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Abstract | This paper presents a comprehensive analysis of biochemistry patterns in cattle during infection with Foot-
and-mouth Disease Virus (FMDV) serotype A during FMD outbreaks in 2018 and 2023 in Giza governorate, Egypt.
The study investigated the effect of FMDYV infection on several blood parameters, including hemogram (HB%, PCV9%,
RBCs, WBC and platelets count), serum biochemical parameters (glucose, cholesterol, ALT, AST, urea, BUN, cre-
atinine, triglyceride, CK-MB, total proteins, albumin and globulin), oxidative marker (MDA), enzymatic antioxidant
(catalase), TAC and trace elements (Zn and Cu). The results showed significant changes in these parameters following
FMDYV infection, indicating the potential for FMDV to cause systemic effects beyond the respiratory and digestive

signs. Overall, this study highlights the importance of monitoring blood parameters as a diagnostic tool for FMDV
infection in cattle.

Keywords | FMD, Cattle, Egypt, Haemo-biochemical, Antioxidants, Oxidative stress

Received | October 24, 2024; Accepted | December 02, 2024; Published | January 20, 2025

*Correspondence | Mohamed I. Oraby, Department of internal medicine and infectious diseases, Faculty of Veterinary Medicine, Cairo University, Giza, Egypt;
Email: mohamed.oraby@vet.cu.edu.eg

Citation | El-Ansary RE, Sofy AR, El-Tabakh MAM, Afify AF, El-Gaffary M, Oraby MI, Elkhiat MA (2025). Biochemical, hematologic, and oxidative stress
biomarkers investigation in infected native breed calves with foot and mouth disease virus serotype a. Adv. Anim. Vet. Sci. 13(2): 253-261.

DOI | https://dx.doi.org/10.17582/journal.aavs/2025/13.2.253.261

ISSN (Online) | 2307-8316; ISSN (Print) | 2309-3331

Copyright: 2025 by the authors. Licensee ResearchersLinks Ltd, England, UK.

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.
org/licenses/by/4.0/).

INTRODUCTION meat and milk production, young animals mortality, med-
ication expenses, and limitations on the movement of an-

Many cloven-hoofed animals are susceptible to FMD, imals from endemic areas (Knight-Jones and Rushton,
a highly contagious transboundary viral disease that 2013; Diab ez a/., 2019; Saravanan ez al., 2020; Hassanein
results in substantial economic losses because of decreased  ¢7 a/., 2024). Other symptoms include vesicles or blisters
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on the tongue, severe frothy salivation, fever, dullness, and
anorexia. Some infected animals may not show any symp-
toms, but they still carry the virus and can infect other ani-
mals. Although it increases the risk of abortion in pregnant
animals, the illness is typically not fatal in adult cattle (Rich
and Winter-Nelson, 2007).

As a member of the Aphthovirus genus, FMDV is a mem-
ber of the Picornaviridae family. An icosahedral capsid
containing around 60 copies of the four structural viral
proteins (VP1, VP2, VP3, and VP4) encloses the non-en-
veloped, single-stranded, positive-sense, non-segment-
ed RNA virus known as FMDV (Domingo ez a/., 2002;
Hassanein ez al., 2024). According to Brown ez a/. (2022);
Singanallur ez a/. (2022); Liu ez a/. (2021), FMDV is divid-
ed into six distinct immunological serotypes: A, O, SAT 1,
SAT 2, SAT 3, and Asia. Within these serotypes, over 65
strains, topotypes, and genetic lineages have been identified
(Domingo ez al., 2002; Jamal and Belsham, 2013). Africa,
Europe-South America (Euro-SA), and Asia are the three
topotypes of Serotype A that are known to exist.

Clinical symptoms are often used to make the first diagnosis
of the disease. In endemic areas, incomplete signs are often
disregarded due to natural or vaccine protection (Kitching,
2002). The amount of specific blood metabolites signals the
animal’s illness status and level of stress (Rowlands ez a/.,
1973). However, there is a scarcity of research on the effect
of experimental FMD infection on bovine blood and se-
rum profiles, which is critical for developing ameliorative
methods to alleviate the animal’s biotic stress caused by the
infection. Understanding changes in the pattern of clinical,
serum biochemical, and haematological parameters during
the course of FMD infection is important in developing
therapeutic approaches for circumventing stress and thus
reducing the negative effect of the infection in the animal

(Saravanan ez al., 2020).

Clinical signs are frequently used to obtain an early diag-
nosis of the illness. In endemic locations, partial symptoms
are frequently overlooked because of natural or vaccine
protection (Kitching, 2002). The concentration of particu-
lar blood metabolites indicates the animal’s disease con-
dition and amount of stress (Rowlands e a/., 1973). The
impact of experimental FMD infection on cow blood and
serum profiles, however, has received little attention. This
information is crucial for creating remedial strategies to
lessen the biotic stress brought on by the infection. Addi-
tionally, it is said that the Malnad Gidda, a native breed of
India, is immune to several viral diseases, including FMD;

however, no thorough study has been done to substantiate
this assertion (Ramesha ez a/., 2002; Das ef al., 2012).

Unrestricted animal movement from neighboring coun-
tries, the import and transit of live animals and animal

products, and the absence of quarantine facilities have all
contributed to the discovery of many FMDYV serotypes and
topotypes in Egypt despite control efforts (Kandeil ez o/,
2013; Soltan e al., 2017). In order to effectively control
the disease, these factors emphasized the need for quick,
accurate, sensitive, and efficient diagnostic tests as well as
ongoing monitoring of genetic changes in the FMD virus
to update FMD vaccine seed strains with currently circu-
lating strains (Hassan ez a/., 2022a).

Many viral illnesses develop as a result of oxidative stress.
Oxidative stress results from an imbalance between oxi-
dants and antioxidants (Ozcan ez a/., 2015), which causes
cellular damage (Marreiro ez a/., 2017). The stimulation of
lipid peroxidation activates protective antioxidant defense
systems in cells, resulting in alterations in malondialdehyde
(MDA) and antioxidant levels (Uzlu e al., 2016). As a re-
sult, antioxidant and oxidative biomarker (IMDA) concen-
trations are assessed to assess oxidative stress in viral in-
fections (Uzlu ez al., 2016; Bozukluhan ez al., 2021). Stress
and pathogenic agents contribute to disease development
by increasing free radical generation, reducing antioxidant
defences and leading to oxidative stress (Talukder ez a/,

2015).

Lipid peroxidation indicates oxidative stress, which impairs
cell structure and function. Malondialdehyde (MDA), a
breakdown product of lipid peroxidation derived from pol-
yunsaturated fatty acids, may detect cellular damage and
oxidative stress (Sezer and Keskin 2014; Khoshvaght ez a/.,
2014). Under oxidative stress, the MDA level rises signifi-
cantly (Akyuz ez al., 2021). Oxidative stress contributes to
the pathophysiology of several illnesses, including foot and
mouth disease. The blood MDA level in the diseased group
was thought to have rised as a result of stress and cellular
degeneration induced by aphthovirus oxidative damage.

Oxidative stress is a state in which the body cannot scav-
enge free radicals, leading to tissue damage, alterations, and
unfavorable effects on the health of animals (Nath ez a4/,
2014). Oxidative processes are linked to a wide range of
diseases (Lykkesfeldt and Svendsen, 2007). Cellular level
damage was attributed to this mechanism (Halliwell and
Gutteridge, 1999). Nevertheless, enzymatic (like Cata-
lase) and non-enzymatic (like copper and zinc) antioxi-
dant mechanisms may mitigate these effects (Erkilig, ez a/.,
2017). Antioxidants are essential for protecting cells from
the damaging effects of reactive oxygen species (ROS)
(Khoshvaghti ez al., 2014).

Cattle suffer from oxidative stress due to foot and mouth

disease, a serious viral infectious disease with a severe clin-

ical course. The number of white blood cells (WBCs) was

found to have increased among the haematological param-

eters tested in infected animals. Among the biochemical
O
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markers, MDA, creatinine, and CK enzyme activity were
found to have increased, whereas antioxidants, proteins,

minerals, and glucose levels were reported to have de-
creased (Sezar ez al., 2024).

To molecularly diagnose and identify the serotype impli-
cated, this study was carried out, with a focus on estimating
changes in hematological and serum biochemical markers

in cattle affected by FMDV.
MATERIALS AND METHODS

ETHICAL STATEMENTS

This investigation was conducted under the animal ethi-
cal guidelines. It was approved by the Veterinary Medicine
Cairo University Institutional Animal Care and Use Com-
mittee, Faculty of Veterinary Medicine, Cairo University,
Egypt (vet cul3102024971).

BLoob / SErum SAMPLE COLLECTION

Serum was separated by centrifugation at 3000 g for 10
minutes after 10 mL of blood samples from 25 animals were
obtained by jugular venipuncture in a red vacutainer with
a clot activator (BD, Franklin, USA). The serum was then
maintained at 20°C until serum biochemical parameters
were ascertained. A green vacutainer containing heparin as
an anticoagulant and RT-PCR for FMDV detection was
used to draw a 4 mL blood sample (BD, Franklin, USA).
Thorough study of the blood count. A comprehensive
blood count analysis was performed using a three-chamber

hematology analyzer (BC-3000 Plus, China).

BiocnemicaL TEsTs

Using a real semi-automated clinical chemistry analyzer
(Microlab 300-ELITech Group, Hollanda), commercial
kits were used to measure blood glucose, urea, blood urea
nitrogen, creatinine, total cholesterol, total proteins, albu-
min, aspartate transaminase (AST), triglycerides, alanine
transaminase (ALT), MDA, Cat, Zn, and Cu. Every Kit
was used according to the manufacturer’s instructions. Car-
diac damage was measured using the creatine kinase-myo-
cardial band (CK-MB) kit (Coral Clinical Systems, India)

and the immune inhibition technique.

STATISTICAL ANALYSIS

'The data was coded and entered using SPSS V.22, a sta-
tistical program. The Kolmogorov-Smirnov test for nor-
mality, the Shapiro-Wilk test for continuous variables, and
parametric test assumptions were checked for data. Arcsine
Square Root was used to standardize data on probability
and percentiles for normalcy. The mean and standard devi-

ation of the data were displayed. The experimental groups’

recorded physiological parameters were subjected to ANO-
VA analyses. The control group and sick cattle group had at

least three replicates of the analysis (on days 1,4, 15, and 30
after the onset of symptoms). The post-hoc analysis was as-
sessed using Tukey pairwise comparison using MiniTab V
14, and P-values were deemed significant at <0.05. When
teasible, data were visualized using R studio V 2022.02.4.

RESULT'S AND DISCUSSION

Clinical Examination of FMDV outbreaks examining the
animals’ oral cavities revealed sores, ruptured vesicles, ul-
cerations on the tongue and gum, destruction on the upper
and lower pad region, and wear away on the interdigital
space. During the outbreak investigation and sample col-
lection, it was discovered that early-stage FMD-aftected
animals showed fever, inappetence to anorexia, salivation,
and frothiness from the mouth. These creatures were not-
ed to be lame, and vesicles were seen in the gaps between
their fingers. Animals with late-stage infections had a re-
duction in fever with symptoms that were comparable to
those in the early stages. On day 30, the animals’ clinical
symptoms subsided, they resumed their regular diet, and
the wounds on their limbs and buccal regions healed (Fig-
ure 1). FMD-affected cattle were falling behind healthy

ones regarding nutrition and milk output.

N 1

\ "

Figure 1: Clinical signs of FMDV infection in cattle
examining the animals’ oral cavities revealed sores, ruptured
vesicles, ulcerations on the tongue and gum and destruction
on the upper and lower pad region.

Results of hematology are shown in (Table 1 and Figure 2).
Hemograms of FMD-infected cattle compared to control
animals revealed non-significant decreases in Hb%, RBCs
count, and PCV% during the early stages of infection on
days 1,4, and 15, as opposed to day 30 during the late stag-
es of infection or following recovery, when Hb%, RBCs
count, and PCV% returned to normal range. In contrast to
control animals, WBCs and platelet counts did not signifi-
cantly rise during infection.
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Table 1: Biochemical, Hematologic and Oxidative stress biomarkers (mean * SD values) in infected Native breed Calves
with FMD virus Serotype A compared with the normal control through the study period.

Control Day1
Hb % 9.66 = (.32 8.53 £ 0.99¢
RBCs (10°/ mm®) 5.28+0.23 5.03 + 0.75
PCV % 27.33 £1.24® 27.06 + 3.56%
WBCs (10/mm?) 6.5 + 0.48 6.55 + 1.66*
Platelets (cells/mm?) 200.66 = 11.022 264.15 + 90.45*
Glucose mg/dl 61.66 + 4.1 70.7 + 18.34*
Cholesterol mg/dl 86.41 + 7.36* 100.34 + 23.23*
ALT U/ 31.33 + 2.86% 30.07 £ 2.3°
AST U/ 107.66 + 15.1® 130.15 + 30.18*
Urea mg/dl 35.46 + 1.16* 23.12 £ 4.38°
BUN mg/dl 16.63 £ 0.57° 10.79 + 2.04°
Creatinine mg/dl 1.02 + 0.07* 1.07 + 0.19°
T.G. mg/dl 83.66 + 5.43¢ 47.74 £ 27.08*
CK-MB 59.33 + 4.64 98.76 + 26.79*
TP (g/dl) 5.56+0.72° 5.35+0.352°
Albumin (g/dl) 2.74+0.29* 2.64+0.31°
Globulin (g/dl) 2.78+0.45° 2.69+0.351°
MDA (nmol/ml) 1.19+0.601¢ 9.48+3.79*
TAC 0.61+0.326° 0.32+0.111°
Catalase (U/1) 363.12+101.04* 374.80+81.3*
Zn (PPM) 122.55+50.6° 92.19+20.08¢
Cu (PPM) 81.68+24.6" 81.43+26.9

Day 4 Day 15 Day 30

8.18 £ 1.01% 8.19 £ 0.73¢ 9.25 +0.91*
4.87 £0.71* 4.88 = 0.61° 5.42 = 0.54°
25.7 +3.76® 23.7+5.74 29.31 £3.63*
5.66 = 1.51* 6.13 £ 1.36* 6.96 + 1.35*

251.46 £ 105.77*
65.83 + 19.45*

272.84 + 109.86*
58.74 + 15.58¢

275.76 + 69.01*
56.29 +15.23¢

97.81 + 33.42¢ 85.03 + 13.32¢ 87.47 + 8.45*
27.61 = 5.18%¢ 24 + 3.41% 24.3 + 4.51¢
133.84 + 32.99* 81.69 + 17.07> 57.38 +12.67¢
22.63 = 5.31° 16.27 + 4.42¢ 10.81 + 2.25¢
10.57 + 2.4%* 7.62 + 2.04¢ 5.01 = 1.03¢
1.14 £ 0.14a° 1.27 + 0.14° 1.3 +0.12°
50.82 + 25.71¢ 23 +10.7° 19.4 + 6.81°
89.53 + 23.65* 70.15 = 14.05" 52.92 + 16.83¢
5.13+0.263° 5.36+0.72* 6.08+0.576*
2.66+0.297° 2.70+0.29* 3.26+0.360?
2.44+0.362° 2.66+0.45 2.83+0.293¢
4.01:0.874° 3.21+0.634¢ 1.51+0.77¢
0.39+0.05° 0.42+0.15¢ 0.48+0.055¢
366.34+135.78* 396.74+105.78* 463.73+151.74*
82.80+22¢ 102.77+22¢ 140.71+38.4*
66.29+11.3¢ 86.39+11.3° 101.28+14.1¢

*Means in raw that do not share a letter are significantly different.

When comparing the control group to FMD-infected cat-
tle, glucose (mg/d) and cholesterol (mg/dl) did not differ
statistically (P>0.05); in fact, the aforementioned parame-
ters did not change substantially (P>0.05) even during the
disease (Table 1 and Figure 2).

Day 1 differed substantially (P<0.05) from days 15 and 30,
however, the measured levels of ALT (U/1) did not signifi-
cantly (P>0.05) separate ill and control animals. Converse-
ly, AST (U/1) displays identical results, with the exception
that day 30 exhibits a substantial change (P<0.05) in the
control group. Day 1 and Day 4 did not substantially differ
from each other (P>0.05), but Day 15 and Day 30 did dif-
fer statistically (P<0.05) from Day 1 and Day 4 and each
other as well. Urea (mg/dl) showed a significant decrease
in ill cattle compared to the control (P<0.05). The result
for BUN (mg/dl) is the same as that of Urea (mg/dl). Day
1 and Day 4 creatinine (mg/dl) changed (P<0.05) com-
pared to Day 15 and 30, however there was no significant
difference (P>0.05) between ill and control cattle. Similar
results were noted for T.G. (mg/dl); however, there was a
substantial (P<0.05) variation in the control group on days

15 and 30 as well (Table 1 and Figure 2).

The control group’s recorded values of CK-MB revealed
that there was no significant relationship (P>0.05) between
the records observed on days 15 and 30, but the afore-
mentioned periods differed (P<0.05) with the calculations
made on days 1 and 4.

Serum biochemical values analysis for the proteinogram
was displayed in (Table 1 and Figure 2). When compared
to control, healthy, and recovered cattle on day 30, there
was a decrease in total proteins, albumin, and globulin on

days 1,4, and 15.

Changes in the level of oxidants and antioxidants were
noted in (Table 1 and Figure 2). Day 1 had a notable in-
crease in MDA, which subsequently steadily dropped be-
tween Days 4 and 15, but not at the same rate. Cattle had
MDA levels comparable to the control group on day thirty.
When compared to the control group, TAC significantly
decreased on days 1 and 4, then increased again on days
15 and 30. When compared to the control group, catalase
activity did not statistically differ on any of the infection
days. Day-1, Day-4, and Day-15 zinc levels significantly
decreased in comparison to Day-30 and the control group.
Cu level, on the other hand, follows a different trend; it
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only significantly decreases on day 4 in comparison to the
previous infection days and the control group.
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Figure 2: Column chart represent analyzed the
Biochemical, Hematologic, and Oxidative Stress
Biomarkers Investigation in Infected Native Breed Calves
with Foot and Mouth Disease virus Serotype A compared
with normal control through the study period.

All cattle with cloven hooves are known to be susceptible
to FMD, a contagious viral illness that can result in enor-
mous financial losses for both the livestock community as
awhole and individual animal (Knight-Jones and Rushton,
2013).

Examination of hematologic parameters reveals a decrease
in erythrogram values in diseased animals compared with
the control group and these values returned to normal lev-
els in recovered animals after 30 days of infection. Similar
findings were recorded in other reports (Mahmoud and
Neamat-Allah, 2016; Nasr El-Deen ef al., 2017) however,
Nath ez al., (2014) reported a change in RBCs only. In the
study performed by Kamal and Hassan, (2017), they re-
ported degeneration and necrosis in the kidney cortex and
medulla in FMD-affected animals; erythropoietin a hor-
mone produced by the kidney and has a great impact on
erythropoiesis might be affected, and hence the reduction
in erythrogram.

There are no known serum biochemical benchmarks for
cattle that are naturally infected with the FMD virus. Ac-
cording to the current study’s findings, cattle with clinical
FMD had considerably greater serum activity of AST, a
biomarker of muscle degeneration and necrosis, than calves
in good condition.

According to our findings, cattle with acute FMD infec-
tion had hyperglycemia. In animals suftering from systemic
diseases brought on by stress, hyperglycemia is frequently
observed (Paalberg ez a/.,2002; Gokcee e al.,2004). The de-
mise of pancreatic 3-cell islets of Langerhans as a result of
FMD viral infection may also be the cause of the elevated
glucose level (Sutmoller ez a/., 2003).

When the FMD virus infects cattle, it can cause hyper-
glycemia and diabetes through two distinct mechanisms:
either the virus directly destroys the pancreatic f-cells,
or the immune system mounts an attack against the vi-
rus (Clark, 2003). According to Kamal and Abo Heakal
(2018), the FMD virus negatively impacts pancreatic cells,
as evidenced by a drop in serum insulin levels and amylase
activity that leads to hyperglycemia. Additionally, there is
a discernible rise in the clinically-infected cattle’s glucose
level, which is consistent with the findings of Mousa and
Galal (2013); Nasr El-Deen ez al. (2017).

In contrast to (Krupakaran ez a/., 2009; Sezer ez al., 2024),
who noted a marked decrease in blood glucose levels in
cows infected with FMD. Hyperglycemia is probably
brought on by low serum insulin levels as a result of the
FMD virus replicating in the pancreas, which destroys the
cells that produce insulin (the pancreatic beta cells). Ani-
mal breed variations could be the cause of this discrepancy.

According to the results of this study, which are consist-
ent with those of (Nath ez a/., 2014; Nasr El-Deen ef al.,
2017), AST, ALT, BUN, and creatinine levels significantly
increased in calves with clinical FMD infection, according
to the serum biochemical study. This might be explained by
the degenerative alterations brought on by the FMD virus’s
detrimental effects on the kidney and liver. Furthermore,
the higher BUN levels in FMD-infected cattle compared
to the control group of animals are probably due to the neg-
ative effects of the FMD virus on the renal cells (Constable
et al., 2017). Ghanem and Abdel-Hamid (2010), on the
other hand, discovered no appreciable differences in AST
and ALT levels among clinically infected cattle with FMD.

One of the final products of muscles metabolism is cre-
atinine, a poisonous chemical. Protein catabolism from
viral diseases, hunger, and high fever causes serum creati-
nine levels to rise. It has been noted that when the body
loses fluids, blood pressure drops. Thus, renal functions are
compromised and prerenal azotemia arises as a result of
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the glomerular filtration rate decline. Consequently, serum
creatinine levels rise (Sezer and Gokce, 2021; Sezar ef al.,
2024). Serum creatinine levels rise in foot and mouth dis-
ease based on injury to soft tissues such the kidney, liver,
and heart (Salim e /., 2019). Because the foot and mouth
disease-infected animals may have developed renal impair-
ment, the study’s blood creatinine levels were higher than
those of the control group.

The observed variation in serum levels of total protein,
albumin, and globulin in clinically infected cattle could
potentially be attributed to variations in FMD virus sero-
types. This hypoproteinemia could be caused by hypoalbu-
minemia and hyperglobulinemia, which are brought on by
decreased feed intake due to appetite loss, pain in the buc-
cal cavity from lesions in the mouth, and a decrease in liver
synthesis due to liver damage, maldigestion and protein
absorption from gastrointestinal tract lesions, and plasma
loss from ulcer exudation (Nasr El-Deen, 2013). All tis-
sues, except bone, contain AST; liver and skeletal muscle
have the highest concentrations. Conversely, serum AST
activity in muscle-injured cows increases gradually and has

a longer half-life than CK (Weber ¢z 4/, 2019).

Additionally, AST is found in high concentrations in
hepatocytes, and an increase in AST in the serum is fre-
quently regarded as a sensitive indicator of hepatocyte
damage, even in cases where the damage is subclinical
(Hoffmann and Solter, 2008). The current study’s findings
demonstrated that skeletal and cardiac muscles in cattle
experience varying degrees of injury throughout FMD.
While it is common to find myocardial degeneration and
necrosis in suckling calves, lambs, and pigs, along with the
corresponding mortality, the mechanism of muscular dam-

age caused by FMDV and Myo tropism remains unclear.

Moreover, there was a significant difference between the
serum CK-MB activity and that of normal animals in cat-
tle with FMD. This biomarker indicates myocardial dam-
age. One well-known aspect of FMD is myocarditis, which
has a high mortality rate in newborn calves and lambs
(Constable ez al., 2017). According to Ryan ez a/. (2008),
the FMD virus may spread to secondary sites, such as the
cardiac muscle of nursing ruminants, following its initial
replication in the oropharynx. Viral replication in this tis-
sue is thought to cause cardiac degeneration and necrosis.
As markers of myocarditis, CK-MB is released into the
bloodstream after cardiac cell damage and its serum levels
rise (Aslani ez al., 2013; Sobhy ez al., 2018). Buffaloes in-
tected with the FMD virus, serotype O, have been shown
to have elevated serum CK-MB and AST activities (EL-
Deen et al., 2017).

When compared to control data, protein profile levels re-
vealed changes in both early and late diseased animals, with

a return to nearly normal levels in the recovered group. Ac-
cording to Rousselle ez a/. (1997), protein catabolism as a
consequence of viral infection and fever may be involved;
Gokee e al. (2004) suggested that starvation, liver damage,
and protein-losing enteropathy could be the causes of hy-
perproteinemia and hypoalbuminemia. Protein alterations
were also connected to modifications in B-cell functions in
the pancreas during clinical illness (Gattani e a/., 2011).
Furthermore, globulin reduction may be linked to elevated
cortisol released during the illness (Mahmoud and Nea-

mat-Allah, 2016).

'The current investigation showed that FMD in cattle rais-
es end products of lipid peroxidation, as evidenced by the
higher concentration of MDA in the serum of affected
animals than of healthy ones. Polyunsaturated lipids are
oxidatively damaged by free radicals, and MDA is one of
the biomarkers of lipid peroxidation that is thought to be
a good indicator of oxidative stress (Singh ez a/., 2014).
Cattle with FMD showed signs of oxidative stress as well
as mild myocardial and pancreatic lesions (Soltani ez /.,
2020). Cattle with FMD infection exhibited a marked in-
crease in MDA levels. The MDA activity of the animals in
the recovered stage was marginally similar to that of the
control group. One of the key indicators of the cellular pro-
cess of oxidative stress is the peroxidation of lipids, which
produces a variety of compounds, including MDA (Kho-
shvaghte ez al.,2014). Furthermore, according to Zelnikova
et al. (2008), the infection itself may release reactive oxygen
species (ROS), which can lead to cellular damage (Halli-
well ez al., 1992). TAC significantly decreased in diseased
animals when compared to the control group, in line with
the rise in MDA. An increase in ROS causes the body to
produce more antioxidants, which are then depleted in an
attempt to counteract the overproduction of lipid perox-
idation byproducts, which may be related (Nasr El-Deen
et al., 2017). TAC provides information about the body’s
antioxidant status (Ghiselli ez /., 2000). Under infection,
a decline is anticipated (Mousa and Galal, 2013). Catalase
activity did not differ statistically significantly from the
control group in either the diseased or recovered animals,
in contrast to MDA and TAC. One antioxidant enzyme,
catalase, was suggested to be affected by FMD (Kirkman
and Gaetani, 2007). Catalase is important because it helps
to destroy H,O,, protecting somatic cells, especially those
at inflammatory sites, from the harmful effects of H,O,.
(Agar et al., 1986).

When compared to the control group, zinc and copper
activities in FMD-infected cattle were lower, and in re-
covered animals, these activities returned to normal. As
components of the antioxidant apparatus, zinc, and copper
prevent damage caused by free radicals (Nazifi ez 2/, 2011).
Zinc can counteract the redox active products, reducing
cellular damage; however, the exact mechanism by which
0
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zinc exerts its antioxidant effects remains unclear (Powell,
2000). Additionally, SOD activity decreased in the study
conducted by Khoshvaghte ez a/. (2014), which was linked
to FMD infection; copper and zinc are essential for the
formation of superoxide dismutase, an antioxidant enzyme
that is essential for protecting cells from ROS effects and
helping to detoxify “superoxide radicals” (Gonzales e a/.,
1984; Valentine e al., 2005).

CONCLUSIONS AND
RECOMMENDATIONS

While catalase is only slightly altered by FMD, protein and
the oxidant-antioxidant system appear to be considerably
affected. This impact changes with the stage of the disease.
Prevention of foot and mouth disease (FMD) has been de-
clared a global priority by the Food and Agricultural Or-
ganization of the United Nations (FAO) and the World
Organization for Animal Health (OIE). Effective control
tactics, however, need an understanding of FMD distribu-
tion and epidemiology, which is why the implementation
of simple point-of-care test (POCT) devices for active
FMDYV detection, monitoring, and characterization is cur-
rently an ongoing research endeavor. Affordable livestock
imports from Sudan and other sub-Saharan countries are
essential to Egypt’s ability to meet the public’s demand for
red meat and offset the country’s growing meat shortage
caused by the country’s growing population and shrinking
meat production sector as a result of the ongoing economic
crisis. This need creates a warning against the further spread
of animal illnesses, particularly FMDV. Despite the gov-
ernment’s best attempts to avoid it, Egypt is very vulnera-
ble to continued disease introduction because of a lack of
quarantining facilities, border-based slaughterhouses, and
a breakdown in security forces. Such terrible circumstanc-
es might affect the efficacy of disease control efforts and
make it harder for the already poor local market to flourish.
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