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Tuberculosis (TB) is a major killer worldwide. The World
Health Organization estimates that in 2011, there were 8.7
million incident cases of TB, 1.4 million deaths from TB
including 0.43 million deaths from HIV-associated TB. In
recent years, after a century of stagnation, new diagnostic
technologies have been developed, and they are already
being scaled up in some high-burden countries. Likewise,
new drugs and regimens to treat TB are being evaluated,
and the development of new vaccines is also progressing.
However, despite the hope for reduced transmission with
earlier detection and effective treatment, new cases continue
to emerge from latently infected individuals.

In the present issue, P. Narasimhan et al. review risk fac-
tors for progression to active disease. Immunological aspects
of TB are discussed in three papers, with J.-G. Ocejo-Vinyals
et al. indicating that mannose-binding lectin 2 promoter
polymorphisms and gene variants are not associated with
an increased risk of pulmonary tuberculosis in a genetically
conserved population in Spain; Y. V. N. Cavalcanti et al.
reviewed the role of cytokines in protective immunity and
susceptibility to tuberculosis; I. Takenami et al. provide
evidence that blood IFN-gamma levels in tuberculin skin
test positive individuals increase after six months of isoniazid
treatment.

In addition, several papers evaluate the new interferon-
gamma release assays (IGRAs), which have replaced or
complemented the tuberculin skin test in many developed

countries in the last decade. A. Trajman et al. review the
current clinical uses of these tests. S. S. Shin et al. used
IGRAs to investigate the effect of cigarette smoking on TB
transmission, and W. Thanassi et al. explore the utility of
IGRAs for serial testing in healthcare workers.

We believe that this issue can contribute to the debate
of relevant topics concerning new advances on tuberculosis
among pulmonologists, infectologists, clinicians, epidemiol-
ogists, and basic science researchers.

Anete Trajman

José R. Lapa e Silva
Margareth Dalcolmo
Jonathan E. Golub
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The risk of progression from exposure to the tuberculosis bacilli to the development of active disease is a two-stage process governed
by both exogenous and endogenous risk factors. Exogenous factors play a key role in accentuating the progression from exposure to
infection among which the bacillary load in the sputum and the proximity of an individual to an infectious TB case are key factors.
Similarly endogenous factors lead in progression from infection to active TB disease. Along with well-established risk factors (such
as human immunodeficiency virus (HIV), malnutrition, and young age), emerging variables such as diabetes, indoor air pollution,
alcohol, use of immunosuppressive drugs, and tobacco smoke play a significant role at both the individual and population level.
Socioeconomic and behavioral factors are also shown to increase the susceptibility to infection. Specific groups such as health care
workers and indigenous population are also at an increased risk of TB infection and disease. This paper summarizes these factors

along with health system issues such as the effects of delay in diagnosis of TB in the transmission of the bacilli.

1. Introduction

In addition to providing effective treatment and reducing
mortality, a primary aim of tuberculosis (TB) control pro-
grams in countries of high TB incidence is to reduce the
transmission from infectious TB cases. The development of
TB in an exposed individual is a two-stage process following
infection. In most infected persons, infection is contained
by the immune system and bacteria become walled off in
caseous granulomas or tubercles. In about 5% of infected
cases, rapid progression to tuberculosis will occur within the
first two years after infection [1]. About 10% of people with
latent infection will reactivate, half within the first year, the
remainder over their lifetime [2-7] mostly by reactivation of
the dormant tubercle bacilli acquired from primary infection
or less frequently by reinfection. Overall, about 10-15% of
those infected go on to develop active disease at some stage
later in life [2], but the risk of progression is much higher
at about 10% per year [8, 9] in HIV-positive and other
immunocompromized individuals.

The risk of progression to infection and disease is two
different aspects and proper understanding of these factors

is essential for planning TB control strategies [10]. The risk
of infection following TB exposure is primarily governed by
exogenous factors and is determined by an intrinsic com-
bination of the infectiousness of the source case, proximity
to contact and social and behavioural risk factors includ-
ing smoking, alcohol, and indoor air pollution. In settings
with increased chances of social mixing (together with
overcrowding) transmission will be high. Similarly, condi-
tions which prolong the length of exposure to an infectious
patient include health system-related factor such as delay in
diagnosis. Factors that increase the progression of infection to
disease are primarily endogenous (host related). Conditions
which alter the immune response increase the risk of progres-
sion to disease with HIV coinfection, the most important of
these. However at the population level impact of this risk
factor could vary depending on the local prevalence of the
HIV. Diabetes, alcohol, malnutrition, tobacco smoke, and
indoor air pollution are factors which impact a larger sec-
tion of the population and accelerate progression to TB dis-
ease. This paper aims to summarize the risk factors which
contribute to TB infection and disease at both individual and
population level.



2. Methods

The search strategy for this paper included searching
PubMed, Medline, and EMBASE databases for known risk
factors. Only English language papers were included in the
search, and the searches were limited to studies of risk factors
influencing TB infection and disease. Factors related to TB
treatment outcomes such as mortality and default were not
included. Broad search terms included the following: Tuber-
culosis, transmission, contacts as a MeSH or heading term
as well as “tuberculosis,” “risk factors,” and “transmission,”
as text words AND infectious diseases, Tuberculosis and
risk factors as MeSH or subject terms and keywords. More
focused searches were undertaken within specific Tuberculo-
sis journals such as the International Journal of Tuberculosis
and Lung Disease, the Indian Journal of Tuberculosis, the
Bulletin of the World Health Organization, and the Indian
Journal of Medical Research. Only major risk factors related
to TB infection and disease were identified, relevant literature
was reviewed, and factors influencing TB treatment outcomes
were not included.

3. Summary of Specific Risk Factors

Figure 1 depicts the major characteristics which influence an
individual’s risk of contracting infection and disease, and the
key risk factors are summarized below.

3.1. Factors Related to the Index Case

3.1.1. Bacillary Load. Epidemiological studies conducted dur-
ing mid-20th century have shown that smear positive cases
are more infectious than the others [11, 12]. An untreated spu-
tum positive patient can infect approximately 10 individuals
per year, and each smear positive case can lead to two new
cases of TB, at least one of which will be infectious [2, 13].
The concentration of bacilli in the sputum from a TB case
is positively correlated with the infectivity of the TB patient.
Espinal and colleagues, in their prospective study of 803
household contacts 0f 174 index TB patients in the Dominican
Republic, administered 5 TU Tubersol PPD to contacts at
baseline and followed them up at 2, 8, and 14 months to study
the effect of HIV on the infectiousness of Mycobacterium
tuberculosis. In their subanalysis they showed that the odds
of TST positivity for contacts with an index case sputum
smear grade 1-10 (bacilli per field) and >10 (bacilli per field)
compared to 0 (bacilli per field) were 1.98 (CI = 0.75-5.23) and
5.88 (CI=1.60-21.3), which clearly shows that being a contact
of an index patient with higher-grade sputum was associated
with a greater likelihood of having a positive TST [14].
Smear negative patients are expected to have reduced
number of bacilli than smear positive patients but can also
transmit infection [15] with experimental studies confirming
that the infecting dose of M. tuberculosis bacilli can be as
few as one to ten bacilli [16, 17]. Epidemiological studies
conducted in USA, UK, and India (prevalence and incidence
studies) comparing infection and disease rates clearly points
that prevalence of infection and disease is higher among
contacts of smear positive index cases than smear negative
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cases, but the rates were higher among smear negative
compared to general population [18-27].

Behr et al. in their molecular study in San Francisco
identified 71 clusters of patients infected with identical
strains, and, out of 183 secondary cases in those clusters, 17%
[28] were attributed to infection by smear negative patients
[29] the remainder being smear positive. Similar studies con-
ducted by Hernandez-Gardufio and colleagues in the Greater
Vancouver regional district showed that the episodes of
transmission from smear negative clustered patients ranged
from 17.3 to 22.2% in the pulmonary and 25 to 41% among
extra pulmonary group [15, 30]. Tostmann from the Nether-
lands [31] confirmed that 13% of the secondary-cases were
attributable to transmission from smear negative patients.
This indicates that patients diagnosed with a sputum-positive
result are more likely to be infectious [10, 12, 28, 32], but
smear negative cases also remain an important source of
transmission.

3.1.2. Proximity to an Infectious Case. Close contacts of
infectious TB cases including household contacts and care
givers/health care workers [33] are at a higher risk of becom-
ing infected with Mycobacterium tuberculosis and devel-
opment of primary active tuberculosis. Household contact
studies among TB patients from early part of the 20th century
[11, 34, 35] and large epidemiological surveys [20, 36-38] have
established this effect. Morrison and colleagues performed
a systematic review to determine the yield of household
contact investigation [39]. Authors included 41 studies which
were performed in 17 countries (49% in Africa, 29% in
Asia, and 22% in Central and South America). The overall
yield for all tuberculosis (bacteriologically confirmed and
clinically diagnosed) was 4.5% (CI = 4.3-4.8) of contacts
investigated; for cases with bacteriological confirmation the
yield was 2.3% (CI = 2.1-2.5). Latent tuberculosis infection
was found in 51.4% (CI = 50.6-52.2) of contacts investigated.
However there was limitation, including the assumption that
the transmission of infection and development of disease has
occurred without biological evidence of organisms and the
lack of community tuberculosis rates in the studies to see
whether the findings are above the community average. TST
was used in most studies for detecting LTBI, and the test
is limited in its interpretation because of false positive and
false negative results [40]. Subgroup analysis of sputum smear
positive index cases showed that pooled yield for LTBI was
51.8% (CI = 50.9-52.8).

The risk of TB disease among individuals with LTBI
(diagnosed as TST positive) relative to a person with no
risk factors varies by several orders of magnitude. Several
studies have asserted this finding. In two controlled clinical
trials by Ferebee [41] examining the efficacy of treatment of
LTBI among contacts of persons with active TB and among
patients in mental hospitals, the tuberculin skin tests of 1472
participants in the placebo groups of the trials converted
from negative to positive. Among persons whose tests con-
verted, 19 developed disease in the first year of followup (12.9
cases per 1000 person-years) compared with 17 persons in
the subsequent 7 years. of followup (1.6 cases per 1,000 per-
son-years) [41]. A clear demonstration of the influence of
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Age
Proximity Gender
Duration of contact Immune status
Malnutrition
Diabetes
Crowding

Crowding

Poor ventilation
Alcohol, smoking
Occupational risk

Poor ventilation
Alcohol, smoking
Occupational risk

Environmental and
social factors

FIGURE I: Risk factors for Tuberculosis infection and disease.

proximity to an infectious case was shown in an airplane
outbreak investigation. Passengers seated within two rows
of the index TB patient were more likely to have positive
tuberculin skin test compared to those in the rest of the
section (30.8% versus 3.6%, RR = 8.5, CI = 1.7-41.3) [42].

Contact tracing efforts have therefore been targeted
towards household members of TB cases based on the “stone
in the pond” principle, with the probability of infection
increasing with the proximity [43]. But the importance of
community transmission of TB has been under debate for
a long time; Blomquist [44] raised the issue of difficulties in
defining contacts of a case and stressed the need for extending
the definition of the term “contact” to a larger number of
persons associated with each patient, implying that trans-
mission occurs beyond the households. The number of cases
of infection in a particular exposure group (defined by the
closeness to the source case) is the product of the risk and the
number of people in the group. Thus exemplifying the Rose
axiom [45] “a large number of people at small risk may give
rise to more cases than a small number of people at high risk”,
there appears to be more cases of infection in the very large
group of distant, low risk contacts than in the small group of
close, high risk contacts. Conventional contact tracing gener-
ally identifies close, high risk contacts and therefore identifies
only a minority of the infected contacts (20%), if higher than
this, the circle of tracing needs to be widened [46].

The importance of casual contacts was noted in early
epidemiological studies which showed that majority of older
children with a positive TST reported no household contact
with a source case and were therefore likely to have been
infected in the community [19, 47-49]. Narain and colleagues
in their retrospective analysis of a large household survey
conducted in India [20] were able to show that, of the total
persons infected in the community, only 2% belonged to case
households, 7% belonged to suspect case households, and the
remaining 91% of cases belonged to noncase households. The
authors inferred that the zone of influence of an infectious
case could extend to houses at least 10 lots distant [50]. Similar

results were recorded by Radhakrishna et al. in their 15-year
follow-up study of 253261 individuals in rural south India
[26].

Molecular studies that identify the strain of the TB
organisms have also confirmed the importance of casual
transmission in both low- and high-incidence settings. In
USA, Bishai and colleagues were able to show that there is an
extensive transmission of TB occurring in the community. Of
the 182 patients who had isolates available, 84 (46%) showed
molecular clustering with 58 (32%) defined as being recently
transmitted. Only 20 (24%) of 84 cases with clustered DNA
fingerprints had epidemiologic evidence of recent contact.
The remaining 64 (76%) cases without epidemiological links
shared socioenvironmental risk factors for casual exposure to
infectious TB cases (young age, homeless, alcohol, and drug
use) and demographic features such as geographic aggrega-
tion in an area with inadequate housing [51]. These findings
imply that TB continues to be propagated by casual recent
transmission. Similar findings were found in other studies
from low-incidence settings [52-56]. Similarly, Narayanan
and colleagues have shown that 62% of patients (236/378)
had identical strains in their large field survey in south India
indicating a very high casual transmission [57]. Studies from
other endemic settings like South Africa have confirmed this
[58, 59].

These studies show that TB can be transmitted within
a short period of contact [60], in nontraditional locations,
and the opportunities for such interactions are abundant
in an endemic setting with additional risk such as poverty,
overcrowding, and high infection pressure [61]. Casual trans-
mission is therefore a critical factor in TB dynamics in
endemic settings [62].

3.2. Factors Related to the Individual

3.2.1. Immunosuppressive Conditions. HIV coinfection is the
most potent immunosuppressive risk factor for developing
active TB disease [9]. Southern Africa has the highest



prevalence of HIV infection and had the highest incidence
of TB before the HIV/AIDS era. In the six southern African
countries with adult HIV prevalence of more than 20%, the
estimated TB case-notification rates are from 461 to 719 per
100 000 per year; by comparison, the notification rate in the
USA was 5 per 100 000 per year [63]. HIV coinfection greatly
increases the chances of reactivation of latent infection of
TB [64] and increases the rapid TB progression following
primary infection or reinfection with TB [5, 65-67]. Studies
in countries with high HIV prevalence have also shown that
spatial and temporal variation in TB incidence is strongly
associated with the prevalence of HIV infection [9]. Indi-
vidual studies conducted in both high- [68] and low-burden
TB countries [69] have attributed increasing TB incidence to
HIV infection.

HIV coinfection exacerbates the severity of TB disease
while additionally TB coinfection accelerates HIV replication
in affected organs including lungs and pleura [70]. Cell-med-
iated immunity is a crucial component in the host defence
against M. tuberculosis that is weakened by HIV infection
resulting in increased risks in reactivation of TB and com-
monly results in widespread dissemination causing EPTB.
TB also accelerates HIV progression through increased sys-
temic immune activation [71]. Therefore, coinfection leads
to increases in the rate of disease progression and mortality
[72, 73] among patients for multiple reasons.

Individuals with immune-mediated inflammatory dis-
orders (IMID) are also known to be at increased risk of
developing active TB, particularly after the use of tumour
necrosis factor (TNF)—alpha inhibitors to treat a variety of
autoimmune disease [74, 75]. Animal studies have shown that
TNF is critical in host immune response in controlling a
wide variety of bacterial, fungal, parasitic, and mycobacterial
infection. Studies have shown that individuals are at increased
risk for many of these infections, in particular for TB in areas
with a high background prevalence of TB [75, 76]. Therefore
screening for LTBI has been recommended before TNF-
alpha inhibitor therapy is initiated. Both TST and IGRAs
are being increasingly used to screen for LTBI, with IGRAs
showing higher specificity. De Leon et al. evaluated TST and
QFT responses in patients with RA and controls in Peru, a
highly TB endemic region, where 80% of participants had
a history of BCG vaccination. The proportion of patients
testing positive for LTBI was significantly higher with QFT
than with TST and more closely approximated that of the
control group, suggesting that the IGRA was more sensitive
than TST in detecting LTBI [77]. It is important to note that
both the tests lack the ability to distinguish between latent
TB infection and active disease; that is, none of the existing
tests can accurately identify the subgroup that is at risk of
progression to disease [78].

3.2.2. Malnutrition. Studies have shown that malnutrition
(both micro- and macro-deficiency) increases the risk of TB
because of an impaired immune response [79-82]. TB disease
can itself lead to malnourishment because of decreasing
appetite and changes in metabolic processes [83]. The asso-
ciation between malnutrition and TB has been shown with
BCG vaccine trials performed in USA during the late 1960s
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estimating that malnourished children are twice as likely to
contract TB disease as their appropriately nourished peers
[84]. The first National Health and Nutrition Examination
(NHANES-1) and the NHANES-1 Epidemiological Follow-
up Study (NHEFS) conducted during 1982-84 from the
USA among adults reported an increased adjusted hazard of
TB from six- to ten-fold [85] in malnourished individuals.
However, Cegielski and McMurray reviewed the relationship
between malnutrition and tuberculosis with the available eco-
logical, epidemiological, and animal studies and commented
that although evidence exists to relate malnutrition and TB,
the risk relative to specific levels of malnutrition still needs to
be defined [79].

3.2.3. Young Age. Children are at higher risk of contracting
TB infection and disease. Studies have shown that 60-80%
exposed to a sputum smear-positive case became infected
compared to only 30-40% who are exposed to a sputum
smear-negative source case [48, 86-89]. Majority of the
children less than 2 years of age get infected from the
household source case, whereas, with children more than
2 years of age, majority of them became infected in the
community. Household sputum positive source case is the
single most important risk factor for children and remained
an important contributor to infection up to 5-10 years of age
[88]. Most of the disease manifestations develop within the
first year following primary infection, identifying the first
year following exposure as the time period of greatest risk.
Children with primary infection before 2 years or after 10
years of age were at increased risk for disease development
[90]. The highest risk for TB-related mortality following
primary infection occurred during infancy. The risk declined
to 1% between 1 and 4 years of age, before rising to more
than 2% from 15 to 25 years of age [89, 90]. These findings
provided the scientific basis for classical contact investigation
practices, which focus on children less than 5 years of age in
most developing countries and all household contacts in most
industrialized countries.

3.2.4. Diabetes. Diabetes has been shown to increase the risk
of active TB disease [91, 92]. It is estimated that currently
70% of people with diabetes live in low- and middle-income
countries [93], and the rates are steadily increasing in areas
where TB is endemic, including India and sub-Saharan Africa
[94]. A systematic review comparing 13 studies examining
the association between diabetes and TB found that diabetic
patients had about a threefold increased risk of developing
TB when compared to those without diabetes [95]. Studies
have also found poorer outcomes among diabetic patients
with Alisjahbana et al. in their prospective study showing
that patients with TB and DM had a 22.2% smear-positive
culture rate at the end of treatment compared to only 6.9%
of those without diabetes [96]. Another review on treatment
outcomes among patients with DM and TB found that the
risk of death was 1.89 times higher compared to those without
diabetes, with the risk increasing to five times higher for those
with DM after adjustment for potential confounders [97].
Biological evidence supports the theory that diabetes
directly impairs the innate and adaptive immune responses,
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thereby accelerating the proliferation of TB. Animal studies
showed a higher bacterial load among diabetic mice experi-
mentally infected with M. tuberculosis [98]. Decreased pro-
duction of IFN-y and other cytokines diminished T-cell
immunity [99] and reduced chemotaxis in neutrophils of
diabetic patients [100] are thought to play a role in increasing
the propensity of diabetic patients to developing active TB. A
reverse association where TB can induce glucose intolerance
and deteriorate glycaemic control in subjects with diabetes
has also been identified [101]. Increasing rates of diabetes
[102] in India could pose a great challenge for TB control in
the future [103].

3.2.5. Healthcare Workers. Healthcare workers (HCWs) are
at increased risk of exposure to TB. A review by Seidler et
al. showed that, among HCWs in high-income countries, the
overall incidence of TB disease in the general population and
native born HCWs was less than 10 and 25 per 100 000 per
year [104]. Joshi and colleagues summarized evidence on the
incidence and prevalence of latent TB infection (LTBI) and
disease among HCWs in low- and middle-income countries.
In their review of 51 studies the authors found that the
prevalence of LTBI among HCW's was on 55% (CI = 33-79),
the estimates of the annual risk of LTBI ranged from 0.5 to
14.3%, and the annual incidence of TB disease ranged from
69 to 5780 per 100 000 [33].

3.3. Socioeconomic and Behavioural Factors. Rapid urbaniza-
tion [105, 106] witnessed in developing countries and socioe-
conomic status (SES) of individuals has also been shown to
have influence on a person’s susceptibility to infection. The
TB burden follows a strong socioeconomic gradient between
and within countries with the poorest having the highest risk
[107, 108]. People with low SES are exposed to several risk
factors discussed above (including malnutrition, indoor air
pollution, alcohol, etc.) which increases their risk for TB.
People with lower SES have a higher likelihood of being
exposed to crowded, less ventilated places and have limited
safe cooking practicing facilities. Marginalized populations
including prisoners have a higher chance of getting infected
with TB [109] mostly because of crowded living conditions
and coinfection with HIV and injection drug abuse [110].
While smoking rates are higher among individuals belonging
to lower SES, alcohol, HIV, and diabetes are not well corre-
lated with lower SES [107].

3.3.1. Tobacco Smoke. The association between smoking and
TB has been studied in several systematic reviews [111-116].
Bates and colleagues, in their meta-analysis of 24 studies on
the effects of smoking on TB, showed that the relative risk
of TB disease (RR = 2.3-2.7) was high among smokers in
comparison to nonsmokers and that there was clear evidence
that smoking causes remained a risk factor for TB infection
and disease, with additional risk of death in persons with
active TB [114]. Lin et al. performed a systematic review
and meta-analysis examining the role of smoking, indoor air
pollution in TB from 38 studies. In their analysis of six studies
specifically examining tuberculin reactivity among smokers,
the pooled OR for latent TB infection (LTBI) was 2.08

(CI=1.53-2.83) and 1.83 (1.49-2.23) at 5 and 10 mm TST cut-
off points and the effect of smoking on LTBI remained even
after adjustment for alcohol (OR =1.76, CI = 1.43-2.16) [117].
The authors (with their pooled evidence showing increased
risk for TB infection, disease, and deaths) commented that
their data support a causal link between smoke exposure and
an increased chance of acquiring TB, with the primary impact
of smoking being to increase the risk of infection [117].

Biological explanations including impaired clearance of
mucosal secretion [118], reduced phagocytic ability of alveolar
macrophages [119,120], and decrease in the immune response
and/or CD4 + lymphopenia due to the nicotine in the
cigarettes [120] have been given as reasons for increased
susceptibility to pulmonary tuberculosis [112]. More recently
Shang and coworkers in their animal study were able to
demonstrate that exposure of mice to cigarette smoke fol-
lowed by infection with M. tuberculosis results in a significant
increase in the number of viable M. tuberculosis bacilli
isolated from the lungs and spleen along with a decline in the
adaptive immunity in the exposed mice [121].

3.3.2. Alcohol. Alcohol has been recognized as a strong risk
factor for TB disease [122], and a recent meta-analysis of
molecular epidemiological studies has established alcohol
as a risk factor for clustering (or recent transmission of
TB) in both high- (OR = 2.6, CI = 2.13-3.3) and low-inci-
dence countries (OR = 1.4, CI = 1.1-1.9) [123]. A systematic
review of 3 cohort and 18 case control studies concluded
that the risk of active tuberculosis is substantially elevated
(RR = 2.94, 95% CI = 1.89-4.59) among people who drink
more than 40 g alcohol per day and/or have an alcohol use
disorder [122]. Reasons for increased risk include alteration
in the immune system, specifically in altering the signalling
molecules responsible for cytokine production [124].

3.3.3. Indoor Air Pollution. In developing countries, the
percentage usage of solid fuels for cooking is more than
80% [125]. Firewood or biomass smoke has been previously
recognized as an independent risk factor for TB disease in
case control studies conducted in India and Brazil [126-129].
Limited data on the mechanism by which biomass smoke
causes chronic pulmonary diseases exists [130] however;
animal studies have shown that acute wood smoke impaired
macrophage phagocytic function, surface adherence [131],
and bacterial clearance [132]. Also biomass combustion is
shown to release large particulate matter (PM) such as
carbon monoxide (CO), nitrogen oxide, formaldehyde, and
polyaromatic hydrocarbons which can deposit deep into the
alveoli and can cause considerable damage [133-135].

3.4. Demographic (Ethnic) Factors

3.4.1. Indigenous/Aboriginal Population. Studies from Canada
and Australia have shown that indigenous or aborigines are at
a higher risk of TB than the nonaborigines [136-138]. Aborig-
ines have a higher than average prevalence of predisposing
risk factors for TB such as renal failure, diabetes, alcohol
abuse, and smoking. In addition, socioeconomic factors such
as overcrowding and poverty are known contributors to this
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TABLE 1: Relative risk, prevalence and population attributable risk of selected risk factors for TB.

Relative risk for active

Risk factor (reference) TB disease (range)®

Weighted prevalence, total population,
22 TB high burden countries”

Population attributable
fraction (range)®

HIV infection 8.3 (6.1-10.8)
Malnutrition 4.0 (2.0-6.0)
Diabetes 3.0 (1.5-7.8)
Alcohol use > 40 g/day 2.9 (1.9-4.6)
Active smoking 2.6 (1.6-4.3)
Indoor pollution 1.5 (1.2-3.2)

1.1% 7.3% (5.2-6.9)
17.2% 34.1% (14.7-46.3)
3.4% 6.3% (1.6-18.6)
7.9% 13.1% (6.7-22.2)
18.2% 22.7% (9.9-37.4)

71.1% 26.2% (12.4-61.0)

Range is equal to 95% confidence interval, except for malnutrition and diabetes.

522 countries that together have 80% of the estimated global TB burden.

“Population attributable fraction = (prevalence X (relative risk — 1))/(prevalence x (relative risk + 1)).

Source: adapted from Lonnroth and Raviglione [151].

burden [139]. A recent study showed that several aborigines in
Canada had a gene deletion that may have predisposed them
to developing active TB disease [140]. Clark and Vynnycky in
their model predicted an increasing contribution of endoge-
nous reactivation to total disease burden over time [138]. The
high prevalence of latent infection, coupled with an increased
risk of disease, may result in cases of reactivation disease in
aboriginal communities.

3.5. Health System Issues. Evidences from China have
demonstrated gains through strengthening health systems
(by improving notification through web-based reporting), by
which hospital referrals improved from 59% to 87% and the
contribution of sputum positive pulmonary TB cases from
hospitals doubled from 16% to 33% [141]. On the other hand,
health system issues such as delays to diagnosis and treat-
ment increase the duration in which active cases are infec-
tious, thereby sustaining TB transmission [142]. Lin and col-
leagues in their cross-sectional study TB infection prevalence
survey in southern China found that there was a positive
association between the duration of delay to TB treatment
and household infection rates [143]. The current passive case
finding approach in the DOTS program is built upon the
principle to treat infectious cases at the earliest to reduce the
burden of infection or transmission in the community. This
could be hampered by delay in diagnosis and treatment and
may accelerate the transmission in the community [144, 145].

Table 1 provides summary estimates of relative risk for
selected TB risk factors.

4. Conclusion

Screening for TB (to diagnose latent TB infection) and pro-
phylactic therapy remain the most important tools to reduce
the risk of progression to TB disease among high risk indi-
viduals (close contacts, HIV infected individuals, health care
workers, etc.) and be considered in endemic countries to
reduce the progression from infection to disease. Screening
for latent TB also warrants highly sensitive and specific tools.
The existing array (the newly available IGRAs) of diagnostic
tests detect latent TB infection are highly specific but has
reduced sensitivity [146]. Their inability to differentiate latent
infection from disease and high operational costs makes them

less than ideal tool for use in the developing world, where bulk
of the TB infection and disease occurs.

HIV coinfection is the most important and potent risk
factor for TB infection and disease. Interventions such as
early HIV counselling and screening for TB patients and early
diagnosis and initiation of antiretroviral therapy (ART) to
coinfected individuals have all been shown to be effective in
preventing TB disease [106].

In endemic countries, diagnosis and treatment (through
DOTSY) of smear-positive cases remains the key to TB control
by reducing transmission from infectious cases. In addition to
passive case-finding practices, early diagnosis of smear-posi-
tive cases can be improved through untargeted case-finding
strategies in endemic countries [147]. Health system issues
hampering this include a significant percentage (45% in
countries like India) of TB patients accessing health care
through the private sector [148]. Such patients are unac-
counted for, and together with delay in diagnosis they may
act as a constant reservoir for TB infection. Efforts to include
private players (private practitioners, retail pharmacies, and
laboratories) in TB control activities are therefore essential to
curtail the epidemic.

The growing population (especially in countries like
China and India) is likely to inflate the number of TB
cases in future. Smoking rates are high among men in these
endemic countries [143, 149], and, together with rising rates
of diabetes [95], the risk of progression to TB disease will also
increase. Interventions such as smoking cessation [150] and
early screening for TB can be advocated, but the impact of
these interventions in reducing TB risk remains negligible at
population level [106].

Malnutrition and indoor air pollution are recognized risk
factors which are confounded with the socioeconomic status
of a setting. Rapid urbanization is shown to offset these com-
ponents to an extent (by decreasing malnutrition rates and
increased usage of clean fuels) [106], but increased awareness
through IEC (information, education, and communication)
activities should be considered. Efforts should also be made to
collect risk factors data in routine surveillance for TB disease.
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A profusion of articles have been published on the accuracy and uses of interferon-gamma releasing assays. Here we review the
clinical applications, advantages, and limitations of the tuberculin skin test and interferon-gamma release assays and provide an
overview of the most recent systematic reviews conducted for different indications for the use of these tests. We conclude that both
tests are accurate to detect latent tuberculosis, although interferon-gamma release assays have higher specificity than tuberculin
skin testing in BCG-vaccinated populations, particularly if BCG is received after infancy. However, both tests perform poorly to
predict risk for progression to active tuberculosis. Interferon-gamma release assays have significant limitations in serial testing
because of spontaneous variability and lack of a validated definition of conversion and reversion, making it difficult for clinicians
to interpret changes in category (conversions and reversions). So far, the most important clinical evidence, that is, that isoniazid
preventive therapy reduces the risk for progression to disease, has been produced only in tuberculin skin test-positive individuals.

1. Introduction

Tuberculosis (TB) is an important cause of morbidity
and mortality worldwide [1]. Governmental and non-gov-
ernmental organization efforts and investments in the last
decades to control the epidemic have resulted in a steady
decline in disease incidence and mortality [2]. One third
of the world population, however, has latent tuberculosis
(TB) infection (LTBI), and to reach the United Nations
Millennium Goals of eliminating the disease by 2050, it is
its necessary to couple diagnosis and treatment of active
disease with new approaches to reduce this vast reservoir
of LTBI, sufficient for generating new TB cases for many
decades even if transmission was suppressed [3]. Thus, in
addition to rapid, accurate, and inexpensive detection of
active TB, the detection—and treatment—of LTBI is also an
important strategy for TB control [1]. In the present paper,
we summarize the advantages and limitations of tuberculin
skin testing (TST) and overview the evidence for the use of

the newer interferon-gamma release assays (IGRA) for the
diagnosis of LTBI (Table 1).

2. Tuberculin Skin Testing

Until the beginning of this century, TST was the only
diagnostic method for detecting LTBI. The test is based on
a delayed-type hypersensitivity reaction that occurs when
those infected with M. tuberculosis are exposed to certain
antigenic components present in extracts of culture filtrates,
the “tuberculins”” In this type of reaction, T cells, sensitized by
prior infection, are recruited to the skin where the tuberculin
was injected and release lymphokines. The result is local
induration of the skin through local vasodilatation, edema,
fibrin deposition, and recruitment of other inflammatory
cells to the area [4]. An induration greater than 5mm is
widely accepted as a positive reaction. Different cut-off sizes
can be considered. Although widely used, TST has limita-
tions. TST sensitivity may be reduced by malnutrition, severe



TB diseases and immunodeficiency, such as that related to
HIV [5, 6]. Decreased TST specificity might occur in settings
where nontuberculous mycobacteria (NTM) are prevalent
and in populations who have received BCG vaccination after
infancy, although the effect of BCG vaccination on TST
reactions is very modest after 10 years or more if vaccination
is given in infancy [7]. Additionally, completing the TST
requires two health care visits, for tuberculin injection and
induration measurement, which results in loss of reading
in approximately 10% of cases [8]. Also, measurement of
reaction size is subject to interobserver variability, although
this is greatly reduced with adequate training [9-11]. In
addition, one positive TST result does not distinguish recent
from remote infection, which has a lower risk of progression
to disease [12, 13]. Although TST reversions are shown to
occur, they are more common in older adults, estimated at
8% per year [14]. When a tuberculin reaction reaches 10 mm
or greater, the additional tests becomes uninterpretable [15],
meaning that serial TST has no place in monitoring treatment
response. Moreover, repeated injections of tuberculin are
known to elicit the booster phenomenon [15]. For this reason,
in situations where serial testing is indicated, a two-step
tuberculin test is recommended at the time of first testing
[16]. Finally, in low- and medium-income countries with
a high-TB incidence, diagnosis of LTBI is reported to be
difficult because of the extra workload brought by TST [17].
In those countries, detection and treatment of active TB is
the priority, although some could invest in detection and
treatment of LTBI if an easier test was available [18].

Yet, TST has many advantages. It is a century-old test
that has been widely used, and its clinical applications are
very well studied. Cut-off points have been established for
indication of isoniazid preventive therapy (IPT) for different
ages and risk groups [19]. More importantly, the benefit of
IPT in groups with a positive TST has been widely proven, as
has been the lack of benefit of IPT in TST-negative subjects
[19, 20]. Finally, there are very clear definitions of conversion
and boosting [15]. Conversion is defined as an induration
over 10mm with an increase of at least 6 mm over the
previous result. This is because the standard deviation of
repeated readings (intra- and interobserver variation and
within-subject variation) is 3mm. It is thus expected that
95% of subjects will have an increase of less than 6 mm (two
standard deviations) not related to TB exposure. In summary,
the main application of TST is to detect LTBI, but its role
alone for evaluating the risk for progression to disease is
limited. It must be interpreted in light of the clinical situation
and epidemiological history to allow for evaluation of risk of
disease.

3. Interferon-Gamma Release Assays (IGRAs)

IGRAs were designed to detect the immune response to
specific M. tuberculosis antigens, which are not present in
BCG or certain nontuberculous mycobacteria. Two tests
are commercially available; one is based on the Elispot (T-
SPOT.TB, Oxford Immunotec, UK) and the other on the
enzyme-linked immunosorbent assays (ELISA) technique
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(QuantiFERON-TB Gold-in-Tube, Cellestis, Australia, QFT-
GIT). Both tests are based on the principle that the T
cells of an individual who have acquired TB infection will
respond by secreting the cytokine interferon-gamma (IFN-
y) when restimulated with M. tuberculosis antigens [21]. To
avoid cross-reactivity, these tests use antigens encoded in the
region of difference 1 (RD1), a portion of the Mycobacterium
tuberculosis genome that is absent from the genome of BCG
and many NTM [21]. The QFT-GIT uses the patient’s whole-
blood and is based on the ELISA measurement of IFN-
y produced in response to three M. tuberculosis antigens
(ESAT-6, CFP-10, and TB7.7). The second test, T-SPOT.TB,
is based on the enzyme-linked immunospot measurement
of the number of peripheral mononuclear cells that produce
IEN-y after stimulation with two mycobacterial antigens:
ESAT-6 and CFP-10.

There have been several publications on IGRAS accuracy,
predictive value, cost-effectiveness, and indications since
they became available commercially. Many high-income
countries have incorporated these tests in their national
guidelines [32]. However, the World Health Organization
(WHO) has recently published recommendations against
their use in low- and medium-income countries (LMIC)
[33], since most IGRA studies have been done in high-
income countries and mere extrapolation to low- and middle-
income settings with high background TB infection rates
being not appropriate. In addition, systematic reviews have
suggested that IGRA performance differs in high- versus
low-TB and HIV incidence settings, with relatively lower
sensitivity in high-burden settings [33]. One other important
aspect against their use in LMICs is the cost. Given similar
performance but higher costs, IGRAs replacing TSTs as a
public health intervention in settings with limited budget
being not recommended.

4. Accuracy of IGRAs to Diagnose LTBI

The evaluation of the accuracy of these tests to diagnose
LTBI has been hampered by the fact that there is no gold
standard. Evaluation of new techniques, therefore, relies on
the use of proxies for LTBI such as active TB, TB exposure
gradients, rates of TB incidence in untreated cohorts and
results of randomized clinical trials comparing the benefit
of preventive treatment in patients who test positive and
negative. Here, we briefly review the evidence using each of
these approaches.

4.1. Active TB. Most of the studies on sensitivity were
performed in patients with active TB, relying on the principle
that patients with active TB are necessarily infected. The
main drawback of this approach is that patients with active
TB usually have immunosuppression due to the disease
itself or to malnutrition, hampering the ability to respond
both to tuberculin and to specific M. tuberculosis antigens
present in IGRA tests [22]. Thus, sensitivity of both TST and
IGRA tests for LTBI is likely to be underestimated in these
studies. Conversely, specificity has been evaluated in subjects
believed not to have been exposed to TB antigens, which is
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TaBLE 1: Comparison of TST and IGRA regarding several tests’ characteristics.

Test characteristics TST QFT T-SPOT.TB

Overall sensitivity [22] 77% 78% 92%
HIV uninfected [9] 84% 88%
HIV infected [18] 65% 68%

Overall specificity [22] 97% 98% 93%
HIV uninfected NA NA
HIV infected [18] 52% 61%

Decreased specificity if BCG vaccinated?

Prone to nonspecific variations in test results?

Thresholds for conversions evidence based?

Prone to conversions?

Prone to reversions?

Boosting?

Conversion associated with risk of progression to active
TB?

Ability to detect those at high risk of developing active TB

Preventive treatment of individuals with conversion
reduces risk of progression to active TB?

Yes, particularly if done after
infancy or repeatedly [22]

Yes, from reader variability [10]

Yes, mostly due to TB exposure

Yes (strong evidence)
Weak [30, 31]

Yes [19, 20]

No effect [22]

Yes, from innumerous factors
[23-28]

Yes [15] No No

Yes (high when only
negative-positive definitions
are used) [29]

High in individuals with weak

Yes [29] IGRA positivity and discordance
with TST [29]
Yes, possibly if given 3 days
Yes [15] POsSIDly 1L g1 y

after performing TST [24]
No direct evidence

Weak [30, 31]

No evidence

difficult to prove. In a metaanalysis, Pai et al. [22] assessed the
accuracy of IGRAs for the diagnosis of LTBI. Sensitivity was
determined by using patients with newly diagnosed active TB
as a surrogate of latent infection. This meta-analysis included
studies performed in low- and high TB-burden countries and
found a pooled sensitivity of 78% (95% confidence interval
(CI), 73% to 82%) for QuantiFERON-TB Gold and 92%
(CI, 90% to 93%) for T-SPOT.TB. Sensitivities of both TST
and Quanti-FERON were highly heterogeneous, possibly due
to HIV coinfection, advanced disease, and malnourishment,
which reduce immune response. Indeed, in a study of mostly
smear negative active TB patients, that is, with probably early
disease, 10% were TST negative [34], while in a study in
Japan, 43% of patients with advanced TB were TST negative
[35]. The specificity studies were all from countries with low
rate of TB incidence with varying BCG policies and found
a pooled specificity of 98% (CI, 96% to 99%) for all QFT
studies, with little difference among BCG and non-BCG-
vaccinated populations (96% versus 99%, resp.) and 93% (CI,
86% to 100%) for T-SPOT.TB (only one study among BCG-
vaccinated subjects). The TST sensitivity was similar, with a
pooled estimate of 77% (CI, 71% to 82%). Specificity, how-
ever, showed a more marked difference between non-BCG
and BCG-vaccinated participants. In non-BCG-vaccinated
subjects, the pooled estimate was consistently high, 97% (CI,
95% to 99%) but in the BCG vaccinated population specificity

was only 59% (CI, 46% to 73%). Four of the 6 studies,
however, were from countries where BCG vaccination is
done after infancy or done multiple times [36]. No studies
have directly compared TST and IGRAs in populations that
were BCG vaccinated only at birth, where specificity of TST
is much higher.

4.2. Exposure Gradients. Usually, TB exposure is captured
either as a dichotomous variable (exposed and unexposed)
or as a gradient (degree of exposure is graded according to
duration, or proximity). In exposure gradient studies, con-
tacts are assigned to 3 or more categories from most to least
exposed. The proportion of positive results should parallel
the exposure gradient. The best test should demonstrate the
closest correlation of proportion positive to this gradient.
The main challenge with these methods is the difficulty in
quantifying the exact degree of exposure of contacts. In
addition, sometimes the criteria for exposure are different
among studies, making pooled estimates difficult. A total
of 10 studies in pediatric populations used this method
[37-46]. There was great variation in the definition of the
exposure groups. For TST, most studies used a 10 mm cut-
oft point, while 2 studies used 5mm and one study 15 mm.
The overall pooled odds ratio (OR) was 1.34 (CIL, 0.66-2.72),
1.93 (CI, 0.98-3.77), and 1.83 (CI, 0.67-5.02) for TST when



5mm, 10 mm, or 15 mm were used, respectively, as the cut-
off value [47]. For QuantiFERON, the pooled OR was 3.51
(CI, 1.85-6.66), and for T-SPOT it was 1.31 (CI, 0.76-2.27)
[47]. All confidence intervals overlapped, indicating similar
performance for all tests [47].

4.3. Incidence of TB in Cohorts. More important than identi-
tying individuals with LTBI is the recognition of those who
will progress to active disease, because those are the subjects
who will benefit from isoniazid preventive therapy (IPT).
So far, IGRAs have been shown to have a low predictive
ability for progression from LTBI to active disease although
individuals with positive IGRA have slightly higher risk than
those with positive TST results [30, 48-51].

Two recent meta-analyses have reviewed the predictive
value of TST and QFT [30, 31]. One review included fifteen
studies comparing the incidence of active TB in IGRA-
positive and TST-positive subjects [31], including studies
in children, healthcare workers, and PLWHA [47, 52, 53].
Among these studies, 5 looked at the risk for progression to
TB in PLWHA [54-58]. Three showed a higher risk in IGRA-
positive compared to IGRA-negative subjects [54-56], but 2
did not [57, 58]. By contrast, the risk of developing active TB
in TST-positive PLWHA is well documented. Moreover, the
benefit of IPT in TST-positive PLWHA has been confirmed
in many studies [20, 59]. Overall, the incidence rate of TB
over a median time of 4 years was very low in both TST- and
IGRA-positive test subjects (3.7 to 4.8 and 1.0 to 4.5 per 1000
persons-year, resp.). These low incidence rates show that both
tests have a low predictive value for active disease.

The second review on the predictive value of IGRAs
[30] included more studies, since it did not exclude those
in which IGRA results were not blinded to the treating
physician, ignoring the risk of “incorporation bias” of these
studies. Although the authors found that progression rates
for commercial IGRAs were significantly higher than those
for the TST (2.7% versus 1.5%), they also concluded that they
are both low in absolute numbers [30].

4.4. Evidence of Benefit from Isoniazid Preventive Therapy.
More important than establishing the accuracy and predictive
value of these tests is to evaluate the benefit from IPT in
reducing the risk for progression to active disease in subjects
with a positive result. While there is very strong evidence of
the protection from IPT in TST-positive subjects [19, 20],
so far there are no studies showing direct evidence of the
efficacy of IPT based on IGRA results. Indirect evidence of
this benefit is based on isoniazid protection against TB in
patients who have a positive TST. A recent study in Botswana
has shown that long-term IPT in TST-positive persons living
with HIV/AIDS (PLWHA) has a strong impact on survival.
The study has also shown that isoniazid has little benefit in
PLWHA TST-negative individuals [20, 59].

TST conversion usually reflects recent infection. The
risk of progression to disease in recent converters is still
higher, thus, IPT is recommended, regardless of HIV status
or background of TB incidence. However, for PLWHA who
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become TST positive after initiating highly active antiretrovi-
ral therapy (HAART), conversion should be interpreted with
caution, as it may be due to immune reconstitution and not
recent infection.

Given the similarity of TST and IGRAs in cohort studies,
itis reasonable to believe that IPT in IGRA-positive individu-
als should provide at least the same benefit as in TST-positive
individuals [60], but the lack of benefit in IGRA-negative
individuals is yet to be evaluated.

5. IGRA as a Marker of Cure Following
Treatment of LTBI

As previously remarked, TST reversion is not associated
with successful treatment of LTBI. To test the usefulness of
IGRAs to monitor TB and LTBI treatment, IGRA tests have
been applied serially during and after treatment of patients
with active TB and of healthy subjects undergoing LTBI
treatment [61-76]. Overall, results were highly contradictory,
with increases or decreases of interferon-gamma levels being
observed randomly, regardless of clinical response to treat-
ment [77]. Chee et al. [63] compared QFT-GIT and the T-
SPOT.TB at baseline, after treatment completion and after
6 months in sputum-positive, immunocompetent patients.
Although there was a significant rate of reversions (13.9%
for T-SPOT.TB versus 39.2% for QFT-IT), a substantial
proportion of patients remained test positive 6 months after
TB treatment (79% and 46% with T-SPOT.TB and QFT-GIT,
resp.). There are no long-term studies of IGRA in the followup
of subjects treated for LTBI, but a few short-term studies have
shown that a decrease in quantitative results can occur after
IPT, regardless of reversion. Dyrhol-Riise et al. [71] tested the
performance of QFT-GIT for monitoring LTBI treatment in
patients before and three and 15 months after the beginning
of isoniazid and rifampicin treatment. The IFN-y responses
were comparable at the three time points, with no statistically
significant change during the course of treatment. A recent
meta-analysis supports these findings [77]. In summary,
IGRAs have, at present, no place in monitoring response to
treatment of TB or LTBI.

6. LTBI in Special Populations

The accuracy of IGRA tests have been tested in distinct sub-
populations such as children [38, 47, 48, 56, 78-84], PLWHA
[23, 29, 39, 40, 47, 54, 55, 85-103], other immunosuppressed
patients (those with renal disease or in use of tumor necrosis
factor-alpha inhibitors), [104-106] and healthcare workers
[53].

6.1. Immunosuppressed Patients. As in immunocompetent
populations, the sensitivity of IGRA tests in PLWHA has also
been analyzed in patients with active TB. In 18 studies, 16
of them in LMIC [52], sensitivities of both TST and IGRA
tests were lower in PLWHA because both require an adequate
immune response. Pooled sensitivity of QFT-GIT was 60%
(CI, 34 to 82%). T-SPOT.TB seemed slightly less affected
by immunosuppression, with a pooled sensitivity of 76%
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(CI, 45% to 92%) [18], but only five studies compared their
sensitivity head to head [93, 107-110], with only one study
showing QFT-GIT with a greater sensitivity than T-SPOT.TB
in PLWHA [110]. Likewise, 14 studies have analyzed the role
of IGRA in patients with autoimmune disease [111-124], 10
of them in countries where BCG vaccination is not routinely
done [111-113, 116-118, 120, 121, 123, 124]. Most studies
included a small number of patients, immunosuppressive
therapy was variable or not yet started, and very few were
conducted in countries with high-TB prevalence. Above all,
no longitudinal study to assess the risk of progression to
disease was carried out in this population [106]. Finally, there
are no studies on the role of IGRA tests among transplanted
patients under immunosuppressive therapy.

As mentioned above, special caution is needed when
interpreting conversion and reversions in PLWHA. Reversion
can be a consequence of declining immunity and should alert
the physician. In contrast, LTBI/TB treatment of naive TST-
negative individuals with advanced HIV infection (CD4+ cell
count <200/uL) started on HAART should be retested for
LTBI once they achieve CD4+ cell counts >200/uL [125].

6.2. Children. Regarding LTBI in the youngest, although a
few studies have shown a lower sensitivity of IGRA tests in
very young children [39, 40, 47, 87, 126-128], the sensitivity
and specificity of IGRA in older children exposed to index
cases are similar than in adults, as long as they are not
infected by HIV [47]. Although BCG is not expected to
interfere with IGRAs, the lower sensitivity found both in TST
and IGRAs among very young children might be explained
by immune immaturity or by capturing a population with
underlying conditions that may interfere with immunity,
such as coinfections with helminths and malnutrition [129].
Overall, the sensitivity and specificity amongall children with
active TB were similar for TST, QFT-G/QFT-GIT (QFT),
and T-SPOT.TB, with a pooled sensitivity of 80% (CI, 70%
to 90%), 83% (CI, 75% to 92%), and 84% (63% to 100%),
respectively. Pooled specificity for TST, QFT, and T-SPOT.TB
was 85% (CI, 63% to 100%), 91% (CI, 78% to 100%), and 94%
(87% to 100%), respectively [47].

6.3. Highly Exposed Populations and Serial Testing. Highly
exposed groups, such as health care workers and prisoners,
as well as patients at high risk for disease, such as PLWHA,
are screened for LTBI every 6 to 12 months. Although it has
been described that tuberculin injection may also result in
boosting of IGRA responses, this effect is not seen if QFT-
GIT or T-SPOT.TB is done within 3 days of performing the
TST [24, 130].

Unlike TST, which should only be repeated if previously
negative, IGRA tests may be repeated, regardless of their pre-
vious results. However, serial testing subjects not undergoing
treatment indicate that there are high rates of spontaneous
reversions and conversions, although it is always harder to
know if conversion is spontaneous or a consequence of real
TB infections [23, 131-135]. Other possible explanations for
a conversion would be nonspecific infections and vaccines,
laboratorial technique variability, such as blood withdrawal

preparation, delay to and time of incubation, and lot of the
kit. Biological variables might also interfere. Although there
is some evidence that QFT-GIT conversion is related to a
greater risk of progression to TB [136], the predictive value of
IGRA (QFT) conversion for the development of TB disease
is still controversial, and fluctuations in IFN-y responses
among serially tested individuals reported in longitudinal
studies remain unexplained and nonspecific.

In addition, spontaneous reversions are more likely to
occur in subjects with borderline results, close to the cut-
off value, are not related to treatment, and are more likely
if TST negative [24, 137-140]. In such cases, it has been
interpreted as self-clearance of infection, but there is not
enough evidence for such a conclusion [71, 125, 141]. For
these reasons, serial testing with QFT-GIT and T.SPOT-TB
should be considered unreliable and is not recommended at
least until the conversion and reversion phenomena are better
understood.

7. Conclusions and Recommendations

There is still a lot to be learned about IGRAs. Until then,
IGRAs can be interpreted similarly to TST for the diagnosis
of LTBI; with the exception of populations BCG vaccinated
after infancy, IGRAs have a better positive predictive value
because of their higher specificity.

More importantly, although both TST and IGRAs are
useful for detecting LTBI, neither test is all that accurate for
predicting risk for disease alone, and positive tests must be
interpreted in light of other clinical risk factors. LTBI testing
screening is recommended only for those with a known risk
factor for progression to disease, such as recent infection,
young age, and immune suppression. Clinicians can be
confronted with discordant TST and IGRA results and be
unsure of how to manage these patients. Because protection
from IPT is well established only among TST+ subjects,
and because spontaneous reversion of positive IGRA is very
common if the TST is negative, the authors recommend not
treating TST—/IGRA+ individuals, unless they have very high
risk for disease, as in HIV-positive individuals, and are clearly
exposed to TB, in which case treatment for LTBI should be
considered [142].

Physicians still need to rely on clinical and epidemio-
logical grounds in order to decide if IPT is indicated in
an individual patient with a positive TST or IGRA. This
decision should take into account the presence of risk factors
for development of disease and the risk for hepatotoxicity
from IPT, which increases with age. Patients’ preferences
should also be considered. To help physicians decide, an
interesting tool has been developed and is accessible at
http://www.tstin3d.com [12].

As for treatment monitoring and other uses of serial
testing, more knowledge is needed before we can incorporate
IGRAs in clinical practice.
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Objective. To find a statistically significant separation point for the QuantiFERON Gold In-Tube (QFT) interferon gamma release
assay that could define an optimal “retesting zone” for use in serially tested low-risk populations who have test “reversions”
from initially positive to subsequently negative results. Method. Using receiver operating characteristic analysis (ROC) to analyze
retrospective data collected from 3 major hospitals, we searched for predictors of reversion until statistically significant separation
points were revealed. A confirmatory regression analysis was performed on an additional sample. Results. In 575 initially positive
US healthcare workers (HCWs), 300 (52.2%) had reversions, while 275 (47.8%) had two sequential positive tests. The most
statistically significant (Kappa=0.48, chi-square=131.0, P < 0.001) separation point identified by the ROC for predicting
reversion was the tuberculosis antigen minus-nil (TBag-nil) value at 1.11 International Units per milliliter (IU/mL). The second
separation point was found at TBag-nil at 0.72 IU/mL (Kappa =0.16, chi-square =8.2, P < 0.01). The model was validated by the
regression analysis of 287 HCWs. Conclusion. Reversion likelihood increases as the TBag-nil approaches the manufacturer’s cut-
point of 0.35 IU/mL. The most statistically significant separation point between those who test repeatedly positive and those who
revert is 1.11 IU/mL. Clinicians should retest low-risk individuals with initial QFT results < 1.11 IU/mL.

1. Introduction

We report the findings of a multisite study of United States
healthcare workers (HCWs) that began as a quality control
initiative in the Veterans Administration Palo Alto Health
Care System (VAPAHCS) when QuantiFERON Gold In-Tube
(QFT) serial screening tests were observed to be initially
positive and were subsequently negative in those low-risk

individuals. This seemingly spontaneous “reversion” has
been reported around the world in the literature, and
the variability that occurs mostly around the baseline is
recognized [1-6].

This study design was driven by the clinical experience:
when an HCW presents with a positive QFT result, what can
the clinician do to discern whether the next test is likely to
remain positive or become negative?



The foundation of the problem lies in the dichoto-
mous nature of the results reported. Currently, a Quan-
tiFERON tuberculosis antigen minus-nil (TBag-nil) > 0.35
International Units per milliliter (IU/mL) is reported as
“positive.” At that point the provider has a decision to
make, one that is generally to investigate further with a
chest radiograph, seek specialty consultation, and/or rec-
ommend medical treatment. Whereas positive tuberculin
skin tests (TSTs) were often felt to be erroneous due to
prior BCG vaccination, and compliance and treatment rates
were low; studies are showing that positive interferon-
gamma release assay (IGRA) results are more likely to
lead to both the recommendation and the acceptance of
chemotherapy [7-10]. Chemotherapy puts the patient at
risk for side effects including hepatotoxicity [11], as well
as social stigma or workplace discrimination [12]. The
presumptive diagnosis of tuberculosis infection in HCWs,
particularly when interpreted as an occupational conversion,
can trigger Occupational Safety and Health Administration,
National Institute for Occupational Safety, and Health or
hospital infection control contact investigations that are
both time consuming and costly. Thus the presence of
spontaneous “reversions” implies that clinicians and patients
are experiencing unnecessary concern, action, or expense
and potentially placing patients in harm’s way for transiently
positive results which are forced by the binary nature of the
current reporting structure. There is a need for increased
accuracy and efficiency in the screening process to reduce the
burdens to the patient and the system, and utilization of this
predictive tool may lend some assistance.

In response to the persistent concerns regarding rever-
sions near the cut-point of 0.35IU/mL, a 2010 Morbidity
and Mortality Weekly Report published by the Centers for
Disease Control and Prevention (CDC) recommended that
quantitative QFT results should be reported. The CDC did
not, however, provide guidance for either the interpretation
or the use of these values [13]. We investigated reversions
in US HCWs in order to develop a validated model, using
receiver operating characteristic analysis, to define the range
of results that best predicts a transiently positive result. With
the ability to predict the likelihood of reversion, clinicians
and patients could choose to retest rather than to pursue
costly and time-consuming consultations and therapies.

2. Materials and Methods

2.1. Participants and Variables. Data were obtained from a
retrospective review of available clinical laboratory records
from three different sites: (1) Veterans Administration Palo
Alto Health Care System (VAPAHCS), California, (2) Univer-
sity of Illinois Chicago (UIC) II, and the (3) Cleveland Clinic
(CC), Ohio, where each HCW undergoes preemployment
and annual QFT testing irrespective of previous results. All
subjects are US HCWs who were serially tested by QFT Gold-
in-Tube in their hospital’s laboratory. All HCWs at least
18 years of age with available records were included. The
study’s date range was January 2009 through June 2011 at
VAPAHCS, from August 2008 through June 2011 at UIC, and
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TABLE 1: Test results for analyzed HCWs from VA Palo Alto Health
Care System (VAPAHCS), University of Illinois Chicago (UIC) and
the Cleveland Clinic (CC).

Test results VAPAHCS  UIC CC Total (n)
Repeat positive result 113 338 25 476
Reversion 73 275 38 386
Total (n) 186 613 63 862

Note: HCWs were excluded if their only positive test result was their last test
taken or if data for only one test result was available.

from October 2009 through December 2011 at the Cleveland
Clinic.

HCWs who tested consistently negative and those with
only a single test result were excluded. Results reported
without the QFT TBag-nil numerical value, as well as
HCWs with negative-to-positive discordance/conversion at
the conclusion of their testing series were removed from the
dataset (22/195 from VAPAHCS, 124/742 from UIC, and
61/127 from CC). To be included in the analysis, at least two
QFT tests were required, one of which was a positive result
that was followed by either a positive or a negative result.
This reproduces the clinician’s actionable decision point; that
is, when a patient presents with a positive result, the action
to test further, to refer, or to treat is initiated. Patients were
only included once (see Table 1).

2.2. Participant Sites. The VAPAHCS is a suburban teaching
hospital located in Palo Alto, California. The county in which
it resides, Santa Clara, has the 3rd highest tuberculosis (TB)
rate in California [14] at 11.4% from 2006-2011 [15], and
California is ranked 3rd in USA for TB cases behind Alaska
and Hawaii [16]. All VAPAHCS HCWs are United States
citizens. The HCW population is approximately 3,500. The
lab performed over 16,000 QFT-GIT tests (including patient
testing) during this period. Of the 4,019 HCWs who were
tested between January 1, 2009 and June 30, 2011, 2,706
(67%) tested negative one time and 293 (7%) tested positive
one time, without repeat testing. (Note that VAPA also tests
researchers, students, volunteers, and Peace Corps personnel,
most of whom are on campus for only one testing cycle).
Of the 4,019 unique HCWs, 781 (19%) tested negative more
than once and never tested positive. Thus the overall negative
rate at VAPA is (67% + 19%) = 86%, while 14% of personnel
tested positive at least once in their series. The indeterminate
rate in this lab is 0.4%.

The University of Illinois, Chicago (UIC) is a public,
urban academic teaching hospital. The HCW population
is approximately 5,000. Their laboratory performed over
50,000 QFT-GIT tests by June 2011; 20,543 of these were
on HCWs. Annual HCW TB screening is mandated and
compliance is 99%, with most HCWs tested annually, but
some who are on surveillance are tested every six months.
UIC reports a HCW QFT negative rate of 89.5%, with 1.1%
indeterminate and 9.4% positive at some point in their series.
Illinois ranks 21st for tuberculosis cases in the nation [16],
and Chicago itself had a TB incidence rate recorded at 7.4%
during 2006-2010 [17].
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The Cleveland Clinic Foundation (Cleveland, OH, USA)
is an urban teaching hospital. The laboratory had performed
over 10,000 QFT-GIT tests by June 2011. This includes
patient and HCW testing. Cleveland Clinic hires approxi-
mately 2,500 HCWs annually. The HCW population is 98.5%
negative with 0.5% indeterminate and 1% positive at some
point in their series. Ohio ranks 35th in the nation for
tuberculosis cases [16] with Cleveland itself having a 6.4%
case rate from 20062010 [18].

2.3. QuantiFERON Gold In-Tube Blood Assay (Qiagen, Inc).
The interferon gamma released was measured by enzyme-
linked immunosorbent assay (ELISA) according to the
manufacturer’s protocol though with an 8-point standard
curve for each microplate. The results were read at 450 nm
by the Diamedix DS2 Automated ELISA System (Diamedix
Corporation, Miami, FL) at VAPAHCS, by the Diamedix
DSX Automated ELISA System (Diamedix Corporation,
Miami, FL) at UIC, and by a BioTek ELx800 Absorbance
Microplate Reader (BioTek Instruments, Winooski, VT)
at CC. All tests in this series met the nil, mitogen, and
the equation criteria for test validity delineated in the
manufacturer’s package insert [19].

2.4. Measures. In the absence of a gold standard against
which to evaluate latent tuberculosis infection, the expected
probability of two consecutive positive tests was employed
as a proxy for corroboration of the test result in question,
which is the implied presence of latent tuberculosis disease.
In seeking what would best predict whether an individual was
likely to be a “reverter”, the initial TBag-nil value in the series
of two sequential tests was evaluated as a possible predictor
variable. Note that the QFT result was considered positive if
the TBag-nil was >0.35IU/mL, so all TBag-nil values were at
least 0.35IU/mL in this analysis.

2.5. Data Analytic Approach. We used a two-step data
analytic approach. First, we employed a receiver operating
characteristic analysis (ROC) [20, 21] on two-thirds (the
Exploratory Group) of the 862 HCW sample to identify
characteristics that might significantly differentiate rever-
sions from those with two consecutively positive results. An
ROC analysis is an exploratory process that searches every
value of every predictor variable entered to identify the
variable and value that results in the highest sensitivity and
specificity (using the weighted kappa statistic) for identifying
the targeted criterion. The targeted criterion in this case is
reversion. Second, because ROC is an exploratory technique,
we conducted a confirmatory logistic regression analysis and
chi-square tests using the remaining one-third of the HCWs
(the Confirmatory Group) to examine whether the predictor
that had been identified in the first step did in fact predict
reversion in an independent sample.

Regarding the details of the ROC analysis, once the opti-
mal variable and associated separation point are identified,
the association with the success criterion is tested against
a stopping rule. Stopping rules include a subgroup sample
size too small for further analysis (n < 20) and/or when no

further variables are selected because the P value associated
with the Chi-square statistic is >0.01. If the association
does not meet the criteria for the stopping rule, the sample
is divided into two groups based on the optimal variable
and identified separation point. The ROC analysis is then
restarted, separately, for each of these two subgroups. The
result is a decision tree identifying the HCW characteristics
and associated separation points that best predict reversions,
with P values, chi-square, and Kappa values calculated and
reported. The ROC software developed by Drs. Yesavage and
Kraemer is publicly available [21], and the logistic regression
and Chi-square tests were performed using SAS software
(Version 9.3, Cary, NC, USA).

3. Results and Discussion

3.1. Results. HCWs from each site had undergone between
2 and 9 tests in series. The most recent positive test that
was followed by either a positive (no reversion) or negative
(reversion) result defined the two test results in the series
that were analyzed (see Table 1). The mean number of days
between tests was 434 for VAPAHCS, 261 for UIC, and 235
for CC.

The 862 HCWs who met inclusion criteria were ran-
domly assigned to one of two groups: the Exploratory Group
(n = 575) or the Confirmatory Group (n = 287). The
Exploratory Group of tested HCWs had a 52.2% (300/575)
reversion rate. The results of the ROC analysis performed
on the Exploratory Group are presented as a decision tree
shown in Figure 1. TBag-nil in IU/mL was most statistically
significant for predicting reversion at the separation point
1.11 TU/mL (Kappa = 0.48, chi-Square = 131.0, P < 0.001).
Two groups of HCWs were identified:

group 1: 75% reversions: 225/300 HCWs with TBag-
nil <1.11 TU/mL;

group 2: 27% reversions: 75/275 HCWs with Tbag-
nil >1.11TU/mL.

The ROC analysis further identified two subgroups of
HCWs derived from group 1 above with a TBag-nil at
0.721U/mL (Kappa = 0.16, chi-square = 8.2, P < 0.01):

group a: 80% reversions: 163/204 HCWs with TBag-
nil <0.721U/mL;

group b: 65% reversions: 62/96 HCWs with TBag-nil
>0.72 and <1.11 IU/mL.

Two subgroups of HCWs were also identified from group
2 above with TBag-nil at 2.17IU/mL (Kappa = 0.27, chi-
Square = 20.4, P < 0.001):

group c: 43% reversions: 43/99 HCWs with TBag-nil
> 1.11 and <2.17 IU/mL;

group d: 18% reversions: 32/176 HCWs with TBag-
nil > 2.171U/mL.

Figure 2 contains a decision tree classifying the 575
HCWs in the Exploratory Group as Reversions or No
Reversions and by TBag-nil values using the ROC selected
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FIGURE 1: Receiver operating characteristic (ROC) decision tree identifying statistically significant TBag-nil (in I[U/mL) separation points
which predict those HCWSs with a positive TB test result at time one who retest negative at time two. Logistic regression analysis on a separate
Confirmatory sample of 287 HCWs validated all 3 separation points at 0.72, 1.11, and 2.17 IU/mL and remained statistically significant for
all subgroups by chi-square (P < 0.001). 1 Kappa = 0.48, chi-square = 131.0, P < 0.001, 2 Kappa = 0.16, chi-square = 8.2, P < 0.01, 3
Kappa = 0.27, chi-square = 20.4, P < 0.001.

Exploratory group
575 HCWs

No Reversions
2751575 (48%)

Reversions
300/575 (52%)

/N /N

TBag-nil = 1.11
200/575 (35%)

TBag-nil < 1.11
75/575 (13%)

TBag-nil = 1.11
751575 (13%)

TBag-nil < 1.11
225/575 (39%)

F1GURE 2: Exploratory group with 575 HCWs classified as No Reversions (those with two positive tests) or Reversions (with a positive TB
test result at time one and who retest negative at time two). The two groups are further classified by TBag-nil values using the ROC selected
separation point of 1.11 IU/mL (Kappa = 0.48, chi-square = 131.0, P < 0.001). Highlighted boxes emphasize the difference in number of No

Reversions versus Reversions when TBag-nil < 1.11 IU/mL, the identified retesting zone.

separation point of 1.11IU/mL. Note that 225 of the 300
“reverters” are identified at this separation point.

A logistic regression analysis was conducted in the Con-
firmatory Group (n = 287) using the same dependent mea-
sure (reversion) and predictor variable (TBag-nil) identified
in the primary ROC analysis. The relationship remained
statistically significant (P < 0.001). All three separation
points at 0.72, 1.11, and 2.17 IU/mL (4 subgroups) identified

in the ROC analysis also remained statistically significant for
all subgroups by chi-square (P < 0.001).

4. Discussion

Multiple papers have reported within-subject variability in
serial QFT results [1, 3, 6, 22, 23], and much work has been
done to unmask a retesting zone by suggesting alternative
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separation points of 0.5, 0.7 [6], or 1.0IU/mL [23]. In
Europe, employing a borderline zone between 0.2-0.7 I[U/mL
decreased conversions and reversions from 1.9 to 0.6% and
from 6.1 to 2.6%, respectively, with no active tuberculosis
cases occurring in the “positive” population in a 2-year
follow-up period [24].

Further, it is both observed and understood that QFT
reversions are much more common than conversions.
Among the many studies published and reviewed on this
topic [25], Schablon et al. [22] reports a conversion to
reversion ratio of 6.1 versus 32.6% in 287 German healthcare
workers, which is the same range as studies conducted in the
United States (6.3 versus 33%) [26].

The predominance of reversions is likely explained in
part by the statistical phenomenon of regression to the mean
[24]. Regression to the mean (RTM) is the tendency of obser-
vations to move closer to the mean when repeated. When
measurements are repeated in individuals, and measures are
selected based on exceeding an absolute threshold in an
inherently continuous range of values, influence by RTM
should be considered. Examples of RTM are common in
clinical medicine. In this case, since the observed mean result
in these US HCWs is <0.35IU/mL, retesting a population
subset that is initially above that mean will likely yield values
that are closer to the population mean (in this case, in the
negative range). The population “conversion” rate will be
a mix of both true incident disease (proportional to the
epidemiology of TB in the US HCWs) and false positives
that will likely have reversions. The challenge is to identify
a retesting zone with an upper value that minimizes noise
while still identifying clinically significant cases for followup
in a cost-effective manner.

As for the reliability of that negative result, the QFT
Gold In-Tube has a specificity of 99% [19], reflecting
the measurement of persons correctly identified as not
having the condition (in this case tuberculosis). Further, the
prevalence of disease in this population is low, making the
pretest probability of positive results low. Additionally, Diel
et al. conducted a study of 954 persons exposed to active
tuberculosis and report a negative predictive value of 99.7%
after 5 years [27]. With all of this in mind, the authors
conclude that while the decision on how to act upon a test
result lays with the clinician and never purely with numerical
data, a negative QFT result is significantly more reliable than
a low positive result in its ability to predict disease or the lack
thereof.

To help clarify a practice algorithm, there is a call in
the literature for a statistically based, data-driven retesting
zone. Zwerling et al. in a 2011 review article in Thorax
concluded that “the use of IGRAs for serial testing is
complicated by lack of data on optimum cut-offs for serial
testing ...” [28], and a 2012 editorial in Chest stated that
“it is quite arbitrary to limit true conversion to those with
a QFT-GIT of >1.01U/mL, since that value, though a nice
round figure, has not been validated” [29]. Here we offer
that a statistically driven optimal separation point between
consistently positive serially tested US healthcare workers
and healthcare workers who are likely to revertis 1.11 IU/mL.

We focus on 1.11 IU/mL as the border of a retesting zone
because it was determined by the Kappa statistic in the ROC
software as the optimally sensitive and specific separation
point between the “reversions” from those who did not
“revert” in this multisite cohort. At a separation point of
1.11 IU/mL, sensitivity is 0.75 and specificity is 0.73, whereas
at a separation point of 0.72 IU/mL sensitivity is 0.54 and
specificity is 0.85. The respective Kappas are 0.48 versus 0.39.
As is the case by lowering the retesting separation point to
0.72 IU/mL, further lowering it to 0.50 IU/mL would increase
the specificity of the measure to 0.93 and capture 84/103
(82%) of reversions in this range, but this would include only
103/575 (18%) of the total population and 84/300 (28%) of
the “reverters.” The sensitivity of this separation point would
be only 0.28 and its Kappa 0.21. Thus with the ROC there are
trade-offs in sensitivity versus specificity, depending upon
the separation points selected. The 1.11 IU/mL measurement
was chosen by the ROC analysis for this population because
that value maximizes the percentage of “reverters” while
optimizing sensitivity and specificity.

5. Conclusion

We present a validated model on a sample of 862 US
healthcare workers from three major US hospitals that
could be used to define a QuantiFERON Gold In-Tube
retesting zone between 0.35 and 1.11IU/mL. The upper
value was selected by a receiver operating characteristic
analysis to maximize separation between HCWs who have
two consecutive positive tests and those who have reversions
(P < 0.001). Our sample of HCWs had a 75% risk for
reversion if their initial positive test fell within this range.
While 0.35-1.11TU/mL is therefore the optimal retesting
zone identified here, 0.35-0.72 IU/mL (80% reversion; P <
0.01) is another possible separation point also selected by
the ROC and could be reasonably employed by providers
based on the clinical situation much like the 5, 10, and
15mm tuberculin skin test cut-off points that are used in
different settings. Acceptance of TBag-nil values reported
above as the delineators of a QFT retesting zone could
lessen patient anxiety, decrease unnecessary radiographs,
prevent unnecessary exposure investigations, and possibly
spare patients from inappropriate medical treatment due to
transiently “positive” QFT test results.

6. Limitations and Future Directions

Limitations of the study include that while the current
analyses incorporated over 850 positive HCW records, these
data are from only three facilities. Furthermore, results in this
study are weighted towards UIC, since their data comprise
the majority of the sample group. While there could be
selection bias among those HCWs who present for serial
testing, it is not clear how that could influence these results.
Finally, it should also be noted that prospective long-term
followup would be required to provide thorough validation
of the results.



Future analyses using the same statistical methods could
include additional data from other institutions in USA,
Europe, or from countries with higher risk for HCWs. There
is a possibility that there could be local variation based on
biologic or regional laboratory differences that would be
exposed when more data are analyzed.
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Objectives. We investigated IFN-y levels before and after a six month course of isoniazid among individuals with latent tuberculosis
infection (LTBI) in a high-transmission setting. Design. A total of 26 household contacts of pulmonary tuberculosis patients who
were positive for LTBI by tuberculin skin test completed six months of treatment and submitted a blood sample for a follow-
up examination. The IFN-y response to Mycobacterium tuberculosis-specific antigens was measured, and the results before and
after the completion of LTBI treatment were compared. Results. Of the 26 study participants, 25 (96%) showed an IFN-y level
higher than their baseline level before treatment (P < 0.001). Only one individual had a decreased IFN-y level after treatment but
remained positive for LTBI. Conclusion. In a high-transmission setting, the IFN-y level has increased after LTBI treatment. Further

studies must be undertaken to understand if this elevation is transient.

1. Introduction

Commercially available interferon-gamma release assays
(IGRAs) diagnose Mycobacterium tuberculosis (M. tb) infec-
tion by measuring interferon-gamma (IFN-y) released by
cells of whole blood after in vitro stimulation with M. tb-
specific antigens, early secreted antigenic target 6 (ESAT-
6), and culture filtrate protein 10 (CFP-10) [1]. These
diagnostic tests are more specific than the tuberculin skin
test (TST) because they include M. tb-specific antigens
encoded by the region of difference 1 (RD1) which is
absent from Bacillus Calmette-Guérin (BCG) and most
nontuberculous mycobacteria (NTM) [1-3]. A recent meta-
analysis concluded that the commercially available IGRAs
have excellent specificity to diagnose latent tuberculosis
infection (LTBI) and are unaffected by BCG vaccination
[4].

The capacity of IGRAs to monitor the treatment response
tuberculosis (TB) and LTBI is under investigation. This
study was motivated by studies which have found that the
level of IFN-y released by cells of whole blood after in
vitro stimulation with M. tb-specific antigens in commercial
IGRAs declines in patients treated with multidrug regimens
for active TB [5-7]. Despite these results, some investigators
have concluded that IGRAs may not be helpful in monitoring
TB treatment because of high intersubject variability and
because test reversion is rare [8, 9].

In contrast to treatment of active TB, previous studies
on T-cell response before and after treatment for LTBI have
shown conflicting results [10-12]. A study from Japan found
that the levels of IFN-y decreased after LTBI treatment
although the commercial IGRA result did not revert to
negative [11]. Another study in health care workers in India



found that IFN-y levels remain high after LTBI treatment
[10]. In Singapore, a study found that LTBI treatment had
a differential effect on T-cell responses depending on which
RD1 antigen the T-cells were exposed to [12]. It is unclear if
the amount of IFN-y released by T-cells stimulated with the
M.tb-specific antigens in commercial IGRAs follow a specific
pattern after completion of LTBI treatment. Moreover, it is
unknown if specific T-cell responses after LTBI treatment are
different in settings where the transmission of M.tb in the
community is low compared to setting where transmission
is high [10, 13-16]. This study compares the IFN-y levels,
measured by a commercial IGRA, of household contacts
(HHCs) of pulmonary TB patients before and after six
months of isoniazid (H) for the treatment of LTBI in a high-
transmission setting.

2. Study Population and Methods

2.1. Setting. Participants were recruited from Hospital Espe-
cializado Octévio Mangabeira (HEOM) a 217-bed public
chest-disease hospital in Salvador, Brazil. In 2007, Salvador
had a TB incidence of approximately 79 per 100 000 pop-
ulation [17].

2.2. Study Participants. Study participants were HHCs of
patients hospitalized with pulmonary TB at HEOM who
tested positive for LBTI by TST and completed a six-month
course of H [18]. None of the index cases or HHC were tak-
ing medication for the management of HIV. The character-
istics of the index cases and all HHC are described elsewhere
[19]. The characteristics of the HHC who initiated LTBI
treatment and their adherence to the six-month regimen
are described elsewhere [20]. It is well documented in the
literature that HHC with LTBI are at high risk of developing
active disease during the two years after infection [21, 22].

The study was approved by the human subjects com-
mittees of the Oswaldo Cruz Foundation in Salvador, Brazil,
and the University of California at Berkeley, USA. Informed
consent was obtained for all study participants.

2.3. Data Collection. Study participants underwent a base-
line examination (TST, blood test, and interview) as part
of another study [19]. LTBI could only be diagnosed in
those who returned to have their TST read. Those eligible
for LTBI treatment were offered the six-month supply of H
free of charge [20]. Among the HHC who initiated LTBI
treatment, HHCs considered to have completed treatment
were those who collected six supplies of 30 H tablets from
HEOM. A member of the study team (IT) called all HHC
who completed LTBI treatment and invited them to return
to HEOM for a follow-up examination and blood draw.
HHCs were called and asked to participate in the follow-up
examination a maximum of four times.

2.4. Treatment. Study participants were given six months of
daily H treatment (5 mg/kg, up to 300 mg daily); this is the
standard treatment regimen in Brazil [18].
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2.5. Laboratory Tests. The TST was administered according
to the Mantoux method, by injecting intradermally 2 tuber-
culin units (in 0.1 mL) of purified protein derivate (RT23
PPD; Staten Serum Institute, Copenhagen, Denmark). TST
reaction was 72 hours after an administration by the chest
physician on the study team (AM]). The cut-off point for a
positive reaction was >10 mm induration because this was
the cutoff used in the decision to initiate treatment in Brazil
at the time of the study, according to the Brazilian Society of
Thoracic and Phthisiology [18].

The blood was examined with a commercially avail-
able IGRA, the QuantiFERON-TB Gold In Tube (QFT-IT;
Cellestis Limited, Carnegie, VIC, Australia). QFT-IT includes
the following M.tb-specific proteins: secreted antigenic pro-
tein 6 kDa (ESAT-6), culture filtrate protein 10kDa (CFP-
10), and TB7.7 (Rv 2654). The test was performed accord-
ing to the manufacturers instructions at the immunology
laboratory at Gongalo Moniz Research Center in Salvador,
Bahia, Brazil. The cut-off value for a positive response was
0.351U/mL. Samples that gave indeterminate results were
reprocessed. Blood was drawn for the baseline IGRA before
the TST was administered; both were conducted on the same
day.

2.6. Statistical Analysis. Data were analyzed using GraphPad
Prism v.5.0 (GraphPad Inc., San Diego, CA, USA). Wilcoxon
signed rank test was used to compare the median IFN-y
levels before and after H treatment. The difference between
the median values at the two time points was considered
statistically significant when the P value <0.05.

3. Results

Of the 101 HHC of pulmonary TB patients who tested
positive for LTBI by TST and initiated on LTBI treatment
between January 2007 and February 2008, 55 (54.5%)
completed six months of therapy with H. Of the 55
HHC, 26 (47.3%) returned to HEOM for the follow-up
examination and submitted a second blood sample for a
second test. The second blood sample was submitted for
follow-up examination between four and 14 months after
the completion of LTBI treatment (Figure 1). None of the 26
HHC who returned for the follow-up examination sought
medical attention at HEOM for symptoms consistent with
TB between the time they concluded LTBI treatment and the
follow-up examination.

The median age of the 26 HHC who returned for the
follow-up examination was 27 years (IQR 12.0-37.5). Sixteen
(61.5%) were women, and 23 (88.5%) had BCG vaccination
scars. At baseline examination, the median value of the TST
induration was 13 mm (IQR 12.0-16.7) among the 26 HHC
who returned for follow-up examination. Of the 29 HHC
who did not return for follow-up examination, the median
age was 19 years (IQR 11.5-39.0); 15 (51.7%) were male
and 28 (96.5%) had a BCG vaccination scar, and the median
value of the TST induration was 16 mm (IQR 11.0-19.5) at
baseline examination. The sociodemographic, clinical, and
laboratory profile of the HHC who did and did not return
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Figure 1: The difference between the baseline and follow-up
IGRA result according to the number of months elapsed between
the completion of H treatment and the follow-up examination.
IFN-y levels were measured by QFT-IT and plotted for each study
participant (n = 26). H = isoniazid; IFN-y = interferon-gamma;
QFT-IT = QuantiFERON TB Gold in Tube.

for follow-up examinations were not significantly different
(data not shown).

Of the 26 HHC who completed H treatment and
returned for follow-up examination, 16 (61.5%) were QFT-
IT positive, and 10 (38.5%) were QFT-IT negative at baseline
examination. All 16 HHC who were QFT-IT positive at base-
line tested positive by QFT-IT in the follow-up examination.
Of the 10 HHC who were QFT-IT negative at baseline,
five (50%) tested negative and five (50%) tested positive by
QFT-IT in the follow-up examination. Not one HHC who
tested positive by QFT-IT at baseline tested negative after
completing H treatment (Figure 2).

Among the 16 HHC who tested positive by QFT-IT
before LTBI treatment, the median IFN-y level to the M.
th-specific antigens at baseline evaluation was 5.551U/mL;
the median IFN-y level of this group after six-months of H
treatment was 12.97 IU/mL (P value = 0.0007) (Figure 3(a)).
One individual who tested QFT-IT positive before LTBI
treatment had a decreased IFN-y level after treatment
but remained QFT-IT positive (IFN-y = 0.35IU/mL)
(Figure 3(a)). Among the 10 HHC who tested negative by
QFT-IT before LTBI treatment, the median IFN-y level
to the M. tb-specific antigens at baseline evaluation was
0.021U/mL; the median IFN-y level of this group after six
months of H treatment was 0.32 IU/mL (P value = 0.008)
(Figure 3(b)).

The difference in the median value of IFN-y before and
after treatment was 7.421U/mL and 0.30 [U/mL in HHC
who were QFT-IT positive and those negative at baseline,
respectively (P value = 0.0012).

4. Discussion

The treatment of LTBI is a basic strategy for TB control.
A six-month course of a single drug, H, is effective in
preventing individuals with LTBI from progressing to active
disease [23]. It is difficult, however, to monitor LTBI

treatment in individual patients. It is unknown if the results
from commercial IGRAs that are approved for the diagnosis
of TB and LTBI correlate with clinical outcomes or follow a
specific pattern after antibiotic treatment for M. tb infection.

The current published data on the effects of LTBI
treatment on IFN-y levels are inconsistent. Studies from
low-transmission settings where repeat exposure to M. tb
is unlikely have found that T-cell IFN-y levels decline after
treatment. One such study in the United Kingdom followed
the T-cell responses in students exposed to M. tb in a
point-source school TB outbreak. Students meeting the UK
guideline for the treatment of LTBI by indication from
TST results were given both rifampin (R) and H; after
the completion of therapy, the levels of IFN-y response in
the students substantially decreased. However, the levels of
IFN-y response also decreased in the students who tested
negative by TST and did not undergo treatment [24].
Another study in recent immigrants to the UK showed that
T cells produced higher levels of IFN-y one month after
the initiation of treatment for LTBI but towards the end
of the LTBI treatment course, the IFN-y level decreased.
This study found that the T-cell response did not change
in those with LTBI who were not initiated on treatment.
Also, the author showed that peripheral blood mononuclear
cells infected with M. tb and treated in vitro with H, but
not R, led to an increase in the number of IFN-y producing
cells. These results suggest that H acts by actively destroying
the bacilli through the disruption of the cell wall. Such
a process may contribute to the increased release of cell
wall-associated antigens, resulting in an increased number
of antigens-specific T cells being detected during treatment
[15].

Pai et al. (2006) have demonstrated that the baseline of
T-cell IFN-y response among Indian health care workers in
a high-transmission setting was high even ten months after
the completion of treatment for LTBI [10]. On the other
hand, a study by Higuchi et al. (2008) of individuals who
had contact with TB patients in Tokyo showed a decline in
IFN-y levels six months after the completion of treatment
for LTBI without test reversion [11]. A study conducted in
Rome, also an area of low transmission, found a significant
decrease in IFN-y levels in patients after 1-2 months of LTBI
treatment and found that response of the majority of the
patients became undetectable after six months [16].

Here we found that the IFN-y levels of individuals with
documented LTBI increased after H treatment. Regardless of
baseline QFT-IT, 25 of 26 (96%) HHC had a higher IFN-
y level between six and 14 months after the completion
of H treatment. Individuals who tested QFT-IT positive at
baseline had a greater increase in IFN-y levels after treatment
than did individuals who tested QFT-IT negative at baseline
(Figures 3(a) and 3(b)).

Increased production of IFN-y by T cells may be the
result of a massive release of antigens when the M. tb
bacilli are killed by H treatment [24]. This theory is
supported by our finding that HHC who tested positive by
QFT-IT at baseline and presumably had a higher bacillary
load experienced a greater increase in IFN-y levels after
H therapy than those who tested negative by QFT-IT.
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FIGURE 3: IFN-y levels before and after H treatment for LTBI measured by QFT-IT stratified by baseline QFT-IT result; (a) positive QFT-IT
and (b) negative QFT-IT. The solid line represents the median value of IFN-y levels at the two time points. The differences between the
median values in each group before and after H treatment are significant by the Wilconxon’s signed rank test (P = 0.0007 and P = 0.005,
resp.). IFN-y: interferon-gamma; H: isoniazid; QFT-IT: QuantiFERON-TB Gold in Tube.

In combination, effector memory T cells can also upregulate
IFN-y production [25].

TST was unlikely to influence the baseline IGRA, since
the HHC submitted the blood sample for baseline testing
before the TST was administered. However, the TST given at
the baseline evaluation may have interfered with the follow-
up IGRA result due to TST-mediated boosting of IGRA

responses which has been reported elsewhere [26, 27]. The
26 HHC in this study submitted blood for follow-up IGRA
testing between 4 and 14 months after the baseline evaluation
that included TST (Figure 1). A recent systematic review
suggests that TST affects IGRA responses 3 days after the
TST is administered, but its influence may persist for several
months [28].
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This study was conducted in a high-transmission set-
ting; Salvador has one of the highest incidence rates of
TB in Brazil. Therefore, it is possible that some of the
HHCs were reinfected with M. tb after the completion of
treatment and before they submitted blood samples for the
follow-up examination. Moreover, follow-up examinations
occurred between four and 14 months after the completion
of H treatment. This long period of time increases the
possibility that elevated IFN-y levels are due to reinfection.
It is also possible that study participants were exposed to
environmental mycobacteria which share the ESAT-6 and
CFP-10 genes (e.g., M. kansasii), and this contributed to
elevated production of IFN-y by T cells. On the other
hand, an important aspect that should also be considered
is the genetic factors, which has a key role in human
phenotypic variability. Several polymorphisms have been
described in genes associated with cytokine expression.
These polymorphisms could also influence interindividual
variability and direct IFN-y production [29, 30].

IGRAs are not able to accurately estimate IFN-y produc-
tion by T cells beyond 10 IU/mL, and two of 26 HHC had
IGRA results above this level in the baseline examination, and
10 of 26 HHC had IGRA results above this level in the follow-
up examination. These values are likely to overestimate
the IFN-y production and should not be considered to be
different than 10 IU/mL.

One of this study’s limitations is that the medications
were self-administered [20]. We assume that the HHCs who
returned to the hospital each month for six months and
received H refills were motivated to take the medication.
However, we cannot exclude the possibility that some of the
26 HHCs included in this study did not complete the LTBI
treatment according the protocol. Another limitation of this
study is that less than half of the HHCs who completed H
treatment submitted blood for follow-up examination by
QFT-IT. There were not substantial epidemiologic differ-
ences between those HHCs who returned for the follow-
up exam and those who did not. Therefore, it is unlikely
that the 26 HHCs who were satisfactorily tested by two
IGRAs were a biased group. Another limitation is that the
single QFT-IT test for each study participant before and
after the completion of H treatment were not taken at
the same time. Finally, this study did not have a control
group of untreated HHC with LTBI in whom the T-cell
responses were monitored at the same time. Limitations
in the study design and the lack of active contact-tracing
programs through which to monitor individuals at high risk
for progressing to active disease precluded data from being
collected.

5. Conclusion

The data presented in this study suggest that IGRA results
increase in individuals after the completion of LTBI treat-
ment; however, conflicting data from other studies and the
limitations of our study do not allow us to exclude the
potential role of IGRAs in monitoring LTBI treatment. To
further investigate this, larger studies in high-transmission
settings must be conducted, which collect data on the T-cell

responses of people with LTBI before, during, and after LTBI
treatment over a longer time period.
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We analyzed data from a longitudinal cohort study of persons who inject drugs (PWID) in Tijuana, Mexico, to explore
whether cigarette smoking increases the risk of interferon gamma release assay (IGRA) conversion. PWID were recruited using
respondent driven sampling (RDS). QuantiFERON-TB Gold In-Tube (QFT) assay conversion was defined as interferon-gamma
concentrations <0.35IU/mL at baseline and >0.7 IU/mL at 18 months. We used multivariable Poisson regression adjusted for
RDS weights to estimate risk ratios (RRs). Of 129 eligible participants, 125 (96.9%) smoked at least one cigarette during followup
with a median of 11 cigarettes smoked daily, and 52 (40.3%) had QFT conversion. In bivariate analysis, QFT conversion was not
associated with the number of cigarettes smoked daily (P = 0.716). Controlling for age, gender, education, and alcohol use, the
RRs of QFT conversion for smoking 6-10, 11-15, and =16 cigarettes daily compared to smoking 05 cigarettes daily were 0.9 (95%
confidence interval (CI), 0.5-1.6), 0.5 (95% CI, 0.3—1.2), and 0.7 (95% CI, 0.3-1.6), respectively. Although this study did not find
an association between self-reported smoking intensity and QFT conversion, it was not powered sufficiently to negate such an
association. Larger longitudinal studies are needed to fully explore this relationship.

1. Introduction

Evidence has accumulated over the years which demonstrates
a causal relationship between tobacco use and increased
tuberculosis (TB) morbidity and mortality [1-6]. However,
the strength of evidence for this relationship varies by TB
outcome [3]. For example, while high-quality longitudinal
cohort studies provide strong evidence that tobacco use
increases the risk of TB disease, the evidence for the rela-
tionship between tobacco use and the risk of Mycobacterium
tuberculosis infection is relatively weak [3, 7, 8]. Previous
studies exploring this relationship utilized cross-sectional

or case-control methodologies to determine the association
between “ever” or “current” smoking and lifetime infection
with M. tuberculosis as determined by a single tuberculin
skin test (TST) result [9—14]. Therefore, these studies were
not able to assess the temporality between tobacco use
and M. tuberculosis infection. For example, a participant
infected with M. tuberculosis as a child who subsequently
began smoking years later would contribute to the positive
association between smoking and TST positivity.

An improved understanding of the relationship between
cigarette smoking and M. tuberculosis infection would help
inform the implementation of tobacco control efforts as a



part of global TB interventions. However, due to the low
incidence of M. tuberculosis infection in most populations,
conducting longitudinal cohort studies to strengthen the
evidence regarding this relationship would necessitate the
enrollment and long-term followup of a large number of
participants. Furthermore, while interferon gamma release
assays (IGRAs) have been shown to have higher specificity
than TSTs for the diagnosis of latent TB infection (LTBI), no
study has explored the effect of tobacco use on serial IGRA
test results [15, 16].

The objective of the present study was to investigate the
association between level of cigarette smoking and IGRA
conversion among persons who inject drugs (PWID) in
Tijuana, Mexico, a population at high risk for M. tuberculosis
infection. Previous studies using this cohort showed a high
baseline LTBI prevalence LTBI of 67% and an 18-month
IGRA conversion rate of 28.7% to 51.9%, depending on the
definition of conversion used [17, 18]. We hypothesized that
higher levels of cigarette smoking in this population would
be associated with increased risk for IGRA conversion in a
dose-response relationship.

2. Materials and Methods

2.1. Study Design and Population. We analyzed data from
a longitudinal cohort study of PWID in Tijuana, Mexico
that sought to determine risk factors for incident HIV, TB,
and syphilis [19]. Study recruitment and data collection
methods have been described in detail previously [19].
Briefly, eligible study participants were ages 18 years or older,
had injected illicit drugs within the previous month, and had
no plans to move from Tijuana during the followup period.
Participants were recruited through respondent-driven sam-
pling (RDS), which relies on recruiting participants through
referrals from previously enrolled participants [20, 21].
RDS allows for the derivation of population-representative
estimates of prevalence and risk factors by adjusting for the
information collected on the participants’ social networks
during analysis [20, 21]. Enrolled participants made study
visits at baseline and at 6, 12, and 18 months. To increase
retention, community outreach workers actively contacted
participants to remind them of their followup appointments.
Participants were also provided with $10 at baseline and
$5 at followup visits as compensation for their time and
travel expenses. Only participants who tested IGRA negative
at baseline and who had IGRA results available at 18
months were included in the present analysis. Institutional
Review Boards at University of California, San Diego and
the Tijuana General Hospital reviewed and approved the
study protocol, and informed consent was obtained from all
participants.

2.2. Measures. An in-depth questionnaire was administered
via person-to-person interview at each visit. The question-
naire contained items on demographic characteristics and
substance use behavior, including injection and noninjection
use of illicit drugs, alcohol consumption, and cigarette
smoking. Cigarette smoking was ascertained by first asking,
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“Have you smoked cigarettes in the past 6 months?”
Participants who responded “Yes” were asked, “In the past
6 months, how many cigarettes did you usually smoke
per day?” Based on preliminary analysis, we anticipated
a high prevalence of cigarette smoking in this population
and, consequently, insufficient number of nonsmokers for
categorization. Therefore, we used the average number of
cigarettes smoked daily during the 18-month study period
as the exposure of interest. This exposure was stratified into
quartiles (0-5, 6-10, 11-15, and =16 cigarettes) for the
primary analysis.

IGRA conversion at 18 months was ascertained using
QuantiFERON-TB Gold In-Tube ((QFT) Cellestis, VIC,
Australia). For this test, whole blood samples were collected
in three separate tubes: a Nil Control tube, TB Antigen tube,
and a Mitogen Control tube. The tubes were incubated at
37°C for 16 to 24 hours and centrifuged. The interferon-
gamma (IFN-y) released in the Nil Control tube was
then measured using enzyme-linked immunosorbent assay
(ELISA) and subtracted from that found in the TB Antigen
Tube. QFT was administered at baseline for all participants.
However, because of an unexpected delay in procuring the
supplies necessary for specimen collection and testing, only
a subset of the participants who were QFT negative using
the manufacturer recommended cutoff of <0.35IU/mL at
baseline were retested at 18 months. For the primary analysis,
we used a previously published conservative definition of
QFT conversion (i.e., baseline IFN-y < 0.35IU/mL and IFN-
y = 0.70IU/mL at followup), which reduces false positive
conversions that could potentially arise due to within-subject
variability observed in serial QFT tests [22]. In a secondary
sensitivity analysis, we used the cutoff of 0.35IU/mL at 18
months to define conversion.

2.3. Statistical Analysis. The Pearson’s y* test was used
for comparisons involving categorical variables, and the
Wilcoxon rank-sum and the Kruskal-Wallis tests were used
for continuous variables. We considered statistical tests to be
significant at & of 0.05. We constructed Poisson regression
models with robust variance estimation, via generalized
estimating equation (GEE), to determine risk ratios (RRs) for
QFT conversion for participants in each smoking exposure
quartile compared to those in the first quartile [23, 24]. The
models were weighted by inverse probability weights derived
using the RDS Analytical Tool [25]. The GEE algorithm
also accounted for clustering by recruiter assuming an
exchangeable correlation structure.

The base model included covariates representing estab-
lished risk factors for M. tuberculosis infection, including
age, gender, education, and alcohol use, regardless of their
association with QFT conversion in our study population.
We also evaluated the effect of drug use behavior using
the “change-in-estimate” approach; drug use variables were
added to the base model only if their inclusion changed
the RRs between smoking and QFT by >10% [26]. Drug
use variables evaluated included frequency and duration
of heroin, methamphetamine, cocaine and marijuana use,
including smoking of these substances. To account for the
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TaBLE 1: Demographic and behavioral characteristics of participants with negative QFT results (IFN-y < 0.351U/mL) at baseline, included

versus not included in the analysis; Tijuana, Mexico, 2006—2008.

Included Not included
Characteristic N =129 N =212 P value*
n (%) n (%)
Gender 0.806
Male 107 (82.9) 178 (84.0)
Female 22 (17.1) 34 (16.0)
Age, median (IQR) 38 (32-43) 37 (30-42) 0.247
Education 0.389
Up to primary 39 (30.2) 76 (35.8)
Primary to middle 60 (46.5) 83 (39.2)
High school and higher 30 (23.3) 53 (25.0)
Unstable housing 0.357
No 113 (87.6) 178 (84.0)
Yes 16 (12.4) 34 (16.0)
History of incarceration 0.719
No 78 (60.5) 124 (58.5)
Yes 51 (39.5) 88 (41.5)
HIV infection 0.366
No 123 (95.3) 197 (92.9)
Yes 6 (4.7) 15(7.1)
Alcohol 0.154
None 76 (58.9) 134 (63.2)
Less than twice per week 31 (24.0) 57 (26.9)
Twice per week or more 22 (17.1) 21(9.9)
Smoked cigarette during study periods (18 months) 0.919
No 4(3.1) 7(3.3)
Yes 125 (96.9) 205 (96.7)
Number of cigarettes smoked daily, median (IQR) 10.5 (6-15) 12.5 (7-19) 0.023
Number of cigarettes smoked daily (quartiles) 0.058
0-5 30 (23.3) 41 (19.3)
6-10 36 (27.9) 50 (23.6)
11-15 37 (28.7) 49 (23.1)
16+ 26 (20.2) 72 (34.0)
QFT conversion at 18 mos (IFN-y > 0.70 IU/mL)
No 77 (59.7) —
Yes 52 (40.3) —

* P values for the difference between included versus excluded participants were generated using the Pearson’s y2 test for categorical variables and the Wilcoxon

rank sum for continuous variables.

IFN-y: interferon-gamma; QFT: QuantiFERON-TB Gold In-Tube; IQR: interquartile range.

possible loss of statistical power due to overfitting the
final model with covariates, we also constructed a reduced
model that included the stratified smoking exposure variable
and only the covariates that were statistically significant
predictors of QFT conversion. For the final model, we
calculated tolerance and condition index statistics to assess
multicollinearity, and Pearson residuals, Cook’s distance, and
leverage statistics to identify outlier observations [27]. SAS
9.3 (Cary, North Carolina) was used for all analyses.

3. Results

Of the 1056 participants enrolled during April 2006—April
2007, 341 had negative QFT (IFN-y < 0.35IU/mL) at base-
line. Of these, 129 (37.8%) who had QFT results available at
18 months were included in the analysis. Among included
participants, the median age was 38 (interquartile range
(IQR) = 32-43), 107 (82.9%) were male, and 99 (76.7%) had
obtained middle school education or less (Table 1). Nearly



TaBLE 2: QFT conversion (IFN-y > 0.70IU/mL) at 18 months by
quartiles of number of cigarettes smoked among persons who inject
drugs in Tijuana, Mexico, 2006—2008.

Number of cigarettes

smoked daily (quartiles) QFT conversion P value
0-5 13/30 (43.3)

6-10 16/36 (44.4) 0.716
11-15 15/37 (40.5)

16+ 8/26 (30.8)

* P value for the difference in QFT conversion at 18 months across quartiles
was generated using the Pearson’s x° test.
IFN-y: interferon-gamma; QFT: QuantiFERON-TB Gold In-Tube.

all of the included participants (96.9%) reported smoking at
least one cigarette during the followup period. On average,
participants included in the analysis smoked fewer cigarettes
per day compared to the 212 participants who were excluded
due to missing QFT results at 18 months (median of 10.5
[IQR = 6-15] versus 12.5 [IQR = 7-19] cigarettes per day,
resp., P = 0.023). None of the other characteristics differed
between included and excluded participants (Table 1). At
18 months, 52 (40.3%) participants met the primary QFT
conversion definition.

Across quartiles of self-reported daily cigarettes smoked,
the median IFN-y concentrations were 0.61, 0.56, 0.19, and
0.3151U/mL, respectively (Figure 1), and the proportion
of participants with QFT conversion was 43.4%, 44.4%,
40.5%, and 30.8%, respectively (Table 2). There was no
association between IFN-y distribution or QFT conversion
across quartile levels of daily cigarettes smoked (P = 0.523
and P = 0.716, resp.). In the bivariate model adjusted for
RDS weights, which included only the smoking quartiles as
the independent variable, the RRs for QFT conversion for
each quartile of daily number of cigarettes smoked compared
to the lowest exposure quartile were 0.75 (95% confidence
interval [CI] 0.37-1.55), 0.53 (95% CI 0.23-1.20), and 0.59
(95% CI 0.24-1.43), respectively (Table 3).

In multivariable analysis adjusted for RDS, inclusion of
drug use variables to the base model did not change the
association between cigarette smoking quartiles and QFT
conversion. Therefore, the final model consisted of daily
cigarette smoking quartiles, age, gender, education, and
alcohol use as independent variables (Table 3). The adjusted
RRs for QFT conversion for each quartile of daily number of
cigarettes smoked compared to the lowest exposure quartile
were 0.86 (95% CI 0.46-1.63), 0.54 (95% CI 0.25-1.17), and
0.74 (95% CI 0.33-1.64), respectively (Table 3; Figure 2).
There was no statistically significant difference in the risk
of QFT conversion at any of the quartiles of daily cigarettes
smoked compared with that of the lowest exposure quartile.
Furthermore, age, gender, education, and alcohol use were
not statistically significant predictors of QFT conversion. In
the reduced model that included the smoking variables and
educational attainment only, having attained less than high
school education compared with higher education was found
to increase the risk of QFT conversion (RR = 2.83; 95%
CI 1.08-7.42). As with the full model, higher levels of daily
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FiGUure 1: Median IFN-y and interquartile range at 18 months
by quartiles of number of cigarettes smoked. IFN-y > 10IU/mL
were set to 10IU/mL due to imprecision at high concentration
levels. The dotted line represents the 0.70 IU/mL cutoff which was
used to define QFT conversion. IFN-y: interferon-gamma. QFT:
QuantiFERON-TB Gold In-Tube.
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FIGURE 2: Adjusted risk ratios for QFT conversion (IFN-y =
0.70 IU/mL) at 18 months based on the final multivariable Poisson
regression model with robust variance which included the following
covariates: quartiles of the number of cigarettes smoked daily,
education, age, gender, and alcohol use. IFN-y: interferon-gamma.
QFT: QuantiFERON-TB Gold In-Tube.

cigarette smoking exposure quartiles were not associated
with QFT conversion risk in this model (Table 3).

All tolerance estimates were greater than 0.10, and
the highest condition index was 11.8 in the final model,
indicating that multicollinearity did not affect our findings.
We found five potential outliers based on residual and
influence statistics, but removing these had no effect on our
findings. Additionally, using a cutoff of 0.35IU/mL instead
of 0.70 IU/mL at 18 months to define conversion and fitting
the final model with daily number of cigarettes smoked as
a continuous variable did not alter our findings. In post



Pulmonary Medicine

TaBLE 3: Adjusted risk ratios for QFT conversion (IFN-y > 0.70IU/mL) at 18 months based on multivariable Poisson regression models

with robust variance; Tijuana, Mexico, 2006—-2008.

Risk Ratio (95% Confidence Interval)

Variable
Bivariate Model Reduced Model Final Model

Number of cigarettes
smoked daily (quartiles)

0-5 1.00 1.00 1.00

6-10 0.75 (0.37-1.55) 1.04 (0.53-2.04) 0.86 (0.46—-1.63)

11-15 0.53 (0.23-1.20) 0.73 (0.36-1.51) 0.54 (0.25-1.17)

>16 0.59 (0.24-1.43) 0.79 (0.34—1.83) 0.74 (0.33-1.64)
Education

High school or higher 1.00 1.00

Less than high school 2.83 (1.08-7.42) 2.60 (0.96-7.03)
Age

+10 years 1.25 (0.80-1.94)
Gender

Male 1.00

Female 0.81 (0.34-1.93)

Alcohol use
<2x per week

>2x per week

1.00
1.04 (0.52-2.08)

IFN-y: interferon-gamma; QFT: QuantiFERON-TB Gold In-Tube.

hoc power analysis, assuming 43.3% QFT conversion risk
that we found among participants in the lowest cigarette-
smoking quartile, our sample size of 129 provided 28.1%,
55.6%, and 82.6% power to detect a RR of 1.4, 1.6, and 1.8,
respectively, for QFT conversion among participants in the
highest exposure quartile.

4. Discussion

In our analysis of longitudinal cohort data from PWID
in Tijuana, we were not able to detect a dose-response
relationship between the number of cigarettes smoked per
day and QFT conversion. Previous studies evaluating dose-
response relationships between cigarette-smoking and M.
tuberculosis infection have shown mixed results for this
putative association. A study of population survey data
in South Africa found no evidence of a dose-response
relationship between pack-years and TST positivity [9].
Likewise, a study of people with silicosis in Hong Kong found
no relationship between the number of cigarettes smoked
per day or cigarette pack-years and TST positivity [10]. In
contrast, a study of prisoners in Pakistan found that TST
prevalence increased with number of cigarettes smoked per
day [11]. However, these previous studies employed cross-
sectional or case-control study designs, which limit their
ability to evaluate temporality between cigarette-smoking
exposures and M. tuberculosis infection.

Cigarette smoking has been hypothesized to increase
the risk of M. tuberculosis infection by adversely affecting
the innate immune system of the host and/or causing
structural damage to the respiratory tract [28]. First, expo-

sure to cigarette smoke might impair the ability of alveolar
macrophages to clear the M. tuberculosis bacilli before T
cells are primed for adaptive immunity. Under this model,
increased exposure to cigarette smoke in the lungs would
result in increased acute susceptibility to M. tuberculosis
infection. We were unable to generate evidence to support
this model in our study. Smoking also impairs the mucocil-
iary clearance of pathogens and causes other changes to
the respiratory tract that could increase the risk for M.
tuberculosis infection over time [28—30]. Because we did not
collect information regarding lifetime history of smoking, we
were not able to evaluate the long-term effect of cigarette
smoking on M. tuberculosis infection.

Our findings should be interpreted with consideration of
the following limitations. First, we were not able to compare
QFT conversion risk between smokers and nonsmokers
because nearly all of our study participants reported smoking
during the study followup period. If even low levels of
cigarette smoking increase IGRA conversion substantially,
there might have been minimal increased risk for higher
frequency smokers, and our study might not have had
sufficient power to detect a dose-response relationship. While
we had adequate sample size to detect a RR of 1.8 or greater
for QFT conversion between participants in the lowest and
highest smoking exposure quartiles, the study was under-
powered to conclude that there is no association between
smoking and QFT conversion. We were also unable to control
for history of exposure to persons with TB disease, which is a
necessary causal factor for incident M. tuberculosis infection.
The inclusion of participants who were not exposed to
persons with TB disease in our analysis could have biased



our results towards the null. However, controlling for a proxy
variable “Have you ever known someone who had TB?” did
not alter our findings (data not shown). Future longitudinal
studies should investigate the risk of cigarette smoking on
M. tuberculosis infection among study participants recruited
from persons with known history of exposure to someone
with TB disease.

It is also possible that our study participants were already
at high risk for M. tuberculosis infection due to other risk
factors, which might have overshadowed an incremental
increase in risk due to cigarette smoking. In addition, as with
TSTs, QFT assays have significant within-subject variability
such that conversions and reversions often occur around
the 0.35IU/mL cutoff during serial testing even among
persons who are at low risk for M. tuberculosis infection
[31, 32]. While we used a conservative definition of QFT
conversion to minimize misclassification in our analysis,
the conversions observed in our study might not represent
incident M. tuberculosis infection. Furthermore, since the
recommended QFT cutoff of 0.35IU/mL was derived to
maximize specificity for M. tuberculosis infection, the use
of this cutoff as an inclusion criterion could have resulted
in the inclusion of some participants who were already
infected with M. tuberculosis at baseline. However, restricting
the analysis to only those participants with baseline QFT
of <0.20 did not alter our findings (data not shown).
Participants included in our study smoked fewer cigarettes
than the participants who were excluded due to unavailable
QFT results at 18 months. Therefore, our findings might
not be generalizable to all PWID at risk for M. tuberculosis
infection. Smoking levels were ascertained by self-report,
which might have insufficient precision to evaluate a dose-
response relationship. Lastly, we did not collect information
regarding secondhand smoke exposure, which has been
shown to be associated with M. tuberculosis infection among
children [33].

5. Conclusions

The present study is the first longitudinal cohort study to
explore the relationship between cigarette-smoking intensity
and M. tuberculosis infection, and the first to use IGRA
conversion as the outcome. Given our findings and the
limitations of previous research on this topic, additional
research is needed to determine whether there is a causal
relationship between smoking and M. tuberculosis infection.
For example, a recent mathematical modeling study con-
cluded that intensified tobacco control efforts could prevent
27 million TB-related deaths by 2050 [34]. However, the
authors of that study assumed a RR of 2.0 for the effect
of smoking on M. tuberculosis infection in their model
to arrive at this conclusion. Stronger evidence from larger
longitudinal studies is needed to justify such assumptions.
Ideally, such a study would be conducted among persons at
high risk for M. tuberculosis infection, such as those with
household exposure to persons with TB disease, and consists
of sufficient numbers of smokers and nonsmokers. While
the evidence of a causal relationship between smoking and
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M. tuberculosis infection is weak, substantial evidence exists
that implicates smoking as an independent risk factor for the
development of TB disease [1-8]. Therefore, integration of
tobacco and TB control interventions remains a high priority
for global health [1].
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Mannose-binding lectin is a central molecule of the innate immune system. Mannose-binding lectin 2 promoter polymorphisms
and structural variants have been associated with susceptibility to tuberculosis. However, contradictory results among different
populations have been reported, resulting in no convincing evidence of association between mannose-binding lectin 2 and
susceptibility to tuberculosis. For this reason, we conducted a study in a well genetically conserved Spanish population in order to
shed light on this controversial association. We analysed the six promoter and structural mannose-binding lectin 2 gene variants
in 107 patients with pulmonary tuberculosis and 441 healthy controls. Only D variant and HYPD haplotype were significantly
more frequents in controls which would indicate that this allele could confer protection against pulmonary tuberculosis, but this
difference disappeared after statistical correction. Neither the rest of alleles nor the haplotypes were significantly associated with
the disease. These results would indicate that mannose-binding lectin promoter polymorphisms and gene variants would not
be associated with an increased risk to pulmonary tuberculosis. Despite the slight trend of the D allele and HYPD haplotype in
conferring protection against pulmonary tuberculosis, susceptibility to this disease would probably be due to other genetic factors,

at least in our population.

1. Introduction

Tuberculosis (TB) is one of the world’s most important
infectious causes of death worldwide. More than 90 million
TB patients were reported to WHO between 1980 and 2005,
most of them in Asia and sub-Saharan Africa [1]. Spain is one
of the European countries with the highest rates of incidence
and prevalence of TB [2].

Approximately 90%-95% of individuals infected with
Mpycobacterium tuberculosis (MTB) are able to mount an
immune response that halts the progression from latent TB
infection to active TB disease. This is one of the main reasons
that would indicate the need to identify and treat all those
with risk factors for TB disease [3, 4].

Susceptibility to TB seems to be multifactorial, and the
development of active disease would probably be the result of
a complex interaction between the host and pathogen
influenced by environmental and genetic factors. Numerous
host genes are likely to be involved in this process [5-7].

Mannose-binding lectin (MBL) is an acute phase protein
primarily produced by the liver. One of its main roles is
to activate the complement system suggesting that it is one
of the most important constituents of the innate immune
system [8—12]. The gene encoding MBL has been associated
with susceptibility to TB and other infectious diseases [8, 13].
The first mutation in MBL2, the gene encoding MBL was
found in 1991 [14]. Three structural mutations, affecting



codons 52, 54, and 57, in the first exon of the MBL2 gene
(MBLLI is a pseudogene) have been found, and the corre-
sponding alleles were designated D, B, and C, respectively
(A is the wild-type allele for all three positions). Moreover,
three polymorphisms have also been identified in the MBL2
promoter and 5" -untranslated regions: H/L at position —550,
X/Y at position —221, and P/Q at position +4 [15].

The effect of the three structural mutations in the MBL2
first exon involves the impairment of MBL multimerization.
This caused decreasing ligand binding and, consequently,
a lack of complement activation [16]. In general, all these
genetic variants result in a phenotype of low serum MBL
levels, which influences the susceptibility to TB and the
course of different diseases [13, 17, 18].

To date, controversial results have been reported regard-
ing the relationship between structural genetic variants or
polymorphisms of the MBL2 gene and an increased risk of
TB in different populations [19-30]. Several studies have
found a significant association between the frequency of
structural alleles or promoter polymorphisms and serum
MBL levels with susceptibility to TB [20, 23, 24, 26-30] while
others did not find any significant association [19, 21, 25].
Recently a meta-analysis of 17 human trials considering
the effect of MBL2 genotype and/or MBL levels and TB
infection did not found significant association between
MBL2 genotype and pulmonary TB infection [22]. The
majority of studies analysed did not report neither the
MBL2 haplotype nor the promoter polymorphisms. The
aim of our study was to analyse if gene variants, promoter
polymorphisms, haplotypes, or diplotypes could contribute
to increase the risk of active pulmonary TB (PTB) in a human
immunodeficiency virus negative genetically homogeneous
population (Cantabria, Northern Spain), containing newly
diagnosed patients with active disease.

2. Material and Methods

2.1. Study Population. To investigate the possible association
between MBL2 polymorphisms and PTB infection in our
population, we recruited a total of 107 active PTB patients
and 441 randomly selected healthy blood donors from
Cantabria (northern Spain). All of them were HIV negative.

The study was conducted at a 1,200-bed community
and teaching hospital. Both, blood donors (mean age, 48
years; range, 18-65 years; male/female ratio, 1.3) and PTB
patients (mean age, 56 years; range, 23—76 years; male/female
ratio, 1.5) were of Caucasian background. The PTB patients
group was selected from patients admitted to the Infectious
Unit and the Department of Respiratory Medicine (Hospital
Universitario Marqués de Valdecilla) from 2008 to 2011
and who fulfilled clinical, radiological, and bacteriological
criteria of active PTB according the standards for the
diagnosis and classification of TB developed by the American
Thoracic Society and the Centers for Disease Control and
Prevention (http://www.cdc.gov/mmwr/). Diagnosis of PTB
was made clinically and by X-rays and confirmed by bacteri-
ological (microscopy and culture) procedures. We excluded
patients with extrapulmonary TB due to dissemination and
subsequent involvement of single or multiple nonpulmonary
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sites. In the same way, we excluded patients with autoim-
mune or neoplastic diseases, chronic renal failure, transplant
individuals, and patients suffering from alcoholism or drug
abuse. Controls had neither previous history of TB nor
contact with infected patients. Furthermore, we ruled out
the presence of active or latent TB in the control group by
performing an interferon-gamma release assay (Quantiferon
TB Gold, Cellestis Ltd., Carnegie, Victoria, Australia). All the
procedures used in the study conformed to the principles
outlined in the Declaration of Helsinki. Informed consent
was obtained and data anonymously recorded. The study
protocol was accepted and approved by the Research Ethics
Board of the Hospital.

2.2. DNA Extraction and Amplification of Genomic DNA for
MBL2 Genotyping. Blood was collected in EDTA-stabilized
tubes in compliance with approved protocols from our
institution. Genomic DNA from patients and controls was
extracted from peripheral blood by using the Maxwell 16
Genomic DNA Purification system. For MBL2 gene ampli-
fication and genotyping, we used the INNO-LiPA MBL2
(Innogenetics Diagnoéstica Iberia S.L.U, Barcelona, Spain),
following the manufacturer’s instructions. The INNO-LIPA
MBL?2 is a line probe assay, designed for genotyping the 6
variations in the human MBL2 gene (-550G > C, —221G >
C, +4C > T, R52C, G54D, and G57E) which leads to analyse
the seven common haplotypes and the 28 possible resulting
diplotypes.

3. Statistical Analysis

Frequencies of alleles and diplotypes of patients and healthy
controls were estimated by direct counting. Alleles and
genotypic (dyplotypes) frequencies were compared by y?
test or the Fisher’s exact test when necessary. P values with
Yates correction and odds ratio (OR) with 95% confidence
intervals (CI) were calculated using SPSS version 12.0 (SPSS
Inc, Chicago, IL, USA). P < 0.05 was considered statistically
significant. Hardy-Weinberg equilibrium (HWE) was tested
in patients and controls for all the analysed parameters.
Bonferroni correction for multiple comparisons was applied
in order to avoid false positive results.

For haplotype analysis, frequencies and linkage dise-
quilibrium were calculated trough the expectation max-
imization algorithm using the SNPStats web-based tool
(http://bioinfo.iconcologia.net/SNPstats/). To determine the
linkage disequilibrium between pairs of alleles, we calculated
the D’ statistic. Comparisons between patients and controls
were performed by y? test or the Fisher’s exact test consider-
ing each haplotype like an allele.

Statistical power was calculated by using the PS power
and sample size calculation software version 3.0, (http://bios-
tat.mc.vanderbilt.edu/PowerSampleSize).

4. Results and Discussion

4.1. MBL2 Structural Variants, Promoter Polymorphisms,
and Genotypes. Frequencies of MBL2 alleles are shown in
Table 1. All the structural genetic variants and the promoter
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TasLE 1: Allelic frequencies of MBL2 structural variants and promoter polymorphisms in healthy controls and patients with pulmonary

tuberculosis.
Structural variants Promoter polymorphisms
A B C D L H Y X p Q

Controls

(n=441) 0.782 0.143 0.008 0.067 0.655 0.345 0.760 0.240 0.815 0.195
PTB Patients

(n=107) 0.836 0.131 0.009 0.023 0.678 0.322 0.776 0.224 0.757 0.243
P value*® 0.014
OR 0.33
(95% CI) (0.13-0.84)

“Only D variant showed significant differences between the two groups. The rest of structural and promoter alleles did not show significant differences.

bThe study had 74% power for detecting an odds ratio (OR) > 2.

TaBLE 2: Frequency of MBL2 haplotypes in controls and PTB patients from Cantabria compared with other previously reported populations.

Population
Haplotype Controls PTB CAN ESK DAN JAP KEN MOZ CHIR MAP WAR
(n=441) (n=107) (n=344) (n=72) (n=250) (n=218) (n=61) (n=154) (n=43) (n=25) (n=190)

HYPA 0.28 0.30 0.24 0.81 0.31 0.44 0.08 0.06 0.54 0.38 0.75
LYQA 0.23 0.23 0.22 0 0.19 0.16 0.25 0.27 0.01 0 0.01
LYPA 0.07 0.08 0.08 0.04 0.04 0.07 0.13 0.30 0.02 0.08 0.23
LXPA 0.21 0.23 0.19 0.03 0.26 0.11 0.24 0.13 0.01 0.04 0.01
LYPB 0.14 0.13 0.17 0.12 0.11 0.22 0.02 0 0.42 0.46 0

LYQC 0.01 0.01 0.03 0 0.03 0 0.24 0.24 0 0.04 0

HYPD 0.07 0.02* 0.07 0 0.06 0 0.04 0 0 0 0.003
Hb 0.81 0.82 0.82 0.33 0.79 0.72 0.81 0.76 0.54 0.66 0.39

Controls, healthy population from Cantabria, PTB, patients with pulmonary tuberculosis from Cantabria, CAN, and Gran Canaria p; ESK, Eskimo; DAN,
Danish; JAP, Japanese; KEN, Kenya; MOZ, Mozambique; CHIR, Chiriguano (South America); MAP, Mapuche (South America); WAR, Warlpiri (Australia)

populations.

2P value 0.014 (OR 0.33 and 95% CI 0.13-0.84): frequency of HYPD haplotype in PTB patients versus control subjects from Cantabria.

b Average heterozygosity of the seven alleles when they were considered together.

polymorphisms were within the range of HWE. The average
heterozygosity in the control group was 0.88 when the seven
alleles of the MBL2 gene were analysed, being this frequency
higher than others previously reported in different popula-
tions [30].

There was no significant difference in the frequencies of
the different promoter polymorphisms. Regarding the struc-
tural variants, only D allele was significantly more frequent
in controls (P = 0.014, OR 0.33, and CI 95% 0.13-0.84), but
this significance disappeared after Bonferroni correction.

Table 2 shows the frequency of the MBL2 haplotypes in
controls and PTB patients from Cantabria compared with
other previously reported populations. As with D struc-
tural variant, HYPD showed the same significant difference
between PTB patients and controls which disappeared after
Bonferroni correction. All the promoter polymorphisms and
structural variants conforming the different haplotypes were
in linkage disequilibrium (P < 2e — 16).

4.2. MBL2 Complete Genotypes (Diplotypes) in PTB Patients
and Healthy Controls. The frequencies of all the possible
combinations of the seven haplotypes that appeared in both
groups are shown in Table 3. No significant differences were

found in any of the complete diplotypes between PTB
patients and healthy controls.

All seven haplotypes were present in both groups follow-
ing the same order of frequency in them, giving rise to 22
different MBL2 diplotypes in our subjects. Eighteen of these
diplotypes were present in both groups, 5 in either the PTB
patients or the control group, and six diplotypes were not
observed in any of the groups.

HYPA was the most frequent haplotype, followed by
LYQA, LXPA, LYPB, LYPA, HYPD, and LYQC, respec-
tively. When we regrouped the 22 observed diplotypes
in all the possible genotypic combinations (structural-
structural, structural-polymorphism, and polymorphism-
polymorphism), we did not find any significant difference
(data not shown).

5. Discussion

Innate immunity is one of the most important barriers
against invading pathogens. The complement system gets
activated when these microorganisms are detected, resulting
in biochemical pathways that lead to the destruction of
the infectious agent. One of these pathways that make up



TaBLE 3: Frequencies of complete diplotypes in Spanish PTB
patients and controls.

PTB

3/1151[; fypes* patients CZIZ;:TS Pvalue OR  (95% CI)
n (%)

LYQA/HYPA 17 (15.9) 54 (12.24) 040 135 (0.75-2.45)
LYQA/LYPB  10(9.3) 29 (6.58) 0.43 1.46 (0.69-3.11)
LYQA/LYPA  6(5.6) 19 (431) 0.60 132 (0.51-3.39)
LYQA/LYQA  3(2.8) 19(4.31) 059 0.64 (0.19-2.20)
LYQA/HYPD 1(0.9) 10(2.27) 0.70 0.41 (0.05-3.21)
LYQA/LYQC  0(0) 2(0.45) 1.0 NA NA
LYQC/HYPD 0(0)  1(0.23) 1.0 NA NA
LXPA/HYPA 15(14.0) 45(10.20) 0.34 1.43 (0.77-2.69)
LXPA/LYQA 10(9.3) 53(12.02) 0.54 0.75 (0.37-1.54)
LXPA/LXPA 7(6.5) 14(3.17) 0.5 2.14 (0.84-5.43)
LXPA/LYPB 4 (3.7) 31(7.03) 030 051 (0.18-1.49)
LXPA/HYPD 3(2.8) 13(2.95) 1.0 0.95 (0.27-3.39)
LXPA/LYPA 1(09) 10(2.27) 070 0.41 (0.05-3.21)
LXPA/LYQC 1(0.9) 2(0.45) 048  2.07 (0.19-23.05)
HYPA/HYPA 10(9.3) 38(8.62) 096 1.09 (0.53-2.27)
LYPB/HYPA 8(7.5) 38(8.62) 0.88 0.86 (0.39-1.89)
LYPB/LYPB  1(0.9) 7(1.59) 1.0  0.58 (0.07—4.81)
LYPB/LYQC 1(0.9) 1(0.23) 035 4.15 (0.26-66.90)
LYPB/HYPD 0(0)  9(2.04) 022 NA NA
LYPA/HYPA  4(3.7) 18 (4.08) 1.0 091 (1.30-2.75)
LYPA/LYPB  3(2.8) 4(091) 0.4 3.15 (0.69-14.30)
LYPA/LYPA  1(0.9) 2(0.45) 048 2.07 (0.19-23.05)
LYPA/LYQC ~ 0(0) 1(023) 1.0 NA NA
LYPA/HYPD 1(0.9) 2(0.45) 0.48  2.07 (0.19-23.05)
HYPD/HYPA 0(0) 14(3.17) 0.08 NA NA
HYPD/HYPD 0 (0) 5(1.13) 059 NA NA

“Frequencies of the rest of combined diplotypes (LYQC/HYPA, LYQC/
LYQC) were 0 in both groups.

the complement system is the lectin pathway in which MBL
plays the main role. MBL protein is therefore important,
especially in first-line defense against invading pathogens. It
has been reported that low levels of circulating MBL may
predispose against infectious diseases [8, 31, 32].

Structural variants are found at the coding regions of the
MBL2 gene that lead to low or near absent serum MBL levels
in heterozygosis and homozygosis, respectively. Low-serum
levels of MBL are associated with defects in opsonization,
resulting in recurrent infections mainly during infancy
[31]. Due to a strong linkage disequilibrium between the
polymorphisms present in the promotor and the structural
variants in exon 1 of the human MBL2 gene, only seven
common haplotypes have been described (HYPA, LYPA,
LXPA, LYQA, HYPD, LYPB, and LYQC) which give rise
to 28 possible haplotype combinations. The frequencies of
the seven haplotypes vary considerably between populations
[17, 18]. Among haplotypes carrying the wild-type A allele,
HYPA results in the production of higher amounts of MBL,
whereas LXPA is associated with lower serum MBL levels.
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Several groups have studied MBL2 genetic variants and
PTB, suggesting a partial protective effect of heterozygosity
for MBL2 variant alleles against PTB [33—35], whereas others
have pointed toward a susceptibility to PTB for homozygous
carriers of MBL2 variant alleles [36].

Previous studies have found controversial results, at least
at a genetic level. Some authors have reported a lower
frequency of allele B in Afro-Americans, but not in Caucasian
or in the so-called “Hispanic” TB patients [28]. However,
other reports have not found any significant differences in the
frequency of structural MBL2 alleles between PTB Caucasian
patients and control subjects. Nevertheless, when they
included the promoter polymorphisms according to high
serum MBL levels (YA/YA, YA/XA, XA/XA, and YA/O), low
MBL levels (XA/O), and deficient MBL individuals (O/0),a
significant difference in diplotype frequency was revealed
[25, 27, 29]. Finally, another study has found a significantly
increased frequency of O/O diplotype of structural polymor-
phism and of Y/Y diplotype of promoter polymorphisms in
HIV-TB+ patients compared with controls [24].

In the present study, we have investigated whether struc-
tural variations or promoter polymorphisms in the MBL2
gene considering them individually of regrouped might be
associated with PTB in Northern Spain. Our results after
statistical correction show that there is no differences neither
in the frequencies of polymorphisms in the promoter and
5"-untranslated region nor in the structural variants of the
exon 1 of the MBL2 gene between PTB patients and control
subjects when we considered them individually.

Lack of concordance of our results and those from
other studies, specifically another Spanish report that studied
MBL2 gene variants in the population from Canary Islands,
[27] could be explained, at least, by the genetic characteristics
of both pathogens and hosts. There are, consequently, two
possibilities to understand these differences among insular
and peninsular Spaniards.

First of all, it should be considered the different ethnic
background of geographically apart populations [37-40].
Genetic studies have demonstrated that an aboriginal African
background still persists in inhabitants from Canary Islands.
Estimates of genetic contribution to the Canary Islanders
from their putative parental populations based on mtDNA
and other genetic markers are 43% Berbers, 35% Peninsular
Spaniards, and 21% Guineans (being the Spanish nuclear
contribution due to males and practically all the Berber and
Guinean due to females). On the other hand, Cantabrians, at
the North of the Iberian Peninsula, appear as a semi-isolated
result of an ancient indigenous substrate more or less mixed
with more recent immigrants. This population seems to be a
genetically well-differentiated community, as deduced from
uniparental and autosomal markers, perhaps to a higher
level than their neighbours, the Basques, the most reputed
European isolate on linguistic grounds [41-43].

Secondly, another explanation could be due to the genetic
background within M. tuberculosis because variability among
different strains of M. tuberculosis in their surface, oligosac-
charides, might have led to differences in the MBL levels
associated with resistance or susceptibility against PTB
(27, 44, 45]. Consequently, when geographic variation in
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pathogen polymorphism is superimposed on host genetic
heterogeneity, considerable variation may occur in detectable
allelic association [5]. These factors could explain our
findings in the analysed Northern Spanish population.

6. Conclusion

The results obtained in our study show a significant higher
prevalence of MBL2 D allele and HYPD haplotype in controls
than in PTB patients (6.7% versus 2.3%, P = 0.014, OR 0.33,
and CI 95% 0.13-0.84).

Although after statistical correction, the significance
disappeared; this trend of the P values to significance could
indicate a role of D allele and HYPD haplotype in conferring
protection against PTB. For this reason, we cannot argue that
MBL2 D allele or HYPD haplotype would act as a factor of
resistance to PTB, and susceptibility to this disease would
probably be determined by other environmental and genetic
factors, at least in our population [20, 46-50].
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Host immune response against Mycobacterium tuberculosis is mediated by cellular immunity, in which cytokines and Th1 cells play
a critical role. In the process of control of the infection by mycobacteria, TNF-alpha seems to have a primordial function. This
cytokine acts in synergy with IFN-gamma, stimulating the production of reactive nitrogen intermediates (RNIs), thus mediating
the tuberculostatic function of macrophages, and also stimulating the migration of immune cells to the infection site, contributing
to granuloma formation, which controls the disease progression. IFN-gamma is the main cytokine involved in the immune
response against mycobacteria, and its major function is the activation of macrophages, allowing them to exert its microbicidal
role functions. Different from TNF-alpha and IFN-gamma, IL-10 is considered primarily an inhibitory cytokine, important to
an adequate balance between inflammatory and immunopathologic responses. The increase in IL-10 levels seems to support the
survival of mycobacteria in the host. Although there is not yet conclusive studies concerning a clear dichotomy between Th1 and
Th2 responses, involving protective immunity and susceptibility to the disease, respectively, we can suggest that the knowledge
about this responses based on the prevailing cytokine profile can help to elucidate the immune response related to the protection
against M. tuberculosis.

1. Introduction

The genus Mycobacterium displays more than 100 known
species, with a broad geographic distribution, habitat diver-
sity, and diverse relations with other organisms, includ-
ing more than 20 species presenting different degrees of
pathogenicity to humans [1]. Mycobacterium tuberculosis (M.
tuberculosis) (MTB), an intracellular facultative bacillus, is
the most frequent species isolated in human tuberculosis
(TB) cases.

Pulmonary tuberculosis is a global public health prob-
lem, presenting high incidence in Brazil. It is still the world’s
leading cause of death from a single infectious agent. Most

infections are asymptomatic and latent however around
5% to 10% of infected people progress to the disease
development at each year, pulmonary tuberculosis being
found in most cases. Each second a person is infected with
M. tuberculosis in the world. From the lungs, the organism is
efficiently transmissible through aerosol. It is estimated that,
on average, a person with active TB can infect between 10 and
15 individuals per year [2]. The World Health Organization
(WHO) works intensively to significantly reduce the TB
cases and halve this disease death number until 2015 [3];
however, the number of multidrug-resistant TB cases is
rising, and this increasingly compromises the disease control
(4, 5].



Latent TB is defined as an infection with M. tuberculosis
that remains within macrophages without replicate, but that
retains the ability to exit latency and cause active disease
when there is an interruption of the protective immune
response. The reactivation of a latent infection requires the
activation of the quiescent bacilli. Several factors can trigger
the development of active disease from reactivation of latent
infection, which usually involves the decline of the immune
response. HIV infection is the most important risk factor for
progression to active disease due to depletion of CD4" T cells
[6]. Advanced age, malnutrition, and medical conditions that
compromise the immune system are also risk factors for the
reactivation (7, 8].

Tuberculosis progression is associated with the immune
status. It is known that host protective immune response
against this pathogen is mediated by cellular immunity,
in which certain cytokines and Thl cells have a critical
role [9]. Understanding the mechanisms involved in this
response, and in particular the function of the cytokine
network involved in this disease, is of significant relevance to
reach advances in the development of effective control and
prevention [10].

2. Cytokines

Cytokines are molecules that mediate mainly the intercellular
communication in the immune system, being produced
by different cell types. Cytokines have pleiotropic and
regulatory effects and participate in the host defense and in
inflammatory and tissue reparation processes [11].

In tuberculosis, an effective and coordinated partici-
pation of different cytokines was already identified, such
as interleukin-12 (IL-12), IL-23, IL-27, IL-18, IL-1, IL-7,
and IL-15 [5]. An important aspect associated with the
production of cytokines in MTB infections is the activation
of macrophages in response to IFN-y and TNF-« signal-
ing [12]. Nonactivated macrophages are the usual habitat
of MTB, which resists in the intracellular environment,
blocking the phagosome fusion with the lysosome, thus
avoiding its exposure to low pH and to reactive nitrogen
intermediates (RNIs), important to its destruction [12].
IFN-y activated macrophages transpose this blockage and
form phagolysosomes expressing RNIs able to eliminate
MTB in the infection sites [13]. The cord factor, the
19KDa lipoprotein, and other MTB components induce the
production of IL-12 by macrophages, thereby mobilizing the
Thl cytokine pathway. Figure 1 shows the initial immune
protection to M. tuberculosis.

Several cytokines, including interleukin IL-12, IL-17,
and IL-23, contribute to the host response to mycobacteria,
improving the development of Thl cells [14]. Among Thl
cytokines, IFN-y and TNF-«a were identified as the most
important agents of the antimycobacterial cytokine cascade.
This is due to the formation as well as the maintenance
of the granuloma, which is mediated by TNF-«a acting
synergistically with IFN-y in the activation of macrophages
to produce effector molecules [15].

Recently, a new population of cells was identified and
named Th17. These cells produce IL-17, IL-21, and IL-22 as

Pulmonary Medicine

signature cytokines [16, 17]. The IL-17 receptor is expressed
in different organs including the liver, lung, and spleen, and
different cell types are able to respond to IL-17, such as
dendritic cells, macrophages, lymphocytes, epithelial cells,
and fibroblasts. The responses induced by the IL-17 gene
include expression of proinflammatory genes, chemokines,
IL-6, IL-8, and antimicrobial proteins. Recent data suggest
a superior and more complex role for these cells and
their cytokines in different intracellular infections, including
bacteria, fungi, and viruses in different mucosal surfaces
[18]. Therefore, the balance between protection and Th17
cell-mediated pathology is the key in the definition of
consequences in mucosal infections [19].

Th17 cells also participate in the inflammatory response
at an early mycobacterial infection; however, the production
of IL-17 in the lungs is mainly immunosuppressive of IFN-y.
The protective potential role of Th17 cells during the early
phase of infection with M. tuberculosis is unknown [20].
There are evidences on the role of IL-17 during mycobacterial
infections. Pulmonary infection with BCG or M. tuberculosis
stimulated the early secretion of IL-17 from the day 1 to 14
and sequentially the development of T cells secreting IFN-y.
Pulmonary infected IL-17 deficient mice with BCG showed
a reduction in the delayed hypersensitivity responses, with a
deficiency in granuloma formation in the lungs, suggesting
that IL-17 is required for an efficient development of Th1
responses [20].

The secretion of IL-23 is essential for the secretion of IL-
17, and people with deficiency in the IL-12Rf31 gene have low
capacity to produce IL-23, and they have a lower production
of IFN-y. IL-12 is a cytokine that reduces the expression
of IL-17, and this appears to show a self-regulation on
inflammation. The balance between the secretions of IL-
23/IL-17 and IL-12/IFN-y appears to be essential for the
regulation of inflammation in response to M. tuberculosis and
other mycobacteria [21].

Among the cytokines that are being studied in response
to M. tuberculosis, we can also emphasize interleukin-I.
Interleukin-1 is necessary for the control of infection with
M. tuberculosis, but the role of its two ligands, IL-1a and
IL-18, and its regulation in vivo are poorly understood. An
important feature of IL-1 is its control on transcription,
arranging the levels of transcription and signal transduction,
as evidenced by the variety of immunopathologies and
autoinflammatory diseases that occur in the absence of reg-
ulation of IL-1 [22, 23]. Little is known about the expression
and processing of IL-1 in the context of infection with M.
tuberculosis in vivo. The populations of cells that produce IL-
1 during infection have not yet been characterized [24].

Guler et al. [25] investigated the role of IL-1a and IL-
13 during chronic infection with M. tuberculosis and spon-
taneous reactivation of it in mice. Blockade of IL-1«, but not
IL-1p, resulted in increased susceptibility to chronic infection
with M. tuberculosis. When they neutralized IL-1a or IL-1f
alone, they did not observe an increase in the reactivation of
latent tuberculosis. The generation of antibodies neutralizing
IL-1a and IL-1f simultaneously did not influence weight
gain during reactivation, and they observed a slight increase
in the lung bacilli count when compared to the immunized
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control group. Thus, their results suggested that IL-l« is
the prime mediator of the IL-1RI-dependent and protective
innate immune responses to M. tuberculosis in mice.

In a recent study the role of IL-1 in host resistance was
demonstrated by inducing antibodies against this cytokine,
which resulted in an increased mortality during chronic
infection [25].

The granuloma is a typical structure of this disease,
where we can find CD4 and CD8 T lymphocytes, B lym-
phocytes, macrophages, neutrophils, fibroblasts, and giant
multinucleated cells. IFN-y-producing CD4 T lymphocytes
contribute to the generation of granulomas, besides being
important costimulators to the adequate activation of CD8
T lymphocytes. The importance of CD4 T lymphocytes
function is seen in patients with HIV, where the risk of TB
increases with the decrease of the cells counting [26].

Many events mediated by cytokines are important to the
establishment of immunity against MTB and the expression
of host resistance [11].

Response against M. tuberculosis. CD4* T cells exert regu-
latory activity on macrophage function, as well as cytolytic
CD8* lymphocytes. The effector function for the bacterial
elimination is mediated by macrophages that are activated
by cytokines derived from T lymphocytes, particularly IFN-y
and TNF-a.

3. Tumor Necrosis Factor (TNF-a)

The tumor necrosis factor (TNF, TNF-«) was originally
characterized as a necrosis inductor in sarcomas in vivo [27].
TNF-« is a proinflammatory cytokine which exerts multiple
biological effects. TNF-a expression is strictly controlled,
since its superproduction can mediate damaging effects
found in the septic shock such as arterial hypotension,
disseminated vascular coagulation, and lethal hypoglycemia.

In the process of mycobacterial infection control, TNF-«
seems to have a primordial role, acting upon a wide variety

of cells. The main producing cells are activated macrophages,
T lymphocytes, and dendritic cells [27-29]. This cytokine
acts in synergy with IFN-y, stimulating the production of
reactive nitrogen intermediates (RNIs), thus mediating the
tuberculostatic function of macrophages [30, 31]. TNF-«
also stimulates the migration of immune cells to the infection
site, contributing to the granuloma formation, capable of
controlling the disease progression [32].

TNF-a blocking has dramatic effects on the progression
of tuberculosis in experimental models. Neutralization of
TNF-a in murine models results in tuberculosis aggravation
or reactivation [32]. The excision of the TNF-« gene or its
receptor results in deviant granulomas or fulminant acute
tuberculosis [33, 34]. Studies have also revealed that TNF-
a is expressed in MTB-infected tissues during the whole
latent phase of infection [35], suggesting a contribution, with
other cytokines like IFN-y, in the control of the bacillus
multiplication.

Increased levels of TNF-a are commonly detected in
culture supernatants of peripheral blood mononucleated
cells (PBMCs) from patients with pulmonary tuberculosis
stimulated with mycobacterial antigens [10, 36, 37]. Moura
[38] evaluating the immune response of patients prior to and
after treatment noticed that patients with active pulmonary
tuberculosis produced increased levels of TNF-a; however
they did not observe significant difference in these cytokine
levels after treatment, concluding that these results reinforce
this cytokine’s role at both the physiopathology and in the
protective immunity of the disease.

A recent study investigated the role played by the
nucleotide-binding oligomerization domain-containing pro-
tein 2 (NOD2) in the human alveolar macrophage innate
responses and revealed that significant levels of IL-15,
IL-6, and TNF-a were produced after the recognition of
the ligand with the muramyl dipeptide (MDP). Alveolar
macrophage treatment with MDP has improved the control
of intracellular growth of M. tuberculosis, activity associated
with a significant production of TNF-« and IL-6 [39].



One of the most overwhelming lines of evidence of the
protective effects of TNF-a is, perhaps, provided by the
observation that patients with rheumatoid arthritis under
treatment with TNF-a antagonists (monoclonal antibodies
against TNF-a or TNF-a soluble receptors) have a significant
increased risk of reactivating latent TB [40—42].

On the other hand, there is also evidence showing
that TNF-a may be associated with immunopathological
responses in tuberculosis, aforementioned also as the head
mediator of the destruction of the pulmonary tissue [43].
Elevated levels of TNF-« are related to an excessive inflam-
mation with necrosis and cachexy [44, 45].

Tumor necrosis factor (TNF-«) relative roles in MTb
have been a subject of controversy. It was described that
mycobacteria decreases the production of TNF in human
PBMCs, skill which probably contributes to its ability to
establish chronic infections [46]. Produced by macrophages,
lymphocytes, neutrophils, and some endothelial cells, TNE-
a coordinates the inflammatory response via induction of
other cytokines (IL-1 and IL-6), and the recruitment of
immune and inflammatory cells through the induction
of chemokine and supraregulation of adhesion molecules.
Experimental models have shown that TNF-a plays an
important role not only in host response against M. tubercu-
losis but also in the immunopathology of tuberculosis [47].

TNF-« increases the capacity of macrophages to phago-
cytose and kill mycobacteria and stimulates apoptosis of
macrophages, depriving bacilli of host cells and leading to
death and presentation by dendritic cells of mycobacterial
antigens [48]. In vivo TNF-« is required for the formation
and maintenance of granulomas. Neutralization of TNF-«
produced by mice chronically infected with M. tuberculosis
specific monoclonal antibodies disrupts the integrity of
granulomas, exacerbates infection, and increases mortality
[49].

M. tuberculosis evolved and has developed mechanisms
which interact and modulate the host immune response.
Mycobacterium expresses surface antigens that can induce
the production of IL-10 and IL-4, which typically have anti-
inflammatory effects [50, 51]. The high expression of IL-
4 has been implicated as a virulence factor, both for the
anti-inflammatory ability and also for its apparent capacity
to promote tissue damage in association with TNF-a [52].
These studies suggest that IL-4 (alone or jointly with TNE-
«) may play a role in tissue destruction and/or cell death
during infection by M. tuberculosis. TNF-« is one of the
most powerful controlling factors for the recruitment of
monocytes and is a potent inducer of cell death by apoptosis
[53]. Necrosis, on the other hand, is associated with the lysis
of the infected cell, the release of feasible M. tuberculosis, and
damage to the surrounding tissues [54]. TNF-« is also a key
cytokine involved in this event.

4. Interferon Gamma (IFN-y)

Interferons (IFNs) are substances originally identified at
cellular culture supernatants infected by virus and that
appeared to interfere directly in the viral replication, hence
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its denomination [55]. Divided into two major types, type
I IFNs are induced and act effectively in responses against
viruses: IFN-« is secreted mainly by leucocytes, and IFN-f is
produced by fibroblasts. Type Il interferon, now referred to as
IFN-y, is synthesized mostly by T lymphocytes and NK cells
after this cells activation with immune and inflammatory
stimuli, rather than viral infection [56]. IFN-y is the chief
cytokine involved in the protective immune response against
mycobacterial infection. It is produced primarily by CD4
and CD8 T lymphocytes and NK cells. It is also known that
natural killer T cells (NKT) and yé T lymphocytes, cells with
a narrow repertoire of antigen recognition, can also produce
IFN-y in response to mycobacterial stimulation, displaying
protection against M. tuberculosis infection both in vitro and
in vivo [12].

The main function of IFN-y is macrophage activation,
rendering them able to exert its microbicidal functions. It
operates also enhancing the antigen presentation through
the induction of the expression of molecules from the
major histocompatibility complex (MHC) class I and II and
promoting the differentiation of CD4 T lymphocytes to the
Th1 subpopulation [57-59]. IFN-y induces the transcription
of more than 200 genes in macrophages, including those for
the production of antimicrobial molecules such as oxygen
free radicals and nitric oxide, which represent one of the best
effector mechanisms for elimination of M. tuberculosis [60].
However, some mycobacterial antigens, such as the 19kDa
lipoprotein, have the potential to mitigate the response of
macrophages by blocking the transcription of subsets of
genes responsive for IFN-y [61, 62].

A series of clinical and experimental studies have demon-
strated the importance of IFN-y production in the control
of tuberculosis [63-65]. Experiments in mice revealed that
IFN-y is an essential cytokine for macrophage activation and
mycobacteria death in the intracellular environment. Cooper
et al. [66] and Flynn et al. [67] have demonstrated that mice
deprived from the IFN-y genes have experienced fulminant
infection by M. tuberculosis.

Individuals with a deficiency in the IFN-y receptor gene
have shown to be extremely susceptible to mycobacterial
infections [68]. The complete deficiency of IFN-y receptor
in humans is associated with increased severity in the course
of infection, poor formation of granulomas, multibacillary
lesions, and progressive infection [69]. Studies with individ-
uals that presented genetic mutations in the IFN-y receptor
have also proven that they presented high susceptibility to
atypical mycobacterial infections [70].

The interleukin-12 (IL-12)/interferon-y (IFN-y) axis is
determinant to the generation of Thl lymphocytes, acti-
vation of macrophages by T cells, and further elimination
of bacteria. A series of mutations associated to these
axis components were identified in humans: these include
mutation in the IL-12Rf1, IL-12p40, IEN-yR2 genes, and the
signal transducer and activator of transcription-1 (STAT-1).
Most infections associated with these Mendelian disorders
arise from the use of BCG or environmental mycobacteria.
Nevertheless, some of the disorders are also associated with
an increased susceptibility to M. tuberculosis (IFN-yR2 and
IL-12p40) [71, 72].
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IL-12 enhances IFN-y production by NK cells and
expands antigen specific Th1 cells. Other cytokines such as
IL-23, IL-18, and IL-27 are also important inducers of IFN-
y. About 20 days are enough to produce IFN-y by Thl
lymphocytes, which results in its accumulation in the lungs
and bacterial growth arrest [73]. IL-18, a cytokine produced
by monocytes, macrophages, and dendritic cells, cooperates
with IL-12 to induce IFN-y production [61]. Studies clearly
indicate that IL-18 contributes to protect against infection by
mycobacteria [74, 75]. Moreover, IL-18 deficient mice when
infected with M. tuberculosis present reduced levels of IFN-y
compared with normal mice, despite the standard levels of
IL-12 [76)].

Morosini and colleagues [77] emphasize through data
that they found in their study the view that in humans,
at least at certain stages of pulmonary tuberculosis, there
is a differential compartmentalization of IFN-y and of the
regulatory cytokine IL-12 and IL-10, where the protection
factor associated with the secretion of IL-12 is present in
the lungs and the component associated with immunosup-
pressive IL-10 secretion is predominant in peripheral blood.
Furthermore, their results indicate a more critical role for
IL-18 in the host response to M. tuberculosis in humans,
suggesting that IL-18 may act as a factor for induction of
IFN-y in the lungs, whereas one can have immunoregulatory
activity on peripheral circulation [77].

Studies report that patients with less severe forms
of pulmonary tuberculosis have a predominance of Thl
cytokines such as IFN-y, whereas the increase in IL-4 levels,
a Th2 type cytokine, is related to the disease severity [78,
79]. Torres et al. [80] studied the immune response of
patients’ PBMCs with active tuberculosis and their healthy
household contacts in response to the 30-KDa antigen from
M. tuberculosis. Their results demonstrated a defect in the
IFN-y production by patients in response to the investigated
antigen and a strong response to this antigen by the healthy
communicants’ cells, suggesting a protective role of IFN-y in
those individuals.

After inhalation and subsequent infection with M.
tuberculosis in the lungs, dendritic cells infected with the
bacilli migrate to the regional lymph node, which occurs,
on average, around 14 days after infection, initiating the
activation of T cells [81]. A model study used dendritic cells
infected with M. tuberculosis inoculated intratracheally in the
lung and as a result found that dendritic cells exposed to
M. tuberculosis prior to inoculation are better in migrating
to the lymph node and in T cell activation [82, 83]. These
findings, in association with information about the secretion
of cytokines and activation of the populations of CD4* T
cells, indicate that different subtypes of CD4* T cells involved
in protection in tuberculosis are activated in the initial phases
of infection and produce cytokines classically considered
immune protectors such as IL-2, IFN-y and TNF-« [84, 85].

There is evidence that CD4" T cells may contribute both
to the control of M. tuberculosis as well as of immunopathol-
ogy, contributing to morbidity and mortality in tuberculosis
disease. Reference [86] quantified the variation of IFN-y/IL-
17 in response to specific antigens of M. tuberculosis in
patients with a positive PPD test and healthy individuals and

observed a large variation in the amounts of IL-17 and IFN-y
secreted in response to the various antigens used.

5. Interleukin-10 (IL-10)

Due to its ability to inhibit the T lymphocyte production
of cytokines, IL-10 was originally described as a cytokine
synthesis inhibitory factor (CSIF) [86]. Subsequent studies
have demonstrated that IL-10 could also inhibit Th1 and
Th2 subpopulations in vitro [87, 88]. IL-10 acts inhibiting
the production of pro-inflammatory cytokines (IFN-y, TNF-
a and IL-12) and the action of antigen presenting cells,
blocking the activation of T lymphocytes through the
inhibition of expression of MHC class IT molecules [89, 90].
Therefore, it has an immunoregulatory function [91].

IL-10 is produced by macrophages and T lymphocytes
during M. tuberculosis infection. Unlike TNF-« and IFN-
y, IL-10 is considered primarily an inhibitory cytokine,
important to the adequate balance between inflammatory
and immunopathological responses. However, the increase
in IL-10 levels appears to support the mycobacterial survival
in the host. Mice with defective IL-10 exhibit an increase
in the antimycobacterial immunity [92]. IL-10 reduces the
protective response to MTB in the CBA mice strain, in
which IL-10 is produced by phagocytes in the interior of the
pulmonary lesion and where a reduction in the TNF and IL-
12p40 expression can be observed [93]. IL-10 is also able to
induce the reactivation of tuberculosis in animals [94].

IL-10 is increased in samples obtained from patients
with TB, and a higher capacity of IL-10 production is
associated with an increase in the disease incidence. In
human tuberculosis, IL-10 production is higher in aner-
gic patients, suggesting that M. tuberculosis induces IL-10
production, suppressing an effective immune response [95].
Macrophages from patients suffering from tuberculosis are
suppressed in vitro, and the inhibition of IL-10 reverts
partially this suppression [90]. In another study, IL-10
was capable of directly inhibiting the responses of CD4 T
lymphocyte from donors with latent TB and also reduced the
expression of MHC class I and II, CD40, B7-1, and B7-2 of
monocytes infected with MTB [96].

Lowering the protective cellular immune response is the
M. tuberculosis aim to survive in the host. IL-10 and other
inhibitory mediators of the inflammatory response (TGF-
BRIL IL-1Rn e IDO) are detected in the sputum samples of
patients with TB, whereas 30 days after treatment their level
decreases considerably, while an increase in the Th1 response
is observed [97].

In some human populations, an increase in IL-10
expression was identified, being possible to correlate it with
an inefficiency in the BCG (Bacillus Calmette-Guérin) vacci-
nation [98]. The analysis of the IL-10 gene polymorphisms
involved in the development of infectious diseases suggests
that this polymorphism has a critical role in the immunity
and progression of inflammation. The increase in IL-10
production can, in particular, suppress the immune response
and promote progression of the disease [99].

Regarding the immunopathogeny of TB, it is unques-
tionable the immunosuppressor role presented by IL-10



[100, 101]. Nonetheless, some studies have not detected
increased levels of this cytokine in PBMCs from patients with
active TB in response to mycobacterial antigens [102].

6. Cytokines in Household Tuberculosis
Contact Cases

The study of household contacts of TB cases is of essential
importance to the programs for combat and control of
tuberculosis, in other words, the epidemiologic surveillance
of household contacts as a means for early diagnosis of TB
cases and the decrease of the spread of the disease [103].

Some studies assessed the cytokine profile in groups of
healthy contacts individuals. From these works, it is impor-
tant to mention Demissie [104], who conducted a study
comparing the immune response of infected individuals in
the latent stage with TB patients. The results demonstrated
that TB patients presented a low production of IFN-y and
IL-2 cytokines when compared to individuals with latent
infections. This suggests that the control of TB in the
latent stage is not only associated with increased expression
of Thl cytokines, but also with the suppression of IL-4
activity [104]. Later, the same group [105] compared the
expression of IL-4, IL-442, and IFN-y in the peripheral blood
of household contacts of TB patients presenting positive
sputum. The results demonstrated that the expression of IL-
4 was slightly higher in household contacts when compared
to the controls from the community. However, when the
household contacts were divided into groups with or without
immunological signs of infection with M. tuberculosis, the
expression of IL-4 was clearly elevated in the positive ESAT-
6 (signal transducer and activator of transcription 6, an
MTB antigen) group and the expression of Thl cytokines
such as IFN-y was low. Thus, they suggest that a strong
response to the antigen ESAT-6 in individuals exposed to M.
tuberculosis correlates with a low expression of IFN-y and
higher expression of IL-4 and that possibly this profile is
associated with a poor prognosis [105]. The results founded
by our group [106] demonstrated that individuals with or
without a previous history of tuberculosis and exposed to
M. tuberculosis showed a Thl (TNF-« and IFN-y) and Th2
(IL-10 and TGEF-p) profile of cytokines, similar to that found
by Demissie [105], with an IFN-y production relatively
low when compared to IL-10. These cytokines would be
involved in shifting the state of latency to the stage of clinical
tuberculosis [106].

The presence of high levels of IL-10 in the plasma of
household contacts was unexpected for the group of [107],
since they have also found high levels of IL-10 in the studied
patients. However, there are few reports in the literature on
the production of IL-10 by household contacts of patients
with tuberculosis [107]. According to [107], these levels are
due to stimulation of mycobacterial antigens that induce this
cytokine production by mononuclear cells. Moreover, we can
suggest that IL-10 was involved in the natural defense that
goes against excessive proinflammatory responses generated
by TNF-a. Therefore, the simultaneous presence of IL-10 and
TNF-« in household communicating TB patients might be
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TaBLE 1: Studies of cytokines associated to M. tuberculosis infection.

Cytokine Tuberculosis study References
Studies in murine models [32-35, 44]
TNF-« Studies in patients with
. [36-39]
pulmonary tuberculosis
Studies in murine models [45, 66, 67, 76]
. . [63-65, 77—
IFN-y Clinical studies 80, 85
Genetic studies [68-72]
Studies in murine models [92-94]
IL-10 ies in pati '
Studies in patlenfcs with (95-102]
tuberculosis
. . . (14, 16—
Other cytokines Studies in tuberculosis 21, 24, 25]

beneficial to these individuals [105]. IL-10 may be required
to modulate proinflammatory effects in patients and in
healthy household tuberculosis individuals.

Table 1 summarizes the main cytokines, associated stud-
ies, and references described in this paper.

7. Final Thoughts

The host resistance against infection with M. tuberculosis
starts with the innate immunity, involving the interaction
of the bacillus with macrophages and dendritic cells. Little
is known about the transition between the initial control of
infection and the establishment of latent infection, which is
largely due, in part, to the lack of appropriate animal models
[108].

Although there are still no conclusive studies about a
clear dichotomy between Th1 versus Th2 response, involving
protective immunity and disease susceptibility, respectively,
we can conclude that the knowledge of Thl and Th2
responses helps to elucidate the immune protection profile
of the host against M. tuberculosis.
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