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Abstract

The main aim of this study was to detect non-tuberculous mycobacteria hsp65 in animal’s

subclinical mastitis milk and Rheumatoid arthritis patients blood. Modified White Side Test (MWT)

was used as a preliminary screening test for subclinical mastitis in 70 cows ,50 ewes and 30 goats
milk samples. The results of this test revealed that 58(82.9%), 38(76%) and (46.7%) of cows, ewes
and goats milk samples respectively were positive with significant difference(P<0.05). Statistically
significant (P<0.05) varying score of positivity was observed by this test, as a follow; score (+++)
in cows (37.93%) and ewes (28.9%) milk samples only , score (++) in all cows, ewes and goats
milk samples at different percentage(18.96,21.1 and14.3%, respectively) and score (+) in cows
(43.11%,), ewes (50%) and goats(85.7%) milk samples. Molecular detection of non-tuberculous
mycobacteria (NTM)16SrRNA gene in Milk samples revealed that 3(6%) and 11 (22%) cows and
ewes milk samples respectively showed positive results with significant difference(P<0.05). The
NTM hsp65 gene (441 bp) was detected in 50(71.4%) and10 (20%) milk samples of cows and ewes
respectively with significant difference(P<0.05).This gene also detected in 3( 33.3% ) rheumatoid
arthritis patients blood samples with an overall percentage of 7.5% and negative results for this
gene was observed in non rheumatoid arthritis patients blood samples with significant
difference(P<0.05). The hsp65 gen sequencing results confirmed high sequence similarity (99%) of
the current hsp65 (441 bp ) sequences with Mycobacterium avium retrieved DNA sequences
(GenBank acc. NZ_CP009360.4).
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Introduction
Mastitis in cows causes greatest losses in
dairy production, and bacteria is the most
common agents (1; 2; 3; 4; 5). Some udder
pathogens causes of human’s infections or
food-borne infections and intoxications (6; 7;
8; 9). The atypical or non-tuberculous
mycobacteria (NTM) also referred to as
mycobacteria other than tuberculosis complex
are mostly ubiquitous free-living saprophytes
(10). They have been isolated from water,
soil, livestock, wild animals, milk, meat
products and humans. The species of NTM
are geographically diverse, and M. avium
complex is the most frequently isolated
followed by rapidly growing mycobacteria
such as M. fortuitum and M. abscessus; (11).
Information about NTM from Iraq is limited.
However, Winthrop et al., ( 12) reported that
NTM are not considered notifiable by most
countries' public health authorities reporting
and global statistics of NTM are lacking.
NTM are opportunistic pathogens to animals
and humans, including fish and poultry (13).
Coinfection with different members of M.
tuberculosis complex and M. avium
subspecies or with other mycobacterial
species combinations is not rare in animal and
human hosts (14; 15 ). This adds more
difficulties to the process of diagnosis, and

thus, the study of the ecology of such

widespread bacteria becomes even more
complicated. In addition, the epidemiologic
significance  of  wildlife-livestock-human
interface is expected to increase together with
(16).Rapid,

specific, and sensitive methods for the

human  population  growth
detection and identification of
mycobacteriosis are needed to avoid
unnecessary delay in making appropriate
decisions. Molecular methods can
advantageously complement and accelerate
this process by minimizing the need to wait
for a culture report (17).

Unlike the most frequent agents of bovine
mastitis, represented by staphylococci,
streptococci and  enterobacteria, which
commonly cause an ascending infection of the
teat canal, mycobacteria reach the mammary
gland by systemic dissemination, probably
after the spread of the primary infection by
respiratory or digestive route (18.).
Occasionally, infection can come from the
environment of farms or by contamination of
cannulas used in intramammary treatments.
The occurrence of clinical or subclinical
mastitis and the frequency of mycobacteria
shedding into milk is controversial (19). In
raw milk, the risk of mycobacteria elimination
in lactating cows was investigated in
Tanzania using phenotypic and molecular

methods. Among 805 milk samples, there was
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a predominance of atypical mycobacteria such
as M. flavescens (n=13), M. terrae (n=7), M.
smegmatis (n=4), M. fortuitum (n=2), M.
gordonae (n=1), whereas only two isolates
were identified as M. bovis. Despite the low
prevalence of M. bovis, the presence of
atypical mycobacteria in the milk of animals
is a public health concern, because of the
habit of consuming raw milk by these people.
(20).

There is sufficient evidence showing a link
between different microbial pathogens and
RA development and progression (21).
Rheumatoid arthritis (RA) is a chronic
autoimmune disease, with a reported
prevalence  ranging 0.5-1%
worldwide  (22; 23;24). RA clinical

manifestations are usually not confined to

between

musculoskeletal system, but also involve
cardiovascular system, kidneys, lungs, liver
and skin (25).

Mycobacterium is a potent immunogen,
often causing uncontrolled immune responses
that are likely to play a role in RA
pathogenesis (26). Mycobacterium antigens,
such as MTBC, are associated with
autoimmune diseases, such as autoimmune
arthritis,  sarcoidosis,  systemic  lupus
erythematosus (27). where the most prevalent
mycobacterial antigen detected was the heat

shock protein 65 (HSP65) (28). HSP65is an

immunodominant protein similar to several
human proteins, such as lactoferrin,
transferrin, alphaB-crystallin in terms of
sequence and conformation (29). Bo et al.,
(30) confirmed the presence of antibodies
(Abs) directed against two proteins of
Mycobacterium avium subsp.
paratuberculosis (MAP) in sera of RA
subjects, which are crucial for the survival of
the pathogen within macrophages. Thus, the
main aim of this study was to detect NTM
hsh65 gene in animals mastitis milk and

Rheumatoid arthritis patients blood .

Materials and method

Selection of patients and animals

This study was conducted through period
extended from October 2019 to December
2020 in different areas of Basrah and Thi-Qar
provinces. south of Irag.Cow,sheep and goat’s
milk samples were collected randomly from
cows(70),sheep(50) and goats (30) with
different age and breed. Forty blood samples
of arthritis patients selected from the Private
laboratories. They were considered as two
groups1® group consisted of 9 patients with
rheumatoid arthritis, 31 non rheumatoid
arthritis patients compromised the 2™ group.
After cleaning the udder, 10 ml of milk was

collected from the 4 quarters into sterile plane
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tube by hand milking, the first 3 jets were
discarded... Blood was collected from each
individual (human) by venipuncture into tubes
with anticoagulant (K2-EDTA). All studied
samples aseptically placed into sterilized test
tubes and transported with ice in cooler box to

the laboratory for subsequent analysis.

Screening for mastitis

Modified white side test was performed
according to method of Kahir et al., (31).
Briefly, 100 pL of sodium hydroxide solution
4% was added to 250 pL of cold milk on slide
on black background and the mixture was
stirred vigorously for 20 seconds. No reaction
was observed in normal milk after addition of
sodium hydroxide solution and remains
uniformly opaque. While the mastitis milk
showed reaction, this reaction was scored as
follow:

Negative(N): opaque, milky mixture, no
precipitant

(+): Clumping of slight degree is present.
(++): Mixture thickness, coagulated materials
are present

(+++): Large mass of precipitants

Molecular detection of NTM in milk and
blood samples

This study used the sequence analysis of the
hsp65 and 16S rRNA genes to identify the
NTM. A fragment of hsp65 and 16S rRNA

genes were amplified with primer sets
according to Telenti et al. (32) ; Wilton and
Cousins et al.., (33), respectively. The
extraction of genomic DNA from animals
milk and human blood samples was done
according to manufacturer’s instructions (
gSYNC™ DNA Extraction Kit / Genaid /
Korea). The extracted DNA was verified on a
1% agarose gel stained with GreenStar™
Nucleic Acid Staining BioNeer (Korea).
Subsequently the concentration and DNA
purity ~was estimated by Nanodrop
spectrophotometer  (Quawell, USA) at
260/280 nm.

AccuPower PCR premix (Cat # K-2012,
Bioneer, Korea) was used as PCR reaction
premix which contained 1 U of Top DNA
polymerase, 250 uM of dNTPs, 10 mM of
Tris-HCI (pH 9.0), 30 mM of KClI, 1.5 mM of
MgCl,. The reaction mixture (20ul) was
composed of 10 pmol of each primer and 50
ng of genomic DNA. The following program
was applied in PCR thermocycler (, Bioneer,
Korea). PCR was carried using the
Mycobacterium species 16S rDNA bacterial
primers F (5’- AGA GTT TGA TCC TGG
CTC AG 3’) and R (5’- TGC ACA CAG
GCC ACA AGG GA -3’) targeting a region
of 1030bp in the NTM 16S rDNA (Wilton
and Cousins et al.., 1992). To confirm the

presence of NTM DNA, the primers Tb11 (5'-
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ACCAACGATGGTGTGTCCAT-3') and
Tb12 (5 CTTGTCGAACCGCATACCCT-
3'). targeting a region of 441 bp in the hsp65
Gene of Mycobacterium species was used in
the PCR amplification .

PCR cycle conditions for amplification of the
two genes (hsp65 and 16S rRNA) were as
follow: 94 °C for 5 min followed by 30 cycles
of 94 °C for 30s, 61 °C for 30 s, and 72 °C for
50 s, and then final extension at 72 °C for 10
min. Analysis of 3 pl of the PCR products
(amplicon) was done by electrophoresis on
1.5% gel agarose. After electrophoresis and
gel staining with ethidium bromide (0.5
mg/ml) DNA stains, the fragments were
visualized under UV light in the gel
documentation system (Gel Doc, ATP
Co).The resolved hsp65 PCR amplicons were
commercially sequenced from both forward
and reverse termini according to instruction
manuals of the sequencing company
(Macrogen Inc. Geumchen, Seoul, South
Korea). The sequencing results of the PCR
products were edited, aligned, and analyzed as
long as with the respective sequences in the
reference database using BioEdit Sequence
Alignment Editor Software Version 7.1
(DNASTAR, Madison, WI, USA). The
observed nucleic acids were numbered in
PCR amplicons as well as in their

corresponding positions within the referring

genome. Each detected variant within the
Mycobacterium genes was annotated by
SnapGene Viewer ver. 4.0.4
(https://www.snapg ene.com).

Statistical analysis
Descriptive tests like frequency and Chi-

square as atest of significance were applied to
analyze the data using SPSS v.16 software.

Statistical significance limit being set at 5%.

Results

Modified white side test Screening results
Modified White Side Test (MWT) was used
as a screening test for subclinical mastitis in
70 cows ,50 sheep and 30 goats milk samples.
The results of this test revealed that
58(82.9%), 38(76%) and (46.7%) of cows,
sheep and goats milk samples respectively
showed positive results in the preliminary
screening for subclinical mastitis (Table 1).
Chi-square test was used to estimate the
statistical significance. Accordingly, the
difference among the current results MWT
positive results was considered to be
statistically significant ( y*: 14.338 df:2 p-
value:0.0007 )

Varying degree of the positive milk samples
MWT reactions presented in table (4-2), the
score of positivity (+++) was observed in
cows (37.93%) and sheep (28.9%) milk
samples only .while all cows, sheep and goats
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milk samples showed the positivity score
(++) at different percentage(18.96,21.1
and14.3%, respectively).The positivity score
(+) was detected in cows (43.11%,),
sheep(50%) and goats(85.7%) milk samples .
The difference among the current results of
positivity score was statistically significant (2
:35.541 df:8 p-value:0.00002 ). According

to hsp65 based PCR results NTM preset in 3
rheumatoid arthritis patients blood samples
with a percentage of 33.3% within rheumatoid
arthritis (1% group) and 7.5% as total
percentage within arthritis patients blood.
Negative hsp65 based PCR results for NTM
presence in nonspecific arthritis patients (2"
group) blood (Table 5).

Table (1): Modified White Side Test results of milk samples

Milk Exami
sources ned
n(%o)
Cows 70
Sheep 50
Goats 30

MST MST -  p-value

Ve

n(%o) n(%o)

58(82.9) 12(17.1)

38(76)  12(24)

<0.05

14(46.7) 16(53.3)

Table (2): Varying scores of White Side Test positive reaction

Milk Total Positive results n.(%o) p-
sources  positive N iy s value
milk
samples
Cows 58 25(43.11) 11(18.96) 22(37.93) <0.05
Sheep 38 19(50) 8(21.1) 11(28.9)
Goats 14 12(85.7)  2(14.3) 0
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Molecular detection of NTM spp in milk
and blood samples

The amplified product of 16SrRNA gene
sequence (1030 bp) was observed in 3(6%)
milk samples of cows and 11 (22%) samples
of sheep’s milk, while goat’s milk samples
showed negative results (Figurel; Table 3).
According to Chi-square test there was
statistical significance difference among
cows, sheep and goates milk positive
16SrRNA based PCR results (y*8 .772: df:2 :
p-value: 0.01).

The results of hsp65 based PCR confirmed
the presence of NTM in tested milk samples
of cows, sheep and goats by using Tbhl1l:
Tb12 primers. The amplified product of hsp65
gene sequence (441 bp) was detected in
50(71.4%) milk samples of cows. The hsp65
gene detected in 10 (20%) samples of ewe’s
milk. While this gene was not detected in
goat’s milk samples (Figure 2; Table 4). The
difference among these results of positive

2000
1000

500

100

hsp65 based PCR was statistically significant
(y*:57.143: df:8: p-value:0).

According to hsp65 based PCR results NTM
spp preset in 3 rheumatoid arthritis patient’s
blood samples with a percentage of 33.3%
within rheumatoid arthritis (1% group) and
7.5% as total percentage within arthritis
patient’s blood. Negative hsp65 based PCR
results for NTM presence in nonspecific
arthritis patients (2" group)) blood (Table 5).
The difference between the results of two
groups was considered to be statistically
significant (y%8 . 6.883: df:1:  p-
value:0.009).

The hsp65 gen sequencing results confirmed
high sequence similarity (99%) of the current
hsp65  sequences (441 bp)  with
Mycobacterium  avium  retrieved DNA
sequences (GenBank acc. NZ_CP009360.4),

the exact positions and other details of the

retrieved PCR fragments were displayed in
figure (3).

1030bp

95



Figure (1) 16SrRNA PCR amplification results of milk and blood samples. Lane 1-9: 16SrRNA gen
(976bp.M: DNA Ladder. Thel6SrRNA amplicons was electrophoresis on 1.5% agarose

Table (3): The results of 16SrRNA PCR in in three milk sources

Milk Examined 16SrRNA 16SrRNA P-
sources milk based based value
PCR +ve PCR

Samples
Nn.(%0) -ve
n.(%0)
Cows 50 3(6) 47(96) <0.05
Sheep 50 11(22) 39(78)
Goats 30 0 30(100)

2000 bp

500 b 441bp

Figure (2) PCR amplification of hsp65 gen in milk and blood samples. The product was

electrophoresis on 1.5% agarose. M: DNA Ladder; Lane (1-9) hsp65 gen(441bp). 96



Table (4): The results of hsp65 based PCR in three milk sources

Milk sources Examined hsp65 hsp65 P-
milk based based value
PCR +ve PCR -ve

Samples
Nn.(%0) n.(%o)
n.
Cows 70 50(71.4) 20(28.6) <0.05
Ewes 50 10(20) 40(80)
Goats 30 0 30(100)

Table (5): The results of hsp65 based PCR in arthritis patients

Patients Examined PCR+ve PCR -ve p-value
[
n(%) n(%) n(%)
Rheumatoid 9 3(33.3) 6(66.7)
arthritis
Nonspecific 31 0(0) 31(100) <0.05
arthritis
Total 40 3(7.5) 37(92.5)
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Mycobacterium avium subsp. hominissuis strain OCU464, complete sequence.

NCBI Reference Sequence: NZ_CP009360.4

GenBank FASTA
Link To This View | Feedback

1 500 K M [LEO0 K 12 [2E00K |2M [BE00K [4H 12,508 5,178,485

# Toals ~ ﬂTracks - # Download - & ¥ ~

9 2 Nz_cPo09360.4 - | Find: b Jok A o0
636,280 BX: 4636966 B STl 4,637 850 [4.637 1@@ 4637158 4,637 200 4,637,208 4,627,208 |4.627.258 [ aearaoe b R
1

Genes

LB3E.9688 |4,53 956 ‘4,53? K 4 E37 A5 4 B37. 188 4 B37.158 4. E37 280

4.E37 256 4 E37. 208 4,637,358 4,637 460 |4,837,4EB

NZ_CP009360.4: 4.6M..4.6M (592 nt)

. 441 bp PCR amplicon length

5 ﬂ Tracks shown: 2/8

«

Fig. (3). The exact position of the retrieved 441 bp fragments that partially covered the Hsp65
genetic sequences within Mycobacterium avium genomic sequences (GenBank acc. no.
NZ_CP009360.4). The blue arrow refers to the starting point of this amplicon while the red

arrow refers to its endpoint.

Discussion

The isolation of NTM in body secretions was
previously considered to be caused by
contamination; however, recently they have
been linked to disease (34). Despite the
increasing international interest in NTM
infections, information on the occurrence and
the diversity of NTM in human, cows,sheep
and goats, is ill restricted in Basra- Irag. The
available literature is mainly focused on the
Mycobacterium avium complex (MAC) and
its  subspecies
36).While other studies also
conducted in the same
NTM derived from samples
suspicious for MTBC (37 ;38) On other hand
(39)studied MTBC in
Tuberculosis Suspected Patients .The current

paratuberculosus,  (35;
previously
province involve

clinical

Alsaimary

study was the first report of the NTM spp

presence in cows, ewes and goats milk and
arthritis patients blood samples by using
conventional PCR and gene sequencing .The
present results revealed an overall percentage
of NTM spp in cows and ewes to be 71.4 and
20%, respectively which is far from the
primary screening results (82.9 and76%)
estimated based on MWT. In contrast, goats
showed negative results to hsp65 and 16S
rRNA based PCR but 14(46.7%) of these
goats were positive in MWT. Also this study
has shown that, 3(33.3%) of Rheumatoid
Arthritis Patients blood samples were hsp65
based PCR positive. Comparison of the NTM
PCR detection results in this study indicate
significant difference have been found among
the studied milk and blood samples. The
distribution of NTM analyzed by previous
studies has been shown to be variable,
Alzaidi, (40 ) confirmed the presence of NTM
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spp in tested human blood samples of 31
(20.7%) and 3(12%) cows fecal samples in
Basrah and Thi-Qar provinces south of Iraq
.Katale et al (41) supported the present results
by reporting very wide range of NTM from
humans and animals and understanding their
transmission dynamics.

NTM are uncommon causes of bovine
mastitis. Some old reports have described
these bacteria as etiological agent of mastitis,
but without definitive diagnostic . However
Franco et al., (42); Machado et al.,(43) had
been reported that the M.smegmatis group
species may cause clinical mastitis in ewes
and dairy cows . In Turkey, 35 samples of raw
milk were evaluated for the presence of
mycobacteria using phenotypic methods and
confirmed by Polymerase Chain Reaction -
Restriction Pattern Analysis (PCR-PRA),
resulting in the detection of M. terrae, M.
kansassii, M. agri, and M. haemophilum (44).
While Aydin et al., (45) in the same country,
identified. M. genavense, M. simiae, M.
szulgai, M. bovis and M. fortuitumwere in
Cvetni¢ et al., ( 46)
concluded that all cases of mastitis in cows

bovine raw milk

with unsuccessful antimicrobial treatment or
negative bacteriological tests for the usual
bacterial causative agents, Mycobacteriae
should be suspected as the possible causative

agent.

NTM described in this study originated from
cows and ewes milk containing an increased
number of somatic cells and displaying an
altered consistency of milk. Beside that, the
present study depended PCR detection of
16SrRNA and hsp65 genes which were
demonstrated the accurate identification of the
mastitis milk NTM spp. Some previous
studies supported the current results, Siqueira
et al., (47) performed phenotypic and
molecular characterization which  were
demonstrated the accurate identification of the
mastitis milk isolates as NTM in one adult
Holstein cow with rare bovine mastitis.
Franco et al., (42) in Brazil described NTM
spp in milk. Similarly, Jayasumana et al. (48)
confirmed the presence of NTM spp in two
milk samples (0.8%) according to PCR
results. Alzaidi, (40 ) concluded that the
hsp65 gene detection is a better identification
tool for differentiation of Mycobacterium
species and is useful to complement diagnosis
of NTM spp. Cvetni¢ et al., (46) confirmed
the presence of NTM spp in One mastitis milk
sample by Sequenceing hsp65, rpoB, 16S
rRNA genes.

Although M. tuberculosis and M. bovis act as
the major pathogenic species, NTM have
become increasingly important in causing
human infections (49). HSP65 region between

2al1l80-188 can stimulate auto-reactive T
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lymphocytes that react with cartilage-resident
self-proteins  (50). HSP65 increases the
responses of mononuclear cells (51). There
are reports of some species of Mycobacterium
associated with RA disease that make it
difficult to treat the disease. There have been
case reports of Mycobacterium species in
infections and arthritis and other parts of the
body in RA patients around the world (52; 53;
54; 55; 56). Furthermore, the risk of death in

RA patients with mycobacterial infection was

Reference
1.Cvetni¢, L. ; Samardzija, M.; Habrun, B.;

Kompes, G. and Beni¢, M. (2016).
Microbiological monitoring of mastitis
pathogens in the control of udder health in
dairy cows Slovenian Veterinary Research,53,
131-140.

2.Turk , R. ; Koledi¢ , M.; Macesi¢ , N.;
Beni¢, M.; Dobrani¢ , V.; Buric¢i¢ , D.;
Cvetni¢, L.and Samardzija, M.(2017): The
role of oxidative stress and inflammatory
response in the pathogenesis of mastitis in
dairy cows. Mljekarstvo ,67, 91-101
10.15567/mljekarstvo.2017.0201.

3. Beni¢ , M. ; Macesi¢, N.; Cvetni¢, L. ;
Habrun , B. ; Cvetnié , Z. ; Turk , R.; Puri¢ié ,
D. ; Lojki¢ , M. ; Dobrani¢ , V. ; Valpoti¢ , H.
; Grizelj , J. ; Gracner , D.; Grbavac , J. and

Samardzija, M. (2018). Bovine mastitis: a

higher than that in patients without infection.
(57).

Conclusion

PCR-based identification assays may be used
to investigate the presence of NTM spp. in
milk samples. According to current findings,
Iragi RA patients may have been exposed to
NTM spp. through the intake of raw bovine

milk and related dairy products.

Conflict of Interest: The authors state that
there is no conflict of interest.

persistent and evolving problem requiring
novel approaches for its control - a review.
Veterinarski Arhiv 88 (4), 535-557.
4.Mimoune, N.; Saidi, R.; Benadjei, O.;
Khelef, D. and Kaidi, R. (2021): Alternative
treatment of bovine mastitis. Veterinarska
Stanica ,52, 639-649.

5.Lamari, I.; Mimoune, N. and Khelef, D.
(2021). Effect of feed additive
supplementation on bovine subclinical
mastitis. Veterinarska Stanica ,52, 445-460.
10.46419/ vs.52.4.12

6.Burovic, J. (2020): Isolation of bovine
clinical mastitis bacterial pathogens and their
antimicrobial susceptibility in the Zenica
region in 2017. Veterinarska Stanica 51, 47-
52.

100



7.Saidi, R.; Cantekin, Z. ; Mimoune, N. ;
Ergun, Y. ; Solmaz, H.; Khelef, D.and Kaidi,
R. (2021): Investigation of the presence of
slime production, VanA gene and antiseptic
resistance genes in Staphylococci isolated
from bovine mastitis in Algeria. Veterinarska
Stanica 52, 57-63.

8.Cvetni¢, L; Samardzija, M.; Duvnjak, S.;
Habrun, B.; Cvetnic, M.; Jaki Tkalec, V.;
Buricic, D.and Benic, M. (2021): Multi Locus
Sequence Typing and spa Typing of
Staphylococcus aureus Isolated from the Milk
of Cows with Subclinical Mastitis in Croatia.
Microorganisms 9, 725.

9.Knezevic, K.; Dobranic, V.; Puricic, D.;
Samardzuja, M. ; Benic, M. ; Getz, |.;
Efendic, M.; Cvetnic, L.; Savoric, J. ;
Butkovic, I.; Cvetnic, M.; Mazic, M. and
Macesic, N. (2021): Use of somatic cell count
in the diagnosis of mastitis and its impacts on
milk quality. Veterinarska Stanica. 52, 751-
764.

10.Tan, Y.; Su, B.;Shu, W.; Cai, X.;Kuang,
S.;Kuang, H.; Liu, J. and Pang, Y. (2018).
Epidemiology of pulmonary disease due to
nontuberculous mycobacteria in Southern
China, 2013-2016. BMC
Medicine, 18, 168.

11.Honda, J. R.; Virdi, R. and Chan, E. D.
(2018). Global environmental nontuberculous

Pulmonary

mycobacteria and their contemporaneous

man-made and natural niches. Frontiers in
Microbiology, 9, 2029

12.Winthrop, K. L.;Henkle, E.;Walker, A.;
Cassidy, M.; Hedberg, K. and Schafer, S.
(2017). On the reportability of nontuberculous
mycobacteria disease to public health
authorities. Annals of the American Thoracic
Society, 14(3), 314-317.

13.Faria, S.; Joao, l.and Jordao, L.( 2020)
General Overview on Nontuberculous
Mycobacteria, Biofilms, and Human
Infection. Available online:
https://www.hindawi.com/journals/jpath/2015
1809014/

14. Alvarez, J.; de Juan, L.; Bezos, J; Romero,
B.; Sédez, J.L.; Reviriego Gordejo,
F.J.;Briones, V.; Moreno, M.A.;Mateos, A;
Dominguez, L. and Aranaz, A.( 2008).
Interference of paratuberculosis with the
diagnosis of tuberculosis in a goat flock with
a natural mixed infection. Vet Microbiol,
128,72-80.

15.. Aranaz, A.de Juan, L.; Bezos, J;
Alvarez, J.; Romero, B.; Lozano, F.
Paramio,J.L.; Lopez-Sanchez, J.; Mateos, A.
and Dominguez, L.( 2006). Assessment of
diagnostic tools for eradication of bovine
tuberculosis in cattle co-infected with
Mycobacterium bovis and M. avium subsp.
paratuberculosis. Vet Res 37:593-606.

101



16. Miller,. M . and Olea-Popelka, F. 2013.
One Health in the shrinking
world:experiences with tuberculosis at the
human-livestock-wildlife interface.Comp

Immunol Microbiol Infect Dis 36:263—268.

17.Sevilla, I. A.; Molina, E.; Elguezabal, N.;
Pérez, V.; Garrido, J. M. and Justea, R. A.
(2015)Detection of Mycobacteria,
Mycobacterium avium Subspecies,
andMycobacterium tuberculosis Complex by
a Novel Tetraplex Real-Time PCR Assay.
Journal of Clinical Microbiology, 53, 3
18.Radostits, O.M.; Gay, C.C.; Hinchcliff,
K.W.and Constable, P.D.; editors.(2007)
.Veterinary medicine : a textbook of the
diseases of cattle, horses, sheep, pigs, and
goats. 10th ed. Philadelphia: Saunders.

19.Pérez, A.; Reniero, A.; Forteis, S.;
Meregalli, B.; Lopez, B and Ritacco, V. (
2002). Study of Mycobacterium bovis in milk
using bacteriological methods and polymerase
chain reaction. Rev Argent Microbiol. 34:45-
51.

20. Kazwala, R.R.; Daborn, C.J.; Kusiluka,
L.J.; Jiwa ,S.F.; Sharp, J.M. and Kambarage,
D.M.(1998) Isolation of Mycobacterium
species from raw milk of pastoral cattle of the
southern highlands of Tanzania. Trop Anim
Health Prod, 30,233-9.

21. Bo, M; Jasemi S.; Uras G. ; Erre , G. L.;
Passiu, G. and. Sechi, L A. (2020)Role of
Infections in  the  Pathogenesis  of
RheumatoidArthritis: Focus on Mycobacteria.
Microorganisms 2020, 8, 14509.

22.Simon, T.A.; Kawabata, H.; Ray, N.;
Baheti, A.; Suissa, S. and Esdaile, J.M.
(2017)Prevalence of co-existing autoimmune
disease in rheumatoid arthritis: A cross-
sectional study. Adv. Ther. 2017, 34, 2481
2490.

23. Alivernini, S.; Tolusso, B.; Petricca, L.;
Ferraccioli, G.and Gremese, E.( 2019)
Chapter 46—Rheumatoid arthritis.In Mosaic
of Autoimmunity; Elsevier: Amsterdam, The
Netherlands, pp. 501-526.

24. de Brito Rocha, S.; Baldo, D.C.; Andrade,
L.E.C. Clinical and
relevance of autoantibodies in rheumatoid
arthritis. Adv. Rheumatol. 2019, 59, 2.

pathophysiologic

25. van Delft, M.A.M.; Huizinga, T.W.J. An
overview of autoantibodies in rheumatoid
arthritis. J. Autoimmun 2020, 110, 102392.
26. Hu, S.; He, W.; Du, X.; Yang, J.; Wen,
Q.; Zhong, X.P.; Ma, L. IL-17 Production of
neutrophils enhances antibacteria ability but
promotes arthritis  development  during
mycobacterium tuberculosis infection.
EBioMedicine 2017, 23, 88-99

27. Ribeiro, F.M.; Szyper-Kravitz, M.
Klumb, E.M.; Lannes, G.; Ribeiro, F.R.;

102



Albuguerque, E.M.; Shoenfeld, Y.Can lupus
flaRes. be associated with tuberculosis
infection? Clin. Rev. Allergy Immunol. 2010,
38, 163-168.

28. Dow, C.T.M. paratuberculosis Heat Shock
Protein 65 and Human Diseases: Bridging
Infection and Autoimmunity. Autoimmune
Dis. 2012, 2012, 150824.

29.Valdez, M.M.; Clark, J.I.; Wu, G.J;
Muchowski, P.J. Functional similarities
between the small heat shock proteins
Mycobacterium tuberculosis HSP 16.3 and
human alphaB-crystallin. Eur. J. BioChem.
2002, 269,1806-1813.

30.Bo, M.; Erre, G.L.; Bach, H.; Slavin, Y.N;
Manchia, P.A.; Passiu, G.and Sechi, L.A.
(2019). PtpA and PknG proteins secreted by
Mycobacterium avium subsp.

paratuberculosis are recognized by sera from
patients with rheumatoid arthritis: A case-
control study. J. Inflamm. Res. 12, 301-308.
31.Kahir, M.A.; Islam, M.A.; Rahman,
A.K.M.A.; Nahar, A.; Rahman, M.S. and
Song, H.J. (2008). Prevalence and risk factors
of subclinical bovine mastitis in some dairy
farms of Sylhet district of Bangladesh.

Korean Journal of Veterinary Services 31:
497-504.

32., Telenti, A .; Marchesi, F.; Balz, M ;
Bally, F.; Botrger ,E.C.
T.(1993). Rapid

and Bodmer

identification of

mycobacteria to the species level by
polymerase chain reaction and restriction
enzyme analysis. J Clin Microbiol , 31,175—
178.

33. Wilton, S. and Cousins, D.(
1992)Detection and identification of multiple
mycobacterial pathogens by DNA
amplification in a single tube.PCR Methods
Appl, 1:269-273.

34. Drummond, W. K. and Kasperbauer, S. H.
(2019). Nontuberculous mycobacteria
epidemiology and the impact on pulmonary
and cardiac disease. Thoracic Surgery Clinics,
29, 59-64.

35. Kawther K. J.; Fawziah, A. A. and
Rasha, M. O. (2018).Diagnostic application of
ELISA and 1S900 PCR using buffy coat as a
source sample for the detection of
Mycobacterium avium subspecies
Paratuberculosis in subclinical cases of
Bovine paratuberculosis. Basrah Journal of
Veterinary Research, 17,3.

36. Kawther ,K. J.; Fawziah, A. A. and

Rasha, M. O (2019).Association of
polymorphisms in SLC11A1 gene with
autoimmunity caused by Mycobacterium
avium subspecies paratuberculosis(MAP) in
cattle. Basrah Journal of Veterinary Research,

18,(.1)

37. Al-Mussawi, A. A. (2014). Isolation and
Identification of Mycobacterium chelonae

from Human Sputum among Suspected

103



Pulmonary Tuberculosis Infections in Basra-
Irag. American Journal of Infectious Diseases
and Microbiology, 2 (6): 145-148. doi:
10.12691/ajidm-2-6-2.

38. Al-Sulamil, A. A.; Al-Taee, A. and
Hasan, Z. A. ( 2016 )Frequency of Rapid
Growing Mycobacteria among Tuberculosis
Suspected Patients in Basra- Iraq. Biol Med
(Aligarh) 8,4
39. Alsaimary, I. E .(2019) Prevalence study
of tuberculosis among basrah population
through 2011-2015 :
Phys.: Conf. Ser. 1294 062087
40. Alzaidi,K.K.J.(2018). Exploring The

Role of Mycobacterium avium subspecies

prospective study. J.

paratuberculosis in the Pathogenesis of
Autoimmunity in Animals and Human. PhD
thesis; College of Veterinary Medicine /
University of Basrah / Basrah / Iraq
41. Katale, B. Z. ; Mbugi; E. V. ; Botha8, L.;
Keyyu, Julius D; Sharon Kendall3,; Dockrell,
H M; Michel, A. L; Kazwala, R. R;
Rweyemamu, M. M.; van Helden, P.and
Matee, M. | (2014).Species diversity of non-
tuberculous mycobacteria isolated from
humans, livestock and wildlife in the
Serengeti  ecosystem, Tanzania. BMC
Diseases,
14:616http://www.biomedcentral.com/1471-
2334/14/616

.(LaHue et al.,2016)

Infectious

42. Franco, M.M.J.; Paes, A.C.; Ribeiro,
M.G.; Pantoja, J.C.F.; Santos, A.C.B,;
Miyata, M.; Leite, C.Q.F.; Motta, R.G. and
Listoni, F.J.P. (2013). Occurrence of
mycobacteria in bovine milk samples from
both individual and collective bulk tanksat
farms and informal markets in the southeast
region of Sao Paulo, Brazil. BMC Veterinary
Research. 9: 85

43. Machado, G.;Gressler, L.T.; Siqueira,
F.M.; Balzan, C.; Brum, J.S. and Vargas
A.P.C. (2015). Bovine pyogranulomatous
mastitis caused by Mycobacterium goodii.
JMM Case Reports. 2: e004150.

44 Konuk M,; Korcan E,; Dulgerbaki, S. and
Altindis, M.(  2007).
identification of Mycobacteria from raw milk

Isolation  and

samples in Afyonkarahisar district of Turkey.
Int J Food Microbiol. 115,343-7

45.Aydin, F.E.; Ulger, M.; Emekdas, G.;
Aslan, G. and Gunal, S. (2012) Isolation and
identification of Mycobacterium bovis and
non-tuberculous Mycobacteria in raw milk
samples in Mersin Province. Mikrobiyol Bul.,
46,283-9.

46. Cvetnié, L. ; S. gpiéié, G. Kompes, B.
Habrun, V. Katalini¢-Jankovi¢,M. Cvetnic,
M. Zdelar-Tuk, I. Reil, S. Duvnjak, Z.
Cvetni¢ i M. Beni¢(2022). Bovine mastitis
caused byrapid-growth environmental
mycobacteria. Veterinarska Stanica 53,5.

104



47..Siqueira,F.M. ;Lopes,C.E ;
Snell,G.G. and Gomes,M.J.P (
2016). Identification of Mycobacterium
smegmatis in Bovine Mastitis. Acta Scientiae
Veterinariae. 44(Suppl 1): 166.

48. Jayasumana, M.T.L.K. ; Galappaththi,
T.l. ;. Pushpakumaral , P.G.A; Gamage ,
C.D.; Smith, N.H. and Jinadasa, H.R.N.
(2018).Screening Milk for Bovine
Tuberculosis in Dairy Farms in Central
Province, Sri Lanka. Tropical Agricultural
Research, 30,1, 12— 18

49. Bolanos, C.A.D.; Paula, C.L.d.; Guerra,
S.T.; Franco, M.M.J. and Ribeiro, M.G.
(2017). Diagnosis of mycobacteria in bovine
milk: an overview. Rev Inst Med Trop Sao
Paulo, 59:e40

50.van Eden, W.; van der Zee, R.; Prakken, B.
.(2005) Heat-shock proteins induce T-cell
regulation of chronic inflammation. Nat. Rev.
Immunol, 5, 318-330.

51. Dubaniewicz, A.; Dubaniewicz-
Wybieralska, M.; Sternau, A.; Zwolska, Z.;
Izycka-Swieszewska, E.;Augustynowicz-
Kopec, E.; Skokowski, J.; Singh, M.and
Zimnoch, L.( 2006). Mycobacterium
tuberculosis complex andmycobacterial heat
shock proteins in lymph node tissue from
patients with pulmonary sarcoidosis. J.
Clin.Microbiol., 44, 3448-3451.

52.Ingraham, N.E.; Schneider, B.and Alpern,
J.D .(2017) Prosthetic JolInt. Infection due to
Mycobacterium avium-intracellulare in a
Patient with Rheumatoid Arthritis: A Case
Report and Review of the Literature. Case
Rep. Infect. Dis., 2017, 8682354
53. lwata, K.; Oka, S.; Tsuno, H.; Furukawa,
H.; Shimada, K.; Hashimoto, A.; Komiya, A;
Tsuchiya, N.; Katayama, M.; Tohma, S.
(2018).Biomarker for nontuberculous
mycobacterial pulmonary disease in patients
with rheumatoid arthritis: Anti-
glycopeptidolipid core antigen
immunoglobulin A antibodies. Mod.
Rheumatol., 28, 271-275. 127.
54. Dutertre, M.; Delobel, P.; Marchou, B.;
Boyer, J.F.; Mougari, F.and Martin-Blondel,
G. (2019). Olecranon bursitis secondary to
Mycobacterium europaeum infection in a
patient receiving immunosuppressive drugs
for rheumatoid arthritis. Med. Et Mal. Infect.,
49, 358-359.
55-Schubert, N.; Schill, T.; PIuB, M. and
Korsten, P. (2020). Mycobacterium marinum
infection mimicking rheumatoid arthritis
tenosynovitis: Case report and literature
review. BMC Rheumatol. , 4, 11.
56. Dos Santos Sobrin, R.; Pérez Gomez, N.;
Vilas, A.S.; Suarez, M.P.; Pampin, E.P;
Antunez Lopez, J.R. and Mera Varela, A.
(2020). Infection by Mycobacterium chelonae
105



at the site of administration of sarilumab for for mycobacterial disease among patients with
rheumatoid arthritis. Rheumatology, 59, 265. rheumatoid arthritis, Taiwan, 2001-2011.
57.Liao, T.L.; Lin, C.H.; Shen, G.H.; Chang, Emerg. Infect. Dis. 21, 1387-1395.

C.L.; Lin, C.F. and Chen, D.Y. (2015). Risk

Mg“\@&ﬂ\g@\%gﬁ@uﬂ)&Q\M(hspGS)Q\;Uﬂ‘MM\QUﬁ\;x&;L.ﬂ"SS\
SN Jraliall Glgal) i e a9 &l sinal)

M o a3y diae 33, sl

J‘ﬂ\«oﬂ‘sbﬂ‘&uh«g%\gﬂ\m

DAl

@ otmdl Coni g umll gl (a3 ALl e ) Shiiall RSPB5 e CaISH sa Al all 538 (o asti I Cargl) (IS

g ol ClelY 4 4l S (MWT)dseal Gand) ilall Jsal axinl (g 5l dealiall leil (oaia yo o5 ) sl
5(%76) 38 5(7.82.9) 58 Ol JLiaY) 13 il < jelal o 32030 54dani 50 55,0 70 culs Glie A (g puall in
Gila s ilaa ) (P<0.05) 55020 (38 25 5 an o s il ) gil) e elall g zlaill s ) culs il (e (7.46.7)
culs Alie A () Aa s Ul il e SLaaY) s J3IA e (P<0.05) Abas) A1Ya cald 45 5léia dulay)
Culs Gilie aes 2 14.3%,521.1 518.96 s (++) dulad¥) da 50 « L (728.9) zlaill 5 (7£37.93) L&Y

(785.7) 325 (750) zlall 5 (743.11) J&Y) cula clive 6 (4) da 25 sl e selall g zlaill s ey

(722) 11 5 (7%6) 3 o el cudall e & (NTM) 4alud) e & haiiall 16SIRNAL ) sall e (S jal) il
hsp65(441 bp)4i,) sl e wiSll &5 (P<0.05) (s sine CaDEA) o dun g0 S Ngill Je #laig ja) culs die
LS | (P<0.05) (s sime <Al aa N sill o zlais J8) culda e (720) 10 5 (£71.4) 50 2 bl e <l jlaiiall
Gl gl 5 (27.5 )AAS 4 ae 7.33.3 Ay (5 53l dualiall lgdll (oaim je 0 (e line 3 (8 45 sall 028 LIS S
el duludll il @aS) (P<0.05) @sine G pe @il e Jualiall Clgill (oam je (A 45 sall 03¢ Al il
009360.4 GenBank acc. NZ_CP (s« ga sisall (55510l (aaall Juslsi aa (7 99) 40lle 443l 4 hSp65 45 sall

Mycobacterium avium i sl

550 Gealiall gl 5 gy puddl in g uall el NTM : Agalial) Gilalsl

106



