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The present study was conducted to evaluate the concentrations of sialic acids and their correlation
with acute phase proteins (haptoglobin and serum amyloid A) in various inflammatory disorders in
cattle. Data were obtained from six dairy farms in Fars province, southern Iran. Forty cows with vari-
ous inflammatory diseases were examined: acute local traumatic reticuloperitonitis (TRP) (6 cases),
theileriosis due to Theileria annulata (11 cases), acute metritis (6 cases), colisepticaemia (6 cases),
ephemeral fever (5 cases) and pneumonia (6 cases). Ten clinically healthy adult cattle were selected
as control group. Serum haptoglobin (Hp), serum amyloid A (SAA), total sialic acid (TSA), lipid
bound sialic acid (LBSA) and protein bound sialic acid (PBSA) were measured by validated standard
methods. All studied variables were statistically significantly higher in diseased animals compared to
healthy ones (P<0.001); but the magnitude of increase was considerably different among various dise-
ases. TSA, PBSA and LBSA showed relatively consistent changes in all diseases, however serum
amyloid A and haptoglobin were more prominently increased in TRP and metritis. Results showed
significant correlations between TSA and PBSA in healthy cattle, TRP and pneumonia groups. Sig-
nificant correlations were also present between TSA and LBSA in TRP, pneumonia and metritis. No
significant correlation was observed between haptoglobin and serum amyloid A as well as between
either of these acute phase proteins and any other parameter.
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INTRODUCTION

Analysis of total protein concentrations selected amino acid residues. Monosac-
and protein fractions are important in vari- charides commonly found in the glycans
ous disease states (Kaneko, 1997). Glyco- of glycoproteins include N-acetylneurami-
proteins are defined as proteins containing nic or sialic acid (Hemming, 1991).

glycan chains, linked glycosidically to
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Sialic acids (SA), a family of over 40
neuraminic acid derivatives (Schauer,
2000), are among the most important mo-
lecules of life, since they occupy the ter-
minal position on macromolecules and
cell membranes and are involved in many
biological and pathological phenomena.
The majority of SA are found in either
protein bound (PBSA) or lipid bound
(LBSA) forms, while a little amount is in
the free form. In addition, SA is localized
at the end chain of many acute phase pro-
teins (Crook, 1993; Haq et al, 1993;
Thougaard et al., 1998).

SA usually occupy exposed terminal
positions on the oligosaccharide chains of
glycoconjugates and frequently serve as
ligands for receptors such as selectins and
siglecs, which mediate a variety of cell-
cell adhesion processes in inflammation
and in the immune response (Malykh et
al., 2001). They are present in normal
serum of human and animals and their
content in serum has been changed in var-
ious diseases (Kloppel et al., 1978; Ma-
kimura & Usui, 1990; King & Cavanagh,
1991; Ekin et al., 2003; Citil ef al., 2004).
Serum SA values are analyzed in many
inflammatory and infectious diseases in
cattle, such as pneumonia (Karapehlivan
et al, 2007), theileriosis, anaplasmosis
(Ertekin et al., 2000; Karagenc et al.,
2005), leptospirosis (Keles et al., 2000),
traumatic reticuloperitonitis (Citil et al.,
2004), keratoconjunctivitis (Gunes et al.,
2004), chronic tuberculosis (Carter &
Martin, 1962) and bovine leukosis (Sy-
dow et al., 1988). Therefore, SA evalua-
tion may be a valuable indicator for diag-
nosis and prognosis of inflammatory dis-
eases (Motoi et al., 1984). SA is also
widely found in bacteria and animal tis-
sues (Schauer, 2000). The mechanism
including SA increase is not clearly un-
derstood. However, investigators have
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reported that SA localized at the end chain
of many acute phase proteins can be used
as marker for acute phase protein concen-
trations (Taniuchi et al., 1981; Crook,
1993; Thougaard et al., 1998; Enjuanes et
al., 2000; Ekin et al., 2003), because se-
rum acute phase proteins, especially the
al-acid glycoprotein, are sialylated glyco-
proteins.

The acute phase proteins (APPs) are a
group of blood proteins that change in
concentration in animals subjected to ex-
ternal or internal challenges such as infec-
tion, inflammation, surgical trauma or
stress (Eckersall, 2004; Murata et al,
2004; Gruys et al., 2005). They are main-
ly synthesized in the liver, mediated by
pro-inflammatory cytokines, and can ei-
ther increase (positive APPs) or decrease
(negative APPs) as a consequence of in-
flammatory stimuli. It has been suggested
that APPs may be useful in the assessment
of animal welfare (Eckersall, 2000; Mura-
ta et al, 2004; Murata, 2007). Acute
phase proteins and their changes due to
various inflammatory and non inflamma-
tory conditions have been studied inten-
sively in many animal species (Kaneko,
1997; Eckersall, 2000; Murata et al., 2004;
Murata, 2007). Serum amyloid A (SAA)
and haptoglobin (Hp) have been proposed
to be markers of stress in cattle and other
species (Alsemgeest et al., 1995; Deak et
al., 1997; Hicks et al. 1998; Arthington et
al., 2003; Hickey et al. 2003; Pieiro et al.,
2007). The APPs assay may have poten-
tial for monitoring adverse environmental
and/or management stressors (Murata,
2007, Pieiro et al., 2007).

There are no published reports about
the correlation of serum sialic acids with
acute phase proteins in various inflamma-
tory diseases of cattle. Therefore, the
present study was conducted to evaluate
the concentrations of sialic acids and their

BJVM, 13, No 1



S. Nazifi, M. Ansari-Lari, M. Tabandeh, K. Badiei, N. Ghafari, I. Karachi, A. Nowroozi-Asl & S .Razavi

correlation with haptoglobin and serum
amyloid A in healthy cattle and cattle with
various inflammatory disorders.

MATERIALS AND METHODS

Data were obtained from six dairy farms
in Fars province, southern Iran. Barley,
corn and concentrates were used in the
diet of dairy cows. All cattle were vacci-
nated against foot and mouth disease, bru-
cellosis and anthrax about five months
before the study. Forty cows with the fol-
lowing inflammatory diseases were ex-
amined: acute local traumatic reticuloperi-
tonitis (TRP) (6 cases), theileriosis due to

Theileria annulata (11 cases), acute met-
ritis (6 cases), colisepticaemia (6 cases),
ephemeral fever (5 cases) and pneumonia
(6 cases). Ten clinically healthy adult cat-
tle were selected as control group for this
study.

Diseased cows were thoroughly exa-
mined. Clinical signs, diagnostic criteria
and the time of sampling in each disease
are presented in Table 1.

All samples were taken before treat-
ment and in the acute stage of disease.
Blood samples were collected from the
jugular vein into two tubes: one with and
one without EDTA. The sera were sepa-
rated by centrifugation at 750g for 15 min

and stored at — 20°C until analyzed.

Table 1. Clinical signs, diagnostic criteria and time of sampling of the diseases under study

Diagnostic criteria

Time of sam-
pling*

Clinical signs, increased
plasma protein concentrati-
on, neutrophilia and left
shift, abdomenocentesis, ra-
diography, ultrasonography

Within 3 days
after the onset of
acute disease

Piroplasmic forms in RBCs
(parasitaemia rate 5-7%),
schizonts in lymphocytes
and monocytes

Concurrent with
the presence of
fever

Bacteriology, virus identifi-
cation, post mortem exami-
nation

Within 3—4 days
after the onset of
the disease

Histology, epidemiology, cli-
nical manifestation, virology

Within 3 days
after the onset of
the disease

Isolation of the organism
from faeces, leukocytosis,
neutrophilia

Within 12 hours
after the onset of
the disease

Disease Clinical signs
Traumatic Sudden onset of reticulorumen
reticulo- atony, fever, pain on movement
peritonitis and deep palpation of ventral
abdomen caudal to the xiphoid
Theileriosis ~ Enlarged peripheral lymph no-
des, anaemia, jaundice, dyspnea,
diarrhoea, fever, petechial hae-
morrhages on mucous coats
Pneumonia Signs of acute pulmonary invol-
vement, crackles and wheezes
on auscultation, coughing, dysp-
nea, fever
Ephemeral Lameness, muscular shivering,
fever ocular discharge, drooling sali-
va, arthritis, fever
Colisepti- Septic shock, loose and mucoid
caemia faeces, complications such as
meningitis in some cases
Metritis Occurence within 2-10 days

after parturition, severe toxae-
mia, copious foul smelling uteri-
ne discharge with/without foetal
membrane retention, fever

Clinical signs, rectal exami-
nation, leukopenia, neutro-
penia, degenerative active
left shift

Within 1 week
after parturition

* all samples were taken in the acute stage of disease, before treatment.

BJVM, 13, No 1

47



Clinical relevance of serum sialic acids evaluation and correlation with haptoglobin and serum...

Haptoglobin was measured with a
commercial colorimetric kit and SAA — by
a solid phase sandwich ELISA (Tridelta
Development Plc, Wicklow, Ireland). The
analytical sensitivities of these tests in
serum have been determined as 0.3 pg/mL
for SAA and 0.0156 mg/mL for Hp by the
manufacturer.

Serum total sialic acid concentration
was determined by the thiobarbituric acid
method as described by Warren (1959).
LBSA concentration was determined by
the method of Katopodis et al. (1982).
The amount of TSA and LBSA were de-
termined against a standard curve develo-
ped from standard N-acetyl neuraminic
acid sample. Protein bound sialic acid was
calculated by subtracting LBSA from TSA.

Nonparametric Kruskal-Wallis  and
Mann-Whitney tests were used for statis-
tical comparisons. Spearmans' rank corre-
lation coefficients were calculated to de-
termine relationship between variables.
All statistical analyses were performed
using SPSS software v. 11.5 at a level of
significance P<0.05.

RESULTS

Summary statistics and results for studied
variables are presented in Table 2. All
measured variables were statistically sig-
nificantly higher in diseased animals com-
pared to healthy ones (P<0.001); but the
magnitude of the increase varied conside-
rably among various diseases. TSA,
PBSA and LBSA showed relatively con-
sistent changes in all diseases, whereas the
increase in SAA and Hp was more promi-
nent in TRP and metritis (Table 2).

Results showed that there were signifi-
cant correlations between TSA and PBSA
in TRP (r=0.94; P<0.01), pneumonia
(r=0.82; P<0.05) and control (r=0.86;
p<0.01) groups (Table 3). Also, signifi-
cant correlations were observed between
TSA and LBSA in cattle with TRP
(r=0.94; P<0.01), pneumonia (r=0.94;
P<0.01), colisepticaemia (r=0.81; P<0.05)
and metritis (r=0.94; P<0.01) (Table 3).
No significant correlation existed between
Hp and SAA as well as between either of
these APPs and any other parameter.

Table 2. Serum concentrations (mean £SEM) of total sialic acid (TSA), lipid bound sialic acid
(LBSA), protein bound sialic acid (PBSA), haptoglobin (Hp) and serum amyloid A (SAA) in healthy

cattle (control) and cattle with various diseases

TSA LBSA PBSA Hp SAA
(mmol/L) (mmol/L) (mmol/L) (g/L) (ng/mL)
Control (n=10) 2.57+£0.02 1.19+0.02 1.38+0.03 0.09+0.004 4.38+0.12
Traumatic reticu-  3.59+ 0.07 1.94+0.05 1.65+0.02 1.69+0.04 303.83+3.37
loperitonitis
(n=06)
Theileriosis 3.52+0.04 1.74+0.05 1.78+0.05 0.54+0.04 42.36+4.00
(n=11)
Pneumonia (n=6)  3.54+0.08 1.91+0.06 1.64+0.03 0.73+0.06 89.05+3.96
Ephemeral fever ~ 3.33+0.03 1.69+0.04 1.63+0.03 0.33+0.03 26.51+1.65
(n=5)
Colisepticaemia 3.51+0.05 1.90+0.07 1.61+0.02 0.74+0.04 90.55+3.10
(n=06)
Metritis (n=6) 3.61+0.03 1.96+0.03 1.65+0.02 1.23+0.03 249.67+16.00

Note: All variables were significantly different in various diseases from control group (P<0.001).
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Table 3. Spearman’s correlations coefficients between total sialic acid (TSA), lipid bound sialic acid
(LBSA), protein bound sialic acid (PBSA), haptoglobin (Hp) and serum amyloid A (SAA) in healthy

cattle (control) and cattle with various diseases

TSA LBSA PBSA Hp
Control (n=10)
LBSA -0.21
PBSA 0.86%* -0.61
Hp -0.50 -0.45 -0.17
SAA 0.06 —0.14 0.22 0.33
Traumatic reticuloperitonitis (n=6)
LBSA 0.94**
PBSA 0.94** 0.83*
Hp -0.26 -0.25 -0.37
SAA -0.60 —0.66 —0.71 0.31
Theileriosis (n=11)
LBSA 0.14
PBSA 0.52 —0.76**
Hp 0.09 -0.15 0.24
SAA —-0.01 -0.19 0.09 -0.23
Pneumonia (n=6)
LBSA 0.94**
PBSA 0.82* 0.64
Hp 0.66 0.60 0.76
SAA 0.09 0.03 0.52 0.37
Ephemeral fever (n=35)
LBSA 0.82
PBSA 0.30 -0.15
Hp -0.20 -0.62 0.30
SAA 0.10 0.05 —0.40 -0.10
Colisepticaemia (n=6)
LBSA 0.81*
PBSA -0.37 —0.75
Hp -0.03 0.03 0.03
SAA 0.03 —0.38 0.71 0.14
Metritis (n=6)
LBSA 0.94**
PBSA 0.03 -0.26
Hp -0.14 -0.09 0.09
SAA -0.60 —0.71 0.43 0.03

*P<0.05; ** P<0.01.

DISCUSSION

As seen from the results, serum TSA,
LBSA, PBSA, Hp and SAA concentra-
tions were significantly higher in diseased
animals compared to healthy ones. Serum
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sialic acid values were analyzed in many
inflammatory and infectious diseases in
cattle, such as pneumonia (Karapehlivan
et al, 2007), theileriosis, anaplasmosis
(Ertekin et al., 2000; Karagenc et al.,
2005), leptospirosis (Keles et al., 2000),

49



Clinical relevance of serum sialic acids evaluation and correlation with haptoglobin and serum...

traumatic reticuloperitonitis (Citil et al.,
2004) and the results of this study are in
agreement with these reports. In contrast,
Yurtseven & Uysal (2009) have observed
a significant decrease in serum sialic acid
levels of naturally infected one year old
cattle with high parasitaemia (50-70%) of
T. annulata. 1t was concluded that this
contradictory result may be due to acute
and chronic theileriosis with different per-
centage of parasitaemia rates seen in
young and older cattle, which were ana-
lyzed separately in two different studies.
In the research by Deger et al. (2007), a
significant increase of serum TSA and
LBSA concentrations in babesiosis was
established. Infections with other parasites
such as Leishmania spp. (Chatterjee et al.,
1998; Karageng et al., 2005), and Trypa-
nosoma (Eslevo et al., 1982; Olaniyi et
al., 2001) are also associated with ele-
vated serum sialic acid concentrations. It
was reported that the serum TSA and
LBSA were significantly higher in cattle
infected with blood parasites (Theileria
spp. and Anaplasma spp.) as compared to
the control group (Ertekin et al., 2000).

It has been reported that, at the begin-
ning of inflammatory reactions or in in-
jury, serum SA concentrations increase
rapidly. However, the underlying mechan-
ism that causes increase in serum SA has
not been clearly defined. Serum sialic acid
may be a marker of the acute phase re-
sponse, since serum concentrations were
significantly related to established acute
phase proteins such as alpha-1 acid glyco-
protein (Taniuchi et al., 1981; Stefenelli
et al, 1985; Haq et al, 1993). Acute
phase reactants influence total sialic acid
concentrations because of their glyco-
protein structure (Taniuchi ef al., 1981).

The increase in PBSA levels may be
attributable to elevated serum acute phase
proteins during inflammation. It is demon-
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strated that SA concentration increase
rapidly following the inflammatory and
injury process (Citil et al., 2004). The
increased sialic acid level may alter recep-
tor-ligand interactions, which are known
to play an important role in inflammation
and immune response (Karagenc et al.,
2005). On the other hand, increased TSA
and LBSA during inflammation and tissue
damage is attributed to liberation of sialic
acid from cell membrane into circulation
as sialic acid is abundantly present in all
biological membranes (Haq et al, 1993;
Thougaard et al., 1998).

There were significant correlations be-
tween TSA with both PBSA and LBSA in
TRP- and pneumonia-affected cattle. Al-
so, there was significant correlation be-
tween TSA and LBSA in colisepticaemia
and metritis. It should be mentioned that
the correlation coefficient between TSA
and LBSA was also high in the ephemeral
fever group (r=0.82); however, it was not
statistically significant due to low sample
size in this group.

SAA and Hp were significantly higher
in disecased animals compared to healthy
ones; however the magnitude of increase
was considerably different among various
diseases. The increase in SAA and Hp
was more prominent in TRP and metritis.
Both SAA and Hp are among the major
positive APPs in cattle and can increase
several times from baseline levels after
tissue injury (Murata et al., 2004; Peter-
sen et al., 2004). SAA and iron profiles
reflect the course of inflammation and
their levels correlate with the clinical se-
verity of the inflammation. SAA has the
greatest role in bacterial and pyogenic
infections and increases in common infec-
tious diseases such as metritis, haemato-
logic, respiratory and digestive infections
and TRP (Nazifi et al, 2008a). The re-
sults of the present study are consistent
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with the study of Nazifi et al. (2008a),
which reported that the concentration of
SAA in cows with inflammatory diseases
such as theileriosis, TRP and acute metri-
tis was higher compared to healthy ones.
Hp is a prominent acute phase protein in
most species studied. Statistically signifi-
cant increase in Hp was observed between
clinically healthy and diseased cows in
similar researches with the same inflam-
matory diseases (Alsemgeest et al., 1994,
Katoh & Nakagawa, 1999; Ganheim et
al., 2003). The results of this study are in
agreement with that of Nazifi er al
(2008b) who revealed that serum Hp was
elevated in some inflammatory diseases
such as acute diffuse traumatic reticulope-
ritonitis, theileriosis, acute respiratory
infections and the previous ones. Nazifi et
al. (2009a) observed increased Hp and
SAA in bovine tropical theileriosis and
introduced SAA with the highest sensitivi-
ty and specificity compared to the other
APPs as a suitable indicator of inflamma-
tory reactions in bovine tropical theileri-
osis for differentiating healthy cows from
diseased ones. In another study by Nazifi
et al. (2009b) on cattle with traumatic
reticuloperitonitis, a significant increase
and strong correlation between SAA and
Hp, indicating a very similar pattern of
changes for these two APPs in various
internal disorders in cattle including TRP
were shown.

The results of this study revealed that
serum sialic acid (TSA, LBSA, PBSA)
and acute phase protein (SAA and Hp)
concentrations increased in diseased cat-
tle and therefore could be suitable indica-
tors of various inflammatory conditions in
this species to differentiate diseased ani-
mals from healthy ones. However, no sig-
nificant correlation was observed between
acute phase proteins (SAA and Hp) and
serum sialic acids (TSA, LBSA, PBSA),

BJVM, 13, No 1

which may indicate that these two groups
of inflammatory markers covered the dif-
ferent aspects of inflammation in diseased
animals. Further researches are needed for
better evaluation of this point.
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