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Abstract

Acute Phase Proteins (APPs) are those produced by the liver following stimulation by stress, such as trauma, infection or inflammation. Changes in their
concentration in blood have been used as important indicators of disease, and widely used in the diagnosis of diseases in humans and pets, such as cats and
dogs. Donkeys and horses have a clinical response to disease that is distinct, in many cases, such as having more tolerance to pain and displaying fewer obvious
clinical symptoms. The principal APP varies by species and remains unknown for donkeys. 33 donkeys with the clinical disease (8 young, 25 adult) and 37 clinically
healthy donkeys (10 young, 27 adult) were included in the current study, for evaluating for clinically important APPs in donkeys. Blood was collected from the jugular
vein of all donkeys and a Complete Blood Count (CBC) and standard blood biochemistry report conducted. Serum Amyloid A (SAA), Haptoglobin (HP), C-Reactive
Protein (CRP) and a1-Acidic Glycol Protein (a1-AGP) in the blood samples were quantified by enzyme linked immunosorbent assay. The results indicated that SAA
and a1-AGP in the young, clinically-ill donkeys were significantly higher in concentration than in young healthy donkeys (P<0.05). The difference in SAA (P<0.01)
and HP concentrations (P<0.05) were also significantly higher in adult clinically-ill donkeys than in adult healthy donkeys. Conversely, there was no difference in
CRP concentrations in healthy and clinically ill donkeys (P>0.05). The young clinically ill donkeys had significantly higher numbers of Red Blood Cells (RBCs) and
had a Higher Hematocrit (HCT) and higher levels of Hemoglobin (HG) than young healthy donkeys (P<0.01), as were levels of Aspartate Transaminase (AST),
urea and Phosphate (P<0.05). The adult clinically ill donkeys had significantly higher numbers of White Blood Cells (WBC), neutrophils and monocytes than adult
healthy donkeys (P<0.01), while conversely, numbers of eosinophils (P<0.01) and platelets (P<0.05), hematocrit (P<0.01) and levels of hemoglobin (P<0.01) were
higher in the adult healthy donkeys. Total Protein (TP), urea, creatinine and glucose concentrations were higher in adult clinically ill donkeys than in adult healthy
donkeys (P<0.05). Taken together, the results of this study indicate that a significant difference in SAA blood concentration was observed in healthy donkeys
compared to those that were clinically ill and thus is responsive to the health of donkeys. Therefore, SAA can be considered the principal APP of donkeys for the
early diagnosis of clinical disease in donkeys.

an economic and effective method. SAA is the main APP in horses, with its
serum concentration rapidly increasing more than 100 folds after trauma,
infection or inflammation. Researchers have previously evaluated the utility
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Introduction

Macrophages and neutrophils secrete cytokines such as TNF-a, IL-1
and IL-6 when stimulated by stress such as trauma, infection or inflammation.
These cytokines combine with specific receptors in the liver to induce
hepatocyte synthesis and the secretion of proteins into the blood. Changes
in concentration may directly reflect the degree of infection, and the proteins
whose levels change are collectively referred to as Acute Phase Proteins
(APPs), including Serum Amyloid A (SAA), Haptoglobin (HP), C-Reactive
Protein (CRP) and al-Acid Glycol Protein («1-AGP). APPs are categorized
as either positive or negative, with positive APPs being divided into proteins
that are main, medium or secondary [1,2]. Studies have demonstrated that
APPs may be useful as quantitative biomarkers for assessing the systemic
response of the innate immune system to infection, inflammation or trauma,
and potentially useful for prognosis and in monitoring the response to
treatment [3,4]. As indicators of inflammation, APPs have been widely used
in clinical practice, and the acute phase proteins such as SAA, HP, CRP,
01-AGP can be used to monitor the health and condition of animals, and so
is an effective means to estimate the incidence of infectious diseases in
livestock [5]. Using APPs in veterinary clinical practice has been considered
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of SAA in healthy horses and a newborn foal sepsis [6]. CRP is the main
APP in dogs, its rise in concentration being similar to that of SAA in horses
in response to diseases such as Babesiosis, Leishmaniasis, leptospirosis,
arthritis, blood diseases and lymphoma. With regard to cats, SAA rapidly
responds to a variety of inflammatory stimuli and is thus the most effective
APP to measure [4]. Studies have shown that although donkeys and horses
are similar, they react differently too many clinical illnesses, such as their
reaction to pain during angina attacks and numerous infectious diseases.
Donkeys are generally more tolerant and so early clinical symptoms
are difficult to detect. Therefore, the reliability of diagnosing donkeys by
reference to common symptoms of horses remains to be studied [7]. The
condition of horses is normally judged by detection of APPs in the blood, but
no reports of APPs in donkeys have been published, so the aim of this study
was to screen the main APP in donkeys to provide a reference to diagnose
clinical illness.

Materials and Methods

Experimental animals and sample collection

In 2017, 10 young healthy donkeys (6 months old, mean mass
approximately 121 kg), 8 young clinically ill donkeys (6 months old, mean mass
approximately 115 kg), 27 adult healthy donkeys (24 months old, mean mass
approximately 203 kg) and 25 adult clinically ill donkeys (24 months old, mean
mass approximately 208 kg) were selected from the national black donkey
breeding base in Dong'e county, Liaocheng city, Shandong province in China.
Healthy donkeys were housed in fattening pens, while clinically ill donkeys were
housed in isolation.

Blood sample collection was performed by jugular venipuncture. 2 ml of
donkey blood were collected into a tube containing K2-EDTA which was gently
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shaken and used for a complete blood count (CBC, Mind ray BC-5000). A further
5 ml of blood were collected for blood biochemistry (Mind ray BS-180), using
a common vacuum blood collection tube. The blood was centrifuged at 3400
x g for 10 min and the supernatant stored at -20°C until required for the APP
concentration test. An APP test kit for horses can be purchased but no such
test exists for donkeys. A comparison of the amino acid sequences of CRP, HP
and SAA in horses and donkeys found >97% homology. Therefore, the same
kits were used for the quantification of concentration of APPs in donkey blood,
namely horse SAA Enzyme-Linked Immune Sorbent Assay (ELISA), horse CRP
ELISA, horse HP ELISA and horse al-AGP ELISA kits, provided by Shanghai
Enzyme-Linked Biotechnology Co., Ltd.

Experimental design

10 young healthy donkeys, 8 young clinically ill donkeys (with joint swelling
and diarrhea), 27 adult healthy donkeys and 25 adult clinically ill donkeys (with
diarrhea and difficulty in abdominal breathing,) were selected for the study. Blood
was sampled from the jugular vein of each and a CBC and blood biochemistry
conducted and the concentrations of SAA, HP, CRP and a1-AGP quantified.

Data analysis

Experimental results are expressed as mean + standard deviation.
Statistical analysis was conducted using SPSS version 19 software. Significant
differences were established by analysis with independent sample T tests.
P<0.05 was used as the threshold for significance, expressed by *, while
P<0.01 was considered extremely significant, expressed by **.

Results

Complete blood count

The results in Table 1 demonstrated that the Red Blood Cell (RBC),
Hemoglobin (HGB) and Hematocrit (HCT) values in the young clinically ill
donkeys were significantly higher than in young healthy donkeys (P<0.01).
The numbers of White Blood Cells (WBC), Neutrophils (Neu) and Monocytes
(Mon) in adult clinically ill donkeys were significantly higher than in adult healthy
donkeys (P<0.01). However, Eosinophil (Eos) numbers (P<0.01), levels of HGB
(P<0.01), HCT (P<0.01) and platelet (PLT) (P<0.05) numbers in adult healthy
donkeys were higher than in adult clinically ill donkeys.

Table 1. Blood routine index test results of healthy young donkeys and apparent sick

young donkeys.

Routine blood cell Healthy young donkeys Apparent sick young

indexes (n=10) donkeys (n=8)
WBC (10°/L) 14.04 £ 1.93 14.31£3.2
Neu (10M/L) 547 £1.33 4.73+0.89
Lym (10°/L) 741 +1.51 6.31+£1.63
Mon (10°L) 0.51£0.08 048 +0.17
Eos (10°L) 045+0.13 0.52+0.2

Bas (10%L) 0.11 £0.06 0.12£0.05
RBC (107?/L) 6.89 + 0.51 9.06 £ 0.48
HG (g/L) 1214 +£7.27 142.56 + 32.59
HCT (%) 39.58 £ 2.55 48.43 +6.03
PLT (10%L) 189.35 £ 52.85 191.79 + 66.63
PCT (%) 0.13£0.03 0.11£0.04

Blood biochemistry panel

The results in Table 2 demonstrate that Aspartate Transaminase (AST),
urea and phosphate concentrations in the blood from young clinically ill donkeys
were higher than in young healthy donkeys (P<0.05), while Total Protein (TP),
urea, Creatinine (CREA) and Glucose (GLU) concentrations in adult clinically ill
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donkeys were significantly higher than in adult healthy donkeys (P<0.01). The
CBC and blood biochemistry data demonstrated significant differences between
the clinically ill and healthy donkeys.

Table 2. Blood biochemical indexes of healthy young donkeys and apparent sick
young donkeys.

Routine blood Healthy young donkeys Apparent sick young

biochemical indexes  (n=10) donkeys (n=8)
AST(U/L) 2293 £12.75 266.66 + 41.12
TP (g/L) 55.21 + 3.28 52.09 + 2.79
ALB (g/L) 26.08 + 1.44 27.01+13
UREA (mmol/L) 3.12+1.21 6.87 + 0.96
CREA (umol/L) 104.98 £ 10.08 112.79 £ 6.83
GLU (mmol/L) 6.66 + 0.89 6.80 £ 1.05
CK (UL) 151.69 + 24.6 217.91 +£42.47
Ca (mmol/L) 3.23£0.08 3.25+0.11

P (mmol/L) 1.62 £ 0.07 1.85+0.11
TG(mmol/L) 0.38 £0.05 0.42 £0.16
TC(mmol/L) 1.69 £0.12 2.13+0.29
LDH(UIL) 262.10 + 56.09 253.99 + 30.54

Concentration of acute phase proteins in blood

As shown in Figure 1 the concentration of CRP in the blood of the young
donkeys was significantly higher than that of the adult donkeys (P<0.01)
within the same health category. However, for each age category, there
was no difference in CRP value between the healthy donkeys and clinically
ill donkeys.
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Figure 1. CT scan with contrast showing inflammation in wall of aorta and Morita
class Il coeliac trunk anomaly. Note: ( o) Healthy donkey; ( m) Clinically ill donkey

As shown in Figure 2 the concentration of HP in the blood of the adult
clinically ill donkeys was significantly higher than in the adult healthy
donkeys (P<0.01). In the young clinically ill donkeys the concentration was
higher than in the young healthy donkeys, but not significantly so (P>0.05).
Within the same health category, there was no difference between young
and adult donkeys (P>0.05).
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Figure 2. Concentration of HP in donkeys.Note: ( o) Healthy donkey; ( m) Clinically
il donkey
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As shown in Figure 3 the concentration al-AGP in the blood of the
young clinically ill donkeys was higher than that of the young healthy
donkeys (P<0.05). The concentration adult healthy donkeys were higher
than adult clinically ill donkeys but not significantly so (P>0.05). Within the
same health category, there was no difference between young and adult
donkeys (P>0.05).
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Figure 3. Concentration of a1-AGP in donkeys. Note: ( o ) Healthy donkey; ( m)
Clinically ill donkey

As shown in Figure 4 the concentration of SAA in the blood of adult
clinically ill donkeys was significantly higher than that of the adult healthy
donkeys (P<0.01) and the concentration in young clinically ill donkeys was
higher than in young healthy donkeys (P<0.05). Within the same health
category, there was no difference between young and adult donkeys
(P>0.05).
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Figure 4. Concentration of SAA in donkeys. Note: ( o) Healthy donkey; ( w )
Clinically ill donkey

Discussion

Complete blood counts and blood biochemistry panels are the most
commonly used tests in clinical practice. They can be used to judge the
health of a presenting animal and allows veterinarians to better understand
the occurrence and development of a disease. Studies have shown that in
many diseases (such as chronic kidney disease, rheumatoid arthritis, etc.)
the Neu to Lym ratio or PLT to Lym ratio are satisfactory indicators for the
evaluation of disease [8-11]. Lippi et al. evaluated a large cohort of samples
and demonstrated that the width of the RBC distribution (RDW) increased
significantly during an inflammatory response, which can be used as a
diagnostic indicator of the degree of inflammation. In addition, RDW is also
a parameter of erythrocyte volume heterogeneity, and a diagnosis ofanemia
would also manifest the same result [12]. The blood indices commonly used
in clinical practice to reflect liver injury are ALT, AST, GGT, etc. Takeuchi
et al. [13] found that increased levels of cystatin C were also associated
with chronic liver disease. In the present study, RBC, HGB and HCT values
in the blood of young clinically ill donkeys were significantly higher than
those of young healthy donkeys (P<0.01), with AST, urea and phosphate
concentrations in the blood of young clinically ill donkeys higher than in
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young healthy donkeys (P<0.05). WBC, Neu and Mon values in the blood
of the adult clinically ill donkeys were significantly higher than those of the
adult healthy donkeys (P<0.01). However, Eos (P<0.01), HGB (P<0.01),
HCT (P<0.01) and PLT values in adult healthy donkeys were higher than
in adult clinically ill donkeys. The clinical symptoms of the young clinically
ill donkeys were mostly diarrhea and rhinorrhea in the adult clinically ill
donkeys. Apparent elevation of RBC numbers may be due to dehydration
caused by diarrhea and thus increased RBC concentration. Similarly,
elevation of urea may also be due to fluid loss for the same reason, a
concomitant reduction in renal blood flow and a reduction in glomerular
filtration rate. WBC numbers should be elevated following an inflammatory
response. WBC numbers in adult clinically ill donkeys were higher than in
adult healthy donkeys, suggesting the presence of inflammation. However,
the numbers of WBCs in young clinically ill donkeys was no different than
those observed in healthy donkeys. It may be that some clinically ill donkeys
had adapted to the conditions of stress or had returned to a normal condition
from the stress conditions.

In recent years, a number of studies have confirmed that APPs can be
used as a high sensitivity index for the diagnosis of inflammation, but lacking
specificity and principally utilized in animal species [4]. Previous studies
have found that the concentration of CRP in dogs does not change with age,
being significantly associated with the scope of inflammation and its severity
[14]. Thus, it is used as an indicator of canine cystitis and uterine abscess,
and can also be used for monitoring treatment processes and evaluating
disease prognosis [15,16]. In the present study, the concentration of CRP
in the blood of young donkeys was significantly higher than that of adults
(P<0.01) within the same health category. This demonstrates that CRP
concentration in donkeys is related to the age of donkeys. For a particular
age, no difference was observed in the healthy donkeys compared to the
clinically ill donkeys (P>0.05), indicating that CRP concentration in donkey
blood is not related to its health. However, this is not consistent with existing
reports. It may be that CRP is not responsive in donkeys and so cannot be
used as their main APP.

The concentration of HP and a1-AGP in animals of all ages is widely
used as an auxiliary index for disease diagnosis. Skinner established that
HP can be used as an effective indicator of bacterial infection in sheep
which is more sensitive and specific than other hematological indicators. It
is widely used to monitor whether uterine inflammation is present in ewes
[5,17]. Studies have shown that the acute phase protein, a1-AGP, has been
detected in pigs with pneumonia and meningitis [18]. In dogs with tumors,
increased concentrations of al-AGP is strongly positively correlated with
the presence of sialic acid, which is of diagnostic significance in oncogenic
diseases [19]. In the present study, the concentration of HP in adult clinically
ill donkeys was significantly higher than that of the adult healthy donkeys
(P<0.01), a result not observed in young donkeys. In addition, there was
no difference in HP concentration between young and old donkeys within
the same health category. The concentration of a1-AGP in young clinically
ill donkeys was higher than in young healthy donkeys (P<0.05), but not in
adult donkeys, or between adult and young donkeys within the same health
category. Therefore, HP and a.1-AGP have limitations so far as their utility
in the monitoring of clinical disease in donkeys of different ages, and so
cannot be utilized as their main APP.

SAA is the main APP in cows and horses and can sensitively reflect
bovine mastitis, bovine viral diarrhea and horse respiratory diseases,
especially influenza and malarial pneumonia [20].

Conclusion

In the present study, the concentration of SAA in adult clinically ill
donkeys was significantly higher than in adult healthy donkeys (P<0.01), and
similarly with young donkeys (P<0.05). Within the same health category, no
difference was observed between the young and adult donkeys (P>0.05).
In conclusion, compared with the other three APPs, SAA concentration
is not affected by age in donkeys and has higher sensitivity. Therefore,
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SAA can be used as the main APP to monitor the health of donkeys. The
concentration of SAA in the blood of donkeys will provide an important
reference for the diagnosis of disease in donkeys.
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