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Abstract
ovine tuberculosis is becoming more widely acknowledged as a
hazard to public health. The advent of drug-resistant strains that
compromise the efficacy of existing treatment plans poses a
challenge to the control of BTB. A promising technique in-
volves the use of silver nanoparticles (AgNPs) with traditional anti-TB
therapies, which synergistically augment antimycotic efficacy both extra-
cellularly and intracellularly. During the period from March 2023 to Au-
gust 2024, a single intradermal tuberculin test was performed on 3500
animals, we found 84(2.4%) tuberculin positive animals and samples col-
lected from tuberculin positive animals were cultured on Lowenstein-
Jensen (LJ) media then molecularly examined by RT-PCR. Sixty out of
84 cases (71.43%) demonstrated growth on culture media and positive for
the IS6110 PCR primer. By calculating the MIC, the in vitro activity of
the streptomycin and streptomycin conjugated with AgNPs against myco-
bacterial isolates ranging from 1 - 0.25 mg/ml and 94 - 2.93 pg/ml re-
spectively. Finally, it is clear that AgNPs enhance the antibacterial action
of streptomycin.

Introduction

mycobacteria such as M. avium. Tuberculosis

Bovine Tuberculosis is a chronic infectious
deblitating disease of large ruminants attribut-
ed to bacteria from the Mycobacterium tuber-
culosis complex (MtbC), primarily M. bovis,
and to a lesser extent by infections with other

(TB) is the greatest cause of mortality from a
single infectious agent and is among the top
ten causes of death globally. Tuberculosis ac-
counted for 1.23 million fatalities in 2024,
while 10.7 million individuals contracted the
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disease during that year (WHO, 2025). TB is a
zoonotic and anthropozoonotic illness charac-
terized by a complex pathophysiology, caused
mostly by bacteria from the MtbC, chiefly M.
tuberculosis, with lower contributions from
other mycobacteria such as M. bovis. The pre-
cise role of recently included members of
MtbC, such as M. mungi, in human tuberculo-
sis remains inadequately understood. MtbC
bacteria belong to the Actinomycetales order
and are non motile, non sporulated bacilli with
a noticeably thick, lipid-rich cell wall. Drug-
resistant forms of MtbC have emerged in re-
cent decades, posing new difficulties for anti-
TB prevention and control initiatives
(Saravanan et al., 2018). Bovine tuberculosis
(TB) is a dangerous infectious illness that af-
fects both humans and animals. BTB is a zoon-
otic illness that mainly affects cattle, but it can
also infect humans when they come into inti-
mate contact to infected animals or eat unpas-
teurized dairy products. Countries with middle
and low incomes are disproportionately affect-
ed by zoonotic tuberculosis, which is closely
linked to deprivation and poor sanitation. In
poorer nations, BTB is becoming more widely
acknowledged as a hazard to public health.
However, correctly estimating the exact burden
of this disease is hampered by the absence of
efficient monitoring systems in several of these
nations. Additionally, the introduction of re-
sistant strains that compromise the efficacy of
existing treatment protocols poses a danger to
the management of BTB. (Kasir et al., 2023).
The minimal inhibitory concentration (MIC)
values are frequently established to assess a
new compound's antibacterial properties or to
validate results from tests for borderline quali-
tative susceptibility. The percentage approach,
the resistance ratio method, or the absolute
concentration method are typically used to in-
terpret DST data for M. tuberculosis
(Mitchison, 2005). Low patient compliance to
treatment may result from the lengthy course
of tuberculosis treatment and the severity of
anti tuberculosis medication side effects, such
as ototoxicity and renal failure. A serious chal-
lenge to TB control and an expanding public
health issue, particularly in developing nations,
are the rising incidence of MDR M. tuberculo-
sis and M. bovis. (Selim et al., 2018). Recent
advances in nanotechnology and nanoscience

have led to the development of a wide spec-
trum of nano materials for the treatment of in-
fectious diseases. Due to their special optical,
chemical, and physical characteristics as well
as the potential to control their shape and com-
position, metal nanoparticles have recently
drawn a lot of attention as potential antibacteri-
al agents. Silver (Ag) nanoparticles, among
other metal nanoparticles, have become a po-
tent therapeutic technique to fight antimicrobi-
al resistance. Because Ag is less harmful to
human cells, it has long been recognized as a
good antiseptic and antibacterial agent. There-
fore, the creation of a novel class of antimicro-
bials using Ag nanoparticles is highly desira-
ble. Ag nanoparticles have been shown by our
lab to damage bacterial cell membranes and
walls, resulting in harmful structural altera-
tions.

Additionally, it has been shown that Ag ions
prevent bacteria from producing selenium-
based antioxidant enzymes, which ultimately
causes oxidative stress and cell death. Addi-
tionally, it is known that Ag ions attach to vital
bacterial macromolecules and prevent the bac-
terium from growing (Shruthi et al., 2018).
This study's goals were to ascertain the MIC of
streptomycin and streptomycin conjugated
with silver nanoparticles (strept-AgNPs)
against M. bovis isolates.

Material and Methods

Tuberculin testing

Between March 2023 and August 2024, a sin-
gle intradermal tuberculin test was adminis-
tered to 3500 animals. During the national
screening program, these animals underwent
testing. The general organization of Veterinary
Services of Egypt conducted a single intrader-
mal tuberculin test using an intradermal injec-
tion of bovine purified protein derivative
(PPD), and testing and interpretation were car-
ried out in accordance with WOAH recom-
mendations (WOAH, 2024).

Collection of the samples

Positive single intradermal tuberculin test ani-
mals were slaughtered according to Egyptian
law. We targeted a total of 84 slaughtered ani-
mals at the abattoirs at different governorates
in Egypt . The average age of the slaughtered
females was 5-7 years old while that of males
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was 2-4 years old. All animals were subjected
to clinical and PM examination. followed by
postmortem examination. Different samples
were collected as left and right bronchial, ret-
ropharyngeal (lateral and medial), mesenteric ,
mediastinal and hepatic lymph nodes. Also
lungs, intestines, spleen and liver samples were
examined and collected. Animals were classi-
fied as either visible-lesion or non-visible-
lesion based on whether a lesion was visible
following dissection and visual examination of
target tissues. During the grinding process, the
samples from each case were pooled into a sin-
gle collective sample, which was subsequently
purified and condensed using Petroff's ap-
proach to culture and isolate Mycobacterium
species. (Mackie and McCartney, 1989).

Identification of BTB

All samples (lesions from different organs of
the affected slaughtered animal) were trans-
ferred on ice to TB unit, Bacteriology Depart-
ment, AHRI, Giza (Egypt) for examination by
molecular (RT-PCR) and culturing on Low-
enstein-Jensen (LJ) media and Middle brook
7H11 agar.

M. bovis isolation and identification

Each sample was cultivated in two tubes of
Lowenstein-Jensen (LJ) media (purchased
from Thermo Fisher Scientific, Waltham, MA,
USA): one tube contained sodium pyruvate,
and another tube contained glycerol (purchased
from Thermo Fisher Scientific, Waltham, MA,
USA) (ABID AG, Austria). Each sample was
incubated in two tubes at 37 °C. Every day, we

looked at grown tubes and identified acid-fast
bacilli using Ziehl-Neelsen staining (Romano
et al., 2005).

Molecular validation of isolates and DNA
extraction

The QIAamp DNA extraction was used to car-
ry out the DNA extraction.

According to the manufacturer's guidelines for
Gram-positive bacteria, use the Miniprep Kit
(Qiagen, Germany). A 2:1 mixture of methanol
and chloroform that was bought from CLN
GmbH (Germany) was used to kill the M. bo-
vis isolates. After adding 200 pL of Tris EDTA
(TE) to a few colonies in 1.5 mL Eppendorf
tubes, the tubes were refrigerated for the whole
night. 200 pL of newly made methanol: chloro-
form was added after freezing. Before decant-
ing the supernatant, the tubes underwent a cen-
trifuge for 20 minutes at 2,000 x g. After cen-
trifuging the tubes for five minutes at 6,000 x
g, any leftover supernatant was disposed of.
The tubes were then frozen until DNA extrac-
tion could start after being air dried for one
hour. Chemical, physical, and enzyme-based
approaches were combined to extract DNA
(Warren et al., 2006).

Verification of IS6110 and RD-based M. bovis differentiation:

Target gene Primer sequences (5'-3") ltlclfretflile(;n Reference
5’-AGTTTGGTCATCAGCCGTTC-3’
IS6110 5 CGAACTCAAGGAGCACATCA-3’ NC000962.3 (Thacker et al., 2011)
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Silver nanoparticles loaded with streptomy-
cin preparation using the chemical reduc-
tion method

Prepare Silver Nitrate Solution: Dissolve silver
nitrate (AgNO3) in deionized water to obtain a
solution of a specific concentration (e.g., 1 mM
to 10 mM).

Prepare Streptomycin Solution: Dissolve strep-
tomycin sulfate (or other streptomycin salt) in
deionized water. The concentration needs to be
optimized. Start with a range (e.g., 0.1 mg/mL
to 1 mg/mL) and adjust based on results.

Mix Reactants: Slowly add the streptomycin
solution to the silver nitrate solution under con-
tinuous stirring. The ratio of AgNO3 to strep-
tomycin is a critical parameter. Experiment
with different ratios. Some protocols suggest
adding streptomycin solution dropwise to the
silver nitrate solution (Guzman et al., 2009).

Determination of minimum inhibitory con-
centration (MIC)

Proportion method using Middlebrook 7H11
agar media according to Mycobacterium tuber-
culosis complex control recommendations for
livestock (WOAH 2024).

To homogenize the sample, colonies from the
solid medium of each isolate were scraped onto
an appropriately labeled tube that contained 5—
6 mL of 7H9 broth with albumin-dextrose-
catalase (ADC) supplement, 0.05% Tween 80,
and 3 mm glass beads. The tube was then vig-
orously vortexed for about a minute., After let-
ting the tube stand for 30 minutes to allow big
bacterial clumps to settle, two milliliters of
each isolate's upper suspension were removed
and transferred separately to a sterile tube. The
suspension's turbidity was then adjusted to 106
CFU/ml using a McFarland number 1 standard.
Streptomycin (Sigma-Aldrich A1774-250MG,
UK) drug diluted in distilled water to reach
concentration 1 mg/mL then we made serial
twofold dilutions of streptomycin antibiotic.
Streptomycin conjugated silver nanoparticles
(strept-AgNCs) with concentration 94 ul/ml
(prepared in faculty of pharmacy, Sina Univer-
sity) then we made serial twofold dilutions of
(strept-AgNCs).

Middle brook 7H11 agar media was prepared
according to the manual of the media and each
drug dilution was added to the agar media

seperately after addition of OADC supplement
then mixed well and soldified at room tempera-
ture.

Middle brook 7H11 agar plates were divided
into four groups ( one group containing strep-
tomycin drug, second group containing strept-
AgNCs drug, group three free from any drug
for control positive and the group four free
from any drug for control negative).

First, second and third group were inoculated
with 0.1ml of colonies suspension, the fourth
group inoculated with 0.1ml sterile distilled
water. Then incubated at 37°C for 3-4 weeks.
By comparing the number of colonies on the
equally inoculated mediums with and without
drug, the drug resistance ratio was computed
and the presence of drug resistance was ascer-
tained. The percentage of resistance is calculat-
ed as follows: (number of colonies growing on
the drug-containing medium)/(number of colo-
nies growing on the control medium) times
100%. The examined microorganisms are
deemed resistant to the anti tuberculosis medi-
cation if the percentage of drug resistance is
more than 1%. In order to see and document
the colony count on the lab log, the culture me-
dium was examined. The number more than 20
for colonies growing on the drug-containing
medium can be identified as drug resistance
based on the assumption of robust colony
growth on the control medium (Yu-mei Zhu.
et al., 2024).

Results

Results of tuberculin and isolation of Myco-
bacterium

In many Egyptian governorates, 84 out of 3500
(2.4%) tuberculin-positive animals were
slaughtered and their lymph nodes and organ
tissues checked for granulomas. On Low-
enstein-Jensen (LJ) medium containing sodium
pyruvate, isolates grew in 60 out of 84 cases
(71.43%), but not in Lowenstein-Jensen (LJ)
medium containing glycerol. Of the 84 instanc-
es, 24 (28.57%) had no development at all in
the LJ medium.

Molecular verification of the isolates ob-
tained

By testing 100% positive for the IS6110 PCR
primer, all 60 isolates were verified to be
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MTBC.

Effects of streptomycin and streptomycin
conjugated with silver nanoparticles on my-
cobacterial isolates

By calculating the minimum inhibitory con-
centration (MIC), the in vitro efficacy of strep-
tomycin antibiotic against mycobacterial iso-
lates at various concentrations, ranging from 1
mg/ml to 0.25 mg/ml, was evaluated.

By calculating the minimum inhibitory con-
centration (MIC), the in vitro activity of strep-
tomycin conjugated with AgNPs against myco-
bacterial isolates at varying concentrations,
ranging from 94 pg/ml to 2.93 pg/ml, was
evaluated.

The negative control plates showed no growth
of colony.

The positive control plates (without any drug)
showed uncountable number of colonies.

Discussion

The primary source of infection with M. bovis-
caused bovine tuberculosis for humans is cat-
tle, which is regarded as a zoonotic organism.
(WOAH, 2024). Ten to twenty percent of hu-
man tuberculosis cases in Africa and other de-
veloping nations are caused by M. bovis
(Wernery and Kinne, 2012). Since gastroin-
testinal illness is a common clinical symptom
and M. bovis is usually obtained by oral con-
sumption, the development of extrapulmonary
tuberculosis is anticipated to increase the glob-
al prevalence of M. bovis infection (Elsohaby
et al., 2020). The frequency of human TB cas-
es linked to M. bovis has dramatically declined
in developed nations due to milk pasteurization
and eradication attempts. Humans can still get
M. bovis, though, if they come into contact
with sick animals. (Cosivi ef al., 1998).

The study's tuberculin test result was 2.4%,
which was lower than both a recent tuberculin
report from Egypt that showed a 2.7% positivi-
ty rate using the single intradermal skin tuber-
culin test and a report from Egypt that showed
a 3.4% positive result rate applying the single
intradermal comparative skin tuberculin test
for dairy cattle (Abdelaal ef al., 2019) and less
than recent tuberculin report from Egypt which
indicated a 2.7% using the single intradermal
skin tuberculin test (Elsayed et al.,2025) . This
decrease was attributed to the Egyptian Agri-

culture Ministry objectives to prevent animal
infection with M. bovis and its possible human
transmission, as well as the strict implementa-
tion of the General Authority of Veterinary
Services' test and kill policy (El-Gedawy et
al., 2021). Another factor contributing to this
alteration may be linked to inaccuracies in the
tuberculin testing methods employed during
the execution of the national control program,
potentially leading to overlooked cases of in-
fection. (Elsayed et al., 2016).

Antibacterial agents play a crucial role in vari-
ous sectors, including the textile industry, wa-
ter disinfection, pharmaceuticals, and food
packaging. Nanoparticles are promising candi-
dates for use as antimicrobial agents due to
their ability to attach to DNA and prevent its
unwinding, leading to cell death in the end.
The integrity of bacterial membranes is com-
promised when silver nanoparticles interact
with them, while silver ions attach to sulfur,
oxygen, and nitrogen found in vital biological
molecules, thereby inhibiting bacterial prolifer-
ation (Selim et.al., 2018).

Nanoparticle-based systems have undergone
testing for the prevention, diagnosis, and treat-
ment of tuberculosis (TB). These systems
could potentially address several issues, in-
cluding: drug bioavailability, the necessity for
frequent dosages, the hydrophobic characteris-
tics of the cell wall, which hinder the binding
and penetration of anti-TB medications, thus
diminishing their bactericidal effectiveness,
and the emergence of multi-drug resistance.
These pose serious obstacles to controlling tu-
berculosis outbreaks. By specifically targeting
phagocytic cells affected by intracellular path-
ogens and acting directly on the cell wall, na-
noparticle-based technologies may offer an-
swers (Praba et.al., 2013).

This study revealed that the minimal inhibitory
concentration (MIC) of streptomycin and
streptomycin conjugated with silver nanoparti-
cles (strept-AgNPs) against M. bovis isolates 1
mg/ml to 0.25mg/ml and 94 pg/ml to 2.93 pg/
ml respectively, the result of this study agree
with the result of (Salar ez al. 2015) who men-
tioned that the antibacterial efficacy of strepto-
mycin, both alone and in combination with
AgNPs, was evaluated, revealing an enhance-
ment in antibacterial activity between 2.02%
and 57.98%. It is evident that AgNPs increase
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the antibacterial properties of streptomycin, the
AgNPs possess a wide range of antibacterial
effectiveness against human pathogens and fur-
ther synergistically boost the antibacterial ac-
tion of streptomycin. And also agree with
(Bhabatush 2026) who explained the physical
behavior of functionalized AgNCs with INH in
addition to their antimicrobial and biocompati-

ble properties and stated that the antimicrobial
efficiency of isoniazide nanocarriers (INH-
AgNCs) was almost 2.7 times higher than that
of free INH based on antimicrobial testing.

Fig. (1). Lymph nodes (Retropharyngeal, Mesentric and bronchial) showing suspected Tuberculosis lesions with calcifi-
cation from slaughtered tuberculin reactor cattle

Fig. (2). Macroscopic apperance of Mycobacterium colonies on middle brook 7H10
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Fig. (3). Minimum inhibitory concentration (MIC) proportion method using Middlebrook 7H10 agar media of strepto-
mycin and strep-AgNCs
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