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Abstract

Background

The high case-fatality rates among children with tuberculosis (TB) are reportedly driven by

in-hospital mortality and severe forms of TB. Therefore, there is need to better understand

the predictors of mortality among children hospitalised with TB. We examined the patient

clinical profiles, length of hospital stay from date of admission to date of final admission out-

come, and predictors of mortality among children hospitalised with TB at two tertiary hospi-

tals in Uganda.

Methods

We conducted a case-series study of children below 15 years of age hospitalised with TB,

from January 1st, 2016, to December 31st, 2021. Convenience sampling was done to select

TB cases from paper-based medical records at Mulago National Referral Hospital (MNRH)

in urban Kampala, and Fort Portal Regional Referral Hospital (FRRH) in rural Fort Portal.

We fitted linear and logistic regression models with length of stay and in-hospital mortality

as key outcomes.

Results

Out of the 201 children hospitalised with TB, 50 were at FRRH, and 151 at MNRH. The male

to female ratio was 1.5 with median age of 2.6 years (Interquartile range-IQR 1–6). There

was a high prevalence of HIV (67/171, 39%), severe malnutrition reported as weight-for-age

Z-score <-3SD (51/168, 30%). Among children with pulmonary TB who initiated anti-
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tuberculosis therapy (ATT) either during hospitalisation or within seven days prior to hospita-

lisation; cough (134/143, 94%), fever (111/143, 78%), and dyspnoea (78/143, 55%) were

common symptoms. Children with TB meningitis commonly presented with fever (17/24,

71%), convulsions (14/24 58%), and cough (13/24, 54%). The median length of hospital

stay was 8 days (IQR 5–15). Of the 199 children with known in-hospital outcomes, 34

(17.1%) died during hospitalisation. TB meningitis was associated with in-hospital mortality

(aOR = 3.50, 95% CI = 1.10–11.17, p = 0.035), while male sex was associated with reduced

mortality (aOR = 0.33, 95% CI = 0.12–0.95, p = 0.035). Hospitalisation in the urban hospital

predicted a 0.48-day increase in natural log-transformed length of hospital stay (ln-length of

stay) (95% CI 0.15–0.82, p = 0.005), but not age, sex, HIV, malnutrition, or TB meningitis.

Conclusions

In-hospital mortality was high, and significantly driven almost four times higher by TB menin-

gitis, with longer hospital stay among children in urban hospitals. The high in-hospital mortal-

ity and long hospital stay may be reduced by timely TB diagnosis and treatment initiation

among children.

Introduction

Among the 10.6 million people with TB globally in 2021 [1], 14% were HIV-negative children

and 11% were children living with HIV [1]. Following exposure to TB, children progress from

TB infection to TB disease within the first year after exposure, with TB-related mortality as

high as 50% [2]. Despite the increasing access to TB preventive treatment in recent years,

many children progress to TB disease due to prevailing risk factors like, malnutrition, human

immunodeficiency virus (HIV) infection, age below 2 years, severe immune suppression,

missed BCG vaccination, and being in close contact with sputum-positive TB patients [3, 4].

TB diagnosis in children is often challenging due to limited options of point-of-care diag-

nostic tests and difficulty obtaining biological samples [5]. The paucibacillary TB disease in

children also makes bacteriological confirmation of TB challenging. Additionally, TB screen-

ing and diagnosis is not commonly integrated in routine clinical care algorithms of common

childhood illnesses [6–8]. These challenges delay TB diagnosis and treatment initiation in

children, contributing to rapid progression to severe disease and increasing the risk of TB-

associated mortality [5, 6]. Among children and adolescents living with HIV, at least one out

of ten hospitalisations are due to TB [9–11]. However, there is limited documentation of the

average length of hospital stay among children hospitalised with TB, and whether the dura-

tion of hospital stay significantly predicts in-hospital mortality for the children living with

HIV, or those who are HIV negative.

In Uganda, a high TB-HIV burden country, 12% of the annual TB cases are children 0–14

years of age [12, 13]. Children have an average of 6.7 healthcare encounters before making a

TB diagnosis, faced with high travel costs to cover long distances [12, 14]. Eventually, these

children arrive very ill at the tertiary health facilities, with severe forms of TB disease, resulting

in high in-hospital mortality [11]. Previously reported risk factors for death among TB patients

in Uganda include; age above 65 years,�2km distance from the treating health facility, HIV

infection, and lack of bacteriological TB confirmation [15]. Among children treated for TB

during six years at an out-patient paediatric TB clinic in Mulago Hospital in Uganda, overall
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mortality was 7%, with history of hospitalisation being a risk factor for mortality [16]. Most of

the available data describes children treated for TB within out-patient settings, with limited

data on patient characteristics and risk factors for in-hospital mortality among children hospi-

talised with TB in Uganda. We opted for a case-series study design employing convenient sam-

pling methodology, rather than a retrospective cohort, primarily due to constraints on

accessing data across the entire population over the specified period. The case-series study

design enable us to simultaneously study the exposure as hospitalisation with TB, and the key

outcome as mortality which complements available evidence from cohorts.

Given the high burden of paediatric TB, our objective was to describe hospitalised patient

clinical profiles including length of hospital stay, evaluate the predictors of in-hospital mortal-

ity, and determine length of hospital stay among children hospitalised with TB at two referral

hospitals in Uganda from 2016–2021.

Methods

Study design and study population

We conducted a case-series study during the study period January 2022 to January 2023,

among children were hospitalised at two referral hospitals from January 2016-December 2021.

Children included were age 0–14 years, with bacteriologically confirmed or clinical TB disease

diagnosed by clinicians. TB diagnosis and treatment were conducted based on the National TB

and Leprosy Program (NTLP) guidelines [17]. We included children with pulmonary and

extra-pulmonary TB (EPTB) who were either new or retreatment patients, with both bacterio-

logically confirmed or clinically diagnosed TB.

Study setting

This study was conducted at Mulago National Referral Hospital (MNRH) in urban central

Uganda, and Fort Portal Regional Referral Hospital (FRRH) in rural Western Uganda. Fort

Portal Regional Referral Hospital serves eight districts in the Rwenzori mountain region of

Western Uganda, with an estimated catchment of 3.0 million people. Fort Portal Regional

Referral Hospital runs a daily TB clinic for both children, adolescents, and adults. Mulago

National Referral Hospital serves as the referral hospital for the city of Kampala’s 1.6 million

residents, as well as serving as the national referral specialised hospital for patients from the

entire country with complex and severe diseases. Mulago hospital runs a paediatric and adoles-

cent TB clinic, separate from the adult TB clinics. Fort Portal Regional Referral Hospital runs

one TB clinic that attends to all children, adolescents, and adults. Access to specialised care

and diagnostics are similar at both hospitals.

Children presenting with TB symptoms at both hospitals are usually screened for TB using

the WHO-recommended four-question symptom screening guide. Children with presumptive

TB undergo comprehensive clinical evaluation and investigations to confirm or rule-out TB.

According to the national TB management and control guidelines [17], free Ziehl Neelsen

(ZN) microscopy or GeneXpert testing is done on biological samples if successfully collected

by the health workers such as expectorated sputum, gastric aspirate/lavage, naso-pharyngeal

aspirate, induced sputum, or lymph node aspirate/biopsy. Samples for extra-pulmonary TB

(EPTB) diagnosis are collected and tested based on the clinical presentation and suspected

location of EPTB. Chest X-ray services were available at both sites. Chest X-rays were also

done for some patients who were able to afford it. Sputum culture and sensitivity is the gold

standard for TB diagnosis. Sputum samples were referred to the national TB reference labora-

tory (NTRL) for TB culture and sensitivity if this was requested by the attending clinicians.

Health workers follow the approved algorithm for diagnosis of TB in children, which provides
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guidance on making a diagnosis of bacteriologically confirmed TB (P-BC) in children with

positive microbiological test results. However, a negative TB test does not rule-out TB disease

in children. Therefore, the diagnostic algorithm provides guidance on clinically diagnosed pul-

monary TB (P-CD) in children with negative microbiological test results who have highly sug-

gestive TB symptoms, signs, history of TB contact and suggestive chest X-ray film. Children

who are very ill are hospitalised, for collection of biological samples to conduct TB diagnostic

tests and to receive treatment. Children diagnosed with TB are initiated on drug-susceptible

TB treatment. Hospitalised children are managed by a multi-disciplinary team composed of

nurses, doctors, and paediatricians. The national TB management and control guidelines rec-

ommend TB treatment adherence to be supported as either directly observed treatment

(DOTs) within the health facility for hospitalised/inpatient patients, or within the community/

home for stable patients who do not require hospitalisation. Patients with danger signs and

severe disease such as TB meningitis and severe pneumonia with signs of respiratory distress

are hospitalised for inpatient care. Stable patients are managed in out-patient clinics.

Sample size

Sample size calculations to determine the appropriate number of retrospective charts to review

were based on the hypothesis that length of hospital stay in days (LOS) for children with TBM

is longer in rural vs urban settings. We used the t-statistic as calculated at quesgen.com. We

tested associations between hospital setting and outcomes (LOS and mortality) in the entire

cohort of children with active tuberculosis. Testing our hypothesis, n = 100, we were ade-

quately powered at>80% to detect differences in LOS outcome of>16 days, an adequate effect

size as LOS for children with active TB was typically several weeks (median 36 days, IQR 21–

60 days in the [18] cohort.

Data collection, sampling, and materials

Patient data was accessed from 26th January 2022 to 20th January 2023 after ethical approval of

the study protocol. Patients included in the study were selected using convenience sampling.

Participant hospital files with individual patient identifiers and clinical data were reviewed by

trained study clinicians (nurses and doctors) to confirm eligibility and diagnosis of TB from

available clinical notes. Instead of individual names, the eligible participants were assigned

unique study identifiers. Trained study staff accessed individual identifying data during data

collection and data cleaning, after which names were excluded during data entry into the data-

base for data analysis. All data in the database was anonymized for access by authors.

Abstracted data included age, sex, documented HIV status, weight, symptoms at admission,

clinical impression at admission and at discharge, date of admission and discharge, and TB

treatment start date. HIV testing was not done as part of this study. Patients’ clinical status at

discharge was categorised as: died, improved, no change, self-discharge, and referred out.

Length of hospital stay (LOS) was reported as the number of days spent in hospital from the

date of admission to the date of final clinical status.

Moderate and severe malnutrition were defined using weight-for-age (underweight) Z-

score less than two and three standard deviations, respectively [19].

Statistics and data analysis

To examine the difference in demographic and clinical characteristics by age groups, we used

Chi-Squared Tests for categorical variables, analysis of variance (ANOVA) tests for normally

distributed continuous variables and Kruskal-Wallis tests for continuous variables with non-

normal distributions.
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We assessed predictors of mortality (primary outcome) using multivariable logistic regres-

sion with the following predictors: age, sex, HIV, weight-for-age Z-score, TB meningitis

(TBM), referral hospital site, and days spent waiting treatment initiation. In a subgroup multi-

variable logistic regression analysis, limited to children who initiated TB treatment during

admission, we evaluated predictors of in-hospital mortality, with age, sex, days to TB treatment

initiation, and prompt TB diagnosis (using the clinical impression on the day of admission) as

predictors. As a secondary outcome, we assessed predictors of length of hospital stay using lin-

ear regression with log-transformed length of stay as the outcome variable and tested age, sex,

HIV, weight-forage Z-score, and referral hospital site as predictors. We log-transformed the

outcome variable to accommodate linear regression model assumptions. To addresses miss-

ingness for HIV and malnutrition data, we performed sensitivity analyses on baseline charac-

teristics and primary outcomes comparing 1) those with known HIV status versus missing,

and 2) those with known nutritional status versus missing. All analyses were completed using

Stata 15SE (Stata Corp, College Station, TX, USA).

Ethics statement

This study was approved by the Mulago Hospital Research and Ethics Committee (protocol

number MHREC 2194), the Uganda National Council for Science and Technology (UNCST),

and the University of Iowa Institutional Review Board (IRB number: 202111437). Administra-

tive clearance was also obtained from the directors of Fort Portal Regional Referral Hospital

and Mulago national referral Hospital. A waiver of written participant informed consent was

granted by the Mulago Hospital Research and Ethics Committee, because historical patient

records were used to obtain required data, without interacting with the patients for data

collection.

Results

A total of 201 children hospitalised and diagnosed with TB were included in our analysis, with

151/201 (75%) from the urban referral hospital and 50/201 (25%) from the rural referral hospi-

tal. The demographics and TB-related clinical characteristics of the children and adolescents

are listed for each age category in Table 1. The median age at hospital admission was 2.6 years

(Interquartile range (IQR) 1–6 years). More children with TB were male (119/198, 60%). Of

171 children with documented HIV testing, 67 children (39%) were living with HIV. More

than 50% of the children were 2 years and below (51.5%), and 15.7% were young adolescents

10–14 years (Table 1). The prevalence of moderate and severe malnutrition was 38/168 (23%)

and 51/168 (30%), respectively. The urban referral hospital exhibited a higher prevalence of

severe malnutrition 45/109 (41%) compared to 13/46 (28%) at the rural referral hospital

(p = 0.043). However, the overall prevalence of malnutrition (moderate and severe) was similar

at both sites (p = 0.49) (data not shown). A four-drug TB treatment regimen (rifampicin, isoni-

azid, pyrazinamide, and ethambutol) was initiated for 199/201 (99%) children. Among 157

children who initiated TB treatment during their hospitalisation, the median time to initiation

was 4 days (IQR 1–7) following hospital admission. Among 196 children with known hospital

outcomes, 142/196 (72%) children improved, 34/196 (17%) children died, 12/196 (6.1%) chil-

dren self-discharged, 6/196 (3.1%) children were transferred to another hospital, and 2/196

(1.0%) children had no change in symptoms on discharge. The median length of hospital stay

was 8 days (IQR 5–15) (Table 1).

Pulmonary TB was diagnosed in 153/201 (76%) children and EPTB in 48/201 (24%) chil-

dren (Table 2). Of the children diagnosed with EPTB, 29/48 (60%) children had TB meningitis,

5/48 (10%) TB lymphadenitis, 4/48 (8.3%) abdominal TB, 7/48 (15%) disseminated TB [3
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Table 1. Demographics and clinical characteristics by age, n = 201.

Total Infants 1–2 years 3–5 years 6–9 years 10–14 years P value‡

n = 201 n = 46 n = 57 n = 38 n = 29 n = 31

Sex, n (%)† 198 (100) 45 (100) 57 (100) 37 (100) 28 (100) 31 (100) 0.39

Female 79 (40) 17 (38) 21 (37) 12 (32) 12 (43) 17 (55)

Male 119 (60) 28 (62) 36 (63) 25 (68) 16 (57) 14 (45)

Referral hospital site, n (%) 201 (100) 46 (100) 57 (100) 38 (100) 29 (100) 31 (100) 0.054

Rural 50 (25) 4 (8.7) 15 (26) 13 (34) 8 (28) 10 (32)

Urban 151 (75) 42 (91) 42 (74) 25 (66) 21 (72) 21 (68)

HIV, n (%) 171 (100) 34 (100) 45 (100) 33 (100) 28 (100) 31 (100) 0.36

Negative 104 (61) 16 (47) 31 (69) 21 (64) 16 (57) 20 (65)

Positive 67 (39) 18 (53) 14 (31) 12 (36) 12 (43) 11 (35)

Malnutrition*, n (%) 168 (100) 37 (100) 51 (100) 33 (100) 23 (100) 24 (100) 0.45

None 79 (47) 19 (51) 22 (43) 16 (48) 11 (48) 11 (46)

Moderate 38 (23) 5 (14) 16 (31) 4 (12) 7 (30) 6 (25)

Severe 51 (30) 13 (35) 13 (25) 13 (39) 5 (22) 7 (29)

Started ATT during hospitalisation, n (%) 201 (100) 46 (100) 56 (100) 37 (100) 29 (100) 31 (100) 0.66

No 2 (1.0) 0 1 (1.8) 1 (2.6) 0 0

Yes 199 (99) 46 (100) 56 (98) 37 (97) 29 (100) 31 (100)

Time to ATT initiation, observations 157 34 50 25 25 23

Days, median (IQR) 4 (1–7) 4.5 (2–9) 3 (1–7) 5 (2–7) 3 (1–8) 3 (1–6) 0.85

Hospital outcomes, n (%) 196 (100) 45 (100) 56 (100) 37 (100) 28 (100) 30 (100) 0.23

Died 34 (17) 9 (20) 9 (16) 5 (14) 3 (11) 8 (27) 0.51

Improved 142 (72) 32 (71) 42 (75) 28 (76) 21 (75) 19 (63)

No change 2 (1.0) 2 (4.4) 0 0 0 0

Self-discharge 12 (6.1) 2 (4.4) 4 (7.1) 4 (11) 1 (3.6) 1 (3.3)

Referred out 6 (3.1) 0 1 (1.8) 0 3 (10.7) 2 (6.7)

Length of hospitalisation, observations 193 46 53 36 28 30

Days, median (IQR) 8 (5–15) 9.5 (5–19) 7 (4–13) 7 (5–14.5) 8 (5–15.5) 11.5 (6–24) 0.41

Abbreviations: ATT = anti-tuberculosis therapy; Interquartile range = IQR; HIV = human immunodeficiency virus.
†% represents percent column total per characteristic (e.g., sex, hospital site, HIV).
‡Determined p-value for comparison between age groups using chi-squared test for categorical variables and Kruskal-Wallis test for continuous variables.

*Malnutrition is defined as underweight using weight-for-age Z-score.

https://doi.org/10.1371/journal.pone.0301107.t001

Table 2. Site of tuberculosis disease by age.

Site of disease Total Infant 1–2 years 3–5 years 6–9 years 10–14 years P value

n = 201 n = 46 n = 57 n = 38 n = 29 n = 31

n (%) n (%) n (%) n (%) n (%) n (%)

Pulmonary 153 (76) 37 (80) 47 (82) 28 (74) 22 (76) 19 (61) 0.23

Meningitis 29 (14) 7 (15) 5 (8.8) 6 (16) 4 (14) 7 (23) 0.52

Disseminated 7 (3.5) 1 (2.2) 2 (3.6) 1 (2.6) 1 (3.5) 2 (6.4) 0.89

Cardiac 3 (1.5) 0 0 2 (5.3) 0 1 (3.2) 0.177

Lymphadenitis 5 (2.5) 1 (2.2) 2 (3.5) 1 (2.6) 1 (3.5) 0 0.88

Abdominal 4 (2.0) 0 1 (1.8) 0 1 (3.5) 2 (6.5) 0.27

https://doi.org/10.1371/journal.pone.0301107.t002
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miliary], and 3/48 (6.3%) cardiac TB. Severe forms of TB were reported among 19% of hospi-

talised children (TB meningitis, disseminated TB, TB pericarditis).

Among the children who initiated TB treatment either during hospitalisation or within seven

days prior to hospitalisation, cough 134/143 (94%), fever 111/143 (78%), and dyspnoea 78/143

(55%) were the common admission symptoms among children with pulmonary TB (Table 3).

Children with TBM were admitted with fever 17/24 (71%), convulsions 14/24 (58%), and cough

13/24 (54%). Symptoms of pulmonary TB did not significantly vary by age group. Among chil-

dren with TBM, convulsions (p = 0.019) and cough (p = 0.017) were less common among chil-

dren aged 6–9 years than adolescents 10–14 years and young children less than five years.

In unadjusted logistic regression models, predictors of in-hospital mortality included TBM

(OR = 3.91, 95% CI = 1.64–9.32, p = 0.002) and hospitalisation in an urban referral hospital

(OR = 6.56, 95% CI = 1.51–28.48, p = 0.012) (Table 4). In the adjusted model, male children

with TB had 67% reduced odds of dying in the hospital compared to female children

(OR = 0.33, 95% CI 0.12–0.95, p = 0.040); while patients with TB meningitis were at 3.5-fold

increased odds of mortality compared to patients with other TB sites of disease (aOR = 3.50,

95% CI = 1.10–11.17, p = 0.035).

We found no statistically significant associations between mortality and age, HIV, referral

hospital site, or weight-for-age Z-score in the adjusted model. In a sub-analysis, including 153

children who initiated treatment during their hospital admission, and adjusting for age and

sex, a doctor’s impression of TB on the day of admission was predictive of in-hospital mortality

(aOR = 5.15, 95% CI 1.52–17.45, p = 0.009), while days to TB treatment initiation were not

predictive of in-hospital mortality (aOR = 1.04, 95% CI 0.97–1.11, p = 0.301) (Table 5).

Table 3. Admission symptoms of pulmonary and meningeal tuberculosis by age.

Total Infant 1–2 years 3–5 years 6–9 years 10–14 years P value

n (%) † n (%) n (%) n (%) n (%) n (%)

Pulmonary tuberculosis n = 143‡ n = 34 n = 44 n = 25 n = 21 n = 19

Cough 134 (94) 32 (94) 42 (95) 24 (96) 19 (90) 17 (89) 0.84

Fever 111 (78) 24 (71) 36 (82) 18 (72) 17 (81) 16 (84) 0.65

Dyspnoea 78 (55) 24 (71) 25 (57) 11 (44) 8 (38) 10 (53) 0.13

Weight loss 38 (27) 5 (15) 10 (23) 10 (40) 5 (24) 8 (42) 0.110

Poor appetite 26 (18) 3 (8.8) 11 (25) 3 (12) 5 (24) 4 (21) 0.33

Diarrhea 26 (18) 7 (21) 12 (27) 2 (8.0) 3 (14) 2 (11) 0.26

Night sweats 21 (15) 1 (2.9) 6 (14) 6 (24) 5 (24) 3 (16) 0.14

Failure to thrive 4 (2.8) 1 (2.9) 1 (2.3) 0 1 (4.8) 1 (5.3) 0.83

Tuberculosis meningitis n = 24‡ n = 6 n = 5 n = 3 n = 4 n = 6

Fever 17 (71) 4 (67) 4 (80) 1 (33) 3 (75) 5 (83) 0.56

Convulsions 14 (58) 5 (83) 4 (80) 3 (100) 0 2 (33) 0.019

Cough 13 (54) 5 (83) 4 (80) 0 0 4 (67) 0.017

Dyspnoea 9 (38) 4 (67) 2 (40) 0 1 (25) 2 (33) 0.37

Weight loss 7 (29) 0 1 (20) 1 (33) 1 (25) 4 (67) 0.146

Night sweats 6 (25) 2 (33) 0 0 1 (25) 3 (50) 0.30

Vomiting 4 (17) 0 2 (40) 0 1 (25) 1 (17) 0.41

Vision changes 2 (8.3) 0 0 0 2 (50) 0 0.028

Fatigue 2 (8.3) 1 (17) 0 0 0 1 (17) 0.70

†% represents the number of children with a symptom divided by the total number of children with either pulmonary tuberculosis (n = 143) or tuberculosis meningitis

(n = 24).
‡Included only children who initiated anti-tuberculosis therapy during hospitalisation or within one week prior to hospital admission.

https://doi.org/10.1371/journal.pone.0301107.t003
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The urban referral hospital predicted a 0.48-day increase in natural log-transformed length

of stay (ln-length of stay) (95% CI 0.15–0.82, p = 0.005) in the multivariable linear regression

model, but not age, sex, HIV, weight-for-age Z-score, or TBM (Table 6).

In sensitivity analyses, we conducted comparisons between children with missing HIV sta-

tus and those with a known HIV status. We found that children with missing HIV status were

significantly younger (p<0.001) and had a shorter length of stay (p = 0.042) (data not shown).

Additionally, we compared children with missing nutritional status to those with a known

nutritional status. Children with missing nutritional status were more likely to be living with

HIV (p = 0.036) (data not shown).

Discussion

Our study of 201 children admitted with TB at two tertiary hospitals in Uganda, demonstrated

high in-hospital mortality. Severe forms of TB, particularly TBM, were common among the

Table 4. Predictors of in-hospital mortality among children with tuberculosis.

Unadjusted Adjusted‡ (n = 146)

OR 95% CI p-value OR 95% CI P value

Age in years (n = 199) 1.02 0.92–1.12 0.75 0.98 0.86–1.11 0.74

Sex (n = 196)

Female 1 1

Male 0.83 0.39–1.75 0.62 0.33 0.12–0.95 0.040

Referral hospital site (n = 199)

Rural 1 1

Urban 6.56 1.51–28.48 0.012 4.54 0.96–21.53 0.057

HIV (n = 171)

Negative 1 1

Positive 1.23 0.55–2.74 0.61 0.50 0.16–1.56 0.23

Weight-for-age Z-score (n = 166) 0.90 0.76–1.08 0.26 0.87 0.71–1.07 0.182

TB meningitis (n = 199)

No 1 1

Yes 3.91 1.64–9.32 0.002 3.50 1.10–11.17 0.035

Abbreviations: CI = confidence interval; HIV = human immunodeficiency virus; OR = odds ratio; TB = tuberculosis.
‡Adjusted logistic regression model, including all variables in the above table.

https://doi.org/10.1371/journal.pone.0301107.t004

Table 5. Predictors of in-hospital mortality among children who initiated TB treatment during admission.

Unadjusted Adjusted‡ (n = 153)

OR 95% CI p-value OR 95% CI P value

Age in years (n = 156) 1.03 0.92–1.16 0.59 0.98 0.86–1.10 0.70

Sex (n = 153)

Female 1 1

Male 0.44 0.18–1.10 0.078 0.39 0.15–1.02 0.054

Days to treatment initiation (n = 156) 1.01 0.94–1.08 0.79 1.04 0.97–1.11 0.30

TB suspected on admission* (n = 156) 4.02 1.30–12.47 0.016 5.15 1.52–17.45 0.009

Abbreviations: CI = confidence interval; OR = odds ratio; TB = tuberculosis.
‡Adjusted logistic regression model, including all variables in the above table.

*TB suspected on admission based on doctor’s impression listed in patient admission note.

https://doi.org/10.1371/journal.pone.0301107.t005
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hospitalised children. The odds of in-hospital mortality were significantly higher among

females and three times higher among children admitted with TBM. Children with extra-pul-

monary TB disease commonly presented with respiratory symptoms.

Our in-hospital mortality percentage of 17% was lower than the 32.9% previously reported

in Uganda among children below 2 years of age hospitalised with presumptive TB in a rural

hospital [20], where severe malnutrition and HIV-infection were the risk factors for mortality

especially for children below five years of age [20]. Our mortality was also lower than the

28.4% reported in a Nigerian retrospective cohort which enrolled in-patient and out-patient

children <15 years of age [21]. Conversely, it was higher than the 11% reported in a 25-year

cohort of children aged 0–14 years in Peru [22], and the 1.4% in Kinshasa, Congo [23], proba-

bly due to the very low HIV prevalence in the Peru (0.1%) and Kinshasa (2.5%) cohorts, com-

pared to the high HIV prevalence of 39% in our study.

TBM and female sex were predictive of in-hospital mortality in our cohort. TBM was also a

significant risk factor of death among hospitalised children in a Nigerian retrospective cohort

study. Other risk factors among the children in the Nigerian cohort included; previous TB

treatment, HIV infection, extra-pulmonary TB, or a diagnosis of both pulmonary and extra

pulmonary TB [21]. Our study had more children hospitalised with TBM (14%) compared to

5.7% in the Nigerian cohort, which considered both out-patient and inpatient children [21].

Extra-pulmonary TB was a significant predictor of mortality in an Ethiopian cohort of chil-

dren with TB-HIV co-infection [24]. Other independent predictors of mortality among

TB-HIV coinfected children in the Ethiopian cohort were anaemia, isoniazid preventive ther-

apy initiation, and non-adherence to ART, although these were not assessed in our study [24].

TBM-related high mortality is well-documented across paediatric cohorts [25]. In a recent ret-

rospective study in Indonesia, predictors of in-hospital mortality due to TBM included stage II

disease, hydrocephalus, male sex, low-income parents, convulsions at admission, and lack of

bacillus Calmette-Guérin vaccination [26].

Hospitalisations were significantly longer at the urban hospital compared with the rural

hospital. This could in part be due to children with more complex and advanced disease

referred to the national level, though we did not have an appropriate disease severity metric to

test this assumption. Length of hospital stay, surprisingly, was not significantly influenced by

age, HIV, nutritional status, or TB meningitis. Similarly, length of hospital stay did not vary by

HIV status among adults hospitalised with TB in Brazil, although pulmonary TB and adverse

drug reactions significantly increased hospital stay [27].

Table 6. Predictors of length of hospital stay* among children with tuberculosis.

Unadjusted Adjusted‡ (n = 139)

β† 95% CI P value β† 95% CI P value

Age in years (n = 193) 0.018 -0.014–0.051 0.270 0.016 -0.022–0.055 0.404

Male sex (n = 190) -0.140 -0.395–0.124 0.304 0.036 -0.281–0.354 0.821

Urban referral hospital (n = 193) 0.430 0.148–0.711 0.003 0.481 0.146–0.816 0.005

HIV (n = 164) 0.112 -0.168–0.392 0.432 0.125 -0.210–0.459 0.461

Weight-for-age Z-score (n = 160) 0.027 -0.031–0.085 0.354 0.036 -0.027–0.100 0.259

TB meningitis (n = 193) 0.206 -0.149–0.561 0.253 -0.128 -0.562–0.310 0.561

Abbreviations: β = Beta coefficient; CI = confidence interval; HIV = human immunodeficiency virus; OR = odds ratio; TB = tuberculosis.

*Length of stay was natural log transformed to best accommodate linear regression assumptions
†Each unit increase in predictor (e.g., age in years) predicted a (β) increase in ln-length of stay.
‡Adjusted linear regression model, including all variables in the above table.

https://doi.org/10.1371/journal.pone.0301107.t006
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Pulmonary TB or TBM were the most common sites of disease in our cohort, aligning with

paediatric TB cohorts in China [28]. Common presenting symptoms for pulmonary TB

included cough, fever, and dyspnoea, while children with TBM presented with fever, convul-

sions, and cough. A cough in greater than half of the children presenting with TBM suggests

disseminated disease, or both pulmonary and extrapulmonary disease in these children. This

calls for heightened suspicion of neurologic involvement in hospitalised children with symp-

toms of pulmonary TB to reduce mortality and neurological sequalae due to delayed diagnosis

of TBM among children with respiratory symptoms [29]. This is comparable to the 44% of

children hospitalised with TBM who had chest X-ray findings suggestive of pulmonary TB and

11% with disseminated TB in a South African prospective cohort [30, 31]. The clinical presen-

tation in our cohort resembled that of children in Nepal, where fever, cough, and weight loss,

respectively, were the most common symptoms [32, 33]. In our study, despite 30% prevalence

of severe malnutrition based on weight-for-age Z-score, typical symptoms of malnutrition like

failure to thrive, weight loss, and poor appetite were rarely documented on admission. This

observation is intriguing, especially given Uganda’s high burden of undernutrition, with stunt-

ing affecting nearly 23% of children under 5 years and about 3.6% experiencing wasting [34].

Concurrent infections in malnourished children could potentially overshadow typical TB

symptoms. Moreover, the weight -for-age Z-score, which is usually a measure of wasting rather

than as a measure of severe acute malnutrition, may not comprehensively capture the extent of

malnutrition or correlate directly with TB symptoms in this cohort. It is also vital to consider

potential misclassification bias during diagnosis of TB and SAM due to some overlap of TB

and malnutrition symptoms such as weight-loss [35].

Strengths

This study is among the few studies where there is comparison of TB treatment outcomes

among hospitalised children in an urban and rural hospital within a high TB burden country.

This study utilised available real-world data on HIV status of children which is a key predictor

of TB treatment outcomes in children treated for TB. This study also contributes to the scarce

evidence on length of hospital stay among children hospitalised with TB in African settings.

Limitations

Convenience sampling of available patient records may have reduced variability within the

selected sample. We abstracted data from paper-based hospital records which were prone to

missing data on key variables such as ART regimen for HIV-infected children, TB diagnostic

reports, and radiologist reports for chest X-rays done during hospitalisation. The retrospective

case series limited the ability to assess for a cause-effect relationship between in-hospital mor-

tality and identified predictors. There was limited access to follow-up data after hospital dis-

charge to determine final TB treatment outcomes because most children who had been

referred from lower health facilities, most likely returned to their nearest/referring health facil-

ity to complete TB treatment. Therefore, these results may not be generalisable to all levels of

health facilities. In this study, the data on HIV status was based on reported or documented

HIV status, instead of real-time HIV test results. There were no data on ART for the HIV-

infected children, making it challenging to draw conclusions on associations between in-hos-

pital mortality and ART status or ART regimen among the HIV-infected children. There was

limited data on previous exposure to TB as close or household contacts, and history of using

TB preventive treatment, especially among the HIV-infected children.
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Conclusions

The high in-hospital mortality among children below 15 years of age in urban and rural ter-

tiary hospitals in Uganda, draws our attention to the possible delays in accessing TB screening,

diagnosis, treatment, and prevention services among this high-risk group. Given that TBM is a

risk factor of in-hospital mortality, future studies should investigate whether missed TB pre-

vention opportunities such as BCG vaccination and TB preventive treatment are leading to

these severe forms of TB disease in Ugandan children. Additionally, childhood TB diagnostic

algorithms should still consider TB symptoms for clinical diagnosis, to support timely TB diag-

nosis towards reducing TB-associated mortality.

Supporting information

S1 File.

(PDF)

Acknowledgments

Mulago National Referral Hospital: All staff at Mulago hospital especially the records team at

the Mulago acute care unit, Rebecca Namulindwa, Sr Florence Kalawa, Sr Jennifer Sekajugo,

Grace Nyangoma, Innocent Ahimbisibwe.

Baylor College of Medicine Children’s Foundation-Uganda: Dr Bbuye Dickson, Angella

Baita, Henry Balwa, Susan Tukamuhebwa, Rachel Namuddu Kikabi, Dr Patricia Nahirya-

Ntege

Makerere University Johns Hopkins University Care Limited, Uganda: Mahnaz Motevalli

Fort Portal Regional Referral Hospital: All staff at Fort-portal regional referral hospital espe-

cially the records team, and TB clinic team, Sr Olive Komuhendo, Julius Musinguzi, Daniel

Mugisha.

Author Contributions

Conceptualization: Pauline Mary Amuge, Greta Lassance Becker, Rogers Nelson Ssebunya,

Adeodata Rukyarekere Kekitiinwa, Robert Blount.

Data curation: Pauline Mary Amuge, Rogers Nelson Ssebunya, Esther Nalumansi.

Formal analysis: Pauline Mary Amuge, Greta Lassance Becker, Robert Blount.

Funding acquisition: Greta Lassance Becker, Jay Brooks Jackson, Robert Blount.

Investigation: Pauline Mary Amuge, Greta Lassance Becker, Rogers Nelson Ssebunya, Esther

Nalumansi, Alex Adaku, Michael Juma, Adeodata Rukyarekere Kekitiinwa, Peter James

Elyanu, Robert Blount.

Methodology: Pauline Mary Amuge, Greta Lassance Becker, Rogers Nelson Ssebunya, Peter

James Elyanu, Eric Wobudeya, Robert Blount.

Project administration: Pauline Mary Amuge, Rogers Nelson Ssebunya, Alex Adaku, Jay

Brooks Jackson, Adeodata Rukyarekere Kekitiinwa, Robert Blount.

Resources: Pauline Mary Amuge, Greta Lassance Becker, Jay Brooks Jackson, Adeodata

Rukyarekere Kekitiinwa, Eric Wobudeya, Robert Blount.

Software: Greta Lassance Becker, Robert Blount.

PLOS ONE Patient characteristics and predictors of mortality among children hospitalised with tuberculosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0301107 May 28, 2024 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0301107.s001
https://doi.org/10.1371/journal.pone.0301107


Supervision: Pauline Mary Amuge, Rogers Nelson Ssebunya, Esther Nalumansi, Alex Adaku,

Michael Juma, Jay Brooks Jackson, Peter James Elyanu, Eric Wobudeya, Robert Blount.

Validation: Pauline Mary Amuge, Rogers Nelson Ssebunya, Eric Wobudeya, Robert Blount.

Visualization: Pauline Mary Amuge, Rogers Nelson Ssebunya, Robert Blount.

Writing – original draft: Pauline Mary Amuge, Greta Lassance Becker, Alex Adaku.

Writing – review & editing: Pauline Mary Amuge, Greta Lassance Becker, Rogers Nelson Sse-

bunya, Esther Nalumansi, Michael Juma, Jay Brooks Jackson, Adeodata Rukyarekere Keki-

tiinwa, Peter James Elyanu, Eric Wobudeya, Robert Blount.

References
1. World Health Organisation. Global tuberculosis report 2022. Geneva: World Health Organisation; 2022.

Report No.: Licence: CC BY-NC-SA 3.0 IGO.

2. Tiemersma EW, van der Werf MJ, Borgdorff MW, Williams BG, Nagelkerke NJ. Natural history of

tuberculosis: duration and fatality of untreated pulmonary tuberculosis in HIV negative patients: a sys-

tematic review. PloS one. 2011; 6(4):e17601. https://doi.org/10.1371/journal.pone.0017601 PMID:

21483732

3. Narasimhan P, Wood J, MacIntyre CR, Mathai D. Risk factors for tuberculosis. Pulmonary medicine.

2013; 2013. https://doi.org/10.1155/2013/828939 PMID: 23476764

4. Singh M, Mynak M, Kumar L, Mathew J, Jindal S. Prevalence and risk factors for transmission of infec-

tion among children in household contact with adults having pulmonary tuberculosis. Archives of dis-

ease in childhood. 2005; 90(6):624–8. https://doi.org/10.1136/adc.2003.044255 PMID: 15908630

5. Gunasekera KS, Vonasek B, Oliwa J, Triasih R, Lancioni C, Graham SM, et al. Diagnostic challenges in

childhood pulmonary tuberculosis—Optimizing the clinical approach. Pathogens. 2022; 11(4):382.

https://doi.org/10.3390/pathogens11040382 PMID: 35456057

6. Zawedde-Muyanja S, Reuter A, Tovar MA, Hussain H, Loando Mboyo A, Detjen AK, et al. Provision of

decentralized TB care services: A Detect—Treat—Prevent Strategy for children and adolescents

affected by TB. Pathogens. 2021; 10(12):1568. https://doi.org/10.3390/pathogens10121568 PMID:

34959523

7. Snow KJ, Cruz AT, Seddon JA, Ferrand RA, Chiang SS, Hughes JA, et al. Adolescent tuberculosis.

The Lancet Child & Adolescent Health. 2020; 4(1):68–79. https://doi.org/10.1016/S2352-4642(19)

30337-2 PMID: 31753806

8. Zawedde-Muyanja S, Nakanwagi A, Dongo J, Sekadde M, Nyinoburyo R, Ssentongo G, et al. Decen-

tralisation of child tuberculosis services increases case finding and uptake of preventive therapy in

Uganda. The international journal of tuberculosis and lung disease. 2018; 22(11):1314–21. https://doi.

org/10.5588/ijtld.18.0025 PMID: 30355411

9. Ford N, Matteelli A, Shubber Z, Hermans S, Meintjes G, Grinsztejn B, et al. TB as a cause of hospitaliza-

tion and in-hospital mortality among people living with HIV worldwide: a systematic review and meta-

analysis. Journal of the International AIDS Society. 2016; 19(1):20714. https://doi.org/10.7448/IAS.19.

1.20714 PMID: 26765347

10. Ferrand RA, Bandason T, Musvaire P, Larke N, Nathoo K, Mujuru H, et al. Causes of acute hospitaliza-

tion in adolescence: burden and spectrum of HIV-related morbidity in a country with an early-onset and

severe HIV epidemic: a prospective survey. PLoS medicine. 2010; 7(2):e1000178. https://doi.org/10.

1371/journal.pmed.1000178 PMID: 20126383

11. Amuron B, Levin J, Birunghi J, Namara G, Coutinho A, Grosskurth H, et al. Mortality in an antiretroviral

therapy programme in Jinja, south-east Uganda: a prospective cohort study. AIDS research and ther-

apy. 2011; 8:1–8.

12. Needham DM, Bowman D, Foster SD, Godfrey-Faussett P. Patient care seeking barriers and tuberculo-

sis programme reform: a qualitative study. Health Policy. 2004; 67(1):93–106. https://doi.org/10.1016/

s0168-8510(03)00065-4 PMID: 14726009

13. Wynne A, Richter S, Banura L, Kipp W. Challenges in tuberculosis care in Western Uganda: health care

worker and patient perspectives. International Journal of Africa Nursing Sciences. 2014; 1:6–10.

14. Muttamba W, Tumwebaze R, Mugenyi L, Batte C, Sekibira R, Nkolo A, et al. Households experiencing

catastrophic costs due to tuberculosis in Uganda: magnitude and cost drivers. BMC Public Health.

2020; 20:1–10.

PLOS ONE Patient characteristics and predictors of mortality among children hospitalised with tuberculosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0301107 May 28, 2024 12 / 13

https://doi.org/10.1371/journal.pone.0017601
http://www.ncbi.nlm.nih.gov/pubmed/21483732
https://doi.org/10.1155/2013/828939
http://www.ncbi.nlm.nih.gov/pubmed/23476764
https://doi.org/10.1136/adc.2003.044255
http://www.ncbi.nlm.nih.gov/pubmed/15908630
https://doi.org/10.3390/pathogens11040382
http://www.ncbi.nlm.nih.gov/pubmed/35456057
https://doi.org/10.3390/pathogens10121568
http://www.ncbi.nlm.nih.gov/pubmed/34959523
https://doi.org/10.1016/S2352-4642%2819%2930337-2
https://doi.org/10.1016/S2352-4642%2819%2930337-2
http://www.ncbi.nlm.nih.gov/pubmed/31753806
https://doi.org/10.5588/ijtld.18.0025
https://doi.org/10.5588/ijtld.18.0025
http://www.ncbi.nlm.nih.gov/pubmed/30355411
https://doi.org/10.7448/IAS.19.1.20714
https://doi.org/10.7448/IAS.19.1.20714
http://www.ncbi.nlm.nih.gov/pubmed/26765347
https://doi.org/10.1371/journal.pmed.1000178
https://doi.org/10.1371/journal.pmed.1000178
http://www.ncbi.nlm.nih.gov/pubmed/20126383
https://doi.org/10.1016/s0168-8510%2803%2900065-4
https://doi.org/10.1016/s0168-8510%2803%2900065-4
http://www.ncbi.nlm.nih.gov/pubmed/14726009
https://doi.org/10.1371/journal.pone.0301107


15. Robsky KO, Hughes S, Kityamuwesi A, Kendall EA, Kitonsa PJ, Dowdy DW, et al. Is distance associ-

ated with tuberculosis treatment outcomes? A retrospective cohort study in Kampala, Uganda. BMC

infectious diseases. 2020; 20(1):1–9. https://doi.org/10.1186/s12879-020-05099-z PMID: 32527306

16. Wobudeya E, Jaganath D, Sekadde MP, Nsangi B, Haq H, Cattamanchi A. Outcomes of empiric treat-

ment for pediatric tuberculosis, Kampala, Uganda, 2010–2015. BMC Public Health. 2019; 19(1):1–6.

17. Health. Mo. Manual for Management and Control of Tuberculosis and Leprosy. In: Programme.

UNTaLC, editor. Kampala, Uganda.2017.

18. Blount RJ, Tran B, Jarlsberg LG, Phan H, Thanh Hoang V, Nguyen NV, et al. Childhood tuberculosis in

northern viet nam: a review of 103 cases. PloS one. 2014; 9(5):e97267. https://doi.org/10.1371/journal.

pone.0097267 PMID: 24818967

19. Group WMGRS, de Onis M WHO Child Growth Standards based on length/height, weight and age.

Acta paediatrica. 2006; 95:76–85.

20. Bonnet M, Nordholm A-C, Ssekyanzi B, Byamukama O, Orikiriza P, Tusabe T, et al. Mortality and

cause of death in children with presumptive disseminated tuberculosis. Pediatrics. 2023; 151(4):

e2022057912. https://doi.org/10.1542/peds.2022-057912 PMID: 36950924

21. Adamu AL, Aliyu MH, Galadanci NA, Musa BM, Gadanya MA, Gajida AU, et al. Deaths during tubercu-

losis treatment among paediatric patients in a large tertiary hospital in Nigeria. PloS One. 2017; 12(8):

e0183270. https://doi.org/10.1371/journal.pone.0183270 PMID: 28817675

22. Drobac PC, Shin SS, Huamani P, Atwood S, Furin J, Franke MF, et al. Risk factors for in-hospital mor-

tality among children with tuberculosis: the 25-year experience in Peru. Pediatrics. 2012; 130(2):e373–

e9. https://doi.org/10.1542/peds.2011-3048 PMID: 22826566

23. Aketi L, Kashongwe Z, Kinsiona C, Fueza SB, Kokolomami J, Bolie G, et al. Childhood tuberculosis in a

sub-Saharan tertiary facility: epidemiology and factors associated with treatment outcome. PloS one.

2016; 11(4):e0153914. https://doi.org/10.1371/journal.pone.0153914 PMID: 27101146

24. Dawit Z, Abebe S, Dessu S, Mesele M, Sahile S, Ajema D. Incidence and predictors of mortality among

children co-infected with tuberculosis and human immunodeficiency virus at public hospitals in Southern

Ethiopia. Plos one. 2021; 16(6):e0253449.

25. Chiang SS, Khan FA, Milstein MB, Tolman AW, Benedetti A, Starke JR, et al. Treatment outcomes of

childhood tuberculous meningitis: a systematic review and meta-analysis. The Lancet Infectious Dis-

eases. 2014; 14(10):947–57. https://doi.org/10.1016/S1473-3099(14)70852-7 PMID: 25108337

26. Nataprawira HM, Gafar F, Risan NA, Wulandari DA, Sudarwati S, Marais BJ, et al. Treatment outcomes

of childhood tuberculous meningitis in a real-world retrospective cohort, Bandung, Indonesia. Emerging

Infectious Diseases. 2022; 28(3):660. https://doi.org/10.3201/eid2803.212230 PMID: 35202524
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