
Journal of Biosciences and Medicines, 2016, 4, 16-26 
Published Online January 2016 in SciRes. http://www.scirp.org/journal/jbm 
http://dx.doi.org/10.4236/jbm.2016.41003   

How to cite this paper: Shawky, S.M., Thabet, N.S., Orabi, S.H. and Nayel, M.A. (2016) A Comparative Study on the Hema-
to-Biochemical and Immunological Effects of the Hexavalent FMD Vaccine Alone or in Combination with Trivalent  FMD 
Vaccine in Cattle. Journal of Biosciences and Medicines, 4, 16-26. http://dx.doi.org/10.4236/jbm.2016.41003  

 
 

A Comparative Study on the  
Hemato-Biochemical and Immunological  
Effects of the Hexavalent FMD Vaccine Alone 
or in Combination with Trivalent FMD  
Vaccine in Cattle 
Sherif M. Shawky1, Nahed S. Thabet2, Sahar H. Orabi3, Mohamed A. Nayel4 
1Department of Physiology, Faculty of Veterinary Medicine, University of Sadat City, Egypt 
2Department of Clinical Pathology, Faculty of Veterinary Medicine, University of Sadat City, Egypt 
3Department of Biochemistry and Chemistry of Nutrition, Faculty of Veterinary Medicine, University of Sadat 
City, Egypt 
4Department of Animal Medicine and Infectious Diseases, Faculty of Veterinary Medicine, University of Sadat 
City, Egypt 

    
 
Received 22 October 2015; accepted 27 December 2015; published 30 December 2015 

 
Copyright © 2016 by authors and Scientific Research Publishing Inc. 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

    
 

 
 

Abstract 
Foot and mouth disease is the most contagious disease of mammals and has a great potential for 
causing severe economic loss in susceptible cloven-hoofed animals. Routine prophylactic vaccina-
tion in Egypt from 2012 till now has been conducted with Trivalent and/or hexavalent vaccine of 
MERIAL, against virus strains (O manisa + O-3039 + A Iran 05 + A Saudi 95 + Asia 1 + Sat2). This 
study aimed to evaluate the hemato-biochemical and immunological changes associated with the 
use of hexavalent vaccine alone or in combination with trivalent FMD vaccine. This study was car-
ried out on 24 cattle divided into three groups eight cattle each. Group I served as control. Group II 
were selected from farms vaccinated with hexavalent FMD vaccine. Group III were selected from 
farms vaccinated with a combination of trivalent and hexavalent FMD vaccine. The results showed 
that both vaccinated groups showed a significant increase in total leukocytic count. Sera from 
hexavalent-trivalent vaccinated cattle demonstrated a significant increase in serum cortisol con-
centrations. Significant increase in serum activity of aspartate aminotransferase was recorded in 
animals vaccinated with a combination of hexavalent and trivalent vaccine. In addition, both re-
gimes resulted in a significant increase in serum blood urea nitrogen compared to control. Both 
regimes induced a significant increase in serum levels of ceruloplasmin while phagocytic activity 

http://www.scirp.org/journal/jbm
http://dx.doi.org/10.4236/jbm.2016.41003
http://dx.doi.org/10.4236/jbm.2016.41003
http://www.scirp.org
http://creativecommons.org/licenses/by/4.0/


S. M. Shawky et al. 
 

 
17 

of neutrophils and phagocytic index was enhanced only by the hexavalent vaccine. Both vacci-
nated groups had significantly increased serum values of gamma globulins. These results sug-
gested that hexavalent vaccine produced higher levels of safety and protective effects against FMD 
in cattle as compared to those produced by a combination of hexavalent and trivalent vaccines. It 
is also advisable to include the hexavalent vaccine within the program of obligatory and impera-
tive vaccination against FMD. 
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1. Introduction 
Foot and mouth disease (FMD) is a highly contagious and fatal viral disease of cloven-hoofed animals. The dis-
ease is a high consequence livestock disease due to its potential for rapid spread, severe trade restrictions and the 
subsequent economic impacts that would result. Economic losses caused by FMD include reduction in produc-
tion parameters such as decreases in milk production, weight gain, reproductive inefficiencies and death in 
young ruminants [1] [2]. 

Foot and mouth disease is caused by FMD virus (FMDV) which is a member of the family Picornaviridae. 
There are 7 serotypes of FMD virus; namely, O, A, C, SAT1, SAT2, SAT3, and Asia-1, which are immunologi-
cally distinct. But, even within each serotype, there are a large number of strains with their own antigenic cha-
racteristics, so there may be only partial cross-immunity between strains of the same serotype [3]. 

Since the 1950s, attention has been drawn to the economic importance of FMD in Egypt after several out-
breaks of the disease affected cattle, buffaloes, sheep, goats and camels, with the predominant isolation of 
FMDV serotype O1 [4]. In February 2006, 6 outbreaks of FMDV occurred in Ismailia and 12 additional out-
breaks in 7 other Egyptian governorates. The collected specimens from the diseased animals were tested for the 
isolation and identification of the FMDV and the laboratory results revealed the isolation of FMDV strain A [5] 
[6]. 

On 14 March 2012, thirteen outbreaks FMD were officially reported to the World Organization for Animal 
Health (OIE) in eight out of 27 governorates concentrated mainly in the Delta area and very few along the Nile 
in the southern parts of the country. The causative agent was identified as FMD-SAT2 virus [7]. Affected spe-
cies included cattle and buffalo, and young buffaloes appeared to be the category of animals more severely af-
fected. Mortalities in young stock might be high as a result of lack of maternal immunity. Livestock census data 
in Egypt estimated 6.3 million heads of buffalo and cattle in addition to 7.5 million heads of small ruminants 
(sheep and goats) were at risk [8]-[11]. FMD outbreaks are still evolving during 2013, 2014 and 2015. 

Control of FMD becomes a challenge as soon as it infects a host as it replicates and spreads rapidly. Moreover, 
because of trade of live-animal and animal products all over the world, FMD control should be considered more 
and more in a global perspective [12]. 

Vaccination is of great importance in the protection of livestock in areas where FMD is endemic and contin-
ues to be used in conjunction with slaughter in the control of outbreaks in both FMD-free and FMD-endemic 
areas. Vaccination acts both to protect the individual animal and to provide herd immunity, by reducing the 
availability of susceptible animals [13]-[15]. The FMD vaccines that are currently used worldwide only consist 
of inactivated vaccines without introducing live vaccines. Inactivated FMD vaccines are commonly produced 
with as gel- or oil-adjuvant depending on the serotype [3] [16]. 

The policy of vaccination against FMD in Egypt is still implemented by initiate massive mandatory free 
charge vaccination programs applied every 4 months for dairy flocks and every 6 months for fattening animals 
using monovalent locally prepared standardized inactivated FMD vaccine O1 (Veterinary Serum and Vaccine 
Research & Institute “VSVRI”, Abassia, Cairo, Egypt). But from April 2006 vaccination started by using biva-
lent vaccine (A Egy 2009, O Sharquia) instead of monovalent vaccine strain (O) which were used previously. 
After the serotype SAT2 outbreaks in 2012, Trivalent (A Egy 2009, O Sharquia and SAT2/2012) and/or the 
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hexavalent aftovaxpur vaccine of MERIAL, against virus strains (O manisa + O-3039 + A Iran 05 + A Saudi 95 
+ Asia 1 + Sat2) were in use till now. 

But based on field observations, it was found that farms vaccinated with the hexavalent vaccine resisted the 
re-attack while farms vaccinated with trivalent vaccine alone or in combination with hexavalent vaccine were 
reattached with FMD. Therefore this study aimed to compare the hemato-biochemical and immunological 
changes associated with the use of the vaccination regimes, hexavalent and the combination of trivalent and 
hexavalent FMD vaccines. 

2. Materials and Methods 
2.1. Experimental Animals 
This study was carried out on 24 cattle. The selected animals were divided into three groups eight cattle each. 
Animals in group I were unvaccinated and served as controls. Animals in group II were selected from farms 
vaccinated with hexavalent FMD vaccine (O manisa + O-3039 + A Iran 05 + A Saudi 95 + Asia 1 + Sat2). Fi-
nally, animals in group III were selected from farms vaccinated with a combination of trivalent and hexavalent 
FMD vaccine. All vaccines were locally produced at the Veterinary Serum and Vaccine Research Institute 
“VSVRI”, Abassia, Cairo, Egypt). 

2.2. Blood Samples 
Blood samples were collected from jugular veins of control group in addition to vaccinated animals 8 week post 
vaccination. The blood sample was divided into three parts. The first part (1 ml) was collected on disodium 
ethylene diamine tetracetic acid (EDTA) for hemogram. The second part (1 ml) was collected on heparin (20 
IU/ml) for evaluating the phagocytic activity of neutrophils. The third part (5 ml) was placed in a plain centri-
fuge tubes for separation of serum and serum samples were stored at −20˚C until used for subsequent biochemi-
cal and immunological analysis. 

2.3. Analytical Methods 
2.3.1. Hematological Assays 
The evaluated hematological parameters in this study included estimation of red blood cell count (RBCs), he-
moglobin concentration (Hb), packed cell volume (PCV) and total (TLC) and differential leukocytic counts. 
These parameters were done according to the routine hematological procedures as described by Feldman et al. 
[15]. 

2.3.2. Serum Biochemical Assays 
Serum samples were evaluated for the enzymatic activities of alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) in addition to serum concentrations of blood urea nitrogen (BUN) and creatinine. These 
parameters were determined spectrophotometric method using commercially available test kits supplied by 
Biomed diagnostics (Germany) according to the manufacturer’s instructions. Serum levels of cortisol were de-
tected using ELISA technique and test kits supplied by Hellabio biokits (USA). 

2.4. Immunological Studies 
Phagocytic activity of polymorphonuclear cells using Candida albicans and phagocytic index were performed 
according to the method described by Ortega et al. [17]. Serum values of ceruloplasmin (CP) were measured by 
spectrophotometric method and using commercial kits of Boehringer Ingelheim (Germany). Serum protein elec-
trophoretic fractionation profile was carried out by a Polyacrylamide Gel Electrophoresis using commercial kits 
of Cobasintegra (Roche, Germany) and following the manufacturer’s instructions. 

2.5. Statistical Analysis 
Data were presented as mean ± standard error (SE) and were subjected to statistical analysis using one-way 
analysis of variance (ANOVA) according to Snedecor and Cochran [18]. Post hoc differences between means 
were tested by a multiple comparison Duncan test. Differences at p < 0.05 were considered significant. Correla-
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tion between selected parameters was done using pearsons’ correlation test. 

3. Results 
3.1. Hematological Parameters 
The data shown in Table 1 clarified that there were no significant differences in red cell count, Hb concentra-
tions and PCV in both vaccinated and non-vaccinated groups. While both vaccination regimes resulted in sig-
nificant (P < 0.05) elevations in TLC, neutrophil and lymphocyte counts in comparison to the control group. 

3.2. Biochemical Parameters 
The results of biochemical parameters have been summarized in Table 2. The mean values of serum enzymatic 
activity of AST showed a significant increase (P < 0.05) in group vaccinated with the trivalent-hexavalent com-
bined vaccine compared with control and hexavalent-vaccinated groups. No significant differences were seen in 
serum ALT activity between different groups. Serum BUN concentrations showed a significant (P < 0.05) in-
crease in the vaccinated animals while serum creatinine values did not show significant alterations (Table 2). 
The mean values of serum cortisol concentrations were significantly higher in the group given a combination of 
trivalent and hexavalent vaccine as compared to other groups (Table 3). 

3.3. Immunological Parameters 
Compared to control and trivalent-hexavalent groups, animals vaccinated with hexavalent FMD vaccine demon-
strated a significant increase in phagocytic activity and phagocytic index (Table 4). On the other hand, both 
 
Table 1. The effects of hexavalent or hexavalent-trivalent combined vaccines on hematological parameters of cattle. Values 
are means ± SE.                                                                                           

Parameter Control Hexavalent Hexavalent-Trivalent 

RBCs (×106/µl) 5.35 ± 0.85 5.52 ± 0.17 5.34 ± 0.21 

PCV (%) 32.20 ± 1.43 33.60 ± 0.93 32.80 ± 1.53 

HB (g/dl) 11.17 ± 0.63 12.24 ± 0.44 11.58 ± 0.53 

Total (TLC) and differential leukocytic counts (×103/µl) 

TLC 5.45 ± 0.53b 9.89 ± 0.51a 8.63 ± 1.09a 

Neutrophils 2.00 ± 0.88b 3.6 ± 1.85a 3.9 ± 1.05a 

Eosinophils 0.13 ± 0.07 0.14 ± 0.05 0.13 ± 0.01 

Basophils 0.02 ± 0.01 0.03 ± 0.02 0.03 ± 0.00 

Lymphocytes 2.90 ± 0.55c 5.7 ± 0.65a 4.11 ± 1.30b 

Monocytes 0.40 ± 0.10 0.42 ± 0.12 0.46 ± 0.12 

Different letters in same raw show significant difference at P < 0.05. 
 
Table 2. The effects of hexavalent or hexavalent-trivalent FMD combined vaccines on some serum biochemical parameters 
of cattle. Values are means ± SE.                                                                                

Parameter Control Hexavalent Hexavalent-Trivalent 

AST (IU/L) 68.60 ± 7.43b 68.26 ± 3.14b 112.36 ± 9.21a 

ALT (IU/L) 32.67 ± 2.54 33.25 ± 2.02 28.58 ± 1.54 

BUN (mg/dl) 34.40 ± 1.87b 41.60 ± 1.72a 44.85 ± 1.27a 

Creatinine (mg/dl) 0.91 ± 0.06 0.94 ± 0.07 0.82 ± 0.04 

Different letters in same raw show significant difference at P < 0.05. 
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Table 3. The effects of hexavalent or hexavalent-trivalent combined FMD vaccines on serum cortisol levels of cattle. Values 
are means ± SE.                                                                                             

Parameter Control Hexavalent Hexavalent-Trivalent 

Cortisol (µg/dl) 1.14 ± 0.34b 1.10 ± 0.07b 3.35 ± 0.36a 

Different letters in same raw show significant difference at P < 0.05. 
 
Table 4. The effects of hexavalent or hexavalent-trivalent combined FMD vaccines on phagocytic activity, phagocytic index 
and serum levels of ceruloplasmin of cattle. Values are means ± SE.                                                      

Parameter Control Hexavalent Hexavalent-Trivalent 

Phagocytic activity (%) 63.60 ± 0.9b 70.20 ± 0.86a 61.40 ± 0.93b 

Phagocytic index 2.61 ± 0.11b 3.22 ± 0.11a 2.27 ± 0.12b 

CP (mg/dl) 7.85 ± 0.89b 8.15 ± 0.27b 12.75 ± 2.13a 

Different letters in same raw show significant difference at P < 0.05. 
 
vaccinated groups elicited an increase in serum ceruloplasmin levels with greater significant values were rec-
orded in the trivalent-hexavalent vaccinated animals. 

3.4. Serum Protein Electrophoretic Fractionation 
Serum protein electrophoretic fractionation revealed a significant increase (P < 0.05) in total proteins and total 
globulins (Tg) in animals vaccinated with the hexavalent vaccine compared to control and trivalent-hexavalent 
combined FMD vaccine groups (Table 5). Serum concentrations of alpha 2 globulin (α2-g) showed a significant 
increase in both treated groups while the increase in beta globulins (β-g) was marked in the hexavalent group. 
Both vaccinated groups demonstrated significant increase in serum levels of gamma globulins (γ-g) with the 
higher values were recorded for the animals receiving hexavalent vaccine alone (Table 5). 

3.5. Correlation between Cortisol and the Selected Parameters in the Vaccinated Groups 
As shown in Table 6, correlation between serum levels of cortisol and the selected parameters in the vaccinated 
groups indicated that in second group vaccinated with hexavalent vaccine alone there was a significant positive 
correlation between cortisol and BUN and β-g. In animals given the hexavalent-trivalent combined vaccine there 
was a significant positive correlation between cortisol and neutrophil, AST, BUN, phagocytic activity, phago-
cytic index, ceruloplasmin and α2-g while, a significant negative correlation was found between cortisol and 
lymphocyte, total protein and γ-g (Table 6). 

 
Table 5. The effects of hexavalent or hexavalent-trivalent combined FMD vaccines on serum protein (total and electropho-
retic) pattern of cattle. Values are means ± SE.                                                                  

Parameter (g/dl) Control Hexavalent Hexavalent-Trivalent 

Total protein 6.19 ± 0.29b 8.18 ± 0.19a 7.09 ± 0.74ab 

Albumin 3.60 ± 0.12 3.24 ± 0.09 3.70 ± 0.16 

Total globulin 2.59 ± 0.19b 4.94 ± 0.13a 3.39 ± 0.66b 

Alpha1 globulin 0.56 ± 0.07 0.41 ± 0.12 0.41 ± 0.06 

Alpha 2 globulin 0.46 ± 0.04b 0.61 ± 0.03a 0.65 ± 0.02a 

Beta globulin 0.70 ± 0.19b 1.44 ± 0.05a 0.99 ± 0.15ab 

Gamma globulin 0.87 ± 0.21c 2.48 ± 0.23a 1.34 ± 0.36b 

Different letters in same raw show significant difference at P < 0.05. 
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Table 6. The correlation between serum levels of cortisol and the selected parameters in the vaccinated groups (Pearson’s 
correlation test).                                                                                             

Parameter Hexavalent Hexavalent-Trivalent 

Total leukocytic count 0.504 0.703 

Neutrophil 0.500 0.882* 

Lymphocyte −0.556 −1.000** 

AST 0.693 0.899* 

BUN 0.871* 1.000** 

Phagocytic activity 0.756 0.902* 

Phagocytic index 0.500 0.997** 

Ceruloplasmin 0.412 1.000** 

Total protein −0.264 −0 .945* 

Total globulin −0.446 −0.676 

Alpha 2-globulin 0.500 0.997** 

Beta-globulin 0.891* 0.432 

Gamma-globulin −0.476 −0.902* 

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level. 

4. Discussion 
Foot and mouth disease is the most contagious disease of mammals and has a great potential for causing severe 
economic loss in susceptible cloven-hoofed animals [14]. The disease has severe implications for animal farm-
ing, since it is highly infectious and can be spread by infected animals through aerosols, through contact with 
contaminated farming equipment, vehicles, clothing, or feed, and by domestic and wild predators [19]. Its con-
tainment demands considerable efforts in vaccination, strict monitoring, trade restrictions, and quarantines, and 
occasionally the killing of animals [20]. Vaccination is still one of the most important policies for the control 
and prevention of FMD. A sound decision on vaccination can be made only if there is sufficient scientific 
knowledge on the effectiveness of vaccination in eliminating the virus from the population [19]. Control of 
FMD is usually a national responsibility and, in many countries, the vaccine may be used only under the control 
of the Competent Authority. 

Egypt has been considered to be endemic by A and O FMD strains until 2012 [9] [10] [21]. During 2012/2013, 
a new extensive FMD outbreak struck Egypt and killed more than 4600 animals and laboratory investigations 
supported the cause to be the serotype SAT2 [7] [21] [22]. From that time and till now, SAT2 clinically has ma-
nifested itself by causing severe clinical disease in cattle and buffalo and no other serotypes were detected [23]. 
In addition there was a failure to detect serotypes A and O suggesting that these serotypes were under control by 
vaccination in Egypt [24]. Because of the great economic importance of this disease there is increasing an inter-
est for the control and prevention of FMD in the future as well as there is an increased awareness of the owners 
about the necessities of the vaccination campaigns. Routine prophylactic vaccination in Egypt from 2012 and till 
now has been conducted with Trivalent (A Egy 2009, O Sharquia and SAT2/2012) and/or hexavalent vaccine of 
MERIAL, against virus strains (O manisa + O-3039 + A Iran 05 + A Saudi 95 + Asia 1 + Sat2). But surprisingly 
field experience with vaccination against FMD revealed that farms vaccinated with the hexavalent vaccine 
showed great protection against FMD while some farms used a combination of hexavalent and trivalent vaccines 
were reattached with FMD, a case which required inevitable explanation and clarification to find out possible 
underlying causes. Although the immunological effects of any vaccine are considered the most important factor 
to judge the efficiency of the immunization, their possible impact on the functional states of other body systems 
and general health situation cannot be ignored as it can provide an explanation for certain ambiguous and in-
comprehensible conditions. Therefore, a particular focus of this work has been to consider the impact of the se-
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lected vaccination regimes on some hematological and biochemical parameters. In this respect, the data of the 
present study showed that hexavalent-trivalent vaccinated cattle demonstrated a significant increase in serum 
cortisol concentrations implicating strong stress response in this group. In cattle, many conditions have been 
considered to be stressors such as vaccination, weaning, mixing and transportation and have been shown to lead 
to increased blood concentrations of cortisol [25]. 

Cortisol has been termed “the stress hormone” because it’s also secreted in higher levels during the body’s 
‘fight or flight’ response to stress and body’s reaction to a challenge and is responsible for several stress-related 
changes in the body [26] [27]. Although the present work was not able to identify the factors responsible for the 
stress response in the combined vaccine group compared to the hexavalent vaccine group, the reason could be 
probably related to the high antigenic dose in the combined vaccine which unexpectedly served as a kind of 
stress on the animal. Stress of vaccination in some cases has been shown to trigger a latent infection into be-
coming a clinical disease [28]. Other environmental and managerial conditions cannot be also excluded. 

The results of hemogram revealed a significant increase in total leukocytic count in both vaccinated groups 
which could be explained by neutrophilia and lymphocytosis. Neutrophil is the most important phagocytic cell 
which participates in the innate immune response, also known as the nonspecific immune response [29]. Lym-
phocytosis is the result of enhancement of the B cell function for antibody formation as indicated in the present 
study by increased gamma globulins [30]. 

In group receiving the combined FMD vaccine, neutrophilia could be also attributed to the stress response as 
a result of endogenous release of cortisol which have major role in regulating circulating concentration of leu-
kocytes [31]. This is further supported by the significant positive correlation between serum cortisol concentra-
tions and neutrophil in this group. Hexavalent vaccinated group demonstrated pronounced lymphocytosis sug-
gesting a stronger humoral immune response. However, in the group receiving the combined vaccine, the lym-
phocyte response was significantly lower than hexavalent vaccine group which could also be attributed to the 
significant stress response in the combined vaccine group. Cortisol excess is most commonly associated with re-
distribution of lymphocytes and thus lymphopenia. Therefore probably the combination of the two impacts on 
blood lymphocytes might lead to lymphocytosis to be much lower in the combined vaccine group compared to 
the hexavalent vaccine group. 

Monitoring the serum values of some biochemical parameters revealed a significant increase in serum activity 
of AST in animals vaccinated with a combination of hexavalent and trivalent vaccine. Although AST is not he-
patic specific it is widely used in cattle to detect liver disease in spite of its lack of specificity [31]. So the in-
crease in serum activity of AST may suggest some degree of hepatic dysfunction. Slight elevation in serum AST 
may be associated with glucocorticoid excess so stress can induce increased serum AST activity. Consequently, 
this increase could be attributed in part to increased cortisol levels as evidenced by the significant positive cor-
relation between cortisol and AST in the combined vaccine group [32]. 

In consistence with the findings of Ognean et al. [33], this work has shown that there was a significant in-
crease in serum values of blood urea nitrogen in both vaccinated group in compare with control while no signif-
icant changes were recorded in the levels of creatinine excluding the possibility of presence of renal dysfunc-
tion.BUN can elevate in conditions other than primary renal disease, especially when large amounts of protein 
are available to be processed with increased protein breakdown larger amounts of urea will be made. Also in 
ruminants, urea excretion by the kidney is dependent on nitrogen balance and nitrogen content in diet [34]. In-
creased protein catabolism can also be seen in glucocorticoids due to increased hepatic synthesis of urea so 
stress can elicit a marked increase in BUN.  

Generally, immune response against FMDV is evaluated on the basis of humoral immune response i.e. anti-
body titres. However, it has also been suggested that that innate immune defenses, could play an important role 
in the protection induced by FMDV vaccines [35] [36]. An immunogen is a substance that is able to provoke a 
humoral and/or cell-mediated immune response. It first initiates an innate immune response, which causes the 
activation of the adaptive immune response [37]. 

In this study animals vaccinated with the hexavalent vaccine demonstrated a significant increases in both 
phagocytic activity and phagocytic index of neutrophils. These results may be attributed to stimulation of the 
innate immune response occurred post vaccination. Leukocyte chemotaxis has been modulated by FMD vaccine 
resulting in increased chemotactic activity in the blood, and mobilization of phagocytic cells from the bone 
marrow probably to the site of injection. Therefore, following FMD vaccination, phagocytic function would be 
enhanced, both in terms of the individual cell recruited and the increased number of migratory leucocytes [35]. 
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Acute phase proteins are considered integral to the non-specific innate immune response and can be valuable 
quantitative markers and useful indicators for stress and disease. Their serum concentrations change in animals 
subjected to external or internal challenges such as infection or stress [38]. Ceruloplasmin is a copper-dependent 
acute phase reaction protein which belongs to alpha globulins and has been reported to increase in response to 
the tissue damage and inflammation [39]. Significant elevation in serum ceruloplasmin was observed in both 
vaccinated groups indicating that the vaccines promote a systemic acute phase response [40]. 

In the combined vaccine group, the values of ceruloplasmin levels were significantly higher than in animals 
injected with the hexavalent vaccine alone which could be related to increased serum cortisol as indicated by the 
significant positive correlation between ceruloplasmin and cortisol in the combined vaccine group. Cortisol was 
found to stimulate many copper enzymes probably to increase copper availability for immune purposes [41]. 
Lomborg et al. [42] reported that stressors such as weaning, mixing and transportation with the resultant in-
crease in cortisol have been shown to lead to increased blood concentrations of acute phase proteins. In calves, 
acute phase proteins have been used as biomarkers for the stress status of ruminants both experimentally and in 
field studies [43]. These findings also are in consistency with the results of α2 and β globulins presented in this 
study which showed a significant increase as most important proteins of the acute-phase response are in α and β 
globulins [31] [32]. 

Humoral immunity is known to be the most influential factor in preventing FMD and have superior antibody 
formation [2] [44]. As a result, the vaccines that have recently been used worldwide are improving in terms of 
the level of immunity conferred and securing long lasting antibody [2]. In this respect, the current findings of 
serum protein electrophoresis revealed a significant increase in serum concentrations of total proteins and total 
globulins in the hexavalent vaccine group which could be attributed to hypergammaglobulinemia. 

Serum values of gamma globulins were significantly increased in both groups compared to control. Specifi-
cally, hexavalent-vaccinated animals demonstrated significantly higher values of gamma globulins compared to 
animals receiving the combined vaccines reflecting a stronger humoral immune response and greater protection 
provided with hexavalent vaccine for cattle in the face of FMD. An FMD vaccine stimulates a predominantly 
humoral immune response in the vaccinated animal and, in cattle, there was a good correlation between antibody 
level and protection against live virus challenge by the same strain of FMD virus from which the vaccine was 
produced [30]. It is generally accepted that a higher concentration of serum immunoglobulins provide more pro-
tection against the diseases. 

The immune response to an initial vaccination depends on the dose of antigen used. The hexavalent-trivalent 
combined vaccine have numerous viruses as well as other ingredients in them. Exceptions to this might include 
an increase in antibody production and higher degree of immune response [2] [45]. This was not the case in this 
study and the levels of gamma globulins were significantly lower in this group compared to the hexavalent vac-
cine alone probably due to the strong stress response reported in animals administered the combined FMD vac-
cine. Cortisol and the stress response is known to compromise or suppress the activity of the immune system by 
inhibiting lymphocyte populations, lymphocyte proliferation, antibody production and reactivation of latent in-
fections [43] [46]. The activation of the stress system and resulting increase in cortisol was believed to be a pro-
tective mechanism which prevents an over activation of the inflammatory response resulting from over activity 
of the B-cell-mediated antibody response [26] [27]. 

In another words, despite the high antigenic dose in the FMD combined vaccine, antibody production was 
hampered by the strong stress response in this group and the degree of increase in immunoglobulins was not 
able to provide sufficient protection against the disease. 

5. Conclusion 
In conclusion, monitoring of the two vaccination regimes revealed that hexavalent vaccine produced higher le-
vels of safety and protective effects against FMD in cattle as compared to those produced by a combination of 
hexavalent and trivalent vaccines. The stress response of vaccination is likely the key factor in the failure of the 
combined vaccine to provide the sufficient protection due to impairing the immune response. However, further 
work is required to elucidate the possible role of other environmental and managerial factors. It is also advisable 
to include the hexavalent vaccine within the program of obligatory and imperative vaccination against FMD. 
This can be assisted by ongoing surveillance regarding which serotypes and strains of FMDV are in circulation. 
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