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ABSTRACT Murine mAbs reactive with the surface of
Mycobacterium tuberculosis were assayed for their ability to affect
the course of infection in mice challenged with virulent organ-
isms. An IgG3 mAb (9d8) specific for arabinomannan and
reactive with purified antigen from a clinical isolate of M.
tuberculosis conferred partial protection on mice after respira-
tory challenge (30-60% survival >75 days; P = 0.05). Control
mice pretreated with an irrelevant mAb of the same isotype
succumbed to tuberculosis within 30 days. Mice with gene
disruptions in interferon y and major histocompatibility com-
plex Class II also were partially protected from challenge. The
protective mAb was neither bactericidal nor inhibitory of infec-
tion or bacterial replication. Nevertheless, it profoundly altered
the nature of the granulomas in the infected lungs. Mice treated
with mAb 9d8 and challenged with M. fuberculosis localized the
pathogen within granuloma centers, suggesting that the mAb
conferred protection by enhancing a cellular immune response.

Mycobacterium tuberculosis causes more deaths annually than any
other single human pathogen (1). Individuals infected with HIV
are particularly vulnerable to tuberculosis (2). Cell-mediated
immunity, including production of interferon y (IFN-y) and
interleukin-12 and major histocompatibility complex (MHC)
Class I and Ia restricted T cells, has been shown to be essential for
protection from tuberculosis infection (3-9). A plethora of re-
ports exist in the older tuberculosis literature (10) stating that
immune sera contributed to protection against, or progression of,
clinical tuberculosis. Unfortunately, much of the data are con-
tradictory, and, as a consequence, a possible role for antibodies
in protection against tuberculosis infection has largely been
ignored.

Encouragement for the view that antibodies may be able to
contribute to protection against an intracellular pathogen come
from recent experiments on Cryptococcus neoformans, in which
treatment of mice with certain mAbs to the capsular polysaccha-
ride markedly enhanced survival of mice. Protection afforded by
the antibodies was isotype-related and dependent upon the
presence of intact cell-mediated responses (12). Furthermore,
mice genetically deficient in specific components of the cell-
mediated immune response were protected by some, but not all,
isotypes of the protective mAb (13). These studies reveal that
antibodies can participate in the developing immune response to
intracellular pathogens. Since human tuberculosis is thought to
result from infection with as few as 10-200 tubercle bacilli (14),
we sought to explore the possibility that antibodies specific to the
surface of M. tuberculosis might prevent infection or modify the
course of experimental tuberculosis.
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MATERIALS AND METHODS

Mouse Strains. Six- to eight-week-old female BALB/c and
C57BL/6 mice were purchased from Charles River Breeding
Laboratories, as were mice genetically disrupted for the IFN-y
gene. Age- and gender-matched APB mice genetically disrupted
for the AB(H2) gene of the mouse Class I MHC were purchased
from Taconic Farms, as were C57BL/6 controls. Mice were
housed in the BSL3 facility and fed a standard diet.

Bacterial Strains. Frozen stocks of known titer of the Erdman
strain of M. tuberculosis were prepared as described previously
4).

Antibodies. The mAbs 9d8, 4f11, and 5c11, which are reactive
with M. tuberculosis surface antigens, have been characterized
previously (11). The mAb 3ES to C. neoformans capsular poly-
saccharide of C. neoformans was used as an isotype-matched
irrelevant control (15). Additionally, ascites from the nonpro-
ducer NSO cell line was used as a negative control in the pilot
experiment. The mAb recognizing the inducible nitric oxide
synthase (NOS) protein was a kind gift from Charles Lowenstein,
Johns Hopkins University. RB6—8C5, the mAb that recognizes
neutrophils, was used as described previously (16).

Antibody Purification. 9d8 ascites fluid was generated in
BALB/c mice. Ascites fluid was dialyzed against 0.05 M Tris-HCI
buffer (pH 7.8). The dialysate was subjected to DES52 anion-
exchange column chromatography (Whatman) and subsequently
to protein G column chromatography (Pierce). NSO ascites were
obtained by paracenthesis of BALB/c mice injected i.p. with
NSO myeloma cells.

Characterization of the Specificity of the 9d8 mAb. A modified
ELISA assay was utilized to test several carbohydrate fractions of
M. tuberculosis as described previously (11). The 9d8 mAb was
tested against purified and fast atom bombardment-mass spec-
troscopy-confirmed arabinomannan and glucan from M. tuber-
culosis, as were hybridoma supernatants containing mAb 4f11, an
IgM isotype mAb recognizing the mycolyl-arabinogalactan-
peptidoglycan complex (mAGP) (11), used as a control.

Polymorphonuclear Leukocyte (PMN) Depletion. C57BL/6
mice were depleted of the neutrophils by administration of the
RB6-8C5 mAD given i.p., on days -2, —1, 0, +1, and +2, and
PMN depletion was verified as described (16).

Mouse Infections. Initial experiments employing the 9d8 an-
tibody were conducted with ascites fluid, while subsequent ex-
periments used purified antibody preparations. Approximately
2 X 10° bacilli were incubated with either 2 ml of 9d8 ascites fluid
(at a concentration of 92 ug/ml protein) or an equivalent volume
of NSO ascites. Subsequent experiments used 1 X 10° M.
tuberculosis incubated with 1.1 mg purified 9d8 or control 3ES
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mADb for at least 3 hr, at room temperature. To ensure the study
was blinded, color-coded antibody preparations were dispensed
to the investigator performing these experiments and collecting
all subsequent data. Bacterial suspensions were mixed periodi-
cally during the incubation period. Bacilli then were washed twice
in PBS and instilled intratracheally (i.t.) to mice. In the pilot
experiment, additional groups of mice were given i.p. injections
of 1 ml ascites fluid of either 9d8 or NSO ascites fluid 2 days, 1
day, 4 hr before, and 1 day post i.t. infection. For i.t. infections,
mice were anesthetized with 70 mg/kg of sodium pentobarbital
(Nembutal, Abbott), and a small incision was made at the base of
the throat. A 50-ul suspension containing an estimated 5 X 10°
virulent M. tuberculosis was instilled via tuberculin syringe. The
incision was closed with surgical glue (Nexaband, VPL). Addi-
tional groups of mice received 50 ul of the antibody-coated
inoculum, estimated to have the same dose of bacilli. At least two
mice were harvested from each group 24 hr after infection, and
lung homogenates were plated to confirm the initial infecting
dose.

Organ Burdens and Histology. For each experimental group
examined, two mice were killed at 24 hr and three mice were
killed at 3 weeks postinfection by cervical dislocation. Organs
were removed for enumeration of bacilli and pathological anal-
ysis. Half of the spleen, liver, and lung tissues were homogenized,
and dilutions were plated on media as described previously (4).
Remaining mice were left for survival studies, the sample size of
which is indicated in the figure legends. Histology was conducted
as described previously (4, 17, 18). Sections were viewed on a
Zeiss Axiophot compound microscope, using a didymium filter,
and photographed with Kodak Lumiere 100 film, to enhance
bacterial visualization.

Statistical Analysis. Two tests were utilized to evaluate differ-
ences in survival: the log-rank test was used to assess the course
of survival, and x> analysis was used to determine the significance
of endpoint differences. Student’s ¢ test was used to analyze
differences in the number of colony-forming units (cfu) between
groups.

RESULTS

A mAb Recognizing the Surface of M. tuberculosis Enhances
Survival. Two mAbs, 5¢c11 and 9d8, reactive with surface antigens

Table 1. Effect of purified mAbs on survival
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of M. tuberculosis were tested for their ability to affect the survival
of BALB/c mice challenged in preliminary experiments with
virulent tubercle bacilli by the respiratory route. To maximize the
likelihood of antibody associating with M. tuberculosis within the
lung, we incubated the bacilli with the mAbs for 4 hr in vitro before
challenging the mice with the coated inocula i.t. Mouse survival
at a 220-day endpoint was measured (Table 1 4 and B). None of
the mice receiving bacilli coated with the IgM 5c11 antibody
survived. However, 33% of BALB/c mice receiving tubercle
bacilli coated with IgG3 mAb 9d8 survived for 220 days, although
cfurecovered from lungs and spleens at the time of death of these
and control mice were comparable (data not shown). That result
led us to infer that (i) not all antibodies reactive with the surface
of M. tuberculosis affected the course of infection, and (i) that the
9d8 mAb appeared to confer some protection against mortality,
but apparently did not prevent infection.

As a result of these preliminary findings, we proceeded with
additional experiments to characterize the protection engendered
by the IgG3 9d8 mAb in more detail. For controls we used both
ascites derived from the NSO nonproducer hybridoma cell line
and the 9d8 IgG3 antibody injected i.p. An additional group of
mice received bacilli coated with 9d8 ascites (M. tb-9d8) (Fig. 14).
Only mice infected with M. tb-9d8 survived longer than mice
given M. tuberculosis cultured in media alone (P < 0.01, by both
log-rank and ? tests). Lp. injection of 9d8 did not appear to
enhance survival in this study. To verify that the survival advan-
tage afforded was due to specific antibody, purified Ig fractions
were used for all subsequent experiments. M. tuberculosis specific
mADb 9d8 and the isotype-matched control mAb specific for the
surface polysaccharide of Cryptococcus neoformans (3ES) were
cultured with the challenge bacilli before mouse infection (M.
th-9d8 and M. 1b-3E5, respectively) (Fig. 1B). Again, C57BL/6
mice infected with M. th-9d8 exhibited a survival advantage
relative to the control, M. tb-3ES. Protection afforded by the 9d8
mAD apparently was not dependent upon the host genetic back-
ground, since BALB/c mice challenged with M. tb-9d8 (Fig. 1C)
were similarly protected. While in four independent experiments,
35-100% of mice given M. tb preincubated with the 9d8 mAb
survived, the same antibody given i.p. did not increase survival
relative to mice given nonproducer NSO ascites i.p., concomitant
with respiratory challenge with virulent M. tuberculosis. Thus,

Antibody treatment:

Mouse group (1) mADb Isotype Specificity Survival at 220 days (%)
A: BALB/c (27) 2D10 IgM aCrypto
(34) 5cll IgM aM. tb
B: BALB/c (13) 3E5 IgG3 aCrypto
®) 9d8 IgG3 aM. tb *x
C57B1/6 (18) 3E5
(23) 9d8 -
anti-PMN  (18) 3E5 L
(19) 9d8 *
C: C57B1/6 (21) 3ES
(19) 9d8 .
GKO (16) 3E5
(1) 9d8 I, -
APB 1) 3ES l
(1) 9d8 I -

0 20 40 60 80

Immunocompromised mice were C57B1/6 background; sample size is indicated in parentheses. All mice were challenged

i.t. with 5,000 M. tb preincubated with the indicated antibody.

#% P = 0.05, by both log-rank and ? tests; #, P < 0.05 by x? test alone.
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FiG. 1. M. tb-9d8 enhances survival without affecting bacterial load in mice, irrespective of their genetic background. (4) C57BL/6 mice were
given 9d8 (O) or NSO ascites (O) i.p. 48, 24, and 4 hr before i.t. infection with 5 X 103 M. tuberculosis (n = 5). An additional group of mice received
the inoculum previously incubated with 9d8 mAbD for 4 hr (w) (n = 4). M. th-9d8-infected mice survived longer than mice given 9d8 or NSO ascites
i.p. (P < 0.01, log-rank and x? tests). (B) Survival of C57BL/6 mice infected with M. tuberculosis previously cultured with purified mAb 9d8 (m)
(n = 23) is prolonged as compared with M. tb-3E5 (O0) (n = 18) (P < 0.01, log-rank and x? tests). (C) BALB/c mice infected with M. tb-9d8 (m)
(n = 9) are protected similarly compared with control M. tb-3E5 (O) (n = 13) infected mice (P < 0.01, log-rank and x? tests). (D) Despite enhanced
survival, lung bacterial burdens of M. tb-9d8-infected C57BL/6 (a) and BALB/c (®) did not differ compared with their controls (O and A,
respectively) (n = 3 mice per group). (E) Similarly, antibody coating of bacilli in M. tb-9d8 infection did not hamper bacterial dissemination to
or replication within extrapulmonary organs. Spleen cfu were comparable in C57BL/6 (a) and BALB/c (®) M. tb-9d8-infected mice and their

controls (A and A, respectively) (n = 3 mice per group).

survival consistently was improved by coating the challenge bacilli
with the 9d8 mAbD.

Despite the clear prolongation of survival in the mice receiving
M. tb-9d8, no significant differences in the lung burden of bacilli
were observed. The number of cfu recovered from the lungs of
C57BL/6 and BALB/c mice challenged with M. th-9d8 approx-
imated that obtained from control mice from the outset of
infection to the time of death of control mice (Fig. 1D). Incuba-
tion with ascites preparations yielded similar findings (data not
shown). There similarly were no observable differences in the
number of bacilli recovered from spleen homogenates (Fig. 1E)
or liver homogenates of the antibody-treated animals (data not
shown), indicating that the mAb had little effect on extrapulmo-
nary dissemination. Thus, the increased survival engendered by
the 9d8 mAb cannot be explained by inhibition of lung infection
or of bacterial replication in the lung.

Organized Granuloma Formation Correlates with Survival in
M. th-9d8-Infected Mice. To evaluate the effects of mAb coating
of M. tuberculosis on localization and host pathology, lung tissue
was examined for gross morphologic changes and for the presence
of acid fast bacilli (Fig. 2). A representative series of sections is
shown in Fig. 2. Pathologic examination of lung sections from
mice infected with M. tuberculosis coated with 9d8 ascites (Fig.
2D) revealed no overt differences in their tissue morphology
compared with the controls (Fig. 24). Nor were differences seen
in the extent of tissue necrosis or edema within the lungs. A
striking difference was observed in the localization of tubercle
bacilli within lung tissue. Control mice displayed a random
distribution of acid-fast bacilli (AFB) throughout the tissue (Fig.
2B). In contrast, mice receiving M. tb-9d8 ascites (Fig. 2E) or

purified M. tb-9d8 (data not shown) revealed bacilli concentrated
within well organized granulomas.

NO, a product of activated macrophages, has been shown to be
mycobactericidal in vitro and in vivo (19, 20). Lung macrophages
of both control and 9d8-coated M. tuberculosis-infected mice
produced iNOS (Fig. 2 C and F) in the foci containing AFB. In
control sections, the pattern of iNOS staining was distributed
randomly across lung tissue, paralleling the presence of AFB.
Lung tissue from mice infected with M. tb-9d8 revealed, however,
that iNOS staining was more prominent within cells surrounding
clusters of AFB, suggesting that the cells localizing the infection
and synthesizing iNOS contribute to bacterial containment within
the granulomas.

Antibody Treatment Enhances Survival in Immunocompro-
mised Mice. Because the protective effect of mAbs in C. neofor-
mans infection was found to be dependent upon the presence of
cell-mediated immune mechanisms, we sought to ascertain
whether elements of the cellular immune response similarly were
necessary for the antibody-mediated protection seen in experi-
mental tuberculosis. Mice genetically disrupted for the IFN-y and
MHC class II genes were infected with M. tuberculosis preincu-
bated with either the 9d8 or 3ES isotype-matched control mAbs.
To learn whether the protective effect of antibody was dependent
on PMN, an additional group of mice received the RB6-8C5
mAb that has been shown to deplete PMNs and exacerbate
listeria infection (16). Mice depleted of PMNSs (Table 1B) were no
more susceptible to M. tuberculosis infection than untreated
C57BL/6 controls. IFN-y-deficient mice (GKOs) (Table 1C)
were, as previously reported (4, 7), markedly more susceptible to
M. tuberculosis infection relative to C57BL/6 controls in terms of
their survival. Surprisingly, a statistically significant proportion of
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F1G. 2. Enhanced survival correlates with granuloma formation. (4) Lung sections of mice infected with M. tb-3E5 stained with hematoxylin/
eosin reveal typical pathology associated with experimental tuberculosis infection in mice. Multiple granulomas are seen, as well as infiltrating
inflammatory cells. (B) Mice infected with M. tb-3E5 reveal a random distribution of AFB (pink bacilli) in lung tissue sections. (C)
Immunohistochemistry conducted on subsequent sections reveals moderate production of iNOS in M. tb-3E5-infected mice, paralleling the presence
of AFB. (D) Lung sections of mice infected with M. tb-9d8 stained with hematoxylin/eosin reveal similar gross pathology, compared with controls.
(E) M. tb-9d8-infected mice reveal a concentration of bacilli within well formed granulomas. (F) Serial sections reveal that iNOS is produced
similarly in cells paralleling AFB deposition. In M. tb-9d8-infected mice, however, iNOS production may function to halt bacterial dissemination
throughout the tissue, by serving as a barrier to maintain containment within granuloma centers.

the GKO mice (47%) was protected by the 9d8 mAb, although
not as effectively as the M. tb-9d8-infected C57BL/6 mice in the
same experiments. Mice genetically disrupted in the MHC class
Il gene (APBs) challenged with M. -9d8 similarly showed
enhanced survival (Table 1C).

Enhanced survival could not be attributed to a reduction in
mycobacterial numbers, as the number of cfu recovered from the
lungs of GKO mice infected with M. tb-9d8 or M. tb-3ES was not
significantly different (Fig. 34). As was the case for their immu-
nocompetent counterparts, M. tb-9d8-infected GKO mice exhib-
ited no differences in cfu recovered from their spleens, compared
with M. th-3E5 GKO mice (Fig. 3B). M. tb-9d8-infected GKO
mice, in fact, had elevated spleen cfu relative to their immuno-
competent counterparts, consistent with previous reports (4, 7).
Similar results were obtained from the APBs (data not shown). In
general, immunocompromised M. th-9d8-infected mice exhibited
similar pathology as their immunocompetent counterparts. AFB
localized within discrete, well formed granulomas comparable in
character to those of the intact control C57BL/6 mice infected
with M. tb-9d8 (data not shown).

The 9d8 Antibody Recognizes Carbohydrate Exposed on the
Outer Surface of M. tuberculosis. Previous studies indicated that
the 9d8 mAb reacted with a protease-resistant antigen of M.
tuberculosis (11). The 5¢11 IgM mAb was found previously to bind
the M. tuberculosis major lipid antigen, lipoarabinomannan, and
the 4f11 IgM mAb recognized mycolyl-arabinogalactan. In the
current set of experiments, 4f11 failed to react with either purified
arabinomannan (Fig. 4) or glucan (data not shown). The 9d8
mAb bound to purified arabinomannan and failed to bind puri-
fied glucan, establishing its specificity for arabinomannan. Li-

poarabinomannan is a surface antigen with three domains: a lipid
area containing phosphatidylinositol that binds to the surface of
the bacterium, an intermediate domain composed of a branched
polymer of mannose, and, at the nonreducing end, a polymer
capped with mannose oligosaccharides (22). Thus, the protective
9d8 mAb was specific for an apparently unique surface epitope
of M. tuberculosis. While ELISA data indicated that both 5c11
(IgM) (data not shown) and 9d8 (IgG) bound to purified arabi-
nomannan, only 9d8 conferred enhanced protection, suggesting
that antibody isotype as well as specificity are critical for engen-
dering protection.

DISCUSSION

Persistence of M. tuberculosis necessitates the maintenance of an
intracellular niche within infected cells. For this reason, it has
been argued that humoral immunity can have little effect on the
control of natural tuberculous infection (23). Despite an extensive
older literature suggestive of a possible therapeutic role for
immune sera in the control of disease (10), little attention has
been paid to a possible role for antibody in protection from M.
tuberculosis infection. Arguments against a role for antibodies in
affecting tuberculosis have included that: (i) M. tuberculosis reside
intracellularly, inaccessible to antibodies; (i) titers of antibody
increase with progression of disease; and (iif) heat-killed bacilli
generate antibodies to M. tuberculosis antigens but fail to protect
as well as live bacilli, which induce cell-mediated immunity (26).
Although M. tuberculosis clearly reside within lung macrophages
at early stages of infection, necrotizing granulomas are the
hallmark of progressive disease, a stage in which bacilli can be
found extracellularly within tissue and, therefore, in potential
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F1G.3. M. th-9d8 infection partially protects immunocompromised
mice without concomitant decrease in bacterial burden. (4) Survival
of M. tb-9d8-infected GKO was not mediated through a reduction in
lung cfu. Comparable cfu were recovered from GKO mice infected
with M. tb-9d8 (@) or M. tb-3E5 (O), as well as M. tb-3E5-infected
C57BL/6 mice (O) (n = 3 mice per group). (E) The 9d8 mAb did not
affect extrapulmonary seeding of immunocompromised mice. GKO
mice infected with M. tb-9d8 (@) yielded similar numbers of cfu as M.
tb-3E5-infected GKO mice (0). GKO mice did, however, reveal
increased numbers of cfu as compared with M. tb-3ES5-infected
C57BL/6 mice (00) (P < 0.05, Student’s ¢ test) (n = 3 mice per group).

contact with antibodies. It was our initial hypothesis that anti-
bodies may also have access to tubercle bacilli before bacterial
seeding of the lung and, thus, serve to limit initial infection.

Polyclonal immune sera have produced conflicting results in
terms of protection against M. tuberculosis (10) and the fungal
infections caused by C. neoformans and C. albicans (24). The
inconsistent findings with immune sera most likely reflect the
variable specificities and isotypes comprising polyclonal prepa-
rations. In the present experiments, mice were infected with M.
tuberculosis coated with specific mAbs, and mAb 9d8 was found
to result in prolonged survival of a percentage of mice challenged
with a rapidly lethal dose of M. tuberculosis. These findings
indicate that some mAbs to M. tuberculosis are able to modify the
course of experimental tuberculosis infection.

In four independent experiments, coating of bacilli with only
the 9d8 mAb consistently enhanced survival of between 35 and
100% of animals tested. Despite variation in the percentage of
animals protected between experiments, in each experiment a
highly significant survival advantage was afforded by mycobac-
terial coating with the specific 9d8 mAb. Systemic administration
of mAb i.p. followed by respiratory challenge did not enhance
survival, which may be attributable to the low quantities of
antibody produced in ascites preparations of the 9d8 hybridoma
(92 pg/ml); normally, ascites fluids yield roughly 1 mg/ml of
mAb. It is equally possible that the IgG3 isotype does not
accumulate in adequate concentrations in the lung, such that in
either case, insufficient concentrations required for protection

Proc. Natl. Acad. Sci. USA 95 (1998)

were achieved in the lung. These results, while not definitive,
suggest that both isotype and specificity may be critical for
protection.

Since the lungs received comparable numbers of organisms
early after infection and retained comparable numbers of bacilli
until the time of death, the hypotheses that mAb coating of
tubercle bacilli prevented infection or blocked bacterial replica-
tion could not be sustained. Antibody was introduced in the
experimental system solely on the day of infection, and since
necrosis does not occur until later stages of infection, it is highly
implausible the mAb could have been redistributed to coat all the
increasing numbers of bacilli. It is also unlikely the 9d8 functioned
merely to cluster or aggregate bacilli within the lung, since the cfu
recovered from M. tb-9d8 and control infected mice were com-
parable at all times studied. Additionally, evaluation of tissue
soon after infection by light microscopy failed to reveal clumps of
bacilli within the airway (data not shown). Finally, the fact that M.
tuberculosis coated with 9d8 mAD protected mice whose neutro-
phils had been depleted with a mAb to murine PMNs confirmed
that the protective effect of the 9d8 was not PMN-dependent and
did not require lysis or killing the infecting organisms. Rather, we
are led to infer that 9d8 affected the cell-mediated immune
response in the lung, either by affecting tissue localization of the
bacilli or antigen presentation by infected macrophages or den-
dritic cells.

Granuloma formation was markedly enhanced, particularly in
lungs, of mice receiving M. tuberculosis coated with the 9d8
antibody. Immune complexes have been demonstrated to stim-
ulate granuloma formation (25), and perhaps the infection pro-
tocol facilitated an earlier or more effective granuloma develop-
ment. Similar observations have been made in a respiratory
model of C. neoformans infection (26, 27), where mAb treatment
has been shown to prolong survival and enhance granuloma
formation without an apparent reduction in cfu. Although the
mechanism by which specific mAb promotes granuloma forma-
tion against either pathogen is not understood, Fc receptor
activation is known to promote cytokine and chemokine release
(28-32), superoxide production (33), and NO production (34)
and up-regulate B7 expression (35). The corresponding localiza-
tion of iNOS surrounding centers of bacterial replication in our
system may function as a barrier to infection of the surrounding
macrophages and to limit bacterial spread across the tissue.
Alternatively, mAb binding to the mycobacterial surface itself
may neutralize the toxic or immunosuppressive effects of myco-
bacterial polysaccharides and/or glycolipids.

In previous experiments it was reported that pretreatment of
pathogenic mycobacteria with immune rabbit serum enhanced
phagocytosis and facilitated lysosomal fusion, but did not induce
enhanced killing of the pathogen (36). IFN-vy preactivation of
macrophages was reported to function similarly (37). Thus, at
some level, coating of M. tuberculosis by mAb may affect bacterial
internalization and subsequent intracellular trafficking within
infected macrophages similar to the effects of IFN-y on macro-
phages. GKO mice were somewhat protected by 9d8 coating of
M. tuberculosis, supportive of a parallel role for antibody opso-
nization and IFN-vy effects on bacterial intracellular localization.

Immunocompromised adults have a markedly increased risk of
contracting tuberculosis (38). HIV infection accelerates the
course of tuberculosis disease (2). Effective chemotherapy is not
available in many developing countries; moreover, the rising
emergence of multidrug-resistant strains necessitates alternative
strategies for prevention and treatment of tuberculosis infection
in immunocompromised populations. In this context, pretreat-
ment of M. tuberculosis with 9d8 mAb enhanced survival even of
some GKO mice, whereas the GKO mice receiving bacilli treated
with control antibodies all rapidly succumbed to disease. Al-
though the protection afforded by specific mAb was clearly
greater in hosts with intact cell-mediated responses, it is never-
theless encouraging that a specific mAb could significantly en-
hance the survival of immunocompromised mice.
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F16. 4. The 9d8 mAb recognizes arabinomannan on the M. tuberculosis surface. Purified arabinomannan was probed with either mAb 9d8 (O)
or 4f11 (O) in a modified ELISA assay. Alkaline phosphatase (ALKP)-conjugated goat anti-mouse (GAM) IgG3 or IgM were added to either 9d8-
or 4fl1-treated wells, respectively. The mAb 9d8 bound to arabinomannan in a concentration-dependent manner, while 4f11 did not bind.

These findings raise a number of questions: by what molecular
mechanisms the specific anti-M. tuberculosis mAb induced pro-
tection; why only one of two arabinomannan-recognizing mAbs
was effective; why mAbs to another surface carbohydrate, glucan,
were not protective; why the specific mAb was only effective in a
proportion of mice; and why that proportion varied between
experiments. Nevertheless, the results offer encouragement that
it may be possible to harness specific humoral responses that are
not lacking in individuals with HIV/AIDS for developing im-
proved preventive vaccines or therapeutics that will contribute to
protection against tuberculosis.
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