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Abstract

Mycobacterium bovis is the causative agent of bovine tuberculosis (bTB), primarily in bovines; it has a wide host range and
zoonotic features. In this report, we aimed to detect the antibodies specific against M. bovis in large ruminants using P22 ELISA,
the geographical distribution of bTB-infected cattle and buffalo cases, found positive by GOVs to single intradermal tuberculin
(SID) in Sohag governorate, and to carry out comprehensive and phylogenetic genome analysis to study the drug resistance genes
of M. bovis strains in Egypt. Using P22 ELISA in large ruminants to detect M. bovis specific antibodies in serum samples of
cattle and buffaloes; no positive cases were detected in either cattle or buffalo. Based on SID, no confirmed cases were detected
from 2020 to 2023. In 2024, 24 positive cases (0.07%) and 37 positive cases (0.2%) were confirmed in Sohag Center and Akhmim
respectively. After running the Pathosystems resource integration center (PATRIC) server on 11 M. bovis isolates, it was found
that all isolates were susceptible to Streptomycin, Amikacin, Kanamycin, Capreomycin, Rifampin, Ethambutol, Isoniazid, and
Ofloxacin, antibiotics, however, two resistant genes were identified in MBE12 and MBE?7 strains. MBE12 strain showed
monoresistance against Ethambutol antibiotic. However, more analysis is needed to understand M. bovis increased incidence,
genomic diversities, and resistance in Sohag and other Governorates in Egypt.
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Introduction personnel, and veterinary practitioners in Egypt (Hamed et
) ) ) ) al., 2021). In Egypt, the diagnosis of bTB is based on
ovine Tuberculosis (bTB) is a worldwide . . . - .
o i o screening herds with a single intradermal tuberculin (SID)
distributed d¥seasei World. Health .Orgamza‘uon conducted by the General Organization of Veterinary
(WHO) considers it a notifiable disease due to

Services (Govs). Antibody-based assays are regarded as a

zoonotic risk and its threats to livestock health. The disease viable approach for diagnosing tuberculosis in infected

ha§ adverse effects on amm_al production, and it impedes the animals through the analysis of serum, plasma, and milk
animal trade between the infected area and other areas to
decrease the spread of the disease (Azami & Zinsstag, 2018;
Dibaba et al., 2019). bTB is caused by Mycobacterium

bovis (M. bovis) and is regarded as one of the most

samples for detecting specific antibodies against M. bovis
(Ortega et al., 2021). The specificity and sensitivity of the
P22 ELISA in detecting bTB have been evaluated in various
studies, revealing promising results. The P22 ELISA, which

significant diseases confronting the agricultural sector, utilizes a specific biomarker, demonstrates high sensitivity

cattle proprietors, government authorities, abattoir
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and specificity, making it a valuable tool for bTB screening
(Infantes-Lorenzo et al., 2019).

Abdellrazeq et al. (2016), highlighted the geographical
distribution of bTB-dense areas with no infection foci
detected in Sohag; however, the infection was present in
Qena, El-Wadi El Gedid, and Asyut governorates of upper
Egypt. Whole Genome Sequencing (WGS) recently
provided new information about disease transmission
dynamics (Biek et al., 2012; Bruning-Fann et al., 2017;
Perea Razo et al., 2018). For instance, M. bovis clinical
isolate genome sequencing provided a precise measure of
the geographical distribution and expansion of such strain
(Barbier & Wirth, 2017; Lasserre et al., 2018; Orloski et al.,
2018; Patane et al., 2017; Price-Carter et al., 2018), which
is not a common approach in Egypt, unlike European
countries (Zimpel et al., 2017),

Bioinformatics plays a crucial role in managing large
datasets and in the analysis, prediction, and interpretation
of disease outcomes, as well as in evaluation and drug
discovery (Khan et al., 2022). The resistance of M. bovis to
anti-tuberculous drugs has been documented (Abdelsadek
et al., 2020; El-Gedawy et al., 2024). M. bovis genome
analysis through light on genome quality evaluation,
evolutionary linkages, subsystem attributes, antimicrobial
resistance (AMR) genes, and prospective candidate genes
(Wang et al., 2020).

To the best of our knowledge, very limited research
studied bTB in Sohag Governorate; (Mossad et al., 2009)
conducted a study that revealed 3/100 positive animals
using intradermal cervical tuberculin test from Sohag
governorate, that study included cases from 2006 to 2008,
with no other published data ever since. Therefore, this
study aimed to detect M. bovis specific antibodies in large
ruminants using P22 ELISA, the geographical distribution
of bTB-infected cattle and buffalo cases using SID
implemented by GOVS in Sohag governorate and conduct
a thorough phylogenetic genome analysis of selected
Egyptian strains to explore M. bovis genes associated with
drug resistance.

Materials and Methods

1. Ethical approval
Ethical approval for this study was obtained from the
Institutional Review Board Faculty of Veterinary Medical
Research Ethics committee, Faculty of Veterinary
Medicine, Sohag University, Sohag, Egypt, according to the
OIE standards for use of animals in research with number
Soh.un.vet/00017R1.
2. Sample collection
Five ml of blood was collected from 16 animals (6
cows and 10 buffalo) from jugular veins and placed into the
sterilized vial with no anticoagulant addition. The tubes
were labelled with the essential data (Species, Date of
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collection, Age, Sex, and Breed) and transferred
immediately with ice to be centrifugated for 10 min at 1500
r.p.m. The serum was collected into Eppendorf tubes and
stored at -20°c for further analysis.

3. The Indirect P22 ELISA

An in-house indirect P22 ELISA using P22 complex
protein was performed according to (Infantes-Lorenzo et
al., 2019; Thomas et al., 2019).

4. Data collection
a. GOVS Data

Bovine tuberculosis outbreaks data in Sohag
governorate were collected from GOVS (2020-2024). The
records included information such as governorate, location,
species affected, index date, number of cases, outbreaks,
and total at-risk population. Numbers of reactors for each
month were recorded using database-generated sheets.
These data were analyzed in the present study to discern the
geographical areas where bTB foci have been detected
based on the SID.

i. Data analysis

Microsoft Excel spreadsheets (Microsoft Corporation)
and R 4.2.3 (R Core Team) were used to manage the data
and draw charts. Descriptive methods were used to
calculate outbreak incidence. Prevalence is the proportion
of diseased cases in a particular population at a given time
(MedicineNet, 2023).

The spatial distribution of bTB outbreaks in Sohag
Governorate over the study period was constructed by
administrative using ArcGIS 10.5 software
(Environmental Systems Research Institute (ESRI), Inc.,
Redlands, CA, USA).

zones

b. M. bovis whole genome sequence data retrieval
The complete genome sequence of M. bovis strain from

Egypt was retrieved from the National Center for

Biotechnology Information (NCBI) bio project database

with the accession number PRINA471317 (Abdelaal et al.,

2019).

5. Comprehensive genome analysis

Comprehensive genome analysis was applied using

the meta-service on the Bacterial and Viral
Bioinformatics Resource Center (BV-BRC) server
(Davis et al., 2016).

6. Phylogenetic analysis

The "Codon Trees" phylogenetic tree from BV-

BRC was utilized to ascertain the evolutionary
relationships. It employs the established PATRIC
protein global families (PGFams), selecting 10-1000
single-copy families from the constituents of a genomic
group. Alignments for protein sequences of each family
were generated using Muscle (Edgar, 2004), while
BioPython's codon-align function was utilized for the
corresponding nucleotide sequences (Cock et al., 2009).
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Confidence values are generated by doing 100 rapid
bootstrap iterations in RaxML (Stamatakis et al., 2008).

The accession numbers for sequences used for
phylogenetic analysis were (MBE1: QFZD00000000,
MBE2: QFZC00000000, MBE3: QFzZB00000000,
MBE4: QFZA00000000, MBE5: QFYZ00000000,
MBE6: QFYYO00000000, MBE7: QFYX00000000,
MBE9: QFYW00000000, MBE10: QFYYV00000000,
MBE12: QFYT00000000, MBE13: QFYU00000000)

Results

® Sohag ™ Akhmim

1. Detection of bTB using P22 ELISA

Figure 1. Bovine Tuberculosis distribution in different localities in
Sohag Governorate during 2024. From 61 positive cases by SID, 24

Bovine tuberculosis detection using P22 ELISA was ‘ : :
were detected in Sohag and 37 were detected in Akhmim.

applied to large ruminants to detect M. bovis-specific
antibodies in cattle and buffalo serum samples; no positive
cases were detected in either cattle or buffalo using this test.

2. bTB prevalence in Sohag Governorate based on
SID in the period between (2020 -2024)

No confirmed cases of bTB were recorded during
2020, 2021, 2022, and 2023, while 2024 recorded a total
number of 61 positive cases of tuberculin skin test as
illustrated in table and figure (1), with domination in the
number of cases found in Akhmim 37 positive cases

AN
(0.18%) over 24 positive cases (0.07%) found in Sohag Legend &““
Si9agiga B

center. uhag Gouvernorate

Prevalence
Table 1. Bovine Tuberculosis prevalence in Sohag Governorate | 0.0690 - 0.1228

during 2024

ar al-Salaw

A-Balyana fin, o1.Salam)
Al-Balyana

0.1229 -0.1767

[ = = m— TN EES)
0 950 1,900 3,800 5700 7,600

Locality ~Cases Total population  Prevalence Figure 2. Geographical map of Sohag governorate displaying the

distribution of Bovine Tuberculosis outbreaks during 2024

Sohag 24 34802 0.07 . :
4. Comprehensive Genome Analysis

4.1. Genome Assembly and Annotation

Akhmim 37 20939 0.2
A comprehensive genome analysis of eleven M. bovis
isolates in Egypt was performed. The genome assembly of

The prevalence of bTB among cattle and buffalos within Sohag

. . o 0
Governorate was determined by analyzing the GOVs bTB these strains showed almost similar characteristics: 65.63%

database between 2020 and 2024. GC content the genome length of 4,348,120 bp, except the
MEBI12 strain showed 69.19% and 5,460,188 bp in GC
3. Geographical bTB distribution in Sohag content and the genome length, respectively.

According to the locations of reactors for bTB detected The genome annotation of field strains had an average
by the SID, bTB was located in Sohag and Akhmim centers of 4220 coding DNA sequences (CDS) and 46 repeat
(Figure 2). During 2024, bTB was distributed in two centers regions except for high numbers (159, 164, 163, and 183)
(Akhmim and Sohag) from a total of 12 centers in Sohag in MBE1, MBE3, MBE4, and MBEI0, respectively, and
Governorate. zero in MBEI12. They also have 45 transfer RNA genes

(tRNA), three ribosomal RNA genes (fRNA), an average of
846 hypothetical proteins, and 3370 functional proteins in
almost all the strains except in MBE12 is 1685, and 4140,
respectively (Figure 3).
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These functional proteins are estimated to have an average of 1071 Enzyme pathways, 3937 PLFams, and 4140 PGFams proteins mainly in all strains; however,
Commission (EC) numbers, 912 Gene Ontology (GO), 813 proteins linked to KEGG MBE12 exhibited 1473, 1260, 1172, 5377, and 5592, respectively (Table 2).
Table 2. Genome Assembly & Annotation of Mycobacterium bovis using BV-BRC server

Genome Assembly Genome Features Protein Features

g 5 3 2 E 2% E 5 2 S: Tz 25 29 z_: £ £

: R = 5%.i g i8:2 £ 25 23 3539 Bzis &
& f % ©  §38F C Z¥E B fE fF E:TEE :v:iE €

S O 3 &~ = & = .

MBE1 8 1 2,859,506 65.63 4,348,120 4,214 159 45 3 844 3,370 1,058 911 812 3,937 4,140
MBE2 24 2 852,716 65.62 4,353,842 4,224 45 45 3 841 3,383 1,061 913 813 3,942 4156
MBE3 8 1 2,858,537 65.63 4,346,664 4,215 164 45 3 844 3,371 1,058 911 812 3,937 4,138
MBE4 8 1 3,176,044 65.63 4,347,513 4,214 163 45 3 845 3,369 1057 910 812 3,934 4138
MBES5 15 1 2,858,883 65.61 4,347,510 4,219 49 45 3 848 3,371 1,060 913 814 3,934 4,139
MBEG6 13 1 3,175,176 65.62 4,346,927 4,217 45 45 3 844 3,373 1,058 911 812 3,932 4135
MBE7 38 1 2,857,927 65.61 4,358,624 4,242 45 45 3 846 3,396 1072 925 826 3,940 4,165
MBE9 11 1 3,667,644 65.62 4,352,040 4,217 49 45 3 854 3,363 1053 906 807 3,930 4,133
MBE10 10 1 3,667,979 65.62 4,351,970 4,212 183 45 3 845 3,367 1,056 909 810 3,925 4,127
MBE12 160 21 80,724 69.19 5,460,188 5,825 0 49 3 1,685 4,140 1,473 1,260 1,172 5,377 5,592
MBE13 41 3 461,588 65.63 4,536,331 4,611 47 44 3 929 3,682 1,180 1,006 896 4,287 4,506

\ il ’ j-:”“\'»'
MBE7 MBE9 6 R MBE12

Figure (3) presents the circular genomes of eleven strains of M. bovis. The figure illustrates multiple genomic annotations organized from the outermost to the innermost layers, including contigs,
coding sequences (CDS) on both forward and reverse strands, tRNA, CDS of antimicrobial resistance (AMR) genes, CDS of virulence factors, GC content, and GC skew.
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4.2, Candidate Genes and Antimicrobial Resistance Genes targets as well as virulence factors in all strains except the MBE12, as indicated
Numerous annotated genes in Mycobacterium bovis displayed similarities with in (Table 3).
well-known genes associated with antibiotic resistance, transporters, drug
Table 3. Candidate genes of mycobacterium bovis strains
S MBE1 MBE2 MBE3 MBE4 MBES5 MBE6 MBE7 MBE9 MBE10 MBE12 MBE13
ouree Genes Genes Genes Genes Genes Genes Genes Genes Genes Genes Genes
Transporter TCDB 120 120 120 120 120 120 120 122 121 51 137
Drug Bank 70 70 70 70 70 70 71 70 70 48 74
Drug Target
TTD 29 29 29 29 29 29 29 29 29 19 30
. CARD 29 29 29 29 29 29 30 29 29 12 30
ﬁe“stl‘s‘;:;tfe PATRIC 56 57 57 56 56 56 58 56 56 54 58
NDARO 3 3 3 3 3 3 3 3 3 o 3
PATRIC VF 460 459 459 460 460 461 459 461 461 183 495
Virulence Factor VFDB 70 71 70 70 70 70 70 70 70 24 70
Victors 258 257 257 258 258 259 257 256 256 107 276

4.3. Antimicrobial Resistance Analysis

Antimicrobial resistance phenotypes refer to the resistance or susceptibility of
M. bovis to one or more antibiotics. PATRIC provides AMR phenotype predictions
using custom-built AdaBoost (adaptive boosting) machine learning classifiers
(Long et al., 2017). The predicted AMR phenotypes for these genomes are similar

Table 4. Antimicrobial Resistance Genes of all Mycobacterium bovis

except MBE12. All of them showed susceptibility to Streptomycin, Amikacin,
Kanamycin, Capreomycin, Rifampin, Ethambutol, Isoniazid, and Ofloxacin
antibiotics, except the MBE12 exhibited resistance to Ethambutol and susceptible to
the other antibiotics. Additionally, all strains' AMR patterns are identical except that
of MBE12 (Table 4). Interestingly, the MBE7 strain showed one more AMR gene
(OxyR) in the regulator modulating the expression of antibiotic resistance genes.

Source MBEI1 MBE2 MBE3 MBE4 MBES5 MBEG6 MBE7 MBEY9 MBE10 MBE12 MBE13
Genes Genes Genes Genes Genes Genes Genes Genes Genes Genes Genes
Transporter TCDB 120 120 120 120 120 120 120 122 121 51 137
Drug Target Drug Bank 70 70 70 70 70 70 71 70 70 48 74
TTD 29 29 29 29 29 29 29 29 29 19 30
e CARD 29 29 29 29 29 29 30 29 29 12 30
Antibiotic PATRIC 56 57 57 56 56 56 58 56 56 54 58
Resistance
NDARO 3 3 3 3 3 3 3 3 3 - 3
. PATRIC_ VF 460 459 459 460 460 461 459 461 461 183 495
V‘Fr;c'f;‘:e VFDB 70 71 70 70 70 70 70 70 70 24 70
Victors 258 257 257 258 258 259 257 256 256 107 276
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4.4. Subsystems in Mycobacterium bovis strains 5. Phylogenetic analysis

A whole genome phylogeny was constructed (16
genomes) of Mycobacterium bovis from different hosts and
other out-groups. These genomes were collected from
different countries, years, and species. The tree was built on
protein and gene sequences for those 100 genes. The whole
genome phylogeny is clustered into three clades (Figure 5).
Clade one is involved with all the isolates except
MBE12 Menoufia 2015, involved in clade three with
Mycobacterium avium subsp. Hominissuis.

A subsystem comprises a group of proteins
collaborating to perform a particular biological function or
form a structural complex. The organization followed a
pattern of Subsystem Counts (Subsystems, Genes),
indicating that the metabolism of the MBEL strain involves
a distinct biological process comprising 93 subsystems
regulated by 779 genes (Figure 4).

Subsystem (Subsystems, Genes)

B METABOLISM (93, 779)
M PROTEIN PROCESSING (41, 204)
M STRESS RESPONSE, DEFENSE, VIRULENCE (38, 201)
M ENERGY (29, 203)
M CELLULAR PROCESSES (18, 165)
M DNA PROCESSING (17, 85)
B MEMBRANE TRANSPORT (13, 120)
M CELL ENVELOPE (12, 78)
B RNA PROCESSING (10, 36)
M MISCELLANEOUS (5, 48)
REGULATION AND CELL SIGNALING (4, 15)

Mycobacterium tuberculosis variant bovis MBE4_Menofa_2014 —
Mycobacterium tuberculosis variant bovis MBES_Gharbia_2014
Mycobacterium tuberculosis variant bovis MBE2_Gharbia_2014
Mycobacterium tuberculosis variant bovis MBE1_Gharbia_2014

Mycobacterium tuberculosis variant bovis MBE3_Beheira_2014

Clade 1

Mycobacterium tuberculosis variant bovis MBES_Beheira_2014

Mycobacterium tuberculosis variant bovis MBE13_Menofa_2015

Mycobacterium tuberculosis variant bovis MBE7_Gharbia_2014

MBE 1-12 strains

| Subsystem (Subsystems, Genes) 1

Mycobacterium tuberculosis variant bovis MBE10_Alexandria_2014

variant bovis MBEQ_Alexandria_2014

B PROTEIN PROCESSING (41, 215) Mycobacterium bovis 8CG

M STRESS RESPONSE, DEFENSE, VIRULENCE (38, 213) Mycobacterium tuberculoss H37Rv
M ENERGY (29, 226) o avium sub 3

M CELLULAR PROCESSES (18, 170) e e }
M DNA PROCESSING (17, 90) avium subsp 0

B UDORRE TG o gl ™ e ———————
B RNA PROCESSING (10, 42) ¥

1 MISCELLANEOUS (5, 52)

REGULATION AND CELL SIGNALING (4, 15)

B METABOLISM (93, 856) 100 |r

Clade 2
Clade 3

Figure 5. Whole-genome phylogeny of M. bovis strains with others. It is
classified into three clades. Clade one is involved with all the isolates except
MBE12 Menoufia 2015, involved in clade three with Mycobacterium avium
subsp. Hominissuis.

FLAC1172

avium subsp

MBE 13 strain

Figure 4. Distribution of subsystem categories for MBE from strains I-
12 (4) and MBE13 (B).

Discussion

M. bovis is the primary causative agent of bTB, a
severe infectious disease that is zoonotic and affects
various animal species. In upper Egypt communities, it's
common for animal owners to raise cattle and buffalo in
a pen or room inside or near the owner's house with other
domestic animals (Farag et al., 2023). Animals can catch
the infection and remain dormant for years before
showing any symptoms (Cousins, 2001). Various
diagnostic ~ techniques,  including  post-mortem
inspections, histopathology, molecular methods, and
serological tests, are employed to detect M. bovis. The
use of serological tests for bTB diagnosis in ruminants
has been evaluated (Infantes-Lorenzo et al., 2019).
ELISA can detect infections that may be missed by
conventional tests, thus improving overall diagnostic
accuracy (Griffa et al., 2020). The high sensitivity and
specificity of the P22 ELISA suggest its potential as an
ancillary test alongside traditional methods like the CFT,
enhancing bTB control efforts (Singhla et al., 2024). In
the current study, bTB detection using P22 ELISA was
applied; there were no positive cases detected in either
cattle or buffalo using this
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test, which disagreed with (El-Sify et al., 2013) who
revealed that 46/ 3474 were positive with 1.3% animals
using an ELISA coated with ST-CF, while by using
bovine PPD as a coating antigen in the same study 58
/3474 animals were positive with 1.67%. Hekal et al.
(2022) showed a higher prevalence of the ELISA test.
94/2913 were positive, with 3.23% using PPD-B coated
ELISA, and 97 /2913 were positive, with 3.33% using
commercial polypeptide antigen. Thomas et al. (2019)
revealed that the P22 ELISA induced a higher specificity
and similar sensitivity compared to the bPPD ELISA at
all the cut-off points considered. While the P22 ELISA
shows high performance (Singhla et al., 2024), other
studies indicate variability in sensitivity and specificity
among different ELISA tests, suggesting that no single
test may suffice for comprehensive bTB detection
(Carneiro et al., 2021; Moens et al., 2023). The gap
between the current and other studies may be related to
the numbers used. Dairy cattle experience significant
hormonal changes and stresses throughout production,
likely affecting their reaction to diagnostics (Nasr et al.,
2019).
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Intradermal Tuberculin Test (ITT) is the standard
diagnostics for antemortem diagnosis, with a sensitivity
of 86% and specificity of 97% (Pir & Yardimci, 2024).
The present study was conducted in Sohag governorate
from 2020 to 2024 to calculate the infection rate of bTB
based on SID conducted by the GOVS. According to this
study, no confirmed cases were detected from 2020 to
2023. In 2024, no positive cases were detected until June;
on July, 24 positive cases (0.07%) were confirmed in
Sohag center, and in September, 37 positive cases (0.2%)
were confirmed in Akhmim. The total number of positive
cases was 61 in 2024. A similar but broader data analysis
was carried out by Abdellrazeq et al. (2016); their study
included three governorates of upper Egypt with positive
reactors to tuberculin test in Asyut, Quena, and El-Wadi
El-Gedid; no positive cases were recorded in Sohag,
which disagrees with the current study, which points out
61 positive cases in Akhmim, and Sohag center, which
possess a public health risk to the livestock and humans
in Sohag governorate. Rural populations in Upper Egypt
lack awareness regarding the transmission routes of bTB.
Their living regimes may increase the odds of
transmitting infection to humans. Ruminant owners can
profit from selling raw milk and unchecked meat after the
animal is slaughtered by the community's butcher (Farag
et al., 2023). In developing countries, M. bovis causes
human cases of tuberculosis (Bobadilla-del Valle et al.,
2015), which has been representing a public health threat
for an extended period (Vazquez-Chacon et al., 2021).
Humans catch infection by contacting infected hosts
directly or indirectly or ingesting raw, unpasteurized milk
(Kasir et al., 2023).

There are reports that M. bovis is increasing in
virulence and antibiotic resistance (Otchere et al., 2019).
There is a routinely described regimen of four drugs for
intensive TB treatment in humans, including
pyrazinamide, rifampicin, Ethambutol, and isoniazid,
that has been used in TB treatment since the mid-1960s.
(WHO, 2010) these four groups of drugs are considered
the first line of tuberculous drugs; they can turn
tuberculous patients into noncontagious (Munir et al.,
2017), while the second line of anti-tuberculosis drugs
includes fluoroquinolone, amikacin, kanamycin, and
capreomycin. Ethambutol resistance is associated with
embB; in 1993, the WHO recognized tuberculosis as an
emergency disease because the bacteria was resistant to
first-line anti-tuberculosis drugs (Rifampicin and
Isoniazid) (Campbell et al., 2011). Controlling and
preventing the spread of M. bovis MDR is essential to
protect humans (Franco et al., 2017) and livestock from
such threats. In the current study, there were two
antimicrobial-resistant

genes identified using the
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PATRIC server in 11 M. bovis isolates; MBE1-Gharbia-
2014, MBE2-Gharbia-2014, MBE3-Beheira-2014,
MBE4-Menofia-2014, MBES5-Gharbia-2014, MBE6-
Beheira  -2014,  MBE7-Gharbia-2014, @ MBE9-
Alexandria-2014, MBEI10-Alexandria-2014, MBE12-
Menofia,2015, MBEI13-Menofia,2015, all of isolates
genes showed susceptibility to 8
Streptomycin, Amikacin, Kanamycin, Capreomycin,
Rifampin, Ethambutol, Isoniazid, and Ofloxacin
antibiotics, except the MBE12 showed monoresistance to
Ethambutol antibiotic while susceptible to the other
antibiotics which align with the finding of (Safi et al.,
2013). Antibiotic resistance is principally due to
mutations, with some exceptions, such as phenotypic
drug tolerance (Kester & Fortune, 2014; Sekiguchi et
al., 2007). It was reported that the majority of mutations
induct Ethambutol resistance resulted in amino acid
replacements at position EmbB 306 or 406 (Brossier et
al., 2015; Ramaswamy et al., 2000; Starks et al., 2009).
Hence, the resistance was only to a single antibiotic.

antibiotics

Drug resistance can be related to the low
permeability through mycolic acid and the efflux pump
action (da Silva et al., 2016); in this study, Based on
sequence analysis, ten efflux pump genes have been
identified in MBE12 strain of M bovis which include
(MmpL5, MmpL7, MmpS5, Rv1258c, Rv1634, Rv1747,
Rv1877, Rv2333c, Rv2994, Rv3239c), efflux pumps can
pump out drugs to dodge antimicrobial effect, so it has a
role in pathogenicity and virulence of bacteria (Piddock
et al., 2000), overexpression of RvI258¢ was found to
show mild resistance to tetracycline and aminoglycosides
(Ainsa et al., 1998), inhibiting efflux pump is an
important approach to overcome the drug resistance
problem.

The majority of mycobacteria have a functional
oxyR, which is the central regulator of the bacterial
oxidative stress response. The natural loss of oxyR during
the evolution of M. tuberculosis participates in the high
sensitivity of M. tuberculosis to isoniazid (Pagan-Ramos
et al., 2006); it belongs to the LysR family (Domenech
et al, 2001) and is considered a pseudogene in M.
Tuberculosis (Li et al., 1981; Nei, 1987). The current
study's MBE7 strain showed one more AMR gene
(OxyR) in the regulator modulating the expression of
antibiotic resistance genes.

Catalase-peroxidase (katG) is a protein that
contributes to mycobacterial metabolism by protecting
the bacilli from reactive oxygen intermediates and toxic
molecules for bacteria. KatG has an antimicrobial

resistance role by detoxifying the reactive oxygen
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resulting from respiratory bursts in phagocytic cells and
impairing nitric oxide synthesis. (O’Brien et al., 1996).

The resistance of MTBC to macrolides is related to
Erm (37) (Andini & Nash, 2006). The GidB gene was
reported to show resistance to streptomycin (Okamoto et
al., 2007); however, in this study, the MBE12 containing
the GidB is susceptible.

Conclusion

In the current study, P22 ELISA detected no positive
cases of tested large ruminants. To our knowledge, this is
the first study in Sohag, Egypt, using the P22 IELISA,
but this doesn’t for sure exclude the possibility of
infection. Based on the obtained data from GOVS, bTB
in Sohag governorate during 2024 was geographically
distributed in Sohag and Akhmim centers. The MBE12
showed monoresistance towards the Ethambutol
antibiotic, and the OxyR, a resistant gene, was found in
the MBE7 strain. MBE12 showed susceptibility to
Streptomycin, Amikacin, Kanamycin, Capreomycin,
Rifampin, Isoniazid, and Ofloxacin antibiotics. This
study had some limitations including the SID test
limitations in terms of sensitivity and specificity but this
doesn’t for sure exclude the possibility of infection,
furthermore, low numbers of animals tested using p22
ELISA. The p22 ELISA used was constrained by the
available resources Further investigations are required to
elucidate the incidence, prevalence, and drug-resistant
genes of M. bovis when financial support is available to
increase and support the accuracy of this study's findings.
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