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Abstract

Background: Approximately 81% of all childhood tuberculosis cases occur among 22 high-
burden countries and Ethiopia ranks eighth among these high burden countries. The GeneXpert
Mycobacterium tuberculosis DNA and resistance to rifampicin (MTB/RIF) test can detect pediat-
ric tuberculosis and its multidrug-resistant form with very high sensitivity and specificity, but lim-
ited data exists on its use in our country. We aimed to evaluate the effectiveness of the GeneXpert

assay in comparison to children with a clinical diagnosis of Tuberculosis.

Methods: A descriptive retrospective study on 144 TB-diagnosed children younger than 15 years
was conducted at Tikur-Anbessa specialized hospital and Yekatit 12-referral hospital, pediatrics
departments, Addis Ababa, Ethiopia. The performace of the GeneXpert test was evaluated by re-
vising the charts of patients who have begun anti-tuberculosis treatment. We extracted infor-
mation from the chart review of 144 eligible children who were diagnosed with tuberculosis and

began anti-TB treatment from February 2014 to July 2016.

Result: In the study, 144 patients with clinical diagnosis of tuberculosis were included, and 23%
of them also had concurrent HIV infection. Equal numbers of male and female were present;
48.6% were from Addis Ababa. Thirty-four patients (23.6%) were missing their childhood vac-
cinations. The GeneXpert assay detected disease in only 24 (16.7%) of clinically diagnosed pedi-

atric tuberculosis patients.
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Conclusion: Although the GeneXpert assay is helpful in the diagnosis of pediatric tuberculosis,

most patients were still receiving treatment even after a negative GeneXpert test, necessitating

the need for a more sensitive test.

Keywords: GeneXpert MTB/RIF assay, Childhood Tuberculosis, Tuberculosis Diagnosis, Pedi-

atrics, Addis Ababa
Background

Tuberculosis remains a significant health
problem in developing countries. Ethiopia is
one of the world's 30 countries with the high-
est Tuberculosis (TB) burdens, with an esti-
mated TB incidence rate of 132/per 100,000
people (151,000 people annually) and 21,500
TB deaths (19/per 100,000 people) in 2020. In
2019, it was projected that 1.1% of newly di-
agnosed TB cases and 7.5% of previously
treated TB cases had multidrug resistant
(MDR-TB) (1-3). The WHO 2022 report
states children make up at least 11.3% of tu-
berculosis cases worldwide, but this figure
may be understated given how challenging it
is to diagnose childhood tuberculosis, empha-
sizing the need for better diagnosis (4-6). In
Sub-Saharan Africa, where tuberculosis is en-
demic, children under the age of 15 make up
15% to 20% of the disease burden. The 22
countries with the highest-burden account for
approximately 81% of all childhood cases.
Ethiopia ranks eighth among these high-

burden countries (7).

Clinical, radiological, and tuberculin skin-test
results have been primarily used to diagnose
pulmonary tuberculosis in children. The tuber-
culin skin test, however, is a marker of expo-

sure rather than disease; clinical diagnosis has
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low specificity; radiological interpretation is
subject to inter-observer variability. The
growing drug-resistant tuberculosis epidemic
makes microbiological confirmation with drug
resistance detection increasingly crucial. This
is challenging due to the difficulty in collect-
ing sputum samples, the paucibacillary nature
of the illness, and the low sensitivity of AFB
microscopy (8). To stop the spread of the dis-
ease in the community, it is crucial to diag-
nose and find active TB and multi-drug-
resistant strains of TB. Due to the disease's
nonspecific signs and symptoms, paucibacil-
lary nature, challenges in obtaining sufficient
sputum samples, and lack of an adequate sen-
sitive diagnostic test, pulmonary tuberculosis
(TB) in children remains a diagnostic chal-
lenge (9).

A systematic review and meta-analysis of the
GeneXpert MTB/RIF assay for pediatric pul-
monary tuberculosis showed that culture tests
were positive for tuberculosis in 12% and 11%
were positive by GeneXpert, showed a sensi-
tivity of 62% for expectorated or induced sam-
ples and for samples from gastric lavage, a
sensitivity of 66%. Both samples had 98% of
their specifications met. GeneXpert sensitivity
was 36—44% higher than was sensitivity for
microscopy. For the purpose of identifying
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rifampicin resistance, GeneXpert's pooled sen-
sitivity and specificity were 86% and 98%, re-
spectively (10). Studies from Ethiopia and oth-
er countries have also shown that the GeneX-
pert MTB/RIF has a sensitivity range of 65—
77.3% and a specificity range of 95-99% (11-
15).

As Ethiopia is one of the countries with a high
TB-burden, early diagnosis and treatment of
TB-cases are required. Since 2014, GeneXpert
MTB/RIF has been used as the screening test
for children with clinical TB. The diagnosis of
TB and the beginning of anti-TB treatment pri-
marily depend on clinical presentation, despite
the introduction of the GeneXpert MTB/RIF
test in various health facilities in Ethiopia.
Thus, we aimed to assess this test's perfor-
mance in identifying and treating pediatric tu-
berculosis, and the socio-demographic, hema-
tologic and radiologic characteristics of pa-
tients with positive GeneXpert MTB/RIF test
results.

Method and materials

Study area and period

The study was conducted at Tikur Anbessa
Specialized Hospital (TASH) and Yekatit 12
Referral Hospital, Addis Ababa, Ethiopia.
TASH 1is the largest referral hospital in the
country, with 800 beds. The TASH pediatrics
and child health department was launched in
1964. Children aged 0 to 15 years are treated at
the pediatrics unit. It has about 187 beds, ex-
cluding the neonatal ward. This includes 42
beds at the emergency inpatient ward (causes
ward), 5 beds in the PICU, 32 beds in the or-
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thopedic unit, 26 beds in the

oncology ward, and the rest, 68 beds, for sur-
gical and medical admission.

Yekatit-12 referral hospital's pediatric depart-
ment has both inpatient and outpatient units
where children younger than 15 years of age
are treated. It has a severe acute malnutrition
rehabilitation unit, a burn treatment center, a
neonatal ICU, wards, and emergency depart-
ments. There is also a TB clinic unit for the
follow-up of patients on anti-TB treatment.
Data collection from the eligible patients’
charts was conducted from July 1 through
September 30, 2016.
Study design
Institution based retrospective descriptive
study design was employed.

Population

All children under 15 years old with clinical
diagnosis of pulmonary or extrapulmonary TB
who have been seen as outpatients or inpa-
tients at TASH and Yekatit-12 hospitals over
the past 2.5 years from February 2014 to July
2016 (since GeneXpert began in use in these
hospitals to the time data collection).
Inclusion and exclusion criteria

Inclusion criteria

Children < 15 years

Clinical diagnosis of tuberculosis
Investigated with GeneXpert MTB/RIF
system

Initiated on anti-TB treatment

Exclusion criteria
Unknown GeneXpert MTB/RIF status
Clinical response to treatment of an alter-

native diagnosis
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Sample size determination and sampling
technique

A sample size of 139 children was calculated
using incidence rate of 132/per 100,000 with a
95% CI. The sample size obtained using the
Epitools sample size calculator. The popula-
tion was drawn from all children who had been
diagnosed with TB and had a GeneXpert assay

performed within the previous 2.5 years of da-

ta collection (from February

2014 to July 2016), where the GeneXpert
MTB/RIF assay was performed from pulmo-
nary and extrapulmonary samples.. A total of
144 patients with clinical diagnosis of TB in
the age group of 0-15 years were included in
the study€99 patients from Tikur Anbessa
Specialized Hospital and 45 patients from Ye-
katit-12 Hospital were included in the study.

*Clinical Diagnosed TB
Patients Aged 0-15 Yr.

|

No

Yes

|

GeneXpert done?

|

|

Yes

l

No

Included in the
study (n=144)

Figure 1: Diagram showing Inclusion criteria of patients with presumptive tuberculosis seen at

Tikur-Anbessa specialized hospital and Yekatit-12 referral Hospital from February

2014 to July 2016

* The study collected the retrospective GeneXpert results from patients who were clinically diagnosed with TB and

already initiated on anti TB

Study Variables

The study variables are diagnosis by GeneX-
pert MTB/RIF assay, socio-demographic fac-
tors; age, sex, address, contact history, clinical
presentation, previous history of tuberculosis,
comorbid conditions; HIV infection, immuno-

deficiency, type of TB and nutritional assess
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ment interpreted based on WHO.

Operational definitions

Contact history with TB patient: contact with
a person who has active tuberculosis, particu-

larly sputum smear-positive (open) pulmonary

tuberculosis.
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Pulmonary TB: is anactive mycobacterial
infection of the lungs and includes miliary TB.
Extrapulmonary TB: infection of any other
organ; this includes the meninges, brain, joints,
bones, lymph nodes, kidneys, liver, gastroin-
testinal (GI) tract, and spleen.

Disseminated TB: is a mycobacterial infection
involving both the lungs and other systems.
Severe acute malnutrition: extreme thinness
is diagnosed by a weight-for-length (or height)
below -3 SD of the WHO Child Growth Stand-
ards. In children ages 6-59 months, a mid-
upper arm circumference <115 mm or bilateral
pitting edema.

Moderate acute malnutrition: is diagnosed
by a weight-for-length (or height) between -2
SD and -3 SD of the WHO Child Growth
Standards.

Clinical diagnosis of tuberculosis: clinical
suspicion of tuberculosis by a health practition-
er based on the classic symptoms.

Presumptive diagnosis of TB: a patient who
presents with symptoms or signs suggestive of
TB (previously known as a TB suspect)
Primary tuberculosis: active tuberculosis in-
fection in an immunologically naive patient.
Post-primary (secondary) tuberculosis is
active tuberculosis infection in patients who
have been previously exposed to tuberculosis
infection.

Data collection procedures, and quality
assurance

Structured questionnaires were used in this
study to extract data from medical records.

First, physician identified the medical records
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of every child who had been

given a TB diagnosis at the two hospitals in
the previous two and half years of data collec-
tion (form February 2014 to July 2016). A
structured questionnaire prepared for the study
was used to abstract the data from the cases
that met the inclusion criteria. The data ab-
straction process was under the principal in-
vestigator's supervision. Before starting the
actual data abstraction to determine the final
questionnaires, pretest on 10% of the sample.
The pretested surveys were not included.
Before data abstraction, data collectors re-
ceived a one-day training to ensure data quali-
ty. The primary investigator was maintaining a
close eye on the accuracy with which all data
was being gathered and recorded. The princi-
pal investigator verifies the validity, accuracy,
and clarity of all collected data at the end of
each day.

Data management and analysis

The statistical package for social sciences
(SPSS) for Windows version 20 was used to
enter, clean, and analyze data. The categorical
variables were shown in frequencies and pro-
portions (%) for the description, as well as the
appropriate graphs and charts that were also
used to summarize the data.

Result

The study consisted of 144 patients with clini-
cal diagnosis of TB who were between the
ages of 0 and 15 years. Majority of the chil-
dren were in the age 6-9 years with mean, and
SD of 9.38 and 1.62 respectively. In 24
(16.7%) of the patients with clinically
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diagnosed tuberculosis, the GeneXpert MTB/
RIF assay found mycobacteria. The male to
female ratio was 1:1, with 70 (48.6%) of them
hailing from Addis Ababa, 41 (28.5%) from
Oromia, 14 (9.7%) from Ambhara, 13 (9.7%)

from SNNPR, and 5 (3.5%)

from Tigray. Thirty-four patients (23.6%) did
not receive their childhood vaccinations.
(Table 1)

Table 1: Socio-demographic characteristics of the children on anti-tuberculosis, Tikur Anbessa
Specialized and Yekatit 12 Hospital, Addis Ababa, Ethiopia

Variables Category n (%)
Age in years 0-5 year 42 (29.2)
6-9 year 49 (34.0)
10-14 years 53 (36.8)
Sex Male 72 (50.0)
Female 72 (50.0)
Family size 1-4 39 (27.1)
5-9 47 (32.6)
>10 28 (19.4)
Unknown 30 (20.8)
Vaccination* Yes 110 (76.4)
No 34 (23.6)
Address Addis Ababa 70 (48.6)
Oromia 41 (28.5)
Amhara 14 (9.7)
Tigray 5@3.5)
SNNPR 13 (9.0)
Others 1(0.7)

* BCG Vaccine
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Figure 2: Pie chart depicting the type clinical diagnosis of TB, Tikur Anbessa Specialized and
Yekatit 12 Hospital, Addis Ababa, Ethiopia.

Most patients, 74 (51.4%), had pulmonary TB;
the remainder had disseminated TB (30.8%);
and the rest had extrapulmonary TB (28.7%)
(Figure 2). A history of contact with an active

tuberculosis patient was reported by 29 indi-

viduals (20%). Among all, 33 (23%) had HIV.
A prior history of tuberculosis treatment was
present in 14 patients (10%). Forty-three
(30%) had sever malnutrition and 65 (45%)

were moderately malnourished (Table 2)

Table 2: Clinical features of the study population, Tikur Anbessa Specialized and Yekatit 12
Hospital, Addis Ababa, Ethiopia

Contact history HIV status Nutritional status /malnutrition = Previous TB
history
No Yes N/A  +ve -ve Not Nor- Mod- Severe Not No Yes
done mal erate Meas-
ured

722% 20.1% 7.6% 22.9% 542% 22.9% 23.6% 45%  29.9% 1.4%

90.3% 9.7%

In terms of the samples sent, 32.6% of the
samples came from gastric aspirate, and 48.6%
of the samples were taken from sputum. lymph
node asp 8 (5.6%), CSF-12 (8.3%), pleural 5
(3.5%), and peritoneal fluid 2 (1.4%) are some
additional samples taken from. GeneXpert
MTB/RIF assay detected mycobacteria in 24
(16.7%) of patients with clinical diagnosis of
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tuberculosis (Figure 3). AFB microscopy de-
tected 2 patients with M. Tuberculosis, which
were also positive by GeneXpert study. It was
not possible to compare the AFB microscopy
test with the GeneXpert study because the two
tests were not performed simultaneously for

all study population.
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Laboratory results showed that 14% of patients WBC count. Radiologic TB evidence was pre-
had leukocytosis, 34.7% of patients had leuko- sent in 72.2% (Table 3).

penia, and 50.7% of patients had a normal

Table 3: Laboratory findings of the children on anti-tuberculosis, Tikur Anbessa Specialized and
Yekatit 12 Hospital, Addis Ababa, Ethiopia.

Variables Category n (%)
WBC count <4,000 mm3 42 (29.2)
4,000-12,000 mm3 82 (56.9)
>12,000 mm3 10 (13.8)
ESR <20 mm3 24 (16.7)
20-100 mm3 81 (56.3)
>100 mm3 38 (26.4)
Lymphocyte % <25% 50 (34.7)
25%-33% 73 (50.7)
>33% 21 (14.6)
Radiologic evidence Yes 40 (27.8)
No 104 (72.2

Xpert MTB/RIF test

140
120
100
80
60
40

20

Negative Positive

m Xpert MTB/RIF test

Figure 3. Bar chart showing the number of clinically diagnosed TB patients by GeneXpert
MTB/RIF assay, Tikur Anbessa Specialized and Yekatit 12 Hospital, Addis Aba-
ba, Ethiopia.
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Discussion

This retrospective study included 144 children
ages 0—15 years seen at Tikur Anbessa Spe-
cialized Hospital and Yekatit 12 Referral Hos-
pitals, Addis Ababa, Ethiopia, over a period of
2 years and 6 months.. Only 16.7% (24 out of
144) children with a clinical diagnosis were
positive for the GeneXpert MTB/RIF assay.
The yield of culture in childhood tuberculosis
ranges from 20% to 70% depending on factors
such as age, disease severity, type and quality
of the specimen, and the culture method used.
Meta-analysis of the GeneXpert MTB/RIF as-
say for the diagnosis of pulmonary TB in chil-
dren showed that 2% of culture-negative chil-
dren started on anti-TB were detected by the
GeneXpert MTB/RIF assay (10). In another
meta-analysis, the yield of culture among chil-
dren with TB diagnoses was found to be 25%
(16).

Considering that the GeneXpert MTB/RIF as-
say has a pooled sensitivity of 62—66% in
childhood TB compared with culture, and
since culture is positive in only 25% of clinical
TB cases, our result of 16.7% falls close to the
yield of the previous meta-analysis study (16).

Among children with a positive GeneXpert
result, 33.3% are 0-5 years old, 22% are be-
tween 6-10 years old, and the remaining
44.4% are between 11-15 years old. Previous
studies showed a trend toward increased Gen-
eXpert yield with increasing age (6). In our
study, no such trend was present, but com-
pared to younger children, those in the age

group of 11-15 years had a higher GeneXpert

114

positivity. This can be due to the difficulty of
obtaining proper samples from younger chil-
dren. There is also a challenge in diagnosing
TB in this age group due to a lack of typical
presentations, and the risk of overdiagnosis of
TB is also high.

Among the children with TB diagnoses, 45%
had moderate acute malnutrition, and 30% had
severe acute malnutrition. Given that Yekatit
12 Hospital, which is a nutritional rehabilita-
tion facility, provided a third of the sample, the
high percentage of severe malnutrition is due
to this. In our study, 23% of the children with
TB diagnoses also tested HIV-positive. Ac-
cording to the WHO, the HIV prevalence
among children with TB ranges from 10 to
60% in nations with moderate to high preva-
lence, which is comparable to our study.
Among the studied children, 51.4% are pulmo-
nary TB cases, 20.8% are disseminated TB
cases, and the remaining 27.8% are extrap-
ulmonary TB cases. Sputum from gastric aspi-
rate make up 81.2% of the total samples col-
lected.. This indicates a paucity of GeneXpert
MTB/RIF test results from way the sample
collected and extrapulmonary samples (lymph
node, pleural fluid, peritoneal fluid, CSF, tis-
sue samples), which can lower the yield from
GeneXpert MTB/RIF in those patients.

The current study had several limitations. Be-
cause it was a retrospective study, it was not
possible to oversee the specimen collection,
processing, and analysis. It was not also possi-
ble to take additional specimens for culture

and AFB microscopy studies. Because of this,
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the increased sensitivity of molecular study
over AFB microscopy was not assessed. Since
mycobacterial culture is not routinely done
for TB-diagnosed patients, it was only possi-
ble to compare the efficacy of the GeneXpert
MTB/RIF assay with clinical diagnosis of
childhood TB.

Conclusion

In conclusion, our study showed the GeneX-
pert MTB/RIF assay detected only 16.7% of
clinically diagnosed tuberculosis in children.
The GeneXpert MTB/RIF assay is beneficial
in the diagnosis of childhood TB, but a more
sensitive test is required.
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