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SUMMARY

Despite tuberculosis resurgence and extensive dendritic cell (DC) research, there are no in vivo

studies evaluating DC within regional lymphoid tissue during airways infection with virulent

Mycobacterium tuberculosis (Mtb) H37Rv. Using DC-specific antibodies, immunocytochemis-

try, flow cytometry and Ziehl–Neelsen (ZN) for bacilli staining, we searched for Mtb and DC

changes within mediastinal lymph nodes, after intratracheal (ITT) inoculation of virulent Mtb.

ZN and immunocytochemistry in frozen and paraffin sections of mediastinal lymph nodes

identified Mtb until day 14 after ITT inoculation, associated with CD11c+ and Dec205+ DC.

Analysing CD11c, MHC-CII, and Dec205 combinations by flow cytometry in MLN suspensions

revealed that CD11c
+
/MHC-CII

+
and CD11c

+
/Dec205

+
DC did not increase until day 14,

peaked on day 21, and sharply declined by day 28. No changes were seen in control, saline-

inoculated animals. The costimulatory molecules evaluated in CD11c+ DCs followed a similar

trend; the CD80 increase was negligible, slightly surpassed by CD40. CD86 increased earlier and

the three markers peaked at day 21, declining by day 28. While antigen-specific proliferation was

not evident for MLN CD4+ T cells at 2 weeks postinfection, delayed-type hypersensitivity

responses upon ITT inoculation revealed that, as early as day 3 and 7, both the priming and

peripheral systemic immune responses were clearly established, persisting until days 14–21.

While airways infection with virulent Mtb triggers an early, systemic peripheral response

maintained for three weeks, this seems dissociated from regional events within mediastinal lymph

nodes, such as antigen-specific T-cell reactivity and a delay in the influx and local activation

of DC.

Keywords virulent Mycobacterium tuberculosis, dendritic cells in vivo, mediastinal

lymph nodes

INTRODUCTION

Tuberculosis (TB) is a major cause of death worldwide,
affecting one-third of the world’s population. This disease is
caused by Mycobacterium tuberculosis (Mtb), an acid-fast

bacillus transmitted primarily via the respiratory route.

According to the World Health Organization, TB is still the
world’s most neglected health crisis.1–3

In mice and humans, M. tuberculosis infection is mainly

controlled by macrophage activation induced through
T helper 1 (Th1)-type cytokines, interferon-c (IFN-c) and
tumour necrosis factor-a (TNF-a) have a central role in this

process by inducing macrophage activation and inducible
nitric oxide synthase (iNOS) expression. The NO produced
in this process is essential – at least for mice – to kill

intracellular mycobacteria.4,5 This protective activity fails if
there is a marked release of Th2-type cytokines.6,7 This
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interplay of cytokines is clearly depicted in a BALB ⁄c
model of pulmonary tuberculosis following intratracheal
infection.8–11 In this model, an initial phase is dominated by
high production of Th1 cytokines that, together with high

levels of TNF-a and iNOS, temporarily controls the infec-
tion. Granulomas develop in this phase. Four weeks after
infection, expression of Th1 cell cytokines, TNF-a and

iNOS starts to decline. Gradually, pneumonic areas prevail
over granulomas. Pneumonia, in coexistence with a high
burden of bacteria, causes the death.

It is widely accepted that the initial phase of the Mtb
infection within the lungs occurs in alveolar macrophages,
where the bacteria replicates inducing cytokines that initiate

the local inflammatory response in the lungs.12 However,
despite the potential function that dendritic cells (DC) from
lymphoid tissues might play in the initiation of immune
responses, their role during pulmonary TB has not yet been

established. Furthermore, most of the knowledge that has
been generated to date, has not explored the participation
of DC in the infection in vivo, especially DC from the

mediastinal lymph nodes, the nearest draining regional
lymphoid tissue of the lungs.

DC function as the first-line sentinels in immune sur-

veillance of epithelia and peripheral tissues such as skin, gut
and airways,13 which are in direct contact with the external
milieu. In the respiratory tract, under steady-state condi-
tions DC form a contiguous network throughout the epi-

thelial surfaces, and their resident density somehow reflects
the degree and intensity of local exposure to inhaled anti-
gens.14 In general, the primary function of DC in these

tissues is to sample incoming antigenic material which may
then be processed and presented to antigen specific T cells
within T-cell areas in the nearest regional lymph nodes,

where the interaction between DC and the specific, naive
T cells takes place, presumably involving both signal 1
(immunogenic peptide on major histocompatibility

complex (MHC) molecules) and signal 2 (costimulation).
Costimulation is provided mainly by cell surface-associated
costimulatory molecules, particularly through the interac-
tion between CD40, and especially, the CD80 and CD86

molecules on APC and the T-cell associated CD28
molecule.15,16 Soluble cytokines and mediators that are
present in the microenvironment during the antigen-

presenting cell (APC)–T-cell interaction also contribute
to proliferation and differentiation in the responding
lymphocyte.15

The interactions between DC and pathogens are of
prime importance in establishing an appropriate immune
response. On the other hand, it has been reported that DCs
themselves are able to internalize and react to several

microbes.16,17 In vitro, for instance, DCs infected with
M. tuberculosis showed a consistent up-regulation of
the cell surface molecules CD80 and CD86, compared to

uninfected cells.18

Other studies suggest that during mycobacterial infec-
tions, host DC located in the lung migrate to the T-cell

areas of the regional draining lymph nodes. There, they
present antigens to T cells and promote the expansion of
IFN-c-secreting CD4+ T cells, stimulating the interleukin

(IL)-12 response of DC to mycobacterial antigens. It
has also been shown that CD40-stimulation of bacillus
Calmette–Guèrin (BCG)-infected DC, increases the pro-
duction of inflammatory cytokines like IL-1, wich plays a

critical role in antimycobacterial immunity.19,20

We attempted to address some of these issues in vivo by
studying DC from mediastinal lymph nodes (MLN) during

the pulmonary infection with Mtb H37Rv, using the above
mentioned model in BALB ⁄c mice. Cell suspensions from
MLN from tuberculous animals and control non-infected

mice were analysed by flow cytometry on days 1, 3, 7, 14,
21, 28 and 90 postinfection. By combining markers such
as MHC-CII, CD11c and Dec205, we found that

MHC-CII+ ⁄CD11c+ and MHCII+ ⁄Dec205+ DCs, slowly
increased during the course of the disease up to the end
of the first phase (day 21), declining by day 28, which
corresponds to the initiation of the progressive phase of

the infection. In situ, Mtb was detected by Ziehl–Neelsen
in MLN as early as day 14 post-intratracheal (ITT)
infection.

MATERIALS AND METHODS

Experimental model of pulmonary tuberculosis in mice

The experimental model of Mtb infection by ITT inocula-
tion has been previously described in detail8,10 using male
BALB ⁄c mice from 6 to 8 weeks of age. Briefly, the virulent
M. tuberculosis strain H37Rv was cultured in Proskauer

and Beck medium modified by Youmans. After 1 month of
culture, bacilli were harvested and adjusted to 106 cells in
100 ll of sterile, endotoxin-free sterile saline solution,

aliquoted and maintained at )70� until use. Immediately
before use, bacteria were counted and their viability
checked. To induce Mtb infection, mice were anaesthetized

with 56 mg ⁄kg of intraperitoneal pentothal. The trachea
was carefully exposed via a small midline incision, and
100 ll of PBS with 106 suspended viable bacteria was

inoculated. The incision was then closed with sterile silk,
and the mice were maintained in a vertical position until the
effect of anaesthesia was over. The control group consisted
of mice injected by the ITT route with sterile pyrogen-free

saline solution, using the same technique. Experiments were
performed in a P3 biosecurity facility in accordance with
the institutional guidelines for animal care and experi-

mentation. Three separate experiments were done. At least
five mice were killed at each selected time point along the
infection.

Immunohistochemistry
MLN were pooled from five mice from each group of mice

at a given time point, embedded in Tissue ⁄Teck and frozen
sections of 5 lm thickness were obtained and mounted on
silane (Sigma, St Louis, MO)-treated slides. Endogenous

peroxidase activity was blocked with 6% of H2O2 in
phosphate-buffered saline (PBS) for 15 min After that,
MLN sections were incubated with the primary biotinyl-

ated antibody anti-CD11c (Pharmingen San Diego CA)
overnight at 4�, followed by streptavidin-horseradish per-
oxidase conjugated. Enzyme-linked antibody was revealed
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by reacting with 3,3¢-diaminobenzidine ⁄H2O2 for 10–
15 min at room temperature. Finally, tissue sections were
stained with Ziehl–Neelsen to identify the mycobacteria,
and counterstained with haematoxylin for analysis.

Regional lymph node cell suspensions

MLN from at least five mice per experimental group and
time point were identified and removed under a stereo-
microscope, cut into small pieces and digested for 90 min in
complete medium (RPMI-1640 plus 10% fetal calf serum,

2 mm glutamine, 100 U of penicillin G per ml, and 100 lg
of streptomycin per ml) containing 1 mg ⁄ml collagenase
type 2 (Worthington Biochemical Corporation, Lakewood,

NJ), and 2 U ⁄ml of DNase I (Gibco, BRL, Carlsbad, CA).
Red blood cells were lysed and cells were passed through a
100-lm cell strainer (Becton Dickinson, San Jose, CA).

MLN cell suspensions were thoroughly washed in culture
medium to remove excess of enzymes and then resuspended
in fluorescence-activated cell sorting (FACS) buffer. For

cell culture, MLN were obtained under aseptic conditions
and cell suspensions were prepared under sterile conditions.

Flow cytometry of MLN cell suspensions (phenotype)
Cells were washed in PBS containing 1% bovine serum
albumin and 0Æ01% sodium azide (FACS buffer), and

1 · 106 cells were incubated with specific antibodies for
30 min on ice. To reduce nonspecific binding, cells were
incubated with 2.4G2 blocking reagent for 15 min Mono-
clonal antibodies used were as follows: Anti-I-A ⁄I-E- fluo-
rescein isothiocyanate (MHC–CII-FITC clone 269),
allophycocyanin-labelled CD11c (CD11c-APC clone HL3),
phycoerythrin (PE)-labelled antibodies against CD80,

CD86, anti-CD40-biotinylated all from Pharmingen, BD,
San Jose, CA; and anti-Dec205 (kindly donated by R. M.
Steinman). In the case of biotinylated antibodies, these were

followed by streptavidin (SA)-PECy5. The analysis was
performed in a FACScalibur flow cytometer using the Cell-
Quest program (Becton Dickinson Immunocytometry Sys-

tems) recording at least 50 000 events for each assessment.

Antigen-specific T-cell proliferation in regional

lymphoid tissue
MLN were aseptically removed at day 14 from five BALB ⁄c
mice infected ITT with M. tuberculosis H37Rv, and from

control mice inoculated with sterile saline solution, to pre-
pare cell suspensions. MLN cell suspensions from both
groups were labelled with CFSE and cultured with medium
alone, concanavalin A (5 lg ⁄ml) or Mtb H37Rv sonicate

(20 lg ⁄ml). After 5 days of culture, cells were harvested
and analysed by flow cytometry by immunolabelling with
CD4-PE.

Delayed-type hypersensitivity
Delayed-type hypersensitivity (DTH) responses in the

footpad were used to evaluate the systemic cellular immune
response against locally (ITT) inoculated Mtb. Culture fil-
trate was harvested from M. tuberculosis H37Rv grown as

described above for 5–6 weeks, then antigens were preci-
pitated with 45% (w ⁄v) ammonium sulphate, washed and

re-dissolved in sterile, pyrogen-free saline solution. Mice
inoculated ITT with either Mtb or isotonic sterile endo-
toxin-free saline solution, were all subsequently injected
subcutaneously with 0Æ02 ml (20 lg ⁄ml) of Mtb culture

filtrate antigens, into the hind footpad at different times
post-ITT infection. Before and 24 hr after the sonicated-
challenge, footpad swelling was monitored with an engin-

eer’s micrometer (Mitutoyo, Japan).

RESULTS

Histological and immunohistochemistry features

of mediastinal lymph nodes along the infection

Searching first for bacilli, we analysed paraffin sections of
MLN from BALB ⁄c mice at different time points after
intratracheal inoculation, we found that, at least by Ziehl–

Neelsen staining, we could not detect mycobacteria during
early time points (days 3–7); only on day 14 after the
infection (Fig. 1d, arrows). We then looked for CD11c+

DCs within the regional lymph nodes upon ITT inoculation
of Mtb (day 28). We noticed that the gross histological
appearance seemed somehow altered because there was not

a clear regionalization of the CD11c+ DC in the MLN of
infected mice, compared to non-infected control nodes (not
shown). By performing double staining with antibodies

to DCs and Ziehl–Neelsen in tissue sections from these
regional lymph nodes at day 28, we could identify red
mycobacteria, though apparently only associated with
either DEC 205+ (Fig. 2f, arrows) or CD11c+ DC

(Fig. 2b,c,e, arrows). Seemingly cell-free mycobacteria were
very difficult to identify.

Cytofluorometry analysis of CD11c
+

subsets (MHC-CII
+

and DEC205+) and costimulatory molecules in MLN DC

during H37Rv infection

MLN cell suspensions from both groups (control and
infected) were analysed by flow cytometry using double
staining on days 1, 3, 7, 14, 21, 28 and 90 postinfection,

combining specific markers for DC (Fig. 3): CD11c+ plus
MHC-CII+ DC and CD11c+ plus Dec205+ DC (Fig. 3a
and b, respectively). Because the size, and with it the cell-
ularity, of mediastinal nodes of infected animals was

definitively bigger than that of uninfected mice, and
sometimes the percentages obtained from dot-plots were
not much different between the two groups of animals, we

decided therefore to express all these percentages as actual,
absolute DC numbers. We observed that these two subsets
of double positive DC slightly increased since the first week

postinoculation in mice infected with Mtb H37Rv, reaching
a peak at day 21 and declining after day 28. In contrast, no
changes were observed for these DC populations in the
control group of mice.

Expression of costimulatory molecules (CD40, CD80,
CD86) in MLN CD11c+ DC during the course of the
pulmonary infection with Mtb H37Rv. In order to ascer-

tain which was the activation status of these CD11c+ DC
in situ, we analysed the classical costimulatory molecules
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by double staining, pairing the labelling of either CD40,
CD80 or CD86 to antibodies to CD11c+. All double-
labelled DC subsets: CD11c+ CD40+, CD11c+ CD80+

and CD11c+ CD86+ DCs increased after day 14 post-
infection (Fig. 4a,b,c). However, the CD11c+ CD86+

subset increased earlier, from day 3 (Fig. 4c) and the

Figure 1. In situ assessment of the presence of Mtb H37Rv in mediastinal lymph nodes at different time points after intra-

tracheal inoculation. Days 1 (a), 3 (b), 7 (c), and 14 (d). Arrows in d indicate the Ziehl–Neelsen+ (red colour) bacilli.

Magnification: (a–c) 20·, (d) 40·.

Figure 2. Association of mediastinal lymph node DCs and M. tuberculosis H37Rv in situ. Ziehl–Neelsen staining and

immunocytochemistry of MLN from control (a) and H37Rv-infected (b–f) mice were performed to ascertain potential

colocalization of MtbH37Rv (arrows) with DCs (brown colour; a, b, c, e ¼ CD11c; d ¼ isotype control antibody,

f ¼ Dec205). All pictures were taken at 100· magnification. (c–f) Each is a zoom-magnified area to show the red bacilli. In (c),

only a slight brown colour development was allowed to better visualize the red mycobacteria.
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percentage of this subpopulation was higher than the other
two populations at day 21 (Fig. 4a,b). Interestingly, the

three DC subsets decreased by day 28 and 90 postinfection.

Assessment of systemic cellular immune response

The systemic, cellular immune response was determined by
DTH, which reflects the presence of antigen specific, effec-
tor T cells in the periphery. Figure 5 shows that in the
group infected with Mtb, the increase of DTH was already

detected at day 3, clearly seen at day 7, reaching a peak
between days 14 and 21, and declining by day 28. No DTH
responses were detected in the control group during the

experiments.

T-cell proliferation in MLN of Mtb H37Rv infected mice

Because the peak of the DTH responses was observed be-
tween days 14 and 21, MLN were removed from mice at
day 14 postinoculation with either Mtb H37Rv or sterile

saline solution (control group). MLN cell suspensions from
both groups were labelled with carboxyfluorescein diacetate

succinimidyl ester (CFSE) and cultured with medium alone,
concanavalin A or sonicated Mtb. After 5 days of culture,
cells were harvested and analysed by flow cytometry by
immunolabelling with CD4-PE. Figure 6 shows that T cells

from the control uninfected group did not proliferate when
cultured with sonicated Mtb or culture medium alone,
however, they responded efficiently to polyclonal stimula-

tion with concanavalin-A. At a first glance, MLN cell
suspension from Mtb infected mice appeared to show some
specific T cell proliferation to the Mtb sonicate (Fig. 6a,b).

CD11c+ MHC-C II+ Cells

CD11c+ DEC205+ Cells

120

100

80

60

40

20

0
1 3 7 14 21 28

1 3 7 14

Post-infection days

Post-infection days

21 28

90

90

120

100

80

60

40

20

0

N
um

be
r 

of
 c

el
ls

 ×
 1

05
N

um
be

r 
of

 c
el

ls
 ×

 1
05

(a)

(b)

Figure 3. CD11c+ ⁄MHC-CII+ and CD11c+ ⁄CD205+ DC

increased in the MLN during the first phase of the pulmonary

disease. BALB ⁄c mice were infected ITT with M. tuberculosis

H37Rv (n), while control mice were inoculated with sterile saline

solution (r). MLN cell suspensions from both groups were ana-

lysed by flow cytometry on days 1, 3, 7, 14, 21, 28 and 90 postin-

fection, combining (a) CD11c plus MHC-CII and (b) CD11c plus

Dec205. Each group (control and infected) consisted of at least five

mice per time point. Results are presented as the mean ± standard

error of three different experiments. Statistically significant diff-

erences are indicated by asterisks (*P < 0Æ05; **P < 0Æ01;
***P < 0Æ001).
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Figure 4. Expression of costimulatory molecules (CD40, CD80 and

CD86) in CD11c+ DC during the course of pulmonary disease.

BALB ⁄c mice were infected ITT with M. tuberculosis H37Rv (n)

while control mice were inoculated with sterile saline solution (r).

MLN cell suspensions from both groups were analysed by flow

cytometry on days 1, 3, 7, 14, 21, 28 and 90 postinfection, com-

bining (a) CD11c plus CD40 (b) CD11c plus CD80, and (c) CD11c

plus CD86. The mean result ± standard error of three separate

experiments is shown, significant differences are indicated by

asterisks (*P < 0Æ05; **P < 0Æ01; ***P < 0Æ001).
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However, this might not be antigen specific when compared
to cultured control cells.

DISCUSSION

With the Mtb genome sequence accessible,21 state of the art
research regarding the molecular biology of Mtb has been
performed. Likewise, the pathogenesis of pulmonary

tuberculosis has been examined in great detail. However,
the ultimate mechanisms determining either the complete
elimination of the bacilli leading to the total resolution of

the infection; the development of chronic pulmonary dis-
ease; or even the enigmatic latent state, are still unclear. The
very early interactions between Mtb and cells of the im-

mune system are not well understood either, though it is
established that monocytes ⁄macrophages are the most
likely candidates. Interestingly, the immunopathogenesis of
TB using experimental animal models has been focused

mainly on the examination of the lung tissue, without
paying much attention to potentially important events
occuring in the nearest regional lymphoid tissues, the MLN

in this case. Our mouse model of progressive pulmonary
tuberculosis is suitable for the exploration of these immuno-
logical events in the MLN, because it is based on aerogenic

infection, the usual route of infection in humans. Besides,
the rate of bacterial multiplication in the lungs correlates
with the extent of tissue damage (pneumonia) and mortal-
ity, and the infection is successfully controlled as long as a

strong Th1 cell response is sustained.8–10 Thus, we took
advantage of this experimental model to study the DC
changes from mediastinal lymph nodes along the infection.

DC are situated along the respiratory tract,22–27 and as
immature DC in peripheral tissues are both ideally posi-
tioned and endowed with good capabilities for antigen

uptake in the airways. However, the potential involvement
of these APC has not been assessed in vivo during infection
with virulent Mtb.

Upon inoculation of virulent Mtb through the airways,
by staining tissue sections of mediastinal lymph nodes with
Ziehl–Neelsen we were unable to detect its presence in the
early phase of the infection (days 1, 3, 7 after ITT depos-

ition), only until day 14. Though soluble and particulate
model antigens deposited in the trachea have been docu-
mented to arrive into the MLN at early times (first 24–

48 hr),28 to the best of our knowledge, this has not been
examined with live micro-organisms such as these virulent
mycobacteria. It was somehow unexpected to find out

in situ that the bacilli within MLN, seemed confined to the
DC markers used, CD11c+ and Dec205+. We believe this
association between the DC and the virulent Mtb in situ, is

an important finding. However, it would be difficult for us
to assert that these DC bearing the Mtb H37Rv bacilli
within the MLN, are the same ones derived from DC
positioned in the airways, supposedly ferrying bacilli into

the regional lymphoid tissue. We also noticed that the
CD11c+ DC within the MLN of infected animals did not
exhibit a clear paracortical disposition like those in control

MLN, rather, they seemed dispersed throughout the tissue.
Another intriguing observation was the lack of typical,
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PE antibodies and analysed by flow cytometry to determine
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gram profiles representative of two different evaluations are

shown.
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well-organized granulomas within the MLN, even at 14, 21
or 28 days postinoculation, the timing when these struc-
tures are well formed within lung tissue.

Regarding the two subpopulations of CD11c+ DCs

(MHC-CII+ and Dec205+), it was clear that though both
subsets did not change much during the first 2 weeks
postinoculation, they dramatically increased (about ten-

fold) by day 14, reaching a peak by day 21, declining
afterwards. When assessing the three main costimulatory
molecules (CD40, CD80 and CD86) in the the CD11c+

DCs, a very similar pattern was also noticed, perhaps with
the exception of a small early increase (on day 7) for
CD11c+ CD86+ DCs. At a first glance, these observations,

that DC and costimulatory molecules increase after 2 weeks
post-ITT inoculation, would appear as fairly normal
responses. This might not be the case, however, when
considering several reports that in any other regional lymph

nodes so far examined upon peripheral antigen application
(model or microbial antigens); both the proportions and the
expression of costimulatory molecules of DCs are consis-

tently increased in the first 24–48 hr.28–30 This also seems to
apply when other antigens, model28,29or microbial ones,31–
34 have been inoculated through the airways. It is thus very

intriguing that in this experimental model, when inocula-
ting virulent Mtb into the trachea, a relatively prolonged
delay of about three weeks (compared to 24–48 hr in other
models) occurs regarding both the influx of DCs into

the regional (mediastinal) lymph nodes, as well as the
up-regulation of the main costimulatory molecules
required for an efficient T-cell stimulation (CD80, CD86

and CD40).
However, by means of DTH responses, we observed that

T-cell priming was clearly seen already by day 3 post ITT

inoculation. This systemic peripheral response was well
established by day 14 and continued to increase until day
21, declining by day 28. At least regarding the timing of

both the peak (day 21) and the decline (day 28) of this
systemic DTH response, there was a correlation with the
events observed for DC and costimulatory molecules within
MLN. When assessing the proliferative capacity of CD4+

T cells obtained at day 14 from the same MLN (from either
control uninfected, or H37Rv-infected animals), against
mycobacterial antigens, we were somewhat surprised to

observe a lack of a clear antigen-specific T-cell prolifer-
ation. However, this might also be related to the relatively
low proportion of DCs and to the low levels of expression

of the three costimulatory molecules within MLN at this
same time-point. In fact it has long been shown that when
DCs are decreased (either naturally because of the ana-
tomical location, or induced by UV or chemicals), a decay

follows in the T-cell responses.35,36

From our results, it would thus appear that early upon
ITT inoculation with Mtb H37Rv, a peripheral systemic

(DTH) response is clearly mounted, but this seems uncou-
pled from the local (regional draining lymph nodes) T cell
responses. We do not know the precise mechanisms that

could explain this seeming dissociation of these two anti-
gen-specific T-cell responses. However, since mycobacteria
are well known to utilize a variety of immune evasion

mechanisms, this might be another one in the list. Perhaps
the lack of T-cell reactivity in the draining lymphoid tissue
might be related to certain mycobacterial compounds,
especially lipids, some of which (lipoarabinomannans) are

now appropriately referred to as ‘tuberculosis toxins’.37 We
are currently exploring this last proposition.

Our results thus open several questions to be addressed

in vivo, for instance the mechanisms responsible for this
evident long delay in the recruitment of DC into the re-
gional lymph nodes, and in the expression of costimulatory

molecules. The other is the apparent dissociation between a
well established, early peripheral T-cell reactivity, and the
lack of antigen-specific CD4 responses within the regional

lymphoid tissue. Altogether, our data emphasize the need
to perform more research in vivo with the virulent Mtb to
understand better the mechanisms of evasion of this
microbe, and the potential ways to overcome them.
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