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Synopsis
At the beginning of the 21st century, we are facing the convergence of several epidemics. These
include tobacco smoking, tuberculosis, HIV infection, influenza, and chronic obstructive
pulmonary disease (COPD). These epidemics interact by way of increasing disease susceptibility
and worsening outcomes. To control these interacting epidemics, we need to better understand
each infection and how it influences the others. Multi-faceted approaches will be necessary to
reduce the impact on those in developing nations most likely to be affected by the convergence of
all epidemics.
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Introduction
History appears to be repeating itself. This time however, it might have a sting in its tail. At
the end of the 19th century a vaguely familiar picture was developing, with consequences for
global respiratory health. Tobacco smoking was widespread and increasing after the
invention of the cigarette rolling machine in 1881(1). The discovery of Mycobacterium
tuberculosis by Robert Koch one year later in 1882 occurred during a time that tuberculosis
(TB) was rampant across many parts of the world.

By the turn of the 20th century, tobacco consumption had increased to approximately 50
billion cigarettes per year(1) at a time that TB mortality was declining in Europe most likely
due to improved nutrition and social circumstances. A potential association between
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smoking and TB was suggested by Webb in 1918. During the same year the “Mother of all
pandemics”(2), the 1918 Spanish flu killed nearly 50 million people worldwide. (2,3)

Nearly 100 years later, smoking rates are at an all time high with over 6,319 billion
cigarettes consumed per year(1). Faced with declining markets in the North, the tobacco
industry is moving south, where smoking is on the increase, especially in countries such as
China and India. Tuberculosis remains uncontrolled in the developing world with increasing
rates of multi-, extensively- and pan-drug resistant tuberculosis. HIV has added a new face
to respiratory disease with increased rates of TB and pneumonia and in addition we are
facing the looming possibility of a highly virulent H5N1 “avian” influenza pandemic, with
the novel strain of H1N1 “swine” flu recently added to the mix.

In this overview, we build on our previous reviews (4,5) and consider the predisposing
effects of tobacco smoking, and the potential interactions of tuberculosis, HIV, COPD,
influenza, and other respiratory infection epidemics (figure 1).

Methodology and Search strategy
We searched PubMed for peer-reviewed literature over the last 3 decades with a focus on
studies that reported data on the associations among tuberculosis, smoking, HIV, influenza,
pneumonia and COPD. No language restrictions were imposed, although only English
language studies were eventually included. In addition, we identified three systematic
reviews (6–8) on the association between tobacco and TB, one systematic review on the
association between tobacco and HIV(9), and several narrative reviews(4,5,10–16) on the
association between tobacco and all the conditions of interest. The reference lists of these
reviews were also used to supplement the search. In addition, we identified a comprehensive
report entitled “A WHO / The Union monograph on TB and tobacco control: joining efforts
to control two related global epidemics”(17) this was used as an additional resource to
supplement our searches. Key words included Tuberculosis, HIV, COPD, pneumonia,
influenza and tobacco smoking.

Smoking and pulmonary immunity and disease
Current estimates of tobacco smoking rates are 49% for men and 8% for women in low- and
middle-income countries, and 37% for men and 21% for women in high-income
countries(6). Tobacco is the single most preventable cause of death in the world today. It
kills more than five million people per year, with more than 80% of those deaths occurring
in the developing world (18). There are a multitude of effects of tobacco smoke on the
immune system, predisposing individuals to respiratory infections (14–16). These effects
have been summarised in figure 2. Briefly, smoking affects circulating immune cells,
mucosal surface defences (mucus, cilia) as well as local innate immune cell functions
(macrophages, neutrophils). The associations with tobacco smoking have been well
described for several of the diseases depicted in figure 1.

Smoking and TB
The association between tobacco smoke and tuberculosis was suggested many years
ago(19). Evidence of the impact of tobacco smoking on TB infection has been confounded
by its almost universal association with poverty, overcrowding and alcohol usage. Similar
pathological mechanisms induced by malnutrition, alcohol abuse and smoking may indeed
all predispose an individual to TB. There are now three comprehensive independent
systematic reviews and meta-analyses that have synthesized the evidence for the association
between TB and tobacco smoking (6–8).
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The association of smoking and TB has been analysed for three outcomes: TB infection
(defined by a positive tuberculin skin test), active TB disease, and death due to TB. Table 1
provides the outcome-specific pooled relative risk estimates from the 3 independent meta-
analyses.

It is evident from these meta-analyses that smoking approximately doubles the risk of each
outcome, namely TB infection (RR ~1.5), active TB disease (RR ~2.0) and TB mortality
(RR ~2.0). The evidence is strong for TB disease, but relatively weaker for TB infection.
Due to the widespread nature of tobacco smoking the population attributable risk (PAR %)
is likely to be high. For example, if the relative risk for TB disease is estimated at 1.5, and
population exposure to tobacco smoke 30%, the PAR% will be approximately 15%. In other
words, 15% of the TB cases in the world each year may be attributable to tobacco
exposure(4).

Since the publication of these meta-analyses, newer studies have been published, and these
studies confirm the association between smoking and TB. In a large case-control study from
India, Jha et al.(20) reported excess TB deaths among smokers, as compared with non-
smokers, among both women (RR, 3.0; 99% CI, 2.4 to 3.9) and men (RR, 2.3; 99% CI, 2.1
to 2.6). A subsequent large case-control study from India (21) reported that those who both
smoked cigarettes and drank alcohol had considerably higher active TB incidence rates than
those who did neither (TB incidence RR 3.5).

Similar results were also obtained in Taiwan and China. In a prospective cohort study from
Taiwan, Lin et al.(22) reported that current smoking was associated with an increased risk of
active TB (adjusted OR, 1.94; 95% confidence interval, 1.01–3.73). In a case-control study
from two rural areas of China, Wang et al. (23)reported an adjusted OR of 1.93 (95% CI:
1.51–2.48) for smoking and TB disease. Thus, these studies from India, Taiwan and China
added further support to the already strong evidence from the meta-analyses.

A cohort study in Brazil looked at the association between smoking and a fourth outcome,
TB relapse.. They reported that smoking was independently associated with relapse of TB,
as defined by the requirement for re-treatment within 3–5 years after succesful completion
of TB treatment. After adjusting for socioeconomic variables and alcohol, the OR for relapse
was 2.53 (95% CI, 1.23, 5.21)(24).

Lastly, Lin et al (25) did a mathematical modelling study, where they modelled future
COPD and lung cancer mortality and TB incidence, taking into account the accumulation of
hazardous effects of risk factors on COPD and lung cancer over time, and dependency of the
risk of TB infection on the prevalence of disease. Their model suggested that complete
cessation of smoking and solid-fuel use by 2033 could avoid 26 million deaths from COPD
and 6.3 million deaths from lung cancer. Smoking cessation would also reduce the projected
annual TB incidence in 2033 by 14–52% if 80% directly observed treatment short-course
(DOTS) coverage is sustained. Based on these results, they concluded that reducing smoking
and solid-fuel use can substantially lower predictions of COPD and lung cancer burden and
would contribute to effective TB control in China.

Smoking and Pneumonia
Pneumonia occurs more frequently in individuals with impaired immunity. This is evident in
the elderly, alcoholics, malnourished, HIV-infected and those with underlying COPD(26). In
addition, tobacco smoking appears to be an independent risk factor for pneumonia (27,28). It
is evident from several studies that smoking is a particularly important risk factor for
streptococcal pneumonia (OR 1.88 to 4.1) (29,30). Passive smokers and importantly children
also have an increased risk of infection, OR 2.5 (95% CI 1.2–5.1) and 1.88 (95% CI 1.04–
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3.39) respectively (29,31). Severe pneumococcal disease is more frequently seen in smokers
(29,32), which may be partially explained by enhanced pneumococcal epithelial adherence
caused by tobacco smoking (33).

Although the frequency of pneumonia caused by other organisms is low, there is also strong
evidence for increased risks of Legionella (OR 3.48; 95%CI 2.09 – 5.79) (34), Mycoplasma,
(OR 5.6; 95%CI, 1.5–20.4) (35) and Haemophilus influenzae (36) infection. In HIV-infected
individuals the already increased risk of community acquired pneumonia is compounded by
the increased risk associated with smoking (37–42) with an apparent dose response
association. (39) In addition, the risks of other infection such as PCP are also increased by
smoking (40,43) (discussed below)

Smoking and Influenza
With the prospect of an avian influenza epidemic ever increasing(3), multiple measures will
be required to control the epidemics. Although not recognised as a risk factor in the 1918
pandemic (data not collected)(2,3) there is substantial evidence in both mouse and human
models for a negative effect of smoking on influenza (44–48). The risk of infection is
increased in smokers (OR 1.4–2.4)(46) (47) as well as likelihood for severe disease and
complications (OR 4.3 95%CI 1.1- 16.1)(49). In addition to predisposing individuals to
infection, the efficacy of influenza vaccines is reduced in smokers (50–52).

The predisposing risk factors for localized influenza outbreaks have been studied. An
influenza A/USSR/90/77(H1N1) outbreak in Israeli military recruits in 1979 found a relative
risk of 1.44 (95% CI; 1.03–2.01)(48). In a 1986 influenza A/Taiwan/1/86(H1N1) outbreak at
a Florida naval air base, the seasonal trivalent vaccination offered no protection and smokers
had a non significant trend to increased infection OR 1.4 95%CI 0.9–2.2; p=0.27)(53). There
are little data on the current H1N1 epidemics and their potential association with tobacco
smoking. Several recent observational studies have not reported on the smoking status of
patients (54–57). It is likely however, given the extent of the global pandemic, that the
association with tobacco smoking will become evident as the number of reported cases
increases.

Smoking and HIV
Although both tobacco smoking and HIV infection may be associated through their common
associations with poverty and high-risk behaviour, tobacco smoking appears to be an
independent and important risk factor for contracting HIV (58–61). Other studies have
demonstrated higher viral loads (62) and rate of progression of HIV infection to AIDS in
smokers(63,64), but this association has not been observed in all studies(65–68).

Smoking further raises the extremely high risk of contracting TB in HIV-positive persons
(43) in addition to increased susceptibility of community-acquired bacterial pneumonia (37–
40). HIV infected smokers also have higher respiratory symptoms and risk of mortality
(hazard ratio 1.99; 95%CI 1.03 to 3.86) when compared to non-smokers (41).

Several studies have examined the risk of other opportunistic infection such as
Pneumocystis jiroveci pneumonia (PCP) with conflicting results. Some have shown
significantly increased risk but this has not been confirmed by others (38–40,66).

Tobacco smoking and HIV are associated with an accelerated form of obstructive
pulmonary disease (69–73). If this form of COPD is phenotypically similar to that seen with
HIV uninfected smokers, the risk of influenza and pneumonia may be further magnified.
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Smoking and COPD
Although the focus of this review is primarily on the convergence of respiratory infections,
HIV and tobacco smoking, the importance of COPD in the interactions needs to be stressed.

The causal link between smoking and COPD is well described and the multitude of
consequences well known (74). There is now a growing recognition of the importance of
non-smoking causes for COPD (75). There are several studies examining respiratory
infections (particularly TB) as a cause of COPD (76–80). The long-term effect on
pulmonary function and response to treatment is not well documented (75) although the
increased susceptibility to other respiratory infections, particularly influenza and pneumonia
are likely to be similar.

Convergence of TB, HIV, COPD, pneumonia and influenza
Tobacco smoking is undoubtedly at the centre of convergence of the epidemics we are
currently facing (not discounting the role of alcohol, malnutrition, poverty, indoor biomass
fuel exposure and outdoor air pollution).

As smoking increases the risk of TB and COPD, the long-term damage to pulmonary
structures and respiratory function further increases the risk of bacterial pneumonia and
influenza. Similarly the increased susceptibility to influenza seen in smokers will magnify
the risk of superadded bacterial pneumonia following severe influenza. The multitude of
infections associated with HIV infection, particularly TB and pneumonia, are likely to be
exacerbated by smoking especially if the accelerated form of COPD further impairs
pulmonary immunity to infection.

Even without the effect of tobacco smoke, the interactions of HIV, Influenza, TB and
pneumonia compound the health on the individuals suffering from them as well as society in
general. The interactions summarized in figure 1 are likely to be far more complex and wide
ranging. This is no more evident than what is being seen in many parts of the developing
world where in addition to high smoking rates, malnutrition, overcrowding and indoor
biomass fuel usage, HIV is driving the TB epidemic. The net outcome, in several parts of the
world (mainly low income countries), is that these epidemics are simultaneously converging.
These high-burden low income countries are least likely to be able to put measures in place
to effectively combat the spread of a world-wide influenza epidemic. The already
overburdened TB control programs are struggling to cope with increasing HIV-positive
subjects as well as complicated and expensive treatment regimes for MDR-and XDR- TB.
Whether local and national government structures are able to effectively improve service
delivery, drug supplies and infection control measures remains to be seen. The H1N1
epidemic clearly showed the inability of weak healthcare systems to launch any concerted,
evidence-based programs to manage clinical cases and prevent transmission.

It is clear that smoking cessation and respiratory infection control are likely to be the
cornerstone to halting the convergent epidemics. In addition, effective treatment strategies
will be required to treat those who contract community-acquired pneumonia, tuberculosis,
influenza or HIV. The management of multiple infections with potentially interacting drug
therapies, the need for quarantine and rational allocation of critical care services will further
challenge the most advanced health care services let alone those in under-resourced areas.

Conclusions
At the beginning of the 21st century, the globe is facing an economic crisis in addition to the
convergence of several potentially devastating infection epidemics. The emergence of H1N1
is adding to the burden on healthcare delivery systems, and is already diverting precious
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human and laboratory resources. This was clearly evident in countries such as Mexico and
India. The final number of people who will succumb to TB, HIV and influenza will depend
on the combined efforts of governments, health agencies and non-governmental bodies.
Interventional strategies will need to target preventative strategies as well as locally
sustainable treatment options.

Karl Marx said: “History repeats itself – first as a tragedy, second as a farce”. It remains to
be seen if we have learnt sufficiently over the past hundred years to effectively combat the
looming epidemics or whether we are doomed to see history repeat itself.
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Figure 1.
The central role of smoking in pulmonary infections, HIV and COPD, and the interactions
of several of the individual diseases. The dashed lines indicate increased risk of disease
associated with tobacco smoking. The solid line indicates increased risk associated with
other diseases.
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Figure 2.
Overview of the systemic and local effects of tobacco smoke on the immune system and
pulmonary defence mechanisms against infection.
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Table 1

The association between smoking and the relative risk of latent tuberculosis infection, progression to active
disease and mortality from active TB.

Meta-analyses: pooled relative risks (95%C.I)

Slama et al. 2007(6) Lin et al. 2007(7) Bates et al. 2007(8)

TB outcome TB infection ~1.8 (1.5–2.1) 1.7 – 2.2 (1.5–2.8) ~1.7 (1.5–2.0)

TB disease ~2.3 (1.8–3.0) ~2.0 (1.6–2.6) ~2.3 (2.0–2.8)

TB mortality ~2.2 (1.3–3.7) ~2.0 (1.1–3.5) ~2.1 (1.4–3.4)

Adapted from van Zyl-Smit RN, Pai M, Yew WW, Leung CC, Zumla A, Bateman ED, et al. Global Lung Health: The Colliding Epidemics of
Tuberculosis, Tobacco Smoking, HIV and COPD. Eur Respir J. 2010; 35: 27–33
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