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ABSTRACT

Macrophages are the key cells for invading and replication of mycobacteria in the host and they play principal
role in the pathogenesis of the tuberculosis. The aim of the present study was to reveal if mycobacterium
invade other cells except these of immune defense and macrophages first of all as a common feature. The
results of ultrastructural studies of lungs of Mycobacterium bovis intraperitonealy infected rabbits and livers
of Mycobacterium avium subcutaneously infected chickens showed the presence of mycobacteria into the
cytoplasm of pneumocytes Il type and capillary endothelial cells of rabbit lungs as well as in the cytoplasm
of chicken liver parenchyma cells. On the base of these results and in particular invading of pneumocytes
II type as a producers of the surfactant it was suggested that the surfactant or some of his components
likely enhance phagocytosis of mycobacteria by macrophages. It could be a reason for mycobacterium
affinity to invade pneumocyte II type and to manipulate quality and quantity of the surfactant or some of
his components. These results show that M. bovis invaded pneumocytes II type in vivo and it is an important
step may be in the investigation of the possibility role of these cells in the pathogenesis of lung infection.

Keywords: Mycobacterium bovis, Mycobacterium avium, macrophage, peumocyte Il type, endothelial cell, hepathocyte,
rabbits, chicken

PE3IOME

Makpodarure ca KIIOYOBH KJICTKH 32 HHBA3UPaHE U Pa3MHOXKABAHE HA TYOCPKYJIO3HUTE OAKTEPHH, KOUTO
UrpasiT OCHOBHA pOJisl B MaToreHe3ara Ha TyOepkyno3ara. llenta Ha HacTosIeTo W3clenBaHe Oerie na
CE YCTAHOBU TYOEpKYJIO3HHUTE OAKTEPUW WHBA3UPAT U U JPYTH KICTKH, OCBEH MPHHAICKAIIUTE KbM
HMMYHHATa 3al[iTa ¥ IaBHO Makpodarute Kato TsAXHA oOIia yepra. Pe3ynraTtute oT yaTpacTpyKTypHHTE
M3Ccre/IBaHUsT Ha OenuTe ApoOOBE Ha 3aiIly, 3apa3eHW WMHTPANCPUTOHEATHO ¢ M. bovis M Te3n Ha
4yepHHs Apo0 Ha MHIIETa, 3apa3eHH MOJKOKHO ¢ M. avium MOKa3axa MPUCHCTBHE HA MUKOOAKTUPUH B
[UTOIJIa3MaTa Ha MHEBMOIMUTH Il THN M eHOOTENHHWTE KJICTKH Ha OCMOJAPOOHH KPHBOHOCHH KAMJIISIPU
KaKTO W B IIUTOILIa3MaTa Ha YEPHOAPOOHH MApEHXUMHH KIETKH. Bb3 OCHOBA Ha MONyYSHHUTE PE3YNITaTH U
0CO0OEHO Te3H, MOKa3Ballld HHBA3UpaHEeTo Ha MHeBMONUTH I THM, cuHTe3upaly chphakTaHTa, MOXKE Ja ce
MPENONIOKH, Ue ChphaKTAHTA UK HIKOM OT HETOBH KOMIIOHEHTH, BEPOSTHO MOBUINABAT (arouro3ara Ha
MHKOOAKTEpHHUTE OT Makpodarure. ToBa 6M MOIIO Jga ObJe MPUYMHA 32 ahUHATETA HA MHKOOAKTEPHHTE
KbM UHBa3UpaHE Ha MHEBMOIUTH I THIT 1 MaHUITYTUPaHE KA4eCTBOTO M KOJIMUYECTBOTO HA ChphaKTaHTa UITH
HETOBUTE KOMITOHEHTH, KOETO JIa YJIECHSIBA MPOHUKBAHETO UM B Makpogarute. Te3u pe3ynTaru mokas3Bsar,
4e M. bovis MHBa3upa MHeBMOIMTH I THII in Vivo U TOBA € Ba)KHA CTHITKA B U3CIICIBAHUATA 32 BEPOSITHOCTTA
TE3W KJICTKH Jla UTPasiT ChIIECTBEHA POJIsl B TATOreHEe3aTa Ha OenoAPOOHHUTE HH(DEKITHH.

Kntoyosm gymu: Mukobakrepnym 6oBuc, Mukobaktepuym aBuym, Makpoddar, nHeBmouuT Il Tun, eHaoTenHa kneTka, YepHoapobHa
KrneTka, 3aiuu, nuneta
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PA3LUWPEHO PE3IOME

B pesynrar Ha 3aabp1004eHUTE TTPOYYBAHUSA BHPXY
raToreHe3ara Ha TyOepKyio3ara Hail-MHOTOCTPaHHO
e TpoydeH adUHUTETHT HA MHKOOAKTEPHHTE
KbM Makpo(arure ¥ TAXHOTO B3aUMOJIEHCTBHE.
[IpornkBaneTo Ha TYOEpKYJIO3HHTE OaKTepUU B
Makpodarute ce cMATa 3a KIIOYOB MEXaHHU3bM,
gpe3 KOUTO Te3W OAKTEpHH, MPHUIIATalKN pa3TnIHI
CTpaTeTUH YCISABAT a OBIAACIT M MaHHUITYJIUPAT
BBTPEKJIETHYHUTE MOJEKYISIPHH MEXaHU3MH Ha
MakpodaruTe 3a Ch3AaBaHEe Ha OJATONPHUATHH
YCIIOBHS 3a TeHHATa UM EKIIPECHUS U €CTECTBEHOTO
mporpecupane Ha 3abomnsBaHero. Ilpomecute Ha
MIpeoIoNIsiBaHe Ha TOCTONPHEMHHUKOBATA 3aIlUTa U
OBIIA/SIBAHETO HA BHTPEKIETHPUHUTE MEXaHU3MHU B
MHBA3WPAHNUTE KJIETKHA Ch3[aBaT >KN3HEHOBAKEH U
IBITOTpacH KoM OPT 32 TyOEepKYIO3HUTE OaKTePHH,
KOETO TIpaBW W3KJIIOUMTETHO TpymaHa Oopbara C
MIPETM3BUKAHOTO OT TAX 3a00JsiBaHE KakTO NpHU
Xopara, Taka W TpH >KWBOTHUTe. Hammumero Ha
MUKOOAKTEpUH M B APYTH KJIETKH JaBa OCHOBAHHE
Jla ce TPEATIONO0XKH, Y€ TYyOepKYIO3HUTE OaKTepHHu
OCBEH, Y€ TPOSIBIBAT TPOMTU3BM KbM Makpodarure,
TE TpPHUTEXKaBaT M PENENTOpH, 3a CBHP3BAaHE U
WHBa3UpaHe M Ha JpPyrd OelompoOHU KIIETKH.
LenTa Ha HACTOSIINTE U3CTIEIBAHUS € J1a C€ TIPOYYIHn
in vivo TPOHUKBAT JIW MUKOOAKTEPUHUTE U B APYTH
He(aromuTHpaIy KISTKA KaKTo B OeuTe IpoOoBe
Ha 3211 TPU TUPEKTHOTO UM WHTPANIEPUTOHEATHO
3apa3zsaBaHe ¢ M. bovis, Taka W B 4YepHHS APOO
Ha THJIeTa, 3apa3eHu CyOKyTaHHO ¢ M. avium
Mpeau  TeHepaln3upaHeTo Ha  3a00isABaHETo.
3apa3sBaHeTO Ha 3aiIuTe Oele OCHIIECTBEHO C
30-gHEeBHA KyNTypa Ha maM M. bovis 123, m3omupan
or Os;m npo0 Ha KpaBa, a Ha IMMHIJIETaTa C IMaM
M. avium 7/95, m3ommpan or auMpeH BB3EI Ha
KpaBa. bakrepmanmHara Maca 3a 3apa3siBaHe Oerre
rosydeHa dYpe3 IMOCSIBaHE Ha MIaMOBETE BBPXY
TBBpIa cpena Ha Lowenstein-Jensen ¢ mupysar 3a
M. bovis 1 mdiepuH 3a M. avium. Tpu mecena cien
3apa3sBaHETO, OT €BTaHa3UpaHUTE JKUBOTHH Osxa
B3€TH MPOOU OT OsUT M YepeH npo0 W MOATOTBEHHU
3a HaOMIOAEHWE C ENeKTPOHEH MHUKPOCKOI TI0
CTaHIapTHaTa METOJMKa 3a TPaWHO BKIIIOYBAHE B
enokcuaHa cMmona JlypKynaH U KOHTpacTHpaHe Ha
VATPATHHKUTE CpPE3W C ypaHWJIANEeTaT W OJOBEH
nutpar [26]. Pesynratute OT yATPACTPyKTYPHUTE
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H3CJeABaHMs IIOKa3aBaT, 4ye B IHeBMouuTH Il
TUI M MHUKPOBACKyJapHUTE EHIIOTEIHU KIECTKU
Ha OenuTe JAPOOOBE KAKTO M B XEMATOIIMTUTE Ha
yepHus Apo0d uMa Hajmuuue Ha MukoOakrepuu. Ha
0azara Ha MOJMYYECHUTE Pe3yNTaTd U TE€3H OT IO-
PaHHUTE HH M3CIIEBAHHUS MOXKE J]a CE PEATIONI0XKH,
4e eHa OT BEPOATHHUTE MPUYMHU 3a ahuHUTETA HA
M. bovis kpM OenmuTe APOOOBE M MO-KOHKPETHO-
mHeBMOIIMTH 1l THI e HaiM4nMeTo Ha CHpPQaKTaHT,
YHeTO CHHTE3MpaHe NpOTHYa HMEHHO B TSIX.
BB3MOKHOCTTA 32 MaHUITyJIHpaHEe CHHTE3UPAHETO
Ha chp(dakTaHTa WM HETOBUTE KOMIIOHEHTH, KOUTO
CIIy’KaT 3a MacKupaHe M ChOTBETHO MOBHUIIIABAHE
¢daroumTozara Ha TyOepKyl1o3HUTE OaKTepUH
OoT Makpodarure, Karo €CTECTBEHH ‘‘UucTauu’
u Ha orpaboTeHHs Cbp(AKTaHT, BEPOSTHO
Wrpac ChINECTBEHA pOJII W B MaroreHesara Ha
TyOepkyno3ara. Bb3 ocHoBa Ha HaOmromaBaHara
MOp}OIOTHYHA KapTUHA Ha HANIW4YMe HAa M. avium
B YEpPHOAPOOHUTE MAPEHXUMHHU KIETKH U JaHHUTE
3a OCBOOOKIAaBaHE M IPEHACSHE 4pe3 eK3030MH
Ha cnenrd(UYHU KOMIIOHEHTH OT MOBBPXHOCTTA Ha
MHUKOOAKTEepUUTE BUH(DEKTUPAHUTE KIETKH OU MOTIIO
Jia ce JIomycHe, ue Hamupamute ce B Kyndeposute
KJIETKH €K3030MH OMXa MO J1a TIPEMHHAT Mpe3
(denecTpuTe Ha CHIOTEITHUTE KICTKU HA CHHYCUTE
W Ja NPOHMKHAT B XEMATOLUTHUTE, MOBIUSBANKH
MOJIEKYJISIPHUTE KJIETHYHHU MPOLIECH 32 ITOCIIEIBAILO
WHBa3MpaHe OT MUKOOAKTEPHHUTE.

INTRODUCTION

As it is well known, the mycobacterium is among the
very dangerous microorganisms and most successful at
adapting to long-term residence in the host of all time.
Many species of environmental mycobacteria infect
animals and have zoonotic potential which is very
important to the economy and research [15]. Aerosol
transmission is the predominant route of infection
whereby droplet nuclei containing one organism is
enough to establish an infection. The most often this
infection begins in the respiratory system and the main
site of mycobacteria -more than 80% is in the lung [20,
21, 22]. The ability to infect macrophages is a common
characteristic shared of mycobacterium species for
surviving and replication. According to McDonough et
al. [20] a central to understanding the pathogenesis of
tuberculosis is the interaction between the pathogen and
macrophages.

Through a wvariety of cell surface receptors,
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macrophages internalize = mycobacteria  into
phagosomes that undergo maturational events
and expose the microbes to acid, lytic enzymes,
oxygenated lipids, fatty acids, reactive oxygen
and nitrogen intermediates [1, 23]. In some cases
mycobacteria use alternative pathways to be taken
by macrophages including surfactant protein
receptors in the lung, scavenger receptors and
some molecules [8, 11, 13, 14, 16, 17]. According
to Bermudez et al. [6] this factors may represent
manner of adaptation to diverse environments
and a specific site or ability to enter mononuclear
phagocytes in different stages of maturation. At the
same time successful intracellular pathogens have
developed different strategies before macrophages
to be immunological activated allowing them to
survive within phagosomes including: arresting the
maturation ofthe early endosome toaphagolysosome
by inhibiting fusion of the mycobacterium-
containing phagosome with lysosomes, resistance
against antimicrobial molecules, and adaptation
to host-induced metabolic constraints [2, 12, 15].
Pathogenic mycobacteria modulate macrophage
signaling responses and thereby limit the ability
of macrophages to produce or respond to immune
modulators. In this way the infected cells become
progressively unresponsive to further activation by
cytokines and the pathogen undergoes intracellular
replication [10, 18, 29]. Moreira et al. [23] observed
that in dividing of mycobacteria the vacuole appears
to divide with them, sequestering each bacillus in
separate tight vacuole. According Gomes et al. [15]
the ability of mycobacteria to remain within a tight
vacuole may facilitate their control of phagosome
fusion with other vacuoles within the cells.
According Bhatnagar and Schorey [7] the capacity
of mycobacterium to alter macrophage functions
requires the expression of specific mycobacterial
surface components. Different species mycobacteria
use one or more surface components in the process
of pathogenesis. Some of them can to be repeated
in the species, but probably one is predominant for
altering host microbicidal function or in inducing
a proinflammatory cascade as this is on the cell
surface of the M. tuberculosis, M. avium and M. bovis.
There is also evidence showing that these lipids of
mycobacteria cell wall accumulate inside infected
cells and could be trafficked to other cellular
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compartments and modulate cellular functions [19,
27]. Bhatnagar and Schorey [7] and Beatty et al.
[3] demonstrated that mycobacterial surface cell
wall lipids are released in infected macrophages
and trafficked to a distinct compartment by
endocytic pathway designated the multivescular
body /MVBY/. Earlier studies of Raposo et al. [25]
have shown that fusion of MBVs with the plasma
membrane results in the release of small 50-100
nm vesicles called exosomes. Bhatnagar and
Schorey [7] found that exosomes released from
M. avium-infected macrophages can interact with
uninfected macrophage leading to their retention
in these “bystander” cells. These authors for the
first time showed that the exosomes -carrying
bacterial components isolated from mycobacteria-
infected macrophage can induce a proinflammatory
response and suggested a novel mechanism by
which stimulator molecules present on intracellular
pathogens can be released from infected cells to
promote an immune response.

Although mycobacteria evolved to survive inside
phagocyte cells, they can enter and replicate in other
host cells as in pneumocytes of the lung [5]. Mehta et
al. [20] observed entry and intracellular replication
of M. tuberculosis in cultured human microvascular
endothelial cells. Mills et al. [22] proved that M.
tuberukulosis is capable to infect liver parenchyma
cells in immune deficient mice. The activation of
some host cell proteins may specifically recruit
other proteins to the vacuole membrane, creating
the conditions for the uptake of needed nutrients for
bacterial replication, virulence gene regulation and
expression associated with the natural progression
of the disease [4, 9, 28].

As it is visible, an abundance of dates there are for
the pathogenesis of tuberculosis but most of these
dates are connected with interaction of bacilli with
cells of host defense system and first of all with
macrophages. The information about invading of
other host cells by mycobacteria is relatively smaller.
The aim of the present study was to investigate the
possibility present of M. bovis and M. avium in other
cells then macrophages in rabbits and chickens.

MATERIALS AND METHODS
For the infection of rabbits was used 30-ty day
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culture of M. bovis species 123 isolated from the cow
lung and for chickens - M. avium 7/95 isolated from
the cow lymph nodule. The species were grown on
Lowenstein-Jensen solid medium with piruvate for
M. bovis and glycerin for M. avium at 37° C. The
density of bacterial masse was 1X10° CFU. Studies
were done on eight rabbits infected intraperitonealy
with dose 0, 5 mg/kg M. bovis and eight chickens
infected subcutaneously in a dose 1ml per M. avium.
Three months after infection they were immobilize
by 2% ksilasin consequence by euthanasia with
euthanasin injected intracardialy.

The etiology of infection in different organs was proved
by PSR of species DNK [3].

For electron microscopy the pieces of lungs and livers
were fixed for 2 h in 4% glutaraldehyde solution at 4°
C, then washed in cacodilate buffer and post fixed for
1h in 1% osmium tetroxide at 4° C in refrigerator. After
dehydration stepwise in graded series of alcohol the
pieces were embedded in Durcupan [26]. The ultra thin
sections were double stained by uranyl acetate and lead
citrate for examination with Tesla BS 500 transmission
electron microscope.

RESULTS AND DISCUSSION

As it is known the macrophages are the most
convenient cells for survive and replication of
pathogenic mycobacteria species. The mechanism
of mycobacterium interaction with professional
phagocytes most of all macrophages has been

Fig.1 M. bovis into fagosomes of rabbit lung
macrophage

@ur.1 M. bovis BbB (harozomu Ha Makpodar B 3a€IIKN
0511 1poo
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extensively studied during the past years [1, 2, 7,
8, 18]. The present of mycobacteria into the lung
macrophages were observed also in our electron
microscopy studies of intraperitonealy infected with
Myicobacterium bovis rabbits /fig. 1/.

Although the ability to infect macrophages is a
common characteristic shared among mycobacterial
species, our ultrastructural studies of the lung showed
M. bovis not only into macrophage phagosomes but
also into cytoplasm vacuoles of pneumocyte I type
/fig. 2/. Our results confirmed in vivo the first step
toward investigation the possibility of mycobacteria
to infect pneumocytes Il type examined in vitro by
Bermudez and Goodman [5]. They have suggested
that M. tuberculosis invasion and replication into 11
type alveolar cells is associated with pathogenesis
of this disease. In support of this hypothesis are the
studies in vivo of Gaynor et al. also [13]. According
them the surfactant protein A /SP-A/ produced by
pneumocyte II type mediates enhanced phagocytosis
of M. tuberculosis by a direct interaction with
macrophages. On the base of this results it comes
naturally to tolerate that mycobacteria would be
try to find a way for mastering and controlling of
surfactant or some of his components. We suggest
that after fallen of mycobacteria into distal airspace
the present macrophages ingest some of them but
others tubercle bacilli use the available exocytosed
surfactant or some of his proteins as a mask and
invade pneumocyte II type. It is probable because

Fig. 2 Pneumocyte II type. M. bovis are into vacuoles
formed in the place of exocytosed lamellar bodies

@ur. 2 [Tuesmornutu 11 Tun. Hanmunune va M. bovis BEB
BaKyoud, pOpMUpaHU Ha MSICTOTO Ha €K30IIUTHPAHU
JaMeTIapHU Teila
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the pneumocytes Il type are the place not only for
producing but end for recycling of part work off
surfactant.

In pneumocyte II type mycobacteria were disposed into
vacuole occupying the place of exocytosed lamellar
bodies, possible as an appropriate site not only for
surviving and a convenient niche for replication but
and for manipulation of the surfactant production or his
different components.

At the same time these pneumocytes II type present
antigen themselves or through dendritic cells to the
circulating T-cells and to the macrophages directly or to
the both. It is possible because according to Cunningham
et al /1994/ pneumocyte II type possess major
histocompatibility complex class II molecules and co-
stimulatory signals to intracellular adhesion molecule-1
and B7 needed for effective antigen presentation on their
outer membrane. Receiving antigen information directly
or indirectly macrophages activate and rapid influx into
respiratory surface. In this way mycobacterium could
be use the pneumocyte II type and surfactant for: 1/
surviving and replication; 2/ manipulation of surfactant
production; 3/ attraction of macrophages; 4/ enhancement
of their phagocytosis. This manner the mycobacteria
facilitate own successfully invasion of macrophages
in consequence which are normal cleaners of work off
surfactant. In support of our opinion were observed
mycobacteria situated in the center or among lamellas
of surfactant lamellar bodies engulfed by macrophage
/unpublished studies/. We support opinion of Bermudez
and Goodman [5] that pneumocytes Il type play an
important role in the pathogenesis of lung tuberculosis. It

is possible that the reason for the affinity of mycobcteria
to these lung cells is the production of surfactant mostly.
The conclusion of Bermudes et al. [6] that particular
reason why mycobacteria are able to bind and invade
cells via so many receptors is unknown and suggested
that this may represent different strategies, adapted to
diverse intracellular environments, the availability of
specific nutrients, and the protection against host defense
mechanisms.

By electron microscope analysis of the same infected
rabbit’s lung we established the presence an abundance
of mycobacteria in alveolar lumen. At the same time
mycobacteria there were into vacuoles of endothelial
cells of lung capillary also /fig.3/. The mycobacteria
were along or a few in vacuoles of endothelial cytoplasm.
Some of mycobacteria were seen close to the alveolar
lumen cell membrane in endothelial cells. It was a reason
to thing that bacilli enter into the cytoplasm of endothelial
cells through invagination of cell membrane. It is possible
the endothelial cells to play a role of door for incoming
or leaving of blood stream by mycobacteria in different
places and generalization of disease. Our findings of
mycobacteria in endothelial cells as potential host cells
during lung infection confirm results of the experiments
in vitro of Mehta et al. [21].

Ultrastructural investigations of liver from the chicken
infected subcutaneously with M. avium surprised us by
the presence of mycobacterium into hepatocyte vacuole
in contrast to the opinion of some researcher’s [28]. In
the hepatocyte cytoplasm there were many different
in size vacuoles with bacteria. In some of them the
mycobacterium was along, but in others they were a few.

Fig. 3 M. bovis is visible into vacuoles of rabbit lung
capillary endothelial cell. Abundance of mycobacteria
there are in alveolar lumen.

@ur. 3. M. bovis ce HaOmOaBa BB BaKyOJIH Ha
SHJIOTEIIHN KJIETKH OT 3aelIku Osu1 1pod Hammuune Ha
MHOKECTBO MUKOOAKTEPHH B AJIBEOJAPHUS TyMEH

J. Cent. Eur. Agric. (2008) 9:4, 757-764

Fig. 4 M. avium is disposed into vacuoles of hepatocyte.
In cytoplasm vacuole of Kupffer cell there is
mycobacterium
®Our. 4 Hajruwre Ha M. avium B HATOILUTa3MEHH BaKyOJIH
Ha XenarouT. MUKoOaKTepuu B IUTOIIa3MEHa BaHyoJIa
Ha Kyndeposa kietka
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At the same time Kupffer cell with mycobacteria was
in tight contact with a part of sinusoid endothelial cell
and hepatocyte, as well as was visible endocytose of
mycobacteria into hepatocyte also /fig. 4/.
According to Seiler et al. [28] liver parenchyma
cells do not have the opportunity to phagocytose
of mycobacteria in vivo due to the competition
with liver macrophages, which pick up bacteria
immediately and control infection, or due to the
special microanatomy of the liver. Their opinion
is that the liver sinusoid lined by endothelial cells,
allowing the exchange of small molecules between
the sinusoid and the liver parenchyma cells and may
be physically prevented access of mycobacteria to
liver parenchyma cells. Their experiments indicate
that, even in the absence of macrophages, liver
parenchyma cells do not have the opportunity
to pick up mycobacteria in vivo. Sinusoidal
endothelial cells shield parenchyma cells and may
prevent initial contact between mycobacteria and
liver parenchyma cells in vivo. But Mills et al. [22]
suggested that virulent M. tuberculosis and M. bovis
are capable to infect parenchyma cells. There is also
evidence showing that the lipids of mycobacteria
cell wall accumulate inside infected cells and could
be trafficked to other cellular compartments and
modulate cellular functions [18]. Bhatnagar and
Schorey /7/ hypothesized that mycobacterial cell
wall lipids are released from the mycobacteria
surface in infected macrophages and trafficked to a
distinct compartment within the endocytic pathway
designated the multivesicular body /MVB/. Earlier
studies of Raposo et al. [25] have shown that fusion
of MBVs with the plasma membrane results in the
release of small 50-100 nm vesicles called exosomes
which can interact with uninfected macrophages.
These authors for the first time showed that the
exosomes carrying bacterial components could
induce a proinflammatory response and suggested
a novel mechanism by which stimulator molecules
present on intracellular pathogens can be released
from infected cells.

On the base of all these dates and our results for different
mycobacteria strategies to modulate cellular function
for surviving and replication we suggested that it is
possible these mechanisms to take carry for function of
other cells than macrophages. It is possible also that the
mechanisms of mycobacteria to invade different cells
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to be more complex and need by some other unknown
factors. In the future it will be interesting to clarify more
about how and why the mycobacteria invade different of
macrofages cells. In conclusion it would to say that one
of the reason mycobacteria to invade different from the
phagocytosing cells as a pneumocyte Il type is an very
important part of pathogenesis of tuberculosis disease
probably and needs by further investigations.
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