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Received in revised from he current state of multidrug resistance among Mycobacterium bovis
1/11/2023 I (M.bovis) isolates originating from cattle in Egypt underscores the
Accepted in 20/11/2023 need for control measures based on accurate diagnostic approaches.
Conducting antibiogram surveillance of M.bovis using advanced molecular
Keywords: techniques can greatly contribute to the prevention of transmission of multi-
bovine tuberculosis drug-resistant (MDR) strains to humans. In this study, a total of 153
multidrug-resistant tu- tuberculous lesion samples were collected from slaughtered cows in the ab-
berculosis attoir and subjected to bacteriological examination. Acid-fast bacilli were
cattie detected in 54.2% of samples using ZN staining, while M.bovis was isolated
from 65.4% of samples through culture. Out of the 65 M.bovis isolates con-
firmed by PCR, 25 showed resistance to at least one anti-tuberculous drug.
The resistance rates to EMB, STR, INH, and RIF were 3.1%, 20%, 30.8%,
and 32.3% respectively. MDR was detected in 21.5% of isolates. DNA se-
quencing of six rifampicin-resistant isolates revealed three specific muta-
tions (H526Y, S531L, and D516V). These findings highlight the importance
of investigating ante-mortem M.bovis infection in cattle to minimize public
health risks associated with bovine tuberculosis.

INTRODUCTION es in developing countries. The emergence and
spread of multidrug-resistant TB (MDR-TB),
particularly resistance to rifampicin (RR), is a
serious threat to TB control efforts.

Isoniazid (INH) resistance is caused by dif-
ferent mutations affecting different genes
(Vilchéze et al. 2014), while on molecular ba-
sis rifampicin (RIF) resistance is less difficult,
as absolutely all resistant strains exhibit rpoB
gene mutations (Telenti et al. 1993). Moreover,
many countries use rifampicin resistance detec-

Bovine tuberculosis (BTB) is a chronic dis-
ease in cattle caused by Mycobacterium bovis
(M.bovis), a member of the Mycobacterium
tuberculosis complex (MTBC). It has signifi-
cant economic and public health implications
due to its impact on animal production and the
potential for human infection (Mohamed
2020). In humans, tuberculosis (TB) is a major
global health concern (WHO 2017). M.bovis
accounts for approximately 10-15% of TB cas-
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tion by molecular techniques as a potential
marker of MDR-TB, because more than 90%
of cases resistant to rifampicin exhibit re-
sistance to isoniazid (Mboowa et al. 2014).
This study aimed to isolate MTBC from
animal tissue samples obtained after post-
mortem examination, confirm M. bovis using
PCR targeting Mpb70, assess the drug sensitiv-
ity of isolates, and investigate rifampicin re-
sistance mutations through DNA sequencing.

MATERIALS AND METHODS
1.1 Collection of Samples:

A total of 153 tissue samples, exhibiting
tuberculous lesions, were gathered from
slaughtered cows that tested positive for tuber-
culin in the abattoir after postmortem examina-
tion, following the guidelines set forth by the
Egyptian authorities for cattle inspection.

2.1 solation and Identification:

The tissue samples were processed and in-
oculated into modified LJ medium (Oxoid,
England) as instructed by the manufacturer
(Marks 1972). Additionally, direct smears of
the processed samples were stained with Ziehl-
Neelsen (ZN) stain according to the manufac-
turer's instructions (Kubica 1973)
3.1Confirmation of M.bovis by Convention-
al PCR Targeting Mpb70:

DNA extraction from 65 selected isolates was
conducted using the QIAamp® DNA Mini Kit
(Qiagen, Germany) following the manufactur-
er's guidelines. These isolates were then sub-
jected to PCR using primers designed to target
the mpb70 gene: forward (5'-
ACCCTCAACAGCGGTCAGTAC-3")  and
reverse (5'-TTACGCCGGAGGCATTAGCAC
-3"). This specific PCR amplifies a 314 bp

RESULTS

product that is specific to M.bovis, as de-
scribed by Zhang et al. (2016).

4.1 Antibiogram by the Gold Standard Agar
Proportion Method in Middlebrook 7HI11
Medium:

The susceptibility of the 65 M.bovis iso-
lates, confirmed by the presence of Mpb70, to
certain anti-mycobacterial drugs was deter-
mined using the gold standard agar proportion
method in Middlebrook 7H11 medium. This
method follows the approved standard (M24A)
provided by the Clinical and Laboratory Stand-
ards Institute (CLSI 2011) for the susceptibil-
ity testing of mycobacteria, nocardiae, and oth-
er aerobic actinomycetes.

5.1 PCR and Sequencing for rpoB gene of
Some Drug-Resistant M.bovis Isolates:

DNA from six selected isolates showing re-
sistance to rifampicin ( Code NO:M-LN-2, M-
LN-9, M-LN-12, S-LN-5, S-LN-7, and Q-LN-
8) was amplified using PCR with primers tar-
geting the rpoB gene: forward (5'-
GGAGCGGATGACCACCC-3") and reverse
(5'-GCGGTACGGCGTTTCGATGAAC-3").
This PCR amplifies a 350 bp product specific
for rifampicin-resistant isolates, as described
by Siddiqi et al. (2002). The PCR products
were purified with the QIAquick PCR Product
extraction kit (Qiagen Inc. Valencia CA) and
then sequenced in both directions using the Big
dye Terminator V3.1 cycle sequencing kit
(Perkin-Elmer/Applied Biosystems, FC, CA).
Purification of the sequencing reaction was
performed using Centrisep (spin column), and
the sequencing reaction was carried out on an
Applied Biosystems 3130 automated DNA Se-
quencer (ABI, 3130, USA). Sequence compar-
isons were conducted following the method

Table 1. showed the bacteriological examination of 153 processed samples from El-Menufia, El-Sharkia, and

El-Qaliobia Governorates

Governorate

No. of tested AFB by Direct smear (Z.N)

Positive culture

samples
NO. % NO. %
El-Menufia 69 38 55.1 44 63.8
El-Sharkia 47 25 53.2 31 66
El-Qaliobia 37 20 54.1 25 67.6
Total 153 83 542 100 65.4
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described by Thompson et al. (1994). Phyloge- methods in MEGA6 was performed, as out-
netic analysis utilizing neighbor joining, maxi- lined by Tamura et al. (2013)
mum likelihood, and maximum parsimony

Results of conventional PCR targeting Mpb70

314bp

Fig (1): Agarose gel electrophoresis for PCR amplified products of M.bovis isolates
Lane (L): DNA ladder. Lane (P.): positive control. Lane (N.): Negative control.
Lane (1, 2,3,4,5,6,7,8,9 and 10): Positive M.bovis isolates with specific amplicon size 314bp.

The antibiogram results of 65 M.bovis iso-
lates confirmed by Mpb70 targeting PCR
showed that 61.5% of the isolates were pan-
susceptible to the tested anti-TB drugs. How-
ever, 38.5% of the isolates exhibited resistance

to at least one of the drugs. The resistance per-
centages for ethambutol, streptomycin, isonia-
zid, and rifampicin were 3.1%, 20%, 30.8%,
and 32.3%, respectively. Additionally, 21.5%
of the isolates were identified as MDR-M.bovis

Table 2. Result of sensitivity of M.bovis isolates against antituberculous drugs

No. of test- Tested antimicrobial agent No. of pan-
ed isolates  Isoniazid sensi- Rifampicin sensi-  Streptomycin sensi-  Ethambutol sensi-  sensitive isolates
tivity tivity tivity tivity
No. % No. % % No. % No. %
65 45 69.2 44 67.7 80 63 96.9 40 61.5

Results of PCR for some drug resistant isolates:

Fig (2): Agarose gel electrophoresis for PCR amplified products rpoB gene of of the resistant M.bovis isolates.
Lane (L): DNA ladder. Lane (P.): positive control. Lane (N.): Negative control.

Lane (1, 2, 3, 4, 5 and 6): positive isolates for rpoB resistance gene of rifampicin with specific amplicon size 350 bp.
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Results of sequencing PCR products from six
M.bovis isolates, indicating rifampicin re-
sistance. Among these isolates, three nucleo-

Table 3. Amino acid changes in resistant isolates:

tide substitution mutations were detected:
D516V in 1 out of 6 isolates, H526Y in 4 out
of 6 isolates, and S531L in 1 out of 6 isolates

Isolate ID Resistance pattern gene Affected codon Amino-acid change
M-LN-2 R rpoB 531 S-----L
M-LN-9 R.I 526 H-----Y
M-LN-12 R,I 526 H-----Y
S-LN-5 R,LS,E 526 H-----Y
S-LN-7 R,LS 526 H-----Y
Q-LN-8 R 516 D-----V

R: rifampicin,l: Isoniazid, S: streptomycin, E: ethambutol

DISCUSSION

Bovine tuberculosis remains a significant
global threat to cattle, making it crucial to con-
trol and prevent outbreaks of MDR-M.bovis
and its transmission to humans (Franco et al.,
2017). Table 1 demonstrates that the results of
directsmear in this study were lower than those
reported by Sohair and Riad (2002) (69%) and
higher than those reported by Silva et al.
(2018) (46.88%) and Abdelsadek et al. (2020)
(48.04%). Similarly, the results of culture in
table 1 agreed with those obtained by Silva et
al. (2018) (68.75%), but were lower than those
reported by Nasr et al. (2016) (80%) and high-
er than those given by Abdelsadek et al. (2020)
(51.59%). Negative culture results may be due
to tuberculous lesions being similar to lesions
caused by other organisms, which can be dis-
tinguished through histopathological examina-
tion, or due to M.bovis being killed by macro-
phages, or due to unsuccessful abattoir sam-
pling (Arajo et al. 2005).

Furthermore, in this study, 65 isolates were
confirmed to be M.bovis through Mpb70 tar-
geting PCR and were tested for antibiotic sen-
sitivity against four anti-tuberculous drugs. Ta-
ble 2 shows that 25 isolates were resistant to at
least one of the first-line anti-TB drugs, ac-
counting for 38.5% of the isolates. This preva-
lence rate of drug resistance was comparable to
that reported by Franco et al. (2017) (31.3%),
but lower than that reported by Sechi et al.

(2001) (63.6%) and Wang et al. (2018) (77%).

In terms of specific drugs, the total re-
sistance to rifampicin and isoniazid was 32.3%
and 30.8%, respectively, which were lower
than the resistance rates reported by Abdelsad-
ek et al. (2020) (40.7% for rifampicin and
59.3% for isoniazid) and Sechi et al. (2001)
(45.5% for rifampicin and 40.9% for isonia-
zid). On the other hand, our results were higher
than those reported by Franco et al. (2017),
where the resistance rates to rifampicin and
1soniazid were 3% and 12%, respectively. Ad-
ditionally, MDR-M.bovis was detected in 14
isolates (21.5%), which is nearly similar to the
findings of Sechi et al. (2001) (22.7%), lower
than Franco et al. (2017) (16%), and higher
than Wang et al. (2018) (64.9%).

In terms of molecular analysis, polymor-
phism in the 81 base pair hot-spot region of the
rpoB gene has been linked to about 95% of ri-
fampicin-resistant strains (Cavusoglu et al.
2002).

Automated DNA sequencing has identified
at least 5 mutations in this region (Ahmad et al.
2002). In this study, DNA sequencing identi-
fied 3 different mutations, with the most fre-
quent one being H526Y detected in 4 isolates.
The other mutations detected were D516V
(1/6) and S531L (1/6). These results were com-
parable to those reported by Silaigwana et al.
(2012), who reported a high frequency of the
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H526Y mutation (90%). Additionally, Azmy
et al. (2022) reported a mutation in the rpoB
gene involving codon 526 in a phenotypic
MDR M.bovis and/or M.africanum isolate in
Egypt. While we identified the S531L muta-
tion in one isolate, Blasquez et al. (1997) re-
ported that rifampicin resistance was mostly
associated with the S531L mutation. In con-
trast, our results differ from those of Franco et
al. (2017), who detected no mutations in 21
M.bovis isolates with phenotypic resistance to
rifampicin and isoniazid. Furthermore, Sechi
et al. (2001) reported the H526Y mutation in 2
M.bovis isolates, while our results showed the
detection of the L521P mutation in 60% of the
tested M.bovis isolates, and the D516V and
S531L mutations were not identified among
resistant isolates in the same study. These vari-
ations in results could possibly be attributed to
the geographical location of the isolates in
each study.

The limitation of the current study is that
the size of the tested samples is small, howev-
er, it emphasizes the significance of BTB on
public health, particularly due to the emer-
gence of MDR-M.bovis, and emphasizes the
necessity for effective control measures to pre-
vent its spread. Despite the small sample size,
the study brings attention to the consequences
of bovine tuberculosis (BTB) on public health,
particularly with the rise of multidrug-resistant
M.bovis strains. This highlights the urgency
for implementing effective control measures to
mitigate the impact of BTB on both human
and animal populations. These control
measures should encompass strategies such as
improved surveillance, early detection, proper
diagnosis and treatment, vaccination pro-
grams, and strict biosecurity protocols. By ad-
dressing these challenges, we can work to-
wards reducing the prevalence of BTB and
protecting public health.

CONCLUSION
he results indicated a high prevalence of
bTB and multidrug-resistant M.bovis in
slaughtered cattle in the study area. To
mitigate the public health risk, further large-
scale epidemiological investigations are neces-
sary, along with surveys focusing on the detec-
tionof M.bovis infection in live animals, par-

ticularly through ante-mortem methods. Addi-
tionally, it is important to conduct drug re-
sistance screening to identify the extent of re-
sistance in M.bovis strains. These measures
are crucial for reducing the public health haz-
ard associated with bTB and multidrug-
resistant M.bovis.

REFERENCE

Abdelsadek HA, Sobhy HM, Mohamed KF,
Hekal SH, Dapgh AN, Hakim AS. 2020.
Multidrug-resistant strains of Mycobacte-
rium complex species in Egyptian farm
animals, veterinarians, and farm and abat-
toir workers. Veterinary World, 13(10):
2150. doi: 10.14202/vetworld.2020.2150-
2155

Ahmad S, Mokaddas E, Fares E. 2002. Char-
acterization of rpoB mutations in rifampin
-resistant clinical Mycobacterium tubercu-
losis isolates from Kuwait and Dubai. Di-
agnostic Microbiology and Infectious Dis-
ease, 44, 245-252. https://doi.org/ 10.
1016/S0732-8893(02)00457-1

Algammal AM, Wahdan A, Elhaig MM. 2019.
Potential efficiency of conventional and
advanced approaches used to detect My-
cobacterium bovis in cattle. Microbial
Pathogenesis, 134, 103574. https:/
doi.org/10.1016/j.micpath.2019.103574

Araujo CP, Leite CQ, Prince KA, Jorge KD,
Osorio AL. 2005. Mycobacterium bovis
identification by a molecular method from
post-mortem inspected cattle obtained in
abattoirs of Mato Grosso do Sul, Brazil.
Memorias do Instituto Oswaldo Cruz,
100, 749-752. https://doi.org/10.1590/
S0074-0276200500070001

Azmy AM, Al-Amry K, Karim SEDA. 2020.
Line probe assay, a rapid and efficient test
for the diagnosis of multidrug-resistant
tuberculosis in Egypt. The Egyptian Jour-
nal of Chest Diseases and Tuberculosis,
69(2): 284. DOLI: 10.4103/ejcdt.
ejedt 111 19

Blasquez J, Espinosa de Los Monteros LE,
Samper S, Martin C, Guerrero A, Cobo J,

Van Embden J, Baquero F, Gomez-
Mampaso E. 1997. Genetic characteriza-

138



El-Gedawy et al.,

Egyptian Journal of Animal Health 4, 1 (2024), 134-140

tion of multidrug-resistant Mycobacte-
rium bovis strains from a hospital out-
break involving human immunodeficiency
virus positive patients. Journal of Clinical
Microbiology, 35(6):1390-1393. https://
doi.org/10.1128/jcm.35.6.13901393.1997

Silaigwana B, Green E, Ndip RN. 2012. Mo-
lecular detection and drug resistance of
Mycobacterium  tuberculosis — complex
from cattle at a dairy farm in the Nkonko-
be region of South Africa: A pilot study.
International Journal of Environmental
Research and Public Health, 9(6), 2045-
2056 .https://doi.org/10.3390/
1jerph9062045

Cavusoglu C, Hilmioglu S, Guneri S, Bilgic A,
2002. Characterization of rpoB mutations
in rifampin-resistant clinical isolates of
Myco-bacterium tuberculosis from Turkay
by DNA sequencing and line probe assay.
Journal of Clinical Microbiology 40(12):
4435-4438.

Clinical and Laboratory Standards Institute.
Susceptibility testing of mycobacteria,
nocardia, and other aerobic actinomy-
cetes; approved standard, 2nd ed docu-
ment M24-A. CLSI, Wayne, PA, USA.
CLSI; 2011

Cousins DV, Huchzermeyer HFK, Griffin
JFT, Bruckner GK, Van Ransburg IBJ,
Kriek NPJ. 2004. Tuberculosis. Infectious
Diseases Of Livestock Oxford University
Press, Cape Town Coetzer AW, Tustin
RC, (eds), 2,3: 1973-1993.

Franco MM, Ribeiro MG, Pavan FR, Miyata
M, Heinemann MB, de Souza Filho AF,
Cardoso RF, de Almeida AL, Sakate RI,
Paes AC. 2017. Genotyping and rifampic-
in and isoniazid resistance in Mycobacte-
rium bovis strains isolated from the lymph
nodes of slaughtered cattle. Tuberculosis
(104):  30-37. https://doi.org/10.1016/
j.tube.2017.02.006

Hoffner S. 2012. Unexpected high levels of
multidrug-resistant tuberculosis present
new challenges for tuberculosis control.
The Lancet 380(9851):1367-1369.

Kubica GP. 1973. Differential identification of
mycobacteria VII. Key features for identi-

fication of clinically significant mycobac-
teria. American Review of Respiratory
Disease 107(1): 9-21

Marks J. 1972. Ending the routine guinea-pig
test. Tubercle 53(1): 31-34 https://
doi.org/10.1016/0041-3879(72)90043-8

Mboowa G, Namaganda C, Ssengooba W.
2014. Rifampicin resistance mutations in
the 81 bp RRDR of rpoB gene in Myco-
bacterium tuberculosis clinical isolates
using Xpert® MTB/RIF in Kampala,
Uganda: a retrospective study. BMC In-
fectious Diseases 14(1): 1-5. https:/
doi.org/10.1186/1471-2334-14-481

Mohamed A. 2020. Bovine tuberculosis at the
human-livestock-wildlife interface and its
control through one health approach in the
Ethiopian Somali Pastoralists: A review.
One Health 9: 100113. https://doi. or-
2/10.1016/j.0onehlt.2019.100113

Nasr EA, Marwah M, Melika LF, Tammam
AA, Gorge SF. 2016. Comparison of tu-
berculin skin test and lateral flow rapid
test for detection of bovine tuberculosis in
dairy cattle. Journal of Applied Veterinary
Sciences 1(1): 21-27. DOI: 10.21608/
javs.2016.61824

Park MM, Davis AL, Schluger NW, Cohen H,
Rom WN. 1996. Outcome of MDR-TB
patients, 1983-1993. Prolonged survival
with appropriate therapy. American jour-
nal of respiratory and critical care medi-
cine 153(1): 317324. https: doi.org/
10.1164ajrcem.153.1.8542137

Sechi LA, Zanetti S, Sanguinetti M, Molicotti
P, Romano L, Leori G, Delogu G, Boccia
S, La Sorda M, Fadda G. 2001. Molecular
basis of rifampicin and isoniazid re-
sistance in Mycobacterium bovis strains
isolated in Sardinia, Italy. Antimicrobial
Agents Chemotherapy 45(6): 1645-1648.
https://doi.org/10.1128/AAC.45.6.1645-
1648.2001

Siddigi N, Shamim M, Hussain S, Choudhary
RK, Ahmed N, Prachee, Banerjee S, Sa-
vithri GR, Alam M, Pathak N, Amin A,
Hanief M, Katoch VM, Sharma SK,
Hasnain SE. 2002. Molecular characteri-
zation of multidrug-resistant isolates of

139


https://doi.org/10.3390/ijerph9062045
https://doi.org/10.3390/ijerph9062045
https://doi.org/10.1016/j.tube.2017.02.006
https://doi.org/10.1016/j.tube.2017.02.006
https://doi.org/10.1016/0041-3879(72)90043-8
https://doi.org/10.1016/0041-3879(72)90043-8
https://doi.org/10.1016/j.onehlt.2019.100113
https://doi.org/10.1016/j.onehlt.2019.100113
https://dx.doi.org/10.21608/javs.2016.61824
https://dx.doi.org/10.21608/javs.2016.61824
https://doi.org/10.1164/ajrccm.153.1.8542137
https://doi.org/10.1164/ajrccm.153.1.8542137

El-Gedawy et al., Egyptian Journal of Animal Health 4, 1 (2024), 134-140

Mycobacterium tuberculosis from patients
in North India. Antimicrobial Agents and
Chemotherapy 46 (2):443-450. DOI:
10.1128/AAC.46.2.443-450.2002

Silva SC, Alves AD, de Oliveira Almeida TJ,
de Sa PC, de Souza AF, Cardenas NC,
Ferreira JS, Heinemann MB, de Azevedo
SS and de Medeiros Torres MB. Isolation
and identification of Mycobacterium bovis
in cattle slaughtered from an abattoir in
Garanhuns, Pernambuco. Semina: Ciénci-
as Agrarias  39(1):157-165.  https://
doi.org/10.5433/1679-
0359.2018v39nlpl57

Sohair YM, Riad EM. 2002. Bacteriological
and Pathological studies on bovine tuber-
culosis in closed farms at Ismailia gover-
norate. J.Egypt.Vet. Med. Ass. 62 no.(6):
121-135.

Tamura K, Stecher G, Peterson D, Filipski A,
Kumar S. 2013. MEGAG6: molecular evo-
lutionary genetics analysis version 6.0.
Molecular Biology and Evolution (30) :
2725-2729. https://doi.org/10.1093/
molbev/mst197

Telenti A, Imboden P, Marchesi F, Matter L,
Schopfer K, Bodmer T, Lowrie D, Colston
MJ, Cole S. 1993: Detection of rifampicin
-resistance mutations in Mycobacterium
tuberculosis. The Lancet 341(8846):647-
651.  https://doi.org/10.1016/0140-6736
(93)90417-F

Thompson JD, Higgins DG, Gibson TJ. 1994.
CLUSTAL W: Improving the sensitivity
of progressive multiple sequence align-
ment through sequence weighting, posi-
tion-specific gap penalties and weight ma-
trix choice. Nucleic Acids Research, 22
(22): 4673-4680. https://doi.org/10.1093/
nar/22.22.4673

Vilchéze C, Jacobs Jr WR, 2014. Resistance to
isoniazid and ethionamide in Mycobacte-
rium tuberculosis: genes, mutations, and
causalities. Microbiology Spectrum, 2(4):
2-4.

Wang Hye-young MS, Young Uh MD,
Seoyong Kim BS, Eunjin Cho MS, Jong
Seok Lee Ph D, Hyeyoung Lee Ph D.

2018. Detection of Rifampicin and Isoni-
azid Resistant Mycobacterium tuberculo-
sis Using the Quantamatrix Multiplexed
Assay Platform System. Annals of Labor-
atory Medicine 38(6): 569577.
doi:10.3343alm.2018.38.6.569 .

World Health Organization. Global tuberculo-

sis report 2017. WHO/HTM/TB/2017.23

Zhang H, Wang Z, Cao X, Wang Z, Sheng J,

Wang Y, Zhang J, Li Z, Gu X, Chen C.
2016. Loop-mediated isothermal amplifi-
cation assay targeting the mpb70 gene for
rapid differential detection of Mycobacte-
rium bovis. Archives of microbiology 198
(9): 905 - 911. doi:10.1007/s00203-016-
1232-6

140


https://doi.org/10.5433/1679-0359.2018v39n1p157
https://doi.org/10.5433/1679-0359.2018v39n1p157
https://doi.org/10.5433/1679-0359.2018v39n1p157

