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Editorial

Challenges in the diagnosis of extrapulmonary tuberculosis
It is not unusual to find it stated that the scarcity of good
diagnostic tools is at the root of the problem that extra-
pulmonary tuberculosis is likely under-diagnosed in many
settings. We submit that the perhaps even more important
cause for under-diagnosis of extrapulmonary tuberculosis is
the failure of busy clinicians to think of it, most notably if it
takes one of the protean yet rare manifestations of tuberculo-
sis. Numerous case reports over the years in the Journal have
testified to that.

A comprehensive assessment of the secular trends in
diagnosis and notification of extrapulmonary tuberculosis
under the RNTCP has been published from Delhi a few years
ago.1 It showed that on average about 20% of the cases
diagnosed from 1997 through 2002 had tuberculosis at an
extrapulmonary site and that the relative contribution to all
incident cases increased almost regularly over the period of
observation. Half of these cases were peripheral lymphatic
and another 30% were pleural. All other sites contributed
each fewer than 10% of the total. Thus, 80% of all identified
cases of extrapulmonary tuberculosis comprised of what
diagnostically might be called either a very easy diagnosis
(peripheral lymphatic) or a very difficult diagnosis (pleural
effusion).

Any skilled clinician who has seen a dozen or so cases of
peripheral lymphatic tuberculosis will have both high
sensitivity and high specificity in diagnosing the condition
clinically: both the history and the clinical presentation are
quite characteristic, notably so if there is a delay in
presentation.

Conversely, the etiology of a pleural effusion is clinically
difficult to determine and laboratory support is of equivocal
assistance in many cases. Barring pleural biopsy,2 most other
diagnostic traditional laboratory approaches often prove
futile.

The ease of use and the promising results of the Xpert MTB/
RIF® assay have of course also led to the evaluation of the
assay for the diagnosis of pleural effusion,3–5 but not
unexpected, the results are generally dismally poor.

It is perhaps a bit over-simplifying, but it appears that for
the most common extrapulmonary manifestation in India
(and other countries), peripheral lymphatic tuberculosis,
experienced clinicians rarely need additional laboratory
support if they think of tuberculosis in the first place; for
the second most common manifestation, pleural effusion,
both classical approaches (culture techniques) and modern
nucleic acid amplification techniques (e.g. Xpert MTB/RIF®)
perform so poorly that their use is quite possibly not even
worth the cost. Unfortunately, the diagnosis will have to rely
on the use of chemical and cell analysis of the fluid, combined
with clinical judgment and empirical treatment. Where
available, the most promising approach to a sensitive
diagnosis has been6 and remains histologic examination of
a pleural biopsy specimen.7 Where tuberculosis is a prevalent
cause of pleural effusion, a characteristic histology is also
reasonably specific.

Rarer forms of extrapulmonary tuberculosis include the
highly fatal central nervous system manifestations, notably
meningeal tuberculosis. The World Health Organization
recommends the use of the Xpert MTB/RIF® assay for the
diagnosis of tuberculous meningitis.8 Some experts caution
against relying too much on it,9 arguing that the negative
predictive value has to be set very high for such a lethal
condition, much higher than what this test can offer.
In consequence, then, common sense will prevail when
clinicians – as with other bacteriological examinations
such as microscopy and culture – remain wary of potentially
false-negative results and will not shy away from initiating
anti-tuberculosis treatment when in doubt.

The immunosuppression caused by HIV infection leads to
an excessively high frequency of disseminated tuberculosis
which is highly fatal if undiagnosed and thus left untreated.10

Blood cultures for Mycobacterium tuberculosis have poor
sensitivity and the diagnostic delay is unacceptably long for
a condition that is so rapidly fatal.11 The experience with the
Xpert MTB/RIF assay from blood samples is limited, but the
little that is known suggests that it has also very poor
sensitivity12 and is thus of little usefulness for all practical
purposes. Themost efficient approach remains early diagnosis
of HIV infection, followed by prompt anti-retroviral treatment
to prevent progression to disseminated tuberculosis that is
barely amenable to timely and accurate diagnosis.

http://dx.doi.org/10.1016/j.ijtb.2016.05.013
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In summary then, fortunately the most common extra-
pulmonarymanifestation of tuberculosis, peripheral lymphat-
ic tuberculosis, allows an accurate clinical diagnosis if the
clinician has experience and retains a high index of suspicion.
The diagnosis of tuberculous pleural effusion remains as
difficult as it has always been and molecular laboratory
techniques have not changed that at all. Unfortunately, the
same goes for the most lethal forms of extrapulmonary
tuberculosis, meningeal, and disseminated: the clinician
remains pretty much left to his or her own devices of making
a clinical diagnosis on not much more than clinical presenta-
tion and careful history taking. Laboratory tests that provide
sensitive and specific diagnosis for these latter conditions
remain at present still out of reach.
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Based on speech delivered during 3rd Conference of South East
Asia Region of The Union 26th and 27th May, 2016 Kathmandu
(Nepal)
His Excellency Nanda Bahadur Pun ‘‘Pasang’’ (Vice President)
TB and lung disease has not decreased as expected. Not only in
Nepal, but worldwide especially in the least developed
countries of the Third World, it has been a massive health
issue. Many efforts have been made to control tuberculosis. A
contingent of healthworkers fromASEAN countries have been
battling against TB day andnight. I praise this gooddeed of you
all in open voice. I thank you all associations and health
workers committed with the ASEAN countries.

Nepal has been taken somany steps to abolish tuberculosis
from the nation. For this not only from government sector but
also from public level efforts have been made. Since Bikram
Sambat 2010 Nepal Tuberculosis Abolishment Organization
became active in abolishing TB and it started international
relation and has extended handswith government in the field.
I openly admire the efforts made by this organization.

Consumption of tobacco has been the main cause of TB.
Tuberculosis which can be transmitted through respiration
has been main public problem. This disease has claimed
thousands of lives annually worldwide. In a country like Nepal
it has been revealed fact that thousands of people are affected
by such disease. Many healthy people are infected by this
disease. Every year around 5000 Nepalese people lose their
lives by this disease. This is a great challenge.

Due to the increase in public awareness and scientific
development in one hand such diseases are remarkably
controlled. This is good news for the human race. But on
the other hand, the emergence of ‘‘multi drug resistance
tuberculosis’’ has been a challenge for the scientists, doctors
and social workers involved in this field. I hope this conference
will find a way to face this defiance. The world has been
globalized. Along with this efforts has been made to solve
common problems which is very necessary and praise worthy
deed to face present challenges ‘‘Joint efforts for Common
http://dx.doi.org/10.1016/j.ijtb.2016.07.008
0019-5707/# 2016 Published by Elsevier B.V. on behalf of Tuberculosi
problems’’ is only remedy. Contagious disease cannot be
stopped by any country's boundary.

There can be no second thought that diseases transferred
by respiration is the commonproblemof theworld. I hope that
this third conference of The Union of ASEAN against
Tuberculosis will find a way to solve the problems caused in
the lives of ASEAN people and will further promote public
awareness and treatment in more effective and public
oriented ways and it will be a milestone in this work.

Prevention is better than cure. I have already mentioned,
the cause of TB and its incurability is consumption of Tobacco
related goods. Nepal has promulgated and implemented
mentionable policies to control the consumption of tobacco
related goods which is admired by world community. ‘‘Ninety
percent pictorial health warning’’ strategy adopted by Nepal is
an example for the world. Besides this the government has
forbidden to smoke in public places. Ultimately it is an effort to
control tuberculosis. Implementing this strategy successfully
and following the ‘‘plain packaging’’ strategy forwarded by the
WHOwe need to over tax and price on tobacco related goods to
stop the youth and children from its consumption is the urgent
and effective way. I believe, this will inspire other countries
fighting against TB.

Thenew constitution of Nepal has assured every citizen the
right to get free health service emphasizing on research to
make health service everywhere available and qualitative, the
state has adopted the policy of increasing health organizations
and health workers.
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a b s t r a c t

Spinal tuberculosis (STB) can cause significant functional impairment. The purpose of the

present study was to analyze the factors at preliminary presentation and the neuroradio-

logical findings in STB patients. We performed a retrospective cross-sectional analysis of

cases with a definitive diagnosis of STB. Four patients with confirmed mycobacterial

infection and histopathological findings confirming TB were identified. We noted two key

clinical indicators. We also identified seven key neuroradiological findings associated with

STB lesions. A high degree of clinical suspicion along with nine neuroradiological findings

described in this study are important for STB diagnosis and for starting treatment with

antituberculosis agents.

# 2016 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
findings
2

1. Background
Tuberculosis (TB) is an ancient disease, but is still a major
public health problemglobally.1 The incidence of TB appears to
* Corresponding author. Tel.: +886 47238595.
E-mail address: chenchanghuachad@gmail.com (C.-H. Chen).
Abbreviations: AFS, acid fast stain; ATA, antituberculosis agents;

Hospital System; CT, computed tomography; ETB, extrapulmonary tu
ethambutol, rifampin, and pyrazinamide; MRI, magnetic resonance im
tuberculosis.
http://dx.doi.org/10.1016/j.ijtb.2016.05.014
0019-5707/# 2016 Tuberculosis Association of India. Published by Els
be increasing throughout the world. Although pulmonary
tuberculosis (PTB) is the most common form, extrapulmonary
tuberculosis (ETB) also causes significant morbidity
and mortality. In Taiwan, the estimated TB burden was
44/million/year in 2009.3 Spinal tuberculosis (STB) comprises
CCH, Changhua Christian Hospital; CCHS, Changhua Christian
berculosis; FNAC, fine needle aspiration cytology; HERZ, isoniazid,
aging; PTB, pulmonary tuberculosis; STB, spinal tuberculosis; TB,

evier B.V. All rights reserved.
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1–4.3% of all TB cases and 10–15% of all ETB cases.4 Because
STB has been suggested as an important cause of vertebral
osteomyelitis and it is a common site of ETB, we conducted a
literature review on STB (summarized in Additional File).
However, physicians are not only familiar with the common
clinical features of STB, but have an in-depth understanding
of the disease; an early diagnosis and effective treatment
can minimize the occurrence of sequelae and improve
clinical outcomes. Since the clinical symptom of STB is
variable, and some of fragile patients developed handi-
capped, such as spinal cord compression, to study the
accurate and effective diagnosis and treatment of STB are
very necessary. Literature is sparse concerning the early
preliminary clinical presentation and neuroradiological
findings of STB; therefore, the purpose of the present study
was to analyze these factors.
Table 1 – Preliminary clinical presentation and preliminary ne

Patient 1

Age (year)/sex 78/F
Previous exposure to TB NEG/NEG
Hypertension/diabetes mellitus/acupuncture POS/NEG/NEG
Previous spinal disorders ST, L4/L5; CF, L
Previous prednisolone usage NEG
Patient delay (days)/doctor delay of ATA (days)/total
delay (days)

60/5/65

Local painful sensation on admission 2 Mo
Fever on admission NEG
Wound discharge on admission NEG
Neurological deficits on admission NEG
American Spinal Injury Association impairment
score on admission

A

Evidence of pulmonary TB on chest plain film
radiography on admission

NEG

White cell count (cell/mm3) on admission 4800
ESR (mm/h) on admission NR
GOT/GPT (U/L) on admission 40/35
Ccr (mL/min) on admission 50
Uric acid (mg/dL) on admission 5.5
CRP (mg/dL) on admission 24.9
TB smear of sputum NEG
TB smear of tissue/MtbcDT of tissue/TB culture
of tissue

POS/POS/MTBC

Interferon NR
Histopathological results GI
Preliminary neuroradiological findings
Originate from vertebral endplate OBS
Involves the anterior vertebral body corner OBS
Subligamentous spread OBS
Multiple vertebral bodies involved and
preserved disk

OBS

Extensive paraspinal abscess formation OBS
Calcification of abscess
Vertebral destruction, vertebral body collapse
(Gibbus deformity)

OBS

Chest plain film radiography findings Non-specific

Abbreviations: ATA: anti-tuberculosis agent; Ccr: creatinine clearance ra
protein; ESR: erythrocyte sedimentation rate; F: female; FP: flank p
transaminase; GPT: glutamate pyruvate transaminase; M: male; Mo: mon
complex direct test; NEG: negative; NR: not recorded; OBS: the finding wa
tuberculosis; TSF: transpedicular screws fixation; VTB: vertebroplasty.
Notes: *1 linear fibrosis with a dense nodule in the right upper lobe due t
2. Materials and methods

2.1. Hospital setting and data collection

The population of rural area of central Taiwan ismostly served
by the Changhua Christian Hospital System (CCHS), which
totally has 4000-bed to serve patients. Changhua Christian
Hospital (CCH) is one of nine branch hospitals among the
CCHS, and it is an 1800-bed tertiary referral medical center
situated in central Taiwan. This study was carried out at CCHS
and was approved by the institutional review board of CCH.
From January 2010 to December 2013, hospitalized patients
over 18 years of age who were diagnosed with STB were
included in this study. The study design was retrospective in
uroradiological findings.

2 3 4

66/M 82/F 57/M
NEG/NEG NEG/NEG POS/NR
POS/NEG/NEG NEG/NEG/NEG NEG/NEG/NEG

5 ST, s/p TSF CF L2/3, s/p VTB NEG
NEG NEG POS
30/5/35 32/5/37 60/3/63

1 Mo NEG 2 Mo
NEG NEG 4 days
POS NR NR
NEG right lower LW right FP
B B A

NEG NEG NEG

6200 5800 6800
45 NR 68
41/44 35/25 36/46
60 50 65
5.6 6 5.6
NR NR 5.5
NEG NEG NEG
POS/POS/MTBC POS/POS/MTBC POS/POS/MTBC

NR NR POS
GI, CN GI, CN GI, CN

OBS OBS OBS
OBS OBS OBS
OBS OBS OBS
OBS OBS OBS

OBS OBS OBS
OBS
OBS OBS OBS

Non-specific Non-specific *1

te; CF: compression fracture; CN: caseous necrosis; CRP: C-reactive
ain; GI: granulation inflammation; GOT: glutamate oxaloacetate
th; MTBC: M. tuberculosis complex direct test; MtbcDT: M. tuberculosis
s observed; POS: positive; s/p: status of post; ST: spinal stenosis; TB:

o previous pulmonary tuberculosis.



[(Fig._1)TD$FIG]

Fig. 1 – The neuroradiological findings of a patient with spinal tuberculosis. (A) Post-gadolinium T1-weighted MR imaging
with fat saturation, sagittal view, showed enhancement of the T9 and T10 vertebrae with apposing endplates erosion, and
enhancing soft tissue spreading along the anterior subligamentous space, from T7 to T12 level. Mild enhancement of the T8
inferior and T11 superior vertebral bodies are also noted, but the T8/9 and T10/11 discs are preserved. (B) Post-gadolinium
T1-weighted MR imaging with fat saturation, axial (at T9–10 level) view, showed extensive paraspinal abscess (arrow). (C) CT
scan of the thoracic spine axial view showed calcification of the paraspinal abscess (arrow).
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nature and the data were collected throughout the 4-year
study period. All adult patients (>18 years) diagnosedwith STB
by ALL of the following methods were included: positive
vertebral osseous acid fast stain (AFS), positive TB culture from
fine needle aspiration cytology specimens, and characteristic
pathologic findings. All patients with an STB diagnosis
received standard anti-tuberculosis agents (ATA), according
to the Taiwanese guidelines for TB diagnosis and treatment.5

We used descriptive statistical method to analyze the dataset.

3. Results
Five cases were diagnosed as spinal mycobacterial infection
during the study period. Four cases with confirmed mycobac-
terial infection and histopathological findings confirming TB
were identified, and another one case is non-tuberculosis
mycobacterial infection. Only four patients with confirming
STB were enrolled in this study. The preliminary clinical
presentations and initial neuroradiologicalfindings of patients
with a definitive diagnosis of STB are listed in Table 1. Two
patientsweremen and 2werewomen,with ages ranging 57–82
years. One patient had a prior history of TB, and another
patient had PTB as a comorbidity. Three patients had previous
spinal disorders before STB. The total delay time ranged 25–65
days. Two patients had neurological deficits initially, which
were reversed by the end of the study period. One patient
presented with a fever and 2 presented with back pain. The
initial laboratory data showed no significant abnormalities
except for elevated levels of serum C-reactive protein. The
neuroradiological findings of a patient with STB are shown in
Fig. 1. All patients received standard ATA, and they all
survived.

4. Discussion
To our knowledge, this is the first study to analyze the initial
clinical presentation and neuroradiological findings of STB
patients in central Taiwan. We observed that the elderly are
particularly susceptible to STB, as the average age of the
patients in this study was 70.8 years. Similarly, Weng et al.
reported that 55% of the STB patients in their study were older
than 70 years.6 In our study, an equal sex distribution was
observed, which is similar to that in previous literature
(men = 53% in Additional File).

STB has a wide variety of manifestations. However, we
disclose 2 key signs of STB (Table 1), whichwas consistentwith
observations in previous reports.6 In a previous study by Jutte
et al., in the Netherlands, there was a mean delay in the
diagnosis of nonspinal bone and joint TB of 35 weeks.4 In this
study, the duration of total delay ranged 25–65 days. Early
diagnosis of STB is important to prevent advanceddamage and
suffering.7 Wares et al. mention that radiological features of
STB are nonspecific.1 However, in this study, we disclose 7 key
radiological findings observed in the STB lesion (Table 1).
Imaging is important for diagnosis and treatment of STB, and
the diagnostic roles of various imaging modalities have been
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discussed in Shikhare's report.8MRI and spiral CT are currently
the most commonly used imaging methods.

Despite the availability of well-established and effective
chemotherapeutic agents against TB, the complications after
STB, such as syringomyelia, permanent neurological deficits,
and spinal osseous defects, sometimes remain unresolved
even after the eradication of the pathogens. Therefore, surgical
approaches are indicated for STB to minimize these serious
complications. All of the cases treated with ATA in this study
showed a good response, barring 1 patient who contracted
hepatitis. Three patients received surgical interventions.
Treatment of STB, which is a major public health problem,
is possible only if it is detected early, and an important
prerequisite for detection is the modality used for diagnosis.1

STB is one of the important forms of ETB, and this study
may be representative of the current demographic features of
STB patients in central Taiwan. A high degree of clinical
acumen, along with the 2 clinical factors and 7 neuroradiolog-
ical findings outlined in this study are important for STB
diagnosis and for starting treatment with ATAs, which is the
current mainstay of treatment.
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Introduction: The study was undertaken to assess chest radiographic features and lympho-

cyte counts among HIV-positive patients with TB coinfection.

Materials and Method: We reviewed the chest radiographs of all newly diagnosed, treatment-

naïve HIV-positive patients attending the Treatment Centre at the Olabisi Onabanjo Uni-

versity Teaching Hospital, Sagamu, Nigeria. The radiographs were examined for presence or

absence of features of tuberculosis and pneumonia. Those with tuberculosis were further

evaluated for presence of cavities andmilliary appearance. The demographic characteristics

of the patients were recorded.

Results: Two hundred and ninety-five radiographs were reviewed, consisting of 192 females,

103 males with mean ages of 33.6 � 11.65 and 37.85 � 13.54 years, respectively. Normal

radiographs were found in 68.5% patients, features of tuberculosis in 27.8%, and pneumonia

in 2.7%. The percentages of males and females with tuberculosis were 35% and 25%,

respectively. Patients with milliary TB were from the youngest age group and those with

cavities had CD4 cell count below 200 cells/mm3. Cavities occurred most frequently in the

lower zones. WBC and counts were highest in patients with pneumonia.

Conclusion: Normal chest radiographs were associated with mild clinical course. Males were

more frequently involved in TB coinfection. Cavities were associated with lowest CD4 cell

count and occurred more in lower zones. Patients with HIV/PTB coinfection had the most

severe weight loss. There was no statistically significant difference in absolute lymphocyte

count between patients with or without tuberculosis. Chest radiograph remains a veritable

tool for identifying HIV/AIDS patients with tuberculosis whether sputum is positive or

negative.
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1. Introduction
Fig. 1 – Chest radiograph of a HIV patient with TB
coinfection showing reticulonodular shadows (1), cavity in
Lt mid +Lt Upper zones (2), air fluid level (3), and fibrotic
changes (4).
Acquired Immunodeficiency Syndrome (AIDS) is a pandemic
affecting an estimated 33.4–39.5 million people with about 2
million dying from AIDS-related disease each year.1 Sub-
SaharanAfricahas the largest number ofHIV-infected subjects
worldwide and Nigeria still has the 2nd largest number of
people livingwith HIV/AIDS (PLWH) in Sub-SaharanAfrica and
the highest in the West African subregion.2,3 HIV/TB coinfec-
tion is a disease of global concern because of its effect on
morbidity and mortality.

By the report of WHO, the Africa region accounted for most
HIV-positive tuberculosis cases (79%), followed by Southeast
Asia region (mainly India), which had 11% of total cases in
2007, although the prevalence of HIV-infection among patients
with tuberculosis ranges from 50% to 80% in many settings in
sub-Saharan Africa, while in other parts of the world it varies
from 2% to 15%.4

Human Immunodeficiency Virus (HIV) and Mycobacterium
tuberculosis (MTB) have a synergistic interaction, each
propagating the progression of the other.4 Individuals with
HIV infection are also at greater risk of Tuberculosis (TB), with
an estimated 50–70% of HIV-positive person likely to develop
tuberculosis5 and atypical mycobacterial infection as well as
extra pulmonary TB in their lifetime.6 HIV has contributed to
the increase in the global incidence and mortality from
tuberculosis. Coinfection with HIV leads to difficulties in both
the diagnosis and treatment of tuberculosis and hence
increased the risk of treatment failure, relapse,4 and death.

The chest radiograph is a simple and common procedure
performed to evaluate the thoracic organs including the lungs,
heart, and the chest wall. This singular procedure has been
found to be useful in diagnosing the disease underlying various
symptoms such as persistent cough which may be dry or
productive, shortness of breath, chest pain, and the presence of
fever. This is particularly useful in the light of low sensitivity of
sputum test due to immunosuppression (Fig. 1).

The chest radiograph is, therefore, an important diagnostic
tool in assessing the complications as well as the manifesta-
tions of HIV infection as it concerns the chest. It is accurate for
diagnosing common chest complications with reported
accuracies of 64%, 75%, and 84% for bacterial pneumonia,
PCP, and MTB, respectively, in a blinded trial.7 It is mandatory
for all patients presenting with unexplained pulmonary or
constitutional symptoms to have a chest X-ray done, including
those with suspected central nervous system tuberculosis,
where it may provide additional support for the diagnosis of
tuberculosis.8

There is considerable overlap in the radiographic findings
of the numerous infectious and neoplastic entities that are
known to occur with increased frequency in AIDS patients.
This degree of radiological variation can create considerable
difficulty in the interpretation of chest radiographs.

The current study is aimed at documenting the chest
radiographic patterns of patients with HIV/AIDS and tubercu-
lous coinfection as well as examines the possible association
of patterns with age, CD4 cell count being one of the markers
for evaluating the degree of immunosuppression and HIV
disease progression.9 Thismay lead to improved diagnosis and
help in reducing the diagnostic dilemmas usually related to
these diseases and thus improved life expectancy.

2. Materials and method
The study was carried out at the Olabisi Onabanjo University
Teaching Hospital, Sagamu, Ogun State, Nigeria. The patients
were recruited from the hospital's CDC-supported facility with
a laboratory equipped for HIV diagnosis and CD4 cell count.

A retrospective analysis of the chest radiographs of all
newly enrolled, treatment-naive patients attending OLABISI
ONABANJO UNIVERISTY TEACHING HOSPITAL IHVN Action
site, SAGAMU, OGUN STATE, NIGERIA between FEBRUARY
2008 and DECEMBER 2009 was carried out. A detailed data
consisting of age, sex, weight, chest findings, CD4 counts, and
total lymphocyte counts and White blood count were
extracted both from request cards and case notes.

The details of the radiographic pattern on the chest
radiographs of infiltrates (nodular, reticulonudular, patchy,
homogeneous or in-homogeneous opacification), pleural
effusions, lymph mode enlargement (hilar, mediastinal or
axillary, and supraclavicular), cavities (including the anatomic
site), upper lobe blood diversion, and the presence or absence
of pleural thickness were noted.

Analysis was done on SPSS version 16. Data were displayed
on tables and Chi square test was used to determine the
significance of radiographic appearance. The effects of
radiographic appearance on the discrete variable were deter-
mined by the student's t' test.

3. Results
A total of 295 chest radiographs were obtained, made up of 103
males and 192 females who were proven retroviral-positive
with a mean age of 35 � 12.4 years and a range of 6.5–68 years.
202 (68.5%) patients had normal radiographs, 82 (27.8%) had



Table 1 – Age and sex distribution of patients.

TB status Number of patients

Male Female Total (%)

TB features 17 19 46(56.1)
TB with cavities 15 16 31(37.8)
Milliary TB 2 3 5(6.1)
Sub-total 34 48 82(100)
TB Negative 64 138 202
Pneumonia 5 6 11

Total 103 192 295

Table 2 – Age and weight of patients according to chest
findings in HIV/AIDS patients.

Chest
radiograph
finding

Age (years) Weight (kg)

Mean � SD No. of
pts

Mean � SD No. of
pts

TB features 34.9 � 13 46 47 � 11 43
TB with
cavities

34.4 � 11 31 54.3 � 15 31

Milliary TB 16.8 � 19 5 25 � 18 5
Pneumonia 21.4 � 19 11 31.2 � 22 22.2
Normal chest 36.4 � 11 202 57.2 � 14 200
Total 35.1 � 13 295 54 � 15 288

p value p = 0.000 p = 0.000

Table 3 – Effect of radiologic lung findings on CD4 cell
count and lymphocyte count.

Chest
radiograph
finding

Age (years) CD4 cell
count/mm3

Lymphocyte
count (�109 L�1)

Mean SD Mean SD

TB features 39 339 323 2.2 1.4
TB with cavities 29 198 239 1.9 1.0
Milliary TB 5 600 881 4.8 4.4
Pneumonia 11 438 438 4.0 3.2
Normal chest 193 272 289 2.0 1.0

Total 277 285 317 2.2 1.4
p value p = 0.024 p = 0.000
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features of tuberculosis, and 11 (3.7%) had pneumonia. Of the
patients with TB, 31 (37.8%) and 5(6.1%) had cavitations and
milliary form, respectively. Thirty-four (33%) male patients
had TB coinfection, as against 48 (25.0%) of female patients.
The differencewas statistically significant (p = 0.005) (Table 1).

The mean age of the male patients was 37.85 years with a
standard deviation of 13.54 years, while that of the female
patients was 33.60 � 11.65 years with a range of 0.2–67.5 years.
The mean age for all patients was 35.09 � 12.49 years. No
statistical difference in age was recorded between the male
and female patients. The mean age of patients without
tuberculosis was 36.4 years, while that of those with TB co-
infection was 33.6 years. Those with TB cavitation had mean
age of 24.4 years, and those with milliary TB had mean age of
16.8 � 18 years. HIV patients with pneumonia hadmean age of
21.4 � 18 years and were significantly younger (p < 0.0001).

Among the male patients, 64 (62.1%) had normal chest
radiographs, 34 (34%) had tuberculosis coinfection, and 5 (4.9%)
had pneumonia. Among female patients, 138 (91.9%) had
normal radiographs, and 48 (25%) had tuberculosis coinfection,
while 6 (3.1%) had pneumonia. The proportion ofmale patients
with tuberculosis was significantly higher than female
patients ( p = 0.005). A total of 82 cases had pulmonary
tuberculosis in the series. Milliary TB occurred in 5 (6.1%),
while pleural effusion occurred in 10 (3.4%) of the 82 patients
with TB.

The mean weight of positive retroviral patients who had
normal chest radiographs was 57.3 kg � 14.7, while those who
had PTB were 48.4 � 16 kg. The patients who had pneumonia
had a mean weight of 31.2 � 22.2 kg. This was statistically
significant (p = 0.000) (Table 2).

Themean CD4 counts for all the patients in the study group
are 357.0 � 317.4 years. The mean CD4 cell count of patients
who had pulmonary tuberculosis was 301 � 363 cells/mm3,
while patientswith normal chest radiographs had a CD4 count
of 276.6 � 297.3 cells/mm3. The mean CD4 count in patients
with pneumonia is 357 � 363. No statistical difference is seen
in the CD4 counts (p = 0.7).

Patients with cavitations have mean CD4 cell count of
198.4 cells/mm3 while those with milliary TB had CD4 cell
count of 600 � 881.1 cell/mm3. Cavities were associated with
significantly lower CD4 cell count (p = 0.021). The mean CD4
cell count of patients with pneumonia was 438 � 438.1 cell/
mm3. Patients with pneumonia were significantly younger
(p < 0.0001). The patients with the normal radiographic
findings had a mean age of 36.4 years and a mean CD4 count
of 283 � 295 cell/mm3 in 83.7% patients (Table 3).
The absolute lymphocyte count of the retroviral positive
patientswith PTBwas 2.2 � 1.4 � 109 L�1, while that of patients
with normal chest radiographs was 2.1 � 0.96 � 109 L�1.
Patients with pneumonia had absolute lymphocyte count of
4.0 � 3.2 � 109 L�1. The lymphocyte count of patients with
pulmonary tuberculosis was significantly lower than that of
patients with pneumonia (p = 0.000).

In patients with cavitations, cavities were located in the
lower zone only in 20.6%, middle zone only in 17.2%, and
upper zone only in 13.8% of the cases. The cavities were
bilateral in 37.8% of the cases, and occur as 10.3% each in the
right upper + left middle zones, right upper + left lower
zones. Cavities occurred in the right lower and left lower
zone in 6.9% of the cases. Bilateral combinations of cavities in
the right middle + left middle, right lower + left upper, and
right lower + left lower zones were found in 3.4% each in the
patients. Generally, the cavities tended to occur more on the
right than the left, although it is not statistically significant
(Table 4).

4. Discussion
Tuberculosis remains the commonest opportunistic disease in
HIV-positive persons and chest radiograph continues to be



Table 4 – Frequency of cavity positions within the lung
fields.

Lung zone Frequency %

Upper zone 4 13.8
Middle zone 5 17.2
Lower zone 6 20.7
Rt upper + left upper 2 6.9
Rt. Upper + Lt Mid 3 10.3
Rt. Upper + Lt Lower 3 10.3
Rt. Lower + Lt. Lower 2 6.9
Rt. Mid + Lt. Mid 2 6.9
Rt. Lower + Lt. Lower 1 3.4
Rt. Lower + Lt. Upper 1 3.4

Total 29 100
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relevant in evaluation of patient at least in developing
countries such as Nigeria. The preponderance of female
patient and themean age of 35.09 years agreewith established
epidemiology of HIV/AIDS due to greater vulnerability of
women and the socio-cultural factors such as polygamy and
commercial sex work.1,7 The mean age reflects the fact the
disease affects the sexually active and the productive segment
of the population.2,10–13 Eighty-two (27.8%) out of the 295
patients had radiological features of tuberculosis. This is
within the prevalence of 4–44% reported in different popula-
tions in literature.10,14 A significantly higher prevalence of
tuberculosis found inmale (62.4%) patients than in the females
(34%) reflects the same pattern observed in HIV-negative
patients.4,15–19

Other features of primary and reactive tuberculosis seen
in the chest radiographs of the patients reviewed include:
pleural effusion (unilateral or bilateral) especially in chil-
dren, lymph node enlargement, bronchopulmonary dissem-
ination, obvious nodules (solitary or multiple) and fibrosis
with cavitations7,8 which were consistent with previous
reports.7,8 Prominent in this study were cavitations and
milliary forms, which were seen in 39 and 5 of the patients,
respectively.

It should, however, be noted that absence of chest
radiographic features does not exclude the presence of
tuberculosis, as normal chest radiographs may be seen in
HIV-infected patients, despite active infection due to de-
pressed immunity, which makes it difficult to mount a
granulomatous reaction to invading organism.11 In some
studies in other parts of the world, the rate of normal chest
radiographs ranges between 6%–11% and 18%–30%.12 The
quality of production of the radiographs, which is an integral
part of good radiographic reporting, may also play an
important role. Clinicians should, therefore, be cautious since
normal chest radiography does not always rule out PTB, thus,
indicating the need for other imaging techniques such as lung
computerized tomography (CT) scan (where available and
affordable) or other laboratory diagnostic techniques.15,18 It is,
however, rare for patients without HIV infection to have
normal roentgenograms when infected with TB.11

Eleven (3.8%) of the patients who did not have features of
tuberculosis had pneumonia. These were relatively younger
patients with mean age of 21.4 years. This is not strange, as
recurrent pyogenic bacterial pneumonia is one of the most
common clinically apparent parenchymal lung infections in
the HIV population, both before and after the onset of AIDS.
Bacterial pneumonias tend to occur throughout the course
of HIV illness, becoming increasingly common with a falling
CD4 count. Since they often occur at relatively high CD4
counts, bacterial infections tend to be the first pneumonic
process to occur prior to the onset of full-blown AIDS.8 A
CD4 count of 438 cell/mm3 recorded in this study may,
therefore, not be out of place. The bronchopneumonia seen
with AIDS can be extensive and bilateral.8 The typical
radiographic appearance of bacterial pneumonia on chest
radiographs in AIDS is the same as that in an immune
competent host with lobar or segmental consolidation but
progressing rapidly, with frequent multilobar or bilateral
disease.20

The presence of cavities in 37.8% of the patients with HIV-
TB coinfection and the high frequency of unilateral lesions in
the lower zones, mid zone, and the upper zones of the lungs,
and the predilection of bilateral lesions for the right upper
+ left mid zones and right upper + left lower zones were in
agreement with the study of Ghiya et al.21 and Agizew et al.22

The radiographic features of reactivation of TB including
patchy consolidation, lower lobes cavitation, nodularity, and
effusions were also seen in these series of patients.

5. Conclusion
HIV infection most commonly affects the younger economi-
cally productive section of the society. It is more common in
the females. TB coinfection is more prevalent in the male
patients. It occurs more unilaterally on plain chest radio-
graphs with cavities found more frequently in the lower and
mid zones. Milliary TB was more frequent in the relatively
young patients. Cavities were found in the relatively older
age group. Weight loss can be a pointer to the level of
reduction of immune status in the retroviral positive
patients. The lowest CD4 cell counts and total lymphocytes
counts are associated in patients with TB cavitations, while
the highest count were associated with those with pneumo-
nia. Patients with cavitations have the highest mean age.
Chest radiographs are still useful in the continuous manage-
ment of HIV cases both in the pre-treatment and post-
treatment period, for effective monitoring and follow-up of
cases even where modern imaging equipments are readily
available.
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Background: Combined chemo- and immunotherapy are the major advancement in the

treatment of tuberculosis. Immunotherapy supposedly increases cure rate while reducing

the duration of treatment and tissue damage. Non-responders are those patients of tuber-

culosis who do not respond to anti-tubercular therapy (ATT) in the desired manner despite

the mycobacteria showing sensitivity to the given drugs. The role of immunotherapy in the

treatment of this particular subset of patients has been investigated scarcely.

Methods: The present study included a retrospective review of prospectively collected

clinico-radiological data of 14 non-responder patients who were taking ATT for spinal

tuberculosis for amean duration of 10.3months. An immunotherapeutic regime comprising

of single intramuscular injection of vitamin D 600,000 IU, 3 days course of oral albendazole

200 mg daily, salmonella vaccine 0.5 ml intramuscular and influenza vaccine 0.5 ml intra-

muscular were added to ATT. The vaccines and the course of oral albendazole were repeated

after a month.

Results: Before immunotherapy, seven patients were partially dependent while other seven

were completely dependent on others for activities of daily living. All except one patient

after treatment became independent till last follow-up ( p value <0.01). Post immunothera-

py, ATT was continued for mean duration of 4.9 months with mean follow-up of

22.4months. All patients showed good clinical responsewithin 2–6weeks after the initiation

of immunotherapy.

Conclusions: The crux to success of the immunotherapy regime is its potential to restore the

existing Th1 Th2 imbalance and to provide substitute to the anergic and dysfunctional

immune cells.

is Association of India. Published by Elsevier B.V. All rights reserved.
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1. Introduction
Tuberculosis is an immunological disease with infective
transmission. Unlike other microbial infections, which destroy
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host cells either by direct contact or through release of
endotoxins or exotoxins, mycobacteria invokes tissue destruc-
tion through inappropriate immune reaction to its antigens.
Most efforts to fight against the challenging disease have been
directed toward merely killing of the infective pathogen, while
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the immune component of the disease, somehow, has never
received the attention it deserves. Various immunotherapeutic
agents have targeted the existing host anti-tubercular immune
responsewithanaim toeither kill the bacilli or contain it. These
include (1) antigenic stimulation with BCG orM. vaccae or RUTI
vaccinations to augment Th1 response,1–3 (2) biological therapy
to enhance the Th1 protective response with many different
cytokines like interleukin 2 and IFN g etc.,4,5 and (3) anti-
Mycobacterial antibodies.6 There have been recent reports
about immune response modifier like corticosteroids, thalido-
mide, or anti TNF-a, etc., reducing systemic inflammation.7–10

In endemic areas, majority of extrapulmonary and skeletal
tuberculosis patients receive ATT on mere clinico-radiological
correlation and without any bacteriological or histopatholog-
ical confirmation. It is not uncommon to see patients who,
despite receiving ATT for months or even years, fail to show
clinical improvement and rather show signs of worsening.
Many of these patients, during the course of their treatment,
turn out to be suffering from multidrug-resistant (MDR)
tuberculosis. However, a significant number of such patients
whohave shown toharborMycobacteria (Mtb) sensitive toATT
pose a real challenge. These non-responders may form
significant number of patients from the endemic areas like
Asian sub-continent and have forced many physicians to
question efficacy of short-term chemotherapymaking all their
patients to continue the medication for 18 or even 24 months.

A review of literature showed very scarce attention to such
non-responders, which contribute significantly to the quan-
tum of tubercular patients in the developing world. We could
find just one study, which used immunotherapy in the form of
oral levamisole, intradermal BCG, and intramuscular diphthe-
ria tetanus (DT) vaccine for such non-responders with good
results.11 We evaluated the role of intramuscular salmonella
and influenza vaccines, injectable vitamin D, and a course of
antihelminthic drugs as an adjunct immunotherapy for the
non-responding cases suffering from spinal tuberculosis.

2. Material and methods
This study is a retrospective review of prospectively collected
clinico-radiological data of 14 consecutive non-responding
cases of spinal tuberculosiswhowere diagnosed and treated at
our government-based, tertiary-level, teaching referral center
from 2009 to 2013. The non-responding cases of spinal
tuberculosis of >12 years of age of either gender were
considered for proposed immunotherapy. The cases with
chronic illnesses like uncontrolled diabetes, renal or hepatic
disorders, and HIV infection were excluded from the study
including patients harboring MDR strains of Mtb. A written
informed consent was obtained from all the patients before
starting immunotherapy. All patients were broadly divided
into three groups on the basis of clinical scenarios: (1) non-
responders based on the clinical/hematological/radiological
parameters despite sufficient duration of ATT of 6 months or
more (6 patients), (2) non-responders with worsening of the
disease despite continued ATT for 3 months or more (5
patients), and (3) non-responders despite an added surgical
debridement and continued ATT post-operatively for 3
months or more (3 patients).
The patients were initially evaluated with detailed clinical
and neurological examinations. The clinical parameters to
dictate clinical improvement or deterioration included con-
stitutional symptoms like fever, loss of appetite and loss of
weight, local pain, and tenderness, limitation of movements,
and change in quantity of discharge or size of abscess, or
progression of the neurological deficit if any. The relevant
hematological (total and differential leukocyte counts, hemo-
globin, and erythrocyte sedimentation rate) and radiological
investigations (spine radiographs, chest radiographs, contrast-
enhanced magnetic resonance imaging, and computed to-
mography) were performed on in-patient/out-patient basis.
The additional investigations performed were pus for micro-
scopic examination, culture for acid-fast bacilli, polymerase
chain reaction (PCR) and nucleic acid amplification test
(NAAT), and a work-up for possible drug resistance.

The ATT regimen (category I) included an initial intensive
phase consisting of four drugs: Isoniazid (H) 5–10 mg/kg/d;
Rifampicin (R) 10–20 mg/kg/d; Pyrazinamide (Z) 25–35 mg/kg/d;
and Ethambutol (E) 15–25 mg/kg/d along with Pyridoxine
10 mg for 2 months, three drugs HRE for 3 months, followed
by maintenance phase of 4 months of two drugs HR. However,
all patients had varied therapeutic profiles both in terms of
duration of ATT and even the regimen at the time of start of
immunotherapy. Three patientswere on category II ATTof five
drugs including intramuscular injection of Streptomycin 1 g
daily for 90 days, five patients were on repeat intensive phase
of four drugs after completing one full category I regimen, four
patients were on three drugs phase of category I regime while
two patients were on two drugs maintenance phase. The
immunotherapy regimen comprised of antihelminthic drug
albendazole 200 mg oral once daily for 3 days, single dose
intramuscular injection of 6,00,000 IU of vitamin D, intramus-
cular Salmonella typhi purified Vi-capsular polysaccharide
vaccine 0.5 ml (Typbar TCV, Bharat Biotech International Ltd.,
India), and intramuscular Influenza vaccine 0.5 ml (Influvac,
Abbott India Limited, India). The vaccines and the course of
albendazole were repeated after a month. All outdoor patients
were seen monthly to assess clinical response and early
detection of complications (drug-related side-effects, reacti-
vation of disease process, and worsening of neurology).
Response to therapy was seen clinically by improvement in
back pain, constitutional symptoms, and neurological deficit,
biochemically by serial ESR. Radiographs were obtained every
6 weeks.

Statistical analysis: Wilcoxon matched-pairs signed-ranks
test was performed, using InStat software for Windows
(GraphPad version 3.00, SanDiego, California, USA), to statisti-
cally evaluate the significance of clinical outcome. The
resulting p value of <0.05 was accepted as statistically
significant differences of the median of paired observations.

3. Results
The study included 14 cases with demographic and clinical
profile as given in Table 1. The most common presenting
symptom was persistent pain in the back (14 patients), fever
(8 patients), and weakness of the lower limbs (7 patients).
Tenderness (nine patients) and spastic paraplegia/quadriplegia



Table 1 – Patients' table showing demographic details, clinical profile, and follow-up.

No Age Sex Site Duration of ATT Clinical details Diagnostic criterion MDR-TB Results Follow up

Before im After imm

1 25 F T9-10 6 months 4 months Pott's spine on ATT for 6 months
with no relief. Immunotherapy
added.

Clinicoradiological/
Bacteriological

�ve Improvement in 4 weeks with
complete relief in 3 months

24 months

2 21 M T9-10 7 months 6 months Developed paraplegia on ATT for
4 months. Antero-lateral
decompression showed no
neurological recovery till 3
months after the surgery.
Immunotherapy added.

Clinicoradiological
Bacterio/Histological

�ve Showing recovery after 3 weeks
of immunotherapy.

15 months

3 15 M T2-9 4 months 4 months Developed paraparesis despite
ATT for 4 months.
Immunotherapy added.

Clinicoradiological Not known Started recovery in 3 weeks.
Complete relief of symptoms in 3
months.

32 months

4 12 F T10-11 4 months 5 months Pott's spine with right psoas
abscess on ATT for 4 months.
Developed paraperesis.
Percutaneous pus aspiration
done. Immunotherapy added
with complete bed rest.

Clinicoradiological/
Bacteriological

�ve Started showing neurological
recovery after 3 weeks of
immunotherapy. Complete
neural recovery at 6 months.

30 months

5 14 M T4-10 29 months 4 months Pott's spine on ATT for 29
months. Worsening with multi-
focal tubercular lesions.
Immunotherapy added.

Clinicoradiological
Bacterio/Histological

�ve Improvement in 4 weeks.
Complete relief of symptoms in 4
months

28 months

6 35 M T12-L1 12 months 4 months Pott's spine with left psoas
abscess on ATT and repeated pus
drainage for 7 months.
Streptomycin added for 90 days
with no relief. Immunotherapy
added.

Clinicoradiological
Bacterio/Histological

�ve Improvement in 4 weeks with
complete relief of symptoms in 3
months

28 months

7 41 M L1-2 15 months 4 months Pott's spine with left psoas
abscess on ATT and repeated pus
drainage for 10 months.
Streptomycin added for 90 days
with no relief. Immunotherapy
added after 2 months.

Clinicoradiological
Bacterio/Histological

�ve Improvement in 4 weeks with
complete relief of symptoms in 3
months

20 months

8 15 M C3-5 13 months 12 month Developed quadriplegia on ATT
for 13 months. Skull tong traction
applied for 6 weeks and
Immunotherapy added.

Clinicoradiological Not known Constitutional symptoms
improved in 6 weeks. Full neural
recovery in 7 months

24 months

9 12 M T8-9 12 months 6 months Developed paraplegia on ATT for
9 months. Anterolateral
decompression done but showed
no recovery till 3 months after
the surgery. Immunotherapy
added.

Clinicoradiological
Bacterio/Histological

�ve Neurological recovery added in 4
weeks. Recovered to useful
activity level at 10 months.

20 months
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Table 1 (Continued )

No Age Sex Site Duration of ATT Clinical details Diagnostic criterion MDR-TB Results Follow up

Before im After imm

10 14 M T10-11 10 months 4 months Pott's spine and left psoas
abscess on ATT and repeated pus
drainage for 10 months. No relief.
Immunotherapy added.

Clinicoradiological
Bacteriological

�ve Improvement in 4 weeks with
full relief of symptoms in 4
months.

24 months

11 25 F L2-3 12 months 4 months Pott's spine with left psoas
abscess on ATT and repeated pus
drainage for 5 months.
Streptomycin added for 90 days
with no relief. Immunotherapy
added.

Clinicoradiological
Bacteriological

�ve Showed improvement 3 weeks
after immunotherapy. Complete
relief of symptoms in 3 months

20 months

12 30 F L1-3 7 months 4 months Pott's spine with bilateral psoas
abscess on ATT for 7 months.
Repeated pus aspiration and
drainage with no relief.
Immunotherapy added.

Clinicoradiological
Bacteriological

�ve Showed improvement 3 weeks
after immunotherapy. Complete
relief of symptoms in 3 months

18 months

13 19 M C4-6, T4-8, L2-4 4 months 4 months Developed quadriplegia on ATT
for 2 months. Skull traction
applied. Developed
hepatotoxicity. ATT stopped and
Immunotherapy added. ATT re-
introduced after 12 days

Clinicoradiological Not known Improvement in 2 weeks. No
worsening despite stoppage of
ATT due to hepatotoxicity.

18 months

14 29 F T6-8 9 months 4 months Developed paraplegia on ATT.
Anterior decompression with
instrumentation showed poor
neurological recovery.
Immunotherapy added 6 months
post op.

Clinicoradiological
Bacterio/Histological

�ve Pace of recovery improved within
2 weeks after immunotherapy.

12 months
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(seven patients) were the most common clinical findings.
Concurrent tubercular infection was noted in four patients:
pulmonary tuberculosis (three patients) and tuberculous
lymphadenitis (one patient).

Persistence of anterior paraspinal collection was noted in
nine patients with psoas abscess in other five patients
including one bilateral psoas abscess. All the patients had
elevated erythrocyte sedimentation rate (range, 43–105 mm in
the first hour). ELISA for HIV was found non-reactive in all the
patients. Aspirated pus or surgically evacuated pus/caseous
material, curettage from the abscess wall, and infected
granulation tissue in 11 patients were submitted for analysis.
Acid fast bacilli could be demonstrated in only two patients,
whereas positive report for Mtb on PCR or NAAT including
sensitivity to drugs or histological evidence of tuberculosis
(necrotizing epitheloid granuloma with Langhans' giant cells)
was present in all 11 patients. The diagnosis of remaining
three patients was based on strong clinico-radiological
correlation and the status of MDR could not be established.
The mean duration of ATT before and after the initiation of
immunotherapy was 10.3 months and 4.9 months. All the
patients showed good clinical response in the form of
improvement in the neurological status, subsidence of fever
or improvement of constitutional symptoms, and reduction in
sedimentation rate within 2–6 weeks after the initiation of
immunotherapy.

Seven patients were partially dependent and other seven
patients were completely dependent on others for daily
routine activities and were bed-ridden. Thirteen patients were
ambulatory at the time of latest clinical follow-up (p < 0.01).
One patient remained partially dependent on others for
activities. None of the patients in the study group had
evidence of recurrence of the disease.

4. Discussion
Tuberculosis may be reactivated or precipitated with reduc-
tion in immunity of an individual. Paradoxically, HIV patients
with active tuberculosis show worsening of tubercular
symptoms with increase in their immunity due to effective
antiretroviral drugs and increasedCD4 cell counts.12 Theuse of
immunosuppressant in the treatment of tuberculosis was
considered contraindicated, except in some situations like
meningitis7,8 but there are reports demonstrating beneficial
effects of immunosuppressant drugs like thalidomide and
anti-TNF10 in reducing tissue destruction due to tuberculosis.

Controversy prevails on the issue of using immunomodu-
lation as an adjunct to ATT.10,11 It is important to know the
immunological etiopathogenesis of the disease in order to
understand logics of the immunotherapy. Cellular immunity is
mediated by thymus derived (T) lymphocytes, which express a
variety of nonpolymorphic function assisted molecules like
CD4, CD8, CD28, and CD40. CD4 and CD8 molecules are
particularly important, which are expressed on two mutually
exclusive subsets of T cells. CD4+ cells can be viewed as a
master regulator and these influence the function of virtually
all other cells of immune system by secreting soluble
cytokines. It comprises of two functionally different subgroup
of cells, Th1 and Th2, which are known to cross-regulate each
other and have distinct but opposite role to play in
etiopathogenesis of tuberculosis. Th1 cells produce INFg, IL-
2, while Th2 cells produce IL-4, IL-5, IL-6, and IL-10. Th1 cells
increase antimicrobial activity of macrophages through INF-
gamma, whereas Th2 cells support B-cell proliferation and
differentiation and hinder Th1 immune response through the
production of IL-4.13,14 As a result, activation of a Th2 response
generally leads to disease progression in tuberculosis, whereas
activation of a Th1 response leads to protection. It is, therefore,
purported that the increased Th2 or decreased Th1 type of
cellular immunity may worsen the clinical course of tubercu-
losis. Role of CD8+ T cells is essentially as cytotoxic cells of
tuberculosis-infected targets which function through at least
three possible pathways.15 (1) The CD8+ cells secrete cyto-
kines, but primarily of Th1 type. (2) CD8 T cells lyse
mycobacterium-infected macrophages via a Fas granule
exocytosis pathway and the Fas–FasL interaction, which
results in the apoptotic death of infected target cells, and (3)
CD8 T cells have direct antimicrobial activity.

Therefore, the basic principle of immunotherapy is to
selectively modulate Th1 or Th2 type of immunity. It may not
be unwise to identify and review all such known factors, which
have selective effect on Th1 or Th2 type of immunity and to
utilize them appropriately in formulating a treatment protocol
against the Mycobacterium. Overcrowding, malnutrition, and
vitamin D deficiency are known to increase Th2 type of
immunity.16–19 Even the consumption of animal foods like
meat and fish is reported to favor Th2 immunity against the
diet of vegetarian food.20 Similarly, parasitic infections,
particularly the helminthes, antigens like tetanus toxoid,
cholera toxin, etc., are known to induce Th2 immunity.21–22

Therefore, a course of antihelminthic drugs along with
administration of vitamin D was considered a good strategy
to downregulate Th2 type of immunity. The other supplemen-
tarymeasures to counter overcrowding andmalnutrition, etc.,
thereby reducing Th2 immunity may also be instituted for
better control of the disease.

Although Mycobacterium is reported to be one of the most
potent antigenic stimuli for inducing Th1 immunity, other
facultative intracellular infections like salmonella, leishmani-
asis and various fungal, and viral infections are also known to
favor development of Th1 immunity.23,24 Immunization of
mice with recombinant Salmonella strains expressing immu-
nodominant tuberculosis fusion antigen Ag85B-ESAT6 dem-
onstrated reduced numbers of tubercle bacilli in the lungs and
spleens throughout the course of infection in comparison to
BCG-vaccinated control animals. They concluded that priming
with these recombinant Salmonella strains produced in-
creased levels of IFN-g (over 1250 pg/ml) providing significant
added protection against Mtb challenge.25 Administration of
attenuated salmonella vaccine has been reported to reduce
allergic response and asthmatic symptoms in murine mod-
el.26,27 Both seem to achieve the said response by generating
Th1 cells and CD8+ T cells secreting IFN-g, which in turn have
been shown to inhibit the development of Th2 cells. While
salmonella modulates immunity against the mycobacterial
infection by maneuvering CD4+ cells,28 the influenza vaccine
achieves it by manipulating CD8+ cells,27 thus making the two
vaccines a perfect combination for the control of mycobacte-
rial infection.
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BCG vaccination, which is widely used throughout the
world, does not protect against adult pulmonary disease, even
though it protects against the more severe forms of childhood
TB.29,30 On the contrary, BCG vaccination, if used as post-
exposure vaccine against tuberculosis, is likely to invoke a
strong immunogenic response, resulting in exacerbation of the
occult disease leading to severe toxicities (Koch's phenome-
non).31 Subcutaneous administration of live or heat-treated
BCG to infectedmice induced increased antigen-specific T-cell
proliferation but did not reduce the bacterial load in the
lungs and rather caused larger lung granulomas.32 Therefore,
use of BCG vaccine as a tool of immunomodulation in patients
with active tuberculosis appears illogical and is likely to
worsen the disease process though some reports have shown
otherwise.11

Boosting of Th1 type of immunity among non-responders,
where great number of Mtb-specific T1 cells are likely to be
either dysfunctional or anergic due to persistently elevated
antigen doses, can only be accomplished through antigenic
stimuli with T1 bias other thanMtb. This view is supported by
a study where various DNA vaccines encoding M. leprae
Hsp65 or Mtb Hsp70 or ESAT-6 were studied as post-infection
treatments in Mtb infected BALB/c mice. It was seen that
only the DNA vaccine encoding M. leprae Hsp65 resulted in
some reduction in bacterial load in the lungs of infected
mice.33 Similarly in another experimental study, after a
robust aerosol challenge with pathogenic M. tuberculosis,
mice immunized with salmonella vaccine were found to
have a protective effect of 1.1 log10 CFU reduction in their
liver.25

Mice coinfected with BCG and influenza A virus exhibited
reduced frequency and numbers of CD8 T cells specific to
Mycobacterium in the lungs when compared with mice
infected with BCG alone. It is due to increasing accumulation
of viral specific CD8 T cells into BCG induced granulomas and
hence also the increase in local IFN-g.34 Tubercular patients
after a course of ATT have demonstrated decrease in CD8 cells
with switching of their cytolytic function to cytokine produc-
tion due to the decreased bacterial load.35 Cytotoxic effector
function of CD8 T cells if somehowcontinues despite sufficient
duration of ATT, then may trigger the cytotoxic molecules of
these cells such as perforin, granzymes and granulysin to lyse
normal host cells, thus pushing these patients to be non-
responders. Administration of influenza vaccine substitutes
these Mtb specific cytotoxic CD8 T cells with IFN-g producing
influenza specific CD8 T cells, thus causing clinical recovery in
such non-responders.34

The present study has shortcomings of being a retrospec-
tive study and absence of any sophisticated lab parameter to
corroborate clinical improvement of the patients. It, therefore,
may not be improper to restrict the conclusion to good clinical
response after initiation of the proposed immunotherapy to
non-responder patients of spinal tuberculosis. Further studies
well supportedwith appropriate immunological and biochem-
ical parameters are warranted to establish and substantiate
complete benefit of the treatment modality in a holistic
manner. Moreover, the present work due to its excellent and
consistent results deserves to be explored regarding its usage
to treat other non-responders with extraskeletal tuberculosis
as well.
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Introduction: Revised National Tuberculosis Control Programme (RNTCP) was launched by

the Government of India in 1993. The present study has attempted to analyze the percep-

tions of patients regarding the implementation of RNTCP.

Materials and methods: The present study was done in a teaching hospital in North India. All

patients attending the hospital between March 2014 and July 2014 were included. The study

design was cross-sectional using a pre-designed and tested questionnaire. The patients

were questioned by personal interviews after obtaining an informed verbal consent.

Results: 74.5% patients were not aware about the kind of disease they were suffering from.

80% patients said that theywere not talked in detail about their disease. 64.79% patients said

that their doctor was the source of knowledge regarding DOTS prior to treatment. Despite an

average distance of 4.75 km between their home and DOTS centre, 90.5% patients said that

they did not have any problem in travelling to the DOTS centre for medications. 91.5% and

93.5% patients felt the DOT provider behaviour was supportive and satisfactory respectively.

Conclusion: 64% patients said that they were completely satisfied with the treatment under

DOTS, 28.5% were partially satisfied and 7.5% were not satisfied with the treatment.

# 2015 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
1. Introduction
India accounts for >25% cases of tuberculosis worldwide with
the highest TB burden country in the world and >1000 deaths
every day.1 The Revised National Tuberculosis Control
Programme of India (RNTCP) is an application of the WHO-
recommended Directly Observed Treatment, Short-course
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(DOTS) – a comprehensive public health strategy to control
tuberculosis.2

A variety of factors, such as adherence, compliance and
patient satisfaction, are important but usually under studied
indicators of effective programme implementation. Utilization
of health services, complying with medical treatment and
continuing with health care provider, has been found to be
more likely among satisfied patients.3 Feedback from the
, Chowk, Lucknow 226016, UP, India. Tel.: +91 9415783700.
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Table 2 – Perception about DOTS centre.

Reponses (n = 200) Percentage

2a. DOTS centre opening on time?
Yes 190 95%
No 10 5%

2b. DOTS centre opened on holidays?
Yes 35 17.5%
No 165 82.5%
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patients regarding the treatment and medical care that they
have received ensures that the local health services meet the
patients' needs and improved quality of care.4 The present
study has attempted to analyze the perceptions of patients
regarding the implementation of RNTCP in India.

2. Materials and methods
2c. DOTS centre cleaned regularly?
Yes 182 91%
No 18 9%

2d. Does DOTS centre have adequate staff?
Yes 190 95%
No 10 5%

2e. Distance from DOTS centre?
<1 km 39 19.5%
1–5 km 90 45%
5–10 km 40 20%
>10 km 31 15.5%
The present study was done in a teaching hospital in North
India. All patients attending the hospital between March 2014
and July 2014 were included. The study design was cross-
sectional in nature and was done using a pre-designed and
testedquestionnaire. Thepatientswerequestioned by personal
interviews after obtaining an informed verbal consent.

3. Results

2f. Do you have any problem in coming to DOTS centre?
Yes 19 9.5%
No 181 90.5%

Table 3 – Perception about DOTS provider.

Reponses (n = 200) Percentage

3a. DOTS centre staff supportive?
Yes 183 91.5%
A total of 200 patients attended the hospital during the study
period. 53% (n = 106) belonged to the age group between 21 and
40 years, withmajority of them being between 21 and 30 years.
63.5% patients (n = 127) were males and 36.5% (n = 73) females.
Most of the patients (65%)were literate (capable of reading and
writing). Most of the patients in the study were under CAT II
DOTS (68%) as compared to CAT I (18%) and CAT IV (14%).
Results from the study are presented in Tables 1–6.
No 17 8.5%
3b. Has the DOT provider ever misbehaved or rashly behaved with
you or others?
Yes 13 6.5%
No 187 93.5%
4. Discussion

Our study revealed that majority of the patients undergoing
treatment with DOTS were males. Multiple studies also
showed similar findings.5,6 Majority of the patients (65%) were
Table 1 – Knowledge and awareness about TB and DOTS.

Reponses
(n = 200)

Percentage

1a. What did your physician tell you about your disease?
Something 59 29.5%
Nothing 131 65.5%
Everything 10 5.0%

1b. Awareness about the kind of TB
Yes 51 25.5%
No 149 74.5%

1c. Anybody talked in detail about TB?
Yes 40 20%
No 160 80%

1d. Aware about DOTS?
Yes 71 35.5%
No 129 64.5%

1e. Source of knowledge? (n = 71)
Advertisement 10 14.08%
Doctors 46 64.79%
Friends and relatives 12 16.90%
Other patients 3 4.23%

1f. Who advised to contact DOTS?
Came by self 13 6.5%
Doctor 142 71%
Other patients 7 3.5%
Friends and relatives 38 19%
literate. Literacy status was found to have a significant
influence on awareness about TB in a study by Das P et al.7

4.1. Knowledge and awareness about TB and DOTS

Majority of the patients (80%) felt that the physician or the
health worker did not talk to them in detail about TB. Likewise,
65.5%of thepatients responded thatnothingabout theirdisease
was told to them by their physician. However, 29.5% patients
responded that they were told at least something by their
physician andonly 5%said that theywere told everything about
their disease. This was in contrast to the study by Gupta et al.,8

where they found that 69.2% patients were explained about
their disease and only about 8% were explained about the
measures to prevent spread of the disease. Explanation about
thediseaseandmeasures topreventspreadplaysamajor role in
achieving satisfaction and adherence to treatment. We also
found that nearly 74.5% patients were not even aware about
their disease status and only 25.5% patients were completely
aware about their disease. This was in contrast to the study by
Sakalle et al., where they found that nearly 62% patients were
aware about tuberculosis.9 The study by Sakalle et al. was
among patients attending the urban health centre of a medical
collegewhich explainswhymost of the patientswere informed
about their disease. Our study was not restricted to any DOTS
centre and the different finding could probably be due to the
inadequate explanation about the disease and treatment in the



Table 4 – Perception about diagnosis and follow up.

Reponses
(n = 200)

Percentage

4a. Issued ID card?
Yes 158 79%
No 42 21%

4b. Sputum tested?
Yes 196 98%
No 4 2%

4c. Charged money for sputum? (n = 196)
Yes 14 7%
No 182 93%

4d. Chest X-ray taken?
Yes 159 79.5%
No 41 20.5%

4e. Charged money for chest X-ray?
Yes 59 37.1%
No 100 62.9%

4f. Screened for HIV/AIDS?
Yes 85 42.5%
No 115 57.5%

4g. How frequently was your weight measured?
Occasionally 143 71.5%
Never 19 9.5%
Every visit 38 19%

4h. Frequency of visits during IP?
3 times weekly 169 84.5%
Once weekly 29 14.5%
Once for the whole course 2 1%

4i. Frequency of visits during CP?a (n = 187)
Once weekly 55 29.41%
3 times weekly 126 67.38%
Once for the whole course 6 3.21%

4j. Regular diet advice?
Yes 142 71%
No 58 29%

a 187 patients in continuation phase.

Table 5 – Perception about medications from DOTS centre.

Reponses
(n = 200)

Percentage

5a. Medicines available at all times?
Yes 188 94%
No 12 6%

5b. Who was the medicine given to?
Directly to patient 184 92%
Attendant 16 8%

5c. Medicines given in packs or in open?
Packs 200 100%
Open 0 0%

5d. Asked to return empty blister packs?
Yes 162 81%
No 38 19%

5e. Prescribed or forced to buy medicines from outside?
Yes 16 8%
No 184 92%

5f. Injections available at all times in DOTS centrea (n = 164)
Yes 160 97.5%
No 4 2.5%

5g. Where were the injections administered?a (n = 164)
DOTS centre 118 71.96%
Elsewhere 46 28.04%

5h. Informed about side effects of the medications?
Yes 49 24.5%
No 151 75.5%

5i. Any problem in taking medications?
Yes 9 4.5%
No 191 95.5%

5j. Missed any dose?
Yes 31 15.5%
No 169 84.5%

a 164 patients under CAT II and CAT IV hence requiring injectables.

Table 6 – Overall perception.

Reponses (n = 200) Percentage

6a. Do you feel that TB can be fully cured?
Yes 185 92.5%
No 15 7.5%

6b. Overall satisfaction
Satisfactory 128 64%
Not satisfied 15 7.5%
Partially satisfied 57 28.5%

6c. Recommend treatment to others?
Yes 187 93.5%
No 13 6.5%
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peripheral DOTS centres. Two other studies showed that there
was a lack in counselling and explanation about tuberculosis to
the patients.10,11 Only 35.5% patients said that they had heard
about DOTS and DOTS centre before starting treatment. The
majority (64.5%)werenot evenawareprior to this therapy. Pinto
LM et al. found that only 15% of private TB patients were even
aware of the government using a strategy called DOTS in the
fight to control TB in India.12 Another study found the
knowledge of the people concerning tuberculosis and DOTS
to be grossly lacking.13 46 patients gained knowledge about
DOTS through their doctor, 12 patients through friends and
relatives and 10 patients through advertisements. This is a
healthy indication that doctors in general have faith in RNTCP-
based DOTS. However, advertisement as a means of spread of
knowledgehasshownlittle results. 71%patients respondedthat
it was their treating physician who advised them to contact
DOTS centre for treatment. 19% said they started DOTS after
advice of their friends and relatives. 6.5% came by themselves
and 3.5% were referred by other patients.

4.2. Perception about DOTS centre

According to Nezenega et al., waiting time and cleanliness is
an independent indicator of adherence and satisfaction
towards treatment.14 In our study, 95% replied that DOTS
centre is opened daily at proper time and 91% felt that the
DOTS centre was cleaned regularly, which was similar to a
study by Portela et al.15 95% patients in our study felt that
DOTS centre staff were adequate and regularly available,
whereas Gupta et al. reported it to be 79.3%.8 Distance of home
or workplace from DOTS centre is an important predictor of
satisfaction. Increased distance has been found to be
associatedwith decreased levels of satisfaction. 80.5%patients
lived more than 1 km from DOTS centre in our study. In other
studies, 6% and 17% patients were living more than 1 km from
DOTS centre.8,16 This large disparity may be due to inability of
the patients to correctly assess the distance. In spite of this
distance, 90.5% patients in our study said that they did not
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have any problem in coming to the DOTS centre. A study found
that 10% patients found it inconvenient to come for treatment
under RNTCP and thus had to go to a private practitioner.17

This may be due to the free provision of medications under
DOTS which makes the patient come to the DOTS centre for
treatment despite the long distances to travel.

4.3. Perception about DOT provider

A good patient–DOT provider relationship indicates better
patient satisfaction and adherence to DOTS. Majority of the
patients (91.5%) felt the staff to be supportive and 93.5% said
that the DOTS centre staff did not misbehave with them or
with other patients. Similar findings were noted by studies in
Ethiopia14 and New York.18

4.4. Perception about diagnosis and follow-up

As per norms, every patient is issued an ID card of RNTCP and
he/she is followed up. Every visit and every dose administered
is noted, including date of start of treatment, change to
Continuation Phase, sputum status and date of completion of
treatment. 21% patients were not issued an ID card. Sputum
microscopy is the chief diagnostic tool under RNTCP.19 Almost
all patients (98%) said that their sputum was tested for AFB
(Acid Fast Bacilli) both prior to and during the course of
treatment. The remaining patients were diagnosed as extra
pulmonary tuberculosis. Treatment services are provided free
of charge under RNTCP to patients during both diagnosis and
follow-up. 7% and 6.5% patients claimed that money was
charged for sputum smear examination and distribution of
medicines respectively. Chest X-ray as a diagnostic tool has
greater sensitivity but lesser specificity and, hence, its role in
the diagnosis of TB is only supportive.19 79.5% patients said
that chest X-ray was done prior to starting treatment. This
shows that still there is a lot of dependence on chest X-ray in
diagnosis of tuberculosis. Majority of the patients (57.5%) said
that they were not screened for HIV/AIDS after diagnosis of
tuberculosis was made. This goes against the recommenda-
tion by RNTCP that every patient diagnosed with TB should be
encouraged and referred to the nearest ICTC centre to
diagnosis.19 However, screening for HIV/AIDS is voluntary
and not mandatory, which probably explains why these many
patientswerenot screened. Regularweightmeasurement is an
indicator of follow-up and also ensures patient interest in the
treatment programme. Weight gain is an indicator of good
outcome of treatment.20 9.5% patients said that their weight
was never measured. DOT (Directly Observed Treatment)
regime depends on effective implementation of taking
medications directly under the observation of a DOT provider.
84.5% and 67.3% patients responded that they visited DOTS
centre regularly for treatment during intensive and continua-
tion phases respectively. 51% patients in the study by
Davidson et al.18 said that they felt comfortable while taking
medications under observation of the treatment provider.

4.5. Perception about medications from DOTS centre

Uninterrupted drug supply is one of the 5 strategies of DOTS
therapy. Ensuring its supply in turn ensures better compliance
and patient satisfaction.21 188 out of 200 patients felt that the
medicines under RNTCP were available all the time at DOTS
centre. 97.5% said that injectables were available at all times at
the DOTS centre. One of themeans of checking adherence is to
check the empty blister packs at the end of one week during
the continuation phase of treatment. Empty blister packs are
to be preserved at the DOTS centre.21 81% of the patients in the
study claimed that they were asked to return the empty blister
packs after consumption. A total of 164 patients were under
treatment with CAT II and CAT IV, hence requiring injectables.
Out of these, themajority (71.96%) said that the injectionswere
administered at the DOTS centre itself. However, the remain-
ing (28.04%) said that they had them administered elsewhere.
Under the RNTCP programme, it is advised to get the
injectables administered directly from the DOTS centre. When
askedwhether anyone from theDOTS centre prescribe or force
patients to buy medications from outside, nearly 92% patients
responded no. The remaining 8% said otherwise, probably
because of a short-term lapse in the availability ofmedications
under DOTS.

Initial counselling by the health personnel explaining the
treatment plan before starting of the treatment, periodic
motivation of patients and prompt action to tackle any problem
will enhance compliance. Adequate health education and
information about tuberculosis have been demonstrated to be
most effective when given as one-to-one counselling. 75.5%
patients were not explained about the possible side effects.
Ensuring compliance is the main objective of DOTS. 84.5%
patients responded that they have not missed any dose of
treatment. A similarfindingwasnoted inanother study.8 DOT is
asupportivemechanismthatensuresthebestpossibleresults in
treatment of TB. It is neither possible to predict who these
patients will be nor is it possible to prevent non-adherence
throughhealth education. Studieshave shown that therewill be
poor treatment outcome and high death rates in the absence of
DOT, even when regular supply of drugs is ensured. Hence, by
providing DOT, RNTCP ensures that patients receive the right
drugs, in the right doses, at the right intervals and for the right
duration.19

4.6. Overall perception

92.5% patients felt that TB can be fully cured. 64% patients felt
that their treatment under DOTS was satisfactory and 28.5%
patients felt that they were only partially satisfied. Remaining
7.5% patients said they were not at all satisfied with their
treatment. Similar results were also obtained in another
study.8 93.5% said that they would recommend this treatment
to other patients. This is a healthy finding indicating the faith
patients have in the programme and hence better spread of
knowledge regarding treatment.

5. Conclusion
We conclude that knowledge of the patients about tuberculosis
and the available treatment of DOTS is found to be inadequate.
Perception about the DOTS centre and DOT provider is good
amongmost of the patients. Although patients have to travel a
fairdistance togetmedications, theydidnothaveany trouble in
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coming frequently. Patients were not explained about the side
effects in majority of the centres. Diagnosis, follow-up and
treatment have been found to be adequate. Patient's overall
satisfaction and trust seem to be adequate. One shortcoming
from the study is that the study population was small. Further
studies regarding satisfaction and assessment of DOT pro-
gramme and its implementation are warranted.
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a b s t r a c t

Skeletal tuberculosis is an important component of extra-pulmonary tuberculosis. It can

lead to substantial morbidity and poses serious occupational and economic problem. We

conducted a study in an urban District Tuberculosis Centre (DTC) to assess the burden and

distribution of skeletal tuberculosis in the community.

Our centre was catering to a population of 6–7 lakhs between 2007 and 2012. During this

period, we treated 11,274 cases of tuberculosis. Out of these, 3086 (27.3%) were cases of

extrapulmonary tuberculosis and 219 (1.94%) were cases of skeletal tuberculosis.

Skeletal TB predominantly affects the young Indian populationwith incidence peaking in

the second and third decades of life. 172 patients (78.5%) in our study were new cases. There

were no drugs resistant (DRTB) skeletal TB cases till we concluded our study. Tuberculosis

commonly involves joints more than long bones. The spinal column was the most com-

monly involved skeletal site affecting 62.6% of all cases.

The rate of spinal TB in our study ismuchhigher than that reported in literature. The high

number of patients calls for close co-ordination between managing orthopaedic surgeons,

treating physicians and DOT providers to ensure adequate patient care.

# 2015 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
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1. Introduction
Continued close monitoring of the epidemiological profile of
tuberculosis is essential for the successful implementation of
theRevisedNational TuberculosisControl Programme (RNTCP).
In the early years of RNTCP, 10–15% of all TB cases were
* Corresponding author. Tel.: +91 8826178877.
E-mail address: choprarajat@hotmail.com (R. Chopra).
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estimated to be due to extrapulmonary TB (EPTB). Though this
figure has remained steady over the last couple of years (2011 –

15.2%; 2013 – 14.9%),2,3 there are significant regional variations
across the country. Thus, in Delhi, 32.8% of all cases of TB in
2011 were reported to be EPTB cases and the same increased to
35.4% in 2013.2,3 These assume greater significance in the
context of HIV co-infection4,5 and drug resistant TB (DRTB).
evier B.V. All rights reserved.
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Table 1 – Year-wise distribution of TB patients put on DOTS at RKM Free TB Clinic.

Year Total population covered
by RK Mission TB Clinic

Total number of TB
patients put on DOTS

Total number of EPTB
patients put on DOTS

Total number of
skeletal TB patients

2007 600,000 2018 593 40
2008 600,000 1937 633 47
2009 600,000 1824 518 37
2010 600,000 1878 451 33
2011 600,000 1784 369 28
2012 700,000 1833 522 34
Total 11,274 3086 219

i n d i a n j o u rn a l o f t u b e r c u l o s i s 6 3 ( 2 0 1 6 ) 9 1 – 9 592
Unlike pulmonary TB, which is diagnosed using sputum
tests, EPTB cases are mainly diagnosed by imaging techniques
such as radiographs, CT scans and MRI scans. EPTB cases
present special diagnostic and therapeutic challenges in
community settings. Skeletal TB forms an important subset
of the total extra-pulmonary TB burden. EPTB cases constitute
11% and skeletal TB constitutes 2% of all TB cases according to
a study conducted by the Tuberculosis Research Centre (TRC),
Chennai.6 Although these numbers are not very large per se,
skeletal TB can lead to substantialmorbidity and poses serious
occupational and socio-economic problems through disabil-
ities caused by delays in diagnosis and treatment. This is
especially significant with spinal TB, which is reported to
constitute 40% of all skeletal TB cases.6 Spinal TB is not only
considered a serious form of TB requiring longer therapy but
can also result in serious neurological sequelae if not handled
competently. It is therefore important to revisit the burden and
distribution of skeletal TB in the community, an exercise that
to our knowledge has not been carried out in recent times.

2. Objective
To study the epidemiological features of skeletal tuberculosis
at an urban District Tuberculosis Centre (DTC), covered by
RNTCP through Directly Observed Therapy Short Course
(DOTS).

3. Methodology
Fig. 1 – Age distribution of skeletal TB patients (2007–2012)
by gender.
Weconducted a six-year review of the epidemiological features
of skeletal tuberculosis treated at Ramakrishna Mission Free
TB Clinic, an urban District TB Centre (DTC) catering to a
population of 6–7 lakh inNewDelhi. RamakrishnaMission Free
TB Clinic has served as a District TB Centre in the Karol Bagh
region of Central Delhi right from the inception of RNTCP in
1998. Startingwith a servicepopulationof approx. 5 lakh in 1998
it was catering to a 7 lakh population through 18 DOTS centres
and 7 Designated Microscopy Centres (DMCs) in 2012. Most of
these centres are situated in dispensaries of Delhi government
and Central Government Health Services (CGHS).

The electronic registry of TB patients (e-TBPMS, electronic
TB Programme Management System) and RNTCP manual TB
registers maintained at the Ramakrishna Mission Free TB
Clinic were used to obtain a list of all patients who were noted
to have ‘‘Skeletal/Bone TB’’ in the TB register between January
2007 andDecember 2012, a six-year period. The registry aswell
as the manual record cards of these patients, was reviewed to
obtain data regarding demographic profile, site of lesions and
other related data.

The majority of cases in this study were diagnosed by
orthopaedicians at several government hospitals and medical
colleges in Delhi and were referred to Ramakrishna Mission
Free TB Clinic for DOTS treatment as theywere residents of the
Clinic's area of service. Other patients were also routinely
referred to orthopaedic consultants for confirmation of
diagnosis. The diagnoses were made by the orthopaedicians
concerned largely on clinical and radiological grounds with
microbiological and histopathological confirmation wherever
feasible.
4. Results

From 2007 to 2012, RamakrishnaMission Free TB Clinic treated
11,274 TB patients in an area having a population of 6–7 lakhs.
Out of these, 3086 (27.3%) were cases of extra-pulmonary
tuberculosis (EPTB) and 219 (1.94%) were cases of skeletal
tuberculosis (Table 1).

4.1. Gender and age distribution

There were 102 male and 117 female patients with skeletal TB
in the study. 87% of the patients were within 40 years of age
and 66% in the 11–30 years age group (Fig. 1).

4.2. Skeletal involvement in tuberculosis

The spine was the most common site of skeletal tuberculo-
sis with 62.6% having spinal involvement in one form or[(Fig._1)TD$FIG]



Table 2 – Distribution of skeletal TB lesions by site.

Skeletal site Frequency of skeletal site involvement

Isolated site
involvement

Involvement as
part of multiple sites

Total number of sites (%)

Spine 118 19 137 (62.56)
Hip (Hip joint, Ilium, Ischium) 11 1 12 (5.48)
Leg/Thigh (Femur, Tibia, Fibula) 2 1 3 (1.37)
Arm (Humerus, Radius, Ulna,
Forearm and Upper Arm)

5 0 5 (2.28)

Foot (Metatarsal, Navicular) 8 1 9 (4.11)
Hand (metacarpal) 6 3 9 (4.11)
Knee 14 4 18 (8.22)
Ankle 9 2 11 (5.02)

(a case of bilateral ankle
involvement counted as two)

Elbow 6 1 7 (3.20)
Wrist 6 1 7 (3.20)
Bone marrow – 1 1 (0.46)
Site not mentioned 3 1 4 (1.83)
Total 188 35 223 (219 patients)

i n d i a n j o u rn a l o f t u b e r c u l o s i s 6 3 ( 2 0 1 6 ) 9 1 – 9 5 93
another. 53.9% had isolated spinal involvement and another
8.7% had another associated lesion (Table 2). The knee joint
(8.2%) was the second most commonly involved site,
followed by the hip joint (5.5%). 31 patients (14.2%) had
Table 3 – Skeletal involvement as part of multifocal/dissemina

S. No. (patient with
multifocal TB)

Spine Chest (incl. lungs
and pleura)

Lymph
node

1 U

2 U

3 U U

4 U

5 U

6 U

7 U

8 U U

9 U U

10 U

11 U

12
13 U

14 U U

15
16 U U

17 U

18 U U

19 U

20 U U U

21 U U

22 U

23 U

24 U U U

25 U U

26 U U

27 U U

28 U

29 U U

30 U

31
Total 19 19 5
TB lesions at multiple sites including pulmonary and EPTB,
which includes bones and joints and other organs (Table 3).
Of these, 4 patients each had lesions at two distinct skeletal
sites.
ted TB.

Sites of lesions

Abdomen Other bones Other sites

Thumb
Miliary TB

Femur
Knee
Both ankles
Hip

Bone (site not mentioned)
Knee
Hand + Foot

U

Hand Upper back

Knee

Knee

TB meningitis
Elbow Miliary TB

U

Wrist
Bone marrow Disseminated TB

2 14 5



Table 4 – Site of spinal lesions.

S. No. Site name Total patients Percentage

1 Cervical 6 4.38
2 Dorsal 48 35.04
3 Lumbar 43 31.39
4 Sacral 1 0.73
5 Cervico-Dorsal 1 0.73
6 Dorso-Lumbar 9 6.57
7 Lumbo-Sacral 11 8.03
8 Cervico-Dorso-Sacral 1 0.73
9 Dorso-Lumbo-Sacral 1 0.73
10 Site not specified 16 11.69

Total 137 100

i n d i a n j o u rn a l o f t u b e r c u l o s i s 6 3 ( 2 0 1 6 ) 9 1 – 9 594
4.3. Sites of spinal disease

The dorsal and lumbar vertebrae were the most commonly
affected segments of the spinal columnaccounting for 75.2%of
all spine TB cases where site of spinal lesion was documented
(Table 4). Another 17.4% had disease spanning two spinal
segments while 2 patients (1.7%) had more extensive disease
involving three different spinal segments.

4.4. Type of cases

Out of 219 cases, 172 cases (78.5%) were new cases who took
ATT for skeletal TB. 163 patients (74.4%) received Category I
regime prescribed under RNTCP and 6 (2.7%) were put on
Category III regime; 3 patients (1.4%) received non-DOTS
regime. 47 patients (21.5%) with previous history of ATT were
put on Category II treatment.

5. Discussion
Skeletal TB refers to tuberculosis involving bones and/or
joints. Evidence of skeletal TB has been identified in Egyptian
mummies dating back to 9000 BCE.7,8 A study of 483 pre-
Columbian skeletons in Chile has shown lesions consistent
with bony tuberculosis in 2% of cases.9 In various studies,
skeletal TB has been reported to account for 10–35% of EPTB
cases and overall almost 2% of all TB cases.10–14

Our study was conducted at an RNTCP District TB Centre in
the heart of Delhi. As of December 2012 (the end of our study
period) RNTCP was capturing 70% of all TB cases in the
country.15 As our Clinic has been consistently meeting RNTCP
case detection norms over the years, it can be reasonably
assumed to have captured 70% of incident cases in its area of
service and the data presented are a reliable representation of
epidemiological features of TB in the community served.

The Karol Bagh area has one of the biggestmarkets in India,
and because of this, our study group included a big migrant
population who were in Delhi for employment. They were
mainly from the low socio-economic class and came from
different parts of India. In our study, 27.4% of all TB cases were
due to EPTB. This is much higher than the current national
figure of 14.9% but lower than the 35.4% rate of EPTB reported
from Delhi in 2013.3

The proportion of skeletal TBwas 7.1% of all EPTB cases and
1.94% of all TB patients in our study. The corresponding figures
reported by TRC, Chennai are 11% of EPTB cases and 2% of all
TB cases.4 An RNTCP review of EPTB in 2000–01 reported a
skeletal TB rate of 8.9% among all new EPTB cases.1 The rate of
skeletal TB has clearly not shown a major decline with the
ongoing implementation of RNTCP. The rate even remains
comparable to that in 483 pre-Columbian skeletons in Chile.7

Fortunately, it has not demonstrated any upward trend, even
with the HIV epidemic in India. However, skeletal TB
accounted for 7.1% of all extra-pulmonary cases of tuberculo-
sis, which is less in comparison with the other study reports.

As per our study, skeletal TB predominantly affects the
young Indian populationwith incidence peaking in the second
and third decades of life. This also shows that skeletal TB, like
pulmonary TB, affects the productive population of India and
its control is important for national development. The female
gender (53%) is only marginally more affected than its male
counterpart. Inmales, skeletal involvement reaches its peak in
the second decadewhilst in females the incidence peaks in the
third decade.

In our study, 172 patients (78.5%) were new cases. No cases
of DRTB with skeletal involvement were detected at the
District Tuberculosis Centre till the end of our study period
although diagnostic (culture and drug sensitivity testing)
facilities for all Drug Resistant TB (DR TB) suspects based on
standard RNTCP guidelines were in operation during the
period 2009–2012 of the study. This is consistent with the
hypothesis that skeletal TB is paucibacillary and respondswell
to antitubercular treatment.

Tuberculosis commonly involves joints more than long
bones. There were only 8 cases (3.7%) involving long bones in
our study. 18 cases (8.2%) had hand and feet involvement.
Conversely, 55 patients (25.1%) had joint involvement. Skeletal
TB remains one of the commonest differential diagnoses of
monoarticular arthritis in India.

The spine was the most commonly involved skeletal site
affecting 62.6% of all cases (137). 118 cases (53.9%) had isolated
spinal column involvement while 8.7% had multifocal or
disseminated TB. The next commonly involved sites were the
knee (18 cases, 8.2%) and hip joints (12 cases, 5.5%).

In a similar study of 1074 cases of skeletal tuberculosis
conducted at Banaras Hindu University Hospital (1965–67),
spine was the most common site of skeletal involvement (440
cases, 41%), followed by knee joint (89 cases, 8.3%). There were
87 cases (8.1%) with disseminated skeletal TB.16

Spinal tuberculosis is not common in the western world.
Most of the patients with spinal tuberculosis in developed
countries are immigrants from countries where tuberculosis
is endemic. In a study of 729 patients with tuberculosis over a
6-year period (1999–2004), conducted in the United Kingdom,
approximately 8% (61 cases) hadmusculoskeletal involvement
and nearly 50% of these patients had spinal involvement.
Most of the patients (74%) were immigrants from the Indian
subcontinent.17

The rate of spinal TB in our study is much higher than
reported in any of the aforesaid studies. This could be because
of better awareness and improved diagnostic modalities, or it
could reflect a relative decline in TB affecting non-vertebral
sites. It could also be because private medical practitioners in
India are referring cases of spinal TB to RNTCPmore often than
before. Increased prevalence of spinal TB has its implications.
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For the DOTS centre, it is important that the health care
providers are sensitized about the complications of spinal TB.
Patients with spinal TB have to be often provided anti-
tubercular medicines at home, as they may be on strict bed
rest. In case of worsening of neurological status while under
treatment, patients need to be urgently referred to higher
centres for further evaluation and management. From the
working patient's perspective, bed rest and residual disabil-
ities can have serious socio-economic repercussions.

6. Conclusion
Skeletal TB remains an important segment of EPTB cases
diagnosedand treatedunder RNTCP, and its rate has not shown
a major decline with implementation of RNTCP. The high
numbers of patients with spinal TB reporting to RNTCP for
treatment calls for close co-ordination between managing
orthopaedic surgeons, treatingphysiciansandDOTProviders to
ensure adequate patient care. Sensitisation of the concerned
personnel should further improve RNTCP service delivery.
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a b s t r a c t

Studies defining role of systemic steroids in routine management of cervical lymph node

tuberculosis (CLNTB) are too few and inconclusive. The present study was carried out to

define the role of add-on prednisolone in themanagement of CLNTB. Patients of CLNTBwere

randomized into two groups. Group I patients received DOTS Category I treatment along

with prednisolone 1 mg/kg for first 4 weeks and then tapered down. Group II patients

received DOTS Category I treatment along with placebo. Patients were kept under close

follow up for 6 months. Response to therapy and adverse drug reactions, if any, were

recorded.

A total of 120 patients completed the study protocol. The two groups were similar with

respect to age, sex, smoking, alcoholism, and clinical profile ( p > 0.5). At 2 months, 54 out of

60 patients in Group I showed symptom relief when compared with 44 out of 60 patients in

Group II ( p < 0.001). Abscess, sinus, and/or appearance of new lymph node/s were noted in 3

and 13 patients in Group I and Group II, respectively (p < 0.001). Complete resolution was

seen in 57 patients in Group I when compared with only 40 patients of Group II and sequel in

form of residual LNwas noted in three patients of Group Iwhen comparedwith 20 in Group II

( p < 0.001). Gastrointestinal side effects were reported by higher number of patients in

Group I but skin rashes and joint pain were fewer when compared with Group II (p > 0.05).

All the adverse reactions were transient and amenable to symptomatic treatment.

# 2015 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
1. Introduction
The commonest form of extra pulmonary tuberculosis (EPTB)
in humans is peripheral lymphnode tuberculosis (PLNTB). The
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reported prevalence of the disease is 5% and 30–55% of all the
TB and EPTB cases, respectively.1,2 Like all other forms of TB,
PLNTB is also managed with standard anti-tubercular (ATT)
drugs/directly observed treatment strategy (DOTS) Category I
under RNTCP,3 but some of these patients often show up with
Centre, Jaipur 302016, India.
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appearance of newnodes, increase in the size of existingnodes
and/or sinus formation while on ATT and require surgical
intervention.4

Add-on steroids to ATT have led to better outcomes in
many forms of EPTB including pleural effusion,5 pericardial
effusion,6 and tubercular meningitis. Anecdotal reports are
also available; they show that add-on steroids are useful in the
management of mediastinal lymphadenitis as well,7 but
studies defining the role of add-on steroids in routine
management of PLNTB are too few and inconclusive.8

Since cervical lymph node tuberculosis (CLNTB) is themost
common form of PLNTB,9 and it is also the most cosmo-
sensitive formof the disease, the present studywas carried out
to define the role of add-on prednisolone in its management.

2. Materials and methods
Table 1 – Pretreatment profile of the study patients.

Parameter Group I Group II p-Value

Mean age in years 27.5 � 12.9 26.3 � 11.7 ≥0.5
Sex
Male 24 22 ≥0.5
Female 36 38

Smoker 2 2 ≥0.5
58 58

Alcoholic 10 6 ≥0.5
50 54

Symptomsa

Swelling 44 46 ≥0.5
Fever 25 28
Loss of appetite 20 18
Loss of weight 19 14
Fatigue 28 15

LN examination
Number
1 28 35 ≥0.5
2 14 10
�3 18 15

Local tenderness
Yes 24 18 ≥0.5
No 36 42

Mobility
Yes 58 58 ≥0.5
No 2 2

Location
U/L 53 57 ≥0.5
B/L 7 3

Mantoux test
≤10 mm 2 2 ≥0.5
≥10 mm 58 58

Lesion in skiagram chest
Yes 4 2 ≥0.5
No 56 58

Cyto/histopathology
Positive 54 53 ≥0.5
Negative 6 7

AFB in LN smear
Positive 8 12 ≥0.5
Negative 52 48

AFB, acid fast bacillus; LN, lymph node.
a Some patients had more than one symptoms.
All the patients presenting with cervical lymphadenopathy
between 1st April 2011 to 30th April 2013 at the Institute of
Respiratory Diseases, SawaiMan SinghMedical College, Jaipur,
Rajasthan, were recruited for the study. Permission of the
ethical committee was obtained vide No. 453/MC/EC/17/12/
2012. The trial was registered with clinical trial registry vide
No. CTRI/2014/12005299. After giving full information regard-
ing the nature of the study, a written consent was obtained
from all the patients.

These patients were then re-evaluated with detailed
clinical history, thorough physical examination and investiga-
tions including skiagram chest PA view, complete blood
counts, complete urine examination, random blood sugar,
HIV serology, sputum smear for acid fast bacillus, and
Mantoux skin test. Ultrasound abdomen and contrast en-
hanced computerized tomography of thorax/abdomen/head
were also done, as and when required.

A thorough examination of the enlarged lymph node/s (LN/
s) was undertaken that included the site, size, number,
tenderness, consistency, and mobility. Patients with diabetes
mellitus, hypertension, acid peptic disease, and those with
poor response to treatment in the past and/or pre-formed LN
abscess were excluded from the study. Pregnant women,
alcoholics, HIV seropositives, and those refusing consent for
the study were also excluded.

Fine needle aspiration of the largest LN was aseptically
done in the remaining patients. The material so obtained was
subjected to cyto-pathological and bacteriological examina-
tion to find out evidence of TB. Whenever the material was
shown as insufficient, an excisional biopsy was also done and
processed as above. Only those, who were found positive for
TB on cyto/histo-pathology and/or bacteriology, were eligible
for final inclusion in the study.

The study patients were randomized into two groups.
Group I patients were put on DOTS Category I treatment along
with prednisolone 1 mg/kg body weight for first 4 weeks,
subsequently tapered to 0.5 mg/kg body weight for another 4
weeks and then tapereddownby 5 mg everyweek to zero dose.
Group II patientswere put on DOTS Category I treatment along
with placebo.

Patients were kept under close follow-up during the course
of treatment and response to therapy as well as adverse drug
reactions, if any reported by the patients, were recorded.
Adverse reactions were first managed symptomatically and if
persisting, then by transient withdrawal of drugs. Complica-
tions in the form of abscess, sinus formation or appearance of
new LN were also recorded. An abscess was managed by
repeated aspirations as advocated by Jha et al.9 A sinus was
managed surgically and new LN/s, by prolongation of ATT.

The data so collected were analyzed for statistical signifi-
cance using Student's t tests for continuous variables and x2

tests for non-continuous variables.

3. Results
After exclusions, 120 patients completed the study protocol, 60
in each group. The demographic profile of the patients is
shown in Table 1. The two groups were similar with respect to



Table 2 – Response to therapy and complications.

Parameter Group I Group II p-Value

Relief in symptoms at 2M
Yes 54 44 <0.001
No 6 16

Complications during therapya

Abscess 2 8 <0.001
Sinus 0 5
New LN 3 7

Fate of LN at 6M
Complete resolution 57 40 <0.001
Residual LN 3 20

LN, lymph node.
a Some patients had more than one complications.
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age, sex, smoking and alcoholic status, and clinical profile
(p > 0.5).

Table 2 shows the response to therapy. At 2 months, more
(54 out of 60) patients in Group I showed symptom relief when
compared with Group II (44 out of 60, p < 0.001). Complications
in form of abscess, sinus and/or appearance of new LN/s were
noted in 3 patients in Group I when compared with 13 patients
in Group II ( p < 0.001). All these patients were managed by
simple aspiration and prolonged therapy, but surgical explo-
ration was required in three patients.

At the end of therapy, complete resolution was seen in 57
patients in Group I compared to only 40 patients of Group II
and sequel in form of residual LN was noted in three patients
of Group I when compared to 20 in Group II ( p < 0.001). In
Group I, the response was uniformly good, regardless of
the number of LNs, i.e. complete resolution was seen in 27
out of the 28 patients (96.4%) with single LN and 30 out of the
32 patients (92.8) with ≥2 LNs. This was not so in Group II,
where the complete response was seen in 28 out of 35
patients (80%) with single LN but only in 12 out of 25 patients
(48%) with ≥2 LNs.

Table 3 shows the adverse reactions reported by the
patients in the two groups. Gastrointestinal side effects were
reported by higher number of patients in Group I. On the
Table 3 – Adverse reactions during therapy.

Adverse reactions Group I Group II p-Value

Nausea/vomiting
Yes 8 5 ≥0.05
No 52 55

Pain abdomen
Yes 8 5 ≥0.05
No 52 55

Facial edema
Yes 3 0 ≥0.05
No 57 60

Skin rashes
Yes 1 7 ≥0.05
No 59 53

Joint pain
Yes 2 15 ≥0.05
No 58 45
contrary, higher number of Group II patients reported skin
rashes and joint pain. The differences, however, were
statistically insignificant (p > 0.05) and were mostly transient
and amenable to symptomatic treatment. None of the patients
required permanent withdrawal of drugs and all the patients
were able to complete 6 months chemotherapy.

4. Discussion
The pretreatment profile of the patients in the two groups in
the form of age, sex, symptoms, and status of lymphadenopa-
thywas similar (p > 0.5), and thus the study datawere valid for
statistical analysis.

Only 40 out of the total 60 patients (66.67%) on ATT alone
(Group II) showed complete resolution by 6 months. The
response was still poor in patients with ≥2 LNs. Our results in
CLNTB patients on ATT alone were inferior to those of Sharma
et al.10 and Kandala et al.11 who could achieve success rates of
96% and 94% in their patients on DOTS CAT III treatment but
were similar to those of Jain et al. (71.86%)12 and Dixit et al.
(63%).13 Blaikely et al.14 also reported complete resolution in
only 82% of their patients on ATT alone. In comparison, as
many as 57 patients (95%) of the group on add-on prednisolone
to ATT (Group I) showed complete resolution by 6 months.
Further, higher number of patients on the add-on predniso-
lone group (Group I) showed early symptomatic relief than
those on ATT alone.

Campbell et al.15 have noted flare ups in about 1/3rd of their
lymphadenitis patients on ATT. In our study also, complica-
tions in form of abscess, sinus and/or new LN/s and sequel in
the formof residual LNwere reported in 13 patients (26.67%) on
ATT alone but this was limited to only three patients (5%) on
add-on steroid patients.

The above results of our study clearly shows that add-on
oral prednisolone, given for first 3 to 4 months in tapering
dosage improves clinical efficacy, decrease complications, and
improves final outcomes in patients with CLNTB. This was, in
all probabilities, due to the anti-inflammatory effect of
steroids. Controlled studies on the usefulness of add-on
steroids in the management of PLNTB are not available in
the English literature.

Adverse reactions in the formofnausea/vomitingandpain
abdomenwere reported by higher number of patients on add-
on steroids when compared with those on ATT alone
( p > 0.05) but were similar to those observed by Blaikely
et al.14 in their patients on ATT alone and are known
complications of ATT but add-on prednisolone might have
also contributed to it in our patients. However, other
complications such as skin rashes and joint pains were less
common in the add-on prednisolone group. Further, all the
adverse reactions could be managed by symptomatic drugs
alone and withdrawal of steroids was not required in any of
the patients. Thus, the use of add-on prednisolone for such a
short period was essentially safe.

In conclusion, this study shows that, add-on prednisolone
led to faster symptomatic relief, lesser complications, and
higher resolution rates in patients with CLNTB on ATT and is
also safe. The requirement of surgical excision was also
reduced in the patients put on add-on prednisolone to ATT.
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Background: General mortality rate (GMR) is an essential indicator for assessing the health

status of a community. Tuberculosis (TB) mortality is an indicator for the Millennium

Development Goal for 2015.

Methods: This community-based retrospective survey was conducted in 2007–2008 on a

sample of 114,605 rural populations living in 56 villages randomly selected from 218 villages

in Tiruvallur district, South India, where the DOTS strategywas implemented in 1999. All the

permanent residents of the households were registered and information on occurrence of

death was recorded. All the deaths were investigated by verbal autopsy (VA) using stan-

dardized methods.

Results: A total of 719 deathswere registered. The GMR and tuberculosismortality rate (TMR)

were 648 (95% CI: 568–727) and 39 (95% CI: 25–52) per 100,000 p-yrs, respectively. The GMR

increasedwith age, andwas higher inmales than females at all ages. The TMRwas higher in

males than females and the overall male:female ratio was 5:1.

Conclusion: TB was the 6th leading cause of death overall and the 2nd leading cause among

men in this area. Strategies to reduce TB death should be implemented and the impact

should be monitored by repeat VA studies.

# 2015 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
1. Introduction

India has about nine million deaths a year, about one in six of
all deaths worldwide and majority of these do not have a
certified cause.1 The Civil Registration System which records
births and deaths in India is unreliable due to gross under-
registration. The Medical Certification of Causes of Death is
largely confined to selected urban settings only. A reliable
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assessment of disease-specific mortality rates is not yet
possible in many parts of India, either because the underlying
cause of the terminal illness was never known or because the
relevant information was not recorded. Verbal autopsy (VA) is
a research tool that has been used to determine probable
causes of death in cases where there was nomedical record or
formalmedical attention given. TheGlobal Plan to Stop TB sets
out themost effective approaches based on best estimates and
projections of the Tuberculosis (TB) epidemic, as well as the
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resources needed to support comprehensive TB control and
priority research.2 In 2006, the Stop TB partnership launched
the Global Plan to Stop TB 2006–2015, a roadmap for scaling up
prevention and treatment, for research and development, and
for financing. The plan's goals included halving TB deaths
compared to 1990 levels by 2015 – still a target today.3

Reduction of TBmortality in the community is an indicator for
effectiveness of TB control measures. This retrospective
follow-up mortality survey in 2007–2008 collected data on
TBmortality in the community froma rural area in South India
where DOTS strategy was implemented in 1999.

1.1. Objectives

To estimate the general mortality rate (GMR) and TB mortality
rate (TMR) for the target population in the Tiruvallur district of
Tamilnadu.
2. Methodology

2.1. Sampling

Assuming an annual incidence rate of death of 9 (95% CI: 8–10)
per 1000 population, the sample size required was calculated
to be 34,263 for this mortality survey.4 This sample size would
have yielded about 308 deaths, which may not be sufficient to
detect enough TB deaths, which need to be further stratified by
age and sex. Further, an increase in sample sizewould improve
the precision of death rate estimates. Therefore, the sample
size was increased about threefold to 114,605 persons residing
in a sample of 56 villages randomly selected from the
218 villages in Tiruvallur district, South India, where DOTS
strategy was implemented in 1999. A stratified cluster
sampling design was employed. A simple random sample of
village and urban units were selected proportionate to the
census population.

2.2. Registration

Trained field investigators carried out the house-to-house
enumeration during the period from 29/01/2007 to 29/04/2008.
All the permanent residents in a household were registered in
the survey. During registration, the household number, names
of themembers in the household, age in completed years, and
gender of the individuals were recorded. In addition, informa-
tion on occurrence of death in each household, on or after
'Pongal festival' day 2007 (15th January 2007) was recorded.
'Pongal' is a major New Year festival in this region. All
household forms reporting deaths were handed over to the
supervisors for detailed VA to ascertain the underlying cause
of death. The Institutional Ethics Committee of National
Institute for Research in Tuberculosis, Chennai had approved
this study. The consent from the participants was obtained
orally after briefing about the study.

2.3. Follow-up

Each person was followed up from 'Pongal' day to the date of
registration/death/migration (a permanent resident who was
moved to another region). The follow-up periodwasmeasured
in person years (p-yrs). Each household was visited only once
(at the time of registration only).

2.4. VA

VA is an investigation of chain of events, circumstances,
symptoms and signs of illness leading to death, through an
interview of the Head of the family or any other adult
household member of the deceased. Supervisors were trained
on VA methodology, which was developed in Tamilnadu and
is being used in Sample Registration System (SRS) in India.5

Specially trained supervisors conducted the VA. The instru-
ment used was the standard form with addition of TB specific
questions to collect past history of TB among the adult deaths
irrespective of primary cause of death. The VA form consists of
three separate sections. Section I deals with general informa-
tion of the deceased and the respondent, section II is a semi-
structured questionnaire to probe the nature of symptoms and
signs the deceased had immediately preceding the death, and
section III deals with the written narrative. The narrative was
written in the local language as narrated by the respondent
and included information on the symptoms in the order of
occurrence, the nature of medical help sought, findings of
investigation reports, and hospital diagnosis and records
whenever available. The supervisors were non-medical
graduates with knowledge of local language and trained in
VA instrument. The respondents were the family members or
close associates of the deceased. The average recall periodwas
354 days.

2.5. Salient features of VA instrument

VA is an epidemiological tool of proven value for determin-
ing cause-specific mortality. Open-ended narrative part
is the most important factor in the classification of cause
of death. This VA instrument had been well validated
and could ascertain leading causes of death among the
population. A standardized Symptom list was used as a
filter to define additional probing questions related to a
particular symptom and also to ascertain sufficient infor-
mation on the symptoms of the illness prior to death if the
respondent had difficulty in remembering any major
symptom.5–7

2.6. Quality control

Five percent of household forms and VA formswere randomly
selected and crosschecked by coordinators/supervisors and
corrected information was considered whenever any discre-
pancies were found.

2.7. Cause of death

WHO recommends that all primary tabulations on causes of
death should be based on the underlying cause of death. The
underlying cause of death is defined as: ‘‘The disease which
initiated the chain of events leading directly to death or the
circumstances of the accident or violence which produced the
fatal injury.’’



Table 1 – Age, sex distribution, and enumeration status of the study population.

Age groups
in years

Males Females Males + Females

Alive Dead Migrated Alive Dead Migrated Alive Dead Migrated

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

<15 13,811 (98.4) 9 (0.1) 212 (1.5) 12,996 (98.4) 10 (0.1) 205 (1.6) 26,807 (98.4) 19 (0.1) 417 (1.5)
15–44 28,952 (98.1) 65 (0.2) 499 (1.7) 28,278 (96.3) 44 (0.1) 1037 (3.5) 57,230 (97.2) 109 (0.2) 1536 (2.6)
45–64 10,180 (97.8) 151 (1.5) 82 (0.8) 11,204 (98.5) 86 (0.8) 87 (0.8) 21,384 (98.1) 237 (1.1) 169 (0.8)
65+ 2869 (93.3) 186 (6.0) 21 (0.7) 3415 (94.3) 168 (4.6) 38 (1.0) 6284 (93.8) 354 (5.3) 59 (0.9)
All 55,812 (97.9) 411 (0.7) 814 (1.4) 55,893 (97.1) 308 (0.5) 1367 (2.4) 111,705 (97.5) 719 (0.6) 2181 (1.9)
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2.8. Coding of cause of death

Twomedical officers specially trained in reviewingVA reports
and coding cause of all deaths as per ICD-10 (including HIV-
associateddeaths classifiedascertain infectiousandparasitic
disease) assigned underlying cause of death and coded
all completed VA forms independently. VA reports with
disagreement between twomedical officers in the underlying
cause of death were adjudicated by an adjudicator experi-
enced in coding cause of death from VA forms. The
adjudicator's code was considered final for classification of
deaths.

2.9. Data processing and analysis

The coded forms were computerized by double entry system
and the mistakes were corrected wherever necessary using
Epi Info V 6.04d, CDC, and USA.8 The data were analyzed to
estimate the GMR and TMR per 100,000 p-yrs. The cluster
design was accounted for in the 95% confidence interval
calculation and p-value <0.05 was considered as statistically
significant.

3. Results
In this study, 97.5% of persons were present from 25,767
sample households at the time of investigation. The sample
population comprised 49.8% (57,037/114,605) ofmales (Table 1).
Out of the total deaths registered, 57.2% deaths occurred
among males. The migration rate was 1.9% and was highest
Table 2 – General mortality rate (GMR) per 100,000 p-yrs by ag

Age groups
in years

Males Females

Death p-yrs Rate Death p-yrs

n n n (95% CI) n n n (

<15 9 13,610 66 (24–108) 10 12,803 78
15–44 65 28,732 226 (164–289) 44 28,304 155
45–64 151 10,133 1490 (1244–1736) 86 11,102 775
65+ 186 2898 6419 (5321–7517) 168 3429 4900
All 411 55,373 742 (634–851) 308 55,637 554

p-yrs: Person-years.
among females aged 15–44 years. Migration had occurred in
the registered population between the date of registration and
date of interview. The crude death ratewas 6 per 1000 persons.
GMR for males was 742 (95% CI: 634–851) per 100,000 p-yrs and
for females, it was 554 (95% CI: 472–635) per 100,000 p-yrs
(Table 2). The difference was statistically significant
(p = 0.0001). The GMR in this study population was 648 (95%
CI: 568–727) per 100,000 p-yrs. The GMR increased with age in
bothmales and females. For all age groups except the youngest
age group, females had lower GMR than males. There were 43
(6%) TB deaths out of 719 total deaths and the TMRwas 39 (95%
CI: 25–52) per 100,000 p-yrs. The TMR was significantly higher
among males than females (65 vs. 13 per 100,000 p-yrs) and
was statistically significant (p < 0.0001) (Table 3).

The major causes of mortality include non-communicable
diseases like myocardial infarction, stroke, neoplasm, Diabe-
tes mellitus, COPD, and chronic renal failure (Table 4). TB and
diarrheal diseases were the only communicable diseases in
the top ten causes of death. TB ranks the 6th cause of death in
all persons andnumber 2 inmales alongwith Senility (Table 4),
number 7 amongst 15- to 44-year olds and number 3 amongst
45- to 64-year olds (Table 5). Nearly one-fourth of the deaths
could not be assigned a specific cause butwere classified under
Senility, Ill-defined/unclassified symptoms, Pyrexia of un-
known origin, and Sudden death. Myocardial infarction, Road
traffic accidents, and Suicide were the top three causes in
the younger age group of 15–44 years. In the middle age group
(45–64 years), Myocardial infarction, Neoplasm, and TB were
the three major causes of death (Table 5), while in the older
age group (≥65 years), Senility, Myocardial infarction, and
Stroke were the top three causes.
e and gender.

Difference in
rates (Males and
Females) p value

Males + Females

Rate Death p-yrs Rate

95% CI) n n n (95% CI)

(26–130) 0.7167 19 26,413 72 (43–101)
(101–210) 0.053 109 57,036 191 (145–238)
(605–945) <0.0001 237 21,234 1116 (956–1276)
(4129–5670) 0.0088 354 6327 5595 (4957–6234)
(472–635) 0.0001 719 111,010 648 (568–727)



Table 3 – Tuberculosis mortality rates (per 100,000 p-yrs) by age and gender.

Age groups
in years

Males Females Difference in
rates (Males
and Females)

[15_TD$DIFF]p-value

Males + Females

Death p-yrs Rate Death p-yrs Rate Death p-yrs Rate

n n n (95% CI) n n n (95% CI) n n n (95% CI)

<15 0 13,610 0 0 12,803 0 – 0 26,413 0
15–44 2 28,732 7 1 28,304 4 0.5725 3 57,036 5 (0–11)
45–64 18 10,133 178 (95–260) 5 11,102 45 (4–86) 0.0033 23 21,234 108 (64–153)
65+ 16 2898 552 (217–887) 1 3429 29 0.0001 17 6327 269 (117–420)
All 36 55,373 65 (38–92) 7 55,637 13 (3–22) <0.0001 43 111,010 39 (25–62)

p-yrs: Person-years.
Note: Confidence intervals could not be calculated since death events were fewer than 5.

Table 5 – Top ten causes of death – by age.

Cause of death (ICD10 codes) Rate/100,000 p-yrs (Rank)

Age groups in years

<15 15–44 45–64 65+

Myocardial infarction (I21, I22) – 46 (1) 235 (1) 616 (2)
Senility (R 54) – – – 1470 (1)
Neoplasm (CO2-D37) 8 (1) 18 (4) 165 (2) 300 (6)
Stroke (I 64) – – 104 (4) 569 (3)
Ill-defined/unclassified symptoms (R 99) 4 (2) 12 (5) 71 (5) 506 (4)
Tuberculosis (A15-A19) – 5 (7) 108 (3) 269 (7)
Road traffic accidents (V02-V99) – 30 (2) 38 (8) –

Pyrexia of unknown origin (R 50) 4 (2) – – 332 (5)
Diabetes Mellitus (E 14) – – 57 (6) 174 (10)
Diarrheal diseases (A 09) – 9 (6) 24 (10) –

Chronic Obstructive Pulmonary diseases – COPD (J 44) – – 33 (9) 205 (9)
Sudden death (R 96) – – 47 (7) –

Chronic renal failure (N18, N19) – – 47 (7) –

Suicide (X68-X76) – 25 (3) – –

Fall (W01-W18) 4 (2) – – 221 (8)
Jaundice (R17) – – 24 (10) –

'–' no death.
p-yrs: person-years.

Table 4 – Top ten causes of Death – by gender.

Cause of death (ICD10 codes) Rate/100,000 p-yrs (Rank)

All persons Males Females

Myocardial infarction (I21, I22) 104 (1) 144 (1) 63 (2)
Senility (R 54) 84 (2) 65 (2) 102 (1)
Neoplasm (CO2-D37) 59 (3) 54 (4) 61 (3)
Stroke (I 64) 53 (4) 58 (3) 49 (4)
Ill-defined/unclassified symptoms (R 99) 50 (5) 38 (6) 61 (3)
Tuberculosis (A15-A19) 39 (6) 65 (2) 13 (9)
Road traffic accidents (V02-V99) 29 (7) 49 (5) –

Pyrexia of unknown origin (R 50) 23 (8) 20 (10) 27 (5)
Diabetes Mellitus (E 14) 21 (9) 25 (7) 16 (7)
Diarrheal diseases (A 09) 18 (10) 25 (7) 11 (10)
Chronic Obstructive Pulmonary diseases – COPD (J 44) 18 (10) 23 (8) 13 (9)
Sudden death (R 96) – 22 (9) 13 (9)
Chronic renal failure (N18, N19) – – 18 (6)
Suicide (X68-X76) – 20 (10) 14 (8)
Fall (W01-W18) – – 18 (6)

'–' no death.
p-yrs: person-years.
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4. Discussion

The study was conducted in 2007–2008 to collect data on the
GMR and cause specific mortality rates among the general
population in this rural area near Chennai city, South India.
These data are needed to measure progress against global TB
control targets. Also, the estimates of mortality after eight
years of DOTS implementation in the intensively monitored
‘‘study area’’ could provide useful information on program
efficiency. The conventional method involves prospective
follow-up of study population for a period of one year to report
on the deaths occurring during the follow-up period. A health
worker (HW) is deployed for each village/urban unit. The HW
records all deaths occurring in the village during his routine
weekly or biweekly visits and carryout VA preferably within 7–
10 days after the event has occurred. We used a retrospective
follow-up methodology in which the enumeration of the
population and data on deaths occurring between the
reference date and the date of enumeration was collected at
the time of enumeration itself. An event of death is associated
with strong emotional effect on the surviving members of the
household, and it has been generally accepted that the recall of
the event will be accurate up to one year. In this study, the
average duration of recall period was 354 days. It can be safely
assumed that the estimates of GMR are comparable to
estimates obtained in prospective study design. Thus, the
retrospective follow-up method is rapid and economical
without compromising the accuracy of estimates of GMR.

The VA technique was initially developed for childhood
andmaternalmortality studies, but currentlymany studies on
adult mortality also use the VA tool. The validity of VA is
influenced by the cause of death per se and other factors
related to the interviewer, respondent, recall period, and
derivation of diagnoses fromnarrative forms.5 Chandramohan
et al. concluded that VAs by a panel of physicians performed
better than an opinion-based algorithm, and the validity of VA
diagnosis was highest for acute febrile illness and TB/AIDS.6

Khan et al. reported that deaths coded as pulmonary TB
(among adults aged ≥15 years) by VA had 92% sensitivity and
99% specificity when validated against hospital diagnosis.7

However, Yang et al. reported that TB deaths diagnosed by VA
had 62.2% sensitivity and 99.3% specificity.9 Despite the
possibility of misclassification, the cause specific mortality
rates reported in our study should serve as baseline estimates.
The crude death rate of 6 per 1000 persons reported in our
study is lower than 8.2 per 1000 persons reported for rural
population of Tamilnadu by the SRS in its provisional
estimates for the year 2005.10 Joshi et al. reported a crude
death rate of 7.5 per 1000 for East and West Godavari districts
of Andhra Pradesh (a neighboring state) for the period 2003–
04.11 In our study, males had higher GMR than females
probably due to higher prevalence of health risk behaviors like
smoking and alcoholismas evident from the reports published
earlier.12 The TB mortality rate in this study area was 39 per
100,000 p-years. As per WHO estimates in 2006, the tuberculo-
sis mortality rate (TMR) in India was 28 per 100,000 persons.13

According to theWHO Global TB report, the estimated TMR
in India for the year 2013 was 22 (95% CI: 14–32) per 100,000.14

The reduction in TMR reported might be due to improved TB
treatment under DOTS program. TMR is five times higher
among males than among females. This gross difference may
be explained by the higher prevalence of disease amongmales
(M:F ratio of 5:1).15 Also, it was reported that men were less
likely to seek health care in the community.16 In this study, the
deaths due to TB was 6% of total deaths. Joshi et al. reported
that 4% of total deaths were TB deaths in east and west
Godavari districts.11Mahapatra reported 6.3%TBdeaths inA.P.
in 1991.17 Gajalakshmi et al. reported 6% TB deaths in urban
and 8% in rural Tamilnadu among persons aged 25–69 years
during 1995–1998.18 Murray et al. have estimated 8% TB deaths
for India in 1990.19 Kanungo et al. reported the overall
mortality as 6.2 per 1000 p-yrs and TB mortality rate as 35
per 100,000 p-yrs from Kolkata study conducted in 2003.20

These findingswere all comparablewith the TBmortality rates
obtained in our study. We observed that there were 43 (6%) TB
deaths out of 719 total deaths. The TMR was significantly
higher among males than females (65 vs. 13 per 100,000 p-yrs)
and was statistically significant (p < 0.0001). In the same area,
we have earlier reported thatmale TB patients aged>45 years,
with incomplete treatment, smokers, and alcoholics were at
high risk of death during treatment.21 The present study
showed that 50% of deaths occurred in 6% of the total
population aged ≥65 years which is not unexpected. It would
be preferable to plan intervention strategies for each age and
gender subgroup by looking at the cause specific mortality
data. Deaths attributed to non-communicable diseases such
as myocardial infarction (16%), stroke (8%), and neoplasms
(9%) were determined. A specific cause of death that could not
be assigned was 23%.

TB is still the major cause of communicable disease deaths
in this community. Socio-economic conditions play an
important role in the changing pattern of mortality and
morbidity in an area. Periodic surveys to determine causes of
death could help policy makers and planners to focus on the
appropriate health programs and interventions needed. Such
an exercise would also help determine if MDG and post-MDG
goals are being attained, especially as related to TB.

4.1. Limitations

Themortality datawere collected retrospectively in contrast to
other mortality surveys in which the data were collected
prospectively. The VA technique is still evolving and needs to
be perfected because the validity varies widely between
different causes of death. Important health indicators like
Infant mortality rate could not be estimated, as infant deaths
among total number of live births could not be collected in this
retrospective data collection method. The findings from our
studymaynot be representative of TMRof the rural population
of India, as it is likely to vary depending on the efficiency of
control measures implemented in different areas.

5. Conclusion
Mortality surveys can be carried out using a retrospective
follow-up design, which is rapid and more cost effective than
the conventional prospective design. Males have significantly
higher GMR than females. The male TMR is five times higher
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than the female TMR. The GMR and TMR may be less
informative than cause-specific mortality data by age and
gender subgroups, which can be used to plan intervention
strategies.
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Background: Multidrug-resistant tuberculosis (MDR-TB) is considered to be a worldwide

problem with notoriously difficult and challenging treatment. Adverse events associated

with second-line drugs (SLDs) can have severe impact on efficient management.

Objective: To know the frequency of adverse events due to SLDs in patients of MDR-TB.

Design: A prospective cohort analysis of 98 MDR-TB patients enrolled between June 2009 to

February 2010 was conducted in Department of Pulmonary Medicine, King George Medical

University, Lucknow, India. All the patients were provided standardized regimen. Adverse

events associated with treatment were recognized primarily by clinical evidence and/or

laboratory investigations that were advised at baseline and whenever clinically indicated

during course of treatment. Adverse events were considered major if required permanent

discontinuation or substitution of drugs.

Results: 119 adverse events were reported in 46 (46.9%) patients. The grouped adverse events

were most commonly gastrointestinal that was observed with a frequency of 48 (40.3%)

followed by ototoxicity in 28 (23.6%), and neurological in 21 (17.6%). 17 (17.4%) patients had

major adverse events requiring permanent discontinuation or substitution of drugs that

included deafness and tinnitus in 5 (5.1%) followed by psychosis in 4 (4.1%). None of the

patients stopped complete regimen due to adverse events. The treatment success rate was

observed to be 71 (72.4%).

Conclusions: MDR-TB can be cured successfully with appropriate combination of drugs if

adverse events associated with them can be managed aggressively and timely. Newer and

less toxic drugs are urgently needed to treat MDR-TB patients.
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1. Introduction
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MDR-TB, has become a significant public health problem in a
number of countries and an obstacle to effective tuberculosis
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million tuberculosis cases in 2011, 2.3 million were estimated
to have been reported in India. The prevalence of MDR-TB
among notified new and retreatment pulmonary tuberculosis
patients are estimated to be 2.1% and 15%, respectively.1

Patients may present with a variety of adverse events when
second-line drugs (SLDs) are prescribed for MDR-TB manage-
ment. Most of the adverse events are minor and can be
managedwithout discontinuation of treatment. Some adverse
events can be life threatening if not recognized and treated
promptly. There are major concerns regarding SLDs in that
they are expensive, have low efficacy, and more toxic as
compared to first-line antituberculosis drugs.2–4 There may be
a severe impact on adherence and higher risk of default and
treatment failure affecting outcome overall if such adverse
events are not properly managed.5 Several studies have
highlighted regarding high potential of these SLDs to cause
adverse events that have led to interruption of treatment in
20–60% of MDR-TB patients.6–23 Very few have specifically
reported frequency of adverse events in India.24–27 The present
study has been designed to know the frequency of adverse
events encountered in patients receiving SLDs for treatment of
MDR-TB at Lucknow, India.

2. Methods
Table 1 – Definitions of various clinical outcomes.

Outcomes Definitions

Cure Patient of MDR-TB who has completed treatment
and has been consistently culture negative with
at least 5 consecutive negative results in the last
12–15 months or if one follow-up culture
reported positive culture during the same period,
and then provided this positive culture is
followed by at least 3 consecutive negative
cultures, taken at least 30 days apart, with
clinical evidence of improvement.

Death Patient of MDR-TB who dies for any reason
during the course of treatment.

Failure Treatment will be considered to have failed if
two or more of the five cultures recorded in the
final 12–15 months are positive, or if any of the
final three cultures are positive.

Default A MDR-TB patient whose MDR-TB treatment was
interrupted for two or more consecutive months
for any reason.

Smear
conversion
time

Time interval between the date of MDR-TB
treatment initiation and the date of the first of
two negative consecutive smears respectively,
taken at least 1 month apart.

Culture
conversion
time

Time to smear and culture conversion was
defined as the time interval between the date of
MDR-TB treatment initiation and the date of the
first of two negative consecutive cultures
respectively, taken at least 1 month apart.
It was a prospective cohort study performed among 132
consecutive patients of pulmonary tuberculosis referred from
various districts of Uttar Pradesh, India between June 2009 and
February 2010 in Department of Pulmonary Medicine and
Department of Microbiology, King George Medical University,
Lucknow, India, which is a WHO-recommended Intermediate
Reference Laboratory (IRL) certified by Revised National
TuberculosisControl Programme (RNTCP) of India. The patients
included in the study were either new or retreatment cases of
pulmonary tuberculosis with proven culture positive for M.
tuberculosis and resistant to at least Isoniazid and Rifampicin
and having age more than 18 years. The retreatment cases
received previously multiple courses of antitubercular drugs
including five drugs – Streptomycin, Rifampicin, Isoniazid,
Ethambutol, and Pyrazinamide (SRHEZ), either daily (unsuper-
vised) or DOTS Category II (supervised). The patients were
excluded from the study if they (1) had not confirmed to be
MDR-TB according to Drug Susceptibility Testing (DST) results,
(2) had taken SLDs more than 1 month before confirmation of
diagnosis, (3) had pregnancy, (3) were under 18 years of age, and
(4) had concurrent major medical illnesses (chronic kidney
disease, decompensated congestive heart failure, fulminant
hepatic failure, acute gastritis, and seizure disorder) or major
psychiatric illnesses (schizophrenia, depression) at baseline.
These exclusions were as per the RNTCP current guidelines at
the time of study.28 All patients provided informed consent
before participating in the study. Pretreatment investigations
included sputum smear for AFB, culture for M. tuberculosis by
conventional Löwenstein–Jensen media, DST by proportion
method, complete hemogram (hemoglobin, total and differen-
tial leukocyte count, platelet count, and peripheral blood
smear), chest X-ray, renal and liver function tests, and thyroid
profile. All patients were routinely tested for human immuno-
deficiency virus (HIV) infection before initiation of treatment.
All the patientswere offered treatment given as per DOTS PLUS
Protocol of RNTCP based on World Health Organization (WHO)
Guidelines prevailing at that time.28,29 The standardized
regimen consisted of 6–9 months with six drugs – Kanamycin,
Ofloxacin, Ethionamide, Cycloserine, Pyrazinamide, and Eth-
ambutol, followed by 18 months Ofloxacin, Ethionamide,
Cycloserine, and Ethambutol. The daily dosages prescribed
were according to weight band: Kanamycin (500 mg); Ethion-
amide and Cycloserine (500mg each); Ofloxacin (600 mg);
Pyrazinamide (1250 mg), and Ethambutol (800 mg) for patients
havingweight less than 45 kg; for patients weighing ≥45 kg, the
daily dose of Kanamycin was 750 mg, Ethionamide and
Cycloserine was 750 mg, Ofloxacin 800 mg, Pyrazinamide
1500mg, and Ethambutol 1250mg. All of the drugs were
provided free of cost. Treatment outcome was also defined
according to the DOTS PLUS guidelines framed by RNTCP of
India, as well as WHO,28,29 as mentioned in Table 1. Patients
were seen by doctors and staffs trained in RNTCP DOTS PLUS
guidelines for clinical evaluation at monthly intervals during
the intensive phase, and at three monthly intervals during the
continuation phase until the end of treatment. Clinical,
microbiologic, and radiologic response to treatment, weight,
and possible adverse events were assessed at each follow-up
visit and recorded in treatment cards. The main outcome
variable was the occurrence of adverse events. All patients and
their family members were counseled prior to treatment
initiation, as well as during all follow-up visits, regarding
possible adverse events and encouragement to report such
events. Adverse events, if any,were recorded at each visit based
on clinical evidence and subsequentlymanaged as per protocol
described in Table 2.28,29 In addition to clinical evidence, certain



Table 2 – Definition of adverse events.

Adverse events Definitions Suggested management strategies

Nausea, vomiting,
diarrhea, constipation,
anorexia, and abdominal
pain

Any documentation of nausea,
vomiting, diarrhea, constipation,
anorexia, and/or abdominal pain
by healthcare worker/physician.

- Assess for dehydration; initiate rehydration if indicated.
- Initiate antiemetic therapy.
- Lower dose of suspected agent if this can be done without
compromising regimen.
- Discontinue suspected agent if this can be done without compromising
regimen, rarely necessary.
- Nausea and vomiting universal in early weeks of therapy and usually
abate with time on treatment and adjunctive therapy.
- Electrolytes should be monitored if vomiting is severe.
- Reversible upon discontinuation of suspected agent.
- Antidiarrheal agents, laxatives, and antispasmodic, as per
requirement.

Gastritis Any documentation of gastritis
by healthcare worker/physician.

- H2-blockers, proton-pump inhibitors, or antacids.
- Stop suspected agent(s) for short periods of time (1–7 days).
- Lower dose of suspected agent, if this can be done without
compromising regimen.
- Discontinue suspected agent if this can be done without compromising
regimen.
- Severe gastritis, as manifested by hematemesis, melena, or
hematochezia, is rare.
- Dosing of antacids should be carefully timed so as to not interfere with
the absorption of antituberculosis drugs (take 2 h before or 3 h after
antituberculosis medications).
- Reversible upon discontinuation of suspected agent(s).

Hepatitis Elevation of either serum
transaminase or serum bilirubin
at least 3 times the upper limit of
normal values with symptoms or
5 times the upper limit of normal
values without symptoms
{normal ranges: AST (15–45 IU/L),
ALT (15–45 IU/L), bilirubin (0–
1.0 mg/dl)}.

- Stop all therapy pending resolution of hepatitis.
- Eliminate other potential causes of hepatitis.
- Consider suspending most likely agent permanently.
- Reintroduce remaining drugs, one at a time, while monitoring liver
function.
- History of previous hepatitis should be carefully analyzed to determine
most likely causative agent(s); these should be avoided in future
regimens.
- Generally reversible upon discontinuation of suspected agent.

Depression As diagnosed by TB physician
and/or as judged by a
psychiatrist.

- Offer group or individual counseling.
- Initiate antidepressant therapy.
- Lower dose of suspected agent if this can be done without
compromising regimen.
- Discontinue suspected agent if this can be done without compromising
regimen.
- Socioeconomic conditions and chronic illness should not be
underestimated as contributing factors to depression.
- Depressive symptoms may fluctuate during therapy and may improve
as illness is successfully treated.
- History of previous depression is not a contraindication to the use of
the agents listed but may increase the likelihood of depression
developing during treatment.

Psychosis As diagnosed by TB physician
and/or as judged by a
psychiatrist.

- Stop suspected agent for a short period of time (1–4 weeks) while
psychotic symptoms are brought under control.
- Initiate antipsychotic therapy.
- Lower dose of suspected agent if this can be done without
compromising regimen.
- Discontinue suspected agent if this can be done without compromising
regimen.
- Some patients will need to continue antipsychotic treatment
throughout MDR-TB therapy.
- Previous history of psychiatric disease is not a contraindication to the
use of agents listed here but may increase the likelihood of psychotic
symptoms developing during treatment.
- Psychotic symptoms are generally reversible upon completion of MDR-
TB treatment or cessation of the offending agent.

Headache, dizziness,
tinnitus, and vertigo

As per patient perception and
complaining.

- Referral to otorhinolaryngologist.
- Antivertigo drugs and/or change to less ototoxic drug preferred over
lowering of dose.
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Table 2 (Continued )

Adverse events Definitions Suggested management strategies

Hearing loss/deafness As per patient's complaint and
hearing loss confirmed by
physical examination and/or
audiometry in consultation with
otorhinolaryngologist.

- Document hearing loss and compare with baseline audiometry if
available.
- Decrease frequency and/or lower dose of suspected agent if this can be
done without compromising the regimen (consider administration three
times per week).
- Discontinue suspected agent if this can be done without compromising
the regimen.
- Patients with previous exposure to aminoglycosides may have baseline
hearing loss. In such patients, audiometry may be helpful at the start of
MDR-TB therapy.
- Hearing loss is generally not reversible.
- The risk of further hearing loss must be weighed against the risk of
stopping the injectable in the treatment regimen.
- While the benefit of hearing aids is minimal to moderate in auditory
toxicity, consider a trial use to determine if a patient with hearing loss
can benefit from their use.

Visual disturbance/optic
neuritis

As per patient's complaint and/or
as judged by ophthalmologist.

- Stop the drug.
- Refer patient to an ophthalmologist.
- Usually reverses with cessation of Ethambutol.

Arthralgia Pain of the joints as reported by
patient and documented by
physician, with or without the
presence of arthritis.

- Initiate therapy with nonsteroidal anti-inflammatory drugs.
- Lower dose of suspected agent if this can be done without
compromising regimen.
- Discontinue suspected agent if this can be done without compromising
regimen.
- Symptoms of arthralgia generally diminish over time, even without
intervention.

Rash A dermatologic reaction felt to be
related to antituberculosis
medications, as documented by
physician/dermatologist.

- Stop all antituberculosis drugs.
- Reintroduce drug one by one once the rash has subsided.

Peripheral neuropathy Symptoms and findings
consistent with neuropathy, e.g.,
pain or numbness of the distal
extremities or as judged by a
physician/neurologist.

- Increase pyridoxine to maximum daily dose (200 mg per day).
- Initiate therapy with tricyclic antidepressants, such as amitriptyline.
Nonsteroidal anti-inflammatory drugs or acetaminophen may help
alleviate symptoms.
- Lower dose of suspected agent, if this can be done without
compromising regimen.
- Discontinue suspected agent, if this can be done without
compromising regimen.
- Patients with comorbid disease (e.g. diabetes, HIV, alcohol neuropathy,
or dependence may be more likely to develop peripheral neuropathy, but
these conditions are not contraindications to the use of the agents listed
here).
- Neuropathy may be irreversible; however, some patients may
experience improvement when offending agents are suspended.

Nephrotoxicity/
renal failure

Elevation of at least one
creatinine value >1.4 mg/dl.

- Discontinue suspected agent.
- Consider using capreomycin if an aminoglycoside had been the prior
injectable in regimen.
- Consider dosing 2–3 times a week if drug is essential to the regimen
and patient can tolerate (close monitoring of creatinine).
- Adjust all antituberculosis medications according to the creatinine
clearance.
- History of diabetes or renal disease is not a contraindication to the use
of the agents listed here, although patients with these comorbidities may
be at increased risk for developing renal failure.
- Renal impairment may be permanent.

Hypothyroidism At least one measure of
TSH > 10.0 IU/ml {normal ranges:
TSH (0–10.0 IU/ml)}.

- Initiate thyroxine therapy.
- Completely reversible upon discontinuation of PAS or Ethionamide.
- The combination of Ethionamide with PAS is more frequently
associated with hypothyroidism than the individual use of each drug.
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laboratory investigations were also advised to detect any
adverse events. These adverse events were considered only
when reflected at least by one abnormal laboratory value
confirmed by a repeat test. Few investigations, such as
audiometry and ophthalmological evaluations, were advised
exclusively whenever clinically indicated. If the patients made
any spontaneous complaint, they were interrogated in detail
and thenecessary actions taken.Adverse eventswere classified
as major if required change in the regimen, i.e. stoppage of
offending drug or substitution with another drug.30 Most of the



Table 3 – Clinical characteristics of the cohort of 98
patients treated with MDR-TB therapy.

Characteristics Number (%)

Age (in years)
≤20 13 (13.3%)
21–30 51 (52.1%)
31–40 24 (24.4%)
≥41 10 (10.2%)

Sex
Male 68 (69.4%)
Female 30 (30.6%)

Weight (in kg)
≤30 8 (8.2%)
31–40 33 (33.7%)
41–50 38 (38.8%)
51–60 16 (16.2%)
≥61 3 (3.1%)

Total duration of illness (in years)
<1 6 (6.1%)
1–2 42 (42.8%)
3–4 38 (38.8%)
>5 12 (12.3%)

Number of episodes of pulmonary tuberculosis for which
treatment taken
Two 54 (55.1%)
Three 30 (30.6%)
More than three 14 (14.3%)

Time lapse between treatment for first and second episodes of
pulmonary tuberculosis (in months)
<6 11 (11.2%)
6–12 35 (35.7%)
13–18 26 (26.5%)
19–24 18 (18.4%)
>24 8 (8.2%)

Time lapse between treatment for second and third episodes of
pulmonary tuberculosis (in months)
<6 9 (9.2%)
6–12 12 (12.2%)
13–18 10 (10.2%)
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adverse events except major ones, such as psychosis, renal
failure, and deafness, were managed in the following sequen-
tial order, advancing to next step if preceding intervention
failed – counseling and symptomatic treatment, splitting of
total dose of offending drug, reductionof dose of drugaccording
to lower weight band, permanent discontinuation of drug, and
substitution with another drug. Para-aminosalicyclic Acid was
a substitute drug for any one bactericidal (Kanamycin,
Ofloxacin, Ethionamide, and Pyrazinamide) or two bacterio-
static drugs (Cycloserine and Ethambutol) in case of occurrence
of adverse events. Every effort was made not to compromise
the whole regimen. Ancillary medicines were also provided for
management of adverse events. Patients were also referred to
concerned specialist for evaluation and expert opinion if
required and even admission for observation, especially for
major adverse events.

Data were entered on Microsoft Excel sheet and the
accuracy of entry verified against the original paper forms.
The data were further checked for any errors and then
analyzed using descriptive statistics. Frequencies were used to
compare differences in baseline clinical and demographic data
between patients experiencing adverse events and those not
as well. Absolute frequency counts and measures of central
tendency (mean, median) were calculated. Measures of
dispersion including range and standard deviation were also
calculated. Comparison between groups was performed with
the unpaired student t-test/nonparametric Mann–Whitney
test. All significance tests were two-sided, and a p value <0.05
was considered to be statistically significant. All statistical
analyses were performed using SPSS statistical software 16.0.

The ethical committee of King George Medical University
approved the present study.

3. Results
19–24 7 (7.1%)
>24 6 (6.1%)

Time lapse between treatment for third and subsequent episodes
of pulmonary tuberculosis (in months)
<6 1 (1.1%)
6–12 4 (4.1%)
13–18 6 (6.1%)
19–24 2 (2.1%)
>24 3 (3.1%)

Number of MDR-TB patients experiencing adverse events during
treatment
One adverse event 8 (8.2%)
Two adverse events 11 (11.2%)
More than two adverse events 27 (27.6%)
Out of 132 patients, a total of 98 patients proved to be cases of
MDR-TB by culture were enrolled for treatment. All the
patientswere categorizedunder retreatment cases. 34 patients
were excluded from the study (non-MDR susceptibility – 13,
more than 1 month treatment of SLDs before diagnosis – 8,
migrated/not traced – 3, unwillingness for treatment – 2,major
medical/psychiatric illnesses at baseline – 6, and expiry before
initiation of treatment – 2). All the patients were found to be
HIV negative after testing. Of them, 68 (69.4%) were males and
30 (30.6%) were females. Mean age and weight were 29.3 � 9.3
years and 42.9 � 9.1 kg, respectively. Clinical profile of the
patients has been illustrated in Table 3. 81 (82.7%) patients
completed the treatment while 7 (7.1%) defaulted and 10
(10.2%) died at the completion of treatment. Mean baseline
laboratory values (with standard deviations) were as follows:
hemoglobin 10.6 � 4.3 gm/dl, creatinine 1.4 � 0.8 mg/dl, aspar-
tate aminotransferase (AST) 28.4 � 14.3 IU/l, alanine amino-
transferase (ALT) 32.1 � 17.9 IU/l, bilirubin 2.6 � 1.1 mmol/l,
potassium 3.3 � 0.6 mEq/l, and TSH 11.2 � 8.5 iU/l. None of the
patients reported to have deranged laboratory values at
baseline. A total of 119 adverse events were observed among
this cohort during course of treatment. Most of the adverse
events occurred during intensive phase in 77 (78.6%) as
compared to that of continuation phase in 42 (42.6%)
(p = 0.02) patients. 46 (46.9%) patients experienced at least
one adverse event. The gastrointestinal adverse events were
most commonly observed with a frequency of 48 (40.3%)
followed by ototoxicity in 28 (23.6%) among this cohort of 98
patients, as shown in Table 4. The specific gastrointestinal
adverse events were nausea/vomiting in 24 (20.2%), anorexia in
9 (7.6%), gastritis in 8 (6.7%), hepatitis in 3 (2.5%), diarrhea in 2
(1.7%), and abdominal pain, as well as constipation, in 1 (0.8%)
patient. The specific adverse events related to ototoxicity were
deafness in 12 (10.1%), vertigo in 10 (8.4%), and tinnitus in 6
(5.1%) patients. 17 (17.4%) patients had major adverse events
requiring drug substitution or permanent discontinuation of



Table 4 – Frequency of adverse events in both treatment phases and suspected agents among 98 patients receiving MDR-TB
treatment in Lucknow, India.

Grouped
adverse
events

Specific
adverse
events

Frequency
of adverse
events

Months of
treatment

at presentation
Median (range)

Adverse events
observed during
intensive phase

Adverse events
observed during
continuation

phase

Drugs
implicated

Gastrointestinal Nausea/vomiting 24 (20.2%) 3.4 (0.1–26.8) 18 (23.4%) 6 (14.3%) Eto, Cs, Z, Ofx
Anorexia 9 (7.6%) 4.4 (0.5–16.5) 7 (9.1%) 2 (4.8%) Eto
Gastritis 8 (6.7%) 3.9 (0.7–17.8) 6 (7.8%) 2 (4.8%) Eto, PAS
Hepatitis 3 (2.5%) 2.5 (0.5–12.6) 2 (2.6%) 1 (2.4%) Eto, Z
Diarrhea 2 (1.7%) 9.1 (6.4–22.7) 2 (4.8%) Eto, PAS
Abdominal pain 1 (0.8%) 5.2 1 (1.3%) Eto, PAS
Constipation 1 (0.8%) 12.4 1 (2.4%) Eto

Total 48 (40.3%) 34 (44.2%) 14 (33.5%)

Ototoxicity Deafness 12 (10.1%) 6.4 (0.2–25.3) 8 (10.4%) 4 (9.5%) Km
Vertigo 10 (8.4%) 5.9 (0.1–20.5) 8 (10.4%) 2 (4.8%) Km, Cs, Ofx
Tinnitus 6 (5.1%) 6.1 (0.4–27.2) 4 (5.2%) 2 (4.8%) Km

Total 28 (23.6%) 20 (26.0%) 8 (19.1%)

Neurological Dizziness 10 (8.4%) 5.1 (0.4–22.5) 7 (9.1%) 3 (7.1%) Km, Cs, Ofx
Headache 8 (6.7%) 7.7 (0.1–26.3) 4 (5.2%) 4 (9.5%) Cs, Km
Peripheral
neuropathy

3 (2.5%) 15.3 (9.2–17.8) 3 (7.1%) Eto, Km, Cs

Total 21 (17.6%) 11 (14.3%) 10 (23.7%)

Psychiatric Psychosis 5 (4.2%) 3.8 (1.2–21.8) 1 (1.3%) 4 (9.5%) Cs
Depression 1 (0.8%) 13.0 1 (2.4%) Cs

Total 6 (5.0%) 1 (1.3%) 5 (11.9%)

Others Arthralgia 9 (7.6%) 2.7 (0.2–25.4) 8 (10.4%) 1 (2.4%) Z
Visual disturbance 3 (2.5%) 10.4 (2.3–14.6) 1 (1.3%) 2 (4.8%) E, Eto
Rash 2 (1.7%) 4.4 (0.2–11.3) 2 (2.6%) 0 (0.0%) Ofx
Hypothyroidism 1 (0.8%) 7.0 1 (2.4%) Eto, PAS
Renal failure 1 (0.8%) 8.0 1 (2.4%) Km

Total 16 (13.4%) 11 (14.3%) 5 (12.0%)

Overall adverse events 119 (�100%) 77 (78.6%) 42 (42.6%)

Abbreviations: E, Ethambutol; Z, Pyrazinamide; Km, Kanamycin; Cs, Cycloserine; Eto, Ethionamide; Ofx, Ofloxacin; PAS, Para-aminosalicylic acid.
Note: Sum of column percentages may exceed 100% because a patient may experience more than one adverse event.
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drugs. 7 (7.1%) patients required admission to hospital for
occurrence of adverse events. None of the patients had to
discontinue their complete regimen permanently due to major
adverse events. Deafness and tinnitus leading to withdrawal of
injectable was most frequent in 5 (5.1%) followed by psychosis
in 4 (4.1%), gastrointestinal intolerance in 3 (3.1%), and
arthralgia together with hepatitis in 4 (4.1%), as mentioned in
Table 5. All patients in our study with major adverse events,
Table 5 – Frequency of major adverse events and suspected ag
Lucknow, India.

Agents Specific major
adverse events

observed

Number of patients
experiencing major

adverse events

Months tr
at presen
Median

Kanamycin Deafness 4 (4.1%) 5.2 (0.4
Tinnitus 1 (1.1%) 6.5 (1.2

Cycloserine Renal failure 1 (1.1%) 8.0 (0.0
Psychosis 4 (4.1%) 4.2 (1.2

Pyrazinamide Arthralgia 2 (2.1%) 3.8 (0.3
Hepatitis 2 (2.1%) 4.5 (0.2

Ethionamide Nausea 1 (1.1%) 2.2 (0.1
Vomiting 1 (1.1%) 1.4 (0.2
Hypothyroidism 1 (1.1%) 7.0 (0.0

Total 17/98 (17.4%)
such as deafness, renal failure, and hepatitis, were found to
have deranged laboratory parameters supporting in addition to
diagnosis based on clinical examination. The offending drugs
responsible for these major adverse events were injectable
Kanamycin (deafness/renal failure), Cycloserine (psychosis),
Ethionamide (gastrointestinal tolerance), and Pyrazinamide
(arthralgia/hepatitis). No mortality occurred due to major
adverse events in our cohort. The causes for mortality among
ents among 98 patients receiving MDR-TB treatment in

eatment
tation

(range)

Number of patients
requiring substitution

with other drug

Number of patients
requiring discontinuation

of drugs

–24.1) 1 3
–21.5) 1 0
–8.0) 0 1
–19.5) 0 4
–21.4) 1 1
–23.2) 1 1
–26.3) 1 0
–25.2) 1 0
–7.0) 0 1



Table 6 – Demographic and clinical characteristics of patients with and without adverse events.

Characteristics Patients with adverse
events (n = 46)

Patients without adverse
events (n = 52)

p value

Mean age (in years) 32.5 � 11.9 28.4 � 8.2 0.10
Sex (male) 30 28 0.28
History of alcohol intake 18 (39.1%) 13 (25.0%) 0.19
History of drug addiction 9 (19.6%) 8 (15.4%) 0.61
Diabetes mellitus 6 (13.1%) 5 (9.6%) 0.75
Total duration of illness (in years) 4.7 � 3.5 4.9 � 3.7 0.82
Mean sputum conversion (in months) 3.8 � 1.6 2.8 � 2.6 0.23
Mean culture conversion (in months) 4.1 � 2.5 3.1 � 3.9 0.15
Extent of lesions on chest X-ray
Unilateral 18 (39.1%) 29 (55.8%) 0.11
Bilateral 28 (60.9%) 23 (44.2%)

Outcome 0.38
Defaulted 3 (6.5%) 4 (7.7%) 0.41
Expired 5 (10.9%) 5 (9.6%) 0.43
Failure 4 (8.7%) 6 (11.5%) 0.34
Cured 34 (73.9%) 37 (71.6%) 0.45
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ten patients were found to be acute respiratory failure due to
extensive disease (4), accidental trauma (2), viral hemorrhagic
fever with multiorgan failure (2), acute coronary syndrome (1),
and complicated malaria (1). All the adverse events were
reversible either with supplementary/ancillary medications or
withholding the suspected offending agents, except deafness
that was permanent on repeated audiometry. Patients who
experienced adverse events were older (p = 0.10), predomi-
nantly males (p = 0.28), had higher incidence of alcoholism
(p = 0.19), and drug addiction (p = 0.61), as compared to those
having no adverse events, but these differences were not
significant on univariate analysis, as mentioned in Table 6. No
significant differences were observed between these two
groups regarding default (p = 0.41), death (p = 0.43), and failure
rate (p = 0.34). Overall, there was no significant difference in
treatment outcome (p = 0.38).

4. Discussion
The management of MDR-TB patients has been considered
to be complicated, with challenging reasons being prolonged
duration of 24–27 months and high toxicity profile of SLDs.
Adverse events were experienced by 46 (46.9%) of the
patients included in this study mostly in the intensive
phase of treatment of MDR-TB. The prevalence of adverse
events observed in the current study is lower than the range
as reported in other studies, where it ranged from 69% to
96%.6–27 The reasons for the difference in the prevalence of
adverse events across the various studies might be related
to several possible factors, such as variation in demographic
profiles of cohorts of patients, differences in definitions of
adverse events' terminologies, as adopted by physicians,
whether the adverse event was reported by patient
(subjective) or detected by clinician (objective), on the basis
of clinical evidence along with feasibility of monitoring with
serial laboratory investigations, whether all or only the
major adverse events were studied, the differences in
comorbidities, such as diabetes and other covariates
including HIV coinfection and variations in the use of
specific antitubercular drugs including dosage and also
pharmacological interactions with other group of drugs
comprising antiretroviral, oral hypoglycemic agents in case
of diabetics, and also ancillary medications used for
management of adverse events. The observed frequency
of specific gastrointestinal events in our study has been
found to be in the reported range of 0.5–100% as per the
existing literature.7,9–11,13,17,18,22,25,27 The high prevalence of
gastrointestinal adverse events was probably due to fre-
quent reporting by patients as compared to other adverse
events leading to subjective variation. The second most
common adverse event was ototoxicity reported with a
frequency of 28 (23.6%) among this cohort, which exist in the
range of 12–70% from the review of the literature.10,11,17,20,22

The frequency of tinnitus in the present study was within
the range of 5–45%, as reported in various studies9,13,18,22

while that of deafness was within the range of 6.7–33%, as
reported in the literature.6,7,13,18,20,22 There can be a
probability of underreporting of ototoxicity by patients in
our study, while some studies have reported higher rates of
ototoxicity.20,22 The reason for that was that there were no
routine audiometry assessments conducted throughout the
treatment. Ototoxicity is predominantly associated with the
use of injectable aminoglycoside (Kanamycin), although
there is possibility of additive effects of interaction with
other concomitant and potentially ototoxic drugs that were
used in the regimen, such as Ofloxacin and Cycloserine. This
warrants further investigation to uncover the possibility of
these interactive effects. In our study, adverse events were
major and were requiring stoppage and/or substitution of
the suspected offending drug in 17 (17.4%) of the patients.
This prevalence of major adverse events is lower than that
reported in the literature,6,9,15,18,25,31 but found to be higher
than the prevalence of 11.7% and 15%, as reported by Furin
et al. and Sagwa et al., respectively.7,22 This may be due to
early identification and aggressive management strategies
adopted by DOTS PLUS programme. However, our findings
are almost similar to that of Singla et al. and Yew et al.,
which reported prevalence of 18% and 19%, respectively.24,32

Baghaei et al. reported deafness and headache/psychosis
occurring due to injectable Kanamycin and Cycloserine,
respectively, and were found to be major adverse events
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that required frequent discontinuation and/or substitu-
tion.20 Our study also reported similar findings. MDR-TB
patients should be managed aggressively for adverse events
during therapy, especially for ototoxicity and psychiatric
disorders.

There are several limitations in our current study. The
major limitation was that routine monitoring was not
performed despite the prospective nature of our study. The
adverse events recorded on the chart were based predomi-
nantly on clinical evidence, particularly on the basis of patient-
reported symptoms. There was a possibility of selective
underreporting of adverse events by patients or the selective
recording of adverse events by clinicians. Patients might not
have reported some adverse events, such as gastrointestinal,
depression, arthralgia, and headache, unless these were
serious, as leading questions were not asked. Some occult
adverse events, such as asymptomatic hepatitis, nephrotoxi-
city, hearing loss in high frequency range, and hypothyroid-
ism, may not be detected, and therefore are not reported
without routine monitoring. There could be the possibility of
underestimation of these adverse events in our case due to the
fact that frequent monitoring with laboratory investigations
was not performed because of financial constraints in this
resource-limited setting and also patients with serious ill-
nesses were excluded. The younger age of the patients in this
study may also have led to the lower proportion of adverse
drug events as compared to other published data, as the
impact of comorbidities associatedwith older age groups could
not be captured. Patient with comorbidities can have higher
frequency of adverse events, as these patients are on drugs
other than antitubercular therapy, and regimen can also be
modified as in kidney or liver failure. These patients were
excluded in our study as per RNTCP protocol leading to
variation in frequency, as compared to other studies. The
mortality might have been due to adverse events, given the
lack of routine monitoring, although responsible causes were
sorted out. These factors might have confounded to biasing of
the results leading to deviation from the true prevalence.

This study found that 46 (46.4%) patients experienced at
least one adverse event. 17 (17.4%) patients reported major
adverse events. Despite major adverse events, 81 (82.7%)
patients completed the therapywith the cure rate of 71 (72.4%).
Adverse events can be detected by clinical evidence in
resource-limited settings.
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Background: India is the third largest salt producing country in the World, with a global

annual production of 230million tonnes. Large number of saltworkers get employed in these

saltmilling plants risking their life from the effects of salt. Recent foreign evidences reported

that these salt workers are exposed to aerosol salt particles that disturb their lung and

cardiovascular autonomic control.

Objectives: To compare the status of lung health, cardiovascular autonomic control and

biochemical changes in a group of salt industry workers with that of the age-matched

normal subjects.

Methodology: Volunteers of both sexes (25–35 years) were divided into Group I (n = 10)

controls and Group II (n = 10) non-brine salt workers in salt milling plants. From fasting

blood sample, complete blood count, plasma electrolyte and lipid profile estimation were

done. After resting for 15 min, blood pressure and lead II ECGwere recorded. Spirometry was

done using RMSHelios spirometer. Data collectedwere later analysed using GraphPad Prism

5.0 with statistical significance set at p < 0.05.

Results: Blood pressure recorded showed a slight elevation in the subjects than that in

the controls. Significant rise of plasma sodium (141.9 � 0.4, 138.7 � 1.0, p < 0.008) and chloride

(113.9� 1.3, 107.7� 1.4, p < 0.005). Spirometric tests showed mild obstructive airway disease

in the subjects with FEV1 and FEV1/FVC significantly lower than the controls (81.11 � 3.8, 92.0

� 3.3, p < 0.049), (37.4� 4.0, 112.8� 1.7, p < 0.0001), FEF25–75% (123.3� 5.6, 101.0 � 5.6, p < 0.01).

Heart rate variability parameters also showed statistically significant variation.

Conclusion: Exposure to salt aerosols by the workers in the salt industry has shown a little or

no impact on the respiratory system, however there are changes in the blood and cardio-

vascular system, which need to be further studied to understand the long-term influences of

salt in this population.
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1. Background
Salt milling industries were seen across the coastal India. We
are the third largest salt producing country in the world, with
global annual production of 230 million tonnes.1 Large
number of salt workers do get employed in these salt milling
plants risking their life from the effects of salt. Very less
studies have been done on theseworkers on their lung health
and cardiac autonomic health status. In Tamilnadu, the
districts of Kancheepuram, Cuddalore, Nagapattinam, Rama-
nathapuram, Kanniyakumari and Tuticorin are well known
for their salt pans and salt milling plants. All evidences to
prove the association between dietary salt and hypertension
are available, and also studies that showcases if the intake of
sodium is lowered in these hypertensive's, the possible
extent of lowering blood pressure that could be achieved are
also documented.2 A study on the influence of dietary salts'
role on hypertension in Dahl rats has mapped the sympa-
thetic neural mechanism's role of afferent baroreceptors,
central neural and peripheral adrenergic mechanisms. This
study has proved the role of altered sympathetic on salt
induced hypertension.3 Inhaled respiratory irritants such as
chlorine can cause chronic airway disease was highlighted.4

Harbour workers are exposed to the salt aerosols coming
directly from the sea, in whom the existence of arterial
hypertension is of a serious concern.5 Authors from India in
their study have concluded that inhalation of salt particles by
workers in the non-brine areas of the salt milling plants
results in increased blood pressure. They have suggested
these,
1. S
alt particles may be inhaled and can be absorbed in the
airway surface of epithelium.
2. In
haled salt particles may be carried away from the lungs
into the blood.
3. In
haled salt particles may be even carried by the upward
mucociliary current to the throat, where they can be
swallowed. This in turn could increase the blood pressure
and also increases the risk of hypertension in these salt
workers.6 It was also reported that, other than the regular
ophthalmic, dermatological and joint problems, preva-
lence of hypertension was about 12% among the salt
workers.7 Recently some authors have explained how
aerosols from sea would contribute significantly to the
tropospheric chloride content. This in turn would be
available in the atmosphere as an irritant for the lung to
cause lung diseases.8 With more evidences to say that salt
workers are exposed to aerosol salt particles, and hence
their lung and cardiovascular autonomic control is getting
affected, here in this study we used the following testing
methods to understand our objectives mentioned below:
(a) Spirometry is a standard test to understand, if someone
is suffering from obstructive or restrictive lung disease.
With the ease of non-invasive approach, the subject's lung
health can be assessed. (b) Short-term heart rate variabili-
ty is an advanced derivative of the 5 min lead II ECG
acquired from a subject to record and analyse his
cardiovascular autonomic derangements. Biochemical
parameters such as plasma sodium, potassium and
chloride content can help us in estimating the elevated
levels if any.
2. Objectives
To compare the status of lung function, cardiovascular
autonomic control status and plasma electrolyte changes in
a group of salt workers and age matched normal subjects.

3. Materials and methods
This study was started after getting permission from the
Institutional Ethics Committee. Convenience sampling of
subjects who were working in salt milling plants for a period
of 1 year and between 25 and 35 years of age were included in
the study (Group II, n = 10). Age matched subjects who do not
work in salt milling plant served as controls (Group I, n = 10).
Smokers, alcoholics and persons with chronic illness or
medications for any illness are excluded from the study.
Subjectswere asked to come to theMedical CollegeHospital on
a particular day and time after fasting overnight between 7 and
8 am. 5 ml of blood was taken in the central lab of the hospital
under sterile conditions to estimate the plasma sodium,
potassium and chloride. After that, subjects were allowed to
take breakfast (given free) with no caffeinated drinks. They
were taken to Physiology research lab to record anthropomet-
ric data such as height and weight using a fixed stadiometer
and Krups weighing machine. After 15 min of supine resting,
blood pressure was measured using OMRON HEM 4021
semiautomatic digital sphygmomanometer. Lead II ECG
recording was made after the stabilisation of respiratory rate
to around 12–18 breaths/min (RMS Polyrite). With the stabi-
lised ECG wave a 5 min continuous ECG recording was made
and data were stored in a database (computer) for analysis.
Lung function testing was done using RMS Helios 401
spirometer; three attempts were made on each recording.
Graphs were checked for acceptability and reproducibility.
Printouts of the results were obtained and stored. Following
analysis on the data collected was done: (1) Blood pressure
(systolic/diastolic) was used to calculate MABP and pulse
pressure. (2) Spirometric results to find whether the lung
functions are normal/obstructive/restrictive. (3) Interbeat
intervals picked up from the 5 min lead II ECG recording were
used to derive the various HRV variability measures using
KubiosHRV software v 2.1. (4) Biochemical test results from the
lab gave an estimation of plasma sodium, potassium and
chloride. Statistical significance of the data collected was
analysed using Student ‘‘t’’ test using GraphPad Prism
software with significance set at p < 0.05.

4. Results
Our study aimed at the occupational hazards the workers of
the salt milling plants who are exposed to a high amount of
salt aerosol in the air. Table 1 explains the anthropometric
details of the participants. Table 2 showcases the differences



Table 4 – Comparison of the short-term heart rate
variability parameters between the control subjects
(n = 10) and the salt workers (n = 10).

Parameters Control Study p value

Mean RR (ms) 824.40 � 23.15 691.40 � 19.31 0.0125*

SDNN (ms) 27.53 � 02.80 18.97 � 00.77 0.1339
pNN50a 16.32 � 01.15 00.66 � 00.24 0.0001*

RMSSD (ms) 32.69 � 02.84 19.27 � 01.35 0.0303*

VLF power (ms2) 54.40 � 07.64 22.33 � 01.45 0.0480*

LF power (ms2) 554.60 � 128.0 115.70 � 26.67 0.0962
HF power (ms2) 300.80 � 57.43 39.33 � 01.76 0.0341*

Total power (ms2) 904.20 � 162.9 180.00 � 27.84 0.0379*

LF (nu) 59.59 � 03.52 66.20 � 03.23 0.3530
HF (nu) 36.34 � 03.62 20.40 � 02.41 0.0419*

LF/HF ratio 1.99 � 00.47 03.27 � 00.51 0.1980

a Number of successive RR interval pairs that differ more than
50 ms divided by total number of RR intervals.
* p < 0.05.
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in the blood pressure parameters and the biochemical
parameters estimated. Significant changes were noted in
the systolic blood pressure (SBP) and heart rate of the study
subjects. Also an important feature to note is the rise in the
plasmaelectrolyte in these peoplewhich significantly can land
them in diseases of cardiovascular system including hyper-
tension, CVD, etc.

Lung function tests made on the subjects through
spirometry revealed a significant decrease in the FEV1 and
FEV1/FVC parameters which offer a possibility of these
subjects suffering from the mild obstructive lung disease
(Table 3).

Cardiovascular autonomic control assessment through
heart rate variability measures on both the time domain
and frequency domain measures showed a low value of both
sympathetic and parasympathetic power of control when
compared to the control subjects who are age matched
subjects. There are statistically significant changes seen in
the existing cardiovascular autonomic control parameters
between the two groups (Table 4).
Table 1 – Anthropometric details of the subjects.

Control (n = 10) Study (n = 10) p value

Age (years) 28.40 � 1.09 29.80 � 1.15 0.3907
Height (cm) 166.5 � 1.44 161.7 � 1.45 0.0325*

Weight (kg) 70.11 � 3.75 64.40 � 1.32 0.1685
BMI 25.36 � 1.44 24.67 � 0.61 0.6624

* p < 0.05.

Table 2 – Comparison of blood pressure and plasma
electrolyte levels in the salt workers (n = 10) and in the
control subjects (n = 10).

Control Study p value

SBP (mmHg) 123.4 � 2.45 130.2 � 2.13 0.0499*

DBP (mmHg) 75.90 � 2.26 82.50 � 2.51 0.0672
PP (mmHg) 47.45 � 2.13 47.70 � 2.26 0.9368
MABP (mmHg) 91.56 � 2.10 98.24 � 2.15 0.0395*

Heart rate (beats/min) 66.30 � 6.65 88.60 � 1.07 0.0039*

Na+ 138.7 � 1.001 141.9 � 0.40 0.0083*

K+ 4.050 � 0.083 3.63 � 0.035 0.0002*

Cl� 107.7 � 1.48 113.9 � 1.303 0.0057*

* p < 0.05.

Table 3 – Comparison of spirometric changes seen in the
study subjects (n = 10) and in the controls (n = 10).

Control Study p value

FEV1 (% predicted) 92.0 � 3.38 81.11 � 3.83 0.0490*

FVC (% predicted) 81.56 � 3.42 83.56 � 6.94 0.7990
FEV1/FVC 112.8 � 1.77 37.44 � 4.05 0.0001*

FEF25–75% (L/s) 101.0 � 5.6 123.3 � 5.64 0.0126*

PEFR (L/s) 82.11 � 4.26 81.89 � 4.27 0.9711

* p < 0.05.
5. Discussion
We compared the various parameters such as respiratory,
cardiovascular andbiochemical of saltworkerswith that of the
age matched control subjects. Salt in the form of aerosols in
the salt milling plants and salt farms is a source of causative
agent for salt induced hypertension and other problems. This
has reflected in a significant increase in the blood pressure and
heart rate of these salt workers. The increased mean plasma
levels of sodium and chloride denote the possibility of the salt
aerosol entry into the circulation of the workers who are
exposed to the salt aerosols in theworkplace inwhich the only
mode of entry could be the air they breath.6

The significant decrease in FEV1 (% predicted) values in
the study subjects denotes an overall mild decrease in the
forced expiratory volume of the lung, however it is difficult to
conclude if the subjects are suffering from any obstructive
pulmonary disease as the values are >80% of the predicted.
FVC (% predicted) is found to be >80% predicted in both the
groups, and hence restrictive disease is not to be suspected.
An FEV1/FVC of<70% is diagnostic of air flow obstruction and
confirms obstructive disease. Also FEV1 does not have to be
<80% predicted for a diagnosis of airflow obstruction. Here,
in our study the results showed a decrease as <70% of the
FEV1/FVC ratio (37.44 � 4.05), for which a diagnosis of COPD
can be made only with the presence of respiratory symptoms
such as breathlessness or cough which could be classified as
mild COPD.9 Our subjects did not complain any breathless-
ness or cough and hence cannot be concluded as mild COPD.
Influence of salt aerosols on respiratory system is less
although the lungs serve the route of entry of the salt from
air.

The loweredmean RR interval denotes an increased overall
heart rate in these subjects. Sympathovagal balance is denoted
by the mean RR interval. Results suggest that the sympathetic
activity of the heart to be high in these subjects. A fall in the
SDNN (standard deviation of time interval between consecu-
tive R peaks resulting from sinus node depolarisation) and the
total power of the subjects in comparison to that of the
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controls suggest that there is a total decrease in the HRV.
Reason could be the excessive salt overload in the blood. A very
low fall in the HF power (high frequency) that points to a
decrease in the parasympathetic activity with a high sympa-
thetic activity in place supported by the increase in blood
pressure could lead to morbidity due to cardiovascular
problems that could arise early in the lives of these workers
associated with other factors such as ageing, atherosclerosis,
diabetes, obesity, smoking and alcoholism. Total power of the
spectral analysis showed a remarkably low value in compari-
son to the controls which is of concern as the fall in the
regulatory effect on the heart is loosened which could lead to
disaster if left uncontrolled. RMSSD (root-mean square of the
difference between two adjacent R-R intervals) is a better
parameter to express the changes in resting HRV and also is
highly reproducible.10 Low values of RMSSD than the controls
is of real concern which shows the loss of parasympathetic
control over the heart. LF/HF ratio is a surrogate for
understanding sympathovagal tone. Our results showed a
greater value of LF/HF ratio in the salt workers than in the
controls suggesting a higher sympathetic activity than the
parasympathetic or vagal activity.

Our study shows a clear reduction in both the time and
frequency domain measures of the total heart rate variability
in these salt workers. Lesser the variability greater is the
chance for cardiovascular morbidity and mortality.11

6. Conclusion
In this study, we found that salt workers working in salt
milling plants are more prone for an increase in plasma
electrolytes resulting with increased blood pressure and
lowered cardiovascular autonomic control. The effect of salt
on the various systems on their body of theseworkers needs to
be studiedmore to understand the extent of potential damage
the salt aerosols can do in these subjects. The results suggest
these salt aerosols could be considered as a silent killer that
should be taken into account in the employment of workers in
these industries. Masks of high quality to prevent inhaling
directly the salt loaded air and regular health checkups with
intervals in the employment could help these subjects to earn
a livelihood by working in these industries without harming
themselves.

7. Limitations of the study
1. S
ample size was too small to conclude effectively.

2. L
arge-scale studies of COHORT type could reveal the health

problems with a clear picture.

3. S
tudies if conducted across the country could definitely

bring a good picture of the problem theseworkers are facing
with.
4. R
adiological examination and the assessment of particle
size of the suspended salt aerosols were not done.
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There has been an increasing awareness of the rapidly growingmycobacteria (RGM), ofwhich

numerous species and phylogenetic groups are clearly established human pathogens. It is

important to appropriately distinguish RGM from other mycobacteria, as first-line antitu-

berculous drugs are ineffective for their treatment. Variability in susceptibility of RGM is seen

in relation to species, different geographical areas, and time. Therefore, we conducted a

study to speciate the isolates of RGM and perform antimicrobial susceptibility testing.

The study was carried out in the department of microbiology of a tertiary care hospital.

This study included 40 isolates of RGM obtained from clinical specimens from suspected

cases of extrapulmonary tuberculosis. Forty isolates of RGM were speciated by phenotypic

methods and drug susceptibility testing was done by broth microdilution method.

Of the 40 isolates of RGM, 55% belonged to Mycobacterium fortuitum group, 35% were M.

smegmatis group, and 10% wereM. chelonae–abscessus group. InM. fortuitum group, sensitivity

was seen to amikacin (13.63%), cefoxitin (18.18%), imipenem (31.81%), ceftriaxone (22.72%),

and cotrimoxazole (31.81%). Only 14.28% and 7.14% of M. smegmatis were sensitive to

cotrimoxazole and amikacin, respectively. M. chelonae–abscessus group was resistant to all

the antibiotics tested and showed only intermediate sensitivity to amoxicillin–clavulanic

acid (50%) and gatifloxacin (25%).

A variability in sensitivity to different antimicrobials exists in all groups. Hence, it is

advisable to perform antimicrobial susceptibility test before commencement of therapy.

is Association of India. Published by Elsevier B.V. All rights reserved.
# 2016 Tuberculos
1. Introduction
Rapidly growing mycobacteria (RGM) cause a variety of
infections. The species of RGM producing disease in humans
consist primarily of the Mycobacterium fortuitum group, the M.
chelonae/abscessus group, and theM. smegmatis group. A recent
study in India showed that 36% of all nontuberculous
mycobacterial infections were RGM.1 RGM should be distin-
guished from others, as conventional antituberculous drugs
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are ineffective for RGM infections. Therefore, we conducted a
study to speciate the isolates of RGM and perform antimicro-
bial susceptibility testing.

2. Methods
The studywas conducted in the department ofmicrobiology of
a tertiary care hospital after approval from the institutional
ethics committee. This study included 40 rapidly growing
evier B.V. All rights reserved.
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mycobacterial isolates obtained from clinical specimens from
suspected cases of extrapulmonary tuberculosis (EPTB) over a
period of 1 year from April 2010 to March 2011. Aseptic
collection of body fluids, pus, and lymph nodes was done by
needle aspiration and that of tissue specimens by surgical
procedures. The urine specimens included in the study were
early morning midstream samples collected by the patients in
sterile containers on three consecutive days after periurethral
cleaning and submitted to the laboratory. The specimenswere
decontaminated using NALC NaOH (N-acetyl-L-cysteine-sodi-
um hydroxide) method and were inoculated on Lowenstein–
Jensen media. Any growth appearing within 1 week was
confirmed to be acid-fast bacilli by Ziehl–Neelsen stain and
was further characterized by 3-day arylsulfatase test, growth
onMac Conkey's agarwithout crystal violet, 5%NaCl tolerance
test, and nitrate reduction test.2 For the urine specimens, at
least two specimens from one patient yielding the same
isolatewere included in the study. Antimicrobial susceptibility
test was performed by broth microdilution method, which is
recommended by CLSI using Sensititre CA MHBT (Trivitron
Diagnostics Pvt. Ltd.). Microtitre plates, whichwere dosedwith
following antibiotics: linezolid, clarithromycin, amikacin,
cefoxitin, ceftriaxone, imipenem, minocycline, tobramycin,
ciprofloxacin, gatifloxacin, amoxicillin/clavulanic acid and
trimethoprim/sulfamethoxazole, andminimum inhibitory con-
centrations (MICs) were interpreted as per CLSI guidelines.3

3. Results
Forty isolates of RGM from clinically suspected cases of EPTB
included in the study were obtained from pus (50%), fine-
needle aspirates (FNAC) (22.5%), fluids (12.5%), tissue (7.5%),
and urine (7.5%). Of these, 22 isolates (55%) belonged to M.
fortuitum group, which was the predominant group, followed
by 14 isolates (35%) of M. smegmatis group. The antimicrobial
susceptibility results of all three groups of RGM are depicted in
Table 1.
Table 1 – Antimicrobial susceptibility of rapidly growing myco

Antimicrobial
agents

No. of isolates of M. fortuitum group
(n = 22)

No

S I R

Amikacin 3 (13.63%) – 19 (86.36%) 1
Cefoxitin 4 (18.18%) 1 (4.54%) 17 (77.27%) –

Ceftriaxone 5 (22.72%) – 17 (77.27%) –

Ciprofloxacin – – 22 (100%) –

Clarithromycin – – 22 (100%) –

Minocycline – – 22 (100%) –

Imipenem 7 (31.81%) – 15 (68.18%) –

Linezolid – – 22 (100%) –

Tobramycin – – 22 (100%) –

Gatifloxacin – 4 (18.18%) 18 (81.81%) –

Amoxicillin–clavulanic
acid

1 (4.54%) 6 (27.27%) 15 (68.18%) –

Trimethoprim–

sulfamethoxazole
7 (31.81%) – 15 (68.18%) 2

S, susceptible; I, intermediate susceptible; R, resistant.
4. Discussion
Amongst the 40 isolates studied, M. fortuitum group was the
commonest comprising 55% of the RGM isolates, 35% belonged
to M. smegmatis group, and 10% were M. chelonae–abscessus
group. In a study by Shenai S, 43.75% of the RGM isolated were
M. fortuitum and 56.25% were M. abscessus.1 In a study from
Taiwan, 34.5% were M. fortuitum, 46% were M. abscessus, and
19.5% were M. chelonae.4 However, these studies also included
pulmonary specimens unlike our study. Moreover, in the
present study, M. smegmatis group included other arylsulfa-
tase-negative species like M. vaccae, M. thermoresistible, and M.
flavescens. The isolates were not subjected to sequence
analysis, which has been the limitation of our study; hence,
many of the arylsulfatase-negative species from the newly
described fifth group got included in the M. smegmatis group.

In the present study, as seen in Table 1, 13.63% isolates ofM.
fortuitum group and 7.14% isolates of M. smegmatis group were
susceptible to amikacin. Intermediate sensitivity was seen to
amikacin in 7.14% isolates ofM. smegmatis group. All isolates of
M. chelonae–abscessus group were resistant to amikacin. A
study from New South Wales showed high rates of resistance
to amikacin (68%) in M. chelonae–abscessus group.5 However,
sensitivity to amikacin was 100% for M. fortuitum group in
studies from Taiwan and Korea and it ranged from 94 to 100%
for M. chelonae–abscessus group.4,6 In our study, resistance to
amikacin was high, may be because our patients had been
hospitalized for long periods and had received prior amino-
glycoside therapy. Resistance to amikacin may be due to
indiscriminate aminoglycoside therapy used as a single drug.
Resistance of M. fortuitum group following previous aminogly-
coside therapy has been described.7

Macrolides and clarithromycin are important agents for
treatment of pulmonary and cutaneous infections caused by
M. chelonae, M. abscessus, and majority of M. fortuitum. In our
study, all the isolates of RGMwere resistant to clarithromycin.
A study fromNewSouthWales also showed70%ofM. fortuitum
bacteria by broth microdilution.

. of isolates of M. smegmatis group
(n = 14)

No. of isolates of M.
chelonae–abscessus

group (n = 4)

S I R S I R

(7.14%) 1 (7.14%) 12 (85.71%) – – 4 (100%)
1 (7.14%) 13 (92.85%) – – 4 (100%)
1 (7.14%) 13 (92.85%) – – 4 (100%)
– 14 (100%) – – 4 (100%)
– 14 (100%) – – 4 (100%)
– 14 (100%) – – 4 (100%)
– 14 (100%) – – 4 (100%)
– 14 (100%) – – 4 (100%)
– 14 (100%) – – 4 (100%)
– 14 (100%) – 1 (25%) 3 (75%)
2 (14.28%) 12 (85.71%) – 2 (50%) 2 (50%)

(14.28%) – 12 (85.71%) – – 4 (100%)
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to be resistant to clarithromycin.5 Authors from Taiwan
showed 20% of M. fortuitum group, 49% of M. chelonae, and
11% of M. abscessus isolates to be resistant to clarithromycin.4

Intrinsicmacrolide resistance inM. smegmatis is conferred by a
novel erm gene, erm(38), which is inducible and shows cross-
resistance to lincosamides but not to streptogramin B.8 A
similar phenotype is found with macrolide-resistant M.
fortuitum. In M. chelonae, resistance develops following mono-
therapy and is conferred by mutation in the 23S rRNA gene.9

Also, M. fortuitum group was not speciated further and
many of the isolates may have been the third biovariant
sorbitol-positive group, which is known to be clarithromycin
resistant. Also, 35% of the RGM isolates in our study belonged
to the M. smegmatis group, which is usually resistant to
macrolides.

Among the quinolones, all our isolates of RGM were
resistant to ciprofloxacin. Eighteen (81.81%)M. fortuitum group
isolates, three isolates (75%) belonging toM. chelonae–abscessus,
and all 14 isolates of M. smegmatis group were resistant to
gatifloxacin. Our results conformed with those from Taiwan,
where gatifloxacin resistance was seen in 20% of M. fortuitum
group, 56% ofM. chelonae, and 76% ofM. abscessus isolates. The
same study showed 33% ofM. fortuitum, 97% ofM. chelonae, and
95% of M. abscessus isolated to be resistant to ciprofloxacin.4

Resistance data are known to vary geographically. Acquired
mutational resistance to the newer quinolones limits the use
of this class of drugs as monotherapy.10

In our study, four isolates (18.18%) of M. fortuitum group
were found to be sensitive to cefoxitin and one each of
M. fortuitum group (4.54%) and M. smegmatis group (7.14%)
showed intermediate sensitivity. Our findings correlated with
that obtained from Taiwan, where sensitivity ofM. fortuitum to
cefoxitin was 19%.4 In the present study, ceftriaxone inhibited
five isolates of M. fortuitum group (22.72%) and was intermedi-
ately active against one isolate of M. smegmatis (7.14%). All
isolates of M. chelonae–abscessus group in our study were
resistant to cefoxitin and ceftriaxone. M. chelonae is known to
be uniformly resistant to cefoxitin. High degrees of resistance
to cefoxitin were also seen in M. chelonae and M. abscessus in a
study from Taiwan, where sensitivity was found to be 5% and
3%, respectively.4

Imipenem was active against seven (31.81%) of M. fortuitum
group isolates in the present study. The sensitivity to
imipenem among M. fortuitum was 61% in Taiwan and 98%
in Korea.4,6 Thus, resistance ofM. fortuitum group to imipenem
was more in our study. None of the isolates in M. chelonae–
abscessus group in our study were sensitive to imipenem. High
degrees of resistance to imipenem have been seen in Korea,
where only 8% of M. abscessus were sensitive.6 MICs for
imipenem are problematic with isolates of M. abscessus and
M. chelonae due to their lack of reproducibility. Imipenem may
still be useful clinically in treatment regimens for these
organisms.11

In our study, in the M. fortuitum group, only one isolate
(4.54%) was sensitive while six (27.27%) showed intermediate
sensitivity to amoxicillin–clavulanic acid. Two isolates each of
M. smegmatis group (14.28%) and M. chelonae–abscessus group
(50%) also showed intermediate sensitivity.

None of the RGM isolates in the present study were
sensitive to minocycline. Minocycline resistance in our study
correlated with doxycycline resistance for M. chelonae–absces-
sus group in the Taiwan study.4

All RGM isolates in our study were resistant to linezolid by
broth microdilution. In the Taiwan study, 25% of M. fortuitum,
5% of M. chelonae, and 42% of M. abscessus were resistant to
linezolid.4

In our study, seven isolates of M. fortuitum group (31.81%)
and two (14.28%) of M. smegmatis group were sensitive to
trimethoprim–sulfamethoxazole by brothmicrodilution. None
of the M. chelonae isolates, only 1% of M. abscessus, and 49% of
M. fortuitum were sensitive to cotrimoxazole in Taiwan, which
is similar to our study.4

High degree of resistance seen in RGM in our study is
alarming. Broth microdilution should include drugs like
moxifloxacin, meropenem, ertapenem, and aminoglycosides,
e.g. kanamycin. However, breakpoints and interpretive values
for these drugs have to be established.

In conclusion, variable sensitivity to different antimicro-
bials exists in all groups; hence, performing antimicrobial
susceptibility test is important before initiating therapy.

Accurate species identification could guide empiric antibi-
otic therapy. Communication between the clinician and
laboratorian is essential for determining the importance and
extent of the identification for a rapidly growingmycobacterial
isolate.
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We did cross-sectional study to estimate the prevalence of tobacco, alcohol use, hyperten-

sion and diabetes among tuberculosis (TB) patients in comparison to the non-TB patients in

East Garo Hills District, Meghalaya, India. We surveyed 110 TB patients attending outpatient

TB clinic and 110 age/sexmatched non-TB subjects from the general outpatient department

as comparison group. Prevalence of ever smoking was 74.5% and 55.4%; alcohol consump-

tion 31.0% and 22.3%; hypertension 24.5% and 17.3%; diabetes 7.5%, 4.5% among TB patients

and non-TB subjects, respectively. NCD and TB programmes need integration in the primary

care for screening, counselling and treatment of NCD comorbidities.

# 2015 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
Tobacco
1. Introduction
Tuberculosis (TB) is a major health problem in Meghalaya
state, the prevalence being 593/100,000 population.1 Tobacco
smoking and alcohol consumption were the risk factors
associated with pulmonary TB in various studies from
India.2,3 India has rising burden of non-communicable
diseases (NCDs), with hypertension and diabetes being two
highly prevalent NCDs.4,5 There are no data on the prevalence
of risk behaviours and NCD comorbidities among TB patients
in the tribal populations of the northeastern region of India.
Therefore, we conducted a cross-sectional study to estimate
* Corresponding author at: National Institute of Epidemiology (Indian
Housing Board, Chennai 600 077, India. Tel.: +91 4426136233; fax: +91

E-mail address: kprabhdeep@gmail.com (P. Kaur).
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the prevalence of behavioural risk factors tobacco andalcohol
consumption and comorbidities hypertension and diabetes
among tribal TB patients in comparison to non-TB patients in
East Garo Hills district, Meghalaya, India.
2. Methods

The study population consisted of line list of TB patients
registered under RNTCP programme between July 2013 and
April 2014, aged 18 years and above, on treatment in public
sector health facilities in the East Garo Hills district,
Meghalaya, India. We selected age- (�5 year age groups) and
Council of Medical Research), # R-127, 3rd Avenue, Tamil Nadu
4426136233.
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Table 1 – Distribution of socio-demographic characteris-
tics of the tuberculosis patients and non-TB study
population in East Garo Hills District, Meghalaya, 2014
(N = 220).

Variables TB
(N = 110)

Non-TB
(N = 110)

p-value

n % n %

Age (in years)
18–24 36 32.7 30 27.3 0.663
25–34 22 20.0 28 25.5
35–44 19 17.3 20 18.2
45–54 21 19.1 16 14.5
≥55 12 10.9 16 14.5

Sex
Male 70 63.6 70 63.6 0.889
Female 40 36.4 40 36.4

Marital status
Married 55 50.0 80 72.7 <0.01
Others 55 50.0 30 27.3

Occupation
Agriculturist 30 27.3 37 33.6 0.289
Manual labour 12 10.9 19 17.3
Services 14 12.7 15 13.6
Homemaker 25 22.7 20 18.2
Others 29 26.4 19 17.3

Type of house
Kutcha 78 65.0 68 61.8 0.157
Semi-pucca 34 28.3 24 21.8
Pucca 8 6.7 18 16.4

Education
Illiterate 16 14.5 22 20.0 0.092
1–5 years of schooling 21 19.1 27 24.5
6–8 years of schooling 18 16.4 17 15.5
9 years of schooling
and above

55 50.0 44 40.0
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sex-matched subjects visiting the outpatient department of
the same health facility for minor ailments as the comparison
group. The sample size was 68 for each group, with a total
sample size of 136 for the two groups assuming 80%prevalence
of tobacco smoking among the TB patients and 55%prevalence
in the general population.2 Other assumptions were 95%
confidence level, 80% power and 10% non-response. The study
was approved by the Institutional Ethics Committee.

2.1. Data collection

Demographic andbehavioural risk factorswere collected using
semi-structured questionnaire in the local language. We
collected data regarding socio-economic status, use of tobac-
co/alcohol and use of biomass fuel. Blood pressure was
measured twice using sphygmomanometer and average of
the two readings was taken. Random capillary glucose (RCG)
and fasting capillary glucose (FCG) after 10 h fasting were
taken using Accuchek Glucometer.

2.2. Operational definitions

TB case: A patient in whom tuberculosis has been confirmed by
bacteriology or diagnosed by a clinician as per RNTCP criteria.6

Current smoker: A person who smoked at the time of the
survey either daily or occasionally.

Current alcohol consumer: Those who have consumed one or
more than one drink of alcohol in the year preceding the
survey.

Hypertension: A respondent with systolic blood pressure
≥140 mmHg and/or diastolic blood pressure of ≥90 mmHg or
history of previously known disease as per WHO criteria.7

Diabetes: Diagnosed by FCG of ≥126 mg/dl or RCG of
≥200 mg/dl with symptoms or history of previously known
disease.8

2.3. Statistical analysis

We compared the prevalence of various risk factors/comor-
bidities in the TB and non-TB subjects by x2 test. All analyses
were two-tailed and p-value <0.05 was considered statisti-
cally significant. Epi-info version 3.5.3 was used for the
analysis.

3. Results
We surveyed 110 TB patients and the response rate was 92.0%
among the line-listed patients. We surveyed 110 subjects
in the comparison group. One-third of the subjects were
18–24 years of age and 63% were males in both the groups
(Table 1). There was no statistically significant difference in
majority of the socio-demographic characteristics in both
the groups.

Prevalence of current smoking was higher in non-TB as
compared to TB patients and vice versa for the past smokers
(p < 0.01). Current alcohol use was higher in TB patients (35.5%
vs. 29.1%). Prevalence of hypertension among TB subjects was
higher as compared to non-TB subjects (24.5% vs. 17.3%).
Prevalence of newly detected diabetes among TB population
was 7.3% as compared to 4.5% in the comparison group and the
difference was not statistically significant (Table 2). Median
fruit and vegetable intake was three servings a day in both the
groups.

4. Discussion
Our study results indicated high prevalence of tobacco and
alcohol consumption not only among the TB patients but also
among the non-TB subjects in Garo tribal population of East
Garo Hills. This might be due to the culturally acceptable
practice of alcohol consumption and traditional practice of
using leaf rolled tobacco for smoking. We need locally and
culturally relevant intervention strategies for tribal popula-
tions to modify these behaviours. These risk factors not only
increase the NCD burden but also increase the incidence of TB
as observed in another study in the Saharia tribal group in
Madhya Pradesh where smoking (OR 1.8) and alcohol (OR 1.7)
were the risk factors for TB.3 A pilot study on integrating 'brief
advice' in TB control programme to promote tobacco cessation
in Vadodara, Gujarat showed that 67% quit rate of tobacco at
the end of treatment.9 This can be one of the interventions that
can be scaled up in TB control programme to improve the
treatment outcome and decreasemortality fromTB in settings
where smoking rates are high.



Table 2 – Prevalence of behavioural risk factors, hyper-
tension and diabetes among tuberculosis patients and
non-TB study population in East Garo Hills District,
Meghalaya, 2014 (N = 220).

Variables TB Non-TB p-value

n = 110 % n = 110 %

Tobacco use
Current smoker 37 33.6 42 38.2 <0.01
Past-smoker 45 40.9 19 17.3
Non-smoker 28 25.5 49 44.5

Smokeless tobacco use
Current use 68 61.8 74 67.3 0.443
Past use 11 10.0 8 7.3
Never use 31 28.2 28 25.5

Alcohol consumption
Present consumer 39 35.5 32 29.1 0.046
Past consumer 29 26.4 17 15.5
Never used 42 38.2 61 55.5

Tobacco and alcohol
Ever consumed both 64 58.2 36 32.7 <0.01

Wood use as cooking fuel
Current use 99 90.0 97 88.2 0.866
Past use 7 6.4 12 10.9
Never use 4 3.6 1 0.9

Hypertension
Hypertension
self-reported

9 8.2 6 5.5 0.593

Hypertension newly
detected

18 16.4 15 13.6 0.706

Overall hypertension 27 24.5 21 17.3 0.414
Diabetes
Diabetes mellitus
newly detected

8 7.3 5 4.5 0.567
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Prevalence of self-reported hypertension was considerably
low in our study. Therefore, high burden of undetected
hypertension needs to be addressed with the appropriate
screening and other intervention strategies. Prevalence of
diabetes in our study was lower as compared to a large multi-
centric study by India Tuberculosis-Diabetes Study group
among TB patients that reported 13% prevalence of the
disease.10 However, the study had many urban sites and did
not include any site from the north eastern part of India. The
study established the feasibility of diabetes screening among
TB patients in the programme setting. Recent policy decision
to include diabetes screening in the TB programme will be an
important initiative to improve comorbidity detection and
management among TB patients. One of the limitations of our
study was that plasma glucose could not be estimated due to
lack of auto analyser facility.

TB patients as well as non-TB patients in the tribal East
Garo Hills district had high burden of multiple risk factors
and comorbidities. The programmes that address the NCD
and TB need to be integrated at the primary care level for
screening, counselling and treatment. Capacity building of
the human resources for counselling and management,
development of infrastructure and availability of drugs for
NCDs at primary care level will be needed to improve the
patient outcomes.
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Although breast tissue is the most resistant to tuberculosis, its incidence is increasing

worldwide. High incidence of breast tuberculosis is presumed in India. The rapidly growing

nontubercularmycobacteria, such asMycobacterium fortuitum andMycobacterium chelonae, are

of increasing clinical importance because infections due to these organisms are often

hospital acquired. The true incidence of M. fortuitum is unknown but it has been estimated

to be between 4 and 6 cases per one million people. It causes skin or soft tissue infections

following trauma or surgery. Breast infection withM. fortuitum is very uncommon. Themost

common clinical presentation of breast tuberculosis is a painless lump. Multiple lumps are

rarely reported. The culture and molecular studies are the keystone for differentiation of

variousmycobacterium species. We report one such case of a 25-year-old female presenting

with multiple painless lumps due to M. fortuitum infection in the left breast.

# 2015 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
1. Introduction
Tuberculosis (Tb) remains one of the leading cause of death
from infectious diseases worldwide. One-third of all new cases
are in India and China.1 Breast is one of the least common
locations for tuberculosis infection with reported incidence of
0.3–5% in endemic regions.2,3 Breast lesions caused by
nontubercular mycobacteria (NTM) have been recently
reported. The rapidly growing NTM, Mycobacterium fortuitum
andMycobacteriumchelonae, areof increasingclinical importance
* Corresponding author at: 75/1+2/1 Krishna Apartments, New Sangvi
fax: +91 020 27420605.

E-mail address: shirishchandanwale@gmail.com (S.S. Chandanwa
http://dx.doi.org/10.1016/j.ijtb.2015.07.016
0019-5707/# 2015 Tuberculosis Association of India. Published by Els
because, infections due to these organisms are often hospital
acquired and there is emerging importance in both sporadic
infections and outbreak settings. Breast infection with NTM
fortuitum is very uncommon. Few reports are published in the
past. Majority reports are following breast implant and
reconstructive surgery. Most common clinical presentation of
breast tuberculosis is a painless lump with or without
discharging sinuses.4–6 Multiple lumps are rarely reported.2,3

We report one such case of multiple lumps in the left breast
due to NTM fortuitum in a 25-year-old female with a history of
minor surgery.
, Pune 411027, Maharashtra, India. Tel.: +91 9890144517;

le).
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2. Case report
A 25-year-old female presented with complaint of multiple
painless lumps in the left breast, gradually increasing in size
since 3 months. There was no history of fever. She had two
children; the youngest was 9-month-old to whom she breast-
feed until 7 months. She gave history of someminor operative
procedure in the same breast 2 months back in a private
hospital. Pathology reports suggested that it was a galactocele.

On physical examination, four, firm, painless lumps [2.3 cm
� 1.1 cm, 2.0 cm� 1.4 cm, 1.5 cm � 1.4 cm and 1.5 cm � 0.6 cm
each] were palpable in the left breast, lower inner quadrant.
Overlying skin was normal. A scar measuring 1.5 cm � 0.6 cm
wasvisible in the samebreast (Fig. 1a). A lymphnodemeasuring
1.4 cm� 1.0 cmwas palpable in the left axilla. Right breast was
normal. Ultrasonography of the left breast revealed multiple
hypoechoic lesions with vascularity (Fig. 1b). A diagnosis of
adenosiswithdegenerativechangeswassuggested. Patientwas
seronegative for human immunodeficiency virus (HIV).

Fine needle aspiration (FNA) was done from all the
swellings and aspirated yellowish white pus like material.
Smears were stained with Leishmann and Ziehl–Nielsen (ZN)
stains.

Microscopy showed a background of necrotic debris and
viable neutrophils. Many scattered epithelioid cells were seen
(Fig. 2a). Few histiocytic giant cells and clusters of cohesive
ductal epithelial cells were seen (Fig. 2b). Ziehl–Nielsen (ZN)
stain showed many acid fast bacilli (AFB) (Fig. 2c). A diagnosis
of breast tuberculosis was made. Aspiration from the left
axillary lymph node revealed reactive lymphadenopathy.
Subsequent radiological examination revealed no significant
findings in the lungs or pleura. Tuberculin test was strongly
positive. Patient was started on standard antitubercular
treatment for six months (Category I) as per Revised National
[(Fig._1)TD$FIG]

Fig. 1 – (a) Multiple lumps and scar of previous surgery.
Tuberculosis Control Programme (RNTCP). After 1 month,
there was little improvement clinically. Aspiration was done
again and pus was sent for AFB culture. Lowenstein–Jensen
culture report was NTM (Rapid growers) growth. The INNO-
LiPA Mycobacteria (LiPA) assay identified the species as
M. fortuitum.

3. Discussion
Tb is one of the leading causes of morbidity and mortality in
developing and developed countries. Although breast tissue is
most resistant to Tb, incidence is increasing worldwide due to
increase in number of geriatric population, emergence of drug
resistant strains and HIV infection.2,3 High incidence of breast
TB is presumed in India. It is often misdiagnosed as pyogenic
abscess or carcinoma in breast.7 Breast infection due to NTM is
very uncommon. Breast infection with M. fortuitum is very
uncommon. Mammography or ultrasonography is unreliable
in distinguishing it from pyogenic abscess and carcinoma, if
well-defined features are absent.8

Primary infection of the breast can occur, though most
frequently it is secondary to a tuberculous focus in the lungs,
pleura or lymph nodes, which may not be detected on
radiological examination or clinically.9 Mycobacterium fortuitum
has been isolated fromwater, soil and dust and usually causes
skin or soft tissue infections following traumaor surgery. It has
been found to be resistant to several types of disinfectants.

Breast TB usually affects young, multiparous and lactating
women. It can occur inmales. Clinicalmanifestations of breast
TB are highly variable. Constitutional symptoms like fever,
weight loss, anorexia and night sweats are often absent.
Similar observations were made in our case.2 Upper and outer
quadrant of the breast is more commonly involved owing to
the proximity to axillary lymph nodes. Multiple lumps in
(b) Multiple hypoechoic lesions on ultrasonography.
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Fig. 2 – (a) FNA smears showed necrotic debris, viable polymorphs and scattered epithelioid cells (Leishmann T400). (b)
Histiocytic giant cells (Leishmann stain T400). (c) Acid fast bacilli (Ziehl–Nielsen T1000).
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breast are less common and rarely reported.2,3 In our case,
four, firm, painless lumpswere palpable in the lower and inner
quadrant.

Fine needle aspiration continues to remain an important
diagnostic tool for breast tuberculosis. Epithelioid granulomas
with caseous necrosis are a reliable finding on FNA for
definitive diagnosis of breast tuberculosis. In the absence of
caseous necrosis, demonstration of AFB on FNA smears or in
culture examination or PCR can establish definitive diagnosis.
Occasionally, FNA smears are dominated by necrotic debris
and neutrophils. In such cases, careful search of epithelioid
cells and demonstration of AFB in cytology smears or by
culture examination can establish definitive diagnosis of
breast tuberculosis,9 as seen in our case.

Cases in which patients are not responsive to standard
antitubercular regimen, the culture and molecular studies are
the keystone for differentiation of mycobacterium species. In
general LiPA is a reliable genetic test for differentiation of
various mycobacterium species.10

Patient was started on a daily regimen of rifampicin
(450 mg), isoniazid (300 mg), ethambutol (800 mg), pyrazina-
mide (1250 mg) once a day and clarithromycin (500 mg) twice a
day. Patient was on close follow-up, and after 1month, patient
showed improvement clinically.

4. Conclusion
Although breast tissue is most resistant to tuberculosis
infection, incidence of breast TB is increasing worldwide
and presumed to be higher in an endemic country like India.
The rapidly growing NTM, M. fortuitum and M. chelonae, are of
increasing clinical importance.Whenanymultiparouswoman
is presentingwith painlessmultiple breast lumps, tuberculosis
should be kept in mind. If the breast FNA smears are
dominated by suppurative inflammatory infiltrate, scattered
epithelioid cells on the background and AFB, a definitive
diagnosis of tuberculosis is established. The culture and
molecular studies are the keystone for differentiation of
various mycobacterium species. In general, LiPA is a reliable
genetic test for differentiation of various mycobacterium
species.

Conflicts of interest
The authors have none to declare.

r e f e r e n c e s

1. Tuberculosis. Bull WHO. 1998;76(suppl 2):141–143.
2. Kao PT, Tu MY, Tang SH, Ma HK. Tuberculosis of the breast

with erythema nodosum: a case report. J Med Case Reports.
2010;4:124.

3. Murat K, Mehmet T, Sule B, et al. Tuberculosis of breast. Eur J
Gen Med. 2010;7:216–219.

4. Rimmer J, Hamilton S, Gault D. Recurrent mycobacterial
breast abscesses complicating reconstruction. Br J Plast Surg.
2004;57:676–678.

5. Haiavy J, Topin H. Mycobacterium fortuitum infection in
prosthetic breast implants. Plast Reconstr Surg.
2002;109:2124–2128.

http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0055
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0060
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0060
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0060
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0065
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0065
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0070
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0070
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0070
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0075
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0075
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0075


i n d i a n j o u rn a l o f t u b e r c u l o s i s 6 3 ( 2 0 1 6 ) 1 2 6 – 1 2 9 129
6. Boettcher AK, Bengtson BP, Farber ST, Ford RD. Breast
infections with atypical mycobacteria following reduction
mammaplasty. Aesthet Surg J. 2010;30:542–548.

7. Kakkar S, Kapila K, Singh MK, Verma K. Tuberculosis of the
breast. A cytomorphologic study. Acta Cytol. 2000;44:292–296.

8. Madhusudhan KS, Gamanagatti S. Singapore Med J. 2008;49
(1):e3–e5.
9. Tewari M, Shukla HS. Breast tuberculosis: diagnosis,
clinical features and management. Indian J Med Res.
2005;122:103–110.

10. Suffys PN, da Silva Rocha A, de Oliveira M, et al. Rapid
identification of Mycobacteria to the species level using
INNO-LiPA Mycobacteria, a reverse hybridization assay. J
Clin Microbiol. 2001;39:4477–4482.

http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0080
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0080
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0080
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0085
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0085
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0090
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0090
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0095
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0095
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0095
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0100
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0100
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0100
http://refhub.elsevier.com/S0019-5707(15)00127-4/sbref0100


i n d i a n j o u rn a l o f t u b e r c u l o s i s 6 3 ( 2 0 1 6 ) 1 3 0 – 1 3 2

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: http://www.journals.elsevier.com/
indian-journal-of-tuberculosis/
Case Report

An outbreak of multidrug-resistant tuberculosis
among a family
Sinem Iliaz a,*, Emel Caglar a, Orhan Kaya Koksalan b,
Efsun Gonca Ugur Chousein a

aYedikule Training and Research Hospital for Chest Disease and Thoracic Surgery, Department of Pulmonary
Medicine, Zeytinburnu, Istanbul, Turkey
b Istanbul University, Institute for Medical Experimental Research, Molecular Tuberculosis Epidemiology Laboratory,
Fatih, Istanbul, Turkey
a r t i c l e i n f o

Article history:

Received 25 March 2015

Accepted 13 July 2015

Available online 4 June 2016

Keywords:

Multidrug resistance

Tuberculosis

Transmission

Contact

a b s t r a c t

Tuberculosis is a major public health problem and it may be complicated by multidrug-

resistant tuberculosis (MDR-TB). Wide transmission among immunocompetent contacts of

the index case is possible. If you detect tuberculosis in two contacts of the index case, it is

called an outbreak. The aim of our paper is to evaluate the characteristics of a MDR-TB

outbreak affecting 7 people in a family treated during 2012–2014 in Istanbul Yedikule

Training and Research Hospital for Chest Disease and Thoracic Surgery, Turkey. The

cultures, spoligotyping, and DNA fingerprinting revealed the sameMycobacterium tuberculosis

species as T1 genotype and ST53 subtype. All patients were negative for human immuno-

deficiency virus and free of other underlying diseases.

# 2015 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
1

1. Introduction
Tuberculosis is a major public health problem. However, the
treatment is harder if it is complicated by multidrug-
resistant tuberculosis (MDR-TB). MDR-TB treatment is more
complex and longer. Luckily, sustained epidemic spread of
drug-resistant TB was considered unlikely.1 Dye et al.
showed that the prevalence of MDR-TB remained at low
levels in majority of the world. Some parts of the world like
the Baltic states, parts of India, Russia, and China have
* Corresponding author at: Yedikule Training and Research Hospital fo
Medicine, Kazlicesme mah., Belgrat Kapi Yolu, No: 1, Posta kodu: 340
fax: +90 212 664 10 10.

E-mail address: snmkaraosman@gmail.com (S. Iliaz).
http://dx.doi.org/10.1016/j.ijtb.2015.07.009
0019-5707/# 2015 Tuberculosis Association of India. Published by Els
higher rates of MDR-TB. Gandhi et al. reported a large
cluster of extensive drug-resistant TB (XDR-TB) among HIV
co-infected patients in a rural area of South Africa. In this
study, genotyping of isolates revealed that 39 of 46 patients
with XDR-TB were infected with similar strains.2 There was
another example of resistant TB outbreak among HIV-
infected patients in New York in early 1990s.3 These data
provided an example that some drug-resistant strains may
cause outbreaks among immunocompromised patients.
Wide transmission among immunocompetent contacts of
the index case is also possible. If you detect tuberculosis in
r Chest Disease and Thoracic Surgery, Department of Pulmonary
20, Zeytinburnu, Istanbul, Turkey. Tel.: +90 212 664 17 00x1214;

evier B.V. All rights reserved.
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two contacts of the index case, it is called an outbreak. The
aim of our paper is to evaluate the characteristics of a MDR-
TB outbreak within a family treated during 2012–2014 in
Istanbul Yedikule Training and Research Hospital for Chest
Disease and Thoracic Surgery, Turkey.

2. Cases
Our index case was a 19-year-old male (Case 1). He was
diagnosed with smear positive pulmonary tuberculosis and
had antituberculosis treatment with four major drugs (isonia-
zid, rifampicin, ethambutol, pyrazinamide). In the fourth
month of the treatment, smear positivity persisted and there
was radiological progression in the chest X-ray. Drug suscep-
tibility testing (DST) revealed MDR-TB with resistance for
isoniazid, rifampicin, ethambutol, streptomycin, and ethion-
amide. According to these results, we started treatment for
MDR-TB consisting of amikacin 1� 1 g intramuscular, oflox-
acin 2� 400 mg tablets, cycloserine 3� 250 mg capsule, para-
aminosalicylic acid 1� 12 g tablets, and pyrazinamide 1�
2000 g tablets.MDR-TB treatment continued for 24months and
the patient was cured finally.

Six other people consisting of the sister and the brother of
index case, and four cousins living at a nearby house were
diagnosed with tuberculosis within 12 months following
diagnosis of the index case (Table 1). In a total of seven
patients, fourweremale and threewere female. The age of the
patients ranged from15 to 22 years. Except one of the patients
(Case 2), all had positive sputum smears for acid-fast bacilli
(ARB) and infiltration on chest X-ray. Case 2 was 17-year-old
male. He had pleural effusion and no parenchymal lesion on
chest X-ray. His sputum and pleural effusion were negative
for ARB. Analysis of pleural effusion revealed exudative
effusion with lymphocyte predominance and the biopsy of
parietal pleura resulted innecrotizing granulomatous inflam-
mation. The patient was diagnosedwith tuberculous pleurisy
and he took the firstline-antituberculosis treatment for 6
months. After 6 months, his chest X-ray revealed complete
regression. Twenty months after the treatment, he was
admitted to a hospital with seizure. After surgical brain
biopsy, the cause of the seizure was defined as tuberculous
granuloma of the brain. He was diagnosed with MDR-TB
Table 1 – Characteristics of the MDR-TB patients.

Case 1
(Index)

Case 2
(cousin) (

Sex Male Male M
Age (years) 19 17 1
Spoligotyping resultsa T1- ST53b T
Site of TB Lung Pleurisy, encephalitis L
WBC (cells/mm3) 5800 8000 8
ESR (mm/h) 66 57 9
CRP (g/dl) 71 77 1

TB: tuberculosis; WBC: white blood cells; ESR: erythrocyte sedimentation
a Spoligotyping was not performed in Cases 2, 5, and 6.
b T1 genotype ST53 subtype.
encephalitis andwe started on anti-MDR-TB treatment based
on the DST results of the index case. In all patients, MDR-TB
treatment was started because of unresponsiveness to the
firstline anti-TB treatment (progression in infiltration, persis-
tent smear positivity).

All patients except for Case 2 with pleural tuberculosis had
positive sputum smears prior to the anti-TB treatment. The
cultures, spoligotyping, and DNA fingerprinting revealed the
same Mycobacterium tuberculosis species as T1 genotype and
ST53 subtype for four patients (Table 1). The DST revealed the
same resistance pattern for all six smear positive patients. All
patients were negative for human immunodeficiency virus
(HIV) and free of other underlying diseases.

3. Discussion
Although tuberculosis is a common public health problem,
MDR-TB is also becoming more important. Because treatment
of resistant tuberculosis is very difficult and longer, careful
contact screening and early diagnosis are very important in
order to prevent disease spread. In the present study, we
describe a MDR-TB outbreak among a family living at two
nearby houses. It affected seven people in the same family. All
patients were HIV-seronegative.

In order to maintain MDR-TB control, we must find new
MDR-TB patients immediately and treat them. So, the
contact screening program is so vital. The reason for
widespread MDR-TB transmission in the community may
be socially isolated overcrowded families similar to the
family in our paper.4–6 Our index case was living in a family
with low socioeconomic status and with nine households
living in the same house. Having primary MDR-TB in a
country means your control program has some deficits and
you did not detect the index case before widespread
transmission of bacilli.

Our report revealed that six people were infected with the
same M. tuberculosis strain and got MDR-TB (four cases have
definite spoligotyping results and six patients had the same
pattern in DST). Also, the case with pleural tuberculosis
(Case 2) was probably infected by the same strain, but we
could not isolate any microorganism. After the diagnosis of
the index case with MDR-TB, the other family members with
Case 3
cousin)

Case 4
(sister)

Case 5
(cousin)

Case 6
(cousin)

Case 7
(brother)

ale Female Female Female Male
9 15 22 17 22
1- ST53b T1- ST53b T1- ST53b

ung Lung Lung Lung Lung
200 6400 6960 5200 6780
3 80 42 19 14
56 69 58 13 27

rate; CRP: C-reactive protein.
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the diagnosis of tuberculosis might be started on anti-MDR-
TB treatment directly. However, we switched to anti-MDR-
TB treatment in a few months when our patients showed
progression on chest X-ray or the smears remained positive.
According to the World Health Organization (WHO),
strengthening the laboratory network in conjunction with
improvement of surveillance is imperative.7 In the light of
this information, DST is performed even for the first sputum
sample of TB patients in our country.

In the study of Abakay et al., 34 MDR-TB patients were
detected and only 14.5% of their contacts got active TB.8 In our
study, disease spread rate was markedly high. There were
nine people living in the house of the index case and three
(37.5%) of them got MDR-TB. In general, 5–10% of contacts
develop active disease within 2 years of the primary
infection.9 Coinfection with HIV increases this risk consider-
ably.10 Although all patients presented in this study were
negative for HIV, rate of progression to active TB disease was
considerably high. All patients in our report were young
adults and students. The index case helped the other six
patients with their school study and homeworks for three
times in a week for three to four hours at every session. This
close contact may be related with high transmission rate of
MDR-TB in our report.

In conclusion, in order to prevent spread of resistant TB, it is
important to have early DST, starting on anti-MDR-TB
treatment immediately, having directly observational treat-
ment strategy (DOTS) and close follow-up of the contacts. We
must take into consideration beginning directly with anti-
MDR-TB treatment if close contacts of the index case are
diagnosed with active TB.
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Mediastinal tuberculosis, although common in endemic areas, is rare in association with

myasthenia-thymoma complex. Immunosuppressive therapy for myasthenia with thy-

moma might increase the susceptibility for mediastinal tuberculosis. Previous reports

suggest aggravation of myasthenic symptoms with this association. This rare combination

of pathologies adds to the diagnostic dilemma of the surgeon. Further research is warranted

in the management aspects of this combination as regards to the timing of radiotherapy,

weaning of immunosuppression and anti-tubercular therapy after maximal thymectomy.

This case report emphasises the possibility of mediastinal tuberculosis as a differential

diagnosis for mediastinal lymphadenopathy in the setting of a preoperative diagnosis of

invasive thymoma.

# 2016 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
1. Introduction
Thymoma is reported to be the commonest mediastinal mass
by some authors excluding mediastinal lymph node enlarge-
ments.1 The association of myasthenia gravis with thymoma
is well documented with a 15% concurrence.2 The presence of
mediastinal lymph nodes in the setting of a thymic lesion tilts
the diagnosis in favour of invasive thymomawith an incidence
of up to 41%, especially, above the age of 40 years.3 Primary
mediastinal tubercular [MT] lymphadenitis, on the other hand,
is relatively common in tuberculosis [TB] prevalent areas.4

Here, we report the rare combination of an invasive thymoma,
* Corresponding author. Tel.: +91 484 6655000; mobile: +91 9846010220
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http://dx.doi.org/10.1016/j.ijtb.2016.01.007
0019-5707/# 2016 Tuberculosis Association of India. Published by Els
myasthenia gravis and MT in a middle-aged woman, probably
a consequence of immunosuppressive therapy.

2. Case
A fifty-seven-year old woman, known diabetic, presentedwith
drooping of both eyelids and excessive fatigue for the past 3
months. There was no history of any recent weight loss,
evening pyrexia or contact with tubercular infection. On
evaluation, she was found to be positive for anti-acetyl
cholinesterase antibodies with a high titre (21.6 nmol/l). A
diagnosis ofmyasthenia graviswasmade based on the clinical
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Fig. 1 – (a) Thymoma with suspected loss of fat plane between pericardium and capsule (arrow). (b) Mediastinal
lymphadenopathy (arrow).
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and laboratory findings. She was started on anti-cholinester-
ase drugs, immunosuppressants (azathioprine) and oral
steroids (0.5 mg/kg) following which her clinical status
improved over the next three months. However, a compu-
terised tomography (CT) scan of thorax taken 8 weeks into
therapy revealed a homogenous thymic mass [Fig. 1(a)] with a
suspected loss of fat plane between the mass andmediastinal
pleura/pericardium. The same scan revealed multiple medi-
astinal nodes [Fig. 1(b)]. Lung fields were normal with no
evidence of TB-related changes. As there was no evidence of
clinically significant peripheral lymphadenopathy or intra-
abdominal nodes by sonography, the possibility of a lympho-
ma was considered unlikely. Also, her AFP and beta HCG
values were normal excluding the diagnosis of a germ cell
tumour. In view of the CT findings, a provisional diagnosis of
an invasive thymoma was made and surgical decision for a
maximal thymectomy with lymph node clearance was taken.
Under general anaesthesia, a formal sternotomywas done and
all the fatty tissue from the cervical region up to diaphragm
and between both the phrenic nerves was excised. Thymic
masswaswell encapsulatedwith no gross infiltration into any
surrounding structures [Fig. 2(a)]. Mediastinal lymph node
dissection was performed [Fig. 2(b)]. She was extubated within
an hour after the procedure and had an uneventful course of

[(Fig._2)TD$FIG]

Fig. 2 – (a) Excised thymic mass. (b) E
recovery. Histopathology report of the tumour returned Grade
2 well-differentiated thymoma [Fig. 3(c)] (WHO Type A,
Masaoka Stage II). However, histopathology examination of
the lymph nodes revealed acid-fast bacilli [Fig. 3(a)], multiple
confluent granulomas with central caseation [Fig. 3(b)]
consistent with the diagnosis of TB lymphadenitis and no
evidence of any tumour dissemination. She subsequently was
started on anti-tubercular therapy and is presently on follow-
up. We believe, probably, the combination of long-standing
diabetes and immunosuppressive therapy could have predis-
posed her to the tubercular infection in an endemic area like
ours and resulted in this interesting diagnosis.

3. Discussion
TB presenting as isolated mediastinal mass has been reported
previously.5 MT is relatively common in developing countries
with a high prevalence of TB.4 On the contrary, this
presentation is rare in the West and most often related to
immunosuppression. Reactivation TB, especially in develop-
ing countries following steroid therapy, has been reported by
Afridi et al.6 The presence of myasthenia gravis-thymoma
complex in conjunction with MT is a rare diagnosis, but
xcised mediastinal lymph nodes.
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Fig. 3 – (a) Lymph node specimen with acid-fast bacillus (arrow). (b) Lymph node specimen with caseating granuloma (arrow).
(c) Thymoma histopathology.
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possible, considering the endemic nature of the disease in this
part of the world and concurrent immunosuppression.

Nam et al.7 reported a similar case with worsening of
myasthenic symptoms and steroid-induced aggravation of
MT. Another similar report from Japan documented a clinical
deterioration of myasthenia gravis with MT, which simulated
a recurrent thymoma.8 Contrary to these reports, in the
present case, the myasthenic symptoms improved following
immunosuppression despite a subsequent diagnosis of coex-
istent MT.

The CT findings in the present case suggested the
possibility of a malignant thymoma with the mediastinal
lymphadenopathy and suspected loss of fat plane. Invasive
thymoma has been described to be a homogenous tumour
similar to its benign counterpart on CT in contrast to a thymic
carcinoma with areas of calcification and necrosis rendering
non-homogeneity on imaging.9,10 The mediastinal lymphade-
nopathy, however, was singular. This favoured a provisional
diagnosis of invasive thymoma, which was subsequently
proved rightwith the histopathology finding ofmicro-deposits
in the capsule. The diagnosis ofMTwas contrary to the rare but
anticipated diagnosis of nodal metastasis.

Another grey area is the timing of radiotherapy in Stage II
thymoma in the setting of immunosuppression and active
mediastinal tuberculosis. Although there is general consensus
on the need for postoperative radiotherapy in the treatment of
invasive thymoma, no definite recommendations are available
in the literature regarding when it needs to be initiated taking
into consideration the attendant risks of immunosuppression,
wound healing and an ongoing anti-tuberculous therapy.

4. Conclusion
This report, thus, suggests the need to include TB as a
differential diagnosis in cases of myasthenia gravis-thymoma
disease complex withmediastinal lymphadenitis especially in
the setting of immunosuppression and endemicity. Active
surveillance of these patients on immunosuppression for early
detection of TB or its reactivation is warranted. Due consid-
eration should be given for frozen section biopsy examination
of the lymph nodes excised in such cases, to facilitate an
earlier diagnosis and treatment.
Conflicts of interest
The authors have none to declare.

Acknowledgements

The authors thank Dr. Susheel Chandy, Senior Pathologist,
Lisie Hospital, Cochin, Kerala, India.
r e f e r e n c e s

1. Singh G, Amin Z, Wuryantoro. Wulani V, Shatri H. Profile
and factors associated with mortality in mediastinal mass
during hospitalization at Cipto Mangunkusumo Hospital,
Jakarta. Indones J Intern Med. 2013;45:3–10.

2. Romi F. Thymoma in myasthenia gravis: from diagnosis to
treatment. Autoimmune Dis. 2011;2011:474512.

3. Monden Y, Nakahara K, Nanjo S, et al. Invasive thymoma
with myasthenia gravis. Cancer. 1984;54:2513–2518.

4. Bloomberg TJ, Dow CJ. Contemporary mediastinal
tuberculosis. Thorax. 1980;35:392–396.

5. Khilnani GC, Jain N, Hadda V, Arava SK. Anterior
mediastinal mass: a rare presentation of tuberculosis. J Trop
Med. 2011;2011:635385.

6. Afridi A, Labrador M, O'Rourke C, Nation J, Nathani N.
Steroid related tuberculosis: does a subgroup require a more
cautious approach? Eur Respir J. 2011;38(55):2589.

7. Nam TS, Park MS, Choi KH, et al. Myasthenia gravis
aggravated by steroid-induced isolated mediastinal
tuberculous lymphadenitis. J Clin Neurol. 2010;6:224–226.

8. Furui E, Ide Y, Takamori M. Acute deterioration of
myasthenia gravis in association with tuberculous
mediastinal lymphadenitis, simulating recurrence of
thymoma. A case report. Rinsho Shinkeigaku. 1995;35:
428–430.

9. Hung HC, Lee T, Lee SK. Differential diagnosis of invasive
thymoma and thymic carcinoma by CT findings. Chin J
Radiol. 1999;24:179–184.

10. Zerhouni EA, Scott Jr WW, Baker RR, Wharam MD,
Siegelman SS. Invasive thymoma: diagnosis and evaluation
by computed tomography. J Comput Assist Tomogr.
1991;15:429–433.

http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0055
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0055
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0055
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0055
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0060
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0060
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0065
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0065
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0070
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0070
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0075
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0075
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0075
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0080
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0080
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0080
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0085
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0085
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0085
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0090
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0090
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0090
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0090
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0090
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0095
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0095
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0095
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0100
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0100
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0100
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0100
http://refhub.elsevier.com/S0019-5707(16)00008-1/sbref0100


Abstracts

Treatment as diagnosis and diagnosis as treatment: Empirical
management of presumptive tuberculosis in India

McDowell A, Pai M. Int J Tuberc Lung Dis. 2016;20(4):536–543.
http://dx.doi.org/10.5588/ijtld.15.0562.
Background: Mismanagement of TB is a concern in the Indian
private sector, and empirical management might be a key
contributor.
Objective: To understand factors associated with empirical
diagnosis and treatment of presumed TB in India's private
sector and examine their effects on TB care.
Design: In this ethnographic study, 110 private practitioners of
varying qualifications who interacted with TB patients (90 in
Mumbai and 20 in Patna) were interviewed, and a subset was
observed while providing clinical care. Interviews and obser-
vations were analysed for indicators of empirical diagnosis
and treatment.
Results: All non-specialist practitioners began antibiotic treat-
ment, especially quinolones, for persistent cough before pre-
scribing a test. Several factors contribute to empirical
management. These include a common practice use of med-
ications as diagnostic tools, a desire to provide rapid symptom
relief to patients, a desire to manage illness costs effectively,
uncertainty about the presentation of TB, the effects of broad
spectrum antibiotics on TB symptomology, and uncertainty
about the accuracy of available TB tests.
Conclusion: Empiricism in general and in TB care is wide-
spread in the urban private sector in India. Ethnographymight
offer useful insights for addressing this in public–private mix
models.
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A systematic review of economic models used to assess the
cost-effectiveness of strategies for identifying latent
tuberculosis in high-risk groups

Auguste P, Tsertsvadze A, Court R, Pink J. Tuberculosis. 2016;98
(May). http://dx.doi.org/10.1016/j.tube.2016.04.007.
Background: Timely diagnosis and treatment of latent tuber-
culosis infection (LTBI) through screening remains a key public
health priority. Although globally it is recommended to screen
people at high risk of developing TB, the economic evidence

underpinning these recommendations is limited. This review
critically appraised studies that had used a decision-analytical
modelling framework to estimate the cost-effectiveness of
interferon gamma release assays (IGRAs) compared to tuber-
culin skin test (TST) for detecting LTBI in high risk populations.
Methods:A comprehensive search of MEDLINE, EMBASE, NHS-
EED was undertaken from 2009 up to June 2015. Studies were
screened and extracted by independent reviewers. The study
quality was assessed using the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) and the Philips'
checklist, respectively. A narrative synthesis of the included
studies was undertaken.
Results: Ten of 8793 studies were considered relevant for
inclusion. Two economic evaluations were conducted in a
child population, six in an immunocompromised population
and two in a recently arrived population. Most studies (n = 7)
used a decision tree structure with Markov nodes. In general,
all models performed well in terms of reporting quality, but
were subject to limitations to structure and model inputs.
Models have not elaborated on their setting or the perspective
of the studies was not consistent with their analyses. Other
concerns were related to derivation of prevalence, test accu-
racy and transition probabilities.
Conclusion:Currentmethods available highlight limitations in
the clinical effectiveness literature, model structures and
assumptions, which impact on the robustness of the cost-
effectiveness results. These models available are useful, but
limited on the information that can be used to inform on
future cost-effectiveness analysis. Until consideration is given
on deriving the performance of tests used to identify LTBI that
progresses to active TB, and the development of more com-
prehensive models, the economic benefit of LTBI testing with
TST/IGRAs in high risk populations will remain unanswered.

Conflicts of interest

The authors have none to declare.

http://dx.doi.org/10.1016/j.ijtb.2016.07.003

How do patients access the private sector in Chennai, India?
An evaluation of delays in tuberculosis diagnosis

Bronner Murrison L, Ananthakrishnan R, Swaminathan A,
et al. Int J Tuberc Lung Dis. 2016;20(4):544–551. http://dx.doi.
org/10.5588/ijtld.15.0423.
Setting: The diagnosis and treatment of tuberculosis (TB) in
India are characterized by heavy private-sector involvement.
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Delays in treatment remain poorly characterized among
patients seeking care in the Indian private sector.
Objective: To assess delays in TB diagnosis and treatment
initiation among patients diagnosed in the private sector,
and pathways to care in an urban setting.
Design: Cross-sectional survey of 289 consecutive patients
diagnosed with TB in the private sector and referred for
anti-tuberculosis treatment through a public–private mix pro-
gram in Chennai from January 2014 to February 2015.
Results: Among 212 patients with pulmonary TB, 90% first
contacted a formal private provider, and 78% were diagnosed
by the first or second provider seen after a median of three
visits per provider. Median total delay was 51 days (mean 68).
Consulting an informal (rather than formally trained) provider
first was associated with significant increases in total delay
(absolute increase 22.8 days, 95%CI 6.2–39.5) and in the risk of
prolonged delay >90 days (aRR 2.4, 95%CI 1.3–4.4).
Conclusion: Even among patients seeking care in the formal
(vs. informal) private sector in Chennai, diagnostic delays are
substantial. Novel strategies are required to engage private
providers, who often serve as the first point of contact.
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Can intensified tuberculosis case finding efforts at nutrition
rehabilitation centers lead to pediatric case detection in Bihar,
India?

Pathak RR, Mishra BK, Moonan PK, et al. J Tuberc Res. 2016;4
(1):46–54. http://dx.doi.org/10.4236/jtr.2016.41006.
Introduction: Seven district-level Nutritional Rehabilitation
Centres (NRCs) in Bihar, India provide clinical and nutritional
care for children with severe acute malnutrition (SAM).
Aim:To assesswhether intensified casefinding (ICF) strategies
at NRCs can lead to pediatric case detection among SAM
children and link them to TB treatment under the Revised
National Tuberculosis Control Programme (RNTCP).
Materials and methods: A retrospective cohort study was
conducted that included medical record reviews of SAM chil-
dren registered for TB screening and RNTCP care during July–
December 2012.
Results: Among 440 SAM children screened, 39 (8.8%) were
diagnosed with TB. Among these, 34 (87%) initiated TB treat-
ment and 18 (53%) were registered with the RNTCP. Of 16
children not registered under the RNTCP, nine (56%) weighed
below 6 kg—the current weight requirement for receiving drugs
under RNTCP.
Conclusion: ICF approaches are feasible at NRCs; however,
screening for TB entails diagnostic challenges, especially
among SAM children. However, only half of the children diag-
nosed with TB were treated by the RNTCP. More effort is
needed to link this vulnerable population to TB services in
addition to introducing child-friendly drug formulations for
covering children weighing less than 6 kg.
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Tuberculosis and HIV co-infection in Vietnam

Trinh QM, Nguyen HL, Do TN, et al. Int J Infect Dis. 2016;46
(May):56–60. http://dx.doi.org/10.1016/j.ijid.2016.03.021.
Tuberculosis (TB) and human immunodeficiency virus (HIV)
infection are leading causes of disease and death in Vietnam,
but TB/HIV disease trends and the profile of co-infected
patients are poorly described.
Methods:WeexaminednationalTBandHIVnotificationdata to
provide a geographic overview and describe relevant disease
trendswithinVietnam.Wealsocomparedthedemographicand
clinical profiles of TB patients with and without HIV infection.
Results: During the past 10 years (2005–2014) cumulative HIV
case numbers and deaths increased to 298,151 and 71,332
respectively, but access to antiretroviral therapy (ART)
improved and new infections and deaths declined. From
2011 to 2014 routine HIV testing of TB patients increased from
58.9% to 72.5% and of all TB patients diagnosed with HIV in
2014, 2803 (72.4%) received ART. The number of multidrug
resistant (MDR)-TB cases enrolled for treatment increased
almost 3-fold (578–1532) from 2011 to 2014. The rate of HIV
co-infection in MDR and non-MDR TB cases (51/1532; 3.3% vs
3774/100,555; 3.8%; OR 0.77, 95% CI 0.7–1.2) was similar in 2014.
Conclusions: The care of TB/HIV co-infected patients have
shown sustained improvement in Vietnam. Rising numbers
ofMDR-TB cases is a concern, but this is not ‘‘driven’’ byHIV co-
infection.
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Experience of active tuberculosis case finding in nearly 5
million households in India

Prasad BM, Satyanarayana S, Chadha SS, et al. Public Health
Action. 2016;6(1):15–18. http://dx.doi.org/10.5588/pha.15.0035.
In India, to increase tuberculosis (TB) case detection under the
National Tuberculosis Programme, active case finding (ACF)
was implemented by the Global Fund-supported Project
Axshya, among high-risk groups in 300 districts. BetweenApril
2013 and December 2014, 4.9 million households covering �20
million people were visited. Of 350 047 presumptive pulmon-
ary TB cases (cough of ≤2 weeks) identified, 187 586 (54%)
underwent sputum smear examination and 14 447 (8%) were
found to be smear-positive. ACF resulted in the detection of a
large number of persons with presumptive pulmonary TB and
smear-positive TB. Ensuring sputum examination of all those
with presumptive TB was a major challenge.

Conflicts of interest

The authors have none to declare.

http://dx.doi.org/10.1016/j.ijtb.2016.07.007

i n d i a n j o u rn a l o f t u b e r c u l o s i s 6 3 ( 2 0 1 6 ) 1 3 6 – 1 3 7 137

http://dx.doi.org/10.1016/j.ijtb.2016.07.004
http://dx.doi.org/10.4236/jtr.2016.41006
http://dx.doi.org/10.1016/j.ijtb.2016.07.005
http://dx.doi.org/10.1016/j.ijid.2016.03.021
http://dx.doi.org/10.1016/j.ijtb.2016.07.006
http://dx.doi.org/10.5588/pha.15.0035
http://dx.doi.org/10.1016/j.ijtb.2016.07.007

