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EDITORIAL REVIEW

Partners in crime: co-infections in the developing world
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In clearing specific types of infection, the immune system mounts

a characteristic array of immune responses. Viruses are controlled

predominantly by natural killer (NK) cells, CD81 T cells and

CD41 T cells secreting type-1 cytokines (interferon-gamma

(IFN-g)). On the other hand, extracellular pathogens (such as

helminths) are predominantly controlled by CD41 T cells

secreting type-2 cytokines (e.g. IL-4 and IL-5), which lead to

antibody isotype switching and recruit and activate eosinophils.

These qualitatively different responses have implications for

both host and pathogen. The pathogen may manipulate the host

immune response away from those which are protective, while

inappropriate host responses may cause immunopathological

effects [1]. Animal models are invaluable in unravelling the

complexities of infectious diseases. However, the animals used for

these models are normally housed in `specific pathogen-free'

conditions. The same is not true of natural human or animal

infections. Previous or coexisting infection is the rule rather than

exception, and may indeed explain the diverse outcomes of

infection with a given pathogen. For example, a strong immune

response to one pathogen can impair responses to other pathogens

[2] and co-infections are a major determinant of outcome and life

span in HIV1 individuals.

In this issue of Clinical and Experimental Immunology,

Hertoghe et al. describe studies of immune parameters in Ugandan

patients with HIV and/or active pulmonary tuberculosis (TB). The

characteristic features of either disease (e.g. CD4 depletion and

apoptosis in HIV1 subjects and monocytosis, granulocytosis

and increased PPD-induced apoptosis in TB-infected patients)

remained evident in the co-infected individuals, while immune

activation (as measured by CD38 display on CD8 cells) was most

marked in those with co-infection. Previous attempts to find

differences in co-infected patients have not always been success-

ful. For example, soluble serum CD14 is equally raised in the

serum of HIV1 patients, with or without TB [3]. Such studies are

difficult to do but are much needed if we are to understand the

complex interactions of multiple infections.

In many parts of the world HIV and other infections combine

to devastating effect. The situation is particularly acute in

developing countries, since chronic parasitic, helminthic [4] and

bacterial infections put further burdens on the immune system. As

a result, HIV may have found its optimum niche in populations

where viral replication and disease progression are accelerated by

chronic immune activation by co-infecting pathogens. Pulmonary

infections are a major cause of death in immunocompromised

patients (for a review see [5]), and TB remains the most prevalent

cause of death from an infectious agent. TB, caused by

Mycobacterium tuberculosis (MTB), is also the most important

HIV co-infection, causing 30% of AIDS-associated deaths in 1999

alone [6].

The importance of cell-mediated immunity in acute MTB

infection has been repeatedly demonstrated [7]. CD41 T cells are

an absolute requirement for protection. In murine models, the

primary mechanism for this is through production of IFN-g and

downstream effector molecules such as reactive nitrogen inter-

mediates [8, 9]; without this pathway, fatal tuberculous disease is

inevitable. Epidemiologically, the consequences of HIV infection

are equally evident in AIDS patients acutely infected with MTB

[10]. Upon exposure, HIV-infected and AIDS patients are over

100 times more likely to develop active TB and subsequently have

shorter survival times [11, 12]. In latent MTB infections, the

chance of a reactivation leading to TB disease is about 10% per

year, equal to the lifetime risk for MTB-infected HIV2 individuals

[13]. It is likely that a large part of this susceptibility is due to

insufficient or inadequate responses by CD41 T cells.

However, recent work suggests that it may not be quite that

simple. The activation of MTB-infected macrophages by IFN-g is

a critical part of acquired immunity. Other mechanisms for

modulation of macrophage function are dependent on the acti-

vation and localization of CD41 T cells. Although their role in TB

is controversial, macrophage activation by CD40±CD40L binding

or inhibition by IL-10 and transforming growth factor-beta

(TGF-b ) could be mediated by CD41 T cells [14]. Also,

MTB-specific CD81 T cells produce IFN-g and kill mycobac-

terially infected cells [15, 16]. Since they do not provide

compensatory protection in CD41 T cell-deficient patients they

probably depend on CD41 T cell help.

The effects of HIV infection on control of MTB are probably

even more complex than this. CD41 NK cells play a role in the

structural organization of granulomas, which are an important part

of mycobacterial control. Granulomas become increasingly

disorganized in HIV1 individuals, in correlation with their

peripheral CD41 cell count [17, 18]. gd T cells recognize

non-peptidic antigens and are important in immunity against

mycobacterial pathogens, including MTB. HIV infection reduces

the numbers of circulating gd T cells and, in a proportion of

infected individuals, they also become anergic in their IFN-g
response to MTB [19]. Though the contribution of these and other
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cell types to immunity is difficult to assess, it is clear there are

complex interactions between HIV and host cells that significantly

inhibit their ability to control active TB (see Fig. 1).

However, the consequences of co-infection do not work only

in one directionÐthe course of HIV infection is also affected by

the presence of MTB and the resultant immune response. In vitro

and in animal studies, infection with MTB accelerates the

replication of HIV. Since the virus preferentially replicates in

acutely infected activated CD41 T cells, infection with myco-

bacteria, as with other pathogens, will cause replication and

activation of these cells and hence increase viral replication

[20, 21]. MTB also increases HIV replication in acutely and

chronically infected monocytes [22]. The effect of MTB on HIV is

therefore due to both immune cell activation and macrophage

dysregulation. Though the effect is complex, the consequences are

significant. In primate studies co-infection with simian immuno-

deficiency virus (SIV) and MTB resulted in increased replication

of SIV, enhanced decline of peripheral CD41 cell counts and a

faster progression to AIDS [23]. In man, TB, even if successfully

treated, increases the risk that HIV-infected individuals will

subsequently develop AIDS-defining opportunistic infections

[12].

In addition to providing a heavy and diverse burden on the

immune system, some infections interact in specific ways to the

host's detriment. The identification of target sequences in HIV

that interact with human cytomegalovirus provides a specific

mechanism for increased HIV replication during co-infection [24].

Those infected with other pathogens, from Neisseria gonhorreae
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Fig. 1. Reciprocal enhancement of replication in HIV and Mycobacterium tuberculosis (MTB) co-infection. (a) MTB infection increases

HIV production from co-infected macrophages (1) and activates and causes proliferation of CD41 T cells (2), which creates more optimal

conditions for HIV production from infected lymphocytes (3). (b) HIV reduces circulating CD41, gd and natural killer (NK) T cells through

a variety of mechanisms (4), which normally kill MTB-infected macrophages (5).
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to hepatitis C virus, also suffer from accelerated HIV disease

progression [25].

Leishmania donovani antigens increase HIV replication and

CD41 T cell apoptosis [26]. An effective response to anti-parasite

treatment correlates with a marked decrease in post-treatment HIV

viral load. By contrast, a poor response is associated with an

increased viral load; initial HIV viral load also influences the

response to anti-leishmanial treatment [27]. In man co-infection

with Leishmania spp. and HIV is associated with elevated serum

IFN-g and tumour necrosis factor (TNF), and decreased levels of

the immunosuppressive cytokine IL-10 [28]. There is evidence

of reciprocal influences on both co-infecting pathogens. For

example, live and killed HIV increases the intracellular growth of

L. donovani in monocytes [29]. HIV appears to counteract

parasite control mechanisms and may be responsible for their

reactivation.

The interaction between co-infecting pathogens is particularly

evident when they both infect the same antigen-presenting cell

[30, 31]. Thus, co-infecting pathogens enhance immune activation

and accelerate HIV replication, and further complications occur

when the co-infecting pathogen also causes immunosuppression.

Onchocerca volvulus infection of HIV-infected patients further

decreases proliferation and cytokine production of T cells to

polyclonal stimulants [32]. Co-infection with HIV and Treponema

pallidum (syphilis also being endemic in West Africa) has also

been reported to further reduce CD41 T cells [33].

There are extra factors, nothing to do with immunology, which

have a very real impact on the majority of those infected with

HIV. Around a million lives were to lost to HIV and MTB

co-infection in 1999 alone [6]. However, less than 1% of the cases

of co-infection, let alone deaths, occurred in wealthier countries

where drug therapy has greatly reduced morbidity and mortality

[34]. In the developing world gross inequalities in wealth lead to

uneven healthcare provision. As a result, advances in treatment of

TB and AIDS have largely not been implemented. Where they

have, the situation has improved; for instance, several African

countries have prevented the emergence of multi-drug resistant

MTB through directly observed therapy schemes. It is clear that

co-infections are the rule rather than the exceptionÐour research

and treatment strategies must take this into account if we are to

make progress in tackling infectious disease in man.
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