
Introduction

It is well known that Mycobacterium tuberculosis
infection currently affects around 2000 million
individuals, a third of the world’s population. With such
a reservoir, control of tuberculosis would seem to be a
difficult task to approach. The rates of morbidity and
mortality are extremely high: it is estimated that 8

million new cases of tuberculosis appear each year and
2 million individuals will die as a consequence of the
disease.1 The main strategy in countries with a high
incidence of tuberculosis is to detect new cases—
especially patients with a positive sputum smear who
are thus capable of infecting others—and guarantee that
they receive full treatment through the use of strategies
such as DOTS (directly observed treatment, short
course).1 In addition, since the 1970s treatment of
infected individuals has been promoted in countries
with sufficient economic resources in an attempt to
reduce this enormous reservoir and lower the risk of
reactivation and cases of the disease in areas where the
incidence is very low.2 Unfortunately, that strategy has
encountered a notable difficulty: the long period of
isoniazid administration that is required (9 months) has
made treatment compliance exceedingly poor, when in
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This article reviews the pathophysiology of the latent form
of Mycobacterium tuberculosis along with its natural history
and progression in infected tissues. The proposed hypotheses
regarding the relationship between M tuberculosis and the
associated immune response, the cause of granuloma necrosis,
the tolerance of a certain concentration of the bacillus in
host tissues, the constant turnover of cells in the lung, and
the effect of chemotherapy form the basis for the design of
the therapeutic vaccine RUTI against latent M tuberculosis
infection. This vaccine is generated from detoxified M
tuberculosis cell fragments that facilitate a balanced T helper
(Th) 1/Th2/Th3 response to a wide range of antigens along
with intense antibody production. Treatment with RUTI
following chemotherapy has been demonstrated to be effective
in experimental models in mice and guinea pigs and does
not exhibit toxicity. 
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Origen y desarrollo de RUTI, una nueva 
vacuna terapéutica contra la infección 
por Mycobacterium tuberculosis

En este artículo se revisan la fisiopatología de la forma la-
tente de Mycobacterium tuberculosis, su naturaleza y su evo-
lución en los tejidos infectados. Las hipótesis planteadas en-
tre la relación de este bacilo con la respuesta inmunitaria
generada, el origen de la necrosis intragranulomatosa, la to-
lerancia hacia cierta concentración bacilar en los tejidos del
hospedador, el constante recambio celular en los pulmona-
res y el efecto inducido por el tratamiento quimioterápico
permiten conocer las bases para el diseño de la vacuna tera-
péutica RUTI contra la infección latente por M. tuberculosis.
Se trata de una vacuna generada a partir de fragmentos ce-
lulares de M. tuberculosis biotransformados que permiten
generar una respuesta equilibrada de tipo Th1/Th2/Th3
ante un amplio abanico de antígenos, además de una intensa
producción de anticuerpos. El tratamiento con RUTI, poste-
rior a la quimioterapia, ya ha demostrado su eficacia en mo-
delos experimentales en ratones y cobayas, sin generar nin-
guna respuesta tóxica.
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the majority of affected individuals the infection does
not generate the slightest symptoms. Consequently, it is
not surprising that in 1998 the Centers for Disease
Control and Prevention in the USA recommended the
development of a therapeutic vaccine against M
tuberculosis infection.3

Without doubt, a key aspect of M tuberculosis
infection, namely the appearance of the latent bacillus,
has come to represent one of its most notorious
characteristics. The appearance of this form of the
bacillus has generated and continues to generate most
interest on the part of tuberculosis researchers, to the
extent that M tuberculosis infection has been termed
“latent tuberculosis infection.”2 That this aspect of M
tuberculosis infection is universally accepted does not
alter the fact that it is an exaggeration of a biological
characteristic that is extremely common in
microorganisms. In fact, there are many microorganisms
with an even greater capacity to persist for extended
periods in host tissues. This applies principally to a large
number of viruses, such as those of the herpes family.4 In
the case of bacteria, in all of the strains that it has been
possible to study, researchers have observed the
appearance of resistant forms and forms that display
reduced metabolism in response to stress or simply a lack
of nutrients when growing populations enter the
stationary phase.5 In addition, it has been demonstrated in
all of these bacteria that the cells have a greater resistance
towards noxious environmental stimuli in that state.6

Genomic and proteomic analysis of M tuberculosis has
confirmed that it is not all that different genetically from,
say, Escherichia coli.7 These approaches have also made
it possible to confirm that M tuberculosis is incapable of
generating an environmentally resistant form similar to a
spore. At most, it has a highly complex hydrophobic cell
wall8 and a very slow growth capacity. However, in
essence, those are not characteristics that we need to fear
in a bacterium. What, then, is the origin and significance
of this latent bacillus?

Without doubt, interest in this bacillus began with
antibiotic treatment using streptomycin in the 1950s,
when the introduction of multiple treatments led
researchers to recognize disease recurrence that could
not be accounted for by resistance to the antibiotics
used.9 Subsequently, towards the end of the 1970s, the
group led by Mitchison,10 having designed a “short-
course” treatment regimen for M tuberculosis infection
following the discovery of rifampicin, attempted to
explain why treatment of tuberculosis nevertheless
needed to be continued for 6 months. The action of
rifampicin, capable of destroying those bacilli that
activate their metabolism for short periods of time, led
that author to predict that a population of bacilli existed
that was either not metabolically active or had a
drastically reduced metabolism. Those findings offered
an explanation for earlier experimental observations
regarding the capacity of M tuberculosis to persist in
old cultures11 and confirmed clinical observations
regarding endogenous reactivation of tuberculosis.12,13

“Visualization” of the Latent Bacillus:
the Importance of Foamy Macrophages

In the 1950s, the group of McCune14 established an
experimental model in mice—the Cornell model—that
indirectly demonstrated the presence of the latent
bacillus. Following a short period of infection (around 2
weeks) the animals were treated for 14 weeks with
isoniazid and pyrazinamide, and it was confirmed that
no culturable bacteria could be isolated from the
tissues. Three months later, or after 1 month of
hydrocortisone treatment, it was again possible to
culture bacilli from the same tissues. It could be
proposed, then, that during the period of time during
which the tissues remain “sterile,” the bacteria were
present in a latent state. Those studies led various
authors to address the different states of bacilli that
were viable but not culturable, their recovery
(technically, “resuscitation”), and the requirements for
resuscitation to occur.15,16 Again, many other researchers
working with environmental bacteria have made
numerous, decisive contributions in this area that have
been of critical importance.5,17

Numerous authors have also undertaken
experimental work to investigate the hypothesis that
the latent bacillus must be a cell that is able to adapt
its metabolism in order to persist under conditions of
very low oxygen tension such as those which must
occur in the necrotic tissue of tuberculous granulomas,
one of the most important foci for the latent bacilli.10,18

This led to the publication of a number of articles
focusing on the metabolic changes occurring in M
tuberculosis subjected to hypoxic and even anaerobic
conditions. At least 1 significant metabolic change was
identified, the glyoxylate shunt, with at least 2
outcomes: the generation of reduced NAD
(nicotinamide adenine dinucleotide) to facilitate
anaerobic respiration19 or simply to allow energy to be
obtained from lipids.20

Ian Orme, probably the living scientist who has
worked most extensively with experimental models of
tuberculosis, challenged assumptions in the scientific
community 3 years ago in a discussion article entitled
“The latent tuberculosis bacillus (I’ll let you know if I
ever meet one).”21 Although the title of Professor
Orme’s paper was provocative, he put forth some very
interesting theories. Firstly, he questioned the
relationship between a positive tuberculin test and latent
infection. In doing so, he attacked one of the pillars of
immunology, namely the presence of immunologic
memory, which in this case states that infection is not
necessary in order to present a reaction to the tuberculin
test. He also criticized the Cornell model and suggested
that the bacillus probably becomes tolerant of isoniazid
in that model.22 Although defenders of the model have
demonstrated that the recovered bacteria continue to be
sensitive to isoniazid, Orme suggested that their
recovery in a rich culture medium may lead to reversal
of isoniazid resistance in order to be able to grow in
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better conditions. This is linked to classical
observations of the ability of mycobacteria to persist
without cell wall synthesis, making them resistant to
isoniazid.23 This phenomenon of antibiotic resistance by
virtue of no longer synthesizing the cell wall has been
described in numerous other species of bacteria, the
resistant cells being referred to as “L forms.”24

In response to these challenges, our group normally
states that “we have seen the latent bacillus.” When
studying histopathologic changes in granulomas using
an experimental mouse model of tuberculosis, we
realized that infected macrophages were surrounded by
lymphocytes that were in turn surrounded by foamy
macrophages that occupied the alveolar spaces
surrounding the granulomas.25,26 We were able to
demonstrate this because there was a temporal sequence
in a model in which a low dose of bacteria was
inoculated as an aerosol. The most interesting finding
was that some of the foamy macrophages contained a
single bacillus and, later, the presence of multiple
bacilli was observed in quite deteriorated foamy
macrophages. It is likely to be at this point that the slow
growth of M tuberculosis is important, since it allows
the bacteria to pass unnoticed even when the aggressive
stimulus generated against it has abated, and the time
taken for it to multiply provides an extra period during
which it may not be recognized. Finally, the bacillus
can reproduce unhindered, far away from the granuloma
foci, in the alveolar spaces, in which the concentrations of
protective cytokines, mainly interferon gamma (IFN-γ),
are vanishingly low.

In our opinion, what we saw was the latent bacillus.
In other words, that was the bacillus that is able to
survive in the stressful environment created by
macrophages activated through the immune response,
which destroys the majority of the bacilli. Those bacilli
pass unnoticed by the macrophage or, if that
macrophage is destroyed, by the immature macrophage
attracted towards the granuloma that “cleans” the
necrotic tissue and exits into the alveolar space to be
drained, usually, towards the upper bronchi and
trachea27 to be swallowed or spat out. Subsequently, we
showed that the presumed control of the infection
occurring in the infected mouse that led to the belief
that the mouse was able to display a degree of
resistance against M tuberculosis similar to humans28

was not quite that. In reality, although the concentration
of bacilli was stabilized in the lung and remained fairly
constant over an extended period of time, the same was
not true for occupation of the lung parenchyma, in
which an arithmetic increase was observed over time.29

This observation has widespread implications, since in
the end the mouse dies as a consequence of the total
occupation of the lung parenchyma by the
granulomatous structures caused by the bacillus, not as
a consequence of an extraordinary inflammatory
reaction.30,31

These findings, recently confirmed in a guinea pig
model and even in human autopsy samples

(unpublished data), provided us with much useful
information for the design of the therapeutic vaccine
RUTI. The hypothesis that we proposed was consistent
with the theory that the immune response to M
tuberculosis centered on the identification of peptides
synthesized by actively multiplying bacilli.32 Thus, we
thought that to fight the latent bacillus, the carrier
should be immunized with structural antigens of the
bacillus that are present both in actively multiplying
bacilli and in those that are in a stationary or latent
phase.

The Origin of Granuloma Necrosis 
in the Tuberculous Granuloma

One of the most remarkable characteristics of M
tuberculosis infection in humans is the occurrence of
granuloma necrosis.33 Unfortunately, this is not
generated in the mouse.28 This characteristic,
considered by some authors to be an example of an
effective, nontoxic response to the bacillus,34

represented an enormous disadvantage, from our point
of view, for the assessment of new antibiotics or
vaccines, since it implied the absence of an extracellular
population of bacilli. Consequently, we attempted to
design a “humanized” model of tuberculosis in the
mouse. Analysis of the literature was of great help.
Firstly, the classical experiences of Lurie35 in rabbits
described the presence of granuloma necrosis at the
onset of infection. In addition, other authors linked the
Koch phenomenon, the classical term for the process
that generates granuloma necrosis, with the
Shwartzman reaction.36 The Shwartzman reaction was
initially described as a phenomenon of local cutaneous
reactivity triggered by intradermal inoculation of an
endotoxin (preparatory injection) followed 24 hours
later by an intravenous injection of the same material
(provoking injection). After approximately 4 hours, a
hemorrhagic necrosis develops in the skin at the point
where it had previously been inoculated with the
endotoxin.37 This phenomenon was subsequently
correlated with local production of tumor necrosis
factor (TNF).36 Given that tuberculous granulomas
contain high concentrations of TNF, and even higher
concentrations when the bacillus concentration is
highest (after 3 weeks of infection), we decided to
employ intranasal inoculation of lipopolysaccharide to
reproduce the phenomenon.38 It worked. 

The reproduction of the phenomenon allowed us to
suggest a new hypothesis regarding the origin of
the necrosis, separating it from delayed-type
hypersensitivity (DTH). DTH was then considered to be
a toxic cell-mediated immune response, in contrast to
the effective cellular response, the response that
generates IFN-γ in order to activate infected
macrophages.39 Furthermore, it indicated to us that if
we wanted to inoculate infected individuals, we would
have to ensure that no endotoxin was present if we were
to prevent toxic reactions. 
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The Importance of Host Volume 
in the Inflammatory Response to M tuberculosis

The studies undertaken to develop a “humanized”
model in the mouse also led us to think about an
important aspect of M tuberculosis infection in
experimental mouse models. Given that granuloma
necrosis was induced by a nonspecific inflammatory
process, the endotoxin had to be present in the structure
of the bacillus itself, the concentration of the endotoxin
increasing with the massive growth occurring at the end
of the nonspecific response and provoking a
phenomenon similar to the Shwartzman phenomenon.
However, the marked increase in the concentration of
endotoxins as a result of substantial growth of the
bacterial population also occurs in the mouse. In that
case, why is the massive inflammatory reaction that
occurs in granuloma necrosis not provoked in that host?

The answer was found in the tolerance phenomenon
that the mouse must display in response to various
infections. This is supported by simply observing its
volume. It is clear that the mouse would never be able
to generate a tuberculous cavity like that generated in
humans, among other reasons because the average
volume of a cavity is greater than the total volume of a
mouse. Therefore, it is not surprising that mice can
“tolerate” a certain number of bacilli in their tissues; the
mouse is only able to generate a “clean” response to the
massive bacterial growth that could cause immediate
death. In fact, studies undertaken in IFN-γ knockout
mice indicate that death can occur after 4 weeks of
infection.40 In immunocompetent animals the control
and reduction of the bacterial concentration does not
begin until 3 weeks post infection.25,31

Another interesting finding is the dose of tuberculin
necessary to trigger the DTH in the infected host. This is
around 0.04 µg in humans,41 but increases to 0.5 µg in
guinea pigs and 5 µg in mice.42 As well as reflecting the
greater tolerance of the latter animals to proteins derived
from M tuberculosis, this observation may also reflect
the number of residual or latent bacilli in infected
humans. Since that number is stabilized at around 4 log10

in mice and 3 log10 in guinea pigs infected with low—
physiological—doses of M tuberculosis in aerosols
(unpublished data), we can assume that the number in
humans would be around 2 log10.

These findings suggest many things. Firstly, humans
respond much more effectively to M tuberculosis
infection. This is consistent with the most widely
accepted epidemiologic data indicating that for every
100 humans infected, only 10 develop the disease and
only half of these will die as a consequence.43 In mice,
for every 100 infected animals, 100 will die as a
consequence of the infection.31 These observations are
illustrative of the type of effective immune response
that can be developed against M tuberculosis. In
humans, the response is a totally mixed T helper (Th)
1/Th2 response33: Th1 lymphocytes appear that are able
to activate infected macrophages and generate

granulomas around the bacilli (DTH response),
alongside a significant Th2 response that stimulates the
production of antibodies, which are able to control the
extracellular bacilli and prevent their spread,44,45 and the
effective fibrosis of the granulomas through interleukin
446; finally, a marked inflammatory response generates
granuloma necrosis, initially preventing spread of the
bacillus. Unfortunately, development of the disease
appears to be linked to a purely anatomic characteristic
of humans. The presence of tissues with high oxygen
tensions, such as the apical lobes of the lung, favors
local immunodepression and stimulates bacterial
overgrowth.47-50 Thus, the development of tuberculosis
in immunocompetent patients would be the result of the
adaptation of the bacillus to a highly specific ecological
niche, the fruit to centuries of evolution and, therefore,
very difficult to resolve. 

We also have the tolerant response displayed by the
mouse, based mainly on the synthesis of IFN-γ, which
only allows control of multiplying bacilli, leading to a
high concentration of bacilli in the tissues and constant
spread of bacilli. Clearly, this type of response is not
very effective.

These observations led us to conclude that the
response generated to a therapeutic vaccine would have
to be mixed, able to prevent intracellular multiplication
of the bacillus, and also able to prevent extracellular
spread. The low concentration of bacilli that can be
expected in the tissues of carriers led us also to think
about the requirement for such a vaccine to be
multiantigenic, in order to increase the possibility that an
extremely low concentration of antigen (tolerated) would
be able to generate sufficient inflammatory response to
mobilize immune cells to locate and destroy it.

The Dynamic Nature of the Latent Infection

Investigation of this process has always been
hindered by an important aspect of host physiology,
namely continuous turnover of cells. It is estimated that
the average life of an alveolar macrophage is, at most,
around 3 months.51 Thus, it is quite clear that the
bacillus must attempt to constantly replicate itself if it is
to avoid drainage into the bronchial tree. It is relatively
clear that necrotic tissue represents a primary source of
these bacilli. Pathologists generally have difficulty
observing acid alcohol-resistant bacilli inside lesions
with granuloma necrosis indicative of being tuberculous
in origin.52 In our own group, we have difficulty in
visualizing these bacilli in granulomas with
spontaneous necrosis in guinea pigs or with induced
necrosis in mice (unpublished data). 

Another important aspect comes from the
experimental mouse model. As mentioned, there is no
necrotic tissue in this experimental model. However, as
described in the Cornell model, whereas prolonged
antibiotic treatment (eg, 14 weeks) with a combination
of pyrazinamide and isoniazid results in the almost
complete elimination of lesions from the lungs,

CARDONA PJ ET AL. ORIGIN AND DEVELOPMENT OF RUTI, A NEW THERAPEUTIC VACCINE AGAINST 

MYCOBACTERIUM TUBERCULOSIS INFECTION

28 Arch Bronconeumol. 2006;42(1):25-32



reactivation is still observed after a period of time.14 In
this case, there is no necrotic tissue to act as a reservoir;
nor is there constant reactivation of the bacilli because
this is prevented by the antibiotic treatment. There must
be a third way through which the bacilli are maintained.
This mechanism would have to involve the induction of
apoptosis in the macrophages that phagocytize the
latent bacilli.

Having arrived at this point, it is worth considering
another interesting aspect of the latent bacillus that
remains unresolved. It is well known that one of the
characteristics of M tuberculosis is its capacity to prevent
phagosome-lysosome fusion and thereby survive inside
the macrophage.53 However, this must require an active
process on the part of the bacillus, since dead bacilli do
not have that same capacity. What, then, would be the
behavior of the latent bacillus? In our opinion, the latent
bacillus, given its low metabolic capacity, would behave
as if it were dead. That would mean that it could not
prevent phagosome-lysosome fusion and it would then be
immersed in a stressful environment, either due to the
reduced pH, the presence of oxygen or nitrogen radicals,
or exposure to lytic enzymes. This could lead to its
destruction, but it probably does not do so by virtue of
the fact that the bacillus is latent and, consequently, more
resistant.54 Equally, whereas the active bacillus attempts
to prevent the macrophage that phagocytizes it from
presenting its antigens at the cell surface, behaving as a
dead cell prevents latent bacilli from doing the same
thing.55 Again, the bacillus requires an active metabolism
in order to do this. 

Once more, this is not something restricted to M
tuberculosis. In general, intracellular bacteria prevent
apoptosis of the phagocytic cells that contain them,56

but this requires an active process on the part of the
bacteria. This can be deduced, at least, from findings in
Brucella suis, in which live cells prevent apoptosis,
whereas dead cells cause apoptosis of the phagocytes.57

This third way in which the latent bacillus can
participate is particularly worrying for its lack of
predictability. On the one hand, it can be destroyed by a
circulating alveolar macrophage, while on the other it
can survive various stress processes by virtue of its
resistance and induce apoptosis, with subsequent
phagocytosis, etc. It is true that at any point one of the
macrophages that phagocytize the bacillus can follow
its usual dynamics and be drained out of the lung,
meaning that the bacillus would disappear along with it.
The problem comes if during the period between
apoptosis and subsequent phagocytosis and processing,
the bacillus momentarily stops being exposed to a
hostile environment and is, therefore, provided with an
opportunity to multiply. At this point, the macrophage is
lost. The immune response of the host will not arrive in
time and the bacillus will destroy it. Many of these
bacilli will spread through the intraalveolar space, affect
new macrophages, etc. New infectious foci will be
generated, with the risk that one of them could develop
in the apex of the lung, for instance.

Thus, this picture has further helped us to decide on
the nature of the therapeutic vaccine. On the one hand,
its administration must imply a restimulation of the
immunity acquired with the infection and expand the
range of recognizable epitopes in order to be able to
recognize the macrophages carrying the latent bacillus.
On the other hand, it should be able to increase the
production of antibodies against different antigens in
order to restrict the spread of bacilli towards new sites,
in case one of those bacilli is able to replicate and
destroy the macrophage that contains it. In these
conditions, the most effective, immediate immune
response is the humoral response.

Importance of Antibiotic Treatment of the Latent
Infection

Antibiotic treatment of the latent infection is also a
source of controversy. Many people do not understand
why isoniazid is administered for 9 months. In fact, that
is a very good question. Given that the latent bacilli are
not susceptible to such chemotherapeutic drugs, why
are they administered for such a long period? The
answer is firstly to destroy the population of actively
multiplying bacilli that can be found initially, and
secondly, to prevent reactivation of any latent bacillus
that attempts to multiply. Finally, an option that is not
usually considered is that the macrophages themselves,
following their normal dynamics, drain the bacilli
towards the outside.

By reducing inflammation and preventing
multiplication of the bacilli, antibiotic treatment is also
highly recommendable to prevent the continuous
formation of foamy macrophages and their accumulation
or movement through the alveolar spaces. Another factor
to take into account is that many of these macrophages
are able to synthesize nitric oxide,58,59 either through
specific activation by IFN-γ or via nonspecific activation
by components of the M tuberculosis cell wall.60 In the
first case, the problem appears with the macrophages
that transport the latent bacilli; in the second case, the
problem resides in the fact that nonspecific stimulation
does not lead to sufficient activation of the macrophages
and when they phagocytize an extracellular bacillus they
will probably be unable to destroy it. Furthermore, the
production of nitric oxide generates a transient
immunodepression in the specific lymphocytes that try
to activate these macrophages61; consequently, foamy
macrophages cause a certain degree of local
immunodepression that favors reactivation of the bacilli
that are inside them.58

In conclusion, antibiotic treatment allows significant
reduction of tissue inflammation and stabilization of the
bacterial population towards a minimum that is
completely inactive, it prevents local immunodepression
phenomena, and it reduces the possibility of generating
a toxic Koch-type reaction. Unfortunately, antibiotic
treatment generates specific immune depression due to
the fact that the concentration of bacilli is so low that it
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does not reach the stimulatory threshold for the
generation of new effector cells.62 This makes it of
particular interest to undertake an immunotherapy
treatment following chemotherapy in order to prevent
reactivation of the bacillus as a consequence of the
presence of latent bacilli in the tissues (after undertaking
short-course chemotherapy) and the induction of local
specific immunodepression. Also for this reason, it is
very important to use an immunotherapy such as that
provided by RUTI to be able to substantially reduce the
period of chemotherapy by preventing this means of
reactivation of latent bacilli (Figure).

What is the Future for RUTI?

The approach taken with RUTI came about in
response to the questions that have been posed about
the pathophysiology of M tuberculosis infection. With
this approach, patients must complete a short course of
chemotherapy, of no more than a month, and then be
vaccinated in order to destroy the latent bacilli that they
carry.

To date, we have been able to demonstrate that
administration of RUTI, made up of detoxified
fragments of M tuberculosis formed into liposomes,
generates a substantial multiantigenic response with a
well-balanced Th1/Th2/Th3 response and intense
antibody production that is highly effective in various
experimental mouse models63 and even in the guinea

pig (unpublished data). We are currently interested in
assessing its efficacy in a large animal, such as the pig,
that is capable of developing an inflammatory response
very similar to that of humans.64

The RUTI vaccine represents a significant advance in
immunotherapy for tuberculosis since it is the first
prototype that has demonstrated efficacy without
displaying toxicity for the host. Although initiatives to
design new prototypes are currently underway, the
RUTI vaccine is already being produced on a pilot scale
for use in clinical trials. If the advantage is not lost and
the necessary support is obtained, within a reasonable
period of time (around 10 years) RUTI could represent
a viable option to reduce the time required to treat M
tuberculosis infection to a minimum that is both
effective and practical, and of course, to subsequently
reduce the time required for treatment of tuberculosis.
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Figure. Temporal strategy for the use of RUTI, indicating the effects of short-course chemotherapy and the requirement for subsequent immunotherapy.
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