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Editorial

[Indian J Tuberc 2011; 58: 143-147]

TB  AND DIABETES – THE DUAL EPIDEMIC:  IS IT A MATTER OF CONCERN?

Non-communicable diseases (NCDs) such as diabetes mellitus, cardiovascular diseases including
stroke, cancer and chronic obstructive lung disease have emerged as the leading cause of death and disability
worldwide and these diseases have gradually emerged as the global epidemic of the twenty-first century. These
are predicted to be the cause of death in over three-fourth of global deaths by 20301.  WHO estimated that 285
million people were living with diabetes mellitus (DM) in the year 2010, of whom seven million people
developed the disease during that year and 3.9 million died of that disease2,3.  This number increased alarmingly
from 153 million in 1980 to 347 million in 2008, according to a global analysis involving 199 countries and
2.7 million persons4.  It is predicted that the prevalence of diabetes will be between 439 million and 472
million by 2030 and 80% of these cases will be prevalent in developing countries5-7.   The world prevalence of
diabetes among adults between ages 20-79 years was 6.4% and that will increase to 7.7% by the year 2030.
Between 2010 and 2030, there will be a 69% increase in number of adults with DM in developing countries
and a 20% increase in developed countries2.  Although diabetes is a global epidemic, Asia is the epicentre
of this increase in number4,8.  India and China are, and will be, the two countries with the highest number
of diabetes mellitus patients with 40% of the total burden (138 million in 2008). India is considered as
the “diabetes capital’ of the world.  An earlier national survey in India reported age standardized prevalence
of DM and impaired glucose tolerance to be 12.1% and 14% respectively, with no gender difference9.
This showed increasing trend with age. A subsequent national non-communicable disease risk factor
surveillance conducted in different geographical locations in India  between 2003-2005 with a total of
44,523 individuals (15-64 years) revealed that self-reported DM  in rural areas was 3.1%, followed by
peri-urban/slum (3.2%) and the same was 7.3% for urban areas10.  It is estimated that in 2010, the prevalence
of diabetes was 7.1% in 2010 that will be 8.6% in 2030 adjusted to national population. The number of
adults with DM in 2010 was 50.768 million that will increase to 87.036 million in 20302.  However, a
recent estimate in 2011 multi centric study reported that of the 16,607 individuals selected for the study,
14,277 (86%) participated, of whom 13,055 gave blood samples. The weighted prevalence of diabetes
(both known and newly diagnosed) was 10.4% in Tamilnadu, 8.4% in Maharashtra, 5.3% in Jharkhand, and
13.6% in Chandigarh. The prevalences of prediabetes (impaired fasting glucose and/or impaired glucose
tolerance) were 8.3%, 12.8%, 8.1% and 14.6% respectively11.  Multiple logistic regression analysis
showed that age, male sex, family history of diabetes, urban residence, abdominal obesity, generalised
obesity, hypertension and income status were significantly associated with diabetes. Significant risk factors
for prediabetes were age, family history of diabetes, abdominal obesity, hypertension and income status.
Maharashtra will have six million individuals with diabetes and 9.2 million with pre-diabetes, Tamilnadu
will have 4.8 million with diabetes and 3.9 million with pre-diabetes, Jharkhand will have 0.96 million
with diabetes and 1.5 million with pre-diabetes, and Chandigarh will have 0.12 million with diabetes and
0.13 million with pre-diabetes. Projections for the whole of India would be 62.4 million people with
diabetes and 77.2 million people with pre-diabetes.

Population growth, ageing, global shift towards a western lifestyle of unhealthy eating and physical
inactivity are attributable to this increase in the number of diabetes cases in the world as a whole.
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There were an estimated 8.8 million incident cases of TB (range, 8.5 million–9.2 million) globally in
2010, and 1.1 million deaths (range, 0.9 million–1.2 million) among HIV-negative cases of TB and an additional
0.35 million deaths (range, 0.32 million–0.39 million) among people who were HIV-positive. Although globally,
the absolute number of incident TB cases per year has been falling since 2006 and the incidence rate (per 100
000 population) has been falling by 1.3% per year since 200212, this is rather slow.  In India, the prevalence is
about 3.1 (2.0–4. 6) million with a rate of 256 (161–373) per 100,000 population and the incidence is 2. 3
(2.0 –2. 5) with a rate of 185 (167–205) per 100,000 population (these* ranges represent uncertainty
intervals).

Thus, the global burden (also India) of both DM and tuberculosis is huge. While about 95% of the
tuberculosis patients live in the developing world (21% in India), 70% of the DM patients also live in developing
countries, mainly in the South-East Asian and Western Pacific countries. There is growing evidence that these
two diseases are connected and therefore, is it a matter of concern?

Of many risk factors for tuberculosis including HIV/AIDS, malnutrition, silicosis, smoking, immune-
suppression, alcohol, crowded living conditions, and indoor air pollution, diabetes is considered as one of the
important ones. The association of the two diseases has been shown since Roman times and more recent
unequivocal evidence has shown a strong association between the two13.  A systemic review, using Pub Med
and EMBASE databases from 13 studies reported that DM is associated with an increased risk of tuberculosis14.
In the three cohort studies analyzed, while the relative risk of tuberculosis in patients with diabetes was found
to be 3.1 (95% CI 2.27-4.26), the case-control studies found the odds ratios ranged from 1.16 to 7.83. The
risks were higher in younger people and in countries with a high background incidence of tuberculosis.  Another
Medline search involving studies published after 1995, found an increase  in risks or odds for tuberculosis in
patients with DM ranging from 1.5 to 7.814.  Prospective studies have also supported this hypothesis15.  As per
report from India, in 2000, DM accounted for nearly 15% of pulmonary TB cases and 20% of smear-positive
cases16. However, it is not clear whether DM has any effect on tuberculosis case notifications or estimated
case numbers at country level.  TB infection may progress at a faster rate in people with diabetes than in those
without diabetes13-16.  The clinical presentation of TB in people with diabetes may be altered and change the
sensitivity and specificity of conventional diagnostic algorithms. A large proportion of patients of DM will
have lower lung involvement, in contrast to patients without diabetes, who will have upper lobe disease. However,
many unanswered questions still remain, including the influence of poor glycemic control on death and
recurrence of tuberculosis, the timing and etiology of death in diabetes patients, the reasons for recurrent
disease, and interventions that may reduce the frequency of these adverse events. These questions can be
answered with certainty through prospective rather than retrospective studies. The association of diabetes and
tuberculosis is supported by the fact that DM patients have impaired cell-mediated immunity, renal failure,
micronutrient deficiency and pulmonary microangiopathy, all of which can predispose to the development of
tuberculosis. DM affects innate and adaptive immune responses, and poor diabetes control affects in vitro
innate and cell mediated immune cytokine response17.  Among those with active TB, diabetes may adversely
affect TB treatment outcomes by delaying the time to microbiological response, reducing the likelihood of a
favourable outcome, and increasing the risk of relapse or death18.  Patients with diabetes have a risk ratio for
the combined outcome of failure and death of 1.69 – 4.95. Diabetes is also associated with an increased risk
of relapse (RR 3.89).   Diabetes may also accelerate the emergence of drug-resistant TB, especially multidrug-
resistant TB among those receiving TB treatment, although the evidence is limited18.  Studies assessing sputum
culture conversion after two to three months of anti-tubercular therapy are heterogeneous with relative risks
varying between 0.79 and 3.25. DM thus, appears to increase the risk of tuberculosis.

Conversely, tuberculosis may trigger the onset of diabetes, and worsen glycemic control in existing
diabetes like any other chronic infection. Data presented in the recently held National Stakeholders Seminar
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on tuberculosis-diabetes mellitus, at New Delhi from 11th-12th October, 2011, showed that in Kerala the
prevalence of Diabetes in patients with tuberculosis was as high as 45%, although there were methodological
issues. Finally, TB medications may interfere with the treatment of diabetes through drug interactions, and
diabetes may interfere with the activity of certain anti-TB medicines. Rifampicin may have hyperglycemic
effect as a result of direct and indirect interactions with oral hypoglycemic drugs19.  Uncontrolled diabetes
can eventually lead to renal impairment and an increased risk of drug toxicities. Hepatotoxicity of anti-tubercular
drugs is increased in diabetes patients, eventually increasing the risk of adverse treatment outcomes20.

Over the past two decades, national TB control programmes worldwide have implemented TB control
through DOTS and the Stop TB Strategy with evident success, including substantial increase in rates of case
detection and improved treatment outcomes12.  However, improvements are still needed to tackle some of the
important issues.  Countries must ensure complete and early case detection of all types of TB. During 2005-
2009, the global TB case detection rate stagnated at around 60%21, although recent WHO reports showed
reduction in the incidence, prevalence and mortality12.  In many countries, these rates are even lower, and long
delays for diagnosis and treatment still occur in most countries further aggravating transmission.  Case detection
of smear-negative TB and of multidrug resistant-TB also must be substantially improved. While the rate of
treatment success globally has surpassed the target of 85%, treatment outcomes are suboptimal in many settings
and for some subpopulations.  Where adverse treatment outcomes are frequent, reasons may include poor
adherence to treatment, high prevalence of drug-resistance and/or vulnerability related to co-morbidities such
as HIV, under-nutrition, substance dependency, tobacco smoking-related conditions,  and if diabetes is
associated with tuberculosis, the outcome will be still worse and the management becomes difficult.  As
mentioned, even if the rates of incidence, prevalence and death from TB are decreasing globally, the rate of
decline is much slower than forecast.  Given this slow rate of decline, the Millennium Development Goal
target of halving TB prevalence and TB death rates by 2015, compared with their levels in 1990, may not be
met in all WHO regions. Furthermore, the world as a whole, as well as in most regions, are far from the trend
required to reach the long-term rates of eliminating TB (defined as less than one incident case of TB per one
million population by (2050). Additional interventions are therefore required to meet the goals for TB control
and elimination. Most urgently, this should involve further efforts to improve TB case detection and treatment
outcomes, with the ultimate aim to get as close as possible to 100% case detection rate and treatment success
rate. India as country has set a goal to detect 90% of all cases of tuberculosis and to achieve a treatment
success rate of 90% during the coming 12th five year plan.  With such a huge burden of diabetes and tuberculosis
(syndemic of TB and DM), this becomes more challenging. Moreover, new tools for TB diagnosis, prevention
and treatment are needed. Additional efforts should also include prevention by intervening on known social
determinants and risk factors of TB that include diabetes mellitus.

Thus there is an urgent need for synergies of collaborative activities between the two problems. The
link between diabetes and TB has potential additional implications for all the above-mentioned challenges to
TB control. First, given that people with diabetes are at higher risk of TB, screening for TB in people with
diabetes may be warranted in populations with high TB prevalence to help improve early case detection. Second,
because diabetes may increase the risk of adverse treatment outcomes in TB patients, special attention may be
needed to ensure high-quality TB treatment in people with diabetes. This requires screening for diabetes among
people with TB in settings where under-diagnosis of diabetes is common. Third, broad primary and secondary
prevention of diabetes will help prevent TB at the population level. Finally, TB preventive therapy could be
potentially indicated in people with diabetes who have had recent exposure to TB.

Improved collaborative activities would also potentially improve care and prevention of diabetes.
Under-diagnosis of the disease is common in low-income and middle income countries, and could be improved
by screening people with TB for diabetes. Management of diabetes must be optimized in general and in particular
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during TB disease, as during all types of infections. Improved management of diabetes could build on the
successes of the DOTS strategy, emphasizing support to patients and supervision of their treatment; standardized
protocols, a reliable supply of quality-assured medicines, regular monitoring and evaluation, and management
and administrative procedures; as well as political commitment.

An important step to handle and fight against tuberculosis and diabetes has been the development of a
WHO-Union (International Union against Tuberculosis and Lung Diseases) Framework for Collaborative
activities to guide policy makers and implementers in reducing the dual burden of DM and TB22.  The WHO
gave clearance to develop a framework rather than Guidelines due to  lack of strong evidence to support some
of the suggested interventions. The Framework essentially consists of three components: (A) To establish the
mechanisms of collaboration through setting up means of co-ordinating DM and TB activities, to conduct
surveillance of TB disease prevalence in patients with DM in medium and high burden settings, to conduct
surveillance of DM prevalence in TB patients in all countries, and to conduct monitoring and evaluation of DM
and TB activities; (B) To detect and manage TB in DM patients through intensive detection of TB disease
among DM patients, to ensure TB infection control in health care settings where DM is managed and to ensure
high quality TB treatment and management in people with DM; (C) To detect and manage DM in patients with
TB by screening TB patients for DM, to ensure high quality DM management among TB patients23-26.  The
management of chronic non-communicable diseases like DM is poor in most resource-limited settings, and
the ‘directly observed therapy, short course’ (DOTS) frame work for tuberculosis control has been proposed
as a feasible way to improve this situation. This DOTS model is already being tried in Malawai and seems to be
working27.

While there may be a sound argument for combating both the diseases to have better control of both
in a co-ordinated and collaborative fashion, certain amount of caution will be required. It must be realized that
while tuberculosis is a curable disease and the treatment is over within few months, diabetes is non-curable
and requires life-long treatment, and the management is rather complex with possibility of many system
involvement requiring specialized care.  Then comes the question of smooth handing over of the patient of
DM to the physician/endocrinologist after tuberculosis is treated and the patient is assured of treatment of
diabetes with insulin or other oral hypoglycemic agents.  Of course, with introduction of the Non-Communicable
Diseases Control programmme in the country, this will be easier.  We need to have prospective studies to
generate data in the country about TB in DM and DM in TB.  Action is already being started  in Kerala State, the
Revised National Tuberculosis Control Programme has already initiated screening of TB patients for DM and
is assessing its effect on TB treatment outcomes under routine programme conditions as mentioned earlier.
Some data is also available from Tamilnadu.  This can be taken up as an important operational research topic
with common protocol representing the whole country. While there is a case for such a collaboration and one
can work out the modalities, the focus/attention should not be diluted or diverted from our basic DOTS or
DOTS-Plus strategy.

D. Behera
Director

LRS Institute of TB and Respiratory Diseases
New Delhi

Telephone: 011-26963335
Email: dirlrsi@bol.net.in
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TUBERCULOSIS – CHALLENGES AND OPPORTUNITIES*

R. C. Jain**

*   Dr. P.K.Sen Oration delivered during NATCON 2009 held in Kolkata
** Former Director, LRS Institute of TB and Respiratory Diseases and Vice-chairman, Tuberculosis Association of India,  New Delhi.

Tuberculosis (TB) is a disease that physicians
have recognized and grappled with for thousands of years.
The disease in the beginning was considered incurable.
Our ancient scripture – Atharveda (400 BC) counsels “The
physician, who values his reputation, should not undertake
to take care of a patient, who has three great symptoms –
fever, cough and bloody sputum”.

Tuberculosis has been a disease of challenges
since long. Initial challenges were what is the cause
of disease, how to prevent the disease and what is the
effective treatment. Mankind has always liked
challenges. Physicians, microbiologists, scientists and
philanthropists in every country joined hands to meet
the challenges thrown by the disease.

Beginning of the success story

Success story started with discovery of
tubercle bacillus in 1892 by Robert Koch, followed
by development of BCG vaccine for prevention in
1922. After 60 years of discovery of tubercle bacillus,
Schatz, Bugie and Waksman published their papers on
streptomycin, heralding a reliable cure for TB.
Discovery of streptomycin in 1944 and other anti-
tuberculosis drugs for effective cure followed next
to get over the disease. In one decade, from 1944-
1954, the prognosis for an individual with TB changed
from dismal to expectation of cure. Implementation
of National Tuberculosis Control Programme in 1962
with the development of strategy of prevention,
treatment and health education heralded the beginning
of an effective control measure in India.

In pre-chemotherapeutic era, everybody
thought that effective drugs were the answer to all the
problems of TB. After the discovery of drugs, TB
workers and public took it as granted that TB is cured
and controlled and it would not be a problem at all.
But drugs had also opened a Pandora’s box of problems

like patients stopping the drugs prematurely, non-
availability of drugs, drug resistance, lack of
knowledge, etc.

GOVERNMENT INITIATIVES

Government took the problem of
tuberculosis seriously and opened sanatoria, hospitals,
clinics, Non Governmental Organizations, accepted
BCG vaccination as national policy, conducted
National Sample Survey, opened research institutions
and started the National TB Programme, etc.

National Tuberculosis Control Programme

Government took a strong initiative for control
of tuberculosis and launched National Tuberculosis
Programme (NTP) in 1962. Our programme was quite
effective. Various countries followed our programme and
succeeded initially and then failed. We also succeeded
but later on our programme also failed. Why we failed?
The main cause of NTP failing was complacency and lack
of resources, especially financial. We knew the problems,
drawbacks and shortcomings of our programme but
adequate funds were not available to sort them out on a
national level. India was the first country to advocate
supervised chemotherapy but could not implement it
because of financial crunch. There was a boon in disguise
in the form of resurgence of TB in the US in eighties. A
strong feeling developed amongst the rich countries and
international agencies like IMH, WHO and other
international agencies to start DOTS strategy.
Accordingly, our programme was also renamed as
RNTCP (Revised National Tuberculosis Control
Programme).

Revised National Tuberculosis Control Programme

Revised National Tuberculosis Control
Programme was introduced in 1993 after a review of

Dr. P.K. Sen Oration
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our national programme in 1992 by national, WHO
and SIDA experts. I have an honour to be Head of
Review Committee that visited South India and was
closely associated with DOTS strategy and RNTCP.
Implementation of DOTS was the best strategy which
could have happened to our TB programme. RNTCP,
by and large, is a success story as a public health
strategy and has been able to achieve 70% case
detection rate with over 85% cure rate at national level
and is sustaining it.

Challenges

Our own experience and the success of
RNTCP have thrown a large number of challenges.

International Agencies funded programme

DOTS strategy is a foreign-funded and
expensive programme.  Foreign funds may not be
available forever.  A strong political will needs to be
developed so that adequate funds are provided to
RNTCP in such an eventuality, otherwise the
programme will collapse. Researchers and scientists
should develop some alternative strategies and ways
which are less expensive with same success. I am sure
we have the capabilities to do it as we have given the
world the concepts of ‘Domiciliary treatment’ and
‘Supervised therapy’. It is hoped that our national and
state research institutions and all other TB workers
will accept this challenge.

Rapid programme expansion

It is good that programme could be expanded
rapidly by March 2006 to cover the entire country.
Rapid expansion has outpaced the capacity of national
and state health authorities to supervise the programme
and to maintain high quality. It has led to decline in
case detection and cure rate in some areas. So efforts
are needed to reverse decline in case detection and
cure rates in those areas.

Achievements and success

The programme has been able to achieve 70%
case detection rate and 95% cure rate. It is a
noteworthy achievement and needs to be applauded.

But these achievements and success need to be
sustained and maintained. To have an impact an
epidemiology of TB, programme needs to maintain
and sustain high case detection and success rate for
decades. Complacency has no place in TB programme.
The example is before us, we have recently seen
resurgence of TB and drug resistant TB in US because
of complacency.  Remember, our NTP also did well
for 15-20 years but then complacency set in and the
programme started failing. So we must learn from our
mistakes. Therefore the challenge is to continue and
sustain full commitment and enthusiasm in TB
workers. It is easily said, but difficult to fulfill. It would
be a real challenge for administrators and managers
of the programme to sustain the success.

Defaulters

Defaulters are a serious problem in TB
control and are persisting in RNTCP also. Default rate
in new sputum positive (NSP) patients is of an order
of 7% and amongst the retreatment cases, it is 16%.
It is not acceptable because the retreatment cases have
amongst them MDR and XDR cases – a serious threat
to control of TB. So default rate of 16% is quite high
and not acceptable. The challenge is to reverse the
default rate for which strengthening of default
retrieval system is a must. There has been some
improvement in default retrieval recently, as default
rate in 2007 in retreatment and NSP cases is 14.9%
and 6% respectively but is still high.

Relapse

No figures are given of relapse rates under
RNTCP, an important parameter of success. It is hoped
that necessary infrastructure changes may be made to
have this important information.

CHALLENGES OF DRUG RESISTANT
TUBERCULOSIS

MDR and XDR-TB are serious forms of TB.
Management of MDR-TB is difficult, much expensive,
challenging and quite often leads to failures. Not only
that MDR is a potential threat to control of TB, it is
full of challenges starting from diagnosis to treatment,
drug delivery, etc.
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Early and reliable diagnosis of resistant
tuberculosis

Patients of MDR and XDR-TB are diagnosed
very late, due to which resistance to a large number of
drugs develops, making treatment difficult. Main
reason for late diagnosis is lack of mycobacteriology
laboratories in the neighbourhood which can perform
culture and susceptibility testing with reliability. The
challenge is establishing quality assured laboratories
for diagnosis and monitoring of MDR-TB. We must
have a wide network of such laboratories all over the
country.  It also requires trained manpower and
specialized equipment which are also not available
presently at many laboratories.

Treatment of MDR and XDR TB

Second line drugs are less potent, more toxic
and very costly. These are required to be given for
about two years. Providing daily DOTS of drugs which
can have severe adverse reactions, for a period of two
years is a real challenge for DOT provider. Not only
that, DOT provider should possess social skills to
maintain patients on such a prolonged treatment with
repeat motivation. Defaulter retrieval mechanism
needs to be strengthened.

Challenges in rural area

In rural areas, problems are quite different.
In rural area, the DOT provider should be able to give
intramuscular injection nearer to the patient’s
residence. DOTS centre should not be established far
away from the residence of the patient. DOT provider
should be able to manage adverse reactions and should
have skills to motivate patients to complete treatment.
It may not be easy to find such a DOT provider in rural
areas.

Drug Delivery

Availability of uninterrupted supply of quality
assured drugs would be a challenge in resistant TB as
shelf life of some drugs is less than the treatment
duration. Patient-wise boxes are not possible because
of long duration of treatment and the number of drugs.
So packing of drugs, transporting to the field, handing

it over to the DOT provider and ultimately to the
patients require constant supervision and monitoring
at every step. It is not easy, but a real challenge.

TB and HIV Co-infection

TB is the single largest killer of AIDS patients
in India. Worrying points are HIV continues to spread
AIDS and TB epidemic in new wave countries like
India, South Africa, etc.  MDR and XDR TB strains if
mixed with HIV- the combination is lethal. Challenge
is that RNTCP should be able to reverse the increases
to TB burden due to HIV spread.

Information, Education and Communication
(IEC)

Still there is an appalling ignorance and
superstition about the disease, its spread and causation
etc. even in those areas where DOTS is being provided.
So it may become difficult to sustain cure rate of over
85% and case detection at 70% of estimated cases.
Default rate may also increase due to ignorance about
the disease among patients. There is a dire need for
creating awareness so as to remove myths about TB.
Not enough is being done in this respect under RNTCP.
This is only possible with enhanced IEC activities by
providing pamphlets, booklets in simple language with
photographs to each and every general patient and
public who are attending DOTS Centres. There should
be a small photo session of IEC at DOTS Centres and
also use of other means like TV, Radio, etc. for IEC.

Diagnosis of TB

It is important to diagnose TB as early as
possible. In most of the countries, the approach to
diagnosis has not changed much in a qualitative sense
in the past 100 years. Clinical suspicion, chest
radiographs, staining for acid fast organisms and
culture for mycobacteria from sputum specimens
together form the diagnostic armamentarium available.

Current approaches to diagnosis have
significant cases undetected. Sputum smear
examination can detect only 50% of cases. This means
under diagnosis. For individuals with smear negative
disease, reliance on smear examination means that they

TUBERCULOSIS – CHALLENGES AND OPPORTUNITIES
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will go undiagnosed for longer periods which may lead
to more morbidity if not more mortality from
tuberculosis. Molecular epidemiology techniques have
shown that even smear negative cases contribute
significantly to transmission of disease. TB in children
and extra pulmonary TB are also difficult to diagnose.
We have ignored culture which as a matter of fact
should be done from day one and susceptibility studies
on initial isolates for R & H or at least R in order to
detect serious forms of primary resistance which is
of the order of 3%-4%. Culture will also improve the
diagnostic yield.

The challenge is to develop an ideal
diagnostic test for active TB that should have the
following characteristics : Rapid (result available
within a day), high sensitivity and specificity,
inexpensive, robust (i.e. able to provide reproducible
results in a variety of settings), highly automated (or
not requiring a great deal of sample preparations or
highly technically trained personnel), able to provide
drug susceptibility data, and a test should be able to
differentiate latent infection from active disease – a
more elusive goal.

At present, no technology currently in use,
achieves these goals. For paediatric and extra
pulmonary TB, immune diagnostic tests might be of
help.

Non-availability of accredited laboratories

There is an acute shortage of accredited
laboratories in our country as the culture should be
used from day one. Rapid culture methods have come
to stay, are easier to perform and reliable. Secondly,
this problem of non-availability of reliable
laboratories, we have been complaining for the last
50 years and no efforts have been made to develop
proper laboratories. If efforts had been made, then

India would have had reliable laboratories all over the
country. Though it is very late, let us make genuine
efforts from now on.

New Drugs

New drugs are required for shortening total
duration of therapy, providing more widely spaced
intermittent treatment, to be effective against susceptible
and resistant strains, compatible with antiretroviral therapy
for TB-HIV co-infected patients, less toxic, of low cost
and provide more effective treatment of latent TB
infection in programmes that are able to use them like
USA and Western European countries.

No new anti-TB drug has come in the market
in the last 40 years or so. If any new drug is being
used for TB, like fluroquinolones, it is just by
coincidence that the drug has been found to be
effective against Mycobacterium tuberculosis. This
is a big challenge as no new effective drug is expected
in near future also.

Challenges of developing new anti-TB drugs

Problems of developing a new anti-TB drug
are: huge investment but insufficient profit as cost of
developing a drug varies from 115 to 240 million
dollars, difficult to identify new compounds which are
bactericidal and effective on persisters (dormant)
organisms, evaluation of new compounds requires
animal studies and no ideal animal model has been
found, and for clinical testing gold standard is relapse
rate which takes a long time to assess.

Time required for developing a new drug is
not less than 10 years. A drug has to pass through many
phases – drug discovery, pre-clinical development and
clinical development Phases I, II and III. Table below
shows the time required for new drug development:

Drug Discovery  Preclinical Development  Clinical Development  
 
2-6 years 

For safety and efficacy of drug 
 
 
1-2 years 

Phase I, II and III 
For safety, efficacy in human/TB 
patients 
4-8 years. 

�
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Problems faced include inadequate
infrastructure in countries with high TB burden, very
long approval time for drug trials, limited knowledge
about Good Clinical Practice (GCP) guidelines and
lack of good laboratories.

So what is the scenario regarding new drugs?
Scenario is that several candidate anti-TB drugs are
undergoing clinical trials like Fluroquinolones
(Gatifloxacin, Moxifloxacin), Diarylquinolone (LTMC
207), Ethyleanadimine (SQ-109), Nitroimadazoles
(PA-824 & opc-67693), Pyrrole (LE-3858) and
Myxopyronin (it is believed that bacteria will not
become resistant to this drug and it may be able to
reduce treatment time). A new compound - R 207910-
has also been found. In mice, it was found to be at
least as active as the triple combination of rifampicin,
isoniazid and pyrazinamide. Three drug combinations
containing pyrazinamide and R-207910 have the
potential to significantly shorten the duration of TB
treatment in patients. R-207910 is claimed to be more
effective in killing dormant or physiologically ‘turned
off’ bacteria as compared to replicating one.

Indian response to discovery of new anti TB drug

CSIR has launched an Open Source Drug
Delivery (OSDD) aimed for discovery of drugs without
patent as acquiring patent makes the drug costly. A fund
of Rs. 150 crores has been allocated to OSDD. To
begin with, OSDD has taken up research on discovering
new drugs for treatment of TB. CSIR initiative has
encouraged development of a new drug for TB by
LUPINS and it has completed Phase I studies for its
lead molecule LL-3858. At the global front, it is now

hoped that at least one new drug would be ready for
registration by 2010-2011.

Drug quality control

Good quality drugs with proper bioavailability
are important. Recent reports suggest that fixed dose
combinations (FDCs) of anti tuberculosis drugs
(RHZE) are associated with quality problems such as
loss of bioavailability of Rifampicin and instability
of the drugs in the combination. Bioavailability
problems were observed in seven out of 10
formulations tested. These problems were attributed
to low content of rifampicin. Chemical instability of
FDCs is found to occur due to two reasons: direct
interaction of rifampicin (R) with isoniazid (H) and
acceleration of the reaction between rifampicin and
isoniazid by pyrazinamide and ethambutol (the two co-
drugs presently usually in FDCs). This problem does
not exist in two drug combinations.

Solution for this lies in preventing the two drugs
R & H from coming into contact with each other in
stomach. Sites of absorption of all four drugs have been
determined. Results showed that R, Z, E could be released
in stomach and H in intestine. Based on this concept – a
modified tablet – in tablet formulation has been developed
in which H will be released in intestine.

Problems with ethambutol quality

Ethambutol is known to exist in three forms:
R, R form – (inactive and toxic form), S, S form –
(therapeutically active form) and R, S form – (16 times
less active form).

Various molecules at different stages of drug development

Phase I : SQ -109 (Sequella) 
LL-3858 (Lupins) 

Phase II : TMC-207 (Tibotec) 
OPC -676783 (Otsika) 
PA824 (TB Alliance) 

Phase III: Moxifloxacin (TBA/Bayer) 
Gatifloxacin (Oflotub) 

Preclinical :  TBK – 613  
PNK-100480 
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Presence of therapeutically inactive form (R,
R) of ethambutol hydrochloride in the range of 30%-
100% is found in approximately 30% of the available
products. It means low quality TB drugs and may be
contributing to the developing resistance. Samples
were collected from bulk drugs, commercial products
available with local chemicals and DOTS centre. DOTS
centre supply was also found to contain 97% of the
less active form (R, S form). The problem was
primarily restricted to IP labelled products, however
the BP and USP labelled products for export were not
found to be contaminated.

Challenge is to assure good quality drugs
with proper bioavailability, open more drug testing
laboratories of international standard and
pharmaceutical industry to be advised to follow good
quality drug practices. It is a very unfortunate policy
of some of our pharmaceutical firms to have two
standards, one for the Indian market and other for
export.

Vaccine

Prevention of TB is most important for
control and eradication of TB. Vaccine is the best tool
to do this. However, no effective vaccine is expected
in near future. This is a big challenge for all of us to
develop a vaccine as early as possible. When the first
vaccine - BCG was developed in 1922, we all had great
hopes from BCG. It was given to more than 2.5 billion
children all over the world. It provides some protection
against severe forms of pediatric TB but has been
shown to be unprotective against adult TB which
accounts for most of the disease burden worldwide.
There is an urgent need for newer, more effective
vaccine that would prevent all forms of TB including
drug resistant strains, in all age groups and among
people with HIV. More than 250 TB vaccine candidates
have been screened for their ability to protect against
M. tuberculosis infection in mice and guinea pigs. A
few of the successful candidates identified in the
experimental models are now ready for clinical
testing.

MVA 85A is a very promising vaccine
currently in phase II trials. Another one, BCG 30,
entered clinical trials in 2004. Some of these vaccines

can be administered without needles, making them safe
for use in HIV patients also.

Any vaccine to be used in TB control
programme should have at least 80% efficacy. Various
studies on BCG efficacy in India have shown efficacy
to vary from 0 to 80% in preventing TB, but the
incidence of serious forms of TB (meningitis, miliary
and disseminated) has shown significant decline. So
we should continue to use BCG till we get a better
alternative.

Teaching and training

TB control is a long battle to fight. We need
trained manpower. Training has to be a continuous
process. There is a shortage of doctors trained in TB,
both physicians and surgeons. DTCD programmes
should continue. Doctors with Diploma in Tuberculosis
are the backbone of TB control programme.

There is shortage of thoracic surgeons to
operate patients of tuberculosis – MDR/XDR-TB,
haemoptysis, empyema, bronchopulmonary fistula,
etc. RNTCP should address these shortcomings and if
required a new course of M.Ch. Thoracic Surgery
should be started in various universities. The present
M.Ch is in Cardiothoracic Surgery and these surgeons
engage themselves in cardiac work and have no interest
in thoracic work. They also lack thoracic training.

MCI may be persuaded to start M.Ch Thoracic
Surgery Course

So the challenge is to have long term plan of
quality training programmes with suitable changes as
required from time to time and as per need of the area.
Doctors teaching programmes should also be
modified according to the requirement and if
necessary MCI to be persuaded to open new course
like M. Ch Thoracic Surgery.

Opportunities

There are a lot of opportunities which are
expected in near future. New drugs are coming up and
would undergo clinical trials. Vaccines are also ready
for clinical trials. Cost of clinical trials in India is
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much less that in western countries. This is a big
opportunity for TB workers and the country, but we
lack proper infrastructure.

To avail this opportunity, we should develop
and identify: Clinical trial centres, appropriate
clinical laboratories and regulatory expertise,
develop skills in monitoring, training and protocol
development, have good management practices and
laboratory support to measure the end points and
have training in GCP and GLP.

All these facilities have to be of international
standard. Without active support of the government,
it is not possible to create world class facilities. So

government has to come forward and take the initiative
and avail these opportunities.

I would like to conclude my Oration with
following note:

To defeat TB, we require both rigour and
persistent efforts. We should develop a strong political
will for TB control. Researches have to be done to find
out an ideal diagnostic test, develop new drugs and
vaccine, and an alternate and less expensive strategy than
DOTS with same or better effectiveness. Programme
achievements and successes have to be sustained and
maintained for decades to have an effect on epidemiology
of  TB. Complacency has no role in TB Control.

TUBERCULOSIS – CHALLENGES AND OPPORTUNITIES
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Summary: Even with the use of maximum pharmacological treatment, asthma still remains uncontrolled in some
cases. For such cases of uncontrolled asthma, a novel therapy – Bronchial Thermoplasty (BT) - has shown some
promising results over the past few years. BT is application of controlled radiofrequency heat via catheter inserted
through a flexible bronchoscope, to the bronchial walls.  It reduces the smooth muscle mass in bronchial wall and
thus results in decreased contractility. Three major trials of BT show that it does not cause any improvement in
FEV1. However, BT causes improvement the quality of life and decreases the future exacerbations and emergency
hospital visits due to asthma. But the benefit observed was too small to be clinically significant. Follow up (two to
five years) results of these BT trials did not show any significant long term adverse event related to BT.  However,
further independent large randomized controlled trials and results of application of BT in real hospital settings are
needed to define its role in asthma management.

(Abbreviations: AIR: Asthma Intervention research, ACQ: Asthma control questionnaire, AQLQ: Asthma quality of life
questionnaire, BT: Bronchial thermoplasty, RISA: Research in severe asthma).

Key words: Bronchial asthma, Bronchial thermoplasty

INTRODUCTION

Asthma is one of the most common chronic
diseases in the world. Globally, about 300 million
people are suffering from asthma1,2. About 15 million
Disability Adjusted Life Years (DALYs) are lost
worldwide annually due to asthma. Mortality wise,
asthma accounts for one in every 250 deaths
worldwide.1,2.  With the timely and correct use of
inhaled corticosteroids, beta 2 agonists, Leukotriene
antagonist, theophyllines and allergen control
measures, asthma can be controlled in most of the
cases. But even with the use of maximum
pharmacological treatment, asthma still remains
uncontrolled in some cases. For such cases of
uncontrolled asthma, a novel therapy – Bronchial
Thermoplasty - has been developed over the past few
years.

It is a known fact that smooth muscle mass in
airways increases in asthma. This increase in smooth
muscle mass is associated with increase in severity
of asthma3. Thus decreasing the airway smooth muscle

mass has always been a possible target for treatment
of asthma.

Bronchial Thermoplasty (BT) is application
of controlled radiofrequency heat via catheter inserted
through a flexible bronchoscope, to the bronchial
walls.  It reduces the smooth muscle mass in bronchial
wall and thus results in decreased contractility.

METHOD

Bronchial Thermoplasy is done as an
outpatient bronchoscopy procedure, in three sittings
of about 30 minutes duration each. Alair® catheter is
introduced via flexible bronchoscope. Distal end of
Alair® catheter contains a flexible four pronged wire
basket, which is then forwarded into the distal airway
of up to 3mm diameter (Figures 1, 2 and 3).
Radiofrequency energy is then delivered for 10
seconds via catheter to airway walls. Catheter is then
retracted by 5mm and again the radiofrequency is
delivered to airway walls. In this way, in one sitting,
BT is done to whole one lower lobe. In next sitting,
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BT is done to the other lower lobe and in third sitting,
BT is delivered to both upper lobes. The
radiofrequency energy delivered to airway wall, gets
converted into heat energy and reduces the airway
smooth muscle mass.

REVIEW  OF  BT  RESEARCH  TRIALS (Table 1)

Danek CJ et al in their initial experimental study
in dogs, applied three different temperatures (55, 65 and
75 degree centigrade) to each of three different lung
regions4. Fourth lung region was untreated and served as
control. There was significant reduction in airways smooth
muscle mass, airway contractility and airway hyper-
responsiveness to methacholine in lung regions treated
with 65 and 75 degree centigrade of radiofrequency
energy. And this effect lasted up to three years in dogs.
The results of this study were very promising and led to
an idea of applying it in humans to control asthma.

Miller JD et al carried this experiment
forward and studied the feasibility, safety and efficacy
of BT in human airways5. They applied BT in nine
patients of lung cancer scheduled to undergo lung
resection surgery after three weeks. BT was well
tolerated in all nine subjects with no new symptom or
adverse effect. BT resulted in significant reduction in
smooth muscle mass in the airways. This study
provided further boost to the idea of applying this new
technique in the treatment of bronchial asthma.

In a small study, Cox G et al offered BT to 16
patients with mild to moderate severe asthma6.  BT
was well tolerated in all patients with no major side
effects. And it resulted in decreased airway hyper-
responsiveness and increase in symptom free days.
However, FEV1 values did not show any significant
change from baseline. These positive effects lasted
for a period of two years.

With correct application of current
pharmacological management, asthma can be effectively
controlled in most of the patients. So though BT showed
a promise in management of asthma, its true role was
needed to be tested in severe symptomatic asthma
patients. Povard ID et al conducted a randomized
controlled trial (RISA trial) of BT in patients of
symptomatic severe asthma despite being on maximum

Figure 1: Alair® radiofrequency system

Figure 2: Alair® Catheter

Figure 3: Bronchial thermoplasty catheter in
Bronchus
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treatment (Fluticasone 750 microgram or more)7.
Among 15 patients who received BT, four patients
required seven hospitalizations for increase in
respiratory symptoms, two patients developed lobar
collapse and one patient needed bronchoscopy to clear
mucous plugs after BT. While patients in controlled
arm did not need any hospitalization during treatment
period. However, after 22 weeks, patients with BT had
significant decrease in rescue medication use and
improvement in asthma control questionnaire score.
And this effect lasted up to one year. For first time
this study showed that BT is associated with transient
but significant worsening of asthma symptoms.

In a randomized controlled trial (AIR1 trial)
including 112 patients of asthma, Cox G et al
examined the effect of BT on control of moderate to
severe persistent asthma8. Patients receiving BT had
significantly more adverse events than patients in
control arm. However, majority of these adverse
events occurred one day after the BT and resolved
within seven days.  Most common adverse events were
increase in dyspnea, wheeze, cough and chest
discomfort. In BT group, four patients required six
admissions for increase in respiratory symptoms. But
at the end of 12 months follow up, BT group showed
significantly greater improvement in PEFR, Asthma
quality of life questionnaire, Asthma control
questionnaire, more symptom free days, less use of
rescue medication and had fewer exacerbations.

All these above mentioned studies showed
that BT plays some significant role in controlling the
symptoms of asthma. But still in none of these trials,
BT was compared with sham bronchoscopy in control
group. This deficit in methodology in research trials
certainly leaves room for a possibility that all the
improvement in symptoms of asthma and related
quality of life may be just a result of placebo effects
of bronchoscopy.

To rule out this doubt of placebo effect,
Castro M et al conducted a multi-centre, randomized,
double blind, sham controlled trial (AIR2) to assess
the effectiveness and safety of BT in the treatment of
severe asthma9. In this trial, 190 patients in treatment
arm received BT while 98 patients in control arm also
underwent bronchoscopy without actual BT. Patients

in sham group without receiving BT also showed
significant improvement in Asthma Quality of Life
Questionnaire (AQLQ) score. This reflects the
placebo effect of bronchoscopy on AQLQ scores.
Thus, it also raises questions over the validity of results
of previous BT trials, which were conducted without
sham group. But authors of AIR2 trial concluded that
the improvement in AQLQ score in patients who
received BT was more than the improvement in AQLQ
score in sham group (5.7 vs 5.5 respectively). Though
this difference is statistically significant, but it is not
big enough to be clinically relevant. Similarly, there
was statistically significant decrease in severe asthma
exacerbations (0.70 exacerbations/subject/year in
sham group vs 0.48 exacerbations/subject/year in BT
group) as well as emergency hospital visits (0.45
visits/subject/year in sham group vs  0.10 visits/
subject/year in BT group) in BT patients over one year
follow up period. But these figures indicate that for a
given patient, BT will reduce one severe exacerbation
over the period of six years, and four emergency room
visits over the period of 10 years, in comparison to a
sham group patient. And all this benefit will come at
the cost of increased risk of hospitalization during
initial six weeks after BT.  Results of AIR2 trial
indicate that BT perhaps modifies the host response
and thus results in lesser bronchoconstriction on
exposure to the trigger factors of asthma exacerbation.
Apart from reducing bronchial smooth muscle mass,
whether BT has any effect on airway inflammation in
asthma, is still not clearly known and should be
included in the future research trials of BT.  There was
no significant change in PEFR, FEV1, and use of
rescue medications.

Regarding safety of BT, two to five years
follow up results of all three major trials of BT are
available now10-12.  There was no increase in asthma
symptoms, exacerbations, emergency hospital visits,
and fall in FEV1 or any other significant adverse event
observed in BT patients on follow up.

Cost of BT radiofrequency system and BT
catheter is about Rs. 14 Lakhs and Rs. 67,000
respectively. So the cost of BT per patient will be about
Rs. 3 to 4 Lakhs.  This high cost will also be another
limiting factor for its use in developing countries like
India.
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All the BT trials (one in Dogs and five in
humans) were supported by Industry (Asthmatx Inc.),
who is manufacturer of Alair® Bronchial thermoplasty
system and catheter. So though BT appears to have
found some niche in the management of uncontrolled
severe asthma, further independent large randomized
controlled trials and results of application of BT in
real hospital settings are awaited to define its true role
in asthma management.

CONCLUSION

Bronchial thermoplasty is a new therapeutic
bronchoscopy procedure, which has been used in
research trials in cases of uncontrolled severe asthma,
in addition to pharmacological therapy. BT causes
statistically significant improvement in the quality of
life and decreases the future exacerbations and
emergency hospital visits. But clinical utility of this
improvement in asthma control is little. It does not
improve the FEV1. However, no significant adverse
effect was found in five year follow up of BT patients.

In view of high cost of procedure and
increased risk of significant short term transient
bronchoscopy related complications, at this point
of time, Bronchial thermoplasty cannot be
recommended for routine use in patients of
uncontrolled severe asthma.

However, as all the six BT trials were industry-
funded, further independent trials are needed to
define its true role in management of Asthma.
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Summary: Cutaneous tuberculosis is the rarest presentation of all the forms of tuberculosis. Scrofuloderma is a frequent
manifestation of cutaneous tuberculosis in Indian scenario. Males are affected one and half times more than females. The
most common affected age group showing clinical infection is within the first three decades of life. A series of cases
mostly malnourished children attending a tertiary care centre in a rural area of central India is being reported. They have
presented with a wide spectrum of clinical features, forcing us to establish the final diagnosis by Mantoux test, fine needle
aspiration cytology and histopathological examination. The mainstay of treatment remains medical therapy but the underlying
cause for severe immunosuppression needs to be ruled out and treated.

Key words: Cutaneous Tuberculosis, Scrofuloderma, Rural India

INTRODUCTION

Amongst the infectious diseases, tuberculosis
is a leading cause of death in the developing and
underdeveloped nations as well as the developed nations.
Though improved hygiene, better living conditions,
introduction of BCG vaccine and effective chemotherapy,
have greatly been responsible for the reduction of
prevalence and incidence of tuberculosis, World Health
Organisation (WHO) estimates that the incidence of
tuberculosis is going to increase in the next five years
due to the emergence of multi drug resistant (MDR)
Mycobacterium tuberculosis. The emergence of HIV has
changed the scenario of tuberculosis. Tuberculosis is an
important cause of mortality among people infected with
HIV. According to WHO, one third of the world’s
population is infected with tuberculosis bacilli1.

Cutaneous tuberculosis (TB) constitutes about
1.5% of tuberculosis patients2. M. tuberculosis is the major
causative organism for cutaneous tuberculosis and rarely
M. bovis can also lead to the condition. It accounts for 0.1-
0.9% of the total dermatology out-patients in India2,3.

The emergence of an immunocompromised
host along with an increased use of
immunosuppressants like anticancer agents and
corticosteroids have given rise to diverse presentations
of cutaneous tuberculosis. Cutaneous tuberculosis was
classified in 1981 by Beyt et al and is widely accepted
with some modifications as follows4:

Exogenous source:

· Tuberculous chancre
· Warty Tuberculosis or Tuberculosis verrucosa

cutis
· Lupus vulgaris

Endogenous source:

· Contiguous spread - Scrofuloderma
· Auto-inoculation - Orificial Tuberculosis
· Hematogenous - Miliary Tuberculosis

- Lupus vulgaris
- Tuberculous gumma
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Tuberculides:

· Micropapular - Lichen scrofulosorum
· Papular -Papular or papulonecrotic

                                    tuberculide
· Nodular - Erythema nodosum

- Erythema induratum

Lupus vulgaris (LV) is the most common
clinical type of cutaneous TB in adults and
scrofuloderma is the most common type seen in

children3,5,6.  A lack of awareness among the common
man and clinicians inexperienced about the varied
manifestations of cutaneous tuberculosis makes the
disease still prevalent in our country.

Case Series

We present a series of cases of
scrofuloderma seen in the dermatology outpatient
department of Mahatma Gandhi Institute of Medical
Sciences situated in a rural area of central India.

S l.No: Case history Investigations  
1) 40-year-old male with lesions around 

left shoulder region, (Fig. 1) 
gradually progressing over three 
months. M atted lymph nodes 
present. 

1) H istopathology revealed central necrosis w ith typ ical 
granulomatous inflammation at the periphery. T issue 
stained for A FB  negative. 
2)FN AC from the nodes showed no A FB . 
3) Chest X -ray showed pulmonary nodules in hilar area 
and pleural scarring. 

2) 10-year-old  boy w ith an ulcerated 
lesion with undermined edges over 
the upper chest (Fig. 2) for two 
months. A xillary lym ph nodes 
present. 

1) Histopathology showed dermal abscess w ith ill defined 
histiocytes. A FB  staining of the tissue was positive. 
2) FN AC  stained for AFB was positive. 
3) Chest X  ray showed infiltrations and cavities. 
4) M antoux test was positive. 

3) 12-year-old girl with multiple 
pustular lesions over the right post 
auricular region, right supra-
clavicular region and near the right 
anterior axillary region (Fig. 3) for 
three months. 

1) Skin biopsy showed epithelioid cell granuloma with 
central caseation necrosis. B iopsy specimen stained for 
A FB  positivity. 
2) Pus for A FB staining was positive.   
3) Chest X  ray showed no changes. 
4) M antoux test was positive. 

4) 9-year-old boy with cystic lesions 
over the right infra-mandibular 
region and the right axillary region. 
(Fig. 4) for four months. 

 

1)Biopsy showed granulomas with central necrosis. T issue 
stained  positive for A FB. (Fig. 9) 
2)FN AC from the cystic lesions for AFB was positive. 
3)Chest X  ray showed no changes. 
4)M antoux test was positive 

5) 40-year-old  male with purulent 
discharging lesion with scarring over 
the upper half of the chest (Fig. 5) 
for two and half a months. 

1) Skin biopsy showed granulomas w ith caseation necrosis 
in the centre. T issue stained  positive for A FB. (Fig. 10) 
2)D ischarging fluid stained for A FB  was positive. 
3)Chest X  ray suggestive of pulmonary involvement. 

6) 25-year-old unmarried male with 
enlarged inguinal lymph nodes (Fig. 
6) which were associated with pus 
discharge for three months. N o 
history of any high risk behavior. 

1)Skin biopsy showed tubercular granulomas. T issue 
stained  positive for A FB. 
2)FN AC of the nodes was positive for AFB. 
3)Chest X  ray showed no changes. 
4) VDR L was negative. 

7) 30-year-old male with lesions over 
the right infra auricular and supra 
clavicular region with  serous 
discharge (Fig. 7) for four m onths. 

1) Skin biopsy showed tubercular granulomas with 
caseation necrosis. T issue stained for A FB  was negative 
2) Discharge stained for A FB  was positive. 
3)Chest X  ray showed no changes of tuberculosis. 

8) 20-year-old male with lesions over 
the lower region of the chest with 
darkening of the surrounding areas 
(Fig. 8). 

1. Skin biopsy showed granulomas with central necrosis. 
T issue stained for A FB was negative. 
2. Chest X  ray was suggestive of old healed tuberculosis. 
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Figure 1: 40-year-old male with lesions around
left shoulder region, gradually
progressing over three months.
Matted lymph nodes present.

Figure 2: 10-year-old boy with an ulcerated
lesion with undermined edges over
the upper chest for two months.
Axillary lymph nodes present.

Figure 3: 12-year-old girl with multiple pustular
lesions over the right post auricular
region, right supra-clavicular region
and near the right anterior axillary
region for three months.

Figure 4: 9-year-old boy with cystic lesions
over the right infra-mandibular
region and the right axillary region
for four months.

SCROFULODERMA  IN  RURAL  INDIA
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Figure 5: 40-year-old male with purulent
discharging lesion with scarring
over the upper half of the chest for
two and half months.

Figure 6: 25-year-old unmarried male with
enlarged inguinal lymph nodes
which were associated with pus
discharge for three months. No
history of any high risk behaviour.

Figure 7: 30-yr-old male with lesions over the
right infra auricular and supra-
clavicular region with serous
discharge for four months.

Figure 8: 20-year-old male with lesions over
the lower region of the chest with
darkening of the surrounding areas.
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Figure 10: Hematoxylin and Eosin stained biopsy specimen at 400X showing tubercular
granuloma.

Figure 9: Hematoxylin and Eosin stained biopsy specimen at 400X showing tubercular
granuloma.

SCROFULODERMA  IN  RURAL  INDIA
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DISCUSSION

Scrofuloderma occurs as a result of spread
of infection to the skin from an underlying
tuberculosis focus, usually a lymph node but also
infected bones or joints. The lesions start as firm,
painless and subcutaneous nodules that gradually
enlarge and suppurate and then, form ulcers and sinus
tracts in the overlying skin. Typical ulcers have
undermined edges and a floor of granulation tissue.
Scrofuloderma lesions show presence of acid fast
bacilli (AFB) from stained cytology smears or biopsy
samples as well as positive cultures for mycobacteria
compared with other types of cutaneous tuberculosis7,8.
Tuberculin sensitivity usually is marked. But it has a
very low specificity.

Histopathological examination is very
important in the diagnosis of cutaneous tuberculosis.
Histopathology reveals the presence of characteristic
tubercular granulomas with epithelioid cells,
Langhan’s giant cells and lymphocytes. Features like
distribution of granulomas in the dermis, nature of
cellular infiltrate, presence of necrosis and certain
specific epidermal changes aid in the classification
and diagnosis of the variants of cutaneous tuberculosis.
Histopathology of cutaneous tuberculosis can mimic
many other diseases which produce tuberculoid
granuloma6.

The diagnosis of scrofuloderma in our cases
was confirmed by histopathology, staining of the
biopsy and fine needle aspiration cytology (FNAC)
specimens and Mantoux test. Pus discharge from the
lesions was stained for AFB. Chest X ray was done in
all our patients to look for any foci of pulmonary
tuberculosis and four out of eight cases had positive
findings. All our patients were also screened for HIV
and none was found to be reactive.

Cutaneous tuberculosis can be confused with
cutaneous leishmaniasis, leprosy, atypical
mycobacterial infections, chromomycosis,
sporotrichosis and sarcoidosis. Many of these like
sarcoidosis shows granulomas, but in sarcoidosis the
granulomas are naked tubercles with a small focus of
necrosis in the centre with inclusion bodies.
Moreover, steroids are the mode of treatment in

sarcoidosis, but in our cases, all of them started
responding to anti- tubercular treatment.

An increased number of farmer deaths in this
part of rural India, in the recent times have gained quite
awareness amongst all of us. Such incidents are due
to a reduction in the per capita income of the family,
thereby affecting the nutrition, especially of growing
children in such areas. Most of the patients in our case
series belong to families of low socio-economic
status with poor living conditions. Various studies have
shown that childhood cutaneous TB patients were
residing in overcrowded dwellings with severe
malnutrition7,9.  Malnutrition, in turn, reduces the
immunity of the individual making him/her more
susceptible to cutaneous tuberculosis.

The general measures taken should be to treat
the malnutrition, treat any concomitant illness causing
immunosuppression, and giving anti-tuberculosis
treatment as per the recommendations of therapy for
extrapulmonary TB. WHO recommends (2009)
treatment of cutaneous tuberculosis in HIV negative
individuals (both adults and children) using directly
observed treatment short course (DOTS)
chemotherapy consisting of four drugs, isoniazid (H),
rifampicin (R), pyrazinamide (Z) and ethambutol (E)
given for two months (intensive phase), followed by
isoniazid and rifampicin given for the next four months
(continuation phase)10. The drugs are administered
daily or three times weekly. This regimen was followed
in our patients.  Alternatively, daily intensive phase
followed by three-times weekly continuation phase
[2HRZE/4(HR)3] or three-times weekly dosing
throughout therapy [2(HRZE)3/4(HR)3] may also be
used.

TB patients with known positive HIV status
or living in an HIV-prevalent setting should receive
daily doses of antitubercular drugs, at least during the
intensive phase. For the continuation phase, the
optimal dosing frequency for such patients is also
daily, although the three-times weekly dosing is an
acceptable alternative.

Most of the cases discussed above are of
malnourished individuals, most of them being PEM.
Hence, Scrofuloderma needs to be diagnosed early
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in children and has to be treated promptly in
addition to taking care of the nutrition, thereby
improving the immunological status.
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Summary
Aim: To study the determinants of Tuberculosis (TB) in children between the age group of  0-14 years receiving treatment
under Revised National TB Control Programme (RNTCP) .
Methods: A case (registered  under  RNTCP) control   study was undertaken with 41 cases and 82 controls.
Results: Factors  found to have significance according to binary logistic regression were low-birth weight (LBW) [Odd’s
ratio=3.56],Malnutrition [Odd’s ratio=3.96], Passive smoking [Odd’s ratio=6.28] and exposure to fire-wood smoke [Odd’s
ratio=6.91].
Conclusion: LBW, malnutrition, passive smoking and fire-wood smoke are the risk factors to be addressed to prevent
pediatric TB.

Key words: Tuberculosis in children, Risk factors of tuberculosis in children, Determinants of pediatric tuberculosis.

INTRODUCTION

Globally, there were an estimated 14 million
prevalent cases  of TB in 2009.1 Of the 1 million
estimated cases of TB in children worldwide, 75%
occur in the 22 high-burden countries where the
proportion attributable to children ranges from 15%
to 20% of all cases.2 Studies   on   determinants of TB
in pediatric population is scarce. Risk factors of TB
in children in developing countries are probably poor
socio-economic conditions, malnutrition,
overcrowding, the overall younger population, HIV co-
infection and a high prevalence of TB in adults acting
as contacts.3 On realizing the importance of childhood
TB, initiative was taken for formulation of guidelines
for diagnosis and treatment of cases under RNTCP in
Aug 2003. Childhood TB is a thrust area of the
programme since then.  Factors   contributing to the
high burden of childhood TB in the country is not yet
fully understood.  Hence the  present study was

undertaken to determine the risk factors of TB
(disease) in children between 0-14 yrs of age in
Thiruvanathapuram ( TVM) district of Kerala.

METHODOLOGY

The design of the study was case control and
the case group constituted incident cases of TB in
Children between the age group of 0-14 years residing
in TVM  district of Kerala. Address and details of the
children   registered under RNTCP during the third
and fourth quarters of 2009 were   taken from   TB
units (TU) in TVM. Data was   collected using a
questionnaire by house visits. Study period was
between 1st Aug and 31st Dec 2009. Children between
0-14 years of age without any symptoms suggestive
of TB (disease) residing in the neighborhood of the
cases were taken as controls. Children with cough for
more than two weeks duration (during the immediate
weeks before the data collection), or any other
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symptoms or signs suggestive of extra-pulmonary
TB like lymph node enlargement or pyrexia of
unknown origin were excluded from control
selection.

The overall sample size was 123 with control
case ratio of 2:1 (41 cases and 82 controls). Some of
the variables used in the study are defined as follows:
A contact is defined as any person with a suspected or
diagnosed case of active TB disease within the last
two years.4 Passive smoking is defined as inhalation
of cigarette, cigar or pipe smoke produced by  another
individual, it is composed of second hand smoke
(exhaled by smoker) and side stream smoke.5

Housing indicators were also assessed by the

investigators based  on standard criteria.6  The study
protocol had been approved by the  ethical
committee of Government Medical College, TVM.
Binary-logistic regression was used to find out
independent predictors of the outcome.

RESULTS

The analysis included   data of 123 children
between 0-14 years of age, 41 cases and 82 controls.
The diagnosis of TB  was made by either a pediatrician
(49%) or the medical officer of district TB centre
(MO- DTC) (49%) in most cases. Pulmonary TB was
found to be the most common type (78%). No case in
this group was sputum positive. The most common

Factor Number (Percentage) 
1. The Doctor who diagnosed TB in the cases 

Pediatrician 20 (48.8%) 
 MO-DTC 20 (48.8%) 
General Practitioner ( not a pediatrician) 01 (2.4%) 
Total 41 
2.Type Of Tuberculosis 

Pulmonary 32 ( 78.0%) 
Extra-Pulmonary 09 ( 22.0%) 
Total 41 
3. Sputum Status of Pulmonary Cases. 

Negative 32 ( 100%) 
Positive 0  
Total 32 
Extra-pulmonary Site.  

4. Organ/system involved other than pulmonary. 
Central nervous system 5   ( 55.5%) 
Bone 2   (22.2%) 
Disseminated 1   ( 11.1%) 
Abdomen 1   ( 11.1%) 
Total 09 

�

Table 1: Clinical parameters of the case group under study.
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Factor Cases 
N  ( % ) 

Controls 
N  (% ) 

Odd’s ratio (95%CI) P value  
(chi-square) 

1. Socio-demographic factors 

 Age  between 0-6 yrs 26 ( 63.4 ) 43 ( 52.4 ) 1.57  
( 0.73-3.39) 

0.240 

Male gender 22 ( 53.6 ) 47 ( 57.3 ) 0.86 
( 0.40-1.83) 

0.700 
 

Father educated (High School 
and Above)* 

23 ( 56.1) 65 ( 79.3 ) 2.99   
(1.32-6.76) 

0.007 

Mother educated (High School 
and Above)* 

25 ( 61.0) 65 ( 79.3) 2.44   
(1.07-5.57) 

0.031 

Father engaged in  High 
Income generating works* 

14 ( 34.1) 52 (63.4) 3.34  
(1.52-7.34) 

0.002 

Mother engaged in  High 
Income generating works* 

6 ( 14.6) 28 (34.1) 3.02 
 (1.13-8.05) 

0.021 

Family income Rs.10,001 and 
above per month* 

7 ( 17.1) 47  (57.3) 6.52  
( 2.59-16.42) 

< 0.001 

2. Biological Factors of The Study Subjects. 

Low birth weight 
(<2500grams)* 

24 ( 58.5 ) 17 (20.7 ) 5.39  
( 2.37-12.24) 

< 0.001 

 W eight for age 70% and 
below of the expected* 

16 (  39 ) 10 (12.1 ) 4.60 
( 91.85 – 11.46 ) 

0.001 

Children who are not 
vaccinated for measles* 

10 ( 24.3 ) 4 ( 4.8 ) 6.29 
(1.83-21.56) 

0.001 

Children without   BCG scar. 1 0  0.156 

Children with h/o contact with 
TB patients* 

19 ( 46.3 ) 13 ( 15.8 ) 4.58 
 (1.95-10.75) 

< 0.001 

3. Environmental factors 

Children   residing in Kutcha 
houses* 

26 ( 63.41 ) 23 ( 28.04)  4.446  
(2.00-9.87) 

<0.001 
 

Children residing in 
overcrowded houses* 

26 ( 63.41) 16 ( 19.5 ) 7.150   
(3.09 -16.52) 

<0.001 

Children residing in houses 
with Inadequate ventilation* 

24 ( 58.5 ) 14 ( 17.0 ) 6.857   
(2.94 -15.99 )  

< 0.001 

Children who were exposed to 
fire-wood smoke at their 
homes* 

26 ( 63.4 ) 18 ( 21.9 ) 6.163  
 (2.706 -14.035) 

< 0.001 

Children with exposure to 
passive smoking* 

19 ( 46.3) 13 ( 15.8 ) 6.677   
(2.915 -15.292) 

< 0.001 

4. M ultivariate analysis of the exposure factors 
 
Factor                   Adjusted OR* with 95%  CI P value 

Low Birth weight                      3.561 ( 1.245-10.186 ) 0.018 

Malnutrition                     3.961 ( 1.298-12.082 ) 0.016 

Passive Smoking Exposure                      6.285 ( 2.317-17.047) < 0.001 

Exposure to fire-wood smoke                      6.914 ( 2.529-18.905 ) < 0.001 

 * p value significant 
  OR*= Odd’s ratio. 

Table 2: Distribution of co-variates across the study groups.
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extra-pulmonary site was CNS ( 55.5%) , (Table
1).

The median (standard deviation) age of the case
group was five (3.62) years and that of control group
was six (3.13) years. No statistically significant difference
in the age and gender   was found between the two groups
(Table 2).  Education of the parents, their occupation,
housing, ventilation, overcrowding, monthly family income,
measles vaccination and contact with active TB, were
found to be significantly associated with TB in children on
univariate analysis (Table 2).  Prediction of occurrence of
TB in children was tried using multivariate analysis . Low
birth weight (LBW), under-nutrition, exposure to passive
smoking and exposure to fire-wood smoke were found
to be the determinants of childhood TB (Table 2).

DISCUSSION

All the participants  in the case group were
sputum negative. It  is a known fact that 95% of cases
in children below 12   years of age are   smear negative.2

Education and occupation of the parents with
monthly family income were used as a proxy for
assessing the socio-economic status. We got a
statistically significant difference which emphasises the
role of these   factors as   distal   determinants of TB.  In
low and middle income countries, childhood TB is
closely associated with poverty, overcrowding, and
malnutrition.2 Exposure to fire-wood smoke was also
found to be significantly associated with childhood TB,
this finding was  consistent  with  studies published
elsewhere7, but most  studies were done among adults.

LBW   was found to be significantly associated
with childhood TB. There is no other indicator in human
biology, which tells us so much about the past events and
the future trajectory of life, as the weight of the infant at
birth.8 This association may be explained by the fact that
in most cases, under weight children, if not properly
cared for, are prone to mal-nourishment in later life ,
which in turn decreases their immunity . In the present
study, weight for age (IAP criteria) of the study subjects
were   taken as a proxy for under nutrition. Significantly,
higher proportion of children in the case group had   their
weights below or equal to 70% of the expected . Study  by
Vijaykumar et al9  found significant   association between
severe malnutrition and severe forms of infection.

Passive smoking was also found to be a
significant determinant of TB in the present study. There
are numerous studies world wide which prove this
association. One such study   revealed that passive smoking
was an important determinant of TB in children.10 We
acknowledge certain limitations of this study.  Major
limitation of the study is that all the cases may not have
been diagnosed based on the standard diagnostic criteria.
Another limitation of the study is that the control   population
was not evaluated for their infection status by Mantoux
test.

CONCLUSION

LBW, malnutrition, passive smoking and
fire-wood smoke exposure are the risk factors to
be addressed  to prevent childhood TB. Since this
study could not quantify or measure the exposure
level further, research in this area is called for.
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Evaluating PCR, culture & histopathology in the
diagnosis of female genital tuberculosis

R. B. P. Thangappah, C. N. Paramasivan and Sujatha
Narayanan. Indian J Med Res 2011; 134(1): 40-6

Genital tuberculosis (GTB) is one of the
major causes for severe tubal disease leading to
infertility. Unlike pulmonary tuberculosis, the clinical
diagnosis of GTB is difficult because in majority of
cases the disease is either asymptomatic or has varied
clinical presentation. Routine laboratory values are of
little value in the diagnosis. An absolute diagnosis
cannot be made from characteristic features in
hysterosalpingogram (HSG) or laparoscopy. Due to
the paucibacillary nature of GTB, diagnosis by
mycobacterial culture and histopathological
examination (HPE) have limitations and low detection
rate. The objective of this study was to evaluate the
efficacy of PCR technique, culture and
histopathological examination in the diagnosis of GTB
in female infertility.  This study included 72 infertile
women who met the inclusion and exclusion criteria.
After a .detailed history and clinical examination all
patients were subjected to investigations including
pelvic sonogram, HSG and laparoscopy. Endometrial
samples were allocated for AFB smear, culture and
HPE examination. Only 49 samples were available for
PCR using IS 6110 and TRC4 primers. In seven patients
peritoneal fluid was also taken for culture and PCR.
Based on the clinical profile and laparoscopic findings,
a diagnostic criteria was derived to suspect GTB.
Specific diagnostic tests were evaluated against this
diagnostic criterion.  Laparoscopy was suggestive of
tuberculosis in 59.7 per cent of cases, AFB smear was
positive in 8.3 per cent, culture was positive in 5.6
per cent, HPE positive in 6.9 per cent and PCR was
positive in 36.7 per cent of cases. Based on the
diagnostic criteria, GTB was suspected in 28 of the
49 cases. On evaluating against the diagnostic criteria,
the sensitivity of PCR, HPE and culture were 57.1,
10.7, 7.14 per cent respectively. The concordance of
results between the clinical criteria and specific

diagnostic tests were analysed by Kappa measure of
agreement. The culture and HPE showed mild
agreement with the clinical criteria, whereas PCR
showed a moderate agreement. PCR was-positive in
two of the 21 cases in whom GTB was not suspected.
False positive PCR in these two cases were ruled out
by multiple areas of sampling and re-sampling in one
case. The PCR results were negative in 12 of the 28
cases. PCR using TRC4primers had a higher sensitivity
(46.4%) than IS 6110 primers (25%) in detecting
clinically suspected GTB.  Our results showed that
conventional methods of diagnosis namely, HPE, AFB
smear and culture have low sensitivity. PCR was found
to be useful in diagnosing early disease as well as
confirming diagnosis in clinically suspected cases.
False negative PCR was an important limitation in this
study.

A retrospective study of seasonal variation in the
number of cases diagnosed at a tertiary care
tuberculosis hospital

D. Behera and P. P. Sharma. Indian J Chest Dis Allied
Sci 2011; 53: 145-52

To study the seasonality of tuberculosis (TB),
data from a tertiary care respiratory hospital in south
Delhi over a six years’ period from April 2002 to
March 2008 were analysed.  A total of 192,863
patients were registered newly in the hospital during
this period. Maximum number of symptomatic
patients reported to the out-patient department during
April-June and the minimum during October-
December. An increase of about 25% in symptomatics
was observed (p<0.05) in the period from April to June
in comparison to October to December. The amplitude
of seasonal variation was estimated as 11% of the
annual mean symptomatics.  The maximum sputum-
positive TB cases were diagnosed during the period
from April to June and the number was least during
October to December. There was an increase of about
34% in sputum-positive cases (p<0.001) during the
period from April to June against October to
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December. The amplitude of seasonal variation was
estimated as 14.4% of the annual mean smear-
positives per quarter. The extra-pulmonary TB (EPTB)
cases were the maximum during April-June.  Chest
symptomatics of all types of TB cases were the lowest
in January.  A seasonal pattern of TB was observed for
pulmonary TB and EPTB cases. This information would
be useful for administration and managers to take extra
care to arrange and provide extra facilities during the
peak seasons.

Clinical response of newly diagnosed HIV
seropositive and seronegative pulmonary
tuberculosis patients with the RNTCP Short
Course regimen in Pune, India

S. Tripathy, A. Anand, V. Inamdar, M. M. Manoj, K.M.
Khillare, A.S. Datye, R. Iyer, D. M. Kanoj, M. Thakar,
V. Kale, M. Pereira and A.R. Risbud. Indian J Med
Res 2011; 133(5): 521-8

In the Revised National Tuberculosis Control
Programme (RNTCP) in India prior to 2005, TB
patients were offered standard DOTS regimens without
knowledge of HIV status. Consequently such patients
did not receive anti-retroviral therapy (ART) and the
influence of concomitant HIV infection on the
outcome of anti-tuberculosis treatment remained
undetermined. This study was conducted to determine
the results of treatment of HIV seropositive pulmonary
tuberculosis patients with the RNTCP (DOTS)
regimens under the programme in comparison with
HIV negative patients prior to the availability of free
ART in India.  Between September 2000 and July 2006,
283 newly diagnosed pulmonary TB patients were
enrolled in the study at the TB Outpatient Department
at the Talera Hospital in the Pimpri Chinchwad
Municipal Corporation area at Pune (Maharashtra):
they included 121 HIV seropositive and 162 HIV
seronegative patients. They were treated for
tuberculosis as per the RNTCP in India. This study was
predominantly conducted in the period before the free
ART become available in Pune.  At the end of six
months of anti- TB treatment, 62 per cent of the HIV
seropositive and 92 per cent of the HIV negative smear
negative patients completed treatment and were
asymptomatic; among smear positive patients, 70 per
cent of the HIV-seropositive and 81 per cent of HIV

seronegative pulmonary TB patients were cured.
Considering the results in the smear positive and smear
negative cases together, treatment success rates were
substantially lower in HIV positive patients than in HIV
negative patients, (66% vs 85%). Further, 29 per cent
of HIV seropositive and one per cent of the HIV
seronegative patients expired during treatment. During
the entire period of 30 months, including six months
of treatment and 24 months of follow up, 61 (51 %)
of 121 HIV positive patients died; correspondingly
there were 6 (4%) deaths among HIV negative patients.
The HIV seropositive TB patients responded poorly
to the RNTCP regimens as evidenced by lower success
rates with chemotherapy and high mortality rates
during treatment and follow up. There is a need to
streamline the identification and management of HIV
associated TB patients in the programme with provision
of ART to achieve high cure rates for TB, reducing
mortality rates and ensuring a better quality of life.

Outcome of standardized treatment for patients
with MDR-TB from Tamil Nadu, India

Pauline Joseph, Vijaya Bhaskara Rao Desai, Nalini
Sunder Mohan, Jemima Sheila Fredrick, Rajeswari
Ramachandran, Balambal Raman, Fraser Wares,
Ranjani Ramachandran and Aleyamma Thomas. Indian
J Med Res 2011; 133(5): 2011; 529-34

Programmatic management of MDR- TB
using a standardized treatment regimen (STR) is being
implemented under the Revised National Tuberculosis
Control Programme (RNTCP) in India. This study was
undertaken to analyse the outcomes of MDR- TB
patients treated at the Tuberculosis Research Centre,
Chennai, with the RNTCP recommended 24 months
STR, under programmatic conditions.  Patients failed
to the category II re-treatment regimen and confirmed
to have MDR-TB, were treated with the RNTCP’s STR
in a prospective field trial on a predominantly
ambulatory basis. Thirty eight patients were enrolled
to the trial from June 2006 to September 2007.  Time
to culture conversion was two months or less for 82
per cent of patients. Culture conversion rates at three
and six months were 84 and 87 per cent respectively.
At the end of treatment, 25 (66%) were cured, five
defaulted, three died and five failed. At 24 months, 30
(79%) patients, including five defaulters, remained
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culture negative for more than 18 months. Twenty two
(58%) patients reported adverse drug reactions
(ADRs) which required dose reduction or termination
of the offending drug. No patient had XDR-TB
initially, but two failure cases emerged as XDR- TB
during treatment.  Outcomes of this small group of
MDR- TB patients treated with the RNTCP’s STR is
encouraging in this setting. Close attention needs to
be paid to ensure adherence, and to the timely
recognition and treatment of ADRs.

Effect of efflux pump inhibitors on drug
susceptibility of ofloxacin resistant Mycobacterium
tuberculosis isolates

Mradula Singh, G. P. S. Jadaun, Ramdas, K. Srivastava,
Vipin Chauhan, Ritu Mishra, Kavita Gupta, Surya Nair,
D. S. Chauhan, V. D. Sharma, K. Venkatesan and V.M.
Katoch. Indian J Med Res 2011; 133(5): 535-40.

In drug resistant, especially multi-drug
resistant (MDR) tuberculosis, fluoroquinolones (FQs)
are used as second line drugs. However, the incidence
of FQ-resistant Mycobacterium tuberculosis is
rapidly increasing which may be due to extensive use
of FQs in the treatment of various other diseases. The
most important known mechanism i.e., gyrA mutation
in FQ resistance is not observed in a significant
proportion of FQ resistant M. tuberculosis isolates
suggesting that the resistance may be because of other
mechanisms such as an active drug efflux pump. In this
study, we evaluated the role of the efflux pumps in
quinolone resistance by using various inhibitors such
as carbonyl cyanide m-chlorophenyl hydrazone
(CCCP), 2,4-dinitrophenol (DNP) and verapamil, in
clinical isolates of M. tuberculosis.  A total of 55 M.
tuberculosis clinical isolates [45 ofloxacin (OFL)
resistant and 10 ofloxacin sensitive) were tested by
Resazurin microtitre assay (REMA) to observe the
changes in ofloxacin minimum inhibitory
concentration (MIC) levels in presence of efflux
inhibitors as compared to control (without efflux
inhibitor).  The MIC levels of OFL showed 2-8 folds
reduction in presence of CCCP (16/45; 35.5%),
verapamil (24/45; 53.3%) and DNP (21/45; 46.6%)
while in case of isolates identified as OFL sensitive
these did not show any effect on ofloxacin MICs. In
11 of 45 (24.5%) isolates change in MIC levels was

observed with all the three inhibitors. Overall, 30
(66.6%) isolates had reduction in OFL MIC after
treatment with these inhibitors. A total of eight isolates
were sequenced for gyrA gene, of which, seven
(87.5%) showed known mutations.  Of the eight
sequenced isolates, seven (87.5%) showed two to
eight fold change in MIC in presence of efflux
inhibitors.  Our findings suggest the involvement of
active efflux pumps of both Major Facilitator Super
Family (MFS) family (inhibited by CCCP and DNP)
and ATP Binding Cassette (ABC) transporters (inhibited
by verapamil) in the development of OFL resistance in
M. tuberculosis isolates. Epidemiological significance
of these findings needs to be determined in
prospective studies with appropriate number of
samples / isolates.

Pulmonary tuberculosis among health care
workers at two designated DOTS Centres in urban
city of Ibadan, Nigeria

A. O. Kehinde, A. Baba, R. A. Bakare, O. M. Ige, C. F.
Gbadeyanka and O. E. Adebiyi. Indian J Med Res
12011; 133(5): 613-7.

Tuberculosis (TB) infection control
interventions are not routinely implemented in many
Sub-Saharan African countries including Nigeria. This
study was carried out to ascertain the magnitude of
occupationally-acquired pulmonary TB (PTB) among
health care workers (HCWs) at two designated DOTS
centres in Ibadan, Nigeria.  One year descriptive study
(January-December 2008) was carried out at the
University College Hospital and Jericho Chest
Hospital, both located in Ibadan, Nigeria. A pre-tested
questionnaire was used to obtain socio-demographic
data and other relevant information from the subjects.
Three sputum samples were collected from each
subject. This was processed using Ziehl-Neelsen (Z-
N) stains. One of the sputum samples was cultured on
modified Ogawa egg medium incubated at 37°C for
six weeks. Mycobacterium tuberculosis was
confirmed by repeat Z-N staining and biochemical
tests.  A total of 271 subjects, 117 (43.2%) males and
154 (56.8%) females were studied. Nine (3.3%) had
their sputum positive for acid fast bacilli (AFB) while
six (2.2%) were positive for culture. The culture
contamination rate was 1.8 per cent. Significantly, all
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the six culture positive samples were from males
while none was obtained from their female
counterparts. About half of the AFB positive samples
were from subjects who had spent five years in their
working units. Eight AFB positive cases were from
21-50-year-age-group while students accounted for
seven AFB positive cases.  The study showed that
occupationally-acquired PTB is real in Ibadan.  Further
studies are needed to ascertain and address the
magnitude of the problem.

A systematic review of risk factors for death in
adults during and after tuberculosis treatment

C. J. Waitt and S. B. Squire. Int J Tuberc Lung Dis
2011; 15(7): 871-85.

Despite effective anti-tuberculosis
chemotherapy, case-fatality rates of up to 25% are
described in both industrialised and resource-poor
settings. An understanding of the factors predisposing
to poor outcome may allow the development of
adjunctive treatment strategies or closer clinical
monitoring in high-risk individuals.  The objective was
to describe the definitions and timing of deaths due
to tuberculosis (TB), and the reported range of risk
factors for death.  All electronically available studies
investigating risk factors for death in TB patients from
1966 to 2010 were analysed.  Included were peer-
reviewed reports of cohort, case control or cross-
sectional studies with the primary objective of
determination of quantitative effect estimates of the
relationship between risk factors and death in adults
treated for TB. Many studies were limited by their
retrospective design, reliance on data from registries
and charts, and risk of reporting bias.  Most studies
reported risk factors for all- cause mortality
throughout anti-tuberculosis treatment. In the context
of high TB incidence and human immuno-deficiency
virus (HIV) prevalence, risk factors for death are HIV
positivity, advancing immunosuppression, smear-
negative disease and malnutrition. In regions of low
TB incidence and HIV prevalence, risk factors include
non- infective comorbidities, sputum smear-positive
disease and alcohol and substance misuse.  There
remains a need for prospective clinical studies,
particularly with a focus on deaths occurring during
the first months of anti-tuberculosis treatment.

Qualitative research should be used to further explore
the relationship between sex and health- seeking
behaviour, and to optimise delivery of health care to
socially marginalised groups.

Hydrochloric vs sulphuric acid in water for Ziehl-
Neelsen staining of acid-fast bacilli

K. J. M. Aung, P. Nandi, A. Hamid Salim, A. Hossain
and A. Van Deunt. Int J Tuberc Lung Dis 2011; 15(7):
955-8.

The objective of the study was to compare
25%  sulphuric acid in water (H2SO4) with
hydrochloric acid in water (HCI) to differentiate acid-
fast bacilli in sputum smears stained with 1%
carbolfuchsin.  For one year, all 158 microscopy
laboratories used either H2SO4 or 3%/6%/10% HCI
for their routine work, alternating monthly between
H2SO4 and HCI.  Each month, a sample of five smears
per laboratory was rechecked blind.   After recording
qualitative staining aspects, all sample smears were
restained before rechecking, using H

2
SO

4
 for

destaining.  A total of 368059 H2SO4 and 335436 HCI
smears were routinely read, yielding 7.2% positive or
scanty results in both groups. Of these, 9492 were re-
checked. There was no difference in false-negatives
detected (0.66%, 95%CI 0.44-0.95 for H2SO4 vs
0.68%, 95%CI 0.46-0.98 for HCI), but apparently
there were more false-positives with H2SO4 (2.12%,
95%CI 0.92- 4.14 vs 0.28%, 95%CI 0.00-1.54, P =
0.05). Qualitatively, only 3%  HCI yielded
significantly inferior differentiation results.  HCI 6-
10% in water can be recommended for Ziehl Neelsen
destaining above H

2
SO

4
. Diluting is easier and safer,

and it may cause less confusion with false positives
during rechecking, including a restaining step.

Xpert MTB/RIF®, a novel automated polymerase
chain reaction-based tool for the diagnosis of
tuberculosis

E. C. Bowles, B. Freyee, J. van Ingen, B. Mulder, M. J.
Boeree and D. van Soolingen. Int J Tuberc Lung Dis
2011; 15(7): 988-9.

There is an urgent need for new point of care
tests for tuberculosis (TB).  Xpert MTB/RIF® is a real-
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time polymerase chain reaction-based system that
detects Mycobacterium tuberculosis DNA and
rifampicin (RMP) resistance modulating mutations
directly from clinical samples in two hours. The
sensitivity for detecting M. tuberculosis in culture-
positive samples was 93.8% (60/64) and exceeded

smear microscopy (40/64, 62.5%). The specificity for
detecting M. tuberculosis was 92.0% (23/25) and for
RMP resistance it was 100% (8/8). The test is simple
to conduct and requires basic sputum handling facilities
only. These characteristics render it a promising close-
to-patient test for TB in various settings.
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Obituary

(1936 – 2011)

            Dr. R.C. Jain was born on 10th October, 1936 at Dhampur in Bijnor District of Uttar Pradesh.  He passed
his M.B.B.S. and M.D. from King George’s Medical College, Lucknow.

Dr. Jain belonged to a family of freedom fighters as both his parents were renowned freedom fighters.

After completing his studies, he went to United Kingdom and worked with renowned Thoracic
Surgeons there.

After returning to India, he joined Rajen Babu TB Hospital, Delhi as Senior Thoracic Surgeon.  Dr.
Jain later joined the Lala Ram Sarup Institute for TB & Respiratory Diseases as Medical Superintendent.  It
was in his tenure there that LRS Institute was taken over by the Government of India.  Being the Founder
Director of this Institute, he initiated this organization to become a famous centre of excellence for
Tuberculosis and Chest Diseases as this is today.

Dr. Jain was associated with the Tuberculosis Association of India for over four decades.  Presently, he
was Vice Chairman, TAI, and Vice President of Delhi TB Association, Chairman, New Delhi TB Centre.  Besides,
he was Chairman elect of the Scientific Committee of the SEAR.

Dr. Jain, being one of the top Thoracic Surgeons in the capital, was very down to earth.  He lived life as
a saint. Dr. Jain’s humble nature and good deeds will always be remembered by one and all who came in his
contact.  He was always very kind to poor and needy.

The void created by Dr. Jain’s passing away is difficult


