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Abstract

I N EGYPT, raw milk is widely consumed and can serve as a vector for transmitting certain
zoonotic diseases. Mycobacterium tuberculosis complex (MTBC) is the most extensively studied
group of mycobacterial agents in veterinary microbiology, known for causing tuberculosis in both
man and animals, other non-tuberculous mycobacteria (NTM) or environmental mycobacteria are also
significant animal pathogens. Our study is directed to detect NTM in raw milk in several Egyptian
governorates. Three hundred milk samples were collected from El-Shargiya, El-Qalyubia, and El-
Dagahlia Governorates to examine the presence of NTM. Twenty-two milk samples exhibited
bacterial growth on Lowenstein-Jensen and Middlebrook agar media enriched with sodium pyruvate
and glycerol. Molecular identification of the bacterial isolates through 16S ribosomal RNA gene PCR
confirmed their positivity. We identified five various species of NTM: M. fortuitum, M. kansasii, M.
scrofulaceum, M. chelonae, and M. smegmatis, with isolation counts of 27, 18, 12, 9, and 15,
respectively. This study highlights that raw milk poses a prospective NTM infection source for
animals and humans.
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significance.

Introduction bovine TB, non-tuberculous mycobacteria may

impede the existing diagnostic procedures. Few

studies have looked at finding environmental
mycobacteria in milk [5,6,7].

A wide range of organisms is included in the
category of Mycobacterium, such as: (i) obligate
pathogens from the M. tuberculosis complex, which

cause serious disease to animal and human(ii)
opportunistic  pathogens, which are  mostly
represented by the M. avium complex; and (iii)
saprophytic species [1].

M. tuberculosis and M. bovis are the main
pathogenic mycobacteria causing serious illnesses in
animals and humans [2]. However, non-tuberculous
mycobacteria (NTM) are now recognized as
significant causes of diseases in humans and animals,
leading to both pulmonary and extrapulmonary
infections in these populations [3]. It is commonly
known that milk may transmit Mycobacterium spp.,
particularly M. bovis and NTM, to humans and
animals [4].

Although the single intradermal cervical
tuberculin test is the main diagnostic method for

NTMs can cause skin, soft tissue, and respiratory
tract infections in healthy individuals, especially
those with immune system deficiencies [8]. Over 286
Mycobacterium species have been identified, with
most belonging to the NTM group according to the
List of (LPSN), Prokaryotic Names withstanding in
Nomenclature [9].

NTMs can cause various diseases, including
mastitis in cows and cutaneous granulomas in cats
and dogs, associated with species such as
Mycobacterium chelonae, M. thermoresistibile, M.
fortuitum, M. phlei and M. smegmatis [10, 11]. The
rise in NTM infections is primarily due to an increase
in immunocompromised individuals, including those
with AIDS, cancer, organ transplant recipients, and
those using immunosuppressive drugs [12].
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Nontuberculous mycobacteria (NTM) infections
are often misdiagnosed, especially in regions where
tuberculosis is widespread. This is due to the
resistance of NTMs to standard anti-TB medications,
which can lead to them being mistakenly identified
as Mycobacterium tuberculosis (MTB) [13].
Therefore, accurate identification of NTM species in
associated infections is crucial for determining the
most suitable treatment.

The target of the study is to detect atypical
mycobacteria in unpasteurised milk from several
farms in the EIl-Sharqyia, EI-Qaliubia, and EI-
Dagahlia governorates. This was accomplished
through bacterial culture and Ziehl-Neelsen (ZN)
staining. Additionally, molecular-based speciation
was performed to further analyse the isolates through
16S rRNA gene sequence analysis.

Material and Methods

Sampling

Three hundred samples of raw milk were
randomly collected from various dairy farms in El-
Sharqyia, El-Qaliubia, and El-Dagahlia
Governorates, between January 2023 and January
2024. Samples were transported to the laboratory in
an ice box for processing and bacteriological culture.

Sample preparation

A 50 mL aliquot of each milk sample was
centrifuged at 3000 rpm for 15 minutes. Post
centrifugation, the supernatant liquid was carefully
extracted following the separation of the cream. The
sediment was then subjected to a decontamination
procedure as distinct samples [14].

Sample cultures

A volume of 5 mL of milk samples were
centrifuged for 10 minutes at 4°C, at 3000 rpm,
following an equal volume treatment with a 5%
oxalic acid decontamination procedure. A 200uL
aliquot from the decontaminated sample was
inoculated into Lowenstein-Jensen with sodium
pyruvate and glycerol added and Middlebrook 7H10
agar media enriched with OADC growth supplement
(Himedia®). Then, incubated in duplicate at 37°C,
with and without 5-10% CO2, for. Daily checks were
conducted to monitor the growth of mycobacteria
[14].

Biochemical identification of mycobacterial species:

To identify the Mycobacterial species, several
phenotypic tests were conducted in the lab following
the observation of growth. These tests included the
following: temperature preference (°C), growth rate
at 42°C and 52°C, pigment production under both
dark and light conditions, growth on PNB (Peptone
Nutrient Broth) and MacConkey agar, catalase
activity, and nitrate reduction test. In addition,
growth in the presence of 5% NaCl, tween 80
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hydrolysis, pyrazinamidase activity, aryl sulfatase
activity after three days, then after 14 days,
utilization of citrate, urea hydrolysis, iron uptake,
niacin testing, mannitol, tellurite reduction, and
inositol were estimated [14].

Molecular identification of mycobacterial species

To confirm the isolates' positivity, molecular
identification of the bacteria that targeted the 16S
ribosomal RNA gene was employed.

DNA extraction procedures

The Qiagen® QlAamp DNA Kit was used for
DNA extraction, with modifications to the
manufacturer's instructions. Specifically, 200 pl
suspension of the sample was treated with 200 pl of
lysis buffer and 10 ul of proteinase K, followed by
incubation for ten minutes at 56°C, additional 200 pl
of 100% ethanol to the lysate. The sample was eluted
using 100 pl of the elution buffer provided in the kit.

PCR Amplification

Table 1 shows the oligonucleotide primers used.
Primers at a concentration of 20 pmol were
employed in a 25upl reaction that included
EmeraldAmp Max PCR Master Mix (12.5ul),
Takara® (Japan), 4.5ul water, 1pl of primer, and 6pl
of DNA template. The reaction was carried out using
an Applied Biosystems 2720 thermocycler.

Analysis of PCR Products

PCR products were subjected to electrophoresis
at a gradient of 5V/cm on a 1.5% agarose gel
(Applichem, Germany, GmbH) in a 1x TBE buffer at
ambient temperature. For gel analysis, 15ul of each
PCR product was loaded into the gel slots. Fragment
sizes were determined using the Generuler 100bp
ladder from Fermentas, Thermo. The gel was
captured using a gel documentation system (Alpha
Innotech, Biometra), and the resulting data was
analysed using Gelanalyzer software.

Discussion

Nontuberculous mycobacteria (NTM) species are
increasingly documented as sources of human and
animals’ diseases globally [16]. They are known to
be the primary pathogens responsible for both
pulmonary and extrapulmonary infections [17]. NTM
can be found in various environments on dairy farms.
They can be isolated from soil, manure, organic
waste, plants, and water [18, 19]. The consumption
of tainted food and water is the main way that cattle
contract NTM [20]. Infections can also occur through
the intramammary route [21]. The existence of NTM
in raw milk and dairy products has been documented
in several investigations carried out globally.

Turkey released a report on the discovery of NTM
species in dairy cows by Konuk et al. [22] and Aydin
et al. [23], in Pakistan by Qamar et al. [24], and also
in Tanzania by Kazwala et al. [25]. Several reports
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detected NTM in heat-treated milk by Leite et al.
[26], Sgarioni et al. [27], and Bolanos et al. [28] in
Brazil.

Out of 300 raw milk samples, 81 were tested for
bacterial growth as shown in Table 2.

According to the OIE (2024) [29],
microbiological culture is still the most reliable
technique for isolating Mycobacterium species.
Sgarioni et al. [27] observed similar results in Brazil
and detected Mycobacterium chelonae,
Mycobacterium kansasii, Mycobacterium smegmatis,
and Mycobacterium fortuitum, with an overall
detection rate of 28.8%. In contrast, a study
conducted in Iran [30] found Mycobacterium
fortuitum in all examined raw milk samples,
indicating a higher prevalence.

Biochemical assays have successfully identified
NTM over the last fifty years. However, certain
species remain difficult to identify due to their
limitations [31].

Results in Table 3 were similar to Eman Mahrous
et al. [19], who noted that out of 225 environmental
samples, 41 sample tested positive for mycobacteria.
Among these positive samples, 75.6% were
pathogenic, including M. avium, M. fortuitum, M.
chelonae, M. marinum, M. kansasii and M. ulcerans,
as (19.5%), (12.2%), (4.9%), (12.2%), (4.9%), and
(22%); respectively. The remaining 25.4% comprised
non-pathogenic strains of nontuberculous
mycobacteria, such as M. smegmatis (14%) and M.
flavescens (10%).

Additionally, Ali et al. [35] noted that M.
fortuitum dominant NTM isolates from tank milk
samples; the most often discovered isolate from milk
filters was M. chelonae/abscessus.

Other studies also recovered Mycobacterium
scrofulaceum and M. chelonae from pasteurized and
raw milk [27]. Other NTM group members,
including Mycobacterium terrae, M. kansasii,
Mycobacterium haemophilum, and Mycobacterium
agri, were detected in raw milk in Turkey. [22].

Mycobacterium fortuitum, one of the rapidly
growing mycobacteria (RGM), is associated with
various health issues, including joint infections,
osteomyelitis, pneumonia, hospital-acquired
infections, and local skin diseases [30].

Additionally, Mycobacterium kansasii is often
detected in the lymph nodes and tissue lesions of
cattle, and it can cause lung diseases and
disseminated infections in humans that are
comparable to conventional tuberculosis [30].

A useful surrogate for mycobacterial research is
Mycobacterium  smegmatis, a  fast-growing,
nonpathogenic species of the Mycobacterium genus.
Due to its conserved gene orthologs, similar cell
architecture, and physiological characteristics.

The discovery in 1990 of a mutant strain known
as mc2155 facilitated the identification of
physiological targets for tuberculosis (TB)
medications and provided insights into its slow-
growing relatives. Consequently, M. smegmatis
continues to advance  microbiology  and
mycobacterial studies [32].

Another species of NTM that is frequently
identified as a human pathogen is Mycobacterium
chelonae. Although M. chelonae is associated with
lung infections and commonly causes localized
and disseminated infections of the skin and soft
tissues [33].

This study is the first documented record of
Nontuberculous Mycobacteria (NTM) in raw milk in
Egypt. Based on extensive research and data
collection, it provides new insights into the
microbiological quality of raw milk within the
Egyptian context.

This discovery is significant for public health, as
it highlights potential risks associated with the
consumption of raw milk. This study aims to
contribute to the existing body of knowledge and to
pave the way for future research in this area,
emphasizing the need for stringent monitoring and
regulation of raw milk to ensure consumer safety.

Conclusion

The identification of opportunistic human
pathogenic species of Mycobacterium highlights a
significant health risk associated with raw milk. This
underscores the importance of processing milk
hygienically before it is consumed to ensure safety.

Results confirmed by 16S rRNA gene detection
and showed a higher percentage of similarity with
the isolation and identification by traditional
techniques.

Recommendations

- Implementing measures to avoid contamination of
milk with non-tuberculous mycobacteria (NTM)
during and after milking to prevent illness.

- Further research using guinea pig and cattle models
is essential to determine whether specific non-
tuberculous mycobacteria (NTM) strains trigger
non-specific immune reactions in cattle that are not
infected with  bovine tuberculosis (bTB).
Additionally, investigating various antigens may
help differentiate immune responses observed in
skin tests versus interferon-gamma assays. These
insights could enhance the accuracy of diagnostic
tools, refine risk management strategies, and
support more effective disease eradication efforts.

- Mitigating the risk of consuming raw milk
contaminated with non-tuberculous mycobacteria
(NTM) requires a combination of strict control
measures. Here are some key strategies: such as:
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a) Improved  Hygienic  Practices:  Ensure e) Water Quality Management: Testing and
cleanliness in milking equipment, storage treating water sources used in farms to avoid
containers, and the milking environment. introducing NTMs during milking or cleaning

b) Training farm workers on proper handling PrOCESSES.
practices and sanitation procedures. Acknowledgment

c) Regular Screening and Testing: Conducting Many thanks to the members of the Department
routine microbiological tests to identify NTMs ~ Of Bacteriology, Animal Health Research Institute,
in raw milk. for their valuable support and contribution to this

-Screening cattle for NTM infection and isolating study.. .
infected animals. Conflicts of interest

d) Enhanced Pasteurization Techniques: According to the authors, there isn't a conflict of
Implementation of adequate thermal processing Interest.
methods tailored to effectively eliminate NTMs. Funding statement
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TABLE 1. Oligonucleotide primers targeting 16S ribosomal RNA for NTM molecular identification.

Amplification
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II\\lﬂon(:tgtt))aegtt::rlic;s%s ATGCACCACETGCACACAG 94 94 55 72 79
4 470 [15]
16S rRNA GGTGGTTTGTCGCGTTGTTC 5min 30 sec 40 sec 45sec 10 min
TABLE 2. Occurrence of non-tuberculous mycobacteria in milk samples.
Samoles Positive Negative
P No. % No. %
Raw milk (N=300) (81/300) 27% (219/300) 73%

TABLE 3. Type of NTM isolates according to Biochemical tests.

NTM isolates (N=81)

Pathogenicity

Type No.
M. fortuitum 27
Pathogenic strains M. kansasii 18
M. scrofulaceum 12
M. chelonae 9
Nonpathogenic strains M. smegmatis 15
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Fig. 1. PCR product amplification of NTM at 470 bp is demonstrated by agarose gel electrophoresis. Controls (positive
and negative), MWM-molecular weight marker (100—1000bp DNA ladder). Eleven isolates were confirmed positive at

470 bp.

References

1

. Rastogi, N., Legrand, E. and Sola, C. The mycobacteria:

an introduction to nomenclature and pathogenesis. evue
scientifigue et technique (International Office of
Epizootics), 20(1), 21-54(2001),
https://doi.org/10.20506/rst.20.1.1265

. Arend, S.M., Van Soolingen, D. and Ottenhoff, T.H.

Diagnosis and treatment of lung infection with
nontuberculous mycobacteria. Current Opinion in
Pulmonary Medicine, 15(3),201-208 (2009).

. Honda, J.R., Hasan, N.A., Davidson, R.M., Williams,

M.D., Epperson, L.E., Reynolds, P.R., Smith, T.
lakhiaeva, E., Bankowski, M.J., Wallace, R.J., Chan,
E.D., Falkinham, J.O. and Strong, M. Environmental
nontuberculous mycobacteria in the Hawaiian Islands.
PLoS Neglected Tropical Diseases, 10(12),5200 (2016).
doi: 10.1371/journal.pntd.0005200.

. Konuk, M., Korcan, E., Diilgerbaki, S. and Altindis, M.

Isolation and identification of mycobacteria from raw
milk samples in Afyonkarahisar district of Turkey.
International Journal of Food Microbiology,115(3),
343-347 (2007),
https://doi.org/10.1016/j.ijfoodmicro.2006.12.019

LoBue, P.A., Enarson, D.A. and Thoen. C.O.
Tuberculosis in humans and animals: an overview.
International Journal of Tuberculosis and Lung
Disease, 14(9), 1075-1078 (2010).

. Pandey, G.S., Hang’ombe, B.M., Mushabati, F. and

Kataba, A. Prevalence of tuberculosis among southern
Zambian cattle and isolation of Mycobacterium bovis in
raw milk obtained from tuberculin positive cows.
Veterinary ~ World, 6 (12), 986-91(2013),
http://dx.doi.org/10.14202/vetworld.2013.986-991

. Thacker, T.C., Robbe-Austerman, S., Harris, B., Van

Palmer, M. and Waters, W.R. Isolation of mycobacteria
from clinical samples collected in the United States
from 2004 to 2011. BMC Veterinary Research, 9,100
(2013), https://doi.org/10.1186/1746-6148-9-100

10

. Keikha, M.The importance of molecular techniques in

identification  and phylogenetic  studies  of
nontuberculosis mycobacteria. Iranian Journal of
Medical Microbiology, 10(6),78-81 (2017).

. Comas, I., Coscolla, M., Luo, T., Borrell, S., Holt, K.E.,

Kato-Maeda, M. and Gagneux, S. Out-of-Africa
migration and Neolithic coexpansion of Mycobacterium
tuberculosis with modern humans. Nature Genetics,
45(10),1176-1182 (2013),
https://doi.org/10.1038/ng.2744

. Hamada, S., Ito, Y., Hirai, T., Murase, K., Tsuji, T.,
Fujita, K. and Mishima, M. Impact of industrial
structure and soil exposure on the regional variations in
pulmonary non-tuberculous mycobacterial disease
prevalence. International Journal of Mycobacteriology,
5(2),170-176(2016),
https://doi.org/10.1016/j.ijmyco.2016.02.006

11. Johnson, M.M. and Odell, J.A. Nontuberculous

12

13.

mycobacterial pulmonary infections. Journal of
Thoracic  Diseases,  6(3), 210-220  (2014),
https://doi.org/10.3978/j.issn.2072-1439.2013.12.24

. Pennington, K.M., Vu, A., Challener, D., Rivera, C.G.,
Shweta, F.N.U., Zeuli, J.D. and Temesgen, Z.
Approach to the diagnosis and treatment of non-
tuberculous mycobacterial disease. Journal of Clinical
Tuberculosis and Other Mycobacterial Diseases,
24,100244(2021),https://doi.org/10.1016/j.jctube.2021
.100244

Nasiri, M.J., Dabiri, H., Fooladi, A.A., Amini, S.,
Hamzehloo, G. and Feizabadi, M.M. High rates of
nontuberculous mycobacteria isolation from patients
with presumptive tuberculosis in Iran. New Microbes
and New Infection, 21,12-17 (2018),
https://doi.org/10.1016/j.nmni.2017.08.008

14. Quinn, P.J., Markey, B.K., Leonard, F.C., Hartigan,

P., Fanning, S. and Fitzpatrick, E. Veterinary
Microbiology and Microbial Disease. John Wiley &
Sons (2011).

Egypt. J. Vet. Sci.


https://doi.org/10.20506/rst.20.1.1265
https://doi.org/10.1016/j.ijfoodmicro.2006.12.019
http://dx.doi.org/10.14202/vetworld.2013.986-991
https://doi.org/10.1186/1746-6148-9-100
https://doi.org/10.1038/ng.2744
https://doi.org/10.1016/j.ijmyco.2016.02.006
https://doi.org/10.3978/j.issn.2072-1439.2013.12.24
https://doi.org/10.1016/j.jctube.2021.100244
https://doi.org/10.1016/j.jctube.2021.100244
https://doi.org/10.1016/j.nmni.2017.08.008

EMAN MAHROUS et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Mendum, T. A., Chilima, B. Z. and Hirsch, P. R. The
PCR amplification of non-tuberculous mycobacterial
16S rRNA sequences from soil. Federation of
European Microbiological Societies Microbiology
Letters, 185(2),189-192 (2000),
https://doi.org/10.1111/j.1574-6968.2000.th09060.x

Honda, J.R., Hasan, N.A., Davidson, R.M., Williams,
M.D., Epperson, L.E. and Reynolds, P.R., Smith, T.,
lakhiaeva, E., Bankowski, M.J., Wallace, R.J., Chan,
E.D., Falkinham, J.O. and Strong, M. Environmental
nontuberculous mycobacteria in the Hawaiian Islands.
PLoS Neglected Tropical Diseases,
10(10),5068(2016),
https://doi.org/10.1371/journal.pntd.0005068

Ledesma, Y., Echeverra, G., Claro-Almea, F.E., Silva,
D., Guerrero- Freire, S., Rojas, Y., Bastidas-Caldes,
C., Navarro, J.C. and de Waard, J.H.The re-
identification of previously unidentifiable clinical
nontuberculous mycobacterial isolates shows great
species diversity and the presence of other acid-fast
genera. Pathogens, 11(10),1159 (2022),
https://doi.org/10.3390/pathogens11101159

Chang, C., Wang, L.Y., Liao, C.Y. and Huang, S.P.
Identification of nontuberculous mycobacteria existing
in tap water by pcr-restriction fragment length
polymorphism.  Applied and  Environmental
Microbiology, 68(6),3159-3161 (2002),
https://doi.org/10.1128/AEM.68.6.3159-3161.2002

Eman Mahrous, El Gedawy, A. A. and Asmaa, B.A.
Studies on Environmental Mycobacterium and its
importance to public health. Global scientific
Journals, 6(12),214-219 (2018). Online: ISSN 2320-
9186

Mediel, M.J., Rodriguez, V., Codina, G. and Martin-
Casabona, N. Isolation of mycobacteria from frozen
fish destined for human consumption. Applied
Environmental Microbiology, 66, 3637-3638 (2000).

Radostits, O.M., Gay, C.C., Hinchcliff, K.W. and
Constable, P.D.Veterinary medicine: a textbook of the
diseases of cattle, horses, sheep, pigs, and goats. 10th
ed. Philadelphia:  Saunders Elsevier (2007),
https://doi.org/10.1128/AEM.66.8.3637-3638.2000

Konuk, M., Korcan, E., Dilgerbak, S. and Altindis, M.
Isolation and identification of Mycobacteria from raw
milk samples in Afyonkarahisar district of Turkey.
International Journal of Food Microbiology,
115(3),343-347 (2007),
https://doi.org/10.1016/j.ijfoodmicro.2006.12.019

Aydin, F., Ulger, M., Emekdas, G., Aslan, G. and
Giunal, S. Isolation and identification of
mycobacterium bovis and non-tuberculous
mycobacteria in raw milk samples in Mersin province.
Mikrobiyoloji bulteni, 46(2), 283-289 (2012).

Qamar, M.F. and Azhar, T. Detection of
Mycobacterium from bovine milk in Lahore, Pakistan.
Science International, 25(2), 353-257 (2013).

Kazwala, R.R., Daborn, C.J., Kusiluka, L.J., Jiwa, S.F.,
Sharp, J.M. and Kambarage, D.M. Isolation of
Mycobacterium species from raw milk of pastoral

Egypt. J. Vet. Sci.

26.

27.

28.

cattle of the southern highlands of Tanzania. Tropical
Animal Health And Production, 30(4), 233-239
(1998), https://doi.org/10.1023/a:1005075112393

Leite, C.Q.F., Anno, LS., Leite, S.R.A,, Roxo, E.,
Morlock, G.P. and Cooksey, R.C. Isolation and
identification of Mycobacteria from Specimens and
Milk Obtained in Brazil. Memorias do Instituto
Oswaldo Cruz, 98(3), 319-323 (2003),
https://doi.org/10.1590/s0074-02762003000300005

Sgarioni, S. A., Hirata, R. D., Hirata, M. H., Leite, C.
Q., de Prince, K. A,, de Andrade Leite, S. R., Filho, D.
V., Siqueira, V. L., Caleffi-Ferracioli, K. R. and
Cardoso, R. F. Occurrence of Mycobacterium bovis
and non-tuberculous mycobacteria (NTM) in raw and
pasteurized milk in the northwestern region of Parana,
Brazil. Brazilian Journal of Microbiology, 45(2),707-
711(2014),https://doi.org/10.1590/s1517-
83822014000200046

Bolafios, C.A., Paula, C.L., Guerra, S.T., Franco, M.M.
and Ribeiro, M.G. Diagnosis of mycobacteria in
bovine milk: an overview. Revista do Instituto de
Medicina Tropical de Sao Paulo, 59, e40. (2018),

https://doi.org/10.1590/S1678-9946201759040

29.

30.

31.

32.

33.

OIE. Bovine Tuberculosis in OIE Terrestrial Animal
Health Manual. Ch. 3.4.6 (2024).

Solaghani, T. H., Nazari, R., Mosavari, N., Tadayon,
K. and Zolfaghari, M.R. Isolation and identification of
nontuberculous mycobacteria from raw milk and
traditional cheese based on the 16S rRNA and hsp65
genes, Tehran, Iran. Folia Microbiologica, 69(1),81—
89 (2024), https://doi.org/10.1007/s12223-023-01073-
9

Zelazny, A.M., Calhoun, L.B., Li, L., Shea, Y.R. and
Fischer, S.H. Identification of Mycobacterium species
by secAl sequences. Journal of Clinical
Microbiology, 43(3),1051-8 (2005),
https://doi.org/10.1128/JCM.43.3.1051-1058.2005

Sparks, I.L., Derbyshire, K.M., Jacobs, W.R. and
Morita, Y.S. Mycobacterium smegmatis: The
Vanguard of Mycobacterial Research. Journal of
Bacteriology, 205(1), e0033722 (2023),
https://doi.org/10.1128/jb.00337-22

Kumar, C., Shrivastava, K., Singh, A., Chauhan, V.
and Varma-Basil, M. Skin and soft-tissue infections
due to rapidly growing mycobacteria: An
overview. International Journal of
Mycobacteriology, 10(3),293-300(2021),
https://doi.org/10.4103/ijmy.ijmy_110_21

34.Wilson, J.W., Jagtiani, A.C. and Wengenack, N.L.

35.

Mycobacterium scrofulaceum disease: experience
from a tertiary medical centre and review of the
literature. Infectious Diseases (Lond). 51(8),602-609
(2019),
https://doi.org/10.1080/23744235.2019.1634281

Ali, Z.1., Hanafy, M., Hansen, C., Saudi, A.M. and
Talaat, A.M. Genotypic analysis of nontuberculous
mycobacteria isolated from raw milk and human cases
in Wisconsin. Journal of Dairy Science, 104(1), 211
220 (2021), https://doi.org/10.3168/jds.2020-18214.


https://doi.org/10.1111/j.1574-6968.2000.tb09060.x
https://doi.org/10.1371/journal.pntd.0005068
https://doi.org/10.3390/pathogens11101159
https://doi.org/10.1128/AEM.68.6.3159-3161.2002
https://doi.org/10.1128/AEM.66.8.3637-3638.2000
https://doi.org/10.1016/j.ijfoodmicro.2006.12.019
https://doi.org/10.1023/a:1005075112393
https://doi.org/10.1590/s0074-02762003000300005
https://doi.org/10.1590/s1517-83822014000200046
https://doi.org/10.1590/s1517-83822014000200046
https://doi.org/10.1590/S1678-9946201759040
https://doi.org/10.1007/s12223-023-01073-9
https://doi.org/10.1007/s12223-023-01073-9
https://doi.org/10.1128/JCM.43.3.1051-1058.2005
https://doi.org/10.1128/jb.00337-22
https://doi.org/10.4103/ijmy.ijmy_110_21
https://doi.org/10.1080/23744235.2019.1634281
https://doi.org/10.3168/jds.2020-18214

CURRENT SITUATION OF ENVIRONMENTAL MYCOBACTERIA IN RAW MILK IN EGYPT

7

iy ) clsBladl) (jany b Al culal) B Auiadl Juud) 5 ikiad ) ada gl

g guall pall g ' sale o T g e ey

e <3yl sxﬂ;‘)‘}l\&}#\‘}s‘)ﬂs:\:\i\j:\;“a;gan&jg.\w5‘;;}3_9.4.‘)351\3\&_9;3?“5‘@\3.\;}1

. _aa <3 all s‘\_..\;“)‘).“f_:);d\‘)s‘).o c:\_u\_%;“ma“f_l_’:u%c@)ﬁﬂ\u\#\&}@ﬁjﬂ\ﬁhjz

sadla)

Ao gana i Laiy, Laiall ) sanl al a1 e SBL 58 o oSy gl s i e ean b culall dllgind
o Ay Cig yrall ey yhand) 288l lall ale 8 A yaadl el gl (e Al 2 SIS e ganal) Al 5 jalaiall
ol el Gl Wl aed 4l il lasiall 5 (NTM) daladl e <l plaiiall (s el goall s i) ) Juadl (a3
i (A Bl Culall (e Al e LSl aaats Joe ) hal po Cdaa el g as e Gl il sall Adla
A pae Glladlsa

sa g pandl AleBall g Ay olall g 28,5l Adadlae ab g 4 pae Sllae O e ulall e A 300 gt &
e adl) e i o) el Bl sl e G506 1500 culall (e die 05 pdie 5 (U Cojelal Al Judl 55kt
deldi A e LSl el e el Gooail) adgiue Jlaly Joomdally Clisgion apsall
L) SIS 16 s 52,0 RNA Gaad dadasciall 51 yadd sl

M. M. scrofulaceum 4M. kansasii <M. fortuitum il Judl < jhadte (e aliae Y (el 23aT o
O e e suall dul pall o3a Tl N sill e 15569 €12 ¢18 27 &b Je 23 <M. smegmatis_s «chelonae
ol 5 ) gl e JSI i) Juad) (5 5aa] Slaine | 50me JSG alal) Culal

Aalad) daall a1 ¢ jal) Cia il dglull e o phadiall Glall culal) - Aalidal) cilalsl)

Egypt. J. Vet. Sci.



