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Abstract

Background: Diagnosis of pulmonary tuberculosis (PTB) in children is challenging due to difficulties in obtaining good
quality sputum specimens as well as the paucibacillary nature of disease. Globally a large proportion of pediatric
tuberculosis (TB) cases are diagnosed based only on clinical findings. Xpert MTB/RIF, a highly sensitive and specific rapid
tool, offers a promising solution in addressing these challenges. This study presents the results from pediatric groups taking
part in a large demonstration study wherein Xpert MTB/RIF testing replaced smear microscopy for all presumptive PTB cases
in public health facilities across India.

Methods: The study covered a population of 8.8 million across 18 programmatic sub-district level tuberculosis units (TU),
with one Xpert MTB/RIF platform established at each study TU. Pediatric presumptive PTB cases (both TB and Drug Resistant
TB (DR-TB)) accessing any public health facilities in study area were prospectively enrolled and tested on Xpert MTB/RIF
following a standardized diagnostic algorithm.

Results: 4,600 pediatric presumptive pulmonary TB cases were enrolled. 590 (12.8%, Cl 11.8-13.8) pediatric PTB were
diagnosed. Overall 10.4% (Cl 9.5-11.2) of presumptive PTB cases had positive results by Xpert MTB/RIF, compared with 4.8%
(Cl 4.2-5.4) who had smear-positive results. Upfront Xpert MTB/RIF testing of presumptive PTB and presumptive DR-TB
cases resulted in diagnosis of 79 and 12 rifampicin resistance cases, respectively. Positive predictive value (PPV) for
rifampicin resistance detection was high (98%, Cl 90.1-99.9), with no statistically significant variation with respect to past
history of treatment.

Conclusion: Upfront access to Xpert MTB/RIF testing in pediatric presumptive PTB cases was associated with a two-fold
increase in bacteriologically-confirmed PTB, and increased detection of rifampicin-resistant TB cases under routine
operational conditions across India. These results suggest that routine Xpert MTB/RIF testing is a promising solution to
present-day challenges in the diagnosis of PTB in pediatric patients.
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Background

Prevalence of childhood TB is a reflection of recent transmission
and serves as an important epidemiological indicator [1].
Childhood TB accounts for 6-10% of all TB cases worldwide,
thereby continuing to be an important cause of morbidity and
mortality in this group [2-3]. India has one of the highest burdens
of TB in the world [4]. The number of pediatric TB cases
registered under India’s Revised National Tuberculosis Control
Programme (RNTCP) has shown a constant level trend in the past
five years. In 2012, 81,482 pediatric cases were notified accounting
for 7% of all notified TB cases [5]. While the exact burden of
childhood T'B globally is not known due to diagnostic difficulties, it
is estimated that childhood TB constitutes about 10-20% of all
TB, in high burden countries [6-7].

Accurate diagnosis of pediatric TB remains an impediment in
the management of pediatric TB. The diagnosis is complicated
because children are unable to expectorate sputum and TB can
mimic many other common childhood diseases including pneu-
monia, generalized bacterial and viral infections, and malnutrition
and respiratory opportunistic infections associated with HIV [8].
Bacteriological confirmation of infection in sputum, gastric,
tracheal, or bronchial aspirates and in other body fluids in infants
and children is challenging because of difficulties obtaining
samples and due to the paucibacillary nature of disease [9]. Even
under optimal circumstances, the sensitivity of smear microscopy
for the diagnosis of childhood TB remains low [8-10]. In the
absence of bacteriological confirmation, the diagnosis of childhood
TB in countries where TB is not endemic is based on a triad of
close contact with an infectious patient, a positive tuberculin skin
test (I'ST) result, and presence of suggestive abnormalities on a
chest radiograph. These criteria, however, have limited applica-
tion in countries where TB is endemic and many individuals
acquire infection and become T'ST positive during childhood and
adolescence. Although liquid culture is considered to be the most
sensitive test for diagnosis of active TB and drug susceptibility,
access to liquid culture for TB diagnosis is extremely limited in
resource-poor settings [9]. These challenges in establishing
accurate diagnosis of TB in children add to the potential for both
under and over-diagnosis based on clinical judgment and non-
specific tools like X-ray [11].

Xpert MTB/RIF, a highly sensitive and specific tool with a
quick turn-around time, offers a promising solution in addressing
these challenges in the diagnosis of pediatric PTB. We report here
our experiences of offering upfront Xpert MTB/RIF to pediatric
presumptive PTB cases for early diagnosis of TB and drug-
resistant TB (DR-TB) in the programmatic settings at peripheral
level amongst this vulnerable population in India. The objectives
of the study were to assess the effect of Xpert MTB/RIF
substitution for smear microscopy in public clinics on the diagnosis
of pediatric PTB, bacteriologically-confirmed PTB, and rifampi-
cin-resistant TB and to assess the PPV of detection of rifampicin
resistance by Xpert MTB/RIF in this pediatric patient population.

Methods

Setting

With a population of about 1.2 billion, India has 662 district TB
programme units and 2698 sub-district TB programme units
referred to as Tuberculosis units (T'Us), each TU covering a
population of approximately 0.5 million. The present study was
conducted in 18 selected TUs. Study TUs were selected by a
national committee to be indicative of a broad diversity of settings
relevant for TB control practice including geographic area,
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urban/rural composition, and TB burden. Furthermore, they
were restricted to those with free treatment available for patients
diagnosed with rifampicin-resistant TB. Each of the 18 study TUs
have 4-6 designated microscopy centres (DMCis), each covering a
population of approximately 0.1 million where sputum smear
microscopy is available for PTB diagnosis. Three to five primary
health centres are linked to each microscopy centre, referring
presumptive PTB cases to the respective microscopy centre.

Of these 18 study TUs, 8 sites were rural, 6 sites were urban and
the remaining 4 sites were tribal covering a population of 3.9
million, 3.4 million, and 1.5 million, respectively. (Figure 1)
Altogether, these 18 sites account for 8.8 million people having
access to TB diagnostic services through 99 DMCs and their
corresponding linked health facilities. An Xpert MTB/RIF
platform was established at the existing laboratory in the largest
community health center or hospital in each TU. The catchment
included all public health facilities in the geographic area by
means of specimen transportation linkages which were established
for study.

Definitions

Presumptive pediatric PTB cases were defined as per the Indian
Revised National TB Control Programme (RNTCP) guidelines
[12-13]. This includes children presenting with fever and/or
cough for =2 weeks, with or without weight loss or no weight gain,
or showing neurological symptoms like irritability, refusal to eat,
headache, and vomiting.

Presumptive pediatric DR-TB cases were defined as previously-
diagnosed pediatric PTB cases based on smear-microscopy
referred for drug susceptibility testing (DST) because of an
elevated risk of drug-resistant TB. National guidelines used in
the study define high-risk TB cases as those with previous history
of anti-TB treatment, on treatment with positive sputum smear
result at any follow up smear examination, diagnosed TB cases
with HIV-co-infection, and pulmonary TB cases who are contacts
of a known MDR-TB case [14].

Bacteriologically-confirmed PTB cases were defined as having a
sputum specimen positive by smear microscopy, culture or Xpert
MTB/RIF, or other WHO-approved rapid diagnostic test [15].

Clinically diagnosed PTB cases are defined as cases that do not
fulfill the criteria for bacteriological confirmation but are
diagnosed with active TB by a treating physician using a
standardized programmatic diagnostic algorithm which incorpo-
rates chest X-ray, antibiotic trial, repeat smear microscopy and
clinical evaluation of symptoms and are initiated on I'B treatment,
as evidenced by registration in a RNTCP treatment register [15].

PTB cases included any bacteriologically-confirmed or clinically
diagnosed case of TB involving the lung parenchyma or the
tracheo-bronchial tree. PIB cases were defined as those patients
with at least one of two smears positive for acid fast bacilli (AFB)
using direct microscopy or a patient with symptoms suggestive of
TB with two smear examination negative for AFB, with evidence
of pulmonary TB by another microbiological method (culture
positive or by other approved molecular methods) or chest X-ray

[12].

Design

Children (age 0-14 yrs) presenting with signs and symptoms
suggestive of PTB to any of the public health facility in the study
areas were prospectively enrolled in the project. Two sputum
specimens were collected at microscopy centres and transported to
the respective Xpert MTB/RIF lab. In children of less than 6
years where two sputum specimens could not be collected, induced
sputum (IS) or nasopharyngeal aspirated was collected in line with
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the existing practices and guidelines of the RNTCP. The
procedure used involved administration of an inhaled bronchodi-
lator followed by nebulized hypertonic (3-5%) saline then
nasopharyngeal aspiration or expectoration of mucus from the
lower respiratory tract [16]. As per the project diagnostic
algorithm (figure 2), Both specimens (spot and morning) were
subjected to Ziehl Neelsen (ZN) smear microscopy and one of the
two samples was tested on Xpert MTB/RIF, the first available
specimen being tested on Xpert MTB/RIF.

The current study was carried out in uncontrolled program-
matic field settings with the key project intervention being upfront
testing on Xpert MTB/RIF. As the study covered all health
facilities in the selected geographic area, no patient related clinical
data, including details of X-Ray, histo-pathological findings, etc
was collected. To minimize the delay in reporting Xpert MTB/
RIF test results were relayed by Short Messaging Service (SMS) to
all health providers and referring facilities. Under the study,
universal access to Xpert MTB/RIF testing was provided to
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patients coming to health facilities irrespective of whether their
place of residence fell within the study TU or not. As per the
existing RNTCP structure and guidelines, a given TU maintains
records and undertakes active management and follow-up of
diagnosed TB cases that are initiated on treatment at facilities
within the same TU area. Under the current study, all consecutive
presumptive cases were provided access to project intervention;
however, with a small study team, collecting and compiling
information on all treatment initiation of diagnosed TB cases that
resided outside the study TU was not within the scope of the
current study. However, the respective programme officials of the
area in which the diagnosed TB cases resided were informed on
the details of such cases, as per the RNTCP guidelines and by
SMS.

Treatment of PTB and rifampicin-resistant TB was initiated
based on Xpert MTB/RIF results in line with the project
diagnostic algorithm as approved by RNTCP as part of the
programme services. Any presumptive PTB case receiving a
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Figure 2. Diagnostics Algorithm used under the study.
doi:10.1371/journal.pone.0105346.9002

negative result on Xpert MTB/RIF and a positive result on smear
microscopy was managed based on results of smear microscopy.
Patients diagnosed as rifampicin-resistant on Xpert MTB/RIF
had an additional specimen collected and sent to the regional
RNTCP DST laboratories for solid/liquid media DST and line
probe assay (LPA) for confirmation. Treatment of these cases was
based on initial Xpert MTB/RIF rifampicin resistance results.
Any case with rifampicin susceptible results on solid/liquid media
DST was subsequently switched to appropriate regimen based on
the decision of treating physicians.

Data management

Data for all presumptive PTB and DR-TB cases were collected
using standardized case report forms (CRFs) by the RNTCP staff
working at microscopy centres and TUs. Data from CRFs were
entered using a secure, web-based MIS (Management Information
System) by the site staff. Quality of data was ensured by regular
cross-validation against programme records by project supervisors.
Data was extracted and analyzed using EpiData Analysis (Version
2.1) and Microsoft Excel 2007. All confidence intervals were
calculated based on the binomial distribution with a 95%
probability interval. For analysis, pediatric patients were catego-
rized into 3 groups: 0—4 years, 5-9 years, and 10-14 years of age.

Annualized rates of bacteriologically-confirmed PTB case
detection in the study were compared with reported program
data from 2011 in terms of number of cases per 100,000 persons
per year to account for the variable population coverage and
duration of data collection at each site. Student’s paired T-test was
applied to determine whether differences between the two data
sets were statistically significant.

Ethical issues

The study protocol was approved by the Institution Ethics
Committee of the National Tuberculosis Institute, Bangalore,
India. Structured informed consent forms were used for obtaining
written informed consent from parents, caretakers, or guardians
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on behalf of the minors/children enrolled in the study as approved
in the ethical approval. Before consenting, patients were informed
about the study in vernacular language by trained staff. IFor
illiterate patients, after explaining verbally, the consent was taken
in presence of literate witness. Approval for the research was
granted by the Central TB Division, Ministry of Health and
Family Welfare, Government of India.

Funding source

The study was funded by United States Agency for Interna-
tional Development (USAID) and facilitated by the World Health
Organization (WHO). FIND was responsible for study design,
implementation, training, study coordination and monitoring,
data analysis, and writing of the report in close coordination with
WHO and Central TB Division. The funder had no participation
in the design, implementation, analysis, or preparation of any
reports or manuscript.

Results

A total of 4,647 pediatric presumptive PTB & DR-TB cases
were enrolled across the 18 project sites from March 2012 to
December 2013. This included 4,600 (99.0%) presumptive TB
cases and 47 (1.0%) presumptive DR-TB cases (Figure 3). The
median age of the pediatric presumptive PTB cases (0-14 yrs) was
11 years, with 2,937 (63.8%) in the age group of 10-14 yrs. No
significant gender variation was observed among the presumptive
TB cases enrolled in the study. A total of 453 (9.8%) presumptive
pediatric PTB cases had past history of TB treatment (Table 1).

Opverall, 590 (12.8%, CI 11.8-13.8) pediatric PIB cases were
diagnosed (Figure 2). Of these, 485 (82.2% CI 78.9-85.1) were
bacteriologically-confirmed PTB cases and 105 (17.8% CI 14.8—
21.0) were diagnosed based on clinical algorithm alone in the
absence of any positive result on Xpert MTB/RIF or smear. The
annualized detection rate of bacteriologically-confirmed pediatric
PTB cases was 1.5 per 100,000 persons per year (CI 0.6-3.6) in
2011 versus 3.4 per 100,000 persons per year (CI 1.6-7.2) in the
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programme data during the study period. The rise in the detection
rate of bacteriologically-confirmed pediatric PTB cases with Xpert
MTB/RIF in the study was found to be statistically significant
(p=0.03) as compared with historical programme data.

Cross-sectional assessment of the bacteriologically-confirmed
PTB cases showed that the majority had Xpert MTB/RIF positive
results, and negative sputum smear results. Among the 485
bacteriologically-confirmed pediatric PIB cases, 477 (98.4%, CI
96.8-99.2) had a positive TB result on Xpert MTB/RIF and of
these 262 (54.9%, CI 50.4-59.3) were Xpert MTB positive and
smear negative. An additional 8 cases were diagnosed on smear
result alone of which 3 had a negative Xpert MTB/RIF result and
5 could not be tested (Table 1). The overall positivity rate for
Xpert MTB/RIF under the study was 10.4% (CI 9.5-11.2),
whereas the positivity rate for smear was 4.8% (CI 4.2-5.4). Xpert
MTB/RIF had higher positivity rates than smear microscopy in all
age groups, averaging a 2.2-fold higher proportion of bacterio-
logically-confirmed PTB cases (Table 2). This increase in propor-
tion of bacteriologically-confirmed cases was seen to highest in
presumptive PTB cases in the age group of 04 yrs (Table 2).

The proportion of presumptive PTB suspects diagnosed with
bacteriologically-confirmed PTB was substantially higher in
certain subgroups. Most notably, such cases were more likely to
be female (Odd’s Ratio (OR) 2.5, CI 2.0-3.1) or have a history of
prior anti-TB treatment (OR 2.5, CI 1.9-3.2) (Table 1).

Under the study, a total of 91 rifampicin-resistant pediatric TB
cases were diagnosed by offering upfront Xpert MTB/RIF testing.
Of these, 79 (86.8%, CI 78.35-92.29) were detected among
presumptive pediatric PIB cases and the remaining 12 (13.2% CI
7.34-21.34) were diagnosed from presumptive DR-TB cases
(Table 1, Figure 3). Of the 79 rifampicin-resistant cases diagnosed
among presumptive PTB cases, 38 were from smear negative. The
majority of the rifampicin-resistant cases were detected in urban
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settings (81, 89.0%, CI 81.2-94.2). The rate of rifampicin
resistance among bacteriologically-confirmed PTB cases was seen
to be higher in TB cases with previous history of TB treatment
(41.5%, CI 31.8-51.6) as compared to patients with no previous
history of TB treatment (10.3%, CI 7.5-13.6). Similarly, the rate
of rifampicin resistance was higher in bacteriologically-confirmed
PTB cases with a history of contact with TB case (26.7%, CI 18.3~
36.5) as compared to no history of contact (17.8% CI12.4-24.2).

Out of the 91 rifampicin-resistant cases detected in the study,
confirmatory culture DST/LPA results for 48 patients were
available at the time of analysis. Of the 48 confirmatory results, 47
were found to be rifampicin resistant giving a PPV of 98% (CI
90.1-99.9). The PPV was similar irrespective of past history of TB
treatment and smear positivity (Table 3).

As some of the presumptive pediatric PTB cases enrolled at the
study sites were residents of adjacent geographic areas, informa-
tion on appropriate TB treatment initiation was not available for
all diagnosed cases. Of the 406 PTB cases and 91 rifampicin-
resistant PTB cases diagnosed, confirmation of treatment initiation
was available for 301 (74.1%) and 57 (63%), respectively. At the
time of analysis, 115 pediatric PTB cases that were on first line
treatment had completed treatment with 93.9% treatment success
rate.

Discussion

In this study, we captured data on fairly large population of
pediatric presumptive PTB and DR-TB cases across diverse
settings at decentralized levels in India. As observed in similar
studies, with the upfront testing on the highly sensitive rapid
diagnostic Xpert MTB/RIF more than two-fold the number of
bacteriologically-confirmed PTB cases were detected than was
seen using smear microscopy alone. This demonstrates the utility
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of providing upfront access to Xpert MTB/RIF testing to
presumptive pediatric PTB cases in line with the recently released
guidance from WHO [23]. Similar findings have been document-
ed in studies conducted in South Africa, Uganda, Tanzania, and
Vietnam [17-20]. Higher diagnostic yield in case detection with
use of Xpert MTB/RIF will help in identifying TB patients who
are otherwise missed in this age group following current diagnostic
practices. Additionally, in the absence of such high sensitivity
diagnostic tools the diagnosis of TB in this age group relies heavily
on x-ray findings which are not widely available in decentralized
locations and requires physically taking the patient to the nearest
center with such facility. This represents an additional inconve-
nience and financial burden on the patients. In contrast, the study
design reported here represents a viable alternative wherein a large
number of facilities providing care to the pediatric population can
be linked to an Xpert MTB/RIF assay by means of specimen
transportation.

Factors associated with higher detection rates of PTB under the
study were suspects living in urban settings (16.4%), previous
history of TB treatment (22.1%) and positive history of contact
with a TB case (2.0%). This finding of a higher positivity in
patients with history of contact when tested with Xpert MTB/RIF
bears resemblance to a similar study conducted in Uganda [19].
Rates of childhood TB are estimated to be the highest among 0—4
years of age [24]. Under the current study the highest gain (two-
fold) in PTB case detection rates with Xpert MTB/RIF in
comparison to smear microscopy was observed in this (0—4 years)
age group. However, low case detection rates have been reported
in this age group in previous studies conducted in RNTCP [26-
27].

While very limited data exists on the expected levels of drug
resistance among pediatric TB cases, we record for the first time
from India a significant proportion of rifampicin resistant pediatric
TB cases (16.3%).The rates of drug resistance among pediatric
PTB cases observed in the present study are higher than reported
earlier in India [21-22]. In our study, the rate of rifampicin
resistance was found to be higher in TB cases with previous history
of anti-TB treatment, in line with the findings from a cross-
sectional study wherein previous history of TB disease and
treatment were documented as important risk factor for DR-TB
in children [21-22]. However, there was wide variation in the
detection rates of rifampicin resistance across the sites, with more
than 90% of these cases being detected from sites in urban areas,
and a single site located in an urban slum area contributing 73% of
all diagnosed rifampicin-resistant cases. A recent cross-sectional
study of 500 pediatric PTB cases, has reported a rate of 6.8%
rifampicin resistance in pediatric PTB cases from this area [21].
The findings of our study highlight that the high levels of
rifampicin resistance in pediatric PTB cases are limited to sites in
urban areas and not generalized across sites. However, this finding
underscores the urgent need for further systematic surveillance of
rifampicin resistance levels in the pediatric population, both from
case management and epidemiological perspective.

While similar numbers (2,261 females and 2,339 males) of
presumptive pediatric cases of both genders were enrolled in the
study, the detection rate of PTB were higher in females than in
males. However, in similar other studies [19,21], no gender-
specific difference in PTB case detection was observed. Further
investigation of possible other co-factors contributing to this
finding was beyond the scope of the current study but would be
advised for future studies.

A high treatment success rate of 94% was reported in the study
among pediatric PTB patients. Similar treatment outcomes have
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Table 3. Positive predictive value compared to either Culture DST and/or LPA in patients with both an Xpert result and Culture

LPA/Culture DST Rif Res Rifampicin Resistant PPV (95% CI) Rifampicin Sensitive Total
Overall PPV 47 98% (90.1-99.9) 1 48
Presumptive TB and DR TB cases

New 21 100% (87-100) 0 21
Previously treated 26 96.2% (83-99.8) 1 27
Smear Microscopy results

Smear Negative 16 100% (83-100) 0 16
Smear Positive 31 97% (85.5-99.8) 1 32

doi:10.1371/journal.pone.0105346.t003

been reported under different studies conducted in various parts of
the country [25,27-28].

Based on the findings of the study, a policy decision has been
taken by RNTCP to provide access to upfront Xpert MTB/RIF
testing to pediatric presumptive TB cases. This strategy is now
being rolled out in a phased manner starting with 4 major cities of

India [29].

Conclusion

By offering upfront Xpert MTB/RIF to all the pediatric
presumptive TB cases, case detection of pediatric PTB could be
doubled compared to the use of smear microscopy. The results
from our study clearly demonstrate that Xpert MTB/RIF testing
at peripheral settings can be instrumental in meeting the present
day challenges of diagnosing TB in pediatric patients. These
finding were instrumental in making policy decisions under
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