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SUMMARY 22 

Background: There is limited literature regarding adherence rates for the treatment of TB 23 

in children. We aimed to describe TB  treatment outcomes and adherence as well as to 24 

evaluate associated factors to poor adherence in  Mozambican children. 25 

Methods: This is a sub-study of a community TB incidence study among children <3years 26 

of age... Incomplete adherence included the sum of lost to follow-up cases plus those with 27 

a delay of >3 weeks to treatment completion. 28 

Results:  Fifty TB treatments were assessed. Forty-four (88.0%) patients completed 29 

treatment, 2(4.0%)  died during treatment and 4(8.0%) were lost to follow up.Incomplete 30 

adherence was observed in 31.3%(15/48) of cases and was associated with malnutrition or 31 

history of a migrant mother.   32 

Conclusion: Although treatment outcome is overall good, there is still a significant 33 

proportion of incomplete adherence. Further larger paediatric TB cohorts and qualitative 34 

approaches are needed to assess and confirm potential factors for non-adherence   35 
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TEXT 36 

BACKGROUND:  37 

According to studies performed in the smear positive adult population, tuberculosis (TB)  38 

therapy requires a high adherence rate of over 90% to facilitate cure(1,2). In adults, poor 39 

adherence has proven to increase the risk of morbidity, mortality and drug resistance at 40 

an individual and population level (3,4).  Incomplete adherence to long term therapy is 41 

one of the greatest challenges towards implementing the World Health Organization 42 

(WHO) End TB strategy, especially in Africa where the treatment success rate (81% in 43 

2013) has not reached the Stop TB 90% target (5,6).  44 

 45 

Children could account for 20-40% of all TB cases in high burden settings (7).  Young 46 

children are at highest risk of developing TB disease as well as rapid disease progression 47 

and mortality if diagnosis and treatment are delayed(8).  Adherence to TB treatment in 48 

children is complex and is  influenced by patient nd healthcare system factors, among 49 

others(9). It depends on the understanding and motivation of caretakers, who frequently 50 

have limited awareness of the disease (3,10). 51 

  52 

Studies on therapy for latent TB infection in children have shown low completion rates 53 

ranging from 44-78%(11). Treatment outcomes for pediatric TB disease in the African 54 

region have also shown high rates of poor outcomes (deaths, treatment failures and lost 55 

to follow-up) ranging from 10-19%(12–17).  However, there are few studies which report 56 

adherence and treatment duration(11). In addition,  there is very limited data on 57 
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associated barriers to anti-TB treatment in young children (11,18–20).  Therefore, the aim 58 

of this study was to describe the treatment outcomes and adherence to TB treatment and 59 

to evaluate factors associated with poor adherence in Mozambican children aged less 60 

than 3 years of age.  61 

 62 

 63 

METHODOLOGY  64 

 65 

Settings 66 

This study was conducted at the Manhiça District, Southern Mozambique, where the 67 

Manhiça Health Research Center runs a health and demographic surveillance system 68 

(HDSS) (21) . This setting has a high incidence of both TB and HIV with an estimated 69 

community-based incidence rate of TB among children < 3yr of 470/100,000 person-70 

years(22–24) and an estimated case detection rate of 41%(25). TB treatment is offered 71 

free at no cost to the patient at the health units and pediatric fixed-dose combinations are 72 

available following WHO 2010 dose recommendations(26). At the time of the study 73 

implementation, pediatric TB treatment for smear negative pulmonary cases and non-74 

severe forms of extrapulmonary TB, included an intensive phase of 2 months  of daily 75 

Isoniazid, Rifampicin and Pyrazinamide, followed by 4 months of daily Isoniazid and 76 

Rifampicin , with weekly and monthly clinical checks and drug collection respectively (27). 77 

All TB cases co-infected with HIV are managed in an integrated manner with the provision 78 

of cotrimoxazole preventive therapy and anti-retroviral therapy at TB clinics. 79 
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 80 

Study Design 81 

This is a sub-study of a larger prospective cohort study that assessed the minimum 82 

community incidence of TB among  young children (<3 years of age) over a 1-year period 83 

(October 2011- 2012), whose detailed methodology and findings have previously been 84 

published(22). Briefly, all presumptive TB cases were evaluated through physical and 85 

radiological examination, HIV and tuberculin skin testing, as well as smear microscopy and 86 

culture of both induced sputum and gastric aspirate samples. All participants had at least 87 

one follow up visit arranged within six months of recruitment. All TB cases were registered 88 

with the National Tuberculosis Program (NTP) and managed according to established 89 

national clinical guidelines. Treatment was always initiated at the Manhiça District 90 

Hospital (MDH) and patients ‘care was then transferred to their corresponding peripheral 91 

health unit, if applicable. For the purpose of this analysis, TB cases were defined as any 92 

case registered to initiate TB treatment at the NTP during the study period. In the 93 

incidence study, TB cases followed the  National Institute of Health (NIH) case definition 94 

for childhood TB (28) (See Box1). 95 

 96 

Data Collection and analysis 97 

Demographic and clinical data were obtained at  the initial visit, and follow-up clinical data 98 

were recorded at every subsequent visit. Other socio-demographic data was obtained 99 

through the HDSS 2012 data.   Information on the WHO treatment category, follow up 100 

visits, treatment outcome and adherence were retrospectively extracted from registers of 101 
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the NTP into a structured data collection tool. Delays in treatment completion were 102 

calculated based on the registered date of treatment initiation and treatment completion.  103 

 104 

Proportions were compared using the Fisher´s exact chi-squared  test. Prevalence ratio 105 

(PR) and its 95% confidence intervals (CI) were calculated from poison regression with robust 106 

standard errors to measure the strength of the association between clinical and 107 

demographic factors and adherence categories. Programmatic data from the NTP at the 108 

MDH for other age groups during the same period was used for comparison. Statistical 109 

software for analysis was Stata 11.2 (StataCorp. 2013. Stata: Release 11, StataCorp LP, 110 

Statistical Software, College Station, TX). 111 

 112 

Ethical considerations 113 

This study was approved by the Mozambican National Bioethics Committee 114 

(Ref.15/CNBS/2010). Written informed consent was obtained from the parents/caregivers 115 

of all children. 116 

 117 

 118 

RESULTS 119 

 120 

Fifty children under the age of three years consented to participate and initiated TB 121 

treatment in the district of Manhiça (Table 1). All were treated for drug susceptible TB, 9 122 
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cases were microbiologically confirmed on the basis of culture, although none of them 123 

was smear positive on microscopy for acid-fast bacilli. Of all children starting treatment, 124 

26 (52.0%) were male and 24 (48.0%) were HIV-infected. Although patients were 125 

followed-up in ten different peripheral health care centers, over 64.0% of cases were 126 

managed by two single health centers, one of which was the MDH (30.0%). 127 

 128 

All 50 cases had documented treatment outcomes: 44(88.0%) children successfully 129 

completed treatment, 2 (4.0%) died prior to treatment completion and 4 (8.0%) were lost 130 

to follow up (LTFU) . There were no treatment failures nor transferred cases. Among 131 

treatment success cases, 11 (25.0%) had a delay in treatment completion, 8 of which were 132 

males, over half HIV infected and one microbiologically confirmed TB case. Among the 133 

LTFU, 3 were males, all lived more than 2 km distance from the MDH, none fulfilled the 134 

study TB case definition and all were HIV-infected. Overall incomplete adherence (delayed 135 

plus LTFU) was reported in 31.3% (15 among the 48 patients who did not die) (Table 2). 136 

Figure 1 shows the distribution of the number of days from treatment initiation to 137 

treatment completion. Eleven cases finished treatment before the expected date, 8 of 138 

them 1-2 days earlier. One patient had a 74-day delay in treatment completion.  139 

 140 

Compared to other age groups registered at the MDH NTP during the same time period, 141 

we found a higher treatment success rate in children under 3 (88% versus 68,1% and 142 

72,5% among patients aged 3-15 years and >15 years respectively). However, incomplete 143 

adherence was similar in all groups. Figure2 shows adherence results for these three age 144 

categories (final numbers exclude deaths) .  145 
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 146 

Being malnourished at enrollment and having a mother with a history of migration in the 147 

previous 2 years to TB diagnosis were shown to be potential risk factors for incomplete 148 

adherence (PR 2.9 ; 95%CI:1.4-6.1 and PR 2.9; 95%CI:1.4-6.0 respectively, p-value<0.05) 149 

(Table 2).  150 

 151 

 152 

DISCUSSION 153 

 154 

Data on adherence to TB treatment in children is scarce. To our knowledge, this is the first 155 

study describing the profile and treatment outcomes among pediatric TB cases in 156 

Mozambique and one of the few reporting adherence and treatment outcomes in a well 157 

characterized cohort of young children. Although the overall treatment success rate(88%) 158 

was close to the 90% Stop TB target (6) there were still a significant proportion of pediatric 159 

TB cases with incomplete adherence (31.3%). Being malnourished and having a migrant 160 

mother were potential risk factors for incomplete adherence.  161 

We have previously reported a treatment success rate of 67.3% among children <3 years 162 

in Manhiça during 2006-2010 (25). The significant improvement observed in the current 163 

study compared to the previous years can be due to several reasons. Firstly, to the 164 

substantial recent decrease in mortality as improved TB/HIV care and treatment services 165 

are available at the health facilities. The proportion of patients who die during TB 166 

treatment has decreased from 17% during 2006-2010 to 4% in this study(29). Secondly, 167 
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improved outcomes may be due to a slight decrease in the number of LTFU (from 9.6% in 168 

2006-2010 to 8%) that could be influenced by the fact of being included in the 169 

epidemiological incidence study. Although the study had active follow up visits which 170 

could have positively influenced  treatment adherence, the univariate analysis did not 171 

show an association.   172 

The treatment success rate reported in this study  is similar to the 87% estimated by WHO 173 

for all new cases in 2012 for Mozambique (5). It decreased, however, in other age groups 174 

during the same period, reaching 68,1% and 72,5% in patients aged 3-15 year and >15 175 

year, respectively. While other authors have also found higher success rates with younger 176 

ages (11),  Hailu et al. found that  being above 5 years of age was a predictor of treatment 177 

success (18).  178 

Comparing TB treatment adherence results among different studies is difficult due to the 179 

large variations in the definitions of adherence found in the literature, particularly for 180 

childhood TB (11,19,17,30–33). As stated by Chang et al, it seems reasonable to consider 181 

LTFU and incomplete adherence as part of the same problem, with different levels of 182 

severity (34). Thus, for the purpose of this study we used a definition of incomplete 183 

adherence that includes LTFU plus delayed completion. Despite the differences in the 184 

definitions, the results in this study are similar to other pediatric reports from high burden 185 

countries (17,32,33,35). Unpublished results from a recent meta-analysis show a 186 

treatment success rate of 81% with 3% mortality, with large variations among the studies 187 

included (12). 188 
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We have identified several factors associated with incomplete adherence, many of them 189 

were expected and have been previously cited by other authors as predictors of poor 190 

outcome(13,36,37). Evidence of chronic or acute malnutrition at diagnosis was associated 191 

with incomplete adherence. Several studies have also reported poor TB outcomes among 192 

malnourished children (36,37) but in this study malnutrition was associated both with 193 

LTFU and death as well as with a delay in treatment completion. This suggests that beyond 194 

the deleterious immunological impact of malnutrition on TB progression, other aspects 195 

such as tolerance to drugs or, more importantly, the social context, have an impact on 196 

adherence and outcome. The importance of the caregiver child relationship has been 197 

shown to impact overall child survival and thus, the history of migration of the mother 198 

seems to impact treatment adherence and outcomes(38). Malnutrition was significantly 199 

associated with a history of a migrant mother, hospitalization at the time of diagnosis, and 200 

TB case definition, and thus the specific impact of these other variables on adherence is 201 

difficult to interpret.   202 

HIV co-infection is also a well-known risk factor for incomplete adherence in adults (2,39–42), and 203 

children(19,36),partly due to the increased pill burden and secondary effects. Because of the high 204 

treatment compliance rate (90%) required to facilitate cure and reduce the risk of rapid disease 205 

progression in children, the poor adherence observed among HIV-TB co-infected cases is cause for 206 

concern as it could lead to increased mortality.  Given the inherent difficulties in diagnosing 207 

pediatric TB, caregivers may sometimes reflect their uncertainty in the diagnosis by not fulfilling 208 

the treatment recommendations. This may be the underlying cause of the poorer adherence 209 

observed among cases not fulfilling the study TB definition. Moreover, TB diagnostic algorithms do 210 

not perform well among HIV co-infected children(28). Given the HIV co-infection rate observed 211 
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among confirmed and non-confirmed TB cases (10% and 51%, respectively), this may have played 212 

a role in hesitance of diagnosis and adherence to treatment. The gender difference observed in 213 

the current study was not statistically significant and needs to be further evaluated with larger 214 

sample sizes. Some adult studies have also noted a higher rate of incomplete adherence among 215 

males although this association needs to be further evaluated and may not be necessarily 216 

extrapolated to the pediatric population (42–45).  217 

 218 

There are several limitations to this study. Firstly, the small sample size of the cohort limits 219 

the ability to reach statistical significance for several potential associations (no 220 

multivariable logistic regression analysis was possible). Secondly, the analysis of 221 

adherence was performed using data measured indirectly with a retrospective design. In 222 

addition, the fact that most children starting treatment were part of a research study 223 

could have had a potential positive influence on adherence, although the study was 224 

focusing on case detection. Moreover, we did not register other common factors reported 225 

to influence adherence such as major side effects, who the main caregiver for the child 226 

was or the exact phase of the treatment where the main delay occurred.  Furthermore, 227 

the results may be biased given that TB under-reporting is more common in severe forms 228 

of the disease which die before treatment initiation. Finally, we did not capture common 229 

system failures such as drug stock rupture or health personnel absenteeism, which might 230 

lead to non-patient originated poor adherence. 231 

 232 
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In conclusion, although pediatric treatment outcome is overall good, there is still a 233 

significant proportion of incomplete adherence cases.  This study setting may have 234 

represented an improved health system scenario, so the true program performance may 235 

show worse indicators. Reinforcing the importance of timely treatment completion should 236 

remain a high priority. Successful treatment of pediatric TB requires the commitment and 237 

involvement of the corresponding caregiver. Further larger pediatric TB cohorts and 238 

qualitative research are needed to assess and eventually address potential risk factors for 239 

non-adherence. 240 

FUNDING 241 

This work was supported by the European & Developing Countries Clinical Trials 242 

Partnership [IP_07_32080_003]. 243 

 244 

ACKNOWLEDGEMENTS 245 

The authors thank the participants and their families. The authors are grateful to the 246 

National TB Program, health staff at the Manhiça District Hospital and peripheral health 247 

centers for their contribution. The authors thank Prof Steve Graham and Dr Denise 248 

Naniche for their comments to the manuscript. 249 

 250 

 251 

  252 



13 
 

 
 

REFERENCES 253 

1.  Awofeso N. Anti-tuberculosis medication side-effects constitute major factor for 254 

poor adherence to tuberculosis treatment. Bull World Health Organ [Internet]. 255 

World Health Organization; 2008 Mar [cited 2016 Jul 6];86(3):B – D. Available from: 256 

http://www.ncbi.nlm.nih.gov/pubmed/18368191 257 

2.  Adane AA, Alene KA, Koye DN, Zeleke BM. Non-adherence to anti-tuberculosis 258 

treatment and determinant factors among patients with tuberculosis in northwest 259 

Ethiopia. PLoS One. 2013 Jan;8(11):e78791.  260 

3.  World Health Organization (WHO). Adherence to long-term therapies: evidence for 261 

action. WHO/MNC/03.01;2003.  262 

4.  Burman WJ, Cohn DL, Rietmeijer CA, Judson FN, Sbarbaro JA, Reves RR. 263 

Noncompliance with directly observed therapy for tuberculosis. Epidemiology and 264 

effect on the outcome of treatment. Chest [Internet]. 1997 May [cited 2015 Nov 265 

5];111(5):1168–73. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9149565 266 

5.  World Health Organization (WHO). Global Tuberculosis Report 2014. Geneva, 267 

Switzerland. WHO/HTM/TB/2014.08. World Health Organization; 2014 [cited 2013 268 

Jun 24]; Available from: http://www.who.int/tb/publications/global_report/en/ 269 

6.  Stop TB Partnership. Stop TB Partnership and World Health Organization. Global 270 

Plan to Stop TB 2006– 2015. Geneva, World Health Organization, 2006 271 

(WHO/HTM/STB/2006.35).  272 

7.  Perez-Velez CM, Marais BJ. Tuberculosis in children. N Engl J Med [Internet]. 2012 273 



14 
 

 
 

Jul 26 [cited 2013 Mar 3];367(4):348–61. Available from: 274 

http://www.ncbi.nlm.nih.gov/pubmed/22830465 275 

8.  World Health Organization (WHO). Roadmap for childhood tuberculosis: towards 276 

zero deaths. Geneva, World Health Organization,2013 (WHO/HTM/TB/2013.12). 277 

[cited 2013 Nov 18]; Available from: http://apps.who.int/iris/handle/10665/89506 278 

9.  Munro SA, Lewin SA, Smith HJ, Engel ME, Fretheim A, Volmink J. Patient adherence 279 

to tuberculosis treatment: a systematic review of qualitative research. PLoS Med 280 

[Internet]. 2007 Jul 24 [cited 2015 Oct 2];4(7):e238. Available from: 281 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1925126&tool=pmcen282 

trez&rendertype=abstract 283 

10.  Craig SR, Adams L V, Spielberg SP, Campbell B. Pediatric therapeutics and medicine 284 

administration in resource-poor settings: a review of barriers and an agenda for 285 

interdisciplinary approaches to improving outcomes. Soc Sci Med [Internet]. 2009 286 

Dec [cited 2015 Nov 5];69(11):1681–90. Available from: 287 

http://www.ncbi.nlm.nih.gov/pubmed/19796859 288 

11.  van Zyl S, Marais BJ, Hesseling  a C, Gie RP, Beyers N, Schaaf HS. Adherence to anti-289 

tuberculosis chemoprophylaxis and treatment in children. Int J Tuberc Lung Dis 290 

[Internet]. 2006;10(1):13–8. Available from: 291 

http://www.ncbi.nlm.nih.gov/pubmed/16466031 292 

12.  Khawaja H. Treatment Outcomes in Children with Tuberculosis: A Systematic 293 

Review and Meta-analysis. BSc Dissertation in Reproductive and Developmental 294 

Sciences, Imperial College London. 2014.  295 



15 
 

 
 

13.  Adejumo OA, Daniel OJ, Adebayo BI, Adejumo EN, Jaiyesimi EO, Akang G, et al. 296 

Treatment Outcomes of Childhood TB in Lagos, Nigeria. J Trop Pediatr [Internet]. 297 

2016 Apr [cited 2016 Jun 25];62(2):131–8. Available from: 298 

http://www.ncbi.nlm.nih.gov/pubmed/26705331 299 

14.  Osman T, El Sony A. Case management of childhood tuberculosis in children’s 300 

hospitals in Khartoum. East Mediterr Heal J = La Rev santé la Méditerranée Orient = 301 

al-Majallah al-ṣiḥḥīyah li-sharq al-mutawassiṭ [Internet]. 2014 Jul [cited 2016 Jun 302 

25];20(7):442–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25023771 303 

15.  Oeltmann JE, Chengeta B, Mboya JJ, Wells CD, Kilmarx PH, Samandari T, et al. 304 

Reported childhood tuberculosis treatment outcomes, Gaborone and Francistown, 305 

Botswana, 1998-2002. Int J Tuberc Lung Dis [Internet]. 2008 Feb [cited 2016 Jun 306 

25];12(2):186–92. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18230252 307 

16.  Mtabho CM, Irongo CF, Boeree MJ, Aarnoutse RE, Kibiki GS. Childhood tuberculosis 308 

in the Kilimanjaro region: lessons from and for the TB programme. Trop Med Int 309 

Health [Internet]. 2010 May [cited 2016 Jun 25];15(5):496–501. Available from: 310 

http://www.ncbi.nlm.nih.gov/pubmed/20230572 311 

17.  Harries  a D, Hargreaves NJ, Graham SM, Mwansambo C, Kazembe P, Broadhead RL, 312 

et al. Childhood tuberculosis in Malawi: nationwide case-finding and treatment 313 

outcomes. Int J Tuberc Lung Dis [Internet]. 2002 May;6(5):424–31. Available from: 314 

http://www.ncbi.nlm.nih.gov/pubmed/12019918 315 

18.  Hailu D, Abegaz WE, Belay M. Childhood tuberculosis and its treatment outcomes in 316 

Addis Ababa : a 5-years retrospective study. BMC Pediatr [Internet]. BMC 317 



16 
 

 
 

Pediatrics; 2014;14(1):1–7. Available from: BMC Pediatrics 318 

19.  Wilkinson D, Davies GR. Pediatric tuberculosis in rural South Africa--value of directly 319 

observed therapy. J Trop Pediatr [Internet]. 1998 Oct [cited 2015 Nov 4];44(5):266–320 

9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9819487 321 

20.  Osman Yusuf, Kelifa; Fromsa Seifu , Muluneh; Kefale Gelaw, Belayneh ; Tadesse 322 

Gebremariam, Esayas; Ahmed Mohammed M. Non Adherence and its Contributing 323 

Factors to Anti-TB Drug in Children’s at Adama Referral Hospital, Oromia, Ethiopia. 324 

Glob J Med Res. 2015;15(2).  325 

21.  Sacoor C, Nhacolo A, Nhalungo D, Aponte JJ, Bassat Q, Augusto O, et al. Profile: 326 

Manhica Health Research Centre (Manhica HDSS). Int J Epidemiol [Internet]. 2013 327 

Oct [cited 2013 Nov 8];42(5):1309–18. Available from: 328 

http://www.ncbi.nlm.nih.gov/pubmed/24159076 329 

22.  López-Varela E, Augusto OJ, Gondo K, García-Basteiro AL, Fraile O, Ira T, et al. 330 

Incidence of Tuberculosis Among Young Children in Rural Mozambique. Pediatr 331 

Infect Dis J [Internet]. 2015 Jul [cited 2016 Mar 22];34(7):686–92. Available from: 332 

http://www.ncbi.nlm.nih.gov/pubmed/26069945 333 

23.  García-Basteiro AL, López-Varela E, Respeito D, González R, Naniche D, Manhiça I, et 334 

al. High tuberculosis burden among people living with HIV in southern 335 

Mozambique. Eur Respir J [Internet]. 2014;04:09031936.00145714 – . Available 336 

from: 337 

http://erj.ersjournals.com/content/early/2014/11/13/09031936.00145714.extract 338 



17 
 

 
 

24.  González R, Munguambe K, Aponte J, Bavo C, Nhalungo D, Macete E, et al. High HIV 339 

prevalence in a southern semi-rural area of Mozambique: a community-based 340 

survey. HIV Med [Internet]. 2012 Nov [cited 2013 Jun 24];13(10):581–8. Available 341 

from: http://www.ncbi.nlm.nih.gov/pubmed/22500780 342 

25.  López-Varela E, Augusto OJ, Guerra L, Respeito D, Sacoor C, Sacarlal J, et al. Low 343 

paediatric tuberculosis case detection rate in Southern Mozambique. Eur Respir J 344 

[Internet]. 2015 Dec 23 [cited 2016 Jan 14];ERJ – 01454–2015. Available from: 345 

http://www.ncbi.nlm.nih.gov/pubmed/26699721 346 

26.  World Health Organization. Rapid Advice. Treatment of Tuberculosis in Children. 347 

WHO/HTM/TB/2010.13. 2010;  348 

27.  Graham SM. Guidance for National Tuberculosis Programmes on the management 349 

of tuberculosis in children - an update. Malawi Med J. 2007;19:82–6.  350 

28.  Graham SM, Ahmed T, Amanullah F, Browning R, Cardenas V, Casenghi M, et al. 351 

Evaluation of tuberculosis diagnostics in children: 1. Proposed clinical case 352 

definitions for classification of intrathoracic tuberculosis disease. Consensus from 353 

an expert panel. J Infect Dis [Internet]. 2012 May 15 [cited 2013 Mar 5];205 Suppl 354 

(Suppl 2):S199–208. Available from: 355 

http://www.ncbi.nlm.nih.gov/pubmed/22448023 356 

29.  Auld AF, Alfredo C, Macassa E, Jobarteh K, Shiraishi RW, Rivadeneira ED, et al. 357 

Temporal Trends in Patient Characteristics and Outcomes Among Children Enrolled 358 

in Mozambique’s National Antiretroviral Therapy Program [Internet]. The Pediatric 359 

Infectious Disease Journal. 2015. 1 p. Available from: 360 



18 
 

 
 

http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=0000361 

6454-900000000-97756 362 

30.  Biddulph J. Short course chemotherapy for childhood tuberculosis. Pediatr Infect 363 

Dis J. 1990;9(11):794–801.  364 

31.  Al-Dossary F. Traetment of chilhood tuberculosis with a six month directly observed 365 

regime of only two weeks of daily therapy. Pediatr …. 2002;21(2):91–7.  366 

32.  Te Water N, Donald P. Twice weekly vs daily chemotherapy for chilhood 367 

tuberculosis. Pediatr Infect Dis J. 2000;19(5):405–10.  368 

33.  Meissner PE, Musoke P, Okwera A, Bunn JEG, Coulter JBS. The value of urine testing 369 

for verifying adherence to anti-tuberculosis chemotherapy in children and adults in 370 

Uganda. 2002;6(January):903–8.  371 

34.  Chang KC, Leung CC, Tam CM. Risk factors for defaulting from anti-tuberculosis 372 

treatment under directly observed treatment in Hong Kong. Int J Tuberc Lung Dis. 373 

2004 Dec;8(12):1492–8.  374 

35.  Schaaf HS, Marais BJ, Hesseling AC, Brittle W, Donald PR. Surveillance of 375 

antituberculosis drug resistance among children from the Western Cape Province of 376 

South Africa--an upward trend. Am J Public Health. 2009 Aug;99(8):1486–90.  377 

36.  Aketi L, Kashongwe Z, Kinsiona C, Fueza SB, Kokolomami J, Bolie G, et al. Childhood 378 

tuberculosis in a sub-saharan tertiary facility: Epidemiology and factors associated 379 

with treatment outcome. PLoS One. 2016;11(4):1–13.  380 

37.  Hicks RM, Padayatchi N, Shah NS, Wolf A, Werner L, Sunkari VB, et al. Malnutrition 381 



19 
 

 
 

associated with unfavorable outcome and death among South African MDR-TB and 382 

HIV co-infected children. Int J Tuberc Lung Dis [Internet]. 2014 Sep [cited 2016 Jun 383 

25];18(9):1074–83. Available from: 384 

http://www.ncbi.nlm.nih.gov/pubmed/25189555 385 

38.  World Health Organization. The importance of caregiver-child interactions for the 386 

survival of child and healthy development of young children. A review. 2004.  387 

39.  Kayigamba FR, Bakker MI, Mugisha V, De Naeyer L, Gasana M, Cobelens F, et al. 388 

Adherence to tuberculosis treatment, sputum smear conversion and mortality: a 389 

retrospective cohort study in 48 Rwandan clinics. PLoS One. 2013 Jan;8(9):e73501.  390 

40.  Garrido MDS, Penna ML, Perez-Porcuna TM, de Souza AB, Marreiro LDS, 391 

Albuquerque BC, et al. Factors associated with tuberculosis treatment default in an 392 

endemic area of the Brazilian Amazon: a case control-study. PLoS One. 2012 393 

Jan;7(6):e39134.  394 

41.  Daftary A, Padayatchi N, O’Donnell M. Preferential adherence to antiretroviral 395 

therapy over tuberculosis treatment: A qualitative study of drug-resistant TB/HIV 396 

co-infected patients in South Africa. Glob Public Health. 2014 Oct;9(9):1107–16.  397 

42.  Muture BN, Keraka MN, Kimuu PK, Kabiru EW, Ombeka VO, Oguya F. Factors 398 

associated with default from treatment among tuberculosis patients in Nairobi 399 

province, Kenya: a case control study. BMC Public Health. BioMed Central Ltd; 2011 400 

Jan;11(1):696.  401 

43.  Kulkarni P, Akarte S. Non. Adherence of New Pulmonary Tuberculosis Patients to 402 



20 
 

 
 

Anti. Tuberculosis Treatment. Ann Med …. 2013;3(1):67–74.  403 

44.  Boyle SJO, Power JJ, Ibrahim MY, Watson JP. Factors affecting patient compliance 404 

with anti-tuberculosis chemotherapy using the directly observed treatment , short-405 

course strategy ( DOTS ) SUMMARY. 2002;6(June 2001):307–12.  406 

45.  Comolet TM, Rakotomalala R, Rajaonarioa H. Factors determining compliance with 407 

tuberculosis treatment in an urban environment , Tamatave , Madagascar. 408 

1998;2(June):891–7.  409 

46.  García-Basteiro AL, López-Varela E, Augusto OJ, Gondo K, Muñoz J, Sacarlal J, et al. 410 

Radiological Findings in Young Children Investigated for Tuberculosis in 411 

Mozambique. PLoS One [Internet]. 2015;10(5):e0127323. Available from: 412 

http://dx.plos.org/10.1371/journal.pone.0127323 413 

47.  World Health Organization.WHO revised definitions and reporting framework for 414 

tuberculosis.WHO/HTM/TB/2013.2. [Internet]. 2013. Available from: 415 

http://www.ncbi.nlm.nih.gov/pubmed/23611033 416 

 417 

 418 

  419 



21 
 

 
 

LEGENDS TO FIGURES 420 

Figure 1. Duration of treatment among patients with treatment completion 421 

Definitions: Days of delay in treatment completion were calculated based on a standard 422 

treatment duration of 180 days for retreatment cases, final day was adjusted)  423 

Number of days in X axis are not in scale .  424 

Figure 2. Treatment and adherence outcomes among different age groups (2011-2012)  425 

This figure shows treatment outcome (treatment success vs. LTFU [lost to follow-up]) 426 

among patients who did not die and adherence results (full vs. incomplete adherence) 427 

among all age groups initiating TB treatment at the National Tuberculosis Program of the 428 

Manhiça Health Center (n= 867 to ≥ 15 yr; n= 82 to < 15 – 3 yr; n=56  to < 3yr). Excluded 429 

from this analysis are: dead and transferred cases as well as TB cases with number of 430 

treatment days missing.   431 
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TABLES 432 

BOX1: Relevant study definitions 433 

TB case: Any child registered to initiate TB treatment at the NTP during the study period. 

Study TB case:   Includes microbiologically confirmed plus probable cases (adapted from 

the standardized NIH case definition for childhood TB (28), full details on the classification 

are described elsewhere(22)).  

Confirmed TB case: compatible symptoms plus a positive culture with Mycobacterium 

Tuberculosis. 

Probable TB case:  fulfilling the following 3 criteria:  

(1) compatible symptoms unresolved at last clinical follow up visit (prior to any TB 

treatment initiation)  

(2) compatible chest radiograph: ≥1 of the following radiographic abnormalities: airway 

compression, lymphadenopathy, opacification, nodular picture, effusion, cavities, 

spondylitis or Ghon focus (46) 

(3) at least one of the following: TB exposure, positive TST (induration >5 mm for HIV or 

malnourished children and >10 mm for the rest of participants) or positive response to TB 

treatment. 

HIV infection: positive antibody test in children>18 months (Determine, Abbott 

Laboratories and confirmed with Unigold, Trinity Biotech); or positive HIV PCR in those 

<18 months; or a strong clinical suspicion with positive antibody test in the absence of a 

PCR result. 

Treatment outcomes for drug susceptible TB patients (5,47): 

Treatment success: the sum of patients: 

1. Cured: A pulmonary TB patient with bacteriologically confirmed TB at the 

beginning of treatment who was smear- or culture-negative in the last month of 

treatment and on at least one previous occasion) AND 

2.  Treatment completed: A TB patient who completed treatment without evidence 

of failure BUT with no record to show that sputum smear or culture results in the 

last month of treatment and on at least one previous occasion were negative, 

either because tests were not done or because results are unavailable. 
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Treatment failed: A TB patient whose sputum smear or culture is positive at month 5 or 

later during treatment. 

Died: A TB patient who dies for any reason before starting or during the course of 

treatment. 

Lost to follow up: A TB patient whose treatment was interrupted for 2 consecutive 

months or more. 

Not evaluated: A TB patient for whom no treatment outcome is assigned. This includes 

cases “transferred out” to another treatment unit as well as cases for whom the 

treatment outcome is unknown to the reporting unit. 

Adherence categories were defined as: 

Incomplete adherence. The sum of the following two exclusive categories and calculated 

over those patients who did not die:  

1. Lost to follow-up (patients whose treatment was interrupted for 2 consecutive 

months or more) AND  

2. Delayed completion (patients with a delay of 3 or more weeksbeyond the 

expected date (calculated as 6 months after treatment initiation) ) 

Full adherence. All treatment success cases with no delay in treatment completion.  

 

* NIH: National Institute of Health; NTP: National TB Program; TB: Tuberculosis; TST: 434 

tuberculin skin test 435 

 436 

  437 
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Table 1.- Clinical and Socio-demographic characteristics of TB cases <3yr at the time of 438 

TB diagnosis 439 

Table 1A.  Clinical and sociodemographic characteristics of TB cases <3yr at the time of TB diagnosis (N=50)  

Clnical     n (%) 

Sex (male) male   26 (52) 
  female   24 (48) 

Age in months, (Median [IQR])     19.8 
[14.6-
26.1] 

Age at diagnosis (months)         
  < 12   10 (20) 
  12 - 24   23 (46) 
  > 24   17 (34) 
BCG Scar †  present   43 (87.8) 
  absent   6 (12.2) 
HIV-coinfected yes   24 (48) 
  no   26 (52) 
TST α positive   21 (43.8) 
  negative   27 (56.2) 
Hospitalizations in previous year to TB diagnosis yes   20 (40) 
  no   30 (60) 
Nº outpatient consultations in previous year to TB 
diagnosis <10   36 (72.0) 
  ≥10   14 (28) 
Study TB cases definition  Confirmed   9 (18) 
  Probable   25 (50) 
  Possible   13 (26) 
  MTB infection/TB unlikely 3 (6) 
TB Compatible CXR yes   18 (36) 
  no   32 (64) 
Symptoms         
Cough >2 weeks yes   14 (28) 
  no   36 (72) 
Fever>2 weeks yes   6 (12) 
  no   44 (88) 
Wheeze yes   3 (6) 
  no   47 (94) 
Chronic or Acute Malnutrition yes   11 (22) 
  no   39 (78) 
Adenopathy  yes   1 (2) 
  no   49 (98) 
Contact of Pulmonary TB case (documented  or reported) yes   14 (28) 
  no   36 (72) 
Hospitalized at time of enrolment β yes   9 (18) 
  no   41 (82) 
Number of follow-up visits to the cohort study during course of TB treatment       
  < 2   11 (22) 
  ≥ 2   39 (78) 
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Denominator is n=50 except for α (n=48) and  † (n=49)           

BCG= Bacille Calmette Guerin; HIV= human immunodeficiency virus; IQR= interquartilic range; CXR= Chest X ray; TST= 
Tuberculine Skin Test;  
Definitions: Positive TST was defined as an induration >5 mm for HIV or malnourished children and >10 mm for the rest of 
participants. HIV infection was defined as positive antibody test in children >18 months (Determine, Abbott Laboratories 
and confirmed with Unigold, Trinity Biotech); or positive HIV polymerase chain reaction in those <18 months; or a strong 
clinical suspicion with positive antibody test in the absence of a polymerase chain reaction result. CXR were classified as 
compatible if presented ≥1 of the following radiographic abnormalities: airway compression, lymphadenopathy, 
opacification, nodular picture, effusion, cavities, spondylitis or Ghon focus.  
 
 
 
Sociodemographic         n (%) 

Distance to Peripheral Health Care Centers in Km (Median [IQR]) 1,68 [1.18-2.50] 
Distance to Peripheral Health Care Centers       
  < 1     30 (60) 
  2-5     15 (30) 
  > 5     5 (10) 
Distance to Manhiça Health Center Km (Median [IQR]) 12,46 [3.9-17.4] 
Distance to Manhiça Health Center       
  < 5km     16 (32) 
  ≥ 5 km     34 (68) 
Nº of people living in the house (median [IQR]) 6 [4-9] 
Nº of people living in the house       
  < 6     21 (42) 
  ≥ 6     29 (58) 
Number of children <15y living in the house‡     
  1 a 3     35 (80) 
  ≥ 4     9 (20) 
Children's birth order ‡         
  1th o 2nd     30 (68.2) 
  ≥ 3rd     14 (31.8) 
Children <15 yr at home ‡         
  1 a 4     26 (59.1) 
  ≥ 5     18 (40.9) 
Orphan (death of mother)     1 (2.0) 
Orphan (death of father)     4 (8) 
Death in the household in the previous 
year   14 (28) 
Migration of the mother  in previous 2 yr   8 (16) 
Migration of the father in previous 2 yr   16 (32.0) 
Migration in the household member    20 (40) 
SES†           
  Poorest     15 (30) 
  Less Poor     20 (40) 

Denominator is n=50 except for ‡ (n=44) and  † (n=35)    440 
IQR= interquartilic range ; SES:  Socio Economic Status  441 
Definitions: A household asset-based wealth index was used to categorize the household socio-economic 442 
status (SES) into 5 wealth quintiles. The 2 lowest quintiles were grouped as "poorest" and the remaining 3 443 
quintiles were renamed  "less poor" 444 

445 
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Table 2. Univariate analysis of predictor factors for incomplete adherence. 446 

      
Full 

Adherence† 
Incomplete 
Adherence‡     

      n (%) n (%) PR (95%CI) p value 

Total     33 (68.8) 15 (31.3)     
                  
Sex *                 
  Female   19 (82.6) 4 (17.4) Reference   
  Male    14 (56) 11 (44) 2.5 (0.9-6.9) 0.065 
HIV-coinfected               
  No   20 (80.0) 5 (20.0) Reference   
  Yes   13 (56.6) 10 (43.5) 1.9 (0.8-4.4) 0.080 
Study TB case definition             
  Possible-Unlikely 7 (50.0) 7 (50.0) Reference   
  Confirmed-Probable 26 (76.5) 8 (23.5) 0.5 (0.1-1.1) 0.072 
Nº outpatient consultations in previous year 
*           
  0 - 9   21 (61.8) 13 (38.2) Reference   
  ≥ 10   12 (85.7) 2 (14.3) 0.4 (0.1-1.5) 0.171 
Hospitalized at time of enrolment *             
  No   30 (75.0) 10 (25.0) Reference   
  Yes   3 (37.5) 5 (62.5) 2.5 (1.2-5.4) 0.088 
Symptom at enrolment: malnutrition*             
  No   30 (76.9) 9 (23.1) Reference   
  Yes   3 (33.3) 6 (66.7) 2.9 (1.4-6.1) 0.018 
Migration of the mother  in previous 2 yr *           
  No   31 (75.6) 10 (24.4) Reference   
  Yes   2 (28.6) 5 (71.4) 2.9 (1.4-6.0) 0.024 
                  
Death in the household in the previous year 
*           
  No   22 (61.1) 14 (38.9) Reference   
  Yes   11 (91.7) 1 (8.3) 0.2 (0.1-1.5) 0.073 
Nº of people living in the house             
  < 6   11 (55.0) 9 (45.0) Reference   
  ≥ 6   22 (78.6) 6 (21.4) 0.5 (0.2-1.1) 0.082 
Distance to the nearest Health Care Center           
  < 2 km   23 (76.7) 7 (23.3) Reference   
  ≥ 2 km   10 (55.6) 8 (44.4) 1.9 (0.8-4.4) 0.127 
 CI= confidence intervals; PR= prevalence ratio; HIV= human immunodeficiency virus; TB= tuberculosis   

† =Full adherence:  treatment completed on time with full adherence 
‡ = Incomplete adjerence includes a) delayed treatment completion plus b) treatment non completion;  

p values obtained through chi-squared test or Fisher´s exact test (when applicable*)     
Only those variables with p-values < 0.2 are shown          
A significant association was found between the variable malnutrition and hospitalization (p=0.02, migration of the 
mother (p=0.001) and TB case definition (P=0.002)       

 447 


