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ARTICLE INFO ABSTRACT

ATIiC’F history: Objective: To evaluate the performance of Xpert Mycobacterium Tuberculosis/rifampicin (MTB/RIF) Ultra
Received 6 October 2023 (Ultra) for diagnosis of childhood tuberculosis (TB) within public health systems.

Revised 2 January 2024 Methods: In this cross-sectional study, children aged <15 years with presumptive pulmonary TB were

Accepted 3 January 2024 consecutively recruited and evaluated for TB at tertiary-level hospitals in Benin, Mali, and Ghana. Bivariate

random-effects models were used to determine the pooled sensitivity and specificity of Ultra against

Keywords: culture. We also estimated its diagnostic yield against a composite microbiological reference standard
Diagnostic accuracy (cMRS) of positive culture or Ultra.

GepeXpert Results: Overall, 193 children were included in the analyses with a median (interquartile range) age of 4.0
5:33:550515 (1.1-9.2) years, 88 (45.6%) were female, and 36 (18.7%) were HIV-positive. Thirty-one (16.1%) children had

confirmed TB, 39 (20.2%) had unconfirmed TB, and 123 (63.7%) had unlikely TB. The pooled sensitivity
and specificity of Ultra verified by culture were 55.0% (95% confidence interval [CI]: 28.0-79.0%) and
95.0% (95% CI: 88.0-98.0%), respectively. Against the cMRS, the diagnostic yield of Ultra and culture were
67.7% (95% Cl: 48.6-83.3%) and 70.9% (95% CI: 51.9-85.8%), respectively.
Conclusion: Ultra has suboptimal sensitivity in children with TB that were investigated under routine
conditions in tertiary-level hospitals in three West African countries.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction dren died of TB [1]. Recent reports show that children aged <15
years constitute 11% and 14% of global TB morbidity and mortal-

Globally in 2021, there were an estimated 10.6 million incident ity, respectively, although National TB programs often notify less
cases of tuberculosis (TB) including 1.2 million cases in children than half of all estimated childhood TB cases [1]. The paucibacil-
younger than 15 years of age, while as many as 240,000 chil- lary nature of TB in children and difficulties with obtaining good-
quality respiratory samples constitute major obstacles to microbio-
logical confirmation of TB in children [2], which is only achieved in
less than 40% of all children starting TB therapy [3,4]. Diagnosis of
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on non-specific clinical, epidemiological, and radiological features
[5].

The Xpert Mycobacterium TB/rifampicin (MTB/RIF) Ultra (Ul-
tra; Cepheid, Sunnyvale, CA, USA) is an advanced version of the
first-generation Xpert MTB/RIF, and it was designed to have im-
proved sensitivity for the detection of Mycobacterium tuberculo-
sis (M.tb) DNA by incorporating a relatively wider reaction cham-
ber and two different multi-copy amplification targets (IS6110 and
[S1081) [6]. In a systematic review and meta-analysis of the per-
formances of Xpert MTB/RIF and Ultra for detection of TB in chil-
dren, Xpert MTB/RIF demonstrated sensitivity and specificity of
64.6% and 99.0%, respectively, relative to the Ultra that demon-
strated sensitivity and specificity of 72.8% and 97.5%, respectively
[7]. Although the relatively higher sensitivity of Ultra for diagno-
sis of childhood TB as reported from various research studies looks
promising, very few studies have evaluated the diagnostic accuracy
of the Ultra within public health systems in resource-limited set-
tings where operational conditions may be sub-optimal [8].

Therefore, we conducted a multicenter evaluation of the perfor-
mance of Ultra for diagnosis of childhood TB under routine clinical
and laboratory conditions at tertiary-level hospitals in three West
African countries.

Methods
Settings, patients and samples, and laboratory procedures

Children (aged <15 years) with presumptive pulmonary TB
were consecutively recruited from March 2020 to February 2022
at the dedicated outpatient childhood TB clinics of three tertiary
hospitals, which are part of the West African Networks of Excel-
lence for TB, AIDS, and Malaria (WANETAM). The WANETAM con-
sortium is funded by the European and Developing Countries Clin-
ical Trials Partnership (EDCTP), and it aims to build on previous
achievements to develop expertise for clinical research, including
the implementation of clinical trials, for the control of poverty-
related diseases in West Africa [9].

Specifically, the study sites were the National Teaching Hospi-
tal for TB and Respiratory Diseases (CNHU-PPc), Cotonou, Republic
of Benin, Gabriel Toure University Teaching Hospital (CHU Gabriel
Toure), Bamako, Mali, and Korle Bu Teaching Hospital (KBTH), Ac-
cra, Ghana. Recruitment of eligible children was conducted un-
der routine clinical and laboratory conditions at the three study
sites. Participants were recruited and investigated for pulmonary
TB based on presentation with suggestive symptoms and signs,
characterized by persistent or unremitting cough for at least two
weeks with any weight loss, failure to thrive, or persistent unex-
plained fever [10].

Demographic information was obtained at enrollment, and all
recruited children had detailed clinical evaluations conducted by
site-based pediatricians, including symptom reviews and physical
examinations. All recruited children also underwent HIV testing
and chest radiography that was interpreted by the pediatricians
at each site. One or two sputum samples (spontaneously expec-
torated or induced) were obtained from children aged >7 years
while gastric aspirates (GA) were obtained from children aged <7
years, according to the standard operating procedures at each hos-
pital. When two samples of spontaneously expectorated or induced
sputum were obtained from a child, the samples were pooled for
Ultra and Mycobacterial culture. This approach reflects the prac-
tical considerations within the national public health systems in-
cluding the cost of the laboratory consumables, among others. De-
pending on the clinical presentation, samples were also collected
from the pleural cavity or lymph nodes by fine-needle aspiration
and sent for testing by Ultra and Mycobacterial culture.
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Samples were processed according to standard laboratory pro-
tocols at each hospital. Testing of samples with Ultra was per-
formed in accordance with the manufacturer’s recommendations,
as previously described [11]. The samples were also inoculated
for solid culture on Lowenstein-Jensen medium and/or liquid cul-
ture using Mycobacterial Growth Indicator Tube (Becton Dickinson,
Franklin Lakes, NJ, USA). The presence of M.tb in positive cultures
was confirmed using Ziehl-Neelsen or Auramine acid-fast stain-
ing and MPT64 antigen detection test (Abbott, Palatine, IL, USA)
or MTBDRplus line-probe assays (Hain Life Sciences, Nehren, Ger-
many).

Using findings from the clinical and radiological evaluations and
results of the TB diagnostic tests, each study participant was clas-
sified according to the revised case definitions for the classifica-
tion of intrathoracic TB in children, comprising “confirmed TB”, “un-
confirmed TB” and “unlikely TB” [10]. All children diagnosed with
TB were referred for treatment of either drug-susceptible or drug-
resistant TB, as appropriate, according to the national pediatric
TB treatment guideline in each country. Children with unlikely TB
were treated for other respiratory diseases, with follow-up clinic
visits within four weeks to ascertain their well-being.

Statistical analysis

Due to the pragmatic nature of our study, we did not carry
out a formal sample size calculation. All eligible consecutively re-
cruited children were included in the analyses. Study data were
entered directly into internet-enabled tablets with REDCap soft-
ware, double-checked, and corrected for data entry errors at each
site. Collected data were synchronized with a centralized database
hosted at the Medical Research Council Unit The Gambia at the
LSHTM (MRCG at LSHTM), Fajara, The Gambia, where the data
were extracted for analysis. This study is reported in accordance
with the guidelines of the Standards for Reporting of Diagnostic
Accuracy Studies (STARD) and a complete STARD checklist is pro-
vided as supplementary material [12].

For the primary analysis, we calculated the sensitivity and
specificity of Ultra against Mycobacterial culture-confirmed TB dis-
ease as the reference standard. However, it is known that culture
has sub-optimal sensitivity in childhood TB, which makes it an im-
perfect reference standard [13]. Therefore, we also estimated the
diagnostic yield of Ultra against a composite microbiological refer-
ence standard (cMRS) which includes positive results for Mycobac-
terial culture or Ultra in the sub-group of children with confirmed
TB, as was previously described [14]. Using the cMRS, we reported
the diagnostic yield separately for culture and Ultra irrespective
of the respiratory sample type or country and also stratified by
type of respiratory sample (i.e. sputum or GA) and country. We
determined the point estimates for the sensitivity and specificity,
with the respective 95% confidence interval (CI), by performing
the bivariate random-effects meta-analysis using STATA command
‘metadta’ to account for the possible heterogeneity across the three
study sites [15]. Statistical analyses were performed using STATA
statistical software (version 17.0, StataCorp, College Station, Texas).

Results
Characteristics of study participants

A total of 200 children with presumptive pulmonary TB were
recruited, out of which seven children were subsequently excluded
from the analyses due to missing Ultra or Mycobacterial culture re-
sults, contaminated Mycobacterial culture, and/or missing clinical
or demographic data. Of the 193 children included in the analysis,
22 (11.4%) were M.tb culture positive, and 171 (88.6%) were found
to be culture-negative. Twelve children had positive Ultra results
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Figure 1. STARD diagram reporting the flow of participants in the study.

among the culture-confirmed childhood TB cases, while nine chil-
dren had positive Ultra results among the children that were M.th
culture-negative (Figure 1). The median age of the 193 children
was 4.0 years (interquartile range 1.1 to 9.2 years), 105 (54.4%)
were aged <5 years, 88 (45.6%) were female, and 36 (18.7%) were
found to be HIV positive. Overall, 31 (16.6%) had confirmed TB, 39
(20.2%) had unconfirmed TB, and 123 (63.2%) had unlikely TB. De-
tailed demographic and clinical characteristics of all children in-
cluded in the analyses, by study site and overall, are presented in
Table 1.

Diagnostic accuracy of Ultra

The pooled sensitivity and specificity of Ultra verified by culture
were 55.0% (95% CI: 28.0-79.0%) and 95.0% (95% CI: 88.0-98.0%),
respectively (Figure 2). The sensitivity of Ultra against culture was
relatively higher in Ghana (80.0%; 95% CI: 28.0-99.0%) than in Mali
(67.0%; 95% CI: 30.0-93.0%) and Benin (25.0%; 95% CI: 3.0-65.0%).

In the analysis using the cMRS, the diagnostic yield of Ultra
and culture irrespective of the respiratory sample type or country
were 67.7% (95% CI: 48.6-83.3%) and 70.9% (95% CI: 51.9-85.8%),
respectively. In addition, the diagnostic yield of Ultra against the
c¢MRS, using sputum samples, was 63.6% (95% CI: 30.8-89.1%), rel-
ative to a yield of 66.7% (95% CI: 41.0-86.7%) with GA. Also, against
the cMRS, the diagnostic yield of culture was 72.7% (95% CI: 39.0-
94.0%) and 61.1% (95% Cl: 35.7-82.7%) with sputum and GA, re-
spectively (Table 2). When stratified by country, the diagnostic
yield of Ultra against the cMRS was comparable between Ghana
(83.3%; 95% CI: 35.9-99.6%) and Mali (80.0%; 95% CI: 51.9-95.7%),
with both relatively higher than in Benin (15.5%; 95% Cl: 12.2-
73.8%). On the other hand, the diagnostic yield of culture against
the cMRS was comparable between Benin (80.0%; 95% Cl: 44.4—
97.5%) and Ghana (83.3%; 95% Cl: 35.9-99.6%), while both were rel-

88

atively higher than the diagnostic yield of culture against cMRS in
Mali (60.0%; 95% CI: 32.3-83.7%).

Rifampicin resistance detected by Ultra

Among the 21 children with positive Ultra results, three (14.3%)
were also found to have Rifampicin resistance.

Discussion

In this multicenter study, we report the performance of Ultra
for diagnosis of pulmonary TB using fresh respiratory samples ob-
tained from ambulant children aged less than 15 years, who were
investigated under routine conditions in tertiary-level hospitals, in
three West African countries. Overall, we found that the pooled
sensitivity and specificity of Ultra relative to M.th culture were
55.0% and 95.0%, respectively. The sensitivity of Ultra relative to
culture in our study is lower than reports from previous simi-
lar multicenter research studies, where sensitivities of 66.3% and
64.3% against culture were reported using fresh and stored respi-
ratory samples, respectively [16,17]. The sensitivity of Ultra in our
study is also lower than in a research study involving hospitalized
children and from a recently published updated Cochrane review
of Ultra accuracy, where the sensitivity of Ultra was reported to be
greater than 70% [18,19].

These results suggest that the sensitivity of Ultra for diagnosis
of TB in children, based on routine practices and procedures within
the national public health systems in West Africa, is lower than in
the more controlled research settings where stricter methodologi-
cal requirements are applied. It is not clear what factors may have
contributed to the relatively lower sensitivity of Ultra in our prag-
matic study. However, it is possible that clinical, operational, logis-
tics, pre-analytical, and/or other yet-to-be-identified factors, which
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Table 1

Demographic and clinical characteristics of study participants.
Study site Benin Ghana Mali All children
Number (%) 66 (34.2) 66 (34.2) 61 (31.6) 193 (100)
Age, Median years, (IQR) 4.3 (1.5-9.2) 4.5 (1.2-10.0) 3.8 (1.0-8.3) 4.0 (1.1-9.2)
<5 years, n (%) 34 (51.5) 37 (56.1) 34 (55.7) 105 (54.4)
Sex, n (%)
Female 27 (40.9) 32 (48.5) 29 (47.5) 88 (45.6)
HIV status, n (%)
Negative 50 (75.8) 36 (54.6) 20 (32.8) 106 (54.9)
Positive 14 (21.2) 17 (25.8) 5(8.2) 36 (18.7)
Unknown 2 (3.0) 13 (19.6) 36 (59.0) 51 (26.3)
Clinical presentation, n (%)
Cough >2 weeks 33 (50.0) 15 (22.7) 40 (65.6) 88 (45.6)
Fever 49 (74.2) 49 (74.2) 48 (78.7) 146 (75.7)
Lethargy 18 (27.3) 21 (31.8) 20 (32.8) 59 (30.6)
Past history of TB 1(1.5) 3 (4.6) 1(1.6) 5 (2.6)
Respiratory sample type?, n (%)
Gastric aspirate 39 (59.1) 44 (84.6) 32 (52.5) 115 (64.2)
Sputum 27 (40.9) 8 (15.4) 29 (47.5) 64 (35.8)
Diagnosis, n (%)
Confirmed TB 10 (15.2) 6 (9.1) 15 (24.6) 31 (16.1)
Unconfirmed TB 6(9.1) 26 (39.4) 7 (11.5) 39 (20.2)
Unlikely TB 50 (75.8) 34 (51.5) 39 (63.9) 123 (63.7)

IQR, interquartile range; HIV, human immunodeficiency virus; TB, tuberculosis.
2 Total number of respiratory samples for ‘All children’ is 179 because the samples were collected for only 52/66 children in Ghana;
the remaining 14 children had samples collected for TB detection tests by fine-needle aspiration.

Site Sensitivity (95% CI) Specificity (95% CI) TP FP N FN
T T
| 1
| 1
| 1

Benin —O—t— 0.25 (0.03, 0.65) —1’ 0.97 (0.88, 1.00) 2 2 56 6
| |
| |

Ghana —— 1= 0.80(0.28, 0.99) - 0.98 (0.91, 1.00) 4 1 60 1
I 1
| |

Mali —:—-— 0.67 (0.30, 0.93) —-—: 0.88 (0.77, 0.96) 6 6 46 3

Overall <> 0.55 (0.28, 0.79) <b 0.95 (0.88, 0.98) 12 9 162 10
| |

0 5 1 0 5 1
Sensitivity Specificity

Figure 2. Diagnostic accuracy of Ultra verified by mycobacterial culture.

may not be optimal within national health systems in resource-
limited settings, could affect the performance of the Ultra [8]. In
addition, the results could also be due in part to our study popu-
lation being children who were recruited from outpatient TB clin-
ics. Such children probably have milder TB disease with relatively
lower bacterial load when compared with children hospitalized
with TB disease as in-patients. However, these results highlight
the need for operational research, preferably using quantitative and
qualitative approaches, to investigate the factors in the pathway to-
ward diagnosis of TB in children within public health systems.

We also determined the diagnostic yield of Ultra against the
cMRS that combines positive culture or Ultra results in the sub-
group of children with confirmed TB [14]. This is because M.tb cul-
ture is recognized as an imperfect reference standard in children
and because any positive Ultra test, even in children with nega-
tive culture results, is an indication for TB treatment initiation in
the real-life clinical setting in which our study was conducted. We
found that the diagnostic yield of Ultra and culture against the
cMRS were 67.7% and 70.9%, respectively. These results from our
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pragmatic study suggest that the diagnostic yield of Ultra is com-
parable to that of culture in the sub-group of children with con-
firmed TB. We also reported that nine children with positive Ul-
tra results were culture-negative. These children were classified as
confirmed TB in accordance with the revised case definition for TB
in children [10] and were treated for TB accordingly. The high rate
of positive result discordance between culture and Ultra observed
in our study probably also reflects the nature of our study popula-
tion being symptomatic but ambulant children recruited in outpa-
tient childhood TB clinics, as previously highlighted. In such popu-
lation, it has been suggested that multiple diagnostic tests and or
multiple samples might be required to reach sufficient sensitivity
[20]. Taken together, these findings support the assertions made
in previous childhood TB diagnosis studies conducted in our set-
ting and other parts of Africa that culture of respiratory samples
in children, where it is available, is advisable because it could have
incremental benefits when combined with Xpert assay [16,21].
The pooled specificity of 95.0% for Ultra reported in our study
is comparable with the specificity of 95.4% and 98.1% using fresh
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Table 2
Diagnostic yield of Ultra and culture against the composite microbiological refer-
ence standard.

Characteristics n/N Sensitivity % (95% CI)
Test

Ultra 21/31 67.7 (48.6-83.3)

Culture 22/31 70.9 (51.9-85.8)
Respiratory sample (Ultra)

Gastric aspirate 12/18 66.7 (41.0-86.7)

Sputum 7/11 63.6 (30.8-89.1)
Respiratory sample (Culture)

Gastric aspirate 11/18 61.1 (35.7-82.7)

Sputum 8/11 72.7 (39.0-94.0)
Country (Ultra)

Benin 4/10 15.5 (12.2-73.8)

Ghana 5/6 83.3 (35.9-99.6)

Mali 12/15 80.0 (51.9-95.7)
Country (Culture)

Benin 8/10 80.0 (44.4-97.5)

Ghana 5/6 83.3 (35.9-99.6)

Mali 9/15 60.0 (32.3-83.7)

CI, confidence interval; n, number of test positive; N, number of children with con-
firmed tuberculosis based on positive culture and/or Ultra results.

and stored respiratory samples, respectively, reported from other
studies [16,17]. This is also comparable to the specificity of 97%
reported in studies involving hospitalized children and from the
new Cochrane review [18,19,22].

Due to the difficulties in obtaining good-quality sputum sam-
ples from children, studies have evaluated the use of other res-
piratory specimens including nasopharyngeal aspirates and/or GAs
for diagnosis of pulmonary TB in children. The recently published
Cochrane systematic review that updated evidence on the diagnos-
tic accuracy of Ultra found that its sensitivity varies by specimen
type, with sputum having the highest sensitivity (75.3%), followed
by GA (70.4%) and stool (56.1%) [19]. In our study, we found that
the diagnostic yield of Ultra verified by the cMRS was marginally
lower with sputum (63.6%) than with GA (66.7%).

Our study had some limitations. The number and proportion of
children diagnosed with TB, especially confirmed TB, are small and
vary between the hospitals. While this further highlights the chal-
lenge with microbiological confirmation of TB in children, which
is an exception rather than the rule, it also suggests possible het-
erogeneity across the hospitals. Therefore, we used random-effect
meta-analysis to account for the heterogeneity in our analysis.
Also, the recruitment of eligible children at the three hospitals
in this descriptive pragmatic study was probably impacted by the
nationwide lockdowns and movement restrictions imposed across
West Africa during the period of the study because of the COVID-
19 pandemic. Furthermore, the probable impact of the COVID-19
pandemic on the quality of screening, sample collection, and lab-
oratory testing at the various national health systems during the
period of the study cannot be completely ruled out.

Conclusion

The sensitivity of Ultra in children with TB that were inves-
tigated routinely in tertiary-level hospitals in three West African
countries is lower than the sensitivity reported under more sys-
tematic research conditions. This constitutes a practical challenge
for reliable diagnosis of TB and the timely initiation of treatment
in children. Furthermore, our paper highlights the urgent need for
operational research on how to improve the diagnosis of childhood
TB within national public health systems in West Africa and the
need for new diagnostics with improved sensitivity for rapid de-
tection of childhood TB in general.
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