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Effective Preexposure Tuberculosis Vaccines Fail To Protect
When They Are Given in an Immunotherapeutic Mode
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Two vaccine formulations previously shown to induce protective immunity in mice and prevention of long-
term necrosis in guinea pigs were tested as potential immunotherapeutic vaccines in mice earlier infected by
aerosol with Mycobacterium tuberculosis. Neither vaccine had any effect on the course of the infection in the
lungs, but both reduced the bacterial load in the spleen. Similarly, inoculation with Mycobacterium bovis BCG
had no effect whatsoever and, if given more than once, appeared to induce an increasingly severe pyogranu-
lomatous response in the lungs of these mice.

The current vaccine against tuberculosis, Mycobacterium bo-
vis BCG, is cheap to produce and safe to administer, but it is
far from effective, especially when the individual reaches the
teenage years and above (15, 16). This lack of protective effi-
cacy, now observed in several controlled clinical trials, has
resulted in considerable effort being directed toward the con-
struction of a new generation of tuberculosis vaccines (9–11).

Not only will this process be difficult, despite the innovative
approaches that have already emerged, but the question re-
mains as to when a new vaccine should be given and how its
efficacy should then be monitored. The most obvious approach
would be to vaccinate early in life, prior to any exposure to or
infection with Mycobacterium tuberculosis, and then to monitor
individuals for many decades to see if they then contract dis-
ease. Here the unanswered question is whether the vaccine
should replace BCG, be given in tandem, or used to boost the
immunity induced by the BCG vaccine.

There is an alternative approach recently suggested in which
the vaccine is given as a postexposure or immunotherapeutic
vaccine after the individual has been infected with M. tubercu-
losis (4). The idea here is that this type of vaccine not only will
amplify the ongoing response but also may have other benefits
such as overcoming aberrant responses to other “environmen-
tal” mycobacteria which may compromise the capacity of the
individual to respond adequately to pulmonary infection.

In the current study, we examined the possibility that two
newly developed subunit and DNA vaccines, recently shown to
be effective in the mouse and guinea pig models against pul-
monary tuberculosis (1, 5), might have some effect if given as
an immunotherapeutic vaccine. The results of the study show,
however, that neither these materials, nor BCG itself, modu-
lated the course of an aerosol infection with M. tuberculosis.
Interestingly, however, both nonliving vaccines reduced bacte-
rial counts in the spleen, either directly or by reducing dissem-
ination from the lungs. Finally, in mice given additional inoc-
ulations with BCG, an increasingly severe pyogranulomatous

response was seen in the lungs as the tuberculosis infection
progressed.

Specific-pathogen-free female C57BL/6 mice were obtained
from Charles River Laboratories (Wilmington, Mass.). Mice
6 to 8 weeks in age were kept in ABL-3 biohazard facilities
throughout the study and maintained with sterile water, bed-
ding, and mouse chow. M. tuberculosis Erdman was originally
obtained from the Trudeau Mycobacteria Collection, Saranac
Lake, N.Y. Bacteria were grown in Proskauer-Beck liquid me-
dium containing 0.05% Tween 80 to mid-log phase and frozen
in aliquots at 270°C until needed. Animals were infected by
the aerosol route with a low dose of bacteria; briefly, the
nebulizer compartment of an airborne infection apparatus
(Glas-Col, Terre Haute, Ind.) was filled with 5 ml of a suspen-
sion containing 107 bacteria to allow uptake of 50 to 100 viable
bacteria per lung during a 30-min exposure. The numbers of
viable bacteria in the lung, liver, and spleen were determined
at various time points by plating serial dilutions of whole-organ
homogenates onto nutrient Middlebrook 7H11 agar (Life
Technologies, Gaithersburg, Md.) and counting bacterial col-
onies after 20 to 30 days of incubation at 37°C in humidified
air. The data are expressed as log10 values of the mean num-
bers of bacteria recovered per organ (n 5 4 animals).

Vaccination was administered twice, 50 and 73 days after
infection; control mice were given 200 ml of saline subcutane-
ously. BCG (strain Pasteur) was given in a dose of 106 subcu-
taneously in 200 ml of sterile saline. Mid-log-phase culture
filtrate proteins (CFP) from M. tuberculosis were prepared and
purified as described previously (14) and then emulsified in
MPL-TeoA adjuvant (Ribi Immunochem, Hamilton, Mont.)
supplemented with 100 mg of recombinant interleukin 2 (IL-2)
(Chiron Corp., Emeryville, Calif.). DNA vaccines consisting of
the control plasmid vector V1Jns or V1Jns containing the gene
encoding the secreted form of M. tuberculosis antigen 85A
(Ag85A) protein (Ag85-DNA) were kindly provided by Merck
Research Laboratories (West Point, Pa.). Mice were given 50
mg of plasmid DNA in saline by injection into a hind quadri-
ceps muscle.

Lungs were harvested, fixed in formal saline, and then sec-
tioned and stained with hematoxylin and eosin. Slides were
read by a veterinary pathologist who lacked prior knowledge of
the treatment groups.

As shown in Fig. 1, the infection grew progressively in the
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lungs for approximately 30 days before entering into a chronic
stage of disease in which the bacterial load did not fluctuate
appreciably. The various vaccines and appropriate control in-
oculations were given on days 50 and 73, and potential changes
in bacterial load were assayed on days 95 and 150. No differ-
ences were observed in lung loads at either time point, in any
of the groups (Table 1). Interestingly, despite no apparent
effects in the lungs, mice receiving the Ag85-DNA vaccine or
the CFP-based vaccine both showed evidence of statistically
significant reductions in splenic bacterial loads which were not
seen in vaccine vehicle controls.

No histologic changes were seen in the lungs of mice given
the experimental vaccines, with all animals exhibiting a typical
multifocal lymphocytic granulomatous response after exposure
to the challenge infection. In mice receiving BCG given after
the tuberculosis infection, some adverse pathology was noted,
and so in a second experiment, the BCG vaccine was given up
to three times at 15-day intervals after challenge. In this ex-
periment, the control mice again exhibited expected pathology
as reported above (Fig. 2), but animals given BCG after the
tuberculosis infection developed increasingly severe pyogranu-
lomatous responses (lesions containing large numbers of neu-
trophils) with the degree of severity seeming to mirror the
number of BCG inoculations. Such abscesses are known to
have the potential to be fatal (3).

The results of this study show that immunotherapeutic in-
oculation of mice with vaccine formulations that have previ-
ously been shown to have a protective effect when given prior
to challenge did not have any apparent effect on the course of
the infection in the lungs. Interestingly, however, mice given
the DNA-based vaccine and the CFP-based vaccine during the
tuberculosis infection exhibited reductions in the bacterial load
seen in the spleen. This is hard to interpret, since it could be
due to a prevention of bacterial dissemination from the lungs
to the spleen or could indicate better expression of immunity in
the spleen itself, curtailing bacterial growth, or a combination
of both.

The immunotherapeutic vaccination was given at a time
when the animal was entering into a phase of chronic disease
in the lungs, when the granulomatous response was well un-
derway (13). The failure of T cells potentially boosted by the

vaccines could simply be due to the fact that they could not
focus on the granuloma structures, which by this time were
relatively large, or alternatively could have happened because
the bacteria themselves shut down metabolically and entered a
latent stage in which relevant antigens such as Ag85 were not
presented. Currently, we favor the first hypothesis, simply be-
cause bacteria in this chronic stage are still susceptible to
isoniazid in vivo (8), indicating that mycolic acid biosynthesis,
in which the Ag85 mycolyl transferase plays a key role (2), is
continuing.

The observation that BCG given after challenge not only was
ineffective but also seemed to trigger detrimental pathologic
changes in the lungs was completely unexpected. The effect
was marginal if BCG was given once but became more pro-
longed and severe if the vaccine was given twice or three times
(at 15-day intervals). At this time, we can offer only specula-
tions on this event. The first would be that BCG is boosting
some type of immunity induced by the tuberculosis infection
that causes direct local tissue damage, which would in turn
cause the attraction of polymorphonuclear phagocytes. A sec-
ond, perhaps more subtle, speculation is that the boosting
response induced by the presence of BCG down-regulates or
subverts the ordered generation of the granuloma. In this re-
gard, we have seen a similar type of pathology developing in
mice lacking gd T cells (3) and have hypothesized (12) that
such cells are involved in granuloma development with the
minimum of tissue damage. Other mechanisms also could be
subverted, such those mediated by IL-10 and transforming
growth factor b in the down-regulation of acquired immunity
(7, 17).

It has been suggested previously that BCG be used as a
vector to carry M. tuberculosis genes no longer present in BCG
or to express mammalian cytokines designed to boost immu-
nity or used as an auxotrophic vaccine (9). While these are all
promising avenues, the results here suggest caution in the use
of BCG as an immunotherapeutic vaccine candidate. In fact, to
date, only one vaccine candidate, a DNA vaccine derived from
the hsp60 heat shock protein of Mycobacterium leprae, has
been shown to have an immunotherapeutic vaccine effect (6).
This effect is spectacular, with a thousandfold reduction in
bacterial counts in both the spleen and lungs and complete
prevention of reactivation of bacteria in a Cornell model sys-
tem.

TABLE 1. Changes in bacterial load

Day Postexposure
vaccine

Value for organ:

PLung Spleen

CFU (mean
log10) SEM CFU (mean

log10) SEM

95 Saline control 5.2 0.2 4.2 0.5
BCG 5.4 0.4 3.9 0.1
DNA vector 5.2 0.3 4.5 0.4
DNA-Ag85 5.3 0.2 3.0 0.4 ,0.01
MPL-CFP 5.3 0.4 4.7 0.6
MPL–CFP–IL-2 5.4 0.3 3.4 0.1 0.059
MPL 4.9 0.3 4.2 0.3

150 Saline control 5.1 0.1 4.8 0.3
BCG 5.1 0.5 4.4 0.5
DNA vector 5.0 0.3 4.1 0.3
DNA-Ag85 5.0 0.1 3.8 0.4 ,0.02
MPL-CFP 5.2 0.4 4.5 0.1
MPL–CFP–IL-2 5.5 0.3 3.8 0.4 ,0.01
MPL 5.2 0.2 4.1 0.3

FIG. 1. Course of infection in the lungs of control mice. Data are shown as
mean values (n 5 4) 6 standard errors of the means. Arrows indicate adminis-
tration of immunotherapeutic vaccines to test groups.
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