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Chair’s introduction
Siamon Gordon

Sir William Dunn School of Patholog y, University of Oxford, South Parks Road, Oxford OX1 3RE, 
UK

To introduce this meeting I would like to list a few topics that we should be think-
ing about during this meeting, and then at the end we will come back to this list 
in our fi nal discussion.

Lung infections and to a lesser extent allergies are important diseases in terms 
of morbidity and mortality. It is not only tuberculosis (TB) that is a problem: this 
is the second Novartis Foundation symposium in Cape Town, but while TB will 
be a major focus of this meeting also, we’ll be looking at many other important 
bacteria and viruses.

We have a nice mix here of clinicians and scientists. With input from the dif-
ferent fi elds represented here, we have a wonderful human ‘model’ of mucosal 
immunity. We have experts here who study not only cellular aspects and anti-
bodies, but also the collectins and surfactants, as well as other extracellular factors 
such as mucus. We want to see what we can learn from the human studies.

Mucosal immunity is an interesting example of interactions between epithelia 
and haematopoietic cells. Then of course we have something special: we are in the 
lung, but we also have the interactions with other systemic aspects of host responses. 
There are not only acute effects (emphasizing the innate aspects), but also long-
term sequelae such as the adaptive immune response that follows, and some of the 
complications such as fi brosis. They are all part of this initial immune response.

The topic of this meeting is of course a worldwide problem, but it is an appro-
priate problem to be discussed in South Africa. This is a major health problem in 
this country, but this does provide a laboratory for us to study things that fortu-
nately aren’t seen to the same extent elsewhere.

What are some of the issues in terms of host–pathogen interactions? We know 
that human populations differ. This raises the question of what determines genetic 
susceptibility of resistance. One breaking topic is whether polymorphisms in, for 
example, the Toll-like receptors (TLRs) are signifi cant. There is a lot of research 
in this area, and I’ve heard of unpublished work on TLR polymorphisms that have 
a dramatic effect on diseases such as respiratory syncytial virus.

The lower and upper respiratory tracts differ in terms of their commensal organ-
isms. The lower should be essentially sterile, whereas the nose and rest of the upper 
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2 GORDON

respiratory tract are not sterile. This is an interesting problem compared with, say, 
the gut. There is the popular idea of the hygiene hypothesis; many people are 
wondering whether the increase in allergy and asthma is in some way related to 
the increasingly clean environment found in some parts of the world.

Tropism is an interesting question: why are certain agents specifi cally able to 
infect certain cells? Is this a property of a particular local cell, or is it something 
that happens in only some cellular environments? Many cells have the same mol-
ecules and only in some is there selectivity of infection. This is particularly relevant 
to some of the major virus infections. We haven’t done justice to the adaptive 
immune response in this programme. If we had, the meeting would have been a 
lot longer. Nevertheless, there are some fascinating aspects in which the innate 
response may or may not be able to infl uence and skew the adaptive response. The 
Th1, Th2, Tregs and antigen-presenting cells (APCs) all have important roles here, 
both in terms of inducing an immune response and also suppressing one. This 
may be a unique property of the airway macrophages. This includes the major 
biological issue of dormancy. How is it that mycobacteria can persist in some qui-
escent state within cells? How do we study this? These are issues that are important 
medically, but diffi cult to address experimentally.

We mustn’t forget we are in the lung. The local environment is something we 
don’t pay enough attention to sometimes. This is an organ of gas exchange, so 
what is the role of oxygenation in this particular site? What about all those par-
ticulates that we inhale? The dust diseases have a long history in South Africa 
because of the mining industry and also asbestos. There are local surfactants in 
the lung to consider. And then we have the devastating interaction between the 
lung and smoking. One of the intriguing issues is whether there is sometimes 
coinfection between a virus and a bacterium which makes one of the two more 
virulent or pathogenic. This could be an important issue for infl uenza. Finally, 
what are the special features of the vascular bed and the lymphatic drainage?

We also have systemic factors that will infl uence local disease. There is HIV and 
infection by opportunistic agents. Again, alcohol is a major and neglected problem 
in this part of the world, as is poor nutrition. Extrapulmonary parasites are also 
pervasive and may or may not have an impact on diseases within the lung. A 
further issue is how emerging infections jump species, and move from one indi-
vidual in a population to another.

From my point of view this is not only an important subject, but also an oppor-
tunity to get research done. We have the opportunity to do translational clinical 
research in South Africa. We should not ignore animal models, but take advantage 
of the extensive human material available. The lung is an accessible site. We can 
obtain sputum, bronchoalveolar lavage, aspirates and even pleural effusions. How 
can we make the best use of this? A general question is how useful is it to monitor 
blood when this is not the primary site of infection? Are the cells in the blood 
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aware of what is happening in the lung, or are they on their way to the lung? With 
microarrays it is now much easier to get a signature of what is happening in blood 
cells in systemic and local diseases.

I don’t have to emphasize that we are facing a major threat with emerging infec-
tions such as avian fl u, and I look forward to hearing about this. I’d like to throw 
out the provocative idea that both avian fl u and SARS may be diseases of innate 
immunity. There are other less nasty, newly discovered (or to be discovered) 
emerging viruses. There may be more pathogens out there than we know of.

Although it is not a major theme at this meeting, we’ll be touching on the 
development of vaccines, for example, for infl uenza. The use of drugs and antibiot-
ics is a highly important issue, but let us not forget what we can do about preventing 
some of these diseases.



Lung diseases in South Africa: 
an overview
Eric D. Bateman and Anamika Jithoo*

Professor of Respiratory Medicine, Director of Department of Critical Care, University of Cape Town 
and *Research Fellow, University of Cape Town Lung Institute, Cape Town, South Africa

Abstract. The profi le of both infectious and non-infectious lung diseases in South Africa 
over the past century refl ects prevailing sociopolitical and economic forces. The lung, 
perhaps more than any other organ system is infl uenced by poverty, occupation and 
personal habits. These infl uences are seen in the association between tuberculosis 
and pneumoconiosis fi rst described in miners, the increasing prevalence of asthma and 
smoking-related chronic obstructive pulmonary disease, and the current dual epidemics 
of tuberculosis and infections associated with the human immunodefi ciency virus 
(HIV). The global prediction for developing countries is that by the year 2020 respiratory 
diseases (including infections) will account for a large majority of deaths and a consider-
able burden of disability adjusted life years. The country-wide Demographic and Health 
Surveys of 1998 and 2003 have provided data on symptom prevalence in South Africa. 
The Lung Health Survey 2002 performed in Cape Town provides disease prevalence and 
has identifi ed complex interactions between causative factors and disease. Consistent 
and biologically plausible associations between smoking and susceptibility to tuberculo-
sis and pneumonia in HIV-infected patients have been reported. These fi ndings are rel-
evant both to the planners of public health interventions, and to researchers exploring 
disease mechanisms and potential remedies.

2006 Innate immunity to pulmonary infection. Wiley, Chichester (Novartis Foundation Symposium 
279) p 4–16

The respiratory system, like the skin, serves a unique function at the air-fl uid 
interface between the body and the external environment. Unlike the skin, its 
function in gas exchange requires it to be delicate and consequently more vulner-
able. To compensate for this, it is equipped with a variety of defence mechanisms 
varying from physicochemical (cough and mucociliary escalator) to immunologi-
cal. In spite of these it is the target of disease of both infectious and environmental 
origin which together account for a large proportion of global all-cause morbidity 
and mortality. In a World Health Organisation (WHO)-commissioned survey of 
global prevalence of disease in 1990, four diseases of the respiratory system fea-
tured amongst the top 10 causes of mortality—lower respiratory tract infections 
(LRTI) (third place), chronic obstructive pulmonary disease (COPD) (sixth place), 
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tuberculosis (TB) (seventh) and lung cancer in 10th position (Murray & Lopez 
1997). Modelling for the future burden of disease, including estimations of the 
impact of the rising HIV epidemic, the authors predicted that by the year 2020, 
COPD would have moved to third position, followed by LRTIs, TB, lung cancer 
and fi nally HIV-related deaths (other than chest infections). Since some of these 
are chronic conditions they are and will continue to be leading causes of lost 
disability-adjusted life years (DALYs). The authors predicted in developed coun-
tries the profi le of diseases causing loss of DALYs would be lung cancer (in fourth 
position) and COPD (ninth position). In developing countries like South Africa, 
the order and importance of respiratory diseases would be similar to those causing 
mortality described above (Murray & Lopez 1997). In recognition of the impor-
tance of respiratory diseases, especially in developing countries (which comprise 
the majority of the world population), the World Health Assembly of the WHO 
resolved in May 2000 to make the prevention and control of chronic respiratory 
disease (CRD) (World Health Organisation 2000) a priority. This has led to the 
formation of the Global Alliance Against Lung Disease, launched in March 2006 
for the purpose of co-ordinating efforts of the WHO, government and non-
governmental agencies and initiatives to address these diseases. Moreover, the twin 
epidemics of TB and HIV infections have become the focus of intense activity 
and have been accorded the status of global emergencies. South Africa, in spite of 
its remarkable and unprecedented political transformation has the misfortune of 
being, if not in the epicentre, then a major victim of this wave of infectious and 
chronic respiratory pathology. The origins and forces that have created these waves 
can be traced through the politics and economics of its colonial period into the 
modern era, and although the interactions of these forces are many and complex, 
their combined effect presents a profi le of disease that is alarming. First was the 
creation of fertile soil for spread of the white plague, TB, brought from the ‘old 
world’ to the vulnerable populations in Africa. The development of a labour 
market for unskilled and semi-skilled workers through detribalization into a 
migrant labour force created conditions that favoured transmission (Packard 1989). 
Next, but related, was the development of mining, which besides its general pol-
lutant effects exposed the workforce to the fi brogenic and carcinogenic effects of 
silica and asbestos. In spite of the South African mining industry being a world 
leader in both deep level mining and in the study of dust-related lung disease 
(including recognition of increased susceptibility of miners with silicosis to TB, 
the link between silica exposure and systemic sclerosis, and crocidolite asbestos to 
mesothelioma), there were unacceptable delays in translating these fi ndings into 
improvements in working conditions. In the case of asbestos, mining of the highly 
carcinogenic crocidolite variety continued well after its harmful effects were 
exposed. The full impact of past mining practices, even those previously consid-
ered safe, is only now becoming evident (Churchyard & Corbett 2000, teWaterNaud e 
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et al 2006). One example of this is the very high burden of lung disease including 
TB amongst retired miners. In 1987 Cowie & van Schalkwyk reported that the 
prevalence of silicosis among active miners in the Free State goldfi elds was only 
1% (between 0.87 to 1.38%). However studies performed in 1997 (Steen et al 1997) 
and 1998 (Trapido et al 1998) in retired gold miners who had returned to their 
homes in Botswana and Lesotho, revealed radiographic, and often advanced stages 
of silicosis in more than one third of ex-miners and that between one third and 
one half also had evidence of current or previous pulmonary TB, refl ecting the 
lifelong susceptibility to TB created by silica dust exposure. When one considers 
that at its height this industry employed more than half a million men, and that 
the turn over of miners each year was high, it is evident that mining has created a 
large pool of persons greatly at risk of developing TB and of perpetuating the 
epidemic (Churchyard et al 2004, teWaterNaude et al 2006).

The next major development that has impacted on the health of the nation and 
upon respiratory health in particular is the spread of HIV. For the fi rst 80 years 
of the century, notwithstanding the situation in mines, there was a steady decline 
in TB notifi cations in South Africa, suggesting that the National TB Control 
strategy was beginning to bear fruit (Packard 1989). However, this trend has been 
reversed and over the past 15–20 years notifi cation rates have risen to record levels, 
the consequence of the interaction between TB and HIV infections. Amongst 
miners, according to Corbett et al (2000), notifi cation rates which ranged from 
600 to 800 per 100 000 between 1983 and 1991, began to rise in 1992, reaching 
3000 per 100 000 by the year 2000. The majority of the increase has been in HIV-
infected persons, who now represent more than 70% of patients presenting for 
treatment of TB. By 2000 the nationwide prevalence of HIV sero-positivity 
exceeded 20% amongst women attending for ante-natal care, and has continued 
to rise. By the mid-1990s life expectancy amongst both women and men, which 
in South Africa as in most African countries had been increasing, began to fall, 
and has fallen below 50 years in both men and women.

Although silica exposure and HIV infection have had a major impact upon 
the TB epidemic in South Africa, the pattern of the epidemic in the Western 
Cape Province has been an enigma. In this province, as there are no mines, the 
population has negligible exposure to silica, and it was the last to be affected by 
the HIV epidemic. Yet over the past 30 years TB notifi cation rates have climbed, 
particularly in low-income communities, and at a time when their income and 
nutritional status appeared to be improving. Many potential causes for this ‘epi-
demic within an epidemic’ have been considered and explored, and there appears 
to be no single explanation for the phenomenon. Amongst those that have been 
considered are nutritional factors (particularly vitamin D defi ciency, since Cape 
Town has wet winters with days of overcast skies which might reduce cutaneous 
conversion of vitamin D to its more active forms) and alcohol abuse (in some 
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communities alcohol abuse is rife, and often associated with poor nutrition). 
Genetic susceptibility has also been explored, as has TB strain differences, but 
without convincing results. More promising has been the study of local factors 
that favour transmission such as housing and social behaviour. Overcrowding has 
been a feature of life in the affected areas, the effects of which are aggravated by 
inclement weather which keeps people indoors. A popular pastime is spending 
evenings in informal taverns where alcohol is consumed, which results in close 
contact between residents. Finally, there is the potential impact of smoking, both 
of tobacco and cannabis. In the Lung Health Survey 2002, performed in two 
suburbs of Cape Town where the notifi cation rate for bacteriologically confi rmed 
TB was 612 per 100 000 persons (Western Cape Tuberculosis Programme 2002), 
the prevalence of current smoking amongst males was almost 60% and that among 
women more than 40%, and cannabis use was recorded in 12% of persons (mainly 
in males) ( Jithoo et al 2003). These levels are well above the national averages for 
current smoking of 42% for males, and 11% for females aged 15 years and older 
(Steyn et al 2002).

The association between smoking and TB has received increased attention in 
recent years, with studies confi rming a variety of interactions: risk of infection, 
transition of infection to disease, severity of pulmonary disease, rate of sputum 
conversion on treatment, risk of relapse, pulmonary impairment after treatment 
and mortality. For example, Gajalakshmi et al (2003) performed a case-control 
study of 78 000 men who had died of disease in rural and urban India. Smokers 
were at a more than fourfold greater risk of death from TB than non-smokers. In 
those dying from TB the population attributable fraction, i.e. the proportion of 
the disease occurrence or mortality in the population attributable to the risk factor 
(smoking), on the assumption that the association is causal, was more than 50%, 
higher than that contributed by smoking to the rates of lung and upper respiratory 
tract cancer, and other respiratory diseases. In the Lung Health 2002 survey, 76% 
of subjects over the age of 15 years had a positive tuberculin skin test (≥10 mm of 
induration), and the risk of a positive test was signifi cantly higher in smokers than 
for never smokers (unadjusted OR = 1.99, 95% CI: 1.62 to 2.45) (den Boon et al 
2005). A positive dose–response relationship with pack years was also observed, 
with those smoking more than 15 pack years having the highest risk (adjusted 
OR = 1.90, 95% CI: 1.28 to 2.81). Although similar fi ndings have been found 
in restricted communities like a prison in Pakistan (Hussain 2003), nursing 
home residents in the UK (Nisar et al 1993), Vietnamese immigrants in Australia 
(Plant 2002) and migrant farm workers in the USA (McCurdy 1997), this is the 
fi rst study demonstrating this effect in a cross-sectional survey of an entire com-
munity. Moreover, the risk was evident even at very low levels of smoking (1 to 5 
pack years), raising the possibility that even passive smoking might be harmful. 
One previous study has examined the effect of passive smoking on TB infection. 
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Singh et al (2005) reported a signifi cantly greater risk of infection in children aged 
5 years or less who were exposed to an adult with TB if there was concurrent 
exposure to cigarette smoke.

These interactions between smoking and TB highlight the need for stricter 
tobacco control, particularly in Africa where TB is out of control, and where com-
munities are being targeted by tobacco companies as promising emerging markets 
for the sale of tobacco products.

Chronic bronchitis and COPD are further examples of diseases which in Africa 
and developing nations differ from their counterparts in developed countries. In 
the latter, the principal cause of with both these diseases—the fi rst characterized 
by chronic cough and persistent sputum production, without evidence of airfl ow 
limitation, and the latter being associated with both respiratory symptoms and lung 
function abnormality, is considered to be cigarette smoke. However, studies in 
developing countries confi rm major contributions from other factors such as 
occupational exposures in poorly regulated mines and industries (Hnizdo 1990, 
1992), environmental including indoor household pollution (Van Hoorn et al 1996, 
Grobbelaar & Bateman 1991), TB (Churchyard et al 2001) and other infections, 
and cannabis use (Chan-Yeung et al 2004). For example in the Demographic and 
Health Survey of 1998, the fi rst national survey of chronic bronchitis in South 
Africa, the prevalence was lower than that of countries in Europe (Ehrlich et al 
2004). However, in the Lung Health 2002 Survey in Cape Town much higher rates 
were observed. In the former study the population attributable fractions were 10% 
for past history of TB, 14% for occupational exposures in men and 14% for smoky 
domestic fuel exposures in women. Although fi ndings in the Cape Town study 
were similar, the role of cannabis smoking was found to be important. Perhaps 
because of its illegal status, there are few data on the impact of cannabis on respi-
ratory disease in South Africa, but it is widely used in some communities and 
requires further study.

Lack of standardisation of the defi nition and methods for diagnosing asthma 
and COPD has made it diffi cult to compare different studies and sources of infor-
mation (Ehrlich & Jithoo 2006). This defi ciency has been corrected by the formu-
lation of international consensus guidelines by the Global Initiative for Asthma 
(GINA) and the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
(Pauwels et al 2001) for asthma and COPD respectively, and the development of 
standardised methods for use in prevalence surveys for these diseases. The Burden 
of Obstructive Lung Disease (BOLD) methodology developed by the GOLD 
initiative (Buist et al 2005) involves use of a standardized validated questionnaire, 
standardized lung function testing and centralized data collection and statistical 
analysis, and is being promoted for widespread use in order to improve detection 
of the disease and provide a basis for focused intervention programmes. Its fi rst 
use in Africa was in Cape Town, in the population in whom the Lung Health 
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Survey 2002 had been performed. Preliminary results have provided physiological 
confi rmation that the high rates of symptoms recorded in the Lung Health Survey 
2002 refl ect a high prevalence of COPD in both men and women (Jithoo et al 
2006).

Conclusions

The prevalence of respiratory diseases in South Africa refl ects its political and 
social past, and exposures of large numbers of people to harmful environments 
both in the workplace and in the community, with the added catastrophe of the 
spread of the human immunodefi ciency virus and the rampant resurgence of TB. 
Examination of associations between risk factors and different respiratory diseases 
confi rms the major impact of environmental factors in respiratory diseases, and 
the complex relationships between them. Some of these interactions are depicted 
in Fig. 1. The notion of innate immunity may not apply in this setting where 
complex exposures occur early in life and even antenatally, and where no popula-
tion may be viewed as ‘naïve’. These considerations are as important for researchers 
involved in the study of mechanisms of disease, as they are for those responsible 
for devising policies and designing services for the promotion of health and the 
prevention and treatment of lung disease.

FIG. 1. Recognized interactions between environmental risk factors and common respiratory 
diseases.
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DISCUSSION

van Helden: I’ve done many simple calculations. From my perspective, the esti-
mate of annual risk of tuberculosis (TB) infection of 3.5% is shocking but also 
probably an underestimate. While I accept that this fi gure was calculated using 
the standard methodology, I don’t understand one thing. One sees 25% skin 
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conversion at the age 0–5 to more than 75% at age 15. This means that there is a 
50% conversion in 10 years. Purely arithmetically, this is 5% per annum. If you 
consider that many of these will be dual infections, it must be considerably more 
than 5%. Can you help me with this?

Bateman: The only correction I would make to your calculation is that the posi-
tive tuberculin rate is 75% at age 15 and over: we don’t know at which point they 
convert. The time scale is therefore longer than 10 years. I can’t cast additional 
light on your estimates because the ARI work is not mine. I had hoped that you 
might have more information on that study. You are correct, though: this calcula-
tion was utilizing the standard measure for ARI, which is percentage conversion 
to positivity in the period of one a year in a susceptible group.

Schoub: I was interested in what you said about the interaction of various factors. 
Clearly there is a striking relationship between climate and acute respiratory infec-
tion. There may be various ‘arrows’ linking these factors. There may be an epide-
miological arrow which you alluded to; there may be a viral triggering factor, and, 
with relevance to this symposium, there may also be innate immunity factors. I 
think the climatic factor is one we may want to look into with regard to 
mechanisms.

Bateman: Climate is one of the most diffi cult things to study. Keatinge and col-
leagues have examined the effects of thermal extremes upon mortality. They have 
demonstrated that people in the colder countries of Europe protect themselves 
better from cold stress, than those in warmer countries (Keatinge et al 2000). In 
another study the authors found an inverse association between cold-related mor-
tality fi gures across six regions of Europe (warmer and colder) and the wearing of 
gloves, scarves and hats (Donaldson et al 2001). Perhaps what our grandmothers 
said about dressing warmly, is correct, particularly if you have a weak chest, are 
frail or elderly. This is indirect evidence and may sound unlikely, but the data are 
impressive.

Feldman: With pneumococcal infections, there are two studies looking at 
the infl uence of ambient temperature. There is a close correlation between the 
appearance of pneumococcal infections and outside air temperature (Dowell 
et al 2003). It was thought that one of the risk factors would be viral infections 
occurring mainly in winter. The question is, why do viral infections occur 
more commonly in winter? But even if you control for this, and also for the fact 
that in winter people tend to gather together indoors more, there is still a 
much higher incidence of pneumococcal infections with cooler air temperature. 
Meteorological data correlate very closely with this incidence. Even if you 
factor in HIV, the peak of pneumococcal infections occurs in winter. In HIV-
positive individuals the peak still occurs in winter. As a risk factor HIV doesn’t 
overwhelm the effect of ambient temperature on lower respiratory tract 
infections.


