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Abstract: Anaplasmosis in dog is caused by Anaplasma phagocytophilum, a gram-negative, mandatory intracellular
bacteria. It is transmitted through vector tick. Clinically, the acute bacterial phase is the most common in dogs.
Animals with clinical disease due to acute infection often have vague symptoms of the disease, including fever,
drowsiness, weakness, loss of appetite, and muscle pain. Hepcidin, on the other hand, is a peptide hormone and also
plays a role as a type II acute phase reactant and regulator of iron metabolism. The aim of the study was to evaluate
the relationship between hepcidin and some anemia parameters in Anaplasma phagocytophilum seropositive dogs
and to learn about the use of hepcidin as a biomarker. In the study, a total of 30 dogs, 20 of which were positive for
Anaplasma phagocytophilum, and 10 healthy dogs in the control group were used. In both groups, complete blood
counts were performed. Hepcidin, iron, ALT, AST and ALP values were also measured in serum samples collected.
When the parameters of the control and study groups were evaluated, the difference between iron, hepcidin, ALT,
AST, ALP values were found statistically significant (p<<0.05). As a result, hepcidin values between the two groups
were statistically significant (p<0.05) and it was concluded that hepcidin could be used as a biomarker in the diagnosis
of anaplasma infection in dogs with other parameters.
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Oz: Kopek anaplazmozisi, gram negatif, zorunlu hicre ici bir bakteri olan _Anaplasma phagocytophilun? dan
kaynaklanmaktadir. Bu bakteri vektor kene araciligy ile bulagma saglanmaktadir. Akut enfeksiyona baglt klinik hastaligi
olan hayvanlarda genellikle ates, uyusukluk, halsizlik, istahsizlik ve kas agrilar1 da dahil olmak tzere hastaligin belirsiz
belirtileri gérulmektedir. Hepsidin ise, peptid yapida bir hormone olup aynt zamanda tip II akut faz reaktant ve demir
metabolizmasinda dizenleyici olarak rol almaktadir. Arastirmanin amact Awnaplasma phagocytophilum seropozitif
kopeklerde bazt anemi parametreleri ile hepsidin arasindaki iligkiyi degerlendirmek ve hepsidinin biyomarker olarak
kullanim1 hakkinda bilgi edinmektir. Calismada Anaplasma phagocytophilum yoéntunden pozitif olan 20 adet, kontrol
grubunda da saglikli 10 adet olmak tizere toplam 30 adet képek kullanilmustir. Her iki gruptaki képeklerden alinan
kanlarda tam kan sayimi yapilmistir. Ayrica hepsidin, demir, ALT, AST ve ALP degerleri toplanan serum 6rneklerinde
Slcilmustir. Kontrol ve ¢alisma gruplarinin parametreleri degerlendirildiginde demir, hepsidin, ALT, AST, ALP
degerleri arasindaki fark istatistiksel olarak anlamli bulundu (p <0.05). Sonug olarak iki grup arasinda hepsidin degerleri
istatistiksel ac¢idan 6nemli (p<<0.05) bulunarak, képeklerde anaplasma enfeksiyonu teshisinde hepsidinin diger
parametreler esliginde biyomarker olarak kullanilabilecegi kanaatine varidmugtir.

Anahtar Kelimeler: Hepsidin, Anaplasma, Anemi.

“Corresponding author : Sima SAHINDURAN e-mail : sahinduran@mehmetakif.edu.tr
Gelis tarihi / Received: 29.09.2020 Kabul tarihi / Accepted: 16.11.2020
Introduction (Lai et al., 2009). Although these bacteria are not
contagious, they are transmitted by vector ticks or
Members of the Anaplasmateceae family are gram- trematodes (Rikihisa, 20006). . ricinus tick species
negative  compulsory intracellular - pleomorphic are responsible for the contamination in Turkey
cocci and are proliferated in membrane-bound (Lee et al., 2003). The disease-causing species in
vacuoles  (morula) in the cytoplasm of the dogs are A. phagocytophilum and A. platys, and A.
hematopoietic specific host cell or invertebrates phagocytophilum is the etiological agent of dog
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granulocytic anaplasmosis (CGA) that previously
known as granulocytic chrlichiosis (Tung¢ and
Aktas, 2016; Cockwill et al., 2009). Although the
findings of A.

phagocytophilum are not specific; it is drowsiness,

most common  clinical
anorexia and fever. Other findings are pale
mucosa, gastrointestinal symptoms (vomiting,
diarrhea), slightly enlarged lymph nodes,
tachypnea and surface bleeding (petechia, melena
or nosebleeds). Rarely, collapse, mild cough,
uveitis, limb edema and polydipsia / polyutia have
been reported (Eberts et al., 2011; Sainz et al.,
2015). A. phagocytophilum infection may trigger
some immunopathies such as immune-mediated
thrombocytopenia / anemia (Kohn et al., 2008).
Iron metabolism is significantly linked to host
defense responses. In response to inflaimmatory
stimuli, macrophages reduce iron absorption and
affect growth rates to protect against pathogens.
Cytokines such as TNF-a (tumor necrosis factor
alpha), 1L-1 (interleukin-1), IL-6 (interleukin-6),
iron intake network, iron storage (H- and L-
ferritin) and effect in iron regulatory system
(Falzacappa and Muckenthaler, 2005; Ganz, 2000).

In the acute phase of the inflammation, proteins
that show significant changes in blood levels are
called acute phase protein (APP). Acute phase
proteins are used to assess the response of the
body's immune system to inflammation or trauma
(Muratta et al. 2004; Petersen et al. 2004). Their
secretion is regulated by the proinflamatory
cytokines, in particular interleukin 6 (IL-0)
(Muratta et al. 2004).

Hepcidin is a hormone that has multiple functions
and a peptide structure (Krause et al. 2000).
Hepcidin has been studied in human and many
animal species (mice, rats, pigs, fish, dogs) to date.
In a study on healthy canine tissues, hepcidin was
found to be secreted mostly in the liver and less in
the lungs and kidneys but not in other tissues (Fry
et al., 2004). Hepatic hepcidin production is under
the influence of many stimulants such as low levels
of iron and erythropoietic activation. Also some
cytokines, especially 1L-6, increase the level of
hepcidin (Kemna et al., 2005). Hepcidin also
assists host defense due to its direct antimicrobial
properties (Falzacappa and Muckenthaler, 2005;

Wessling-Resnick, 2010). Inflammation states
stimulate hepcidin production and increase its
release, leading to a decrease in iron secretion from
macrophages and a decrease in plasma iron levels
(Coyne DW, 2011; Nemeth et al, 2003). In
addition, the iron balance in the body is balanced
by hepcidin. In iron deficiency, hepcidin level
increases and there is a negative correlation
between iron deficiency and hepcidin (Coyne,
2011).

The aim of this study was to investigate the
relationship between anemia and iron level in
blood with hepcidin level in infected dogs with A.
phagocytophilum.

Material and Merhods

This research was carried out on the basis of the
permission of Mehmet Akif Ersoy University
Local Animal Ethics Committee dated 10.10.2018
and numbered 447.

The research material consisted of dogs brought
to the Vetopya Veterinary Clinic in Antalya
Désemealtt District for vaccination, examination,
treatment and control. The owners of the animals
in the study were informed about the applications.
Blood samples were collected by considering
clinical symptoms and criteria such as weakness,
anorexia, weight loss and weakness, Polydipsia /

Polyuria and anemia in animals to form the study

group.

Antibody immunochromatographic assay CaniV-4
(Dirofloria immitis antigen, Ehrlichia canis
antibody test, Borrelia burgdorferi antibody test
and Anaplasma phogocytophilum antibody
detection) Kit (BioNote, Inc. Repubc of) were
used to identify anaplasma phagocytophilum
with  A.
phagocytophilum seropositive were included in

seropositive  dogs. Only dogs

the study. According to the above-mentioned
criteria, only anaplasma-positive 20 blood samples
were collected. These samples were gathered out
of different breed dogs with 6 females and 14
males (aged 7 months — 8 years). Animals in
control grup consist of 4 females and 6 males
healthy dogs.
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Complete blood counts of the dogs were
performed in both groups (Diatron Abacus Junior
Vet Hematology Analyzer, S / N 130702 model).
The blood samples were coagulated, and their sera
were separated in the cooled centrifuge at 4000
rpm for 5 min. The resulting serum samples were
transferred to Eppendorf tubes (1.5 ml) evenly
using micropipette. The tubes were recorded with
their sample numbers, and stoted at -20°C until
used.

In addition, Fe, ALP, AST and ALT values were
measured in serum samples collected. In the
results obtained, Fe, ALP, AST and ALT values of
the animals in the study and control groups were
compared. Biochemical analysis was done with
Gesan Chem 200-1102422 (Italy) autoanalysor
device.

Hepcidin values in blood serum were measured by
ELISA (Enzyme-Linked Immunosorbent Assay)

method. Dog specific hepcidin ELISA kits (YL-
Biont, Shanghai yl Biotech Co., Ltd. (China) were
used in the study. In order to increase the reliability
of the study, serum samples were run in duplicate.
Microsoft Office® Excel program was used in
calculations after ELISA measurement. The data
obtained at the end of the process were calculated
by the calculation method in the kit and slope
graphics were created and samples were calculated
in accordance with this slope.

Statistical Analysis

The findings were evaluated using the IBM SPSS
22.0 for Windows package program. The Shapiro-
Wilk test was used when the data was applied to
the normal distribution. Due to the normal
distribution of data, binary group comparisons
were determined by the Mann Whitney U test. p
<0.05 value limit was accepted.

Table 1. Mean values of some hematological parameters of cats in study and control groups.

Study group (n=20)

Control group (n=10)

X+t ss Xt ss p
Parametre m(min-max) m(min-max)
WBC (10°/L) 34.48+30.07» 11.2442.43b 0.000
25.22 (9.60-117.50) 10.71 (8.40-17.30)
LYMPH# (10°/L) 14.42430.07» 2.40+1.62> 0.000
25.22 (9.60-117.50) 2.07 (0.00-6.10)
MON# (10°/L) 1.564+1.56 0.2840.18> 0.000
1.00 (0.12-6.20) 0.30 (0.00-0.70)
GRAN# (10°/L) 18.23+15.502 9.7343.98: 0.061
16.45 (0.00-66.40) 10.57 (0.00-14.90)
RBC (10°/L) 4.5241.502 6.27+2.39b 0.003
4.24 (2.36-8.33) 6.96 (00.00-8.51)
HGB (g/dL) 5.66+4.20 5.91+7.66° 0.645
4.75 (0.00-11.70) 0.00 (0.00-15.67)
HCT (%) 8.62+12,25b 18.49423,99b 0.422
0.00 (0.00-30.02) 0.00 (0.00-50.87)
PLT (10°/L) 285.004122,002 451.004127.412 0.001

264.00 (90.00-657.00)

468.50 (275.00-689.00)

WBC: Leukocyte, LYM: Lymphocyte, MON: Monocytes, NEU: Neutrophil, RBC: Erythrocyte, HGB:
Hemoglobin, HCT: Hematocrit, MCV: Mean cell volume, PLT: Platelets.
There is a statistical difference between columns containing different letters (p <0.05).

Results

The blood samples taken from the dogs in both
groups were analyzed in the blood counting device
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without delay and hematology results were
obtained.

While there were no differences in the granulocyte,
hemoglobin and hematocrit between the two
groups (p>0.05) , difterences between leukocyte
(p<0.05), (p<0.05),
(p<0.05), (p<0.05)

lymphocyte
erythrocyte

monocyte
and platelet

(p<0.05) values were significant between two
groups (Table 1).

When the parameters of the control and study
groups were evaluated, the difference between
iron (p<0.05), hepcidin (p<0.05), ALT (p<0.05),
AST (p<0.05), ALP (p<0.05) values were found
statistically significant. Iron, hepcidin, ALT, AST
and ALP values are shown in Table 2.

Table 2. Mean values of iron, hepcidin, ALT, AST, ALP values between study and control groups.

Study group (n=20)

Control group (n=10)

X tss Xt ss p
Parametre m(min-max) m(min-max)
Fe (ng/dL) 72.50+17.022 145.70+56.51b 0.000
74.50 (52.00-101.00) 130.00 (85.00-251.00)

ALT (U/L) 157.00+62.91» 55.64+13.23b 0.000
176.00 (31.00-281.00) 54.10 (38.00-79.10)

AST (U/L) 171.10198.43# 37.01£14.09° 0.000
131.00 (46.50-395.20) 32.60 (24.60-65.00)

ALP (U/L) 423.23+243.92¢ 153.80452.02b 0.000
350.00 (71.00-1015.00) 123.00 (112.00-270.00)

Hepsidin (ng/ml) 36.16£12.994 11.83£3.090 0.000

35.41 (10.28-62.14)

11.34 (7.84-16.71)

There is a statistical difference between columns containing different letters (p <0.05).

Discussion

Dog granulocyte anaplasmosis disease (CGA) is a
vector-borne infectious disease that occurs by
Anaplasma  phagocytophilum, which is a
mandatory intracellular bacteria found in the

Anaplasmataceae family (Chirek et al., 2018).

Although clinical findings are not specific,

lethargy, anorexia, pale
polyuria, polydipsia can be seen (Eberts et al.,
2011). All dogs in the study group had a history of

weight loss, fever, anorexia, polyuria, polydipsia.

mucosa, vomiting,

The detection of the disease is done by direct
blood
neutrophils are observed in up to 60% of clinical

spreading method, and morulae in
cases (Kohn et al., 2008). However, morulae can
also be seen in Ehrlichia ewengii, which infect
neutrophils, so other diagnostic methods must be
used. Since 2006, ELISA SNAP 4Dx test kit has
been used in practice and detects Ig M and Ig G

93

antibodies against A. phagocytophilum (Shaw et
al.,, 2001).

In one study, fever, high respiratory rate, vomiting,
and diarrhea were observed among the first clinical

findings in  Anaplasma  phagocytophilum
seropositive dogs. Hematological evaluation
revealed thrombocytopenia, leukopenia,

lymphopenia and neutropenia. In biochemical
analysis, high serum ALT, AST values were
obtained (Granick et al., 2009). In another study,
severe thrombocytopenia and lymphopenia were
observed in hematological evaluation, hemoglobin
and hematocrit values were within the normal
reference range. In biochemical analysis, ALT and
AST values were obtained in the range of normal
values with high serum ALP value (Melter et al.,
2007). In our study, apart from similar findings,
high ALP, AST and ALT values were obtained in
serum biochemistry analysis and were found
statistically significant (p <0.05). Also, unlike this
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study, thrombocytopenia is mild and decreases
within normal values. Although the mechanism of
thrombocytopenia is not fully known, it is thought
to be related to the increase in platelet activation
and consumption due to the inflammation formed
in endothelial cells (Bexfield et al, 2005). In
another  study, sever thrombocytopenia,
leukocytosis and anemia were observed, and it was
reported that leukopenia is a less common finding.
In serum biochemical analysis results, ALT and
ALP values were reported to be high (Jensen et al.,
2007). The findings in this study are similar to the
findings in our study. As a result of serum
biochemical analysis, an increase in ALP, ALT,
AST wvalues was observed (p <0.05). The
mechanism of increases in liver transaminases is
unknown. It is thought that the increase in
transaminase values may be associated with the
suppression of the immune system formed due to
A. phagocytophilum infection and septicemia
caused by secondary infections (Melter et al;
2007). In addition, as a result of anemia, which is
a symptom of the disease, damage to liver, kidney
and muscle tissue cells occurs due to hypoxia and
it has been reported that it may cause an increase
in enzyme values (Costa et al., 2012).

Plier et al. (2009) found intermittent cough with
fever, weakness, anorexia, bronchovesicular
sounds in thoracic auscultation. It has been
reported  that  severe  thrombocytopenia,

normocytic ~ normochromic  anemia  and
leukocytosis are seen in blood parameters.
Moderately increased ALP has been reported in
serum biochemistry analysis. Although cough has
been identified in  both

experimentally infected dogs with Anaplasma

naturally  and

phagocytophilum, pneumonia was documented
for the first time in this study. The absence of any
organism causing pneumonia in the samples taken
from the lung, but the detection of the morulae in
the neutrophils obtained from the lungs suggests
that pneumonia is caused by A. phagocytophilum.

Hepsidin is a peptide hormone. Because of its
antibacterial and antifungal properties, hepcidin
was originally identified as an antimicrobial
peptide produced in the liver (KKrause et al., 2000;
Park et al., 2001). However, studies have reported

that it is a type 1I acute phase reactant and plays a
role in iron metabolism (Frazer et al., 2002;
Nicolas et al., 2002). Hepsidin is responsible for
the recycling of iron and the regulation of iron
balance. Excessive iron excess stimulates the
production of hepcidin and the increase of the
hormone decreases the iron concentration, thus
preventing excess iron loading. Otherwise,
hepcidin is suppressed in iron deficiency. This
ensures dietary iron absorption and regeneration
of iron stores (Zhang et al., 2009).

Cai et al. (2016) showed that in babies with iron
deficiency anemia, hepcidin level increased after
treatment. Park et al. (2006) reported an increase
in hepcidin levels as a result of erythropoietic
activity ~ suppression after treatment with
chemotherapy in anemic mice. Park et al. (2001)
reported in another study that there was a
significant increase in hepcidin levels after iron
replacement in anemic mice. While the production
of hepcidin is stimulated by the presence of iron
and inflammation, it is inhibited in cases of
erythropoiesis due to anemia and hypoxia
(Falzacappa and Muckenthaler, 2005; Ganz, 2000).

Kali et al. (2015) reported that hepcidin was
triggered by IL-6 during inflaimmation and could
be used as an important marker in sepsis and
inflammatory reactions. Nemeth et al. (2003)
reported that in patients with infection and
inflammatory disease, iron overload by transfusion
increased the excretion of hepcidin in the urine,
and the mRNA of hepcidin was significantly
induced by in vitro IL-6. Huang et al. (2017) have
been shown to increase the release of hepcidin in
the liver tissue of mice whose endotoxemia model
was created by injecting lipopolysaccharide. In a
study, Sahinduran et al. (2016) reported for the
first time that hepcidin value showed a statistically
significant difference (p<<0.001) in dogs with
parvoviral infection compared to healthy ones.

In this study, for the first time, the relationship
between some parameters of anemia and hepcidin
was investigated in A. phagocytophilum
seropositive dogs. As a result of the study, iron
value was found as 145.70 + 56.51 (ug / dL) in

healthy dogs, and in seropositive dogs with
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A.phagocytophilum was found as 72.50 * 17.02
(ng / dL) (p<0.05). Hepcidin values were found as
11.83 £ 3.09 (ug / ml) in healthy dogs, and in
seropositive dogs with A.phagocytophilum was
found as 36.16 + 12.99 (ug / ml). In the statistical
evaluation between the two groups, the difference
between them was found significant (p<<0.05).
During inflammation caused by anaplasma
phagocytophilum infection, vatious cytokines,
especially IL-6, increase the production of
hepcidin (Kemna et al., 2005; Wessling-Resnick,
2010). Increased hepcidin levels; It decreases the
release of iron from hepatocyte cells and iron
absorption by macrophage, leading to decreases in
serum iron levels (Orro et al., 2008). Decreases in
serum iron levels are thought to cause a decrease
in erythropoiesis and cause non-regenerative
anemia. In addition, serum Fe levels may have
decreased due to the removal of free iron from the
circulation by the monocyte / macrophage-
specific ~ hemoglobin  scavenging  receptor
mechanism, which binds haptoglobin-hemoglobin
(Hp-Hb) complexes rapidly formed in the
circulation after hemolysis of red blood cells and
facilitates their uptake (Weinstein et al.,, 2002;
Weaver et al.,, 2000). According to our results, it
has been determined that in anemic dogs infected
with A. phagocytophilum, hepcidin can be used as
an effective biomarker in combination with other

parameters and may help in diagnosis.
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