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Background: Childhood tuberculosis (TB) was under-prioritized, and only 15% of child-

hood TB cases are microbiologically confirmed. Hence, most childhood TB diagnoses are

made on a clinical basis and prone to over- or under-treatment. Xpert is a rapid method for

the diagnosis of childhood TB with high sensitivity.

Objective: To assess the use of Xpert for accurate diagnosis, timely initiation, and rational

use of anti-TB treatment among childhood TB.

Methods: In 2016, the hospital facilitated the installation of the Xpert machine. We reviewed

data trends over four consecutive years; two years before the arrival of the machine and two years

following the implementation of Xpert. Data were extracted retrospectively from electronically

stored databases and medical records and entered to SPSS 21 for analysis.

Results: In the pre-intervention period (2014–2015), 404 cases of children presenting with

symptoms or signs suggestive of TB (“presumptive TB”) were evaluated using AFBmicroscopy.

A total of 254 (62.8%) TB diagnoses were made, of which 54 (21.3%) were confirmed by smear

AFBwhile 200 (78.7%) were treated as smear-negative TB cases. The mean waiting time to start

anti-TB treatment was 6.95 days [95% CI (3.71–10.90)]. During the intervention period (2016–-

2017), 371 children with presumptive TB were evaluated using Xpert. A total of 199 (53.6%)

childhood TB cases were notified, of which 88 (44.2%) were Xpert positive and 111 (55.8%)

were treated as Xpert-negative probable TB cases. The tendency to initiate anti-TB treatment for

unconfirmed TB cases was reduced by a third. Compared with smear AFB, Xpert improved

accuracy of diagnosing pediatric TB cases two-fold. The average waiting time to start anti-TB

treatment was 1.33 days [95% CI (0.95–1.71)]. There was a significant reduction in the waiting

time to start anti-TB treatment, with a mean time difference before and during intervention of

5.62 days [95% CI (1.68–9.56)].

Conclusion: Xpert use was associated with a significant increase in the accuracy of

identifying confirmed TB cases, reduced unnecessary anti-TB prescription, and shortened

the time taken to start TB treatment.
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Background
Childhood TB remains among the most prevalent infectious diseases resulting in

significant morbidity and mortality in children. In settings where TB has a high

burden, childhood TB accounts for 15–20% of total TB incidence.3 TB is one of the
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most contagious infectious human diseases with a high

infection rate particularly in children aged less than five

years.1–3

TB is a poverty-related disease, disproportionately affect-

ing the poorest, most vulnerable, and marginalized population

groups wherever it occurs. Children with the disease fre-

quently live in poor communities with few health services.2–4

Ethiopia has been identified as one of the 30 High

Burden Countries (HBC) for TB, TB and human immu-

nodeficiency virus coinfection (TB/HIV), and multidrug-

resistant TB (MDR-TB). In 2016, Ethiopia had an annual

estimated TB incidence of 177 people per 100,000 popula-

tion and a death rate of 25 per 100,000 population. Among

the notified TB cases in 2016, 2.7% of new TB cases and

14% of previously treated TB cases were also estimated to

harbor drug-resistant TB.4

Microscopy was the mainstay modality of TB diagno-

sis for years despite exhibiting low diagnostic sensitivity,

particularly among children. Under optimal conditions, the

sensitivity of smear microscopy for the diagnosis of child-

hood TB remains less than 15%. Microbiological confir-

mation of mycobacterium TB by culture detected only

15–50% of pediatric cases and the procedure takes

a longer time so it is not usually used for routine clinical

care. Therefore, one of the 10 priority indicators for mon-

itoring the implementation of the WHO End TB Strategy

is the percentage of new and relapsing TB cases that have

been tested with a WHO-recommended rapid diagnostic

measure at the time of diagnosis.5–12

The Xpert system was introduced in 2004. It provides

user-friendly molecular testing by fully integrating and auto-

mating the three processes required for real-time polymerase

chain reaction (PCR)-based molecular testing (namely speci-

men preparation, amplification, and detection) and addition-

ally detects both live and dead bacteria.8 Xpert represents

a paradigm shift in the diagnosis of TB and simultaneously

detecting multidrug resistance. It amplifies sputum samples

in a closed system suitable for use outside conventional

laboratory settings. The turnaround of Xpert is less than 2

hours.9,10

The sensitivity of the test is much better than smear

microscopy and similar to that of solid culture. The limit of

detection is 5 genome copies of purified DNA per reaction or

131 colony-forming units/mL in mycobacterium TBwhereas

identification of TB bacilli by microscopic examination

requires at least 10,000 bacilli per milliliter of sputum.9–11

Upfront access to Xpert testing in pediatric presumptive

pulmonary TB cases was associated with a two-fold increase

in bacteriologically confirmed pulmonary TB.4

In the current analysis, we examined childhood pre-

sumptive TB data collected before and after the implemen-

tation of Xpert. Our goal was to assess the significance of

the improvement afforded by Xpert for TB diagnosis, use

of anti-TB treatment for unconfirmed cases, and waiting

time to initiate anti-TB treatment among positive cases.

Materials and Methods
Study Setting, Design, and Selection of

Study Units
We conducted a retrospective medical document review

study which was approved by the Arsi University institu-

tional review board. The study was conducted in 2018 at

Asella Teaching and Referral Hospital (ATRH), located

about 175 km from the capital, Addis Ababa. The hospital

is the only teaching and referral center in the region of

South-Central Ethiopia delivering service to a population

of approximately four million.

Acid-Fast Bacillus (AFB) smear microscopy has been

used for the clinical diagnosis of TB at ATRH for decades.

In the beginning of 2016, the Xpert machine was installed

by the minister of health in collaboration with Challenge

TB Ethiopia. The hospital was selected as a pilot site and

the Xpert service was indicated to childhood TB and TB-

HIV co-infection. All relevant health professionals

attended on-site training on the operation of the machine

and samples were processed using a standard operating

procedure. We enrolled all cases of childhood presumptive

TB (<15 years) from January 1, 2014, to December 31,

2017, who met the criteria for childhood presumptive TB;

based on two or more typical symptoms of TB (cough,

fever, poor weight gain) for more than 2 weeks or contact

with a patient diagnosed with TB.

Data Collection and Management
All childhood presumptive TB cases during the consecutive

four years (2014–2017) were included. Data were sourced

from patient medical records, hospital electronic medical

records, and the TB clinic registry book. Laboratory results

were retrieved from the laboratory center data storage unit.

Consistency, completeness, and accessibility of the data were

assessed using a random subset of the data. For each variable

reported in this study, approximately 20 medical records and

digitally stored database entries were randomly reviewed to

ensure that the objectives of the study were met.
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Data collectors were blinded to the results of each case.

Data collectors were nurses qualified in chart review and

underwent a two-day training course on the use of the data

collection tool. The data collectors independently

reviewed clinical notes and completed a standardized data-

entry format for presenting symptoms, time taken to

receive laboratory result, final diagnosis, and date of start-

ing anti-TB treatment for positive cases. Data collectors

were supervised and could ask advice concerning any

ambiguities or other problems. All data were reviewed

by a third person for consistency and completeness. The

primary outcome was the proportion of patients to receive

a positive TB diagnosis.

Data Analysis
Descriptive statistics and cross-tabulation were used to

quantitatively analyze the relationship between data

acquired for patients before and after the implementation

of the new diagnostic technology. A paired T-test was used

to estimate the difference in waiting time before the com-

mencement of anti-TB treatment in the two time periods.

Adjusted odds ratios were calculated for factors associated

with the effect of Xpert and smear AFB using a multiple

logistic regression.

Operational Definitions2,3,7,9,18,21

Presumptive TB: child presented with a cough lasting two

or more weeks AND/OR any of the following clinical

symptoms: contact with a TB patient, fever, weight loss,

or failure to gain weight.

Confirmed TB: child with at least 1 defined sign or symp-

tom suggestive of TB AND microbiologically confirmed TB,

defined as at least one positive smear or positive Xpert.

Probable TB: child meets two or more of the following

criteria: history of TB contact, a clinical feature suggestive

of TB, reactive tuberculin, skin test >10 mm, or radio-

graphic findings compatible with TB (miliary TB, cavitary

lesions, hilar lymphadenopathy, or primary complex), no

response to trial of broad-spectrum antibiotics.

Compatible Chest-X-ray: Hilar lymphadenopathy,

cavitary lesion (common with older children), and miliary

TB.

Trial of broad-spectrum antibiotics: antibiotic treatment

prescribed for a patient with presumptive TB who has

been evaluated clinically, radiologically, and microbiolo-

gically, in which the findings were inconsistent with TB

and therefore the patient was given broad-spectrum anti-

biotics for a possible alternative diagnosis of pneumonia.

Ethical Considerations
Ethical clearance was obtained from Arsi University,

College of Health Sciences research ethical review board.

As per the Arsi University college of health science ethical

review board, consent of patient/guardian is not needed for

secondary data research as it is not feasible to access them.

Hence, the requirement for obtaining consent was waived

and the research was conducted in accordance with the

Declaration of Helsinki. However, confidentiality of infor-

mation retrieved from patients’ medical records was

upheld and data were not disclosed to any third parties.

Results
A total of 775 presumptive TB cases with complete med-

ical records were enrolled; 404 of these formed the pre-

intervention group (January 2014–December 2015), and

the remaining 371 subsequent to the installation of the

Xpert system (January2016-December2017). Over the

four-year period, a total of 453 (58.5%) patients were

diagnosed with TB. From the total TB cases, 142

(31.3%) were confirmed microbiologically either using

AFB microscopy or Xpert, and 311 (68.7%) were micro-

biological negative and treated as “probable” TB cases

(see Table 1).

Subgroup Analysis
Pre-Intervention (2014–2015)

A total of 404 (n = 204 male; 50.1%) childhood presump-

tive TB cases were evaluated using smear AFB. Cough,

fever, and weight loss were the leading clinical presenta-

tions (see Table 1). The mainstay of TB diagnosis was

conventional AFB microscopy. A total of 54 (13.4%) were

found to be smear AFB positive. During this period, a total

of 254 childhood TB diagnoses were made, of which 54

(21.3%) were confirmed by AFB microscopy and 200

(78.7%) were treated as smear-negative “probable” TB

cases. A total of 244 (60.4%) cases were prescribed

a trial of broad-spectrum antibiotics for a possible alter-

native diagnosis other than that of a bacterial respiratory

infection. Of these, 105 (43.0%) made a clinical improve-

ment, and the remaining 139 (57.0%) were re-enrolled for

TB work up. There was no association between antibiotic

use and the rate of positive smear AFB, AOR 2.69 (95%

CI, 082–8.30). The smear-positive rate was comparable in

children under five years of age and those between 5 and

15 years (see Table 2).
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During Xpert Use (2016–2017)

Xpert was introduced as a primary diagnostic modality of

TB for under 15 years of age. During this period, a total of

371 childhood presumptive TB cases were evaluated (n =

199 male; 53.6%). Cough, fever, and weight loss were the

leading clinical presentations (see Table 1). Of these cases,

88 (23.7%) were positive for mycobacterium TB (MTB),

and no cases of rifampicin resistance were reported.

During this period, a total of 199 TB cases were diagnosed

of which 88 (44.2%) were confirmed by Xpert, and 111

Table 1 Patients Clinical Feature and Some Laboratory Characteristics, ATRH, 2018

Demographic Pre-Intervention, n= 404 During Intervention, n=371 p-value

Age, median (IQR), year 10 (7–12) 8(4–12) 0.121

Sex Male 204(50.1) 199(53.6) 0.065

Female 200(49.9) 172(46.4)

Presenting clinical feature

Cough, n(%) 375(91.9) 352(94.9) 0.056

Fever, n(%) 315(77.2) 277(74.7) 0.072

Weight loss, n(%) 250(61.3) 242(65.2) 0.062

Severe acute malnutrition, n(%) 51(12.5) 49(13.2) 0.323

BCG Vaccination, n(%) 41(10.0) 62(16.7) 0.051

Contact with chronic cougher, n(%) 106(26.0) 135(36.4) 0.032

Contact with TB patients, n(%) 75(18.4)) 116(31.3) 0.012

Trial of antibiotic use, n(%) 244(60.0) 247(66.6) 0.071

Improved for trial of antibiotic, n(%) 105(25.7) 165(45.0) 0.013

Highly elevated ESR(>50mm/hr) 210(51.5) 181(48.8) 0.081

Anemia(hemoglobin<11g/dl) 122(29.9) 101(27.2) 0.187

Waiting time to start anti-TB,

median (IQR), days

3(2–5.75) 2(0–4) 0.015

Abbreviations: ATRH, Asella Teaching and Referral Hospital; BCG, Bacille Calmette–Guérin; ESR, erythrocyte sedimentation rate; IQR, interquartile range; TB,

tuberculosis.

Table 2 Multivariate Logistic Regression: Factors Associated with Tuberculosis Case Notification at ATRH, 2018

“Probable” TB Cases, N=311 Smear AFB Positive N=54 XPert Positive N=88

AOR, 95% CI AOR, 95% CI AOR, 95% CI

BCG vaccine No 0.81(0.55–1.21) 2.06(0.96–2.38) 1.06(0.57–2.03)

SAM Yes 3.29(1.91–5.71) 1.97(0.87–4.44) 2.00(1.07–3.70)

Contact with chronic cougher Yes 1.56(1.14–2.15) 1.28(0.66–2.47) 1.55(0.96–2.53)

Contact with TB patient Yes 1.67(1.24–2.24) 1.03(0.56–1.88 1.44(0.89–2.31)

Weight loss Yes 1.21(0.92–1.61) 2.03(1.11–3.72) 1.33(0.77–2.30)

Age category ≥5 years 1.73(1.25–2.40) 1.01(0.45–2.55) 1.02(0.59–1.75)

Anemia Yes 1.81(1.38–2.38) 2.08(1.21–3.58) 1.22(0.76–1.95)

ESR level (mm/hr) 50–99 2.06(1.46–2.91) 1.95(0.83–4.61) 2.42(1.24–4.73)

≥100 5.9(2.6–13.3) 5.26(1.8–15.7) 4.55(1.51–13.7)

Chest X-ray compatible with TB Yes 11.3(7.4–17.4) 5.7(3.2–10.2) 7.5(4.5–12.6)

Xpert implementation Before 1.89(1.44–2.78)

Abbreviations: AFB, acid-fast bacilli; AOR, adjusted odds ratio; ATRH, Asella Teaching and Referral Hospital; BCG, Bacille Calmette–Guérin; CI, confidence interval; ESR,

erythrocyte sedimentation rate; SAM, severe acute malnutrition; TB, tuberculosis.
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(55.8%) were treated as “probable” TB cases. This repre-

sents a 77% (almost twofold) increase proportionately in

the number of presumptive TB cases to be microbiologi-

cally confirmed from the first period to the second period.

A total of 247 (66.4%) patients were prescribed a trial of

broad-spectrum antibiotics for a possible alternative diagno-

sis of non-TB bacterial respiratory tract infection, of which

165 (45.0) showed a clinical response to antibiotic treatment.

The proportion of patients prescribed with broad-spectrum

antibiotic treatment is not significantly different between the

two periods but the number of patients showing a clinical

response to the antibiotics significantly increased following

implementation of Xpert (Table 1 and Figure 1).

The waiting time for TB-positive patients to start anti-TB

treatment was compared between the two periods. The imple-

mentation of Xpert significantly shortened the waiting time to

an average of 2.6 days (95% CI 1.5–3.5 p 0.014) compared to

5.5 days (95% CI 3.7–7.4) beforehand. Moreover, one-

quarter of TB patients diagnosed using Xpert started anti-

TB treatment on the day of evaluation compared to only 7.5%

of TB patients in the first period (Figure 2).

Factors Affecting the Rate of Positive

Smear AFB vs Xpert
Patients who had contact with a patient with TB or chronic

cough were likely to have their TB diagnosis confirmed by

either AFB microscopy or Xpert (odds ratio 1.57, 95% CI

1.09–2.25, p-0.014).

Bacille Calmette–Guérin (BCG) vaccination status did

not show any association with any form of TB diagnosis.

Patients with chest x-ray findings consistent with pulmon-

ary TB, elevated erythrocyte sedimentation rate (ESR),

and presence of malnutrition were highly likely to have

a positive smear AFB or Xpert result (Table 2).

The trends of confirmed TB cases increased after the

introduction of Xpert while “probable” TB cases decreased

in line with the overall trend in decreasing TB case

presentation.

Prescription of broad-spectrum antibiotic treatment for

respiratory complaints has significantly reduced after the intro-

duction of Xpert compared the preceding two years (odds ratio

0.134, 95% CI 0.08–0.23, p<0.001). This may indicate

improved rationale in the use of antibiotics (Figure 1). There

was no association between antibiotic use and positive Xpert

results (odds ratio 2.33, 95% CI, 0.49–11.10).

Similarly, the initiation of anti-TB treatment for cases of

unconfirmed TB decreased significantly during intervention.

Discussion
There is a critical need for improved diagnosis of TB in

children, particularly in young children as this deficit repre-

sents the most neglected sectors of population and those

posing the greatest diagnostic challenges. There is also

Figure 1 Bar chart comparison of trends of microbiologically confirmed TB cases, probable or possible TB cases, and utilization of antibiotics at Asella Teaching and Referral

Hospital in 2018.
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a need for standardization of clinical definitions for the eva-

luation of diagnostic methods in prospective clinical research

studies, including those involving children in whom TB is

suspected but not confirmed microbiologically.2,6 The present

study found that prior to the implementation of Xpert, the rate

of positive smear AFB results amongst presumptive TB cases

was 54/404 (13.4%). Of cases to receive a positive diagnosis,

54/254 (21.3%) were microbiologically confirmed, making

the remaining 200 cases (78.7%) were treated as smear-

negative “probable” TB diagnoses. This finding is consistent

with the findings of a national survey, which reported the

proportion of smear-positive TB cases to be 23.1%with three-

quarters of patients being treated for unconfirmed TB

diagnoses.2,4,10 This diagnostic disparity motivated the recent

introduction of the new diagnostic modality known as Xpert.

In our study, the proportion of total presumptive TB cases

to receive a positive diagnosis of MTB using Xpert was

found to be 88/371 (23.7%), an almost two-fold increase

compared to using smear AFB. This finding is higher than

a recent study from France which reported smear microscopy

and gene Xpert detection rates to be 4.8% and 10.4%,

respectively. This difference could be explained by the dif-

ference in the epidemiological distribution of the disease

between the two countries, as well as differences in the

definitions of suspected TB and the skill and experience

levels of individuals performing AFB microscopy.4

In this study, the diagnostic efficacy of Xpert MTB was

assessed in comparison to conventional AFB smear micro-

scopy. Taking the clinical definition of TB diagnosis as the

gold standard, Xpert showed improved diagnostic capacity

compared to AFB smear microscopy, demonstrated

through a two-fold increase in the number of confirmed

TB diagnoses using Xpert compared to AFB smear micro-

scopy. This is in agreement with reports from South Africa

and Brazil showing increases in confirmed TB diagnoses

of 30–37%.1,2,5-7 In our study, unconfirmed TB diagnoses

decreased significantly after the introduction of Xpert. The

decline in “probable” TB cases’ after the introduction of

Xpert reduced the margin of error on the decision to

commence anti-TB treatment. As such, this mitigates the

negative impact of unnecessary anti-TB treatment on

a significant number of patients and their families.3,4,8-10

Most patients who were initially presumed to have TB and

who received a negative Xpert diagnosis were given an

alternative diagnosis and improved with the prescription of

broad-spectrum antibiotics. Broad-spectrum antibiotic use

was not statistically different before and after implementa-

tion of Xpert; however, the number of patients showing

a positive response to prescribed antibiotics was signifi-

cantly higher in the latter period. This is likely due to the

higher sensitivity and specificity of Xpert compared to

AFB microscopy. A study by Lucian Davis et al and others

reported that continued Xpert use could conceivably have

significant clinical and public health consequences by

decreasing unnecessary use of anti-TB treatment through

contact screening. Pulmonary TB was the most commonly

diagnosed form of TB in the present study, which is in

agreement with 2019 WHO survey report among other

reports where the majority of cases were diagnosed in

children older than 5 years of age.12–17,25

The waiting time between first hospital visit and com-

mencement of anti-TB treatment is one of the critical

priorities for interrupting disease transmission and halting

the circulation of the bacilli in the community. It is also

equally important to start the patient on treatment rapidly

so as to decrease patient suffering and improve clinical

outcome.26,30 In line with this, our study assessed the

impact of Xpert in shortening waiting times. We reported

that the implementation of Xpert significantly reduced the

average waiting time to start anti-TB treatment, indicating

reducing patient suffering, improved treatment outcomes,

reduced risk of transmission, and improved TB control

overall. A recent multicenter study showed that the median

time to positive TB diagnosis for the gene Xpert test was

zero (0) days (IQR 0–1), compared with 1 day (0–1) for

microscopy, 30 days (23–43) for solid culture, and 16 days

(13–21) for liquid culture. Use of Xpert reduced the

Figure 2 Statistical summary of trends of waiting time to start anti-TB before and

during intervention at Asella Teaching and Referral Hospital in 2018.
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median time to treatment for smear-negative TB from 56

days (39–81) to 5 days.6,7,9,11,14

Children who received BCG vaccination were at lower

risk of having smear-positive TB while its overall TB pre-

ventive efficacy is not significantly different from the unvac-

cinated population. BCG vaccination reduces severe forms of

mycobacterium TB infection (eg, central nervous system

TB) in children; however, it has only minimal effects on

secondary TB and TB of the lung. BCG, therefore, plays an

insignificant role in strategies to control TB.2,3,17

Our study demonstrated that the implementation of

Xpert considerably decreased the frequency and impact

of unnecessary broad-spectrum antibiotic prescription for

presumptive TB cases which is in agreement with the

findings of other studies. Similarly, even though the pre-

sent study did not entirely characterize the impact of Xpert

in contact case tracing, there are a number of reports

indicating that its use can also improve contact

screening.1-3,4,19–24,27–30

Limitations
The research findings were generated by using retrospec-

tive data analysis through reviewing patient medical

records. Data retrieval was subject to some issues of

inconsistency and incompleteness. However, the output

of the research carries a significant scientific impact and

provides a fertile ground for future prospective studies.

Conclusion and Recommendation
The implementation of Xpert was associated with

a significant increase in the proportion of confirmed child-

hood TB cases and a significant reduction in prescription

of anti-TB treatment for unconfirmed TB cases and

improved response to the use of antibiotics for patients

receiving a TB-negative diagnosis. Further, Xpert use was

associated with a significant decrease in the time taken to

start anti-TB treatment among children presenting as pre-

sumptive TB. Xpert use provides significant improvement

in the TB diagnosis and treatment of children. With wider-

scale use, it will have a profound impact on the success of

the WHO End TB Strategy.
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