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Abstract

Rationale: Microbiological confirmation of pulmonary tuberculosis
in children is desirable.

Objectives: To investigate the diagnostic accuracy and incremental
yield of Xpert MTB/RIF Ultra (Ultra; Cepheid), a new rapid test,
on repeated induced sputum, nasopharyngeal aspirates, and
combinations of specimens.

Methods: Consecutive South African children hospitalized with
suspected pulmonary tuberculosis were enrolled.

Measurements and Main Results: Induced sputum (IS) and
nasopharyngeal aspirates (NPAs) were obtained. NPAs were frozen;
IS underwent liquid culture, and an aliquot was frozen. Ultra was
performed on thawed NPAs and IS specimens individually. Children
were categorized as confirmed, unconfirmed, or unlikely tuberculosis
according to NIH consensus case definitions. The diagnostic

Tuberculosis (TB) in children is a major
public health problem, with almost 1 million
new cases reported each year. However,
modeling estimates indicate that only 30%
of childhood TB cases are diagnosed and

notified (1). In contrast, a latent class
analysis of children with suspected
pulmonary TB (PTB) suggests that TB
disease may be overdiagnosed in children in
a high-burden setting (2). Diagnosis of PTB

accuracy of Ultra was compared with liquid culture onIS. In total, 195
children (median age: 23.3 mo; 32 [16.4%] HIV-infected) had one IS
and NPA, and 130 had two NPAs. There were 40 (20.5%) culture-
confirmed cases. Ultra was positive on NPAs in 26 (13.3%) and on IS
in 31 (15.9%). Sensitivity and specificity of Ultra on one NPA were
46% and 98%, respectively, and similar by HIV status. Sensitivity and
specificity of Ultra on one IS were 74.3% and 96.9% respectively.
Combining one NPA and one IS increased sensitivity to 80%.
Sensitivity using Ultra on two NPAs was 54.2%, increasing to 87.5%
with an IS Ultra.

Conclusions: IS provides a better specimen than repeated NPA for
rapid diagnosis using Ultra. However, Ultra testing of combinations
of specimens provides a novel strategy that can be adapted to identify
most children with confirmed pulmonary tuberculosis.

Keywords: tuberculosis; child; Xpert Ultra; induced sputum;
nasopharyngeal aspirate

in children is challenging because of
nonspecific clinical or radiologic

signs, paucibacillary disease, and lack
of capacity, expertise, and infrastructure
for microbiological diagnosis (3).
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At a Glance Commentary

Scientific Knowledge on the
Subject: Microbiological diagnosis of
pulmonary tuberculosis (TB) in
children remains challenging. Xpert
MTB/RIF Ultra, a new diagnostic on
the GeneXpert platform with greater
sensitivity than Xpert, has not been
well tested in children, with only two
studies reporting sensitivities of 64-
77% when testing was done on a single
induced sputum (IS).

What This Study Adds to the Field:
We investigated the yield of Ultra on
repeated respiratory specimens (IS and
nasopharyngeal [NP] samples) against
a gold standard of liquid culture.
Overall, IS provided a better specimen
than repeated NPs for rapid diagnosis.
We found the highest yield from Ultra
testing of a single IS and two separate
NPs, which detected 87% of cases,
amongst the highest sensitivity
reported for a rapid diagnostic in
children. A single IS and NP detected
80% of cases, while an IS alone detected
74%. In contrast, an NP detected only
46% of cases, which increased to 54%
with a second NP. IS provides an
optimal sample for diagnostic
confirmation of pulmonary TB in
children. Although guidelines
recommend a single rapid PCR test in
children with suspected TB, a second
test on a respiratory sample is
important to enhance yield in children.
Testing multiple different respiratory
specimens provides a novel and useful
strategy for rapid diagnosis of pediatric
TB with Ultra.

Microbiological confirmation of

PTB is desirable in children because

it enables timely and effective treatment,
limits unnecessary use of TB therapy,
and can identify drug-resistant

disease.

Advances in specimen collection
and the emergence of rapid molecular
diagnostics have improved the ability to
rapidly obtain a microbiologic diagnosis,
enabling prompt initiation of therapy.
Induced sputum (IS) specimens have
been shown to be feasible and useful
for microbiologic diagnosis using culture
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or Xpert MTB/RIF (Xpert) in several
settings in low- and middle-income
countries (4-7). A meta-analysis reported
that the sensitivity of Xpert compared
with culture on IS in children was 65%
for a single IS specimen (8). Several
studies have reported an incremental
yield with repeated IS specimens, with
the sensitivity of Xpert done on two
sequential IS specimens as high as 76%
(9). Nasopharyngeal aspirates (NPAs)
are more easily obtained than IS; Xpert
on two NPAs has been reported to have
a sensitivity of 65% for diagnosis when
compared with culture confirmation
from IS (10). Importantly in children,
repeated specimens, either IS or
NPAs, are needed for reasonable
sensitivity (4, 10).

Xpert MTB/RIF Ultra (Ultra; Cepheid),
a new diagnostic for TB on the GeneXpert
platform, has a substantially lower limit
of detection than Xpert and improved
sensitivity in studies of adults (11). We
recently reported that the sensitivity
and specificity of a single Ultra test
done on one IS in children with
suspected PTB was 77% and 97%,
respectively, compared with liquid culture;
this was similar to the accuracy of
Xpert testing on IS (12). However, we
did not perform Ultra on NPAs, nor
were we able to investigate the yield
from combinations of different
specimens. The aim of this study was
to investigate the yield from Ultra
on repeated NPA specimens and the
use of combinations of IS and NPA
specimens to maximize diagnostic yield
in children.

Methods

Consecutive children hospitalized with
suspected PTB in Cape Town, South Africa,
from April 1, 2012, to September 30, 2017,
were enrolled. Eligibility criteria were age
younger than 15 years and cough of any
duration with one of the following
conditions: a household TB contact within
the preceding 6 months, weight loss or
failure to gain weight within the preceding
3 months, a positive tuberculin skin test
(TST) to PPD (PPD 2TU, PPD RT23; Staten
Serum Institute), or a chest radiograph
suggestive of PTB. Children were excluded if
they had received TB therapy or prophylaxis
for longer than 72 hours, they were not

resident in Cape Town, informed consent
was unavailable, or an IS and NPA were not
obtained.

All children had a chest radiograph, a
TST, and HIV testing when HIV status was
unknown. HIV-infected children were
classified by World Health Organization
(WHO) clinical staging; CD4 count and
HIV viral load (Abbott RealTime HIV-1
assay) were done. Nutritional status was
calculated as height-for-age and weight-for-
age z-scores using 2006 WHO child growth
standards. TB therapy was initiated at the
discretion of the treating doctor. Follow-up
visits were done at 1, 3, and 6 months for
children diagnosed with PTB and started
on tuberculosis therapy and at 1 and 3
months for those not treated. Response to
treatment was assessed at follow-up by
recording signs and symptoms; the chest
radiograph was repeated at completion of
TB therapy.

Children were categorized into one of
three diagnostic categories according to the
revised NIH consensus definition (13) but
excluding results of Ultra tests to avoid
inclusion bias: “confirmed TB” (culture
positive for Mycobacterium tuberculosis),
“unconfirmed TB” (culture negative,
clinically diagnosed with TB), and “unlikely
TB” (culture negative, not clinically
diagnosed with TB, no tuberculosis
treatment given, and documented
improvement at 3-mo follow-up visit).
Written informed consent was obtained
from a parent or legal guardian, and assent
was received from children older than
7 years. The study was approved by the
Research Ethics Committee of the Faculty of
Health Sciences, University of Cape Town.

Specimen Collection and Laboratory
Procedures
Two NPA and two IS specimens were
obtained as described previously (10). The
NPA was done before IS. Two drops of
sterile saline were instilled into each nostril,
and the nasopharynx was suctioned using a
sterile catheter with a mucus trap. Sputum
induction was done at least 30 minutes after
an NPA, following a 2- to 3-hour fast by
a trained research nurse, as described
previously. The second NPA and IS were
obtained the next day or a minimum of
4 hours after the first IS. Pulse oximetry
was done throughout the procedure and
30 minutes thereafter.

NPA and IS specimens were processed
within 2 hours of collection in an accredited
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laboratory, using standardized protocols.
For both specimens, following standard
decontamination with sodium hydroxide,
centrifuged deposits were resuspended in
1.5 ml of phosphate buffer. For both sputum
and nasopharyngeal samples, a drop of
sediment was used for fluorescent acid-fast
smear microscopy, and 0.5 ml of
resuspended pellet was used for automated
liquid culture (BACTEC MGIT; Becton
Dickinson). Cultures were incubated for up
to 6 weeks. Positive cultures were identified
by acid-fast staining followed by GenoType
MTBDRplus testing (Hain Lifescience). For
the first IS, an aliquot of 0.5 ml was used for
Xpert testing, as per the manufacturer’s
recommendations. For the second IS, an
aliquot of 0.5 ml was frozen at —80°C;
frozen aliquots from the second sample
were subsequently thawed in batches

for Ultra testing according to the
manufacturer’s recommendations. Both
NPAs were frozen and subsequently thawed
for Ultra testing, which was done on each
NPA individually. Staff performing Ultra
test results were blinded to clinical and
other microbiological results. If Ultra
identified rifampicin resistance, the
corresponding cultured isolate also
underwent phenotypic resistance testing
by automated liquid MGIT culture.

Analysis
The primary reference standard was a
positive culture for M. tuberculosis from an

IS. We excluded children without at least
one IS and one NPA specimen. We used a
positive culture from the first IS specimen
as the reference standard to determine the
sensitivity and specificity of a single Ultra
on NPA in a per-sample analysis and a
positive culture from any IS specimen as
the reference standard to determine the
sensitivity and specificity of a single Ultra
on the IS or NPA in a per-patient analysis.
The sensitivity, specificity, and predictive
values of the assays with 95% confidence
intervals (CIs) were determined. The
incremental yield from a second IS culture,
a second NPA Ultra, or the combination of
Ultra on an IS and NPA was calculated.
Data were analyzed using Stata version 15.1
(StataCorp).

Simple summary statistics were used to
describe the study population. Continuous
data were summarized as median and
interquartile range (IQR); categorical
data were summarized as number and
proportion. Statistical tests included the
chi-square test, a two-sample test of
equal proportions, and the Kruskal-Wallis
test to compare medians. Statistical tests
were two-sided at o =0.05.

Results

Study Population
We included 195 children with Ultra and
culture on IS and an NPA for Ultra; of these,

130 also had a second NPA for testing
(Figure 1). Of the 195 children, 40 (20.5%)
had confirmed TB, 104 (53.3%) had
unconfirmed TB, and 51 (26.2%) had
unlikely TB (Figure 1). The median age of
children was 23.3 months (IQR, 13.5-47.3
mo), which was similar across TB
categories, P=0.53, (Table 1). The median
weight-for-age z-score was —0.8 (IQR,
—2.0 to 0) and height-for-age z-score was
—0.9 (IQR, —2.2 to 0.3); 46 (24.6%)
children were underweight for age, and 42
(26.4%) were stunted (Table 1). Nutritional
status was similar across TB categories.
There were 32 (16.4%) HIV-infected
children, with a similar proportion in

all diagnostic categories; most were

WHO stage 3 or 4 at the time of
diagnosis. Only 15 (7.7%) of the children
had received previous treatment for TB.

A positive TST occurred in 99 (57.2%);
this proportion was higher in the confirmed
TB category, in which 91% were positive
(Table 1).

Performance of Ultra on a Single NPA
or a Single IS Compared with a
Reference Standard of Culture on a
Single IS

Among 195 children with at least one IS
and NPA, Ultra was positive on 20 (10.3%)
NPA and 31 (15.9%) IS; there were 35
(18%) culture-positive cases on the
corresponding IS. Most Ultra-positive
cases on an NPA were in culture-confirmed

195 children enrolled with a valid Ultra and culture result from
induced sputum (IS) and Ultra from nasopharyngeal aspirate

(NPA)

!

195 children with a valid Ultra from
NPA1

130 children with a valid Ultra from
NPA2

!

v

!

Confirmed TB
n =40 (20.5%)

35 (87.5%) culture positive on IS1

40 (100%) culture positive on IS1 or 1S2
17 (42.5%) Ultra positive on NPA1
21 (52.5%) Ultra positive on NPA1 or NPA2
27 (67.5%) Ultra positive on IS
(Ultra only done on one IS)

Unconfirmed TB
n =104 (53.3%)

0 (0%) culture positive on 1S1

0 (0%) culture positive on 1S1 or IS2
3 (2.9%) Ultra positive on NPA1
5 (4.8%) Ultra positive on NPA1 or NPA2
4 (3.9%) Ultra positive on IS
(Ultra only done on one IS)

Unlikely TB
n =51 (26.2%)
0 (0%) culture positive on 1S1
0 (0%) culture positive on 1S1 or IS2
0 (0%) Ultra positive on NPA1
0 (0%) ultra positive on NPA1 or PNA2

0 (0%) Ultra positive on IS
(Ultra only done on one IS)

IS = induced sputum (IS1 = 1st IS; 1IS2 = 2nd IS); NPA = nasopharyngeal aspirate (NPA1 = 1st NPA; NPA2 = 2nd NPA);

Figure 1. Flow diagram of participants. IS =induced sputum; NPA = nasopharyngeal aspirate; TB = tuberculosis.
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Table 1. Characteristics of Children by TB Category

Confirmed TB Unconfirmed TB Unlikely TB

Variable All (N = 195) (n =40 [20.5%)]) (n =104 [53.3%]) (n=51 [26.2%)]) P Value
Age, mo, median (IQR) 23.3 (13.510 47.3) 27.4 (15.3 to 57.6) 226 (11.7t0 44.9) 22.8 (14.0 to 47.7) 0.533
Age category

<5yr 160 (82.0) 31 (77.5) 86 (82.7) 43 (84.3) 0.681

=5 yr 35 (18.0) 9 (22.5) 18 (17.3) 8 (15.7)
HIV infection 32 (16.4) 6 (15.0) 17 (16.4) 9(17.7) 0.911
WHO clinical staging

Stage 1 13.9) 0 (0.0) 0 (0.0 1 (12.5) 0.012

Stage 2 4 (15.4) 0 (0.0 0 (0.0) 4 (50.0)

Stage 3 12 (46.2) 2 (33.3) 8 (66.7) 2 (25.0)

Stage 4 9 (34.6) 4 (66.7) 4 (33.3) 1 (12.5)
History of previous tuberculosis 15 (7.7) 2 (5.0) 7 (6.7) 6 (11.8) 0.595
WAZ, median (IQR) -08(-2.0to -0.0) —-1.0(-1.6to -0.3) -0.7(-23t00.1) —0.7(—1.6to —0.0) 0.739
HAZ, median (IQR) -0.9 (-2.2t0 0.3) -12(-2.0to -0.1) —-09(-2.8t004) -0.8(-1.7t00.7) 0.400
Underweight for age 46 (24.6) 8 (20.0) 30 (29.4) 8 (17.8) 0.239
Malnourished 24 (12.8) 4 (10.0) 17 (16.7) 3 (6.7) 0.206
Stunted 42 (26.4) 8 (23.5) 26 (32.1) 8 (18.2) 0.220
Severe stunting 26 (16.4) 3 (8.8) 19 (23.5) 4 (9.1) 0.047
TST positive

All children 99 (57.2) 32 (91.4) 61 (64.9) 6 (13.6) <0.001

HIV infected 13 (54.2) 3 (75.0) 8 (61.5) 2 (28.6) 0.243

HIV uninfected 85 (57.4) 29 (93.6) 52 (65.0) 4 (10.8) <0.001

Definition of abbreviations: HAZ = height-for-age z-score; IQR = interquartile range; TB = tuberculosis; TST =tuberculin skin test; WAZ = weight-for-age

z-score; WHO =World Health Organization.
Data are n (%), except as noted.

cases, with only 3 positive in the
unconfirmed category and none in the
unlikely category (Figure 1). Similarly,
most Ultra-positive tests on IS were in
the confirmed category, with 4 positives
among unconfirmed cases and none in
the unlikely category (Figure 1). Of those
with a positive Ultra but negative

culture, none had been on TB treatment
for more than 72 hours when the IS

was taken. Ultra semiquantitative results
were predominantly trace or very low
(Table 2). Among the children with trace
Ultra-positive results on either the first
or second NPA, 9 of 13 (69.2%) were
culture positive. The sensitivity and
specificity of Ultra on a single NPA using
culture from a single IS sample as the
reference standard were 45.7% and 97.5%,
respectively (Table 3). The sensitivity in
HIV-infected children was similar to that in

HIV-uninfected children (Table 3). The
sensitivity and specificity of Ultra on one IS
was 74.3% and 96.9%, respectively, with
similar sensitivity in HIV-infected and
-uninfected children (Table 3). Among
children treated for prior TB, Ultra
sensitivity was similar to those never
treated (50.0% [95% CI, 1.2-98.7%] vs.
46.9% [95% CI, 29.1-65.3%]); specificity
was nonsignificantly lower in those with
prior treatment (92.3% [95% CI,
64.0-99.8%] vs. 97.9% [95% CI,
94.1-99.6%]; P=0.22) (Table 3). In 165
children in whom Xpert MTB/RIF was
performed on a first IS, the sensitivity
and specificity were 68.6% and 97.8%,
respectively (Table 3). The sensitivity and
specificity of Ultra tests combining results
from one NPA and one IS was 80% and
95%, respectively, using a reference
standard of a single IS culture (Table 3).

Table 2. Ultra Semiquantitative Results on NPA

Performance of Ultra on Repeated
NPA or IS Specimens Compared with
a Reference Standard of Sputum
Culture

Among 130 children with two NPAs

for Ultra testing, there were 24 (18.5%)
culture-confirmed cases from one IS
specimen. There were 11 Ultra-positive
tests on the first NPA (10 in confirmed
TB and 1 in unconfirmed TB cases) and
12 on the second NPA (10 in confirmed
TB and 2 in unconfirmed TB cases).
The sensitivity and specificity of Ultra
from the first NPA were 37.5% and
98.1%, respectively; results were similar
on the second NPA (37.5% and 97.2%,
respectively) (Table 4). However, Ultra
on the second NPA detected an
additional 4 cases, increasing the yield
from 9 cases to 13, (Table 4), and

the sensitivity to 54.2% with a specificity
of 96.2% (Table 4). Of these four

cases, Ultra testing was trace in two

and very low or low in a single case
each. Ultra on a single IS detected 17

Sample Negative Trace VerylLow Low Moderate High of 24 cases (sensitivity, 70.8%; specificity,
First NPA (7= 195) 175 ° 5 ] . 0 96.2%); the addition of a single-sputum
irs n= . .
Second NPA (1= 130) 118 4 5 5 1 0 Ultra to testing of two NPAs increased

Definition of abbreviation: NPA =nasopharyngeal aspirate.
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sensitivity to 87.5% with a specificity
of 93.4% (Table 4).
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Table 3. Accuracy of a Single Ultra from NPA or IS Compared with Sputum Culture

NPA
Ultra on NPA (n=195)
Number positive/number tested (%)
95% ClI
By HIV infection status
HIV infected (n=32)
Number positive/number tested (%)
95% Cl
HIV uninfected (n=162)
Number positive/number tested (%)
95% Cl
By TB treatment
Prior TB treatment (n=15)
Number positive/number tested (%)
95% ClI
No prior TB treatment (n=177)
Number positive/number tested (%)
95% ClI

IS
Xpert MTB/RIF* on IS (n=165)
Number positive/number tested (%)
95% ClI
Ultra on IS (n=195)
Number positive/number tested (%)
95% ClI
By HIV infection status
HIV infected (n=32)
Number positive/number tested (%)
95% Cl
HIV uninfected (n=162)
Number positive/number tested (%)
95% Cl

Ultra on NPA and IS
Number positive/number tested (%)
95% Cl

Sensitivity Specificity

16/35 (45.7) 156/160 (97.5)

28.8-63.3 93.7-99.3
3/6 (50.0) 26/26 (100.0)
11.8-88.2 87.1-100.0
13/29 (44.8) 129/133 (97.0)
26.4-64.3 92.5-99.2
1/2 (50.0) 12/13 (92.3)
1.2-98.7 64.0-99.8

15/32 (46.9)
29.1-65.3

142/145 (97.9)
94.1-99.6

24/35 (68.6) 132/135 (97.8)

50.7-83.1 93.6-99.5
26/35 (74.3) 155/160 (96.9)
56.7-87.5 92.9-99.0
3/6 (50.0) 26/26 (100.0)
11.8-88.2 87.1-100.0

23/29 (79.3)
60.3-92.0

128/133 (96.2)
91.4-98.8

28/35 (80.0)
63.1-91.6

152/160 (95.0)
90.4-97.8

PPV NPV

156/175 (89.1) 16/20 (80.0)

83.6-93.3 56.3-94.3
3/3 (100.0) 26/29 (89.7)
43.9-100.0 72.6-97.8
13/17 (76.5) 129/145 (89.0)
50.1-93.2 82.7-93.6
1/2 (50.0) 12/13 (92.3)
1.2-98.7 64.0-99.8

142/159 (89.3)
83.4-93.6

15/18 (83.3)
58.6-96.4

21/24 (87.5) 132/141 (93.6)

67.6-97.3 88.2-97.0

26/31 (83.9) 155/164 (94.5)
66.3-94.5 90.0-97.5

3/3 (100.0) 26/29 (89.7)
43.9-100.0 72.6-97.8

128/134 (95.5)
90.5-98.3

23/28 (82.1)
63.1-93.9

28/36 (77.8)
60.8-89.9

152/159 (95.6)
91.1-98.2

Definition of abbreviations: Cl=confidence interval; IS =induced sputum; NPA = nasopharyngeal aspirate; NVP = negative predictive value; PPV = positive

predictive value; TB = tuberculosis.

*One hundred sixty-five children have Xpert MTB/RIF on the first induced sputum.

Rifampicin Resistance and Time to
Results

Results for rifampicin susceptibility testing
were available from culture (followed by
MTBDRplus) and Ultra in 30 isolates
(Table 5). Rifampicin susceptibility was
identified in 21 of 28 isolates by Ultra
and culture, one isolate was resistant by
both MTBDRplus and Ultra, seven

were indeterminate on Ultra but sensitive
on MTBDRplus, and one isolate was
sensitive by Ultra but indeterminate by
MTBDRplus. Among samples with valid
results, the sensitivity and specificity of
Ultra for diagnosis of rifampicin resistance
were both 100%. Ultra results were
available within 1 day—faster than for
culture (1 d [IQR, 1-1 d] vs. 19 d [IQR,
12-25d]; P < 0.001).

Discussion

In this study, we found that Ultra performed
on combinations of respiratory specimens
could detect the majority of young children
with confirmed PTB. The yield from Ultra
improved with the number of specimens,
with the best results—detection of 87%

of culture-confirmed cases on a single
sputum—obtained from testing two NPAs
and a single IS. A single NPA Ultra had
sensitivity of up to 46%, and two NPAs
increased this to 54%, whereas a single
Ultra on IS had sensitivity of 74%, and a
single IS and NPA further increased this to
80%. The yield from additional specimens
is consistent with prior studies reporting on
the incremental yield for culture or Xpert

Zar, Workman, Prins, et al.: Diagnosis of Pediatric TB on Respiratory Specimens

on IS and on NPAs (4, 10). The increased
sensitivity from a second specimen may be
due to detection of cases that were missed
due to a low bacillary load, as shown by
most cases having low or trace Ultra results.
Trace positive results are reported when the
multicopy targets of the Ultra assay are
positive but rpoB (ribosomal polymerase B)
amplification is unsuccessful. These likely
represent samples with very low bacillary
load that are true positives, as shown by
approximately 70% also being culture
positive. Trace positive results in children
who are symptomatic should be regarded as
indicative of microbiologic confirmation.
Although the WHO recommendations

are currently for a single Xpert test for
children with suspected TB, our findings
indicate that a second test on a respiratory
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Table 4. Accuracy of Ultra from Two NPAs and from IS Compared with Sputum Culture in All Children with Two NPA Samples

(n=130)

Accuracy of Ultra MTB/RIF

From NPA1 (n=130)
Number positive/number tested (%)
95% Cl

From NPA2 (n=130)
Number positive/number tested (%)
95% Cl

From NPA1 or NPA2 positive (n=130)
Number positive/number tested (%)
95% Cl

From one IS (n=130)
Number positive/number tested (%)
95% Cl

From NPA1, NPA2, and IS compared with

culture on IS

Number positive/number tested (%)
95% Cl

Sensitivity Specificity
9/24 (37.5) 104/106 (98.1)
18.8-59.4 93.4-99.8
9/24 (37.5) 103/106 (97.2)
18.8-59.4 92.0-99.4

13/24 (54.2)
32.8-74.4

102/106 (96.2)
90.6-99.0

17/24 (70.8)
48.9-87.4

102/106 (96.2)
90.6-99.0

21/24 (87.5)
67.6-97.3

99/106 (93.4)
86.9-97.3

PPV NPV

9/11 (81.8) 104/119 (87.4)
48.2-97.7 80.1-92.8
9/12 (75.0) 103/118 (87.3)
42.8-94.5 80.0-92.7

13/17 (76.5)
50.1-93.2

102/113 (90.3)
83.2-95.0

17/21 (81.0)
58.1-94.6

102/109 (93.6)
87.2-97.4

21/28 (75.0)
55.1-89.3

99/102 (97.1)
91.6-99.4

Definition of abbreviations: Cl = confidence interval; IS =induced sputum; NPA = nasopharyngeal aspirate; NVP = negative predictive value; PPV = positive

predictive value.

specimen is important to enhance yield in
children.

The yield of Ultra from a single IS and
NPA (80%) or from a single IS and two
NPAs (87%) is among the highest that
has been reported for a rapid pediatric
diagnostic test and is higher than has been
reported for Xpert. This may be partly due
to the improved limits of detection for
M. tuberculosis with Ultra (14). The use of
combinations of specimens for rapid
diagnosis in children may also offer a new
improved strategy. Rapid diagnosis is
especially important in young children,
in whom timely initiation of therapy is
crucial to prevent progression of disease
and mortality. In addition, the ability to
rapidly detect rifampicin resistance is
important in initiating optimal therapy
in children for effective treatment. Ultra
results were potentially available on the
same day—much quicker than the time

to obtain culture results. Late initiation
of therapy is a challenge in children,
with reports that 20-47% of children
with culture-confirmed TB are discharged
from the hospital without commencing
TB therapy because of the delay in
diagnosis (15). Testing of a combination
of specimens with Ultra may enable
rapid diagnosis in a high proportion

of children, allowing for immediate
initiation of TB therapy, including
adjusting therapy when there is
rifampicin resistance and minimizing
the number of patients who go
untreated or who receive delayed
treatment.

This study is the first to report on the
yield from Ultra testing on NPAs. The use of
NPAs offers an attractive strategy in
children because NPAs can be noninvasively
and relatively easily obtained. Pediatric
studies from Uganda, Yemen, and Peru

Table 5. Detection of Rifampicin Resistance by Ultra on NPA and Culture or
MTBDRplus-based Drug Susceptibility Testing

MTBDRplus
Ultra Resistant Sensitive Inconclusive Totals
Resistant 1 0 0 1
Sensitive 0 21 1 22
Inconclusive 0 7 0 7
Total 1 28 1 30

Definition of abbreviation: NPA =nasopharyngeal aspirate.
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using culture and in-house polymerase
chain reaction on NPA and other specimens
reported previously that NPAs may be
useful for diagnosis with a yield similar or
less than that from IS (16-18). However,
these studies enrolled older children with
smaller sample sizes and did not repeat
NPAs or use Ultra. We reported previously
that the yield of two Xpert tests done on
repeated IS specimens or on repeated NPAs
was similar, at 71% and 65%, respectively
(10); however, IS provided a significantly
higher yield from culture. Therefore an IS
specimen is preferable for culture IS rather
than an NPA. Furthermore, in the current
study, a single Ultra test on IS detected
substantially more cases than that from a
single NPA or from repeated NPAs. The
sensitivity for Ultra on IS is consistent with
our prior findings (12) and with findings
recently reported in a pediatric Tanzanian
study in which the sensitivity of Ultra (64%)
was found to be higher than that of Xpert
(54%) on a single sputum (19). These are the
only two published studies on the diagnostic
performance of Ultra in children. IS has
been widely used in pediatric studies of TB
in low- and middle-income settings such as
Tanzania, Uganda, Malawi, Bangladesh, and
several settings in South Africa and is safe
and effective for diagnosis (5, 6, 8, 19).
Sputum induction can also be done in
primary care settings and has been shown to
improve diagnostic yield for TB using either
culture or Xpert, although there are few
studies in such settings (4, 20). Strategies to
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strengthen the capacity for healthcare
systems and training of health workers to
undertake sputum induction in children
should be strengthened for optimal
diagnosis. In addition, the feasibility of
different sampling strategies in primary
care settings to optimize yield should be
explored further; in some settings where
samples can be collected on only 1 day,
a single NPA and IS on the same day may
be most feasible.

Approximately half of patients were
clinically diagnosed with TB but were
culture negative. Among these, a minority
were Ultra positive; these likely represent
true-positive cases because all were
symptomatic and improved with TB
therapy. Although false-positive Ultra
results have been reported, particularly in
adults previously treated for TB (14), this is
likely to be less of a problem in young
children, who infrequently have been
treated for TB, as in the current study.
This may suggest an additional role for
Ultra in detecting cases of childhood
TB that are culture negative. Further
work is needed to study those children
with positive Ultra and negative culture
results to determine whether these
represent cases missed by culture or are
falsely positive. However, these results also
underscore the pressing need for a
better diagnostic test to distinguish those

children who truly have TB among the
unconfirmed TB cases.

A limitation of this study was the small
numbers of HIV-infected children with
culture-confirmed disease. However, as
programs for prevention of mother-to-child
HIV transmission have been strengthened and
antiretroviral therapy has become more widely
available, the number of HIV-infected
children has declined substantially. In
addition, our results indicate similar diagnostic
performance in HIV-infected and -uninfected
children. A further limitation is that we were
able to test only a single sputum sample with
Ultra; however, the sensitivity of 74% was high
and comparable to or higher than that
reported for repeated Xpert testing on sputum
in children (10). Ultra was performed on
frozen samples that were thawed and
concentrated by centrifugation before
testing; results cannot be directly extrapolated
to testing of fresh or unconcentrated
samples. Future studies should investigate
the performance of Ultra on fresh or
unconcentrated samples. The generalizability
of results to children with less severe illness
who do not require hospitalization requires
further study. Finally, we tested each sample
separately so as to investigate the yield from
each sample; additional studies using a single
Ultra test on combined samples are needed.
However, a recent study reported that pooling
specimens (IS, gastric lavage, NPA) did not

result in improved diagnostic accuracy from
Xpert or culture compared with a single
specimen (21).

Conclusions

Testing multiple different respiratory
specimens provides a novel and useful
strategy for rapid diagnosis of pediatric TB
with Ultra. Ultra on two NPAs and on a
single IS detected 87% of culture-confirmed
cases, whereas testing on a single IS and
NPA detected 80% of cases. IS provides a
higher yield than NPAs and is preferable for
Ultra and for culture confirmation; the
capacity of health systems to undertake
sputum induction in children must be
strengthened globally. Better strategies for
rapidly confirming a diagnosis of TB in
children are urgently needed.
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