA template, 10 uL. SYBR® Premix Ex Taq II, 0.8 uL
forward primer, 0.8 uL reverse primer, 6.4 uL. RNase Free H,O. The
reaction procedure was as follows: predegeneration 95°C, 30s; de-
generation 95 °C, 3s; annealing and extension 60 °C, 30s, 39 cycles;
65 °C, 5s.

The results were analyzed using the 2“2t method by Bio-Rad CFX
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Table 1

Primers utilized in the qRT-PCR.
primer Sequence (573") product size  annealing

(bp) temperature(°C)

IL-1B F GCTACACCCGCTCACAGTCCTT 123 61.4
IL-1B R GCCTCACTTTCTGGCTGGATG
IL-6 F TACCCAGAAATCCCTCCTCACA 125 61.4
IL-6 R AATAGCGAACAGCCCTCACG
IL-10 F GCCTCCACTTGTCTGACCTCCTA 181 64.5
IL-10 R AACCGCATCATCTCCAGCAC
TNF-a F TTTTATGACCGCCCAGTT 114 59
TNF-a R TAGGCAGAGGCCACCA
SAA2 F GCTGTTATTGTGTGTGCAAGTGC 179 61.4
SAA2 R CCTCTTCGGGCAGCATCAT
GAPDHF TGCTTGCTGCTCCTCCTCAT 110 59
GAPDHR TGGCTACCACTTGGACTTTGC

manager version 3.0 (Bio-Rad). Each gene was tested independently
three times and repeated three times. The statistical significance of the
data was analyzed using unpaired Student's t-tests performed in
GraphPad Prism 7 software. The statistical significance of the difference
is indicated: *, P < 0.05; **, P < 0.01; *** P < 0.001; *¥***,
P < 0.0001.

3. Results
3.1. Qualitative assessment of amyloid deposits in tissue samples

H&E and Congo red staining showed that amyloid proteins could be
detected in the liver, lung, spleen, kidney, duodenum and pectoralis
muscle. For the same tissue, the areas of amyloid protein were detected
by the two methods were consistent (Fig. 1). In the liver, amyloid
proteins were mainly deposited in hepatic sinusoids, and a large
amount of amyloid proteins extruded hepatocytes. In addition, there
was a certain amount of amyloid deposition around the blood vessel
wall of the liver. In the lung, only a small amount of amyloid deposits
was detected around the walls of the blood vessels. In the spleen, diffuse
amyloid proteins were deposited between the splenic pulp. In the
kidney, amyloid proteins were deposited in the glomerular capillary
interstitium, the renal tubule interstitial tissue and around the walls of
the blood vessels. In the duodenum, diffuse amyloid deposits were
deposited in the lamina propria of the intestinal villi. There was a small
amount of amyloid deposition around the walls of the blood vessels of
the duodenum serosa. In the pectoralis muscle, no granulomatous
formed, only a small amount of amyloid deposits was detected around
the walls of the blood vessels. The polarization light under polarized
light microscopy could be observed in all the sections with Congo red
positive staining (Fig. 1).

Potassium permanganate-Congo red staining sections were observed
under ordinary light microscopy at X 400 magnification. There was no
amyloid protein deposition in 16 infected duck liver, lung, spleen,
kidney, duodenum and pectoralis muscle samples (Fig. 2). Amyloid
protein can no longer be stained by Congo red dye after oxidation of
potassium permanganate.

3.2. Quantitative assessment of amyloid deposits in tissue samples

Although amyloid protein deposition could be observed in the liver,
lung, spleen, kidney, duodenum and pectoralis muscle, the degree of
amyloidosis was different (Table 2). The most severe occurrence of
amyloid protein was observed in the duodenum. 14 (87.50%) duo-
denum samples showed amyloidosis, of which 12 (75.00%) had serious
amyloidosis. The liver and spleen showed moderately severe amyloi-
dosis, both of which had amyloidosis detected in 11 samples, and the
sample sizes of severe amyloidosis were 5 (31.25%) and 7 (43.75%),
respectively. Mild amyloidosis occurred in the kidneys; although
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Fig. 1. H&E and Congo red staining staining of liver, lung, spleen, kidney, duodenum and pectoralis muscle sections in domestic Pekin ducks infected with avian
tuberculosis and normal Pekin ducks observed under ordinary light microscopy. And congo red staining sections observed under polarized light microscopy.

Bar = 75 um.

amyloidosis was detected in 8 (50.00%) kidney samples, but only 3
(18.75%) instances of severe amyloidosis occurred. In the pectoralis
muscle, only 6 (37.50%) of the samples showed mild amyloidosis. In
the lung, amyloidosis was only detected in 5 (31.25%) of the samples,
of which 4 (25.00%) samples were mild cases of amyloidosis.

3.3. Quantitative real-time RT-PCR for immunological factor monitoring

The results showed that the levels of IL-1, IL-6 and IL-10 increased
to different degrees in six blood samples, and the levels of TNF-a and
SAA2 were significantly increase in some blood samples (Fig. 3). The
expression of IL-1 increased by 4-43 fold in six blood samples. The
expression of IL-6 increased by 4-17 fold in six blood samples. The
expression of IL-10 approximately increased by 4 fold in the six blood
samples. There was no significant change in the expression of TNF-a in
two blood samples, but the levels of TNF-a increased by 4-9 fold in
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other four samples. The levels of SAA2 increased by 6-28 fold in four
blood sample, while no significant changes was observed in other two
blood samples. The comparison results of IL-1, IL-6 and SAA2 expres-
sion were shown in Fig. 4. The expression of IL-6 was higher than that
of corresponding IL-10 in four blood samples, the expression level of IL-
6 was similar to that of corresponding IL-10 in other two blood samples,
and the increase of the expression level of IL-6 was lower.

4. Discussion

Amyloid proteins were observed in each tissue under ordinary light
microscopy and special light birefringence were observed under po-
larized light microscopy in Congo red staining sections. The results
showed that amyloidosis occurred in the ducks infected with MAA, but
the severity of amyloidosis was different. Amyloidosis was severe in the
duodenum, liver and spleen, but amyloidosis was mild in the lung,
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Fig. 2. Potassium permanganate-Congo red staining of liver, lung, spleen, kidney, duodenum and pectoralis muscle sections in domestic Pekin ducks infected with
avian tuberculosis and normal Pekin ducks observed under ordinary light microscopy. Bar = 75 pm.
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Table 2

Results from Congo red staining of the MAA infected duck tissues.

Number of positive results (%)

Total - 1+ 2+ 3+ Positive
Liver 16 5(31.25)  2(12.50) 4(25.00) 5(31.25) 11(68.75)
Lung 16 11(68.75) 4(25.00) 1(6.25) 0(0.00) 5(31.25)
Spleen 16 5(31.25)  2(12.50) 2(12.50) 7(43.75) 11(68.75)
Kidney 16 8(50.00)  4(25.00) 1(6.25) 3(18.75)  8(50.00)
Duodenum 16 2(12.50)  0(0.00)  2(12.50) 12(75.00) 14(87.50)
Pectoralis 16 10(62.50) 6(37.50) 0(0.00) 0(0.00) 6(37.50)

muscle

Percentage (%): the ratio of the number of tissues had positive staining to the
total number of tissues. ( - ): No amyloid deposition; (1+) : Mild amyloid de-
position; (2 +): Moderate amyloid deposition; (3 +): Severe amyloid deposition.

kidney and pectoralis muscle. Some study have claimed that the liver,
spleen, intestines and kidneys are the major organs affected by amy-
loidosis [14,15], similar to the study results. More serious amyloidosis
was observed in the duodenum, liver and spleen, which might be
caused by their normal structure containing abundant macrophages
which one of the main cells that secrete the inflammatory cytokines [7].
Thus they could stimulate the synthesis of serum amyloid protein,
leading to a more severe amyloid protein deposition. Muscle amyloi-
dosis was rare, but it was observed occurring in the muscle of chickens
that had received multiple vaccinations. The muscle that had received
vaccinations could form granulomas, and amyloids could be deposited
in the granulomas [16,17]. These previous observations are different
from the results of this study in which the pectoralis muscle did not
have typical granulomatous formations and the amyloids were only
deposited only around the vessel wall.

Potassium  permanganate-Congo red staining and
munohistochemistry can distinguish AA amyloidosis and AL amyloi-
dosis. Because of the lack of specific antibodies, the use of
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Fig. 4. The comparsion result of the relative expression of IL-6, IL-10 and SAA2.
The differences between the expression of IL-6 and IL-10 for each group were
calculated separately, and the statistical significance of the difference is in-
dicated: *, P < 0.05; **, P < 0.01; *** P < 0.001; **** P < 0.0001.
Statistical significance between groups was assessed by unpaired Student's t-
tests (n = 3).

immunohistochemistry is limited. In contrast, potassium permanga-
nate-Congo red staining has the advantages of simple operation, low
cost and high practicability [18,19]. Potassium permanganate-Congo
red staining sections did not observed amyloidosis. The results showed
that amyloid protein could not be stained with Congo red dye because
the structure was changed after the potassium permanganate oxidation
reaction, which is consistent with the characteristics of secondary
amyloid proteins. In conclusion, the liver, lung, spleen, kidney, duo-
denum and pectoralis muscle of ducks naturally infected with MAA had
AA amyloidosis.

The relative expression of IL-1 and IL-6 were increased to different
degrees. These results were consistent with previous study. The levels of
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Fig. 3. The relative expression of IL-1p, IL-6, IL-10, TNF-a and SAA2 in blood of infected ducks. The differences between the infected blood and normal blood were
calculated separately, and the statistical significance of the difference is indicated: *, P < 0.05; **, P < 0.01; ***, P < 0.001; **** P < 0.0001. Statistical
significance between groups was assessed by unpaired Student's t-tests (n = 3).
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IL-1 and IL-6 were significantly increased by experimental induced
amyloidosis in chickens [20] and mice [21]. Muhammed et al research
showed that the expression levels of IL-10 continuously drastically in-
creased and the levels of IL-10 was higher than that of IL-6 when the
mice were subjected to multiple acute stimuli [21,22]. The above re-
sults were contrary to the results obtained in this study, which the le-
vels of IL-10 only slightly increased and the levels of IL-6 was higher
than IL-10. This might be due to the animals were subjected different
stimulated. Pekin ducks which were naturally infected with MAA, were
subjected to a continuous inflammatory stimulus. Sevimli et al research
showed that TNF-a was an important factor in inducing amyloidosis in
chickens [23], which is basically consistent with this study that the
levels of TNF-a increased to a certain extent. The expression of SAA2
did not change significantly in the other two blood samples. In these
two blood samples, the levels of IL-6 and IL-10 were the same. It is
possible that IL-6 and IL-10 are antagonistic to each other, resulting in
decreased synthesis of SAA2 in the hepatic [8,24]. Some studies have
shown that the increase of the blood acute phase protein in chronic
inflammation was lower than in acute inflammation [7]. This finding
could also support the observation of low expression level for SAA2 in
this study.

Tuberculous granulomas in Pekin ducks that were confirmed only
infected with MAA [13] include macrophages and fibroblasts, which
are the main cells that secrete inflammatory cytokines [25]. Therefore,
these Pekin ducks had long been stimulated by continuous inflamma-
tion, and synthesized excessive inflammatory cytokines, such as IL-1f,
IL-6, and TNF-a. These inflammatory cytokines stimulate the liver to
synthesize excessive SAA, further forming AA amyloidosis. In short,
secondary amyloidosis in these infected ducks was caused by avian
tuberculosis.

However, the ducks in this study were naturally infected, so this
study could not investigate the time at which the expression level of IL-
1B, IL-6, IL-10, TNF-a and SAA2 started to increase and when amy-
loidosis formed after infection. Additionally, this study was unable to
explore the correlation between the expression levels of IL-18, IL-6, IL-
10, TNF-a and SAA2 and the degree of amyloidosis.

Funding

This work was supported by the National Key Research and
Development Program of China [Grant number 2017YFD050080],
China Agricultural Research System [Grant number CARS-42-17] and
Special Fund for Key Laboratory of Animal Disease and Human Health
of Sichuan Province [Grant number 2016JPT0004].
Declaration of interest

None.

Ethical approval

Not required.

Comparative Immunology, Microbiology and Infectious Diseases 63 (2019) 136-141

References

[1] M. Woldemeskel, A concise review of amyloidosis in animals, Vet. Med. Int. (2012)
427296.

T. Murakami, Y. Inoshima, N. Ishiguro, Systemic AA amyloidosis as a prion-like
disorder, Virus Res. 207 (2015) 76-81.

J. Segales, J. Vicente, L. Lujan, M.J. Toussaint, E. Gruys, C. Gortazar, Systemic AA-
amyloidosis in a European wild boar (Sus scrofa) suffering from generalized tu-
berculosis, J. Vet. Med. A Physiol. Pathol. Clin. Med. 52 (3) (2005) 135-137.

C. Rocken, A. Shakespeare, Pathology, diagnosis and pathogenesis of AA amyloi-
dosis, Virchows Arch 440 (2) (2002) 111-122.

G. Merlini, V. Bellotti, Molecular mechanisms of amyloidosis, N. Engl. J. Med. 349
(6) (2003) 583-596.

C. Cray, J. Zaias, N.H. Altman, Acute phase response in animals: a review, Comp.
Med. 59 (6) (2009) 517-526.

H.H. Petersen, J.P. Nielsen, P.M. Heegaard, Application of acute phase protein
measurements in veterinary clinical chemistry, Vet. Res. 35 (2) (2004) 163-187.
R. Sabat, G. Grutz, K. Warszawska, S. Kirsch, E. Witte, K. Wolk, J. Geginat, Biology
of interleukin-10, Cytokine Growth Factor Rev. 21 (5) (2010) 331-344.

D.F. Cowan, Avian amyloidosis. I. General incidence in zoo birds, Pathol. Vet. 5 (1)
(1968) 51-58.

D.F. Cowan, Avian amyloidosis. II. Incidence and contributing factors in the family
anatidae, Pathol. Vet. 5 (1) (1968) 59-66.

A. Steentjes, K.T. Veldman, D.J. Mevius, W.J. Landman, Molecular epidemiology of
unilateral amyloid arthropathy in broiler breeders associated with Enterococcus
faecalis, Avian Pathol. 31 (1) (2002) 31-39.

A. Brassard, Amyloidosis in captive anseriformes, Can. J. Comp. Med. Vet. Sci. 29
(10) (1965) 253-258.

D.K. Zhu, X.H. Song, J.B. Wang, W.S. Zhou, X.M. Ou, H.X. Chen, M.F. Liu,

M.S. Wang, R.Y. Jia, S. Chen, K.F. Sun, Q. Yang, Y. Wu, X.Y. Chen, A.C. Cheng,
Outbreak of avian tuberculosis in commercial domestic pekin ducks (Anas pla-
tyrhynchos domestica), Avian Dis. 60 (3) (2016) 677-680.

S. Tanaka, C. Dan, H. Kawano, M. Omoto, T. Ishihara, Pathological study on
amyloidosis in cygnus olor (mute swan) and other waterfowl, Med. Mol. Morphol. 41
(2) (2008) 99-108.

W.J. Landman, E. Gruys, A.L. Gielkens, Avian amyloidosis, Avian Pathol. 27 (5)
(1998) 437-449.

T. Murakami, N. Muhammad, Y. Inoshima, T. Yanai, M. Goryo, N. Ishiguro,
Experimental induction and oral transmission of avian AA amyloidosis in vacci-
nated white hens, Amyloid 20 (2) (2013) 80-85.

T. Murakami, Y. Inoshima, E. Sakamoto, H. Fukushi, H. Sakai, T. Yanai, N. Ishiguro,
AA amyloidosis in vaccinated growing chickens, J. Comp. Pathol. 149 (2-3) (2013)
291-297.

F.S. Buck, M.N. Koss, Hepatic amyloidosis: morphologic differences between sys-
temic AL and AA types, Hum. Pathol. 22 (9) (1991) 904-907.

S. Janssen, J.D. Elema, M.H. van Rijswijk, P.C. Limburg, S. Meijer, E. Mandema,
Classification of amyloidosis: immunohistochemistry versus the potassium per-
manganate method in differentiating AA from AL amyloidosis, Appl. Pathol. 3 (1-2)
(1985) 29-38.

A. Sevimli, D. Misirlioglu, A. Yagci, A. Bulbul, A. Yilmaztepe, K. Altunbas, The role
of chicken IL-1beta, IL-6 and TNF-alpha in the occurrence of amyloid arthropathy,
Vet. Res. Commun. 32 (7) (2008) 499-508.

N. Muhammad, T. Murakami, Y. Inoshima, N. Ishiguro, Longitudinal study of ex-
perimental induction of AA amyloidosis in mice seeded with homologous and
heterologous AA fibrils, Inflamm. Res. 65 (9) (2016) 689-699.

N. Muhammad, T. Murakami, Y. Inoshima, N. Ishiguro, Long-term kinetics of AA
amyloidosis and effects of inflammatory restimulation after disappearance of
amyloid depositions in mice, Clin. Exp. Immunol. 181 (1) (2015) 133-141.

A. Sevimli, T. Bulbul, A. Bulbul, A. Yagci, Chicken amyloid arthropathy: serum
amyloid a, interleukin-1beta, interleukin-6, tumour necrosis factor-alpha and nitric
oxide profile in acute phase (12th hour), Pol. J. Vet. Sci. 16 (2) (2013) 241-247.
K.W. Moore, R. de Waal Malefyt, R.L. Coffman, A. O’Garra, Interleukin-10 and the
interleukin-10 receptor, Annu. Rev. Immunol. 19 (2001) 683-765.

1. Spitzbarth, W. Baumgartner, A. Beineke, The role of pro- and anti-inflammatory
cytokines in the pathogenesis of spontaneous canine CNS diseases, Vet. Immunol.
Immunopathol. 147 (1-2) (2012) 6-24.

[2]
[3]

[4]
[5]
[6]
[7]
[8]
[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]


http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0005
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0005
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0010
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0010
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0015
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0015
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0015
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0020
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0020
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0025
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0025
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0030
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0030
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0035
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0035
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0040
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0040
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0045
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0045
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0050
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0050
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0055
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0055
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0055
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0060
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0060
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0065
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0065
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0065
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0065
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0070
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0070
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0070
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0075
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0075
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0080
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0080
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0080
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0085
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0085
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0085
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0090
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0090
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0095
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0095
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0095
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0095
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0100
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0100
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0100
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0105
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0105
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0105
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0110
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0110
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0110
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0115
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0115
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0115
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0120
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0120
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0125
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0125
http://refhub.elsevier.com/S0147-9571(19)30028-1/sbref0125

	Amyloid A amyloidosis secondary to avian tuberculosis in naturally infected domestic pekin ducks (Anas platyrhynchos domestica)
	Introduction
	Materials and methods
	Animals selection
	Histopathology of target tissues
	Quantitative real-time RT-PCR for immunological factor monitoring

	Results
	Qualitative assessment of amyloid deposits in tissue samples
	Quantitative assessment of amyloid deposits in tissue samples
	Quantitative real-time RT-PCR for immunological factor monitoring

	Discussion
	Funding
	Declaration of interest
	Ethical approval
	References




