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Background: Tuberculosis (TB) continues to be a global health problem. While childhood TB contributes 10% to the global TB
burden, the paucibacillary nature of TB disease in children and the absence of reliable diagnostic methods have made MTB diagnosis
in children to be a great challenge. This study aimed to determine the prevalence of MTB and rifampicin-resistant MTB (RR-MTB)
among children using Gene Xpert MTB/RIF Assay in Tigray, Ethiopia.

Methods: A retrospective database study was conducted among children in ten governmental hospitals in the Tigray region. Gene Xpert
MTB/RIF results of sputum/gastric lavage samples from children with presumptive TB from January 2016 to December 2019 were
extracted using a data extraction sheet. Data were collected and analyzed using Statistical Package for the Social Sciences version 21.

Results: The prevalence of bacteriologically confirmed MTB by Gene-Xpert in children with presumptive TB was 7.3% (95% CI:
6.7%—7.9%) and the proportion of those that were Gene-Xpert MTB positive who also have rifampicin resistance was 10.9% (95% CI:
8.2-13.6%). Older children aged 11-15 years [AOR = 1.76; 95% CI = 1.33-2.33, p < 0.001] and adolescents 16—17 years [AOR =
2.18; 95% CI = 1.63-2.92, p < 0.001] were more likely to be MTB positive. Relapse cases [AOR = 1.66; 95% CI = 1.09-2.51, p =
0.017] and lost/failure cases [AOR = 8.82; 95% CI = 3.94-19.76, p < 0.001] were more likely to have MTB compared to the new
cases.

Conclusion: The proportion of MTB-positive among the TB presumptive patients was 7.3%. The proportion of rifampicin-resistant
TB to all positive patients was 10.9%. Female participants had more MTB than males (or younger children). The result highlights the
need for due attention in children because it is very helpful in determining the future control of the disease.
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Introduction
Tuberculosis (TB) is one of the leading causes of death worldwide." An estimated 10.6 million people fell ill with
tuberculosis (TB) worldwide with 1.2 million children as reported in the 2023 World Health Organization fact sheet.”
Given the challenge in diagnosing childhood TB and perception, the burden of TB in children was higher than the
estimate,” indicating that childhood tuberculosis is a public health issue.* Diagnosis of PTB in children is challenging
because of nonspecific clinical or radiologic signs and the paucibacillary nature of the disease.” To alleviate this
diagnostic problem, the WHO recommended Xpert MTB/RIF assay in 2010, a molecular method which is more sensitive
and specific.’

Ethiopia is among the TB high-burden countries with a rank of 10th among the high-TB-pandemic and 15th among
the 27 high MDR-TB countries. The prevalence and incidence of TB in Ethiopia by 2014 were 211 and 214 per 100,000
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population, respectively.” In 2016, there was an estimated 393.8/100,000 death of TB.* A systematic review of the
epidemiology of MDR-TB in Ethiopia showed that 2.18% of newly diagnosed and 21.07% of previously treated patients
had MDR-TB.’ There are limited data on childhood TB and MDR-TB in the nation; however, the estimated contribution
of children to the national TB burden reported in 2011 was 16.1%."°

Ethiopia has implemented Xpert since 2015 for the diagnosis of childhood TB. However, there are limited data on TB
and RR-TB in children in Ethiopia. A study by Arega et al in Addis Ababa using Gene Xpert assay'' reported
a prevalence of 13.6% TB and 7.9% RR-TB in children. Another study from the Oromia region has reported a 31.7%
prevalence of TB and 0% for RR-TB using the culture method.'? Except for these couple of studies, data on childhood
TB and RR-TB are scant.

It is, therefore, reasonable to conduct a study and provide data on childhood TB and RR-TB to help the regional
governments and other stakeholders to help them understand the prevalence, and transmission, and evaluate the
effectiveness of TB control programs or forecast future trends of the disease.

Methods
Study Design and Study Population

Tigray Regional State is one of the nine national regional states of Ethiopia. It is the northernmost of Ethiopia located at
12015” 4057’ longitude and 36027°-39059’ latitude. According to the 2007 census, Tigray has a population size of
6,960,003 within an area of 54, 572.6 km2. The health facilities in Tigray are one teaching and comprehensive
specialized hospital, 14 general hospitals, 20 primary hospitals, 204 health centers, 712 health posts (village clinic),
and above 500 private health facilities.

A retrospective database study was conducted among children in ten governmental hospitals in the Tigray region.
These include Adwa, St. Mary, Suhul, Kahsay Abera, Adigrat, Wukro, Mekelle, Lemelem Karl, Alamata hospitals and
Ayder comprehensive specialized teaching hospital. We purposefully selected the 10 hospitals which started Gene Xpert
for the diagnosis of TB in 2016. Directly observed treatment, and short-course (DOTS) TB treatment services are
provided in all the health facilities. There are three MDR-TB treatment initiation centers and 52 treatment follow-up
centers in the region.

The source population included all children with presumptive TB who had a Gene Xpert MTB/RIF result in the
laboratory TB registry book of all included health facilities from January 2016 to December 2019. Our study participants
were all children presumptive TB (<18 years) with a complete registry of age, gender, Gene Xpert MTB/RIF results, HIV
status, and TB treatment history.

Inclusion Criteria and Variables
We include all presumptive TB children patients (above <18 years) with complete records of age, sex, Xpert-MTB/RIF
results, HIV status, and TB treatment history.

Exclusion Criteria
Children with any missing information on age, gender, Xpert MTB/RIF results, invalid, intermediate Xpert MTB/RIF
results, HIV status, and TB treatment history were excluded from the study.

Data Collection
Patients’ data such as age, sex, Xpert MTB/RIF results, HIV status, and TB treatment history were collected from
registration books using a data extraction sheet.

Sample Collection and Laboratory Processing

A single sputum sample per patient from children who were able to expectorate sputum and gastric lavage samples from
younger children who were unable to provide sputum was collected for the diagnosis of all presumptive TB patients using
Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA). Briefly, after sputum/gastric lavage was collected, it was mixed with
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a sample reagent buffer in a 1:2 (sample: sample reagent buffer) volume ratio. Then, it was closed tightly, vortexed for 15
seconds and allowed to stand at room temperature for 10 minutes. It was again vortexed after 10 min and allowed to stand for
5 minutes, a total of 15 minutes. Using the Pasteur pipette provided with the kit >2mL of the (just above 2mL mark on
pipette) processed sample was put into the Xpert MTB/RIF cartridge. Then, the cartridge with the specimen was loaded into

the Gene Xpert machine, and results were collected from the Gene Xpert machine after two hours."?

Quality Control and Data Analysis

A probe check was performed on every cartridge before initiation of polymerase chain reaction (PCR). During the
probe check, fluorescence readings in the reaction tube for each probe were compared to default settings
established by Cepheid Company. If the readings did not match the default settings, the assay was terminated.
Data were collected from registry books with data extraction sheets. After data completeness is checked, data were
entered and analyzed using SPSS Version 21. Frequency, mean, range, and standard deviation were computed. Chi-
square and logistic regression analyses were computed to identify the associated factors with RR-TB and MTB.
Significant variables in binary logistic regression were analyzed using multiple logistic regressions to identify
variables that showed association with MTB and RR-TB at p-value < 0.05.

Ethical Consideration

The Institutional Review Board (IRB) of Aksum University’s College of Health Sciences granted ethical approval for the
study; the IRB’s approval number is 152/2019. According to pertinent national, international, and scientific guidelines,
the study was conducted. Due to the retrospective nature of the review, Aksum University’s College of Health Science
waived the need for parental agreement from the patients and maintained patient data confidentiality in accordance with
the Declaration of Helsinki.

Results

Socio-Demographic, Clinical Characteristics, and MTB Results of the Participants

Of the total 8017 children who provided sputum/gastric lavage specimens for TB diagnosis, 7080 (88.3%) had complete
data and were included in the study. Males were more dominant (3960, 55.9%) than females, and the age of the patients
ranged from 7 months to 17 years, with a mean age of 10.29 (+4.92 SD) years. The majority, 6828 (96.4%) of the study
participants were treatment-naive, and the HIV status of 5866 (82.9%) children was not documented. The prevalence of
Gene-Xpert-confirmed MTB was 514 (7.3%), and the proportion of rifampicin resistant MTB to the total confirmed MTB
was 56 (10.9%). However, the proportion of rifampicin resistant MTB to overall presumptive patients was 56 (0.8%)
(Table 1).

Factors Associated with MTB

Female patients were 1.34 times more likely to have TB compared to males [AOR = 1.34; 95% CI = 1.12-1.60, p =
0.002]. Likewise, children aged 11-15 years [AOR = 1.76; 95% CI = 1.33-2.33, <0.001], and 1617 years [AOR = 2.18;
95% CI = 1.63-2.92, p < 0.001] were more likely to have TB disease compared to those children in the age group of <5
years. Relapse cases [AOR = 1.66; 95% CI = 1.09-2.51, p = 0.017] and lost/failure cases [AOR = 8.82; 95% CI = 3.94—
19.76, < 0.001] were more likely to be TB positive compared to the new cases (Table 2).

Factors Associated with RR-TB

Out of the total 514 Xpert TB-positive patients, the proportion of RR-TB-positive was 56 (10.9%). Age groups of 6—10
years, 11-15 years, and 16-17 years were, respectively, 2.54, 3.05, and 3.13 times more likely to be RR-TB positive
compared to children aged <5 years; this was not, however, statistically significant (p > 0.05). Regarding treatment
history and RR-TB, relapse cases were 2.94 times more RR-TB [AOR = 2.94; 95% CI = 1.18-7.36, p = 0.02] positive
compared to new cases (Table 3).
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Table | Socio-Demographic, Clinical Characteristics, and MTB Result Among
T Presumptive Children in Tigray, Ethiopia, 20162019 (N = 7080)

Variables Frequency %
Gender

Male 3960 55.9
Female 3120 44.1

Age (years)

<5 1471 20.8
6-10 1781 25.2
11-15 2314 327
16-17 1514 21.4
HIV Status

Positive 514 5.1
Negative 850 12
Not documented 5866 82.9

Treatment History of Tuberculosis

New case 6828 96.4
Relapse 226 32
Lost/failure 26 0.4

Result of Gene-Xpert Mycobacterium Tuberculosis

Positive 514 73

Negative 6566 92.7

Proportion of rifampicin resistance tuberculosis

among Mycobacterium tuberculosis positive patients

(N=514)
Rifampicin resistance tuberculosis detected 56 10.9
Rifampicin resistance tuberculosis not detected 458 89.1

Proportion of rifampicin resistance tuberculosis
among Mycobacterium tuberculosis among all
patients (N=7080)

Rifampicin resistance tuberculosis detected 58 0.8

Rifampicin resistance tuberculosis not detected 458 6.5

Table 2 Factors Associated with MTB Among TB Presumptive Children in Tigray, Ethiopia, 20162019 (N = 7080)

Variables MTB Pos. N (%) | MTB Neg. N (%) | COR (95% CI) P value | AOR (95% CI) P value
Gender
Boys 257(6.5) 3703(93.5) Ref Ref
Girls 257(8.2) 2863(91.8) 1.30[1.08-1.55] 0.005%* 1.34[1.12—-1.60] 0.002*
(Continued)
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Table 2 (Continued).
Variables MTB Pos. N (%) | MTB Neg. N (%) | COR (95% ClI) P value | AOR (95% CI) P value
Age (Years)
<5 73(5) 1398(95) Ref Ref
6-10 95(5.3) 1686(94.7) 1.08[0.79—1.48] 0.63 1.10[0.80—-1.51] 0.55
11-15 195(8.4) 2119(91.6) 1.76[1.34-2.33] <0.001 1.76[1.33-2.33] <0.001
16-17 I151(10) 1363(90) 2.12[1.59-2.83] <0.001 2.18[1.63-2.92] <0.001
HIV Status
Positive 30(8.2) 334(91.8) Ref
Negative 82(9.6) 768(90.4) 0.84[0.54-1.30] 0.44
Not documented 402(6.9) 5464(93.1) 1.2[0.83-1.79] 0.31
Treatment History of MTB
New cases 477(7) 6351(93) Ref Ref
Relapse 27(11.9) 199(88.1) 1.8171.20-2.73] 0.005 1.66[1.09-2.51] 0.017*
Lost/failure 10(38.5) 16(61.5) 8.32[3.77-18.44] | <0.001 8.82[3.94-19.76] | <0.00I

Note: *Statistical significant.

Table 3 Factors Associated with RR-TB Among Xpert TB Positive Children in Tigray, Ethiopia, 20162019 (N = 56)
Variables RR-TB N (%) Not RR-TB N (%) COR (95% CI) P value AOR (95% CI) P-value
Gender
Boys 30(11.7) 227(88.3) Ref Ref
Girls 26(10.1) 231(89.9) 0.85[0.49-1.49] 0.57
Age (years)
<5 34.1) 70(95.9) Ref Ref
6-10 10(10.5) 85(89.5) 2.75[0.73-10.36] 0.12 2.54[0.67-9.66] 0.17
=15 24(12.3) 171(87.7) 3.28[0.96—11.23] 0.06 3.1[0.89-10.52] 0.08
16-17 19(12.6) 132(87.4) 3.36[0.96—11.74] 0.058 3.1[0.89-10.98] 0.06
HIV Status
Positive 4 (13.3) 26(86.7) Ref
Negative 14 (17.1) 68(82.9) 1.34[0.40—4.44] 0.63
Not documented 38 (9.5) 364(90.5) 0.68[0.23-2.1] 0.49
TB Treatment History
New case 47(9.9) 430(90.1) Ref Ref
Relapse 7(25.9) 20(74.1) 3.2[1.29-7.97] 0.01* 2.94[1.18-7.36] 0.02*
Lost/failure 2(20) 8(80) 2.29[0.47-11.09] 0.30 2.26[0.46—11.2] 0.31

Note: *Statistical significant.
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Figure | Prevalence of MTB and rifampicin-resistant TB among TB presumptive children and adolescent by year in Tigray, Ethiopia, 2016-2019 (N=7080).

Trends of MTB and RR-TB by Study Years

Figure 1 compares the prevalence of confirmed MTB and the proportion of RR-TB detected among the Xpert TB-
positive patients by the study years. Our study revealed that MTB prevalence significantly decreased from 9.6% in
the year 2016 to 5.6% in 2018 and then increased to 7.8% in 2019 (p < 0.001). Likewise, the trend of RR-TB has shown
a declining trend from 13.4% in 2016 to 7.6% in 2019. This was not, however, statistically significant (p > 0.05).

Discussion
Data on childhood tuberculosis are limited owing to the lack of routine case records and the challenge of clinical and
bacteriological diagnosis of MTB in children. Thus, epidemiological investigation into childhood MTB is potentially
more useful than adult MTB. This is helpful to understand the current transmission and evaluate the effectiveness of
MTB control programs or predict future trends in MTB transmission.'? Local data on childhood MTB will help regional,
national, and stakeholders to design preventive and control strategies for the disease in these vulnerable groups.

Overall, the prevalence of bacteriologically confirmed MTB was 7.3% and the proportion of those that are Xpert
MTB positive who also have RR-TB detected was 10.9%. MTB positive (7.3%) reported by this study was comparable
with previous reports from sub-Saharan Africa, 8%,14 Tanzania, 7%,15 and Africa, 7%.'¢ 1t is lower than studies
conducted in Addis Ababa, Ethiopia, 13.6%,'' Oromia region, Ethiopia,31.7%,'? Sudan, 15.3%,'” South Africa,
19%,'® 13%,' 15%,%° Tanzania,17%,?! Uganda, 14%.%

Possible reasons for the variations in the prevalence could be due to differences in methods (culture vs Xpert), sample
size, study period, geography, and MTB control and prevention policies. For example, the high MTB prevalence in

Ethiopia'>'>'¢

might be because this study enrolled a small number of children in their study. Besides, the high MTB
prevalence in Tanzania”' than our result could be attributed to their study period which was 2011-2014 where Gene
Xpert assay was indicated for patients with TB/HIV co-infection and presumptive MDR-TB patients.

Of the total patients aged 7 months to 17 years, the age groups of 11-15 years and 16—17 years were more likely to be
MTB positive compared to the younger children (p < 0.05). This is an important finding for public health programmers as
this could be due to recent transmission from the children’s caregivers and could hinder future MTB control strategies as

infants, and young children are latent reservoirs and potential sources of MTB for the future. Female patients were more
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likely to be MTB-positive compared to males. This was contrary to the study in the Sudan'’ where males were more TB
positive.

Positive testing for MTB diseases was significantly high among the new cases compared to previously treated
children. This finding was in line with the study in Sudan.'” The high MTB prevalence in the new cases reported by this
study could indicate the presence of MTB transmission in the community, calling for coordinated work to prevent and
control MTB in the study area.

Given the proportion of RR-TB detected, 10.9% was higher than similar reports from Addis Ababa, Ethiopia, 7.9%,"
Oromia region, Ethiopia, 0%,'? and Uganda, 5.7%.>* We report higher RR-TB positive from relapse cases (p = 0.02)
compared to the treatment of naive patients. While high MDR infection in new cases suggests the important role of
ongoing transmission in the occurrence of pediatric MDR-TB, increased infection among relapsed cases implies poor
treatment outcomes in the children. This implies that it is a pressing issue for public health in pediatric MTB.**

Our study also assessed the temporal variation in the prevalence of MTB and RR-TB during the years for which
retrospective data collected. This study revealed that MTB prevalence significantly decreased from 9.6% in 2016 to 5.6%
in 2018. Then, it increased to 7.8% in 2019 (p < 0.001, data not shown). The trend of rifampicin resistance MTB declined
from 13.4% in 2016 to 7.6% in 2019 but not statistically significant (Figure 1). Although the decreasing prevalence of
childhood MTB in the region is promising, the current problem is still due attention to save children and prevent future
MTB-associated morbidities and mortalities.

The strength of this study was its multicenter health facility-based nature and large sample size. This can give updated
information on childhood MTB and RR-TB for the regional and national governments and interested stakeholders.
However, this study has limitations:

Its result limits the generalizability to the national level as it has conducted in one region, Tigray.

We could not do microbiological confirmation of tuberculosis, phenotypic rifampicin resistance, and resistance to
other anti-TB drugs because of the nature of the study.

We did not collect information about contact history of MDR-TB, MTB, education, residence and living conditions of
patients. Thus, we could not conduct association between these factors with the outcome variables.

Conclusion

This report shows that 7.3% of the children were bacteriologically confirmed MTB with Xpert; of these, 10.9% were
positive for rifampicin resistant-TB. Females (and older children and adolescents, 11-15 and 16—17 years) are more
likely to have MTB detected (ie, bacteriological confirmation by Xpert) than males (or younger children). Though
childhood MTB showed a decreasing trend over the study period, the prevalence remained a significant problem. The
high RR-TB in our report is an indication of recent transmission in the population; suggesting the need for execution of
household contact investigations of adults currently under treatment for MDR-TB to prevent the transmission of the
disease to the pediatric population. Our results highlight the need for due attention in the study area to save the lives of
these populations and control the future burden of the disease and eventually achieve the target “END TB by 2035”.

Abbreviations
HIV, Human immunodeficiency virus; MDR-TB, Multidrug-resistant tuberculosis; RR-TB, Rifampicin resistant tuber-
culosis; TB, Tuberculosis; WHO, World Health Organization.
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