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Tuberculosis and HIV: light after darkness

The serious public health consequences of the interaction
between tuberculosis and HIV infection have received
much attention in the scientific and public press. Predict-
ing future trends in the morbidity and mortality of this
"cursed duet" has been likened to a game of blind man's
buff.' On the other hand, there are grounds for hope of a
ray of light in the present darkness in the form of novel
immunotherapeutic interventions. Indeed, it may even be
possible to prevent and treat HIV infection and tuberculo-
sis in an identical manner.
This challenging possibility is raised by observations

that not all those exposed to either the tubercle bacillus or
to HIV develop overt disease. In the case of tuberculosis
this has been evident for decades and there is increasing
evidence that harmless, and possibly protective,
encounters with HIV can occur.23 The implication of
these findings is that the human immune system can, in
some cases, deal effectively with these infections. If an
encounter with a pathogen may lead either to disease or to
long lasting protective immunity, the immune system
must be able to respond to such an encounter in different,
and possibly mutually exclusive, ways. The concept that
infection by the tubercle bacillus leads to distinct and
probably incompatible immune reactions has a long and
convoluted history.

In 1891 Koch demonstrated that the injection of tuber-
culin into the skin of a guinea pig previously infected with
Mycobacterium tuberculosis led to a tissue necrotising reac-
tion. This became known as the Koch phenomenon and
was for many years regarded as a classical example of a
delayed hypersensitivity reaction though, as explained
below, we would now distinguish between this necrotising
reaction and the non-necrotising delayed hypersensitivity
reaction seen in other circumstances. Subsequently, von
Pirquet used reactivity to tuberculin as the basis of a skin
test - the tuberculin test - to indicate infection by the
tubercle bacillus. During his extensive studies von Pirquet
noticed that patients with disseminated tuberculosis or
with other infections that predisposed to active tuberculo-
sis frequently became tuberculin negative, thereby giving
rise to the notion that tuberculin reactivity was an indic-
ator of protection against tuberculosis.4 This assertion
persisted for several decades and the term "delayed hyper-
sensitivity" - used indiscriminately for both the Koch
phenomenon and non-necrotising delayed hypersensiti-
vity - has often been regarded as synonymous with the
term "cell mediated immunity." Indeed, the concept that,
in order to induce protective immunity BCG must be
given in a large enough dose to induce tuberculin reacti-
vity, has only recently been questioned.5
Debre and Bonnet in 1916 were the first to recogpise

that a mycobacterial challenge could, in fact, induce two
quite distinct tissue responses.6 Soon afterwards Rich and
McCordock refuted the hypothesis that tuberculin reacti-
vity is a direct correlate of immunity to tuberculosis in
man.7 This refutation received firm support from experi-
mental work on the guinea pig by Wilson and his col-
leagues who showed that animals preimmunised with
protocols that primed the necrotising Koch phenomenon
died more rapidly after challenge by M tuberculosis than
non-immunised controls.8 These studies highlighted the
existence of two types of skin test reactivity and raised
another question: if the Koch phenomenon is not a corre-

late of protective immunity, what about non-necrotising
responses? For many years apparently conflicting data
continued to fan the flames of controversy.9 For example,
while greater than 85% skin test conversion was observed
shortly after vaccination in the 18 controlled trials of BCG
against tuberculosis, protection varied from 0% to 77%
although, of course, the tuberculin status of individuals at
the time that successful infection by tubercle bacilli oc-
curred is unknown. Similarly, in the British Medical
Council tuberculosis vaccination trials one batch of vole
bacillus vaccine induced very few skin test conversions yet
protected well against tuberculosis. This, and studies with
different strains of BCG,'0 suggests that post-vaccination
tuberculin positivity does not directly correlate with pro-
tective immunity in humans. On the other hand, it is clear
that small, non-necrotising responses to tuberculin in
persons who have not received BCG do correlate with
protection.11
We are therefore led to conclude that there are two types

of response. The first response - the Koch phenomenon -
causes tissue damage and may, under some circumstances,
have a minor protective role by isolating bacteria in
necrotic foci. It does not, however, actively destroy tuber-
cle bacilli and thus does not lead to sterilisation of the
tissues. The second type of response induces a state of true
immunity which may or may not be accompanied by non-
necrotising tuberculin positivity (the latter may merely
indicate the extent of ongoing boosting by the relevant
epitopes).
Our understanding of these two types of response has

increased dramatically with Mosmann's description of the
existence of two subpopulations of helper T cells, ThI and
Th2, characterised by distinct cytokine secretion pro-
files,'2 and the subsequent realisation that a similar dicho-
tomy in cytokine patterns is seen in CD8 + T cells.'3 Thus
we can now speak of "type 1" and "type 2" T cells,
whether CD4+ or CD8+, though little is known of the
cytokine patterns of CD8+ cells in most of the diseases
considered here. The predominant helper T cell type has
profound implications for the outcome of Leishmania
major infection in mice and, furthermore, the predominant
cell type can be determined by vaccination strategies.'4

It has emerged that, in a number of chronic infections
including syphilis, schistosomiasis, downgrading leprosy,
and leishmaniasis, there is an initial type 1 response which
then shifts to a type 2 response with detriment to the
host.'5 Likewise, Shearer and colleagues have produced
evidence that, in HIV infection, Thl responses lead to
protection while Th2 responses lead to susceptibility and
eventual progression to AIDS.316 It is thus possible that
the consequences of HIV infection could be prevented by
a vaccination or immunotherapeutic strategy causing a
Th2 to Thl shift in the relevant T helper cell populations.3
Such a strategy might not be easily achieved as each of
these classes of T helper cells antagonises production of
the other.'2 Observations show, however, that it is possible
to derive delayed hypersensitivity mediating T cells speci-
fic for an antigen in vitro from a population of lympho-
cytes immunised to produce copious amounts of IgG
antibody specific for this antigen and not expressing
detectable delayed hypersensitivity. It therefore appears
possible to achieve a modulation of the immune response
from a Th2 to a Thi mode in vitro, and hence probably in
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vivo. Such a modulation in vitro requires the presence of
antigen.'7 One suggested strategy for achieving such a
modulation would be to combine appropriate HIV anti-
gens with adjuvants and Thl enhancing cytokines such as
interleukin 12 and gamma interferon (IFNy),3 but this
approach could involve much trial and error. Nature,
perhaps, has already provided us with such a strategy and
this may have been revealed by studies on tuberculosis.

It has been thought for some time that the immune
reactions leading to protection and to immunopathology in
tuberculosis might be due to different populations of
T cells.'819 Recent experiments with mice in which the
gene for 02-microglobulin has been incapacitated, so that
class I MHC determinants cannot be expressed and
CD8 + T cells cannot therefore be generated, show that
both CD4 + and CD8 + T cells are essential for protection
against M tuberculosis.20 It seems, however, that these
T cells need to secrete the type 1 pattern of cytokines since
IFNy is crucial to protection. On the other hand, there is
clear evidence for type 2 activity in tuberculosis since
patients can have specific IgE antibody,2' and even an
eosinophilia, and the peripheral blood contains T cells that
release IL-4 in response to mycobacterial antigen.22 Mean-
while, recent work in animal models suggests that necrosis
occurs in T cell-dependent granulomata when the Thl to
Th2 shift described above leads to a type 2 response
superimposed on a type 1 pattern. This is well docu-
mented in schistosomiasis23 and may parallel new observa-
tions that skin test sites evoked with mycobacterial antigen
in preimmunised animals are exquisitely sensitive to
cytokine mediated tissue damage if the response is mixedifit~~~~ 24Thl/Th2, but not if it is "pure" Thl. Are the Koch
phenomenon and tissue damage in overt tuberculosis
therefore symptoms of the Thi to Th2 shift and, if so, how
can the response be redirected back towards Thl?

Clues as to how tuberculosis could be controlled by
immunotherapeutic intervention have come from invest-
igation into the reasons why the protective efficacy ofBCG
varies so much from region to region. These studies soon
revealed that this variation is geographically, rather than
racially, determined.25 This geographical difference
depends, in turn, on the number, species, and immuno-
genicity of environmental mycobacteria and on the degree
of exposure of the human population to them.

In a paper entitled "Original mycobacterial sin" Abra-
hams showed that exposure to mycobacterial antigens
early in life determined subsequent patterns of immune
reactivity to such antigens.26 Stanford and colleagues
subsequently postulated that prior contact with environ-
mental mycobacteria predetermined the type of immune
response that would be induced by subsequent BCG
vaccination.25 Bretscher et al have placed this concept on a
sound basis by their demonstration that small doses of
antigen, subimmunogenic for the induction of antibody
but able to induce a delayed hypersensitivity reaction, can
"imprint" the inunune system, thereby determining
future patterns or pathways of immune reactivity.'4 In
general the smaller the dose, the greater the likelihood of
generating a Thl response, so long as this dose is above a
minimal threshold.
Our first tentative explanation for the ability of environ-

mental mycobacteria to affect immune responsiveness was
that they could "imprint" the immune system with the
ability to respond predominantly either to those antigens
common to all mycobacteria (group 1 antigens) or to
species specific ones (group 4). It was observed that, in
general, healthy persons in contact with patients with
either tuberculosis or leprosy react in skin testing to agents
prepared from any species of mycobacterium, indicating
recognition of shared epitopes, while the patients them-

selves respond to a limited range of reagents, indicating
recognition of species-specific epitopes but diminished
responsiveness to the shared epitopes.2728 It also appears
that the Koch phenomenon is only evoked by species-
specific epitopes.2930 The responses to common and species-
specific antigens thus appear to be different, although this
is in conflict with previous observations that there is
usually coherence in the regulation of the class of response
to the diverse epitopes of a complex antigen. Notwith-
standing, according to the concepts outlined above, our
data imply that there is a strong Th2 component to the
patients' responses to the species-specific epitopes while
common epitopes are recognised by Thl cells that are
downregulated in some manner, perhaps by the cytokines
released by the Th2 cells. Why, then, does it appear that
the common and species-specific epitopes are handled so
differently by the immune system? We postulate that three
closely related factors are involved.
1. The common epitopes may be inherently different from

the species-specific ones. They may, for instance, be
stress (heat shock) proteins that appear to play a subtle
role in the immune response to many microorganisms.

2. The common epitopes are encountered daily via the
gut, and may prime regulatory mechanisms associated
with "mucosal immunity."

3. In accordance with Bretscher's concepts5 chronic low
dose exposure to the common epitopes from the en-
vironment may have caused the response to these
epitopes to be "locked in" to the ThI pattern, while the
species-specific epitopes of pathogenic mycobacteria
are encountered de novo when the patient is infected
and are susceptible to the mechanisms causing the Thl
to Th2 shift, the Koch phenomenon, and downregula-
tion of the Thl response.
A mycobacterium that would restore recognition of

common antigens and, thereby, protective immune re-
sponses would therefore be a potential immunotherapeutic
agent.

Bacteriological3' and skin test studies32 in the region of
Uganda where BCG affords good protection against
leprosy,3 studies on leprosy patients and their families,34
and a detailed programme of skin testing with reagent
mixtures,30 have identified M vaccae NCTC 11659 as a
strain of special promise. It combines the virtues of a
predominance of group 1 (common mycobacterial) epi-
topes with a regulatory effect on the Koch phenomenon
and efficacy as a killed suspension.35 Several small open
studies and placebo controlled, blinded, randomised trials
have shown that 109 heat killed M vaccae given by intra-
dermal injection to tuberculosis patients as an adjunct to
chemotherapy has beneficial effects.35 It reduces the num-
ber of deaths occurring during antituberculosis chemo-
therapy and significantly improves the bacteriological cure
rate in those taking a full course of chemotherapy. It
markedly improves the cure rate and reduces mortality in
those who do not take a full course of chemotherapy, and is
also efficacious in the treatment of previous treatment
failures and a proportion of patients with multidrug resist-
ant tuberculosis. It also causes a significant fall in the level
of an abnormal agalactosyl glycoform of IgG that is
associated with active tuberculosis. This IgG glycoform
has proved invaluable as an independent biochemical
marker of the efficacy of immunotherapy36
At first it was thought that the loss of recognition of

common mycobacterial epitopes was unique to mycobac-
terial disease, but it has recently been demonstrated in
HIV infection and in South American trypanosomiasis.3738
It is thus likely, as suggested above, that many of these
common epitopes are components of more widely distri-
buted immunogens such as the highly conserved stress or
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heat shock proteins.39 Alternatively, these antigens may be
restricted to the genus Mycobacterium yet have a non-

specific regulatory activity favouring Thl cells.40 In either
case M vaccae immunotherapy may effect changes in
immune responsiveness of much wider significance than
those necessary for affording protection in mycobacterial
disease. Indeed, the observation by Ramu et al of the
efficacy of such immunotherapy in psoriasis,41 and our own

preliminary observations of its potential use in the treat-
ment of several other diseases, suggest that this is the case.
In particular, a small study in Nigeria of the effect ofM
vaccae immunotherapy in HIV-related tuberculosis gives
rise to hope.42 All eight patients who received immuno-
therapy were alive and well two years later, whereas eight
of nine who received placebo were dead. Five of the eight
immunotherapy recipients initially had generalised lymph-
adenopathy but this had resolved in all cases by one year.
Most remarkably of all, two recipients of placebo and two
ofimmunotherapy had repeat HIV serological testing after
one year: the former were still HIV seropositive but the
latter were negative.
There is good evidence that, despite large superficial

differences, the underlying immunopathology of myco-
bacterial diseases, syphilis, schistosomiasis, probably try-
panosomiasis and, most intriguing of all, HIV infection is
very similar. This is, perhaps, not surprising. Most of the
great complexity of the mammalian immune system that
has evolved to ward off the slings and arrows of constant
environmental challenge is concerned with recognition
and regulation. The actual effector mechanisms used by
the immune system to crunch microorganisms and by-
stander host cells are, by contrast, much more limited. It is
possible that all these; and probably many other, diseases
in which cellular immunity is of paramount importance
are the result of the immune system being in the wrong
"mode" of reactivity and thus open to a new modality of
treatment.

Accordingly, the centre of attention must be the regula-
tion of T cell maturation. Is this under the control of a

complex interaction of antigens or of a simple chemical
switch? If the latter is the case a suitable adjuvant, of
which M vaccae may prove to be a prime example, could
affect a global switch leading to beneficial immune
responses in a wide range of diseases.
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