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Factors that influence current tuberculosis epidemiology
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Abstract According to WHO estimates, in 2010 there
were 8.8 million new cases of tuberculosis (TB) and 1.5
million deaths. TB has been classically associated with
poverty, overcrowding and malnutrition. Low income
countries and deprived areas, within big cities in developed
countries, present the highest TB incidences and TB mor-
tality rates. These are the settings where immigration,
important social inequalities, HIV infection and drug or
alcohol abuse may coexist, all factors strongly associated
with TB. In spite of the political, economical, research and
community efforts, TB remains a major global health
problem worldwide. Moreover, in this new century, new
challenges such as multidrug-resistance extension, migra-
tion to big cities and the new treatments with anti-tumour
necrosis alpha factor for inflammatory diseases have
emerged and threaten the decreasing trend in the global
number of TB cases in the last years. We must also
be aware about the impact that smoking and diabetes
pandemics may be having on the incidence of TB. The
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existence of a good TB Prevention and Control Program is
essential to fight against TB. The coordination among cli-
nicians, microbiologists, epidemiologists and others, and
the link between surveillance, control and research should
always be a priority for a TB Program. Each city and
country should define their needs according to the epide-
miological situation. Local TB control programs will have
to adapt to any new challenge that arises in order to
respond to the needs of their population.

Keywords Epidemiology - Pott Disease - Risk factors -
Spine - Tuberculosis

Introduction

Tuberculosis (TB) has been classically associated with
poverty, overcrowding and malnutrition. Low income
countries and deprived areas, within big cities in developed
countries, present the highest TB incidences and TB mor-
tality rates. These are settings where immigration, impor-
tant social inequalities, HIV infection and drug or alcohol
abuse may coexist, all factors strongly associated with
TB [1].

According to the recent World Health Organization
(WHO) report [1], since 2006 there has been a decreasing
trend in the global number of TB cases. However, in 2010
there were an estimated 8.8 million new TB cases. TB
remains the second leading cause of death in the world
after HIV, with over 1 million deaths among HIV negative
subjects and 0.35 million deaths among HIV/TB coinfected
patients. The percentage of multidrug-resistant TB (MDR-
TB: resistant to at least isoniazid and rifampin) among new
TB cases seems to be stable at an estimated 3.4 %, whilst
20 % of previously treated cases are MDR-TB [1].
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As recently pointed out by Keshavjee et al. [2], avoiding
most deaths from TB should be possible with the current
tools. However, only one in ten people with MDR-TB have
access to effective treatment. The lack of adequate TB
treatment, poor adherence, low treatment completion rates
and absence of effective TB prevention and control pro-
grams, lead to the development of drug resistances and,
consequently, to complicated management and uncertain
clinical prognosis.

Tuberculosis remains a major global health problem,
declared by the WHO, a global public health emergency in
1993. The efforts to find new diagnostic methods and
resistance detection tools, new drugs and treatment regi-
mens, in addition to the fight against poverty and con-
comitant factors, open a new way to greatly reduce the
burden of TB, a disease as old as humanity.

Tuberculosis epidemiological situation
Natural history and pathogenesis

Tuberculosis transmission occurs through droplet nuclei
containing Mycobacterium tuberculosis, which are expel-
led by smear-positive pulmonary TB patients when
coughing and sneezing, and remain suspended in the air.
Inhalation of such aerosols may lead to infection. After
close contact with an infectious case, 30-50 % of exposed
susceptible contacts acquire latent TB infection (LTBI).
This can be determined by the tuberculin skin test (TST)
or/and Interferon Gamma Release Assays (IGRAs) [3-5].

After this first infection, active TB may occur immedi-
ately. However, for the majority of cases, the initial infection
remains clinically silent and microbiologically latent.
Approximately 10 % of the infected individuals will pro-
gress to active TB during their lives, 5 % in the first two
years, and therefore could become the source of infection for
others. With adequate treatments, <1 % of TB cases will die.

Besides M. tuberculosis bacilli, other factors that con-
tribute to TB incidence are all the conditions that could
alter host cellular immunity, and therefore, increase the risk
of developing active TB. These conditions include HIV
infection, extremes of age, diabetes, alcohol, severe mal-
nutrition and anti-tumour necrosis alpha factor (TNF-o)
treatment. Therefore, preventing patients with LTBI from
developing active disease is an important step to break the
cycle of transmission and decrease the overall burden of
TB worldwide [6-8].

Osteoarticular TB and Pott’s disease

Most of TB cases are pulmonary cases. Extrapulmonary
TB (EP) and mixed TB are less frequent [9]. In Europe,
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osteoarticular TB represents the 8—15 % of EP, and it has
been observed more frequently in native groups in higher
age ranges [10] and in young immigrants coming from
Asia and Sub-Saharan Africa. In half of theses cases, the
vertebral column has been affected [11, 12].

Pott disease is an infrequent type of EP that affects the
vertebral column. It results from the haematogenous dis-
semination of a previous TB focus, normally pulmonary
TB. It is a chronic disease with slow progression that
attends with granulomas, usually in high lumbar or low
dorsal vertebrae. The infection can disseminate to the disc
space and when two vertebrae are affected, the nutrition to
the intervertebrae disc is interrupted. This can lead to the
vertebrae shortening and eventually to spine collapse and
medullar injury [13].

As in other cities with a good TB control, bone TB is
rare in Barcelona. However, there is no accurate infor-
mation about the incidence and management of Spine TB
in the city. The TB Program is focused on control, and
pulmonary TB is a priority. From 2000 to 2010, 126
osteoarticular cases were reported (2-3 % of all TB cases,
7 % of those with an EP), 78 men (62 %) and 48 among
women (38 %). Most of the cases were Spanish-born older
patients and foreign-born patients, mainly coming from
India—Pakistan and usually young. The diagnostic delay
was 90 days and in relation to risk factors, 8 (6.3 %) were
HIV-infected, 6 (4.8 %) injecting drug-users (IDU), 37
(29 %) smokers, and 12 (9.5 %) alcohol abusers. The
majority of the patients received a TB treatment longer
than 6 months.

TB epidemiology in the world, Europe and big cities

More than 2,000 million people, one out of three persons in
the world, are infected with M. tuberculosis. According to
the WHO estimates, in 2010 there were 8.8 million new
cases of TB (64 % of which amongst men) and 1.5 million
deaths due to TB. Incidence rates have been decreasing
since 2002. However, in 2008 there were approximately
440,000 cases of resistant TB were MDR [1, 14, 15]. In
2010, the 3,500,000 new cases in the South-East Asian
Region constituted 40 per cent of the global incidence of
TB. The African Region had 2,300,000 cases or 26 per cent
of the total. The African, South-East Asian, and Western
Pacific Regions made up 85 per cent of the total cases in
the world, whereas the Eastern Mediterranean, European
Regions and The Americas claimed only 650,000 (7 per
cent) and 420,000 (5 per cent), and 270,000 (3 per cent)
cases, respectively.

Figure 1 shows the estimated TB incidence in the world
in 2009 and Fig. 2 the gross domestic product per capita in
the world during 2007. There is a close relationship, as an
overlap, among the poverty presentation in the world
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Fig. 2 Gross domestic product per capita in the world, 2007. Source: International Monetary Fund, 2008
(Fig. 2) and the estimated TB incidence (Fig. 1), if both The TB incidence for the European region countries
maps are compared. This is an easy and simple way to see  ranges, according to WHO data 2010, from <5 per 100,000

that TB, as we will discuss later, is usually associated with  to over 200 per 100,000, underlying the high differences in
poverty. the continent among the Eastern and Western countries.
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The ECDC/WHO surveillance report 2009 described the
situation in the European Region as a mixed epidemio-
logical picture [16]. For example, the European Region has
5.6 % of new detected and relapsed TB cases in the world,
the majority of them from the high-priority countries
located in the Eastern Region [1, 16]. On one hand, TB
notifications have been decreasing since 2005; while on the
other, TB rates in these 18 high-priority countries is still
around 8 times higher than in the rest of Europe [1]. It is
important to note that it is estimated that Europe detection
rate is 79 % of all TB cases.

Another concern in the East European region is the high
percentage of M/XDR TB and the prevalence of HIV
infection. The percentage of MDR TB is overwhelming with
the highest percentages of MDR amongst new and re-
treatment TB cases (12 and 37 %, respectively). MDR
remained most frequent in the Baltic States (17.4-28 %) and
Romania (11.2 %) in which XDR reporting had the highest
numbers (22 cases total). Regarding to HIV, the prevalence
among TB cases is 3.9 %. Although it is known that the HIV
associated to TB notifications in the European Region are
underreported, estimated detection rates of 46 % [1, 16].

Migrations have been increasing for the last 20 years. In
2010, over 200 million people (3.1 % of the world’s pop-
ulation) were estimated to live in a country different from
that where they were born. As migration tends to take the
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direction from less economically developed countries,
where TB infection and disease are more prevalent, to
richer ones, it has become an important factor of TB
control in the latest. In fact, about 25 % of TB cases in
Europe are amongst immigrants and in some European
cities this percentage has reached over 50 % [17].

Tuberculosis affects vulnerable populations like HIV-
infected people, drug abusers, homeless, immigrants in a
disproportional way. These populations tend to live in
urban areas affecting TB epidemiology of large cities, in
which incidence rates might be higher than the national
incidence rate [18]. Great variability in different cities
within the same country has also been observed. For
example, high incidences were detected in 2009 in
Manchester (59.1/100,000) and in London (44.4/100,000)
compared to other English cities [19, 20]. Figure 3 shows
TB rates in some European cities and countries.

TB and the HIV influence

The emergence of HIV has had an unprecedented impact
on the epidemiology of infectious diseases in general and
particularly on TB. In fact, HIV infection and TB are the
pandemics which cause a higher number of deaths in the
world annually, estimated at 1.8 and 1.2-1.5 million
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Fig. 3 Incidence rates in some European cities and countries. Source: Urban TB control in the EU. Results questionnaire meeting urban TB

control, 10th December 2010, Stockholm ECDC
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deaths, respectively. Of the 8.8 million incident TB cases
in 2010, 1.1 million (13 %) were among people living with
HIV [1]. Thus, the emergence of HIV has not only
increased TB incidence and TB associated mortality but it
also has made the diagnostics of TB more difficult [21].
TB/HIV coinfection affects mainly young adults in the
most productive years of life, having a significant social
and economical impact.

One-third of the HIV-infected world population also has
LTBI. While the risk of developing TB among those
infected only with M. tuberculosis is about 10 % during
their lifetime, among HIV positive patients infected with
MTB it is of the order of 10 % annually [22, 23]. Thus, the
spread of the HIV infection has contributed to the exten-
sion of TB, which is the main cause of mortality in HIV
patients. TB is, also, the most frequent AIDS defining ill-
ness globally. Due to its impact on individual health and its
potential for transmission in the community, this comor-
bidity must be considered and treated as a global problem
of maximum priority for public health. Figure 4 shows the
HIV prevalence among new TB cases during 2010.

Although everyone is susceptible to disease, neither of
the epidemics affects all countries nor people equally. HIV,
as mentioned before regarding TB, has also been associated
with poverty. The higher prevalences of HIV infection
among TB patients and LTBI, are found in low income
settings, especially in Sub-Saharian Africa, and in run-
down areas in big cities due to influence of IDUs [23, 24].

The impact of antiretrovirals on TB development
and survival

After the identification of AIDS in 1981, it was observed
that patients had a low survival rate, for which there was no

other treatment than the one for the associated opportu-
nistic diseases. The association between TB and HIV
became more evident in 1987 when EP-TB in HIV-infected
patients was included as an AIDS defining illness and even
more so in 1994 when pulmonary TB in HIV-infected was
also included.

During the period from 1987 to 1994, prevention and
treatment of opportunistic infections improved survival
[24]. The first antiretroviral, zidovudine, was approved by
the Food and Drug Administration in 1987 and authorized
for AIDS treatment in 1990 [25]. Monotherapy with this
drug contributed to the initial increase of survival, which
meant the beginning of antiretroviral therapy and the
tearing of the idea that AIDS was a synonym of death.
Nevertheless, AIDS was, together with MDR-TB and
treatment abandonment, the most important predictive
factor [26, 27].

The introduction of the nucleoside reverse transcriptase
inhibitors in 1994 and the association of these to the pro-
tease inhibitors in 1996 increased survival in a drastic way
[28-30]. The expansion in the use of combinations of 3 or
more drugs since 1999 was the major influence factor [31].
This therapy was called highly active antiretroviral treat-
ment (HAART), and the access and adherence to it by
HIV-infected TB patients was the key to the improvement
of their survival.

With HAART, the prevention measures and the
improvement and access to the health services have made
it, so that in a few years after the identification of HIV, the
infection that used to cause death in a few months has
become a chronical disease. Nevertheless, this change has
not been observed in places where HAART coverage is
low. Still today, countries that do not have access to HA-
ART and in places where the treatment is not universal or
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free of cost, survival has not improved as much. The
improvement in the immune system of these patients has
decreased the risk of developing TB in a 70-90 %. How-
ever, despite HAART, HIV continues to be the main risk
factor for TB.

TB, HIV and the influence of drug abuse

The influence of drug abuse on the epidemiology of TB is
well known in developed and developing countries even
before the HIV epidemics. Socio-economic factors, such as
poor living conditions, homelessness, incarceration, pov-
erty, tobacco use and alcohol abuse, place people who use
drugs at higher risk for developing TB [1]. Drug use was
described as an important TB risk factor for LTBI and
incidence of TB disease whether drugs were injected or
not. However, since the emergence of the HIV epidemic,
the HIV-induced immunosuppression is considered the
most important risk of progression to active TB disease
[32]. Several studies have shown that IDU are at greater
risk for TB infection and disease relative to other HIV-
associated transmission groups. High prevalence of TB co-
infection is usually reported among HIV-positive IDUs,
particularly in prison.

As we will comment, the basis of an effective TB
control programme is identification and treatment of the
cases. Studies have reported that IDU have difficulty
completing medical evaluations and adhering to treatment.
Even when barriers to healthcare access are overcome,
adherence to long treatment can be problematic for drug
users. Some effective strategies are: outreach programs to
engage substance abusers in nonmedical settings, such as
prisons and the streets, active screening programs for HIV,
C hepatitis, and TB, increased and broadened clinician
expertise, knowledge and avoidance of drug interactions,
access to microbiology services, treatment facilities, drugs
and support for all diagnosed patients, TB screening/
diagnosis includes medical history, chest X-ray, TST, and,
if available, IGRA strategies to insure treatment adherence.
All of these strategies require structural changes directed at
comprehensive prevention and treatment programs and
increased collaboration and integration of needed services
for substance abusers [33, 34].

TB and other risk factors: the examples of tobacco
and poverty

It is estimated that 30 % of the adult world population
(1.250 million approximately) are smokers, 45 % of men
(around 1.000 million) and 12 % of women (250 million).
As commented, TB presents a strong association with
multiple socioeconomical factors, such as malnutrition,
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alcohol abuse, drug abuse, tobacco consumption and social
inequality. The literature that links, for example, poverty
and tobacco is extensive. The majority of TB cases are in
low or intermediate income countries where tobacco, HIV
infection and AIDS amongst others are common factors.
There is a concordance between the geographical TB dis-
tribution and poverty and the presence of tobacco con-
sumption in the five continents; concordance that follows
dynamic and similar patterns in both cases [35-37].

It is estimated that, by 2030, 80 % of deaths caused by
tobacco consumption will be in low or intermediate income
countries. It is important to highlight that the economically
impoverished social class groups will account for the
higher numbers of smokers in high income countries [38].
According to WHO (2009), close to 70 % of smokers live
in low or intermediate income countries [39]. The Chinese
population consume approximately 30 % of the world’s
cigarettes and India is the country in the world with the
highest tobacco production and consumption with a total of
182 million smokers.

In the last few years, there has been a number of publi-
cations which highlight the important relationship between
TB (active and latent) and tobacco use [40—44]. In a meta-
analysis, published in 2007, Slama et al. evaluated the
quality of the published works. The association between
being a smoker and the development of TB was measured
though 25 items, found this association in two cohort
studies, in six case-control studies and in two cross-
sectional studies; six of them showed a dose-response
effect. The meta-analysis for the high quality studies found
that tobacco consumption was associated with a superior to
two combined risk to present TB, independently from
localization and compared with those who had never
smoked [45]. Other revisions published in the same year
found similar levels of evidence [46, 47]. In relation to
tobacco consumption and LTBI, data does not seem as
concluding [45-47]. Something similar happens in respect
to passive smoking individuals and TB [45-51] and
encourages the need for more studies.

Consciousness-raising campaigns against tobacco and
the implementation of restrictive policies, especially in
high income settings, have made the tobacco industry focus
its attention on more permissive societies with a lower
income. This fact will lead to an increase in the burden of
disease and premature deaths in low income countries with
high population growth rates and low quality and difficult
to access health services. The impact of the increase in
tobacco consumption will have to be followed-up. More-
over, this factor will have to be considered in TB control
programs. Only with a multidisciplinary approach where
measures that observe coadjutant factors it will be able to
impact on disease that kills every year close to 2 million
people [1].
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Drug resistance and TB

Recent data confirm the high rates of TB caused by resis-
tant strains in Eastern Europe and Central Asia [52]. This
would mean 650,000 cases of MDR-TB amongst the 12
million cases in the world for 2010 [1]. The use of anti-
microbials, which do not fit the sensibility of the causal
agents and low adherence and completion of treatments,
together with poor TB control programs and lack of access
to drugs have been appointed as associated factors in the
increase of resistances [53]. In order to favour and stan-
dardize the management of resistant forms, the WHO has
developed guidelines. In these, it highlights the importance
of early detection and diagnose of resistant cases, the
establishment of an efficacious treatment and the devel-
opment of an adequate prevention that allows, together
with the epidemiological surveillance, monitoring and
evaluation of national programs, to avoid the transmission
of new cases [54]. Only 60 % of countries have available
notification data [1].

European- and global-resistance numbers vary accord-
ing to the analysed countries. Only one in every ten MDR-
TB patients has access to adequate treatment. Treatment
success in these patients varies between 25 and 82 %
which states the great existing variability. As mentioned,
Eastern Europe presents the highest TB incidences in the
European continent and it is also the region with higher
resistance rates (up to 65 % in Moldova or 60 % in Belarus)
[1]. Up to 19.4 % of the strains in Moldova present a
primary MDR profile, 15.4 % in Estonia and 14.2 % in
Kazakhstan. Seven of the 10 countries with higher rates of
MDR strains are European (Moldova, Estonia, Kazakhstan,
Latvia, Armenia, Lithuania, and Georgia) [54]. A trend
towards stability can be observed in the American region,
while a decrease is the trend in Mediterranean Europe,
Southeast Asia and Western Pacific regions [1].

It is estimated that there are 25,000 new cases of XDR-
TB every year. In 2010, 69 countries reported at least one
XDR-TB case [1]. These strains are resistant to isoniazid,
rifampin, and also to quinolones and to at least one second-
line-injected drug for TB treatment. XDR-TB represents an
important and increasing health problem with complicated
treatment, management and prognosis [55].

In the city of Barcelona, during 2009, 35 of the 285 culture
positive patients presented some sort of resistance. Primary
resistance to isoniazid was 6.9 %, 5.2 % in Spanish born and
8.7 % in immigrants. Rifampin resistance was found in only
1.9 % samples (0.7 and 3.1 % in Spanish-born and immi-
grants, respectively). Only 1.1 % of cases presented MDR,
0.7 % in Spanish-born and 1.6 % subjects born abroad.
During 2009, no XDR cases were identified [56].

In the last few years, public consortiums, together with
the pharmaceutical industry and private partners, joined

together in the research of better and more simple early
diagnosis methods, new drugs and drug combinations for the
efficacious treatment of these patients [57, 58]. The use of
already known drugs for new indications (such as linezolid,
thioridazine and fluoroquinolones) associated with new
research antimicrobials (new rifamicin derivatives, azoles,
nitroimidazoles, or diarylquinolones) could offer new ther-
apeutical possibilities in the next few years [59-61].

The influence of TB programs

Biggs already highlighted in 1914 that public health can be
purchased and that each community can determine its own
mortality rate [62]. Reichman [63] added that each country
can decide how much TB it wants according to the
resources it invests in the control of this disease.

Tuberculosis control is based on complicated programs
that require the completion of long treatments and contact
tracing. In the US, the dismantling of the control programs
during the 80s’ was accompanied by an increase of the
incidence, and subsequently, as they were reimplemented,
a progressive control of TB was observed [64]. New York
City also experienced a difficult epidemiological situation.
From 1978 through 1992, the number of TB patients nearly
tripled due to HIV infection, drug resistances and aban-
donment of TB programs, but fortunately they were able to
apply strong control measures (DOT, control of nosoco-
mial transmission, etc.) and the situation reversed [65]. The
peak on incidence was observed in 1992 (52.0/100,000)
declining to 10.8/100,000 in 2008 [66].

In Barcelona, the TB program began in 1987 with Public
Health Nurses (PHN) who performed the follow-up of
patients and the contact tracing. This program also devel-
oped an active epidemiologic surveillance system (the
notification of cases was encouraged, microbiological
results and hospital discharges were controlled, and the
AIDS and TB registers were linked) [67]. At the early
stages, the influence of IDU and HIV infection on TB was
observed, and the incidence increased to its peak in 1992
(68/100,000) [67]. Early on, DOT for patients with pre-
dictors of poor adherence (homeless, IDU, prisoners) was
implemented. A strong coordination between TB programs
in prisons and the city methadone program was very useful
to achieve a high level of completion among IDU. Due to
DOT and the indirect effect of HAART, TB incidence
started to decrease, but with the massive immigration flow
that took place since 2000, the incidence decline was
lowered. Since 2003, community health workers (CHW)
were incorporated to the program to help PHN in the
follow-up and contact tracing. CHW visit patients at home,
in the hospital, in DOT facilities and act as translators and
cultural mediators [68].
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In TB programs, the coordination among clinicians,
microbiologists, epidemiologists, and others, and the link
between surveillance, control and research should always
be a priority since it enhances the coordination of health
workers involved in TB control. Furthermore, with the
current economic crises, TB programs should be based on
improvements in health organization. It is important to
evaluate TB programs every year to identify gaps in ser-
vices and in data monitoring. TB programs should assess a
few indicators (TB incidence, diagnostic delay, treatment
completion, coverage of contact tracing, and TB meningitis
in children under 4 years) in order to facilitate annual
evaluations [69, 70].

Tuberculosis control needs efficient programs based on
improving organisational aspects. To take advantage of
other resources for communicable diseases (HIV, etc.) and
the cooperation with other programs will be essential. In
this way, each country and city needs to define its needs
according to the epidemiological situation, but the ratio of
1 nurse per 40 TB cases is a very good starting point in
developed countries. It is crucial to evaluate TB programs
every year to early detect gaps and adapt them to the needs
of the changing populations.

Conclusions

Tuberculosis represents a health problem with a very high
incidence and associated deaths worldwide. Only one in ten
MDR-TB patients receive an appropriate treatment and the
poor implementation of efficacious and rapid diagnostic
methods for resistance detection hinders the correct treat-
ment of MDR-TB. However, a global decrease in TB has
been observed during the last decade as a consequence of
hard work in implementing prevention and control
campaigns.

Tuberculosis remains an important Public Health prob-
lem in big cities in developed countries, as well. For this
reason, National Health Services in each country should
prioritize the TB Prevention and Control Programs in big
cities. TB programs should also be aware of the impact of
new inflammatory disease treatments (anti-TNF) and other
high prevalent disease, such as diabetes. The number of
people with diabetes is increasing worldwide and it has
been associated with higher risks of TB and adverse TB
treatment outcomes that could complicate TB care and
control [71].

One of the most important components of the Stop TB
Strategy launched by the WHO in 2006 to reduce the
disease burden by 2015 in the context of the Millennium
Development Goals was to enhance the Direct Observed
Treatment Strategy (DOTS). Other components of the Stop
TB Strategy are: the need to address the global problems of
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the co-epidemics TB/HIV and drug-resistant TB, the
importance of engaging all care providers in TB control
and care and of contributing to strengthening health sys-
tems, the role of communities and people with TB, and the
fundamental role of research and development for new
diagnostics, drugs and vaccines.

In the next few years, TB should benefit of other global
health programs such as fight against poverty, tobacco
consumption, immigrant assistance or HIV. Maintaining
the TB program in a Public Health structure that also
performs the surveillance and control of other reportable
diseases can be crucial to achieve long time resources and
management skills. Local TB control programs will have to
adapt to any new challenge that arises in order to respond
to the needs of their population.
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