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ABSTRACT
Introduction Tuberculosis (TB) remains a major cause 
of morbidity and mortality for children less than 5 years. 
Diagnosis and treatment of children with active TB is often 
centralised in district hospital settings due to poor public 
health infrastructure and lack of diagnostic capabilities in 
primary healthcare (PHC) facilities. This analysis aims to 
evaluate TB case detection and treatment outcomes by 
comparing district hospitals and PHC facilities.
Methods To increase paediatric TB case detection, an 
intervention was designed to decentralise and integrate 
paediatric TB diagnosis and management into PHC 
facilities. Between May 2019 and March 2021, we 
screened and enrolled children under age 5 years with 
presumptive TB at different entry points in 32 study 
facilities in Kenya and Cameroon. TB services were 
described by level of care. Fischer’s exact test was used 
to determine significance when comparing categorical 
variables and a Wilcoxon- Mann- Whitney test was used to 
test for significance of continuous variables.
Results A total of 610 children were enrolled; 481 (79%) 
had received services at the district hospitals and 129 
(21%) at the PHC facilities. The median age was 15.4 (IQR: 
6.1–36.0) months; 59% were children below age 2 years, 
53% were male and 5% were HIV coinfected. A total of 
74 (12%) children were diagnosed with TB, 19 (15%) in 
PHC and 55 (11%) in district facilities, 11 (15%) with a 
bacteriological confirmation. The time from TB symptom 
onset to TB diagnosis was significantly shorter in the 
PHC (1.0 month (IQR: 0.1–2.1)) than district hospitals, 
(1.8 months (0.8–4.4), p=0.043). The proportion of lost 
to follow- up was higher in district hospitals (15.8%) than 
in PHC (1.8%, p=0.05). Mortality (overall 1.4%) did not 
significantly differ by setting.
Discussion Decentralisation of TB screening and 
diagnosis at the PHC level was feasible and significantly 
shortened the time from the onset of symptoms to TB 
diagnosis.

Trial registration number NCT03862261.

INTRODUCTION
Globally, in 2022, an estimated 10.6 million 
people were diagnosed with tuberculosis (TB). 
Africa, with only 14.7% of the global popula-
tion, had 23% of the estimated number of 
individuals diagnosed with TB 12% of whom 
were children aged 0–14 years.1 Children 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Tuberculosis (TB) is a major cause of morbidity and 
mortality in children in low- income and middle- 
income countries.

 ⇒ Children usually access primary healthcare (PHC) or 
child health services in facilities where the capacity 
to diagnose TB in children is often limited.

WHAT THIS STUDY ADDS
 ⇒ Our study demonstrates that decentralised paediat-
ric case identification and other TB services to PHC 
facilities, following healthcare worker training to 
diagnose and treat TB, is feasible and significantly 
shortened the time from the onset of symptoms to 
TB diagnosis.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Our findings emphasise the need to decentralise 
paediatric TB services and include them as part of 
the PHC package to reduce delays in TB diagnosis.

 ⇒ Better tracking and documentation of patients, 
specimens and X- ray referrals will be key factors to 
successfully decentralise TB services.
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aged 0–14 years accounted for 14% of the estimated 
1.3 million deaths globally, making TB one of the leading 
causes of death in children. However, 55% of estimated 
TB cases among children are not reported to national 
TB programmes.1 Although national TB programmes 
in the African region recognise children as a priority 
population, diagnosis and management of paediatric TB 
remains a significant challenge.2 The high burden of TB 
in children and their poor outcomes are largely because 
of the difficulties in confirming TB diagnosis in chil-
dren, arising from the non- specific nature of symptoms 
and signs of TB in children which overlap those of other 
common childhood diseases; the paucibacillary nature of 
childhood TB; the challenge of obtaining good- quality 
sputum samples, especially in young children; and diffi-
culties in accessing health service.3 Additionally, children 
usually access primary healthcare (PHC) or child health 
services in facilities where the capacity to diagnose TB in 
children is often limited.4

In many sub- Saharan African countries, diagnosis and 
treatment of children with active TB are centralised at 
a high level of care and provided in separate TB clinics. 
This is mainly due to the poor public health infrastruc-
ture and lack of diagnostic capabilities in PHC facilities.5–7 
This adds to the list of barriers to identification of cases 
and scale- up of treatment for children with TB disease. 
Paediatric services such as maternal, neonatal and child 
health (MNCH) services, outpatient clinics for children, 
paediatric antiretroviral therapy services and nutrition 
services may represent a first entry point for diagnosis of 
children with TB disease in many countries.8 Diagnosing 
TB in children requires access to specific diagnostic 
services such as radiography, sample collection proce-
dures such as gastric aspiration, nasopharyngeal aspi-
ration, induced sputum and experience in diagnosis of 
TB based on clinical signs and symptoms. However, such 
services are often concentrated in referral- level hospitals 
or specialised facilities. By contrast, children generally 
access the health system through outpatient or MCH 
clinics at primary care facilities or private general practi-
tioners.9 To avoid missed or delayed opportunities for TB 
care, it is necessary to decentralise child- appropriate TB 
services by making these services available at the points of 
the health system where care is first sought. The Decen-
tralise Tuberculosis services and Engage Communities to 
Transform lives of Children with Tuberculosis (DETECT 
Child TB) study in Uganda on decentralisation of child 
TB services showed that strengthening paediatric TB 
services at peripheral health facilities was associated with 
increased case finding, improved treatment outcomes 
and the successful implementation of contact screening 
and case management.10 Other studies have also shown 
that community outpatient- based treatment is associ-
ated with improved treatment outcomes, faster time to 
treatment initiation11 12 and reduced pretreatment lost to 
follow- up (LTFU).13 We aimed to evaluate and compare 
TB services and patient outcomes in children under age 
5 years at different levels of healthcare following the 

implementation of the Integrating Pediatric TB services 
into child healthcare services in Africa (INPUT) study.

MATERIALS AND METHODS
Study design and setting
This paper is a secondary analysis of data collected during 
the INPUT Study,14 a multicountry stepped- wedge cluster 
randomised trial which compared the standard of care 
where paediatric TB case detection and management 
were mainly conducted at district hospitals versus the 
intervention, where decentralised paediatric TB services 
were integrated into key child healthcare services. The 
study was conducted in 12 district- level hospitals (hubs) 
and their referral PHC facilities (spokes) for a total of 32 
facilities in both Cameroon and Kenya. Hubs are higher- 
level facilities where samples or patients are referred for 
specialised management while spokes are PHC facilities 
that refer samples and patients to the hubs. Before the 
intervention, TB diagnostic procedures for children were 
mainly conducted at the hubs (district hospitals) by desig-
nated healthcare workers (HCWs) in both countries. The 
two countries purposively selected had the highest TB 
burden in their respective regions in sub- Saharan Africa. 
Facilities, which were purposively selected based on their 
TB case load, they all started under standard of care case 
management and were randomised to start the interven-
tion at different time points.

Study population
The study population consisted of children aged less 
than 5 years of age who presented for care in the selected 
study district hospitals and their referral PHC facilities 
with signs and symptoms presumptive of TB. For this 
analysis, we considered children screened for TB, diag-
nosed with TB and followed up on TB treatment during 
the intervention period. Children enrolled on the study 
were followed up monthly while on treatment and 
after 2 months following completion of treatment for a 
maximum period of 14 months.

Data collection
Trained study nurses, who were deployed to each study 
cluster, collected data during screening, consenting, 
enrolment and follow- up of study participants. Children 
were prospectively enrolled and followed up from May 
2019 to March 2021. Study nurses collected and entered 
data directly into a tablet using an electronic case report 
form on a CliniOps platform. Data collected included 
aggregate data from all entry points in the study facili-
ties, data on children with presumptive diagnosis of TB, 
confirmation of TB diagnosis, treatment initiation and 
completion. Specifically, we collected site characteristics, 
sociodemographic characteristics such as place of resi-
dence, caregiver education, time it takes to get to facility, 
age, sex; and clinical characteristics such as HIV exposure 
status, HIV status, TB diagnostic procedures such as spec-
imen collection and subsequent investigation (GeneX-
pert, sputum microscopy) and chest X- ray. Children with 
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presumptive TB at screening were treated with antibiotics 
and later reassessed for the persistence of signs and symp-
toms of TB before further diagnostic procedures. Reas-
sessed children are those who came back to the facility 
for this reassessment. Those who were not reassessed are 
those who did not come back.

For this analysis, we only extracted from the main study 
database, data related to the intervention period, disag-
gregated by type of facility level: district hospitals and 
PHC facilities. Decentralised care for purposes of this 
manuscript is defined as care that is provided in non- 
specialised PHC facilities closer to where a patient lives, 
often by nurses or clinical officers.

Statistical analysis
Baseline categorical demographic and other charac-
teristics of the population were described as frequency 
tables while continuous variables were summarised as 
medians and IQR. When comparing categorical varia-
bles, Fischer’s exact test was used to determine signifi-
cance while a Wilcoxon- Mann- Whitney test was used to 
test for significance of continuous variables. Data anal-
ysis was conducted by using SAS software V.9.4 (SAS 
Institute).

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination of our research.

RESULTS
During the intervention period, 109 614 children 
under age 5 years visited the 12 study clusters for 
services, 69 592 (63.5%) in the district hospitals and 
40 022 (36.5%) in the PHC facilities. A total of 1150 
(1.0%) screened positive for TB signs and symptoms, 
836 (72.6%) in district hospitals and 314 (27.3%) in 
PHC facilities. Following symptom screening, some of 
the children received a course of antibiotics and other 
diseases were ruled out before assessing eligibility 
based on persistence of TB presumption. Of those 
who initially screened positive for TB signs and symp-
toms, 715 (62.2%) were reassessed for study eligibility; 
610 (85.3%) were eligible for the study and enrolled 
(figure 1).

Table 1 summarises the baseline characteristics of 
children enrolled in the study and investigated for 
TB according to level of care. Of the 610 children 
enrolled, 481 (79%) received services at district hospi-
tals and 129 (21%) at PHC facilities. A higher propor-
tion of the children were from Cameroon compared 
with Kenya, 469 (76.9%) and 141 (23.1%), respectively. 
The median age was 15.4 (IQR: 6.1–36.0) months. Chil-
dren in the district hospitals were older than those in 
PHC facilities (median age of 19.6 months (IQR: 10.3–
35.1) in the district hospitals vs 15.7 months (IQR:8.2–
28.9) in the PHC facilities). A total of 273 (56.8%) 
and 87 (67.4%) of the children were under 2 years 

of age in district hospitals and PHC facilities respec-
tively, p=0.03. Males accounted for 254/481 (52.8%) 
and 75/129 (58.1%) in the district hospitals and PHC, 
respectively. In district hospitals, children were more 
likely to be seen at the outpatient department (OPD) 
(49.1%), inpatient department (IPD) (17.3%), chest 
clinic (15.6%) and MNCH (10.0%) while in PHC facil-
ities, children were more likely to be seen at the OPD 
(72.1%), MNCH (15.5%), IPD (3.9%) and chest clinic 
(3.9%). Children seeking services in the PHC facilities 
were more likely to be seen in the OPD compared with 
district hospitals, 72.1% vs 49.1%, p<0.0001. However, 

Figure 1 Study flow chart that shows the cascade of care 
of children under 5 years seeking care in study facilities 
during the intervention period. LTFU, loss to follow- up; TB, 
tuberculosis.
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Table 1 Baseline characteristics of children enrolled with presumptive TB and investigated for TB according to level of care 
in study facilities during the intervention period

Variable
District hospitals N=481; 
n (%)

PHC facilities N=129; 
n (%)

Overall
N=610, n (%)

Site characteristics

Country

  Cameroon 360 (74.8) 109 (84.5) 469 (76.9)

  Kenya 121 (25.2) 20 (15.5) 141 (23.1)

Service point

  OPD 236 (49.1) 93 (72.1) 329 (53.9)

  IPD 83 (17.3) 5 (3.9) 88 (14.4)

  Chest/TB clinic 75 (15.6) 5 (3.9) 80 (13.1)

  MCH/PMTCT 48 (10.0) 20 (15.5) 68 (11.2)

  HIV/CCC 26 (5.4) 4 (3.1) 30 (4.9)

  Emergency room 7 (1.5) 0 (0) 7 (1.2)

  Other 5 (1.0) 0 (0) 5 (0.8)

  Nutrition 1 (0.2) 2 (1.6) 3 (0.5)

Demographic characteristics

Gender

  Male 254 (52.8) 75 (58.1) 329 (53.9)

  Female 227 (47.2) 54 (41.9) 281 (46.1)

Median age in months (IQR) 19.6 (10.3–35.1) 15.7 (8.2–28.9) 15.4 (6.1–36.0)

  Age under 2 years 273 (56.8) 87 (67.4) 360 (59.0)

Place of residence

  Rural 193 (40.1) 56 (43.4) 249 (40.8)

  Urban 288 (59.9) 73 (57.0) 361 (59.2)

  Travel time to facility <1 hour (N=585) 354 (77.5) 99 (77.3) 453 (77.4)

Caregiver’s highest level of education

  Unknown/never attended/primary 138 (28.7) 43 (33.3) 181 (29.7)

  Secondary school and above 343 (71.3) 86 (66.7) 429 (70.3)

Medical history and comorbidities

HIV- exposed infants 55 (11.4) 10 (7.8) 65 (10.7)

Child HIV Status

  Negative 180 (37.4) 40 (31.0) 220 (36.1)

  Unknown 273 (56.8) 84 (65.1) 357 (58.5)

  Positive 28 (5.8) 5 (3.9) 33 (5.4)

  Positive and on ART 20 (71.4) 4 (80.0) 24 (72.7)

History of asthma or chronic lung disease 34 (7.1) 4 (3.1) 38 (6.2)

Malnutrition

  Moderate acute malnutrition 19 (4.0) 6 (4.7) 25 (4.1)

  Severe acute malnutrition 31 (6.4) 5 (3.9) 36 (5.9)

TB contact history

Household contact diagnosed with TB 83 (17.2) 6 (4.6) 89 (14.6)

  Of whom, on TB treatment 70 (84.3) 6 (100.0) 76 (85.4)

ART, antiretroviral therapy; CCC, comprehensive care clinic; IPD, inpatient department; MCH, maternal and child health; OPD, outpatient 
department; PHC, primary healthcare; PMTCT, prevention of mother- to- child HIV transmission; TB, tuberculosis.
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a higher proportion of children were screened for TB 
symptoms and signs in the district hospitals in IPD 
and chest clinics. The proportions of children in rural 
versud urban sites and those spending less than an hour 
to get to the facility were similar between the district 
hospitals and PHC facilities. The majority of caregivers 
(70.3%) had secondary education. Based on hospital 
records, 5.8% of children in district hospitals and 3.9% 
at PHC level had a known HIV infection at enrolment. 
The proportion of children with moderate to severe 

malnutrition was higher in the district hospital (10.4%) 
compared with PHC facilities (8.5%), p=0.001.

A larger proportion of study children were house-
hold contacts of a TB case in district hospitals (83/481, 
17.2%) compared with primary- level facilities (6/129, 
4.6%), p=0.004.

TB diagnostic procedures and outcomes
TB diagnostic procedures conducted for children during 
the intervention period in the district and PHC facilities 

Table 2 TB investigations overall and by level of care

District hospitals 
N=481, n (%)

PHC facilities 
N=129, n (%) P value

Overall
N=610, n (%)

Place where the specimen was collected n=430 n=105 0.014 N=535 (87.7)

  Site of screening 411 (95.6) 92 (87.6) 503 (94.0)

  Site of referral 16 (3.7) 10 (9.5) 0.007 26 (4.9)

  Other 3 (0.7) 3 (2.9) 6 (1.1)

Time from specimen collection to date of 
results (days) n, median (IQR) 418, 2.0 (1.0–5.0) 103, 1.0 (0.0–4.0) 0.133 521, 2.0 (1.0–5.0)

Place where specimen was processed (n=534)

  Site of screening 123 (28.7) 6 (5.7) 129 (24.2)

  Site of referral 233 (54.3) 89 (84.8) <0.0001 322 (60.3)

  Other 73 (17.0) 10 (9.5) 83 (15.5)

Specimen type (n=535)

  Gastric aspirate 304 (70.7) 97 (92.4) <0.0001 401 (75.0)

  Nasopharyngeal aspirate 97 (22.6) 3 (2.9) 100 (18.7)

  Sputum 17 (4.0) 2 (1.9) 19 (3.6)

  Induced sputum 8 (1.9) – 8 (1.5)

  Other 4 (0.9) 3 (2.9) 7 (1.3)

Xpert assay performed 408 (84.8) 102 (79.1) 0.117 510 (83.6)

Xpert assay result (n=509)

  Positive 9 (2.2) 2 (2.0) 0.871 11 (2.2)

  Negative 397 (97.5) 100 (98.0) 497 (97.6)

  Indeterminate 1 (0.3) – 1 (0.2)

  Missing 1 – 1

Smear microscopy performed 101 (21.0) 23 (17.8) 0.427 124 (20.3)

Smear microscopy result

  Positive – – 0

  Negative 101 (100) 23 (100) 124 (100)

  Indeterminate – – 0

X- ray performed 246 (51.1) 62 (48.1) 0.534 308 (50.5)

X- ray result

  Normal 118 (48.0) 24 (38.7) <0.0001 142 (46.1)

  Abnormal, consistent with TB 35 (14.2) 6 (9.7) 41 (13.3)

  Abnormal, not consistent with TB 88 (35.8) 21 (33.9) 109 (35.4)

  Unknown 5 (2.0) 11 (17.7) 16 (5.2)

Significant p- values are in bold.
PHC, primary healthcare; TB, tuberculosis.
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are shown in table 2. Overall, 535 (87.7%) children had 
a specimen collected, 89.4% among those identified at 
district hospitals and 81.4% at PHC facilities, p=0.014. 
The proportion of children referred for sample collec-
tion was higher at PHC facilities (9.5% vs 3.7%; p=0.007), 
however, even at PHC facilities, 87.6% of children had 
their sample collected on- site. The proportion of samples 
that were referred for processing was higher at PHC facil-
ities (84.8% vs 54.3%; p<0.0001). The time taken from 
when the specimen was collected to receipt of results in 
the facility was shorter in PHC facilities (1.0 day (IQR:0.0–
4.0) vs 2.0 days (IQR:1.0–5.0), p=0.133). The difference 
was, however, not statistically significant. Most specimens 
collected were gastric aspirates, followed by nasopharyn-
geal aspirate. The proportion of children who had gastric 
aspirate obtained was significantly higher in PHC than in 
district facilities (92.4% vs 70.7%; p≤0.0001).

There was no significant difference in Xpert MTB/RIF 
testing for children in district hospitals compared with 
PHC facilities (84.8% vs 79.1%, p=0.12). Of all Xpert tests 
performed, 11 (2.2%) were positive 9 (2.2%) in district 
hospitals and 2 (2.0%) in PHCs. Half of the children 
had a chest X- ray done with 14.2% and 9.7% of the chest 
X- rays showing abnormal images that were consistent 
with TB in district hospitals and PHC facilities, respec-
tively. The proportion of chest X- rays with unknown 
results was higher in the PHC facilities compared with 

district hospitals (17.7% vs 2.0%, p<0.0001). A total of 74 
(13.8%) children were diagnosed with TB, 11 (14.9%) 
by GeneXpert, 41 (55.4%) by chest X- ray (three children 
diagnosed by both GeneXpert and chest X- ray) and 25 
(33.8%) based on clinical signs only. 11 children (14.9%) 
had bacteriological confirmation of TB disease (not 
shown). In total, 19/129 (14.7%) were diagnosed with 
TB in PHC facilities and 55/481 (11.4%) were diagnosed 
in district hospitals, p=0.309 (not shown).

Table 3 and online supplemental figure S1 compare 
the TB screening and diagnosis cascade for district hospi-
tals and PHC facilities. The proportion of children iden-
tified with TB signs and symptoms and among those, the 
proportion of children reassessed for signs and symp-
toms of TB afterwards were significantly higher in the 
district hospitals, respectively, 1.2% vs 0.8% and 67.5% 
vs 48.1%; p<0.001. However, among those reassessed for 
the persistence of signs and symptoms of TB, the propor-
tion with presumptive TB was similar between district 
hospitals and PHC facilities, 85.3% vs 85.4%; p=0.964. 
The time from TB symptom onset to TB diagnosis was 
significantly shorter in PHC facilities compared with 
district hospitals, 1.0 month (IQR: 0.1–2.1) vs 1.8 months 
(IQR:0.8–4.4); p=0.043. Time from TB diagnosis to TB 
treatment initiation was less than a day and this was the 
same in district and PHC facilities. The proportion of 
children with presumptive TB who were later confirmed 

Table 3 Comparison of TB screening and diagnosis cascade at district hospitals and primary healthcare facilities

District hospitals n (%) PHC facilities n (%) P value

Under- 5 year attendees seen 69 592 (63.5) 40 022 (36.5) N/A

Patients identified with signs and symptoms of TB 836 (1.2) 314 (0.8) <0.001*

Of those identified, proportion reassessed for signs and 
symptoms of TB (N=1150) 564/836 (67.5) 151/314 (48.1) <0.001*

Presumptive of TB who underwent TB investigations, 
among the reassessed, all 481/564 (85.3%) 129/151 (85.4%) 0.964*

Confirmed with TB among the presumptive (N=610) 55/481 (11.4) 19/129 (14.7) 0.309*

Proportion confirmed with TB among those initially 
screened presumptive of TB 55/836 (6.6) 19/314 (6.1) 0.745*

Time from TB symptom onset to TB diagnosis, month, 
median (IQR) 1.8 (0.8–4.4) 1.0 (0.1–2.1) 0.043†

Time from TB diagnosis to TB treatment initiation, days 0 (0, 0) 0 (0, 0) 0.939†

Treatment outcome n=55 n=19

  Cured 5 (9.1) 0 (0) 0.319†

  Completed treatment 49 (89.1) 14 (73.7) 0.136†

  Died 0 (0) 1 (5.3) 0.257†

  LTFU 1 (1.8) 3 (15.8) 0.05†

  Not evaluated 0 (0) 1 (5.3) 1†

Favourable treatment outcome‡ 54 (98.2) 14 (73.7) 0.001†

Significant p- values are in bold
*Pearson’s χ2 test.
†Wilcoxon- Mann- Whitney test.
‡Favorable treatment outcome=cured and treatment completed versus other outcomes.
ARV, antiretroviral; LTFU, loss to follow- up; N/A, not applicable; TB, tuberculosis.
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with a TB diagnosis was similar at both levels of care. 
Overall, 68/74 (91.9%) participants had a favourable 
treatment outcome (98.2% were cured or completed 
treatment in district hospital and 73.7% in PHC facilities, 
p=0.001). The proportion of LTFU was higher in PHC 
facilities (3/19, 15.8% vs 1/55, 1.8% in district hospitals, 
p=0.05), however, the proportion of deaths was not statis-
tically different (1/19, 5.3% in PHC facilities vs 0/55, 0% 
in district hospitals, p=0.257).

DISCUSSION
In this study, we demonstrated that implementing an 
intervention offering paediatric TB services integrated 
into key child healthcare services to decentralise services 
and address key barriers to case detection and manage-
ment of TB is a feasible strategy. PHC facilities are likely 
to be the first point of contact children infected with TB 
have with the health system. Patients are more likely to 
access care in the PHC facilities first and go to district 
hospitals more often when they are referred. Overall, 
12% of children enrolled in the study were diagnosed 
with TB. The proportion of those diagnosed with TB was 
comparable between PHC facilities and district hospi-
tals. TB diagnostic procedures for children were mainly 
conducted at the district hospitals by designated HCWs 
before the study. This created barriers to access for diag-
nostic services. A number of studies whose strategies 
focused on increasing childhood TB case detection at 
PHC facilities have shown that increasing case identifica-
tion at PHC level is associated with a sustained improve-
ment of childhood TB diagnosis overall.10 15–17 This is also 
similar to the DETECT study that showed that decentral-
isation and strengthening of child TB services were asso-
ciated with a significant increase in case notifications for 
the TB programme.10 These studies did not, however, 
compare case detection rates between district hospitals 
and PHC facilities.

We also found that the median time from TB symptom 
onset to TB diagnosis was significantly shorter in the PHC 
facilities compared with district hospitals. There were 
more referrals for sample processing and testing at PHC 
facilities; however, sample referral was not associated 
with more missing results or with a longer time to receive 
the test results. This indicates that sample referral is an 
efficient system with no added delays in receiving results 
at PHC facilities. These findings differ from a study 
conducted by Maior et al, who found that at PHC facili-
ties, the median time from symptom onset to the initia-
tion of treatment of pulmonary TB was 11 (6–24) weeks 
in Brazil, which was longer than reported in our study.18 
Studies in Bangladesh, Nigeria and Ethiopia reported a 
median time of 7–11 weeks from symptom onset to diag-
nosis of TB,19–21 and a systematic review reported a wide 
range of 25–185 days total time to diagnosis of pulmo-
nary TB.22 The shorter time to diagnosis in PHC facilities 
in our study is most likely due to the capacity building 
of the PHC staff, who performed timely collection of 

specimens to send to the referral laboratories. Further-
more, specimens were sent to the laboratories through 
an existing sample networking system and results were 
received through the same system, thereby eliminating 
delays. Where diagnostic services are not decentralised, 
there is a need to establish effective systems to ensure the 
referral of patients and specimens to capitalise on the 
diagnostic capacity of district hospitals. In our study, the 
referral system worked well, and referral was not associ-
ated with additional diagnostic delays. These results show 
that decentralised services in this study did not lengthen 
the time to receive results at the PHC facilities or increase 
the probability of having missing results.

The intervention further strengthened decentralisa-
tion of TB diagnosis by making Xpert MTB/RIF testing 
available and using chest X- rays for children seen at PHC 
facilities. The intervention ensured a strong referral 
system to facilities that had Xpert MTB/RIF and chest 
X- ray machines. Our results show that coverage for both 
Xpert testing and chest X- ray was similar between the 
district hospitals and PHC facilities. However, almost 
20% of those in the PHC did not receive their chest X- ray 
results. Similar challenges have been reported in a study in 
Kenya, which noted that there are few radiologists which 
leads to a delayed delivery time for paper reports.23 This 
may have led to underdiagnosis of cases. Generally, most 
TB cases in children are clinically diagnosed and a chest 
X- ray suggestive of TB is one of the main criteria required 
to make a clinical diagnosis.15 By making chest X- ray 
readily available, clinicians have more information to 
either diagnose or exclude TB in children. Other studies 
report limited access to chest X- rays in public health facil-
ities and patients may also lack money to pay for transpor-
tation to access chest X- rays in district hospitals.23 24 Our 
study provided transportation vouchers for participants 
referred for chest X- ray. Receiving chest X- ray results at 
PHC seems more challenging, so this gap needs to be 
addressed when services are to be decentralised. This can 
be improved through the introduction of digital X- rays 
such as Computer- Aided Detection for TB (CAD4TB), 
which can easily transmit images and reports, therefore, 
eliminating the need for patients to physically carry their 
reports back to their clinicians. CAD4TB, which has been 
shown to have similar performance to that of clinicians 
in assessing abnormalities indicative of TB, has the poten-
tial to be used as a point- of- care decision tool, which can 
assist human readers in identifying subjects who require 
further testing.25 Such innovations support a more 
consolidated approach, which will be critical to improve 
TB case detection in children at decentralised levels.

We also found that more children identified as having 
presumptive TB were household contacts of a TB case 
at district hospitals compared with PHC facilities. This 
lower frequency of identifying children through contact 
tracing indicates a necessity to enhance decentralisation 
of contact tracing efforts at PHC facilities.

Our study demonstrates that gastric aspirate is 
a feasible diagnostic procedure in PHC facilities, 
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especially after the capacity strengthening of staff 
in the conduct of this method of sample collection. 
The majority of specimens collected in PHC facilities 
were gastric aspirates. Since the process of obtaining a 
gastric aspirate is generally not an aerosol- generating 
procedure and young children are also at low risk of 
transmitting infection, gastric aspiration can be consid-
ered a low- risk procedure for TB transmission and 
can safely be performed at the child’s bedside or in a 
routine procedure room.15 Therefore, this procedure 
can be conducted at any level of healthcare, as shown in 
the DETECT study.10 By strengthening HCW capacity 
and the availability of relevant commodities, gastric 
aspiration is easier to perform than nasopharyngeal 
aspirate and is a more feasible diagnostic procedure at 
the PHC level. A higher proportion of children with 
TB signs and symptoms in PHC facilities were not reas-
sessed for TB as they did not return to the facility. It is 
possible some TB diagnoses were missed because chil-
dren did not come back. It is also very likely that chil-
dren with a cough at PHC went directly to the district 
hospital if the cough was prolonged after the initial 
treatment given at PHC facilities. Since children often 
present sooner for care at PHC facilities, it is important 
to create a pathway for rapid delivery of TB services 
there. While there may be greater challenges with TB 
diagnosis and treatment at PHC facilities compared 
with district hospitals, strengthening TB diagnostic 
capacity and HCW capacity in paediatric TB detection, 
diagnosis and management at PHC facilities could 
lead to earlier paediatric TB screening, diagnosis and 
treatment. Where referrals are needed for diagnostic 
testing, the referral and documentation systems must 
be strengthened. In our study, we showed that decen-
tralisation was successful in bringing TB care ‘closer’ 
to children. This result indicates that with appropriate 
capacity building, HCWs at PHC facilities are equally 
capable of screening and diagnosing TB in children. 
Developing and strengthening the decentralisation of 
child TB services will provide important opportunities 
to improve TB case detection.

The overall favourable treatment outcome of 91.9% 
(98.2% in district hospitals and 73.7% in PHC facili-
ties) in this study is higher than rates reported in 
other studies in the African region, namely; Cameroon 
(68%), Ethiopia (74.8%) and Nigeria (74%).26–28 This 
is also higher than the WHO treatment target of 90%.29 
The highly favourable treatment outcome in the district 
hospitals compared with PHC facilities was primarily 
driven by the higher LTFU observed in the PHC facil-
ities. Death and LTFU during treatment in our study 
were 1.4% and 5.4%, respectively. The LTFU is consis-
tent with previous reports of paediatric TB treatment in 
Nigeria, Ethiopia and South Africa.28 30 31 The mortality 
in our study is higher than reported in South Africa 
(<1%),30 similar to studies in Ethiopia (1.8%),32 but 
lower than what has been reported in Botswana (3.4%), 
Tanzania (10.9%) and Ghana (17.4%).33–35 This wide 

range is reflective of differences in settings as well as the 
dates when the study was conducted. The proportion of 
LTFU was higher at PHC facilities. It is likely that some 
of the LTFU observed at PHC level were rather refer-
rals to a higher level of care that were not accurately 
documented. We cannot exclude however that some 
of the LTFU were true LTFU associated with treatment 
interruption or death which the health system needs 
to capture and address. Altogether, decentralisation 
models require the adoption of strong systems to track 
referrals at different levels of the health system and to 
trace the clients who are defaulting care.

Our study had a number of limitations that should be 
considered when interpreting these results. There is a 
scarcity of TB- specific care- seeking data. We used data 
for care- seeking for general illnesses as a proxy indi-
cator. However, patients who seek care for a general 
illness may behave differently from those who seek care 
for TB or for respiratory symptoms specifically. Another 
limitation of this study was the onset of the COVID- 19 
pandemic during the study period. Enrolment of 
study participants was stopped for 4 months due to the 
COVID- 19 pandemic and related Ministry of Health 
recommendations leading to fewer participants being 
enrolled. Second with the shift in focus on management 
of COVID- 19, it is possible that participants were more 
likely to be diagnosed and managed as COVID- 19 cases 
hence the fewer TB case detection. The small numbers 
of children enrolled and diagnosed with TB especially 
at PHC facilities resulted in limited power to measure 
a difference in the proportion diagnosed with TB at 
the different levels of care. Moreover, this low number 
of children diagnosed with TB and hence evaluated 
for TB outcomes was insufficient to provide adequate 
power to conduct a multivariable analysis of outcomes. 
There was also uncertainty about the accuracy of diag-
nosis in one- third of the patients who were diagnosed 
only on the basis of clinical signs and symptoms (no 
chest X- ray nor laboratory result were available). We did 
not identify other published studies comparing district 
hospitals and PHC facilities for diagnosis and manage-
ment of TB in children. The study also engaged and 
trained additional staff as first screeners which might 
not be possible to duplicate in similar PHC settings due 
to resource constraints. However, we obtained valuable 
experience and provided evidence for the effectiveness 
of decentralising and integrating TB services in both 
district hospitals and PHC facilities to aid implemen-
tation of similar models. The involvement of all facility 
levels of care is essential for the effective control of TB 
in children under age 5 years.

In conclusion, our study shows that decentralisa-
tion of TB screening and diagnosis is feasible and 
can shorten the time to TB diagnosis. Strengthening 
HCW capacity in TB diagnosis and management and 
facilitating referral systems for patients and samples 
led to the diagnosis of a significant proportion of chil-
dren with TB at the PHC facilities. A better tracking 
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and documentation systems for patients specimens 
and X- ray referrals will be key to improving the decen-
tralisation system. Additionally, decentralising contact 
tracing more efficiently could be beneficial.
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