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Mycobacterium tuberculosisInfection in Complement Receptor
3-Deficient Mice1

Chenggang Hu,* Tanya Mayadas-Norton,† Katie Tanaka,‡ John Chan,§ and Padmini Salgame2*

Complement receptor type 3 (CR3) present on macrophages is used byMycobacterium tuberculosisas one of its major phagocytic
receptors. In this study, we examined the in vivo significance of CR3-mediated phagocytosis on the pathogenesis of disease caused
by M. tuberculosis. The outcome of tuberculous infection in mice deficient in the CD11b subunit of CR3 (CR32/2) on a mixed
129SV and C57BL background and control wild-type counterparts was comparable with respect to survival, bacterial burden,
granulomatous lesion development, and cytokine expression in the spleen and lungs.M. tuberculosisinfection was also examined
in CR32/2 mice on C57BL/6 and BALB/c backgrounds and was found to be similar. In conclusion, our results suggest that in the
absence of CR3,M. tuberculosisis able to gain entry into host cells via alternative phagocytic receptors and establish infection. The
data also indicate that absence of CR3 does not alter disease course in either the relatively resistant C57BL/6 or the relatively
susceptible BALB/c strains of mice. The Journal of Immunology,2000, 165: 2596–2602.

T uberculosis remains a leading cause of mortality world-
wide, accounting for three million annual deaths (1, 2).
Mycobacterium tuberculosis, the causative agent of tuber-

culosis, is a facultative intracellular pathogen, which uses macro-
phages as its primary host cell. Therefore, invasion of macro-
phages by the tubercle bacillus is critical in the establishment of
tuberculous infection; consequently,M. tuberculosishas evolved
several strategies to parasitize its host cell. Multiple distinct mac-
rophage receptors have the potential to recognize and bindM. tu-
berculosisin vitro (reviewed in Ref. 3); these include complement
receptors (CRs)3 1, 3, and 4; mannose receptor (4–6) CD14 (7),
surfactant protein A receptors (8), and scavenger receptors.

Two structurally different forms of CRs are present on macro-
phages. CR1 is a monovalent transmembrane protein (9), and CR3
and CR4 are heterodimeric proteins that belong to the integrin
superfamily. Both CR3 and CR4 share a commonb-chain (CD18)
and contain distincta-chains (CD11b and CD11c) (10).M. tuber-
culosiscan activate the alternative pathway of the complement and
become opsonized with C3b and iC3b, the degradation products of
complement component C3 (11). The ligands C3b and iC3b allow
the bacteria to be recognized by CR1 and CR3/CR4, respectively.
M. tuberculosisand other pathogenic mycobacteria use yet another
mechanism, a property that is not shared by other intramacrophage
pathogens, for obtaining opsonic C3 peptides. A cell wall compo-
nent of mycobacteria can associate with complement fragment C2a

to form a C3 convertase and produce opsonic C3b (12). Thus
M. tuberculosishas contrived several mechanisms for macrophage
invasion that exploit the host CRs. In addition to the two opsonic
modes of interactions ofM. tuberculosiswith the CR3 receptor,
the tubercle bacillus also binds nonopsonically to CR3. The cap-
sular polysaccharides ofM. tuberculosiscan interact with ab-glu-
can binding site on CR3 that is distinct from the C3bi binding site
(13, 14).

In vitro studies suggest that CR3 is a predominant receptor for
phagocytosis ofM. tuberculosisby macrophages. A combination
of two mAbs against CR3 significantly inhibited adherence ofM.
tuberculosisto monocytes (up to 82%) (11), suggesting that CR3
is the preferential phagocytic receptor for the tubercle bacillus.
With the availability of mutant mice lacking a functional CR3, one
can now examine the in vivo significance of CR3-mediated phago-
cytosis on the pathogenesis of tuberculosis. In this study, we as-
sessed tuberculous infection in CR32/2 mice and compared it to
their wild-type littermates. The results show that absence of CR3
did not alter disease pattern in either the relatively resistant
C57BL/6 or the relatively susceptible BALB/c strain of mice.

Materials and Methods
Mice

CR3 null mice (CR32/2) generated by disrupting the gene that encodes the
CD11b subunit of CR3, and their littermate wild-type controls (CR31/1)
(15) were bred and maintained at the Longwood Medical Research Center
of the Harvard Medical School (Boston, MA). For this study, mice were
transferred to the Rodent Barrier Facility at Temple University School of
Medicine (Philadelphia, PA). Throughout the study period, the mice were
maintained under pathogen-free conditions, and the state of health was
assessed by routine screening of sentinels for mouse pathogens. Sex-
matched mice between 8 and 12 wk of age were used for all experiments
described. IFN-g2/2 mice were obtained from The Jackson Laboratory
(Bar Harbor, ME). The course ofM. tuberculosisinfection in the absence
of CR3 was studied in three strains of mice. The first set of experiments
was performed with CR32/2 mice and their wild-type littermates that were
a mixed strain of 129SV and C57BL/6 (CR32/2.129SV/C57BL/6); the
second set of experiments was performed in CR32/2 mice that had
been backcrossed onto the C57BL/6 background for eight generations
(CR32/2.C57BL/6); and the third set of experiments was performed in
congenic BALB/c CR32/2 (eight backcrosses; CR32/2.BALB/c) and
wild-type strains. All mice included in the study were CR3-genotyped.
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Association of complement opsonized erythrocytes with CR31/1

and CR32/2 macrophages

Complement-opsonized erythrocytes were prepared as previously de-
scribed (16). Briefly, SRBC were incubated with anti-SRBC IgM/k Abs
(supernatant of hybridoma S-S.3 obtained from American Type Culture
Collection, Manassas, VA) at nonagglutinating titers for 40 min at room
temperature. The IgM-opsonized erythrocytes were washed and resus-
pended in HBSS containing 10% murine serum that was deficient in C5.
Following a 15-min incubation at 37°C, the C3bi-coated SRBC (E-C3bi)
were washed twice and resuspended at 43 108 cells/ml. CR32/2 or wild-
type bone marrow-derived macrophages (13 105) prepared as previously
described (16) were cultured for 4 h in chamber slides (Becton Dickinson,
Franklin Lakes, NJ). E-C3bi (23 106) were added to the macrophage
monolayers. After 15 or 30 min of incubation at 37°C, the monolayers were
washed three times with PBS, fixed with 4% paraformaldehyde (in PBS),
and stained. Two hundred macrophages were counted in each monolayer,
and the percentage of E-C3bi-associated macrophages was calculated.

Phagocytosis ofM. tuberculosisby CR31/1 and CR32/2

macrophages

Bone marrow-derived macrophages (13 105) from CR32/2 or wild-type
mice were cultured for 4 h in chamber slides. The macrophage monolayers
were infected with 13 106 M. tuberculosisand incubated for an additional
2 h, or in some cases for 4 h. All infections were performed in the presence
of 2% mouse serum. At the end of the infection period, the monolayers
were washed three times with PBS, fixed with 4% paraformaldehyde, and
Ziehl-Neelsen stained for acid-fast bacilli. To assess the efficiency of
phagocytosis by CR31/1 and CR32/2 macrophages, 200 macrophages
were examined in each monolayer for the presence of acid-fast bacilli.
Using a similar infection protocol, we have previously demonstrated by
electron microscopic examination that the macrophage-associated tubercle
bacilli after washing were virtually all internalized (17). The data are pre-
sented as a percentage ofM. tuberculosis-infected macrophages.

Bacteria and mouse infection

The virulent M. tuberculosisErdman strain (Trudeau Institute, Saranac
Lake, NY) obtained after mouse passage was grown in culture, titered, and
stored in aliquots at270°C as previously described (18). Before infection,
aliquots were thawed, resuspended in PBS with 0.05% Tween 80 to the
appropriate concentrations, and briefly sonicated. Viable CFUs ofM. tu-
berculosis(2 3 105) were then delivered i.v. in a volume of 100ml via the
lateral tail vein. Animal protocols used in the studies described have been
approved by the Institutional Animal Care and Use Committee.

Quantitation of viable mycobacteria in tissues

At different time points after infection, lungs, spleens, and livers were
harvested. For CFU quantitation, tissues were homogenized aseptically in
PBS with 0.05% Tween 80, and the number of viable mycobacteria per
organ was determined by plating onto 7H10 agar plates in serial dilutions
(18). Because each organ was partitioned for various studies, tissue por-
tions were harvested for particular study based on their anatomical loca-
tion. The left lobe of the lungs and livers and the middle quarter of the
spleens were used for determining CFUs.

Histology

At appropriate times after infection, mice were sacrificed and the livers,
spleen, and lungs were removed aseptically. Parts of the organs were pro-
cured for histopathologic studies as previously described (18). Tissues
were fixed in 10% buffered formalin for 24 h before paraffin embedment.
Hematoxylin and eosin (H&E) and Ziehl-Neelsen acid-fast staining of
5-mm sections from paraffin blocks were used in the histological exami-
nation to access granuloma and mycobacterial load.

Cytokine assays

A portion of the lungs and spleen was homogenized in RNAzol B (Biotex
Laboratories, Houston, TX), frozen quickly, and stored at270°C. Total
RNA was extracted according to the manufacturer’s protocol. The RNase
protection assay (RPA) was performed using RPA kit and mouse cytokine
multiprobe set mCK2b (RiboQuant; PharMingen, San Diego, CA). Pro-
tected [32P]UTP-labeled probes were resolved on a 6% polyacrylamide gel
and analyzed by autoradiography. The expression of specific genes was
quantitated by phosphorimaging relative to the abundance of housekeeping
genes GAPDH or L32. For IFN-g ELISAs, 2 3 106 spleen cells were
washed and stimulated in 24-well tissue culture plates in the presence of an
equal number ofM. tuberculosis. Supernatants from the stimulated cells

were harvested 72 h later, and IFN-g levels were measured by sandwich
enzyme immunoassay using an appropriate pair of capture Abs and bio-
tinylated detecting Abs (PharMingen).

Statistical analysis

Statistical significance was assessed by Student’st test.

Results
Phagocytosis

Monolayer cultures of CR32/2 and CR31/1 macrophages were
infected withM. tuberculosisfor 2 h atmultiplicities of infection
(MOIs) of either 1:2, 1:10, or 1:30 to determine whether the lack
of CR3 impairs phagocytosis of the tubercle bacillus. There was a
dose-dependent increase in the phagocytosis ofM. tuberculosisby
macrophages from both wild-type and CR32/2 macrophages (Fig.
1A). At all MOIs examined, a significantly lower number of
CR32/2 macrophages phagocytizedM. tuberculosiscompared
with wild type (p , 0.05). However, the difference in the percent-
age of infected macrophages between the two groups decreased

FIGURE 1. Phagocytosis ofM. tuberculosisby CR32/2 macrophages
and association of E-C3bi by CR32/2 macrophages. Bone marrow-derived
macrophages from CR31/1 and CR32/2 mice were compared for their
ability to associate withM. tuberculosis. The data are presented as percent
phagocytosis.A, Percent phagocytosis ofM. tuberculosiswas measured in
wild-type and CR32/2 macrophages at MOIs of 1:2, 1:10, and 1:30 in 2%
mouse serum.B, Percent phagocytosis ofM. tuberculosiswas measured at
2 and 4 h after infection in wild-type and CR32/2 macrophages in 2%
mouse serum.C, Association of E-C3bi particles in media containing 2%
mouse serum. Data are the average of three experiments.
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markedly, albeit still statistically significantly, as the MOI in-
creased: at an MOI of 30, 96 and 90% of CR32/2 and wild-type
macrophages, respectively, were infected. Similarly, lengthening
the time of infection also diminished the difference in the percent-
age of infected macrophages obtained from CR3-deficient and

wild-type mice. At an MOI of 10, increasing the infection period
from 2 to 4 h resulted in a decrease in the difference of phagocy-
tosis from 27 to 5% (Fig. 1B). By contrast, in studies using E-C3bi
particles, the time of incubation did not alter the marked deficiency
of the CR32/2 macrophages in associating with the coated red
cells (p , 0.001, Fig. 1C). Together, these results indicate that in
this in vitro model, 1) CR3 contributes to the uptake ofM. tuber-
culosisby macrophages; and 2) the defect in the phagocytosis of
tubercle bacilli by CR32/2 macrophages can be overcome by in-
creasing the MOI or the time of contact between the phagocyte and
the bacteria.

Course ofM. tuberculosisinfection in 129SV/C57BL/6.CR32/2

mice and control littermates

To rigorously test the significance of the defect in phagocytosis of
tubercle bacilli by CR32/2 macrophages, disease outcome inM.
tuberculosis-infected CR32/2 mice was examined. Results in Fig.

FIGURE 2. Similar course ofM. tuberculosisinfection in CR3-suffi-
cient and -deficient mice of mixed background. CR32/2.129SV 3
C57BL/6 mice and wild-type controls were infected i.v. with 23 105

virulent Erdman strain ofM. tuberculosis, and disease progression was
monitored. Fig. 2 is representative of one of two experiments with similar
results. Each experiment contained six mice per group.

FIGURE 3. Bacterial burden in CR32/2.129SV3 C57BL/6 and control
wild-type mice infected withM. tuberculosis. CR32/2.129SV3 C57BL/6
mice and littermate wild-type control mice were infected withM. tuber-
culosis, and bacterial load in lung, spleen, and liver was determined 14, 28,
and 70 days postinfection. Three to four mice were included per time point
for each group, and data are presented from one of two individual exper-
iments. Between 12 and 16 h postinfection, two mice from each group were
harvested for determining baseline tissue bacillary burden.

FIGURE 4. Granuloma formation in CR32/2.129SV3 C57BL/6 and
wild-type control mice. Staining of liver and lung revealed no differences
between CR32/2 and wild-type mice infected withM. tuberculosis. Sec-
tions represent tissues obtained from mice 2 wk postinfection. The first
three rows of panels are H&E staining; the fourth row of panels is Zhiel-
Neelson staining for acid-fast bacilli.
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2 indicated that there was no difference in the susceptibility of
CR32/2 and wild-type littermates toM. tuberculosisinfection as
assessed by mortality rate. The mean survival time (m.s.t.) for the
CR32/2 mice was 1236 7 days, and that for the wild types was
1306 9 days (p . 0.05). Mice in both groups begin to succumb
to the infection at;80 days postinfection. By 160 days after in-
oculation ofM. tuberculosis, there was 100% mortality in both
groups. In agreement with these results, assessment of bacterial
burdens in the lungs, liver, and spleen revealed no significant dif-
ference between the two groups (Fig. 3;p . 0.05). Similarly,
examination of H&E-stained tissue sections by light microscopy
revealed no difference in histopathology between the wild-type and
CR32/2 mice examined at 2, 4, and 10 wk after infection withM.
tuberculosis. The granulomatous response, characterized by well-
demarcated conspicuous lymphoid aggregates (which have a mi-
nor monocytic component) among areas of consolidation resulting
from a diffuse interstitial infiltration of lymphocytes and histocytic
cells, was comparable in the lungs of the two groups of mice.
There was also no apparent difference in the distribution of tissue
bacilli; virtually all acid-fast organisms were intragranulomatous
(Fig. 4). In sum, these results suggest that CR3 does not play a
significant role in modulating the cause of tuberculous infections
in mice.

Cytokine expression inM. tuberculosis-infected CR32/2 mice

Expression of mRNA for IFN-g and IL-12 in the lungs and spleens
from 2-wk-infected mice was examined by RPA. No significant
differences in the expression of cytokine mRNA was observed
(Fig. 5, A andB). Spleen cells were obtained at 2 and 4 wk after
infection from both wild-type and CR32/2 mice and stimulated in
vitro with live M. tuberculosis(5 3 106 bacteria/ml). Supernatants
were tested for IFN-g protein levels, and there was no statistical

difference (p . 0.5) between the two groups at both time points
(Fig. 5C).

Survival of CR32/2.C57BL/6 mice and control littermates
following M. tuberculosisinfection

Because the experiments described above were performed using
mice with a mixed SV129 and C57BL/6 genetic background, the
apparent lack of modulation ofM. tuberculosisinfection by CR3
might be the result of factors independent of the CR. Conse-
quently, the significance of CR3 in murine tuberculosis was ex-
amined using CR32/2 mice that are the progeny of eight back-
crosses with the C57BL/6 strain. Survival rates following
M. tuberculosisinfection in these CR32/2 mice and the C57BL/6
wild type were first compared. Mice from both groups were ob-
served for 150 days, and no mortality was observed (Fig. 6A). The
IFN-g2/2 mice on the C57BL/6 background, included as a control
for the virulence of theM. tuberculosisErdman stock used, all
succumbed to the infection by 18 days postinfection. Bacterial
burden in the spleen, lungs, and liver at 2 and 4 wk postinfection
were also compared and found to be similar in the two
groups (Fig. 6B). Histological examination of these organs from
both the CR32/2.C57BL/6 and the wild type revealed similar
granulomatous response (Fig. 6C). These data strongly suggest
that CR3 does not play a significant role in affecting disease out-
come in the relatively resistant C57BL/6 strain of mice.

Susceptibility of CR32/2.BALB/c mice and control littermates to
M. tuberculosisinfection

C57BL/6 mice are relatively resistant toM. tuberculosis. There-
fore, the possibility exists that this relative resistance could have
masked the influence of CR3 on the progression of tuberculous
infection. Consequently, we tested the effect of CR3 deficiency in

FIGURE 5. Cytokine production.A, In vivo ex-
pression of IL-12 and IFN-g. Total RNA was iso-
lated from spleen and lungs of 2-wk-infected ani-
mals, analyzed for mRNA expression levels for
IL-12p40 and IFN-g by RPA using the mck2b probe
kit (PharMingen), and quantitated by phosphorim-
aging (B). B, Representative autoradiogram of gel;
A, quantification of mRNA shown inB. C, Ag-spe-
cific in vitro IFN-g production by splenocytes.
Splenocytes were obtained from CR32/2 and wild-
type mice 2 and 4 wk postinfection and stimulated in
vitro with viableM. tuberculosis. Supernatants were
harvested 72 h later, and the presence of IFN-g protein
was measured by sandwich ELISA. Data are presented
as picograms per milliliter of secreted IFN-g.
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BALB/c mice, a strain that is relatively susceptible to tuberculosis.
Conversely, based on previous reports that ligation of CR3 can
down-regulate IL-12 production from macrophages (16, 19, 20), it
is possible that the absence of CR3 in the relatively susceptible
BALB/c mice may render them more resistant toM. tuberculosis
infection. Data presented in Fig. 7 demonstrate that even in the
absence of CR3 the survival of BALB/c mice was not prolonged.
The m.s.t. for the wild-type and the CR32/2.BALB/c mice were

1056 22 and 1106 12 days, respectively (p . 0.05), with groups
reaching 100% mortality by 145 days postinfection.

Discussion
In this study, we demonstrate that macrophages lacking CR3, com-
pared with cells from wild-type mice, are deficient in phagocytiz-
ing M. tuberculosisin vitro. Results derived from the in vivo stud-
ies using a murine tuberculosis model that used CR32/2 mice

B

A

C

FIGURE 6. Similar course ofM. tuberculosisinfection in CR3-sufficient and -deficient mice on pure C57BL/6 background. CR32/2.C57BL/6 mice and
their respective wild-type littermate controls and IFN-g-deficient mice were infected i.v. with 23 105 virulent Erdman strain ofM. tuberculosis, and disease
progression was monitored.A, Mortality rate;B, bacterial load in liver, spleen, and lung of CR32/2.C57BL/6 mice at 2 wk after infection.C, Granuloma
formation in CR32/2.C57BL/6 and wild-type control mice. Staining of lung revealed no differences between CR32/2.C57BL/6 and wild-type mice infected
with M. tuberculosis. Sections represent tissues obtained from mice 2 wk postinfection.
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suggested that lack of this receptor did not alter the course of
tuberculosis infection in the mouse, as assessed by tissue bacterial
load, mortality, granulomatous response, and the production of
IFN-g and IL-12, the two cytokines critical in imparting protective
immunity in tuberculosis.

With respect to the use of CR3 by the tubercle bacillus to enter
macrophages, results obtained from the in vitro macrophage sys-
tem is in agreement with that reported previously, which showed
that in the presence of Abs to CR3, uptake ofM. tuberculosisby
human monocytes is substantially impaired (11). However, this
latter study did not address the effects of MOI or the length of
infection time on the uptake ofM. tuberculosisby CR3-blocked
macrophages. Results reported in this study demonstrate that the
apparent deficiency inM. tuberculosisphagocytosis by CR32/2

macrophages appears to be largely reversible with increased MOI
and the time of contact between macrophages and bacteria. This
latter observation suggests that in the absence of CR3,M. tuber-
culosiscan gain entry into macrophages via alternative receptors,
albeit with less efficiency. Apparently, the phagocytosis via these
less efficient alternative receptors can approach the efficiency of
that mediated by CR3 with increased MOI or increased contact
time between the phagocytes and the bacilli. In support of this
notion, it has been well documented that the tubercle bacillus can
be internalized by macrophage/monocytes through interactions
with multiple receptors (3, 21).

Extrapolating these in vitro observations to situations in vivo,
one can expect two possible scenarios regarding the initial phase of
M. tuberculosisinfection in CR32/2 animals: 1) due to the defi-
ciency in internalizingM. tuberculosisby macrophages in the ab-
sence of CR3, a portion of the inoculum will remain extracellular;
and 2) given adequate time for the bacillus to interact with the
phagocytes, compensatory non-CR3 receptors will be able to in-
ternalizeM. tuberculosisat levels comparable to that of wild-type
cells. It is likely that in the first scenario, the outcome of the in-
fection will depend on the fate of extracellular organisms, an area
that has not been well defined. We favor the second scenario be-
cause the results obtained from the in vivo studies demonstrated
that virtually all bacilli observed in acid-fast bacilli-stained tissue
sections obtained from CR32/2 mice were intragranulomatous,
and the bacillary load in these animals was similar to that in con-
trols, suggesting that, in vivo, macrophages of CR32/2 mice could
indeed phagocytizeM. tuberculosisat a level comparable to that of
wild types. Our in vivo observation that progression of tuberculous
infection, as assessed by mortality, bacterial burden, and tissue
pathological response, is comparable in CR32/2 and wild-type
mice supports and extends a previous study (22), which reported
that not only entry into, but also subsequent survival and replica-
tion of, the tubercle bacillus inside macrophages remained similar

whether phagocytosis occurred in the presence or absence of Abs
to CR3 (22). Finally, a recent report examining the role of CRs in
Mycobacterium aviuminfection (23) supports our present findings.
M. aviuminfection in CD18-deficient mice was comparable to the
control wild types, implicating that, in vivo, this mycobacterium
uses receptors other than CR3 and CR4 to gain entry into tissue
macrophages (23). Indeed, intracellularly grownM. avium (de-
rived from macrophages) use noncomplement-mediated mecha-
nisms for subsequent infection into fresh macrophages (24).

Several studies have speculated that routing into macrophages
via CR3 may be advantageous to the pathogen. Interaction of CR3
with its ligand does not trigger a respiratory burst (25), and thus
entry via this receptor may be less toxic to the pathogen. In addi-
tion, several groups have demonstrated that signaling through CR3
suppresses IL-12 production by macrophages (16, 19, 20), a cy-
tokine that drives naive T cells to differentiate into Th1-type cells
(26), the latter required for host defense against a number of in-
tracellular pathogens. In this study, we show that the production of
IFN-g and IL-12, the cytokines critical in engendering protective
immunity in tuberculosis, are similar in the two groups of mice.
These results strongly suggested that effective antimycobacterial
immune responses can be elicited from macrophages and T cells
independent of the CR3-mediated route of entry. This is further
supported by the fact that the lack of CR3 did not influence the
course of tuberculous infection.

Worthy of note is our in vivo finding that the lack of modulation
of the progression ofM. tuberculosisinfection by CR3 can be
observed in three different strains of mice (SV129, C57BL/6, and
BALB/c) lacking CR3. Of the three studied, C57BL/6 is relatively
resistant toM. tuberculosisinfection compared with the more sus-
ceptible BALB/c, as attested by the shorter m.s.t. of the latter strain
(compare Fig. 6A and 7). Thus, even in the genetic background of
the relatively susceptible BALB/c strain, a role for CR3 in influ-
encing disease outcome and the immune response of the host could
not be appreciated. These results strongly suggest that in the mu-
rine experimental tuberculosis model used, CR3 does not play a
major role in affecting the course of tuberculous infection. How-
ever, data derived from mice with gene disruption must be inter-
preted with caution. A major caveat is the possibility that CR32/2

mice might have developed compensatoryM. tuberculosisuptake
mechanisms that are qualitatively and/or quantitatively different
from those used by wild-type animals. Caveat notwithstanding, the
data we present and those reported by Bermudez and coworkers
(23) should prompt a re-examination of the role of CRs as portals
of entry for M. tuberculosisinto tissue macrophages in vivo. Fu-
ture studies using mice lacking CR4, CD18, and the third compo-
nent of complement, as well as those involving in vivo blocking of
CR3 in wild-type tuberculous mice, will further our understanding
of the role of complement and its receptors in establishingM.
tuberculosisinfection in vivo.
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