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Abstract

Background: Tuberculosis remains one of the biggest global human killer’s accountings for 9.4
million new cases of active tuberculosis and 3 million tuberculosis -related deaths with an incidence
of 140/100,000 inhabitants. More than 90% (up to 8 million) of total TB Tuberculosis cases occurring
in developing countries and more than half of all deaths (2 million) occurring in Asia.

Objective: To assess the burden of latent TB in patient’s candidate for biological therapy.

Patients and method: A descriptive cross-sectional study conducted at Baghdad teaching hospital
during the period from the 1st of April 2020 to the end of March 2021. A consecutive sampling
included 150 respondent’s candidates for biological therapy were included in this study.

Results: The mean age of patients was 38.9+11.4 years. TST was positive in 23.3% of studied
patients. Significant association between positive TST findings and middle age group (p=0.05). A
significant association was observed between positive TST results and gender (p=0.001). Also,
significant association between prolonged duration of the disease, and positive TST.

Conclusions: The TST were positive in about only one quarter of patients with chronic
immunomodulated diseases who are candidate for biological therapy, and significant associations

were found between age group, and TST positive.
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1. INTRODUCTION

Latent tuberculosis infection (LTBI) Latent tuberculosis infection is a positive TST in the absence of
clinical, radiological and laboratory evidence of tuberculosis disease. The WHO recommends
effective TB control, but diagnosis and control are dependent on early detection and identification of
LTBI individuals at high risk of reactivation and progression to active TB disease (1). Identification
of a primary source or suspicions of LTBI or active TB disease face difficulties Introduction pg. 4
due to the absence of any gold standard diagnostic tests. Areas highly endemic for TB disease suffer
from negative consequences of the disease, for example economic costs related directly or indirectly
to TB (2). Difference between LTBI and active TB disease Latent tuberculosis infection occurs when
the number and activity of tuberculosis bacterial germs becomes enough to cause symptoms in
normal healthy-looking individuals. Active TB cases are commonly presented with suspect
symptoms such as a chronic cough for more than 3 weeks, fever with hemoptysis or weight loss,
and/or fatigue and night sweats (3). Diagnostic methods for LTBI. The Tuberculin skin test (TST)
was historically the sole method of determining LTBI for epidemiological studies as well as for
informing treatment decisions. TST relies on delayed hypersensitivity to an intradermal injection of
purified protein derivative (PPD) of mycobacterium bovis, an antigen found in both mycobacterium
tuberculosis and other nontuberculous mycobacteria (NTM) (4). Given that there is no gold standard
for diagnosing LTBI, determining the sensitivity and specificity of the TST is very difficult. One
review reports sensitivity and specificity of 89% and 85% respectively for TST (5) when culture
confirmed TB is used as the gold standard, although the TST has no role in diagnosing active TB.
There are several limitations and confounding factors of the TST with varying importance and
clinical effect depending on the source of the study reviewed. First, TST quality is an operator
dependent test, and requires trained and skilled healthcare professionals to correctly place and read
the test. Even among trained healthcare workers, measurement of the TST induration is a qualitative
measurement subjective to inter-observer measurement bias (6). Second, the TST requires two visits,
one for placement and one for reading, which among certain populations results in decreased
adherence and unread tests. Third, there is a concern for false positive TST arising from three main
sources: booster effect from frequent TST, cross reaction with Bacillus Calmette—Guérin (BCG)
vaccine, and cross reactivity with NTM. The true effect of BCG vaccine on TST results remains

elusive, as a wide body of literature exists with conflicting Introduction pg. 6 conclusions. If given in
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infancy only, it is believed that BCG does not markedly affect TST results in adults, and contributes
to 1 false positive per 100 tests ten years after receiving the vaccine (4). However, when BCG is
given after 1 year of life, the number of false positives is higher, and the BCG effect lasts for longer,
although it decreases with age. False positive TST results due to NTM are very uncommon, and are
not thought to be clinically significant in high prevalence areas. If this is a concern in a specific
population, there are intradermal tests that use tuberculosis specific antigens. Lastly, the TST is
dependent on a functioning immune system, and its sensitivity declines with HIV infection due to
inability to mount an immune response, termed energy. There is no quantitative measure of CD4
count at which point an immune response will no longer manifest, however it has been shown that
more HIV-infected people have a positive TST with CD4>200 compared to those with CD4 (7).
Biological therapy and latent tuberculosis:

The advent of biological therapies has greatly improved the treatment and management of immune-
mediated diseases such as Crohn’s disease, psoriasis, rheumatoid arthritis, ankylosing spondylitis
and multiple sclerosis and many types of cancer (Kidney cancer, Kaposi's sarcoma, Melanoma,
Certain types of leukemia and lymphoma) (8-10), allowing for a better quality of life for these
patients (11). Biologic drugs are now a staple in the clinical approach to severe forms of these
diseases. However, they require careful management given their suppressive effect on the patient’s
immune system (12). Introduction pg. 8 Screening for latent tuberculosis infection (LTBI) is
mandatory in patients with who are candidates for biological therapy and it is recommended by
European and American guidelines. Indeed, the risk of developing active tuberculosis in patients
treated with tumour necrosis factor (TNF) —inhibitors is five times more likely compared with
subjects not exposed to biological therapies. It has been estimated that in 20-50% of subjects
exposed to Mycobacterium tuberculosis, the bacilli resist the innate immune response, and actively
multiply within the macrophages with the infection spreading to nearby cells. The cell-mediated
immune response leads to the formation of a granulomatous reaction, which does not effectively
clear M. tuberculosis infection, but it inhibits bacterial multiplication leading to LTBI in about 90%
of cases. (13, 14) LTBI is a condition in which viable bacteria are metabolically active but contained
within macro-phages and granulomas. Although carriers do not have tuberculosis symptoms and
cannot spread the infection to others, it is estimated that around 10% of carriers are potentially at risk

of developing an active infection, which is both symptomatic and contagious. This can occur during
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a change in the immunological status of the patient, such as reduced immunity caused by

immunosuppressive therapies including TNF-a inhibitors (15).

2. PATIENTS and METHODS

Study design, setting and timing: A descriptive cross-sectional study conducted at Baghdad
teaching hospital during the period from the 1st of April 2020 to the end of March 2021. Sampling
and patient A consecutive sampling included 150 patient’s candidates for biological therapy were
included in this study (i.e. those with contraindication and/or intolerance and/or non-responsive to
conventional systemic treatment including methotrexate, cyclosporine, salazopyrin and/or
corticosteroids)

Data collection: data were collected by using a specially designed questionnaire form. These forms
included information about sociodemographic characteristics (Name, date of birth, gender, smoking
history, occupation, history of previous lung diseases, history of Tbh contact, BCG status, past
medical history, type of disease treated with biological treatment (duration, current therapy and its
dose), investigations (tuberculin skin test, chest radiograph).

Exclusion criteria:

1. Patients with active TB

2. Patients with history of previous TB infection

3. Patients who refused to do TST Method: The TST was performed before starting biological
therapy.

The patients interviewed at out-patient clinic. The Mantoux technique was used and 5units of
Purified Protein derivative, at Chest and respiratory disease Patients and method pg. 10 institute were
applied by an intradermal injection in the middle third of the inner forearm. Skin reaction was
quantified 48 to 72 hours after the injection. The largest transverse diameter of indurations was
measured in millimeters. Patients who did not complete the test were excluded from the study. All

patients were sent for chest radiography.

Positive TST results were dependent on: Criteria for a positive tuberculin skin test (16):
1- >=5in: Immunosuppressed patients, steroid dependents, close contacts of persons with active TB,
persons with chest radiograph consistent with old TB, HIV infected persons.

2- >=10 in: immigrants from countries endemic in TB, injection drug users, low income and
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homeless persons, healthcare workers, persons with recent tuberculin test conversion.
3->=15in: any person without a defined risk factor for tuberculosis.

Statistical analysis:

* Data were analyzed by using SPSS IBM program version 23.

« Data are presented as means + variance compared using an unpaired t-test.

* Chi-square or Fisher s exact "tests compared means and percentages when appropriate.

Probability values < 0.05 were considered statistically significant in all analyses.
3. RESULTS

A total of 150 patients were included in this study with mean age of 38.9+11.4 years; 3.3% less than
20 years age, 15.3% 20-29 years, 31.3% 30-39 years, 30.7% of them were in age group 40-49 years
and 19.4% 50 years of age and more. Male patients were more than females with male to female ratio
as 1.5:1. Diseases were commonly Ankylosing Spondylitis (47.3% ,71 patients), Rheumatoid
arthritis (34.7% ,52 patients), psoriasis (8% ,12 patients), Behcet disease (5.3% ,8 patients), AS and
RA (2.7% ,4 patients), Crohns disease (1.3% ,2 patients) and Juvenile Arthritis (0.7% ,1 patients) as
illustrated in (Figure 1). The mean duration of disease was 7.2+6.1 years; 28.7% of patients had
duration of less than 5 years, 22.7% 5-9 years and 48.6% 10 years and more. All these data were
illustrated in (Table 1). The TST was positive in 23.3% of studied patients. All these data were
illustrated in (Figure 2). There was a significant association between positive TST results and
patients in middle age group (p=0.05). A significant association was observed between male gender
and positive TST results (p=0.001). All these data were illustrated in (Table 2). Although the
frequency of workers with negative TST is much higher than those with positive TST, but a
significant association was observed between worker patients and positive TST findings (p=0.009)
(34.1% of worker patients had positive TST ,80% of all positive TST results were among worker
patients). There was a significant association between smoking status and TST findings (p=0.001)
(31.8% of current smokers had positive TST, 42.3% of all positive TST patients are among current
smokers). All these data were illustrated in (Table 3). There is no significant association was
observed between the type of immunomodulated disease and positive TST results (p=0.1) (32.4% of
all AS patients had positive TST ,while 65.7% of all positive TST patients had AS). But significant
association between prolonged duration of disease and positive TST findings (p=0.04). All these data

were illustrated in (Table 4).
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Table 1. duration of the diseases

Duration of disease (year) No. %

<5 43 28.7
5-9 34 22.7
>10 73 48.6
Total 150 100.0

Mean duration £ SD (7.2+6.1 years)

1 I I

RA

Psoriasis

Behcet [

AS and RA

Crohns disease

Juvenile Arthritis

o

10 20 30

40
No.

50 60 70

80

Figure 1. Types of Diseases, (AS: Ankylosing spondylitis, RA; Rheumatoid arthritis).

TST

O Positive
O Negative
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Figure 2. TST finding of patients (TST: Tuberculin Skin Test)

Table 2. Distribution of demographic characteristics according to TST results.

. Positive TST Negative TST
Variable No. % No? % P-Value
Age (year) <20 0 - 5 4.3
20-29 6 17.1 17 14.8
30-39 12 34.2 35 30.4 0.05
40-49 16 45.8 30 26.1
>50 1 2.9 28 24.4
Gender Male 29 82.9 62 54 0.001
Female 6 17.1 53 46 '
*Fishers exact test, ** Fishers exact t-test, S=Significant.
Table 3. Distribution of social characteristics according to TST results.
Variable Positive TST Negative TST | Total P
No. % No. % No.
Occupation Workers 28 34.1 54 65.9 82
Student 6 30.0 14 70.0 20 *
Housewife 1 23 | 42 | 977 | a3 | 0009
Retired 0 0.0 5 100.0 5
Smoking Current smoker 14 31.8 30 68.2 44
Non smoker 13 13.4 84 86.6 97 0.001**s
Ex-smoker 8 88.9 1 111 9
* Fishers exact test, ** Chi-square test, S=Significant. TST: Tuberculin Skin Test
Table 4. Distribution of patients according to the type and duration of disease
. Positive TST | Negative TST | Total
Variable No. % No. % (no) P-Value
Type of disease AS 23 32.4 48 67.6 71
RA 10 19.2 42 80.8 52
Behcet disease 2 25.0 6 75.0 8
Psoriasis 0 0.0 12 100.0 12 0.1* NS
AS and RA 0 0.0 4 100.0 4
Crohn’s 0 0.0 2 100.0 2
Juvenile Arthritis 0 0.0 1 100.0 1
Duration <5 years 5 11.6 38 88.4 43
5-9 years 11 324 23 67.6 34 0.04** S
>10 years 19 26.0 54 74.0 73

* Fishers exact test, ** Chi-square test, S=Significant.RA: Rheumatoid Arthritis, AS: Ankylosing

Spondylitis.
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4. DISCUSSION

Screening for latent TB in patients with chronic inflammatory diseases as inflammatory
arthritis who will be candidates for biological therapy is important to prevent complications of
TB-reactivation. However, currently there is no ‘gold standard’ for the diagnosis of latent TB
(17). The main age group in our study was 40-49 years. Male patients were more than females
with male to female ratio as 1.5:1. This is in agreement with that mentioned by WHO 2011,
when male were more than female and it occur in age group between 15-50 years old (18). In
the present study the commonest diseases reffered for biological therapy were Ankylosing
Spondylitis, Rheumatoid arthritis, psoriasis subsequently, while in Garziera G et al, (19) study
the underlying diseases were rheumatoid arthritis (RA) in 50.6% (N = 89), ankylosing
spondylitis (AS) in 27.8% (N = 49), and psoriatic arthritis (PsA) in 17.6% (N = 31). This may
be due to difference in sample size collection at the time of the study regarding the disease
incidence and prevalence. The current study revealed that about one quarter of cases were TST
positive and the majorities were negative TST. This prevalence is relatively near that
mentioned in Garziera G et al (19), 29.5%, in previous studies conducted in Brazil (27.0%)
(20) and Peru (29.0%) (21) . Lower prevalence of positive TST was described by other studies
conducted in Brazil (13.4%) (22) and in India (20.4%) (23). On the other hand, high prevalence
were revealed in Renata M et al, (24) found that TBI screening was positive in (43.6%)
patients and in studies conducted in France it was 47.2% of patients, were TST-positive (25).
These divergent results among studies could be explained by differences in patient’s
characteristics like immunosuppression ,HIV infection, concomitant diseases or medications,
the age of BCG vaccine administration. Discussion pg. 20 Regarding to the age, it was found
that TST positive in the present study significantly associated with middle age group. This is
not in agreement with Li et al, 2014 study when reported that prevalence of TST positivity
significantly increased with age (26) . Furthermore, according to the reports of Pareek et al.
and Shanaube et al., the result TST was associated with increasing age (27, 28) . It is uncertain
whether increased age is the risk factor of contracting TBI or whether increased cumulative
exposure to Mycobacterium tuberculosis and/or NTM as people grow older increases positivity

of both tests. This difference with current study may be attributed to that the majority of our
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patients sample were in middle age group and this may be due to that the age presentation of
immune mediated diseases is usually in middle and young age group (29) . As for the relation
between gender and positive TST, the current study revealed a significant association with
gender the positive TST were more common in male than female, which is in accordance to
Ting WY et al, (30) 2014. Furthermore similar to Lee SJ et al, (31) 2014 found that male were
more than female regarding the TST positive. Sex disparities in active TB are widely reported
globally, several possible causes are proposed to explain the observations. The gender
inequalities in cultural and social aspects are enormous in some developing countries that are
also TB endemic areas. These inequalities affect the help-seeking behaviors and reduce the
access of women to health care services. The under notification of active TB cases in females
may be due to the gender bias in these areas, especially in a passive case-finding setting (32-
34) . Moreover, men may have more social contact than women and thus lead to an increased
risk of exposure to contagious cases (35) . Discussion pg. 21 Regarding to the relation between
employment and TST in this study, it was revealed that employed patients is the main group
than others with significant association with positive TST than other groups this may be due to
this group is more contact with population than other group. The smoker patients (smoker +
Ex-smoker) are more common than that not smoking with significant association between Ex-
smoker and positive TST. Garziera G et al, (19) revealed that there is no significant association
were found between TST results and smoking status. Arnson Y, et al, (36) the cigarette
smoking affects both the innate and adaptive immune arms. Cigarette smoke was shown to
augment the production of numerous pro-inflammatory cytokines such as TNF-a, IL-1, IL-6,
IL-8 GM-CSF and to decrease the levels of anti-inflammatory cytokines such as IL-10.
Tobacco smoke via multiple mechanisms leads to elevated IgE concentrations and to the
subsequent development of atopic diseases and asthma. Cigarette smoke has also been shown
to induce macrophages and dendritic cells activity. Also there was a significant association
between long time duration (>10 years) of the immunomodulated diseases and positive TST
results. This may be due to prolonged use of immunosuppressives and depressed immunity

with the progression of the disease.

5. CONCLUSIONS
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The TST were positive in about only one quarter of patients with chronic immunomodulated
diseases who are candidate for biological therapy, and significant associations were found

between age group, and TST positive.

Ethical Clearance:

Ethical issues were taken from the research ethics committee. Informed consent was obtained
from each participant. Data collection was in accordance with the World Medical Association
(WMA) declaration of Helsinki for the Ethical Principles for Medical Research Involving
Human Subjects, 2013 and all information and privacy of participants were kept

confidentially.

Conflict of interest: Authors declared none

Funding: None, self-funded by the authors

(o]

. REFERENCES

Centers for Disease Control and Prevention. TB Facts (2016). Retrieved from

=

http://www.cdc.gov/tb/default.htm

2. Gordin FM, Masur H. Tuberculosis in the United States in 2012: Current approaches. JAMA. 2012 Jul
18;308(3):283. References pg. 25

3. Hussain T. Leprosy and tuberculosis: an insight-review. Critical reviews in microbiology. 2007 Jan
1,33(1):15-66.

4. Herrera V, Perry S, Parsonnet J, Banaei N. Clinical application and limitations of interferon-y release
assays for the diagnosis of latent tuberculosis infection. Clinical infectious diseases. 2011 Apr

15;52(8):1031-7

“

Nolte FS. Case studies in cost effectiveness of molecular diagnostics for infectious diseases:
pulmonary tuberculosis, enteroviral meningitis, and BK virus nephropathy. Clinical infectious

diseases. 2006 Dec 1;43(11):1463-7.

)]

. CDC (2011e). "Tuberculosis: Fact Sheets." Centers for Disease Control and Prevention. availableat:
http://www.cdc.gov  /tb/publications/factsheets/general/LTBlandActiveTB.htm. Accessed on
23/3/2018

7. Pouchot J, Grasland A, Collet C, Coste J, Esdaile JM, Vinceneux P. Reliability of tuberculin skin test

175



Ali AK and Hameed HM, JMSP , Vol.8, issue 4, 2022

measurement. Annals of internal medicine. 1997 Feb 1;126(3):2104.

8. He D, Bai F, Zhang S et al. High incidence of tuberculosis infection in rheumatic diseases and impact

for chemo-prophylactic prevention of tuberculosis activation during biologics therapy . Clin Vaccine

Immunol 2013; 20:842-847.

9. 21. Abreu C, Magro F, Santos-Antunes J et al. Tuberculosis in antiTNF-alpha treated patients remains

10.

11.

12.

13.

14.

15.

16.

17.

a problem in countries with an intermediate incidence: analysis of 25 patients matched with a
control population. J Crohns Colitis 2013; 7:e486-492.

Sauzullo I, Mengoni F, Marocco R et al. Interferon-gamma release assay for tuberculosis in patients
with psoriasis treated with tumour necrosis factor antagonists: in vivo and in vitro analysis. Br J
Dermatol 2013; 169:1133-1140.

Sdnchez- Moya Al, Garcia- Doval |, Carretero G, Sdnchez- Carazo J, Ferrandiz C, et al. Latent
tuberculosis infection and active tuberculosis in patients with psoriasis: a study on the incidence of
tuberculosis and the prevalence of latent tuberculosis disease in patients with moderate—severe
psoriasis in Spain. BIOBADADERM registry. Journal of the European Academy of Dermatology and
Venereology. 2013 Nov;27(11):1366-74.

Solovic I, Sester M, Gomez-Reino JJ et al. The risk of tuberculosis related to tumour necrosis factor
antagonist therapies: a TBNET consensus statement. Eur Respir J 2010; 36:1185-1206. References
pg. 27

Amerio P, Amoruso G, Bardazzi F et al. Detection and management of latent tuberculosis infections
before biologic therapy for psoriasis.) Dermatolog Treat 2013, 24:305-11.

Mutlu GM, Mutlu EA, Bellmeyer A, Rubinstein I. Pulmonary adverse events of anti-tumour necrosis
factor-alpha antibody therapy Am J Med 2006 ; 119:639-46

Cantini F, Niccoli L, Goletti D. Tuberculosis risk in patients treated with non-anti-tumor necrosis
factor-a (TNF-a) targeted biologics and recently licensed TNF-a inhibitors: data from clinical trials
and national registries. ] Rheumatol Suppl 2014 91:56-64.

Nisha Rijal. Tuberculin Skin Test (Mauntoux test):Principle, Procedure, Results and Limitations.
Available at: https://microbeonline.com/tuberculin-skin-test-mauntoux test principle-procedure-
results-limitations/ Accessed on: 9/5/2018.

Abreu C, Sarmento A, Magro F. Screening, prophylaxis and counselling before the start of biological
therapies: A practical approach focused on IBD patients. Digestive and Liver Disease. 2017 Dec

1,49(12):1289-97.

176



Ali AK and Hameed HM, JMSP , Vol.8, issue 4, 2022

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

World Health Organization. Global Tuberculosis Control. 2011. Available from:
www.whglibdoc.who.int/publications /2011/eng .pdf. Accessed at: 14.12 2013.
Garziera G, Morsch AL, Otesbelgue F, Staub FL, Palominos PE, Brenol CV, et al. Latent tuberculosis
infection and tuberculosis in patients with rheumatic diseases treated with anti-tumor necrosis
factor agents. Clinical rheumatology. 2017 Aug 1,36(8):1891-6.
Bonfiglioli KR, Ribeiro AC, Moraes JC, Saad CG, Souza FH, Calich AL et al. LTBI screening in
rheumatoid arthritis patients References pg. 28 prior to anti-TNF treatment in an endemic area. Int
J Tuberc Lung dis 2014, 18: 905-911
Ponce de LD, Acevedo-Vasquez E, Sanchez-Torres A, Cucho M, Alfaro J, Perich R et al. Attenuated
response to purified protein derivative in patients with rheumatoid arthritis: study in a population
with a high prevalence of tuberculosis. Ann Rheum dis 2005; 64:1360-1361
Callado MR, Lima JR, Nobre CA, Vieira WP. Low prevalence of reactive PPD prior to infliximab use:
comparative study on a population sample of Hospital Geral de Fortaleza. Rev Bras Reumatol 2011;
51:40-52
Agarwal S, Das SK, Agarwal GG, Srivastava R. Steroids decrease prevalence of positive tuberculin
skin test in rheumatoid arthritis: implications on anti-TNF therapies. Interdisciplinary perspectives
on infectious diseases. 2014,2014.
Renata M, Karina R, Carla G, Ana C, Julio C, Eloisa B. Tuberculosis Screening and Treatment In
Ankylosing Spondylitis Patients Eligible For Anti-TNF Therapy In Endemic Area. ACR/ARHP Annual
Meeting. 2013
Saidenberg-Kermanac'h N, Semerano L, Naccache JM, Brauner M, Falgarone G, Dumont-Fischer D,
et al. Screening for latent tuberculosis in anti-TNF-a candidate patients in a high tuberculosis
incidence setting. The International Journal of Tuberculosis and Lung Disease. 2012 Oct
1,16(10):1307-14.
Li J, Munsiff SS, Agerton TB: Prevalence of tuberculin skin test positivity in clinical population in
New York City. J Immigr Minor Health 2010, 12(6):816—822. References pg. 29
Pareek M, Bond M, Shorey J, Seneviratne S, Guy M, White P, et al. Community-based evaluation of
immigrant tuberculosis screening using interferon gamma release assays and tuberculin skin
testing: observational study and economic analysis. Thorax 2013, 68(3):230-239.
Shanaube K, Hargreaves J, Fielding K, Schaap A, Lawrence KA, Hensen B, et al. Risk factors

associated with positive QuantiFERON-TB gold in-tube and tuberculin skin tests results in Zambia

177



Ali AK and Hameed HM, JMSP , Vol.8, issue 4, 2022

2

0

30

31.

32.

33.

34.

35.
36.

and South Africa. PLoS One 2011, 6(4):e18206.
. Sterling GW. Rheumatology secrets. 2015; 34:261
. Ting WY, Huang SF, Lee MC, Lin YY, Lee YC, Feng JY, Su WJ. Gender disparities in latent tuberculosis
infection in high-risk individuals: a cross-sectional study. PloS one. 2014 Nov 4,;9(11):e110104.
Lee SJ, Lee SH, Kim YE, Cho YJ, Jeong YY, Kim HC, et al. Risk factors for latent tuberculosis infection
in close contacts of active tuberculosis patients in South Korea: a prospective cohort study. BMC
infectious diseases. 2014 Dec;14(1):566.

Yamasaki-Nakagawa M, Ozasa K, Yamada N, Osuga K, Shimouchi A, et al. Gender difference in
delays to diagnosis and health care seeking behaviour in a rural area of Nepal. Int J Tuberc Lung
Dis. 2001; 5: 24-31.
Vlassoff C, Garcia Moreno C. Placing gender at the centre of health programming: challenges and
limitations. Soc Sci Med . 2002; 54: 1713-23.
Weiss MG, Sommerfeld J, Uplekar MW. Social and cultural dimensions of gender and tuberculosis.
Int J Tuberc Lung Dis. 2008; 12: 829-30. References pg. 30
Diwan VK, Thorson A. Sex, gender, and tuberculosis. Lancet. 1999; 353: 1000-01.

Arnson Y, Shoenfeld Y, Amital H. Effects of tobacco smoke on immunity, inflammation and

autoimmunity. Journal of autoimmunity. 2010 May 1,34(3):J258-65.

178



