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Research article
Ερευνητικό άρθρο

ABSTRACT: Tuberculosis (TB) is a contagious and zoonotic disease that adversely affects human and animal health, 
caused by the formation of tubercules in a caseous character in the lungs, other tissues and organs. The causative of 
the disease is Mycobacterium bovis. An increase or decrease in acute phase protein (APP) levels is observed in various 
bacterial, viral and parasitic diseases in cattle. Therefore, in this study, it was aimed to determine the changes in the lev-
els of APPs in cattle infected with M. bovis. In the study, 26 tuberculosis suspected and 10 healthy cattle blood serums 
collected from various enterprises in Samsun were used. Whole blood samples were subjected to gamma interferon 
ELISA test by drawing blood from the vena jugularis of cattle into tubes containing heparin. Haptoglobin (Hp), serum 
amyloid A (SAA), albumin and total protein (TP) levels, which are among the acute phase proteins, were determined 
in the blood serums taken from the groups. As a result of the analysis, it was found haptoglobin 1.166 g/L, SAA 40.353 
μg/mL, total protein 73.2 mg/dL and albumin 3.703 mg/dL in the group infected with M. Bovis, while it was found 
haptoglobin 0.235 g/L, SAA 20.300 μg/mL, total protein 20.37 mg/dL and albumin 3.71 mg/dL in the healthy group. 
When the APP levels of the cattle infected with M. bovis and the cattle in the healthy group were compared, it was 
determined that haptoglobin (p < 0.01), serum amyloid A (p < 0.01) and total protein (p < 0.01) levels, which are APPs 
increased statistically significantly compared to the healthy group, while the albümin (p > 0.05) level decreased, but 
there was no statistically significant difference.
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INTRODUCTION

Bovine tuberculosis is a zoonotic and economical-
ly important disease. It is subjected to tests and 

controls in slaughterhouse cutting in many countries 
(Schiller, 2010). The causative of the disease is My-
cobacterium bovis, which aerobic, acid-resistant and 
sporeless bacterium (Gortazar et al., 2005). Although 
the main host of this disease is cattle, the disease can 
also be transmitted to various animals, especially do-
mestic animals such as goats, sheep, horses, and wild 
animals such as foxes and jackals (Ramos et al., 2015; 
Pollock and Neill, 2002). Animals such as cattle, pigs 
and goats, which are especially economically import-
ant, are very susceptible to infection with M. bovis. 
In addition, M. bovis also threatens human health due 
to its zoonotic character (Cinoğlu, 2021). Therefore, 
the disease has important implications for veterinary 
medicine and public health (Amanfu, 2006). There are 
many ways that cattle can become infected with M. 
bovis. However, this can be affected by animal age, 
behavior, environment, climate and current farming 
practices (Pritchard, 1988). Tuberculosis, which is of-
ten transmitted through the respiratory tract, can also 
reach through the gastrointestinal tract. The lesion is 
usually found, in addition to being found in lymph 
nodules next to the lung, It is also detected in head, in-
testine, liver, spleen, and peritoneal nodules (Menzies 
and Neill, 2000). Lesions may occur with lymphatic 
spread, natural channels such as the bronchi, and he-
matogenous spread when massive miliary tuberculosis 
occurs. Unlike humans, lesions in cattle can be con-
trolled by an immune response. The role of activated 
mononuclear macrophages in protection against its 
host, M. bovis, is considered important. These mac-
rophages plays a role presenting to T-lymphocytes. 
Which the immune response to mycobacteria and a 
key recognition unit in processing mycobacterial an-
tigens (Thoen and Himes, 1986). For this reason, in 
whole blood or monocular cell culture adapted with 
bovine antigens (ESAT-6, CFP-10) with the Gamma 
Interferon (IFN-γ) test used in the diagnosis of tuber-
culosis, the level of IFN-γ released from sensitive lym-
phocytes within 16-24 hours, Measured by sandwich 
ELISA using monoclonal antibovine IFN-γ antibodies 
(Rua-Domenech, 2006; Pollock and Andersen, 1997).

Acute phase proteins (APP) is a protein synthe-
sized by the liver that occurs in response to stimuli 
such as tissue damage, infection and inflammation 
that cause the acute phase response (APR) (Eckersall 
and Bell, 2010; Murata et al., 2004; Petersen et al., 
2004). Levels of APPs found insignificant in healthy 

animals, while increase rapidly in the presence of in-
flammation. Therefore, these proteins play a role as 
an indicator of inflammation (Petersen et al., 2004; 
Nikunen et al., 2007). The main causes of tissue de-
struction constituting the acute phase response can 
be of traumatic, neoplastic, immunological, parasitic 
infective origin (Gruys et al., 1994). The function of 
APR is to clean the molecules and residues that are 
harmful in the organism, to eliminate the infectious 
agents and to provide homeostasis by initiating the 
necessary repair process for the organism to return 
to its normal functions (Habif, 2005). Production 
of APPs is accelerated by some mediators and sup-
pressed by others. While accelerating mediators form 
various mediators, especially interleukin 6 (IL-6), 
accelerating mediators, suppressing mediators are re-
ported as insulin and okadaic acid (Onat et al., 2002). 
L-6 and IL-1 are inflammatory cytokines that activate 
endothelial and fibroblast cells in the local inflamma-
tory region. In this way, by starting the secretion of 
cytokines again, a systemic inflammatory response is 
initiated thanks to the secondary cytokines that pass 
into the circulatory (Petersen et al., 2004). APPs can 
result in more than 200 protein exchange grouped as 
positive and negative. Albumin is defined as a major 
negative acute phase protein and its level in the blood 
decreases during the acute phase reaction. Serum 
amyloid A (SAA) and haptoglobin (Hp) are positive 
acute phase proteins and their blood levels increase 
during the acute phase reaction (Cray et al., 2009). 
Although the concentrations in the blood of these pro-
teins the vary according to animal species, they are 
APPs of some diagnostic importance in sheep and 
cattle (Tothova et al., 2014). Especially, it is routine-
ly used in the diagnosis and prognosis of the disease 
clinically (Eckersall et al., 2007). Low or high of pro-
tein levels are great importance in the diagnosis and 
prognosis of inflammation, tissue damage, infection 
and tumoral formations (Abdulkhaleq et al., 2018). 
However, there are limited studies on the biochem-
istry of tuberculosis and acute phase proteins in vet-
erinary medicine (Javed et al., 2006; Lopez-Olvera et 
al., 2013; Miller et al., 1989; Moda et al., 1996). For 
this reason, this study was aimed, considering it may 
be useful the determination of APP levels in cattle in-
fected with M. bovis in the diagnosis and prognosis 
monitoring and in the detection of the acute-chronic 
phase of the disease.

MATERIALS AND METHODS
In this study, 26 piece of tuberculosis suspected 
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and 10 healthy 2-5 year old female cattle blood se-
rums collected from various business in Samsun were 
used. In the province of Samsun, where the study was 
conducted, tuberculosis infection in cattle is not very 
common. Researchers were able to reach 54 cattle 
showing clinical symptoms of tuberculosis infection 
at the time of the study. Among these cattle, those 
with brucella etc. diseases and those with negative 
test results despite showing tuberculosis symptoms 
were not included in the study. As a result of the pow-
er analysis, the number of animals with positive tu-
berculosis test to be used in the study was determined 
as 26. In addition, 10 cattle that did not show the clin-
ical symptoms of tuberculosis infection, were evalu-
ated as completely healthy when their general health 
status was examined, and gave a negative result in 
the tuberculosis infection skin test were identified. 
This number was considered sufficient as the control 
group. Whole blood samples taken from vena jugu-
laris of cattle into heparinized tubes were subjected 
to gamma interferon ELISA test. Those who showed 
positive results in the whole blood gamma interfer-
on ELISA test from suspected cattle showing clini-
cal symptoms of tuberculosis infection were included 
in the study. Again for the control group, those who 
gave negative results in the gamma interferon ELI-
SA test from whole blood taken from 10 cattle that 
were examined in terms of both tuberculosis infection 
and general health status and were evaluated as com-
pletely healthy were included in the control group. It 
was considered sufficient that the cattle included in 
the control group did not carry tuberculosis infection. 
Because the main target in the study is the change of 
acute phase proteins in the presence and absence of 
tuberculosis infection, and its evaluation in terms of 
other infections is not within the scope of the study. 
The study was carried out in accordance with the eth-
ics committee decision numbered 2022/4 taken in ac-
cordance with the “Ethics Committee Directive” of 
the Animal Experiments Local Ethics Committee of 
the Samsun Veterinary Control Institute of the Minis-
try of Agriculture and Forestry.

Gamma Interferon ELISA testi: Approximately 
5 mL of blood was taken from tuberculosis suspected 
and healthy cattle into heparinized blood collection 
tubes and quickly delivered to the laboratory. Pre-
liminary preparation and ELISA test were performed 
according to the instructions of the kit manufacturer 
(Bovigam TB Kit). For this purpose, each blood sam-
ple was divided into three wells as 1 mL in 24-well 
sterile cell culture slides. The procedures were con-

tinued according to the procedure specified in the kit, 
and the results were evaluated by reading the optical 
densities (OD) in the ELISA plate reader (Mindray 
MR96A). The tests on the plates that gave a result 
of 0.7 and above for the positive control and 0.15 or 
less for the negative control were considered valid. 
Samples with a cattle PPD well OD-Avian PPD well 
OD ≥ 0.1 value were considered positive, and cattle 
PPD well OD-Avian PPD well OD ˂ 0.1 values were 
considered negative.

Biochemical Analysis
The blood samples were centrifuged at 3000 rpm 

for 10 minutes and their serums were separated. Bio-
chemical analysis was performed with the obtained 
serums. Haptoglobin and serum amyloid A analyzes 
(Tridelta Development Limited, Ireland) were mea-
sured in the ELISA plate reader (Tecan Infinite F50) 
with Elisa test kits.

The serum amyloid A kit is a solid-phase sandwich 
enzyme-linked immunosorbent assay. A monoclonal 
antibody specific to SAA is covered on the wells of the 
microtiter strips. When standards and serum samples 
with known SAA content are added to these wells, 
SAAs bind to specific monoclonal antibodies. Then, 
it incubated at 37°C added HRP-labeled anti-SAA an-
tibody into the wells. At the end of the incubation, the 
wells are washed to remove unbound material. A blue 
product is obtained direct proportion to the amount of 
SAA present in the original sample or calibrator with 
the addition of TMB. Stop reagent is added to stop the 
reaction. As a result of these procedures performed in 
accordance with the procedure, the OD of the mea-
surement were read and evaluated.

In the Haptoglobin kit, on the other hand, deoxy-
hemoglobin exhibits inhibited peroxidase activity at 
a low pH, and haptoglobin in the sample combines 
with hemoglobin. Thus, at a low pH, it preserves the 
peroxidase activity of deoxyhemoglobin. The mainte-
nance of peroxidase activity of hemoglobin is direct-
ly proportional to the amount of haptoglobin present 
in the sample. Based on this principle, analyzes were 
performed according to the procedure in the commer-
cial test kit and the results were calculated according 
to the OD read.

Total protein and albumin levels were measured in 
an autoanalyzer (Biosistem A25, Spain) device using 
Biosistem kits.
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Statistical Analysis
SPSS (version 17.0) program was used for statis-

tical analysis. In order to determine the normality of 
the distribution, it was determined that it was a nor-
mal distribution by looking at the skewness, kurtosis 
values and Kolmogorov-Smirnov test. T test was used 
to compare the groups for the groups showed normal 
distribution. P values less than 0.05 were considered 
significant. Pearson test was used to determine the 
correlation between the groups since the data ob-
tained showed normal distribution.

RESULTS
In the study, some acute phase protein values were 

determined in blood samples taken from M. bovis 
positive cattle and M. bovis negative cattle. Serum 
acute phase protein values of healthy and M. bovis 
infected cattle are given in Table 1.

When the acute phase proteins of M. bovis neg-
ative and M. bovis positive cattle were compared, 
haptoglobin, serum amyloid A and total protein levels 
of M. bovis infected cattle increased statistically sig-
nificantly (P < 0.01) compared to M. bovis negative 
cattle, It was determined that the levels of the albumin 

decreased but there was no statistically significant dif-
ference (P > 0.05).

Haptoglobin levels were determined to be higher 
in M. bovis infected cattle (1.166 ± 0.715 g/L) com-
pared to healthy cattle (0.235 ± 0.141 g/L) (P < 0.01) 
and are given in Figure 1.

Serum Amyloid A levels were determined to be 
higher in M. bovis infected cattle (40.353 ± 30.228 
μg/mL) compared to healthy cattle (20.300 ± 7.203 
μg/mL) (P < 0.01) and are given in Figure 2.

Total protein levels were determined to be higher 
in M. bovis infected cattle (73.2 ± 8.361 mg/dL) com-
pared to healthy cattle (27.37 ± 3.687 mg/dL) (P < 
0.01) and are given in Figure 3.

Albumin levels were determined to be higher in M. 
bovis infected cattle (3.703 ± 0.302 mg/dL) compared 
to healthy cattle (3.71 ± 0.251 mg/dL) (P > 0.05) and 
are given in Figure 4.

As a result of the data we obtained, no significant 
correlation was found between the groups as a result 
of the Pearson test performed to determine the cor-
relation between the groups.

Table 1. Haptoglobin, serum amyloid A, albumin and total protein levels in clinically healthy and M. bovis infected cattle (mean ± SE)
Parameters Healthy group Group infected with M. bovis P value
Haptoglobin (g/L) 0.235 ± 0.141 1.166 ± 0.715 P < 0.01
SAA (μg/mL) 20.300 ± 7.203 40.353 ± 30.228 P < 0.01
Total protein (mg/dL) 27.37 ± 3.687 73.2 ± 8.361 P < 0.01
Albumin (mg/dL) 3.71 ± 0.251 3.703 ± 0.302 P > 0.05

Figure 1. Haptoglobin levels in the serum of healthy and M. bovis infected cattle
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Table 2. T test results of haptoglobin levels in healthy and M. bovis infected cattle

 
Levene’s Test 

for Equality of 
Variances

t-test for Equality of Means

Haptoglobin    
95% Confidence 
Interval of the 

Difference

  F Sig. t df Sig. 
(2-tailed)

Mean 
Difference

Std. Error 
Difference Lower Upper

Equal variances 
assumed 16.192 0.000 -3.626 42 0.001 -0.889768 0.245368 -1.384941 -0.394596

Equal variances 
not assumed     -6.746 41.138 0.000 -0.889768 0.131896 -1.156110 -0.623427

Figure 2. Serum amyloid A levels in the serum of healthy and M. bovis infected cattle

Table 3. T test results of serum amyloid A levels in healthy and M. bovis infected cattle

 
Levene’s Test 

for Equality of 
Variances t-test for Equality of Means

Serum amyloid A    
95% Confidence 
Interval of the 

Difference

  F Sig. t df Sig. 
(2-tailed)

Mean 
Difference

Std. Error 
Difference Lower Upper

Equal variances 
assumed 12.339 0.001 -2.056 32 0.048 -20.05267 9.752260 -39.91737 -0.187963

Equal variances 
not assumed     -3.049 28.350 0.005 -20.05267 6.577286 -33.51813 -6.58720
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Figure 3. Total Protein levels in the serum of healthy and M. bovis infected cattle

Table 4. T test results of total protein levels in healthy and M. bovis infected cattle

 
Levene’s Test 

for Equality of 
Variances

t-test for Equality of Means

Total protein    
95% Confidence 
Interval of the 

Difference

  F Sig. t df
Sig. 

(2-tailed)
Mean 

Difference
Std. Error 
Difference Lower Upper

Equal variances 
assumed 6.246 0.017 -16.606 34 0.000 -45.8300 2.7599 -51.4387 -40.2213

Equal variances 
not assumed     -22.777 33.139 0.000 -45.8300 2.0122 -49.9231 -41.7369

Figure 4. Albumin levels in the serum of healthy and M. bovis infected cattle
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DISCUSSION
Bovine tuberculosis is a chronic infection char-

acterized by the formation of white-yellow, calcified 
granuloma, which occurs due to the relationship be-
tween bacilli and the host’s inflammatory cells (Sayın 
and Erganiş, 2010). In this disease, acute phase pro-
teins can be a guide in addition to radiological fol-
low-up, when the response to treatment is monitored 
bacteriologically (Yanagisawa, 1996). APPs produced 
during this response, which occurs in cases of infec-
tion and inflammation, can generally directly destroy 
the agents that cause inflammation and help the heal-
ing and regeneration of the tissue (Gruys et al., 1994; 
El-Deeb and El- Bahr, 2017). It has been reported that 
APP blood concentrations increase and decrease ac-
cording to animal species and diseases (Gruys et al., 
2005; Petersen et al., 2004). Among these proteins, 
SAA and Hp are the most important acute phase pro-
teins known in cattle (Erkılıç et al., 2019). In our 
study, it was aimed to determine the APP levels in cat-
tle infected with M. bovis, and it is thought that it can 
be included among the parameters that can be routine-
ly checked in cases of suspected tuberculosis, in line 
with the data obtained. In addition, it is thought that 
it may be useful in understanding whether acute or 
chronic, in addition to the clinical findings of tubercu-
losis depending on the status of acute phase proteins.

Although Hp and SAA levels with important pos-
itive APPs in cattle, are quite low in healthy cattle, 
their levels increase in the presence of inflammation 
(Gruys et al., 2004; Petersen et al., 2004). Although 
Hp is either absent or at very low levels (<0.1g/L) in 
healthy cattle serum (Eckersall and Conner, 1988), 
its level can increase 50-100 times in the acute phase 
response. This makes Hp the most important APP in 
cattle (Alsemgeest et al., 1994). One of the functions 
of Hp is to is to render harmless by hydrolyzing the 

peroxides in the inflammation area and released from 
neutrophils. It also acts as an immunomodulator in 
lipid metabolism regulation and lymphocyte func-
tions (Ametaj et al., 2011). For this reason, it is stated 
that Hp concentration can be used in monitoring the 
immune functions of cattle (Murata and Miyamoto, 
1993). In natural and experimental studies, it has been 
determined that the levels of Hp increase in bacteri-
al, viral and parasitic diseases such as brucella, tu-
berculosis, alum, Toxocara vitulorum, hypodermosis 
(Bozukluhan et al., 2016; Merhan et al., 2017). An-
other important APP in cattle is SAA (Murata et al., 
2004). Although the concentration of this protein is 
quite low in healthy cattle, its concentration increases 
in cases of inflammation. Therefore, it is considered 
to be a highly sensitive APP against inflammation 
(Hayes, 1994). In the studies carried out, it was stated 
that SAA increases after bacterial (Horadagoda et al., 
1994; Horadagoda et al., 1993) and viral infections 
(Heegard et al., 2000; Ganheim et al., 2003), ketosis 
(Karreman et al., 2000) and endotoxin applications 
(Boosman et al., 1989). It has been reported that it 
can be used in the early diagnosis of acute cases for 
SAA levels increase within 2-5 hours and reach their 
peak within 24 hours SAA stimulates inflammatory 
cells in tissues, prevents from losing their structure 
due to oxidation of leukocytes and manages the im-
mune response (Ceron et al., 2005). When these two 
APPs are evaluated together, it has been reported to 
be important in the differential diagnosis of acute and 
chronic cases (Alsemgeest et al., 1994; Horadagoda et 
al., 1999). Merhan et al. (2017) in a study, stated that 
the levels of Hp and SAA, which are positive acute 
phase proteins in M. Bovis infected cattle, signifi-
cant increase in M. bovis infected cattle compared to 
healthy cattle. Horadogada et al. (1999), in their study 
of 81 acute and chronic sick cattle, found that Hp 

Table 5. T test results of albumin levels in healthy and M. bovis infected cattle

 
Levene’s Test 

for Equality of 
Variances

t-test for Equality of Means

Albumin    
95% Confidence 
Interval of the 

Difference

  F Sig. t df Sig. 
(2-tailed)

Mean 
Difference

Std. Error 
Difference Lower Upper

Equal variances 
assumed 0.600 0.444 0.057 34 0.955 0.0062 0.1079 -0.2131 0.2254

Equal variances 
not assumed     0.062 19.629 0.951 0.0062 0.0992 -0.2011 0.2134
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levels increased 68% in the acute phase, 24% in the 
chronic phase, and SAA levels increase 100% in the 
acute phase and 54% in the chronic phase. Espinosa 
et al. (2020) in another study, stated that Hp and SAA 
values increased significantly in cattle with paratu-
berculosis compared to healthy cattle. In a study on 
camels, Hp and SAA levels were found to be higher in 
camels with tuberculosis than in healthy camels (El-
Deeb et al., 2014). Vicente et al. (2019), in a study, 
it was determined that the serum Hp concentration 
in 88 red deer (Cervus elaphus) naturally infected 
with tuberculosis was higher than in red deer (C. ela-
phus) negative with tuberculosis. Duran and Cenesiz 
(2019), in a study, while the serum haptoglobin level 
in cattle with paratuberculosis was found to be higher 
in infective cattle (0.820 ± 0.615 mg/mL) compared 
to healthy cattle (0.354 ± 0.177 mg/mL), the serum 
SAA level was also found to be higher in cattle with 
paratuberculosis (369. 9 ± 17.0 ng/mL) compared to 
healthy cattle (253.1 ± 82.7 ng/mL). In another study 
conducted in 35 naturally infected Saanen goats with 
paratuberculosis and 10 negative Saanen goats with 
paratuberculosis in the control group, SAA and Hp 
levels were found to be high in saanen goats with para-
tuberculosis (Sevgisunar ve Şahinduran, 2021). In our 
study, Hp and SAA levels were found to be statisti-
cally significantly higher in M. bovis infected cattle 
compared to healthy cattle. It was seen that the results 
of our study were similar to the results of the studies 
of other researchers. The purpose of acute phase pro-
teins is to prevent further damage to a tissue or organ, 
to limit the proliferation of the infected organism, and 
to initiate the repair process necessary for the tissue or 
organ to be revert (Habif, 2005). It is thought that the 
reason for the increase in SAA and Hp concentrations 
may be related to the tissue damage and the severity 
of the infection in cattle. In this study, it is thought 
that the levels of SAA and Hp increased due to the 
infection in cattle infected with M. bovis. 

It has been reported that the level of albumin, which 
is a negative APP, decreases during AFR (Coşkun and 
Şen 2011; Gökce and Bozukluhan 2009). In this study, 
it was determined that the level of albumin in M. bo-
vis infected cattle was lower than in healthy cattle, 
but there was no statistically significant difference. In 
a study conducted in camels, it was determined that 
the serum albumin level was lower in camels with 
tuberculosis compared to healthy camels (El-Deeb et 
al., 2014). In another study conducted in cattle with 
paratuberculosis, the level of albumin was found to 
be lower in the infective group (2.977 ± 0.699 mg/

dL) compared to the control group (3.713 ± 0.407 mg/
dL) (Duran ve Cenesiz, 2019). Opolot et al. (2015), in 
another study, albumin levels of 71 cattle with diag-
nosed tuberculosis and 89 control patients were found 
to be lower in tuberculosis-positive cattle compared 
to the control group. It is thought that reason for this 
may be due to a decrease caused by hypoproteinemia 
or the infiltration of albumin into the damaged tissue. 
It is also thought that it may be due to the AFR that 
occurs or due to the increased consumption of albu-
min in animals. The decrease in albumin level in the 
current study is similar to the results of other studies. 
In this study, the level of total protein was found to be 
statistically significantly higher in M. bovis infected 
cattle compared to healthy cattle. It is thought that the 
reason for this may be that the level of total protein 
increased as a result of the increase in the level of 
globulin due to increased APPs.

CONCLUSIONS
As a result of the data we obtained in our study, 

it was determined that acute phase proteins occur in 
cattle infected with M. bovis. It was determined that 
while serum amyloid A and haptoglobin levels, which 
are positive acute phase proteins, increased statisti-
cally in cattle infected with M. bovis, the decrease in 
albumin level, which is a negative acute phase pro-
tein, was not statistically significant, but decreased 
compared to cattle infected with M. bovis. In addi-
tion, total protein levels were found to be statistical-
ly significantly increased in cattle infected with M. 
bovis. When these results are evaluated, acute phase 
proteins can be a guide in monitoring the prognosis 
n this disease. Therefore, it is thought that these pro-
teins can be used to identify cattle infected with M. 
bovis, which have pathological forms associated with 
potent cell-mediated immune responses. In addition, 
it is thought that acute phase proteins can be useful 
in evaluating the prognosis of cattle tuberculosis as 
well as understanding whether it is acute or chronic. 
It is thought that determining acute phase proteins in 
acute and chronic tuberculosis and carrying out stud-
ies to determine the levels of these parameters, it can 
be used routinely to diagnose the disease with these 
parameters, as well as to determine the status of the 
disease phase. 
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