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Abstract

Background: The incidence and morbidity of childhood tuberculosis (TB) in South Africa is high. 
Objectives: We evaluated the incidence of childhood TB in a regional hospital, the proportion of cases with a delayed diagnosis, and the determinants and outcomes thereof.
Method: We conducted a retrospective cross-sectional review of hospital records of paediatric cases that were diagnosed with probable or confirmed TB at Addington Hospital, eThekwini, KwaZulu-Natal (KZN) from July through December 2013. Caregiver delays in diagnosis were based on history taking atinitial presentation, while health care worker or systems delays were calculated fromthe time from first presentation to diagnosis.Healthcare worker and health system delays were classified asbeing of 2-4 weeks and >4 weeksduration. Delays related to health policy implementation were also determined.
Results: Fifty nine (74%) of the 80 children who werediagnosed with TBhad their recordsretrieved.The overall childhood TB incidence for Addington Hospital during the study period was 2.5%. Caregiver-related factors impacting on delay in TB diagnosis were observed in 25 (42%) of the 59 cases.Nineteen (32%)childrenhad a delay from initial presentation to TB diagnosis related to healthcare worker and health systems issues.Airway reactivity occurred more frequently in the group ofchildren who had a delay in diagnosis of>4 weeks (8/11, 73%)as compared to the non-delayed group (15/40, 38%), P=0.038.
Conclusion: The diagnosis of TB in childrenis delayed in a substantial proportion of children. Significant improvements in healthcare that is provided to these childrenare required to avoid missed opportunities for diagnosis and treatment.


Introduction:
South Africa has the third highest burden of tuberculosis (TB) disease globally, with an incidence of 1,000/100,000.1,2,3Children account for more than 11% of all South Africa’s TB cases.4In several high-incidence TB areas of South Africa, the annual risk of TB infection in children is 4%.5Childhood TB is predominantly the consequence of a poorly-implemented adult TB programme, as it reflects ongoing adult to child transmission. If children are not diagnosed and treated promptly, they will have high morbidity and mortality rates.6
Childhood TB is often diagnosed on a presumptive basis. Children with TB typicallypresent with persistent cough for >2 weeks, fever for >2 weeks, and failure to thrive or weight loss, 7although there is a growing appreciation that children with pulmonary tuberculosis(PTB) may present acutely with cough duration <10 days.8In 25% of cases with disseminated (miliary and meningitis)TB, the presentation maybe non-specific or asymptomatic.9
The tuberculin skin test (TST) is neither sensitive nor specific in the diagnosis of childhood TB.3The chest radiograph, a commonly used tool in the supportive diagnosis of childhood PTB, has wide variability in interpretation. 9The microbiological diagnosis of childhood TBis challenging, as it is difficult to obtain appropriate samples in young childrenwho often have paucibacillary disease.10The challenge of confirming a diagnosisof childhood TB by health care professionals has resulted in increased utilisation of empiric(the use of standard TB treatment in cases with a suggestive clinical history, physical signs and special investigations but the absence of microbiological confirmation) anti-tuberculosis therapy.11
Early diagnosis of childhood TB is crucial to prevent associated high morbidity and mortality. 9
Delays in diagnosis may be related to caregivers, health systems and health policies. 11There is a paucity of data on factors that are responsible for delays in the diagnosis ofchildhood TB and the impact thatthese have on clinical outcome. Knowledge on the determinants of the delays in the diagnosis of childhood TB is essential for planning interventions to improve outcomes of individual cases, and for the control of the epidemic. The aimsof this study were to determine the incidence of childhood TB at Addington Hospital, to determine if there were delays in diagnosis and treatment initiation and the factors thereof, and the impact of the delays on outcome.

Methods:
Study design and population
This study was a retrospective cross-sectional review of hospital records of paediatriccasesthat were diagnosed with probable or confirmed TB at Addington Hospital, eThekwini, KwaZulu-Natal (KZN)from July through December 2013. All children under the age of fourteen years, who were diagnosed with probable (clinical symptoms and signs suggestive of TB with or without a positiveTST, and/or chest radiograph with mediastinal lymphadenopathy, and/or close contact with adult PTB case) 13or confirmed TB (additional confirmation ofculture of Mycobacteriumtuberculosis from any tissue or body fluid,or acid-fast bacilli seen on microscopy, or typical histology suggestive of TB),13either as in-patients or out-patients during the study period, were included in the study.These patients were identified from the facility’s TB notification register and from laboratory records of positive TB microbiological results. As institutional policy, the Xpert MTB/RIF®test (Cepheid,New Jersey, USA) was routinely advocated to be performed on sputumand gastric aspirates of children with a suspicion of TB. Tuberculin skin tests and gastric aspirates were performedonly in children under-5 years of age.Induced sputum was not obtained in children under-5 years at the facility at the time of the study. Blood testsincluding full blood counts with and without differential counts, liver function tests and erythrocyte sedimentation rates were performed as standard of care.
Delays in diagnosis of childhood TB and initiation of anti-tuberculosis treatment may occur at numerous points in the patient’s illness continuum, including delays in the family/caregiver noticing that the child is ill enough to warrant presentation to a health care facility, to delays between initial presentation at the health facility and diagnosis of the condition, to a delay between diagnosis and initiation of treatment. These delays can be broadly classified as ‘caregiver delays’ and ‘healthcare delays’ with the latter including delays relating to health systems and health policy issues (see Text Box). Five domains, namely caregiver health seeking behaviour, health worker issues, appropriate use of investigations, contact tracing and medicine supply issues, were created based on the variables on which data was collected to describe factors associated with delays in diagnosis and treatment initiation (Text Box). Caregiver delays were described from the information volunteered by the informant at initial presentation while health care worker or institution delays were classified as early, set at 2-4 weeks from initial presentation to diagnosis as liquid culture usually becomes positive by 2 weeks (13-16 days), and late at >4 weeks after initial presentation to diagnosis as these time frames would assist with comparisons of outcomes. Clinical outcomes included morbidity and mortality.
Caregiver related delays included presenting late, not seeking medical help despite the presence of cough for more than 2 weeks, fever for more than 2 weeks,weight loss and not returning for follow-up to check results. The duration of the delays related to caregivers were not always quantified as there was no direct questioning of caregivers by the researcher, and the information related to caregivers was taken from the clinical notes (missing data).Delays in diagnosiswere calculated based on the time from first presentationwith suggestive symptoms or signs to diagnosis (see figure 2). If a patient had suggestive symptoms or signs and there was inadequate documentation of pertinent TB-directed questions this was considered as an inadequate history and examination. If a patient had suggestive symptoms or signs and the basic investigations for TB (TST, chest radiograph, gastric aspirates or induced sputum for Xpert MTB/RIF® and TB culture) were not done this was considered as ‘inadequate’ investigation. All patients diagnosed as in-patients werecommenced on anti-tuberculosis treatment and given medication for a month on discharge. All patients diagnosed as out-patients were given a month’s supply of medication with the first dose directly observed, as per hospital policy. The follow-up clinical notes of both in-patients and out-patients were studied until completion of anti-tuberculosis therapy and outcomes were noted and compared in the delay and no-delay groups.

Statistics 
Data wereentered into Excel (Microsoft Corporation, Redmond, WA) and analysed in STATA 13.0 (StataCorp, College Station, TX).Descriptive statistics are presented for the data collected. Medians with ranges and frequencies are presented for continuous variables and categorical variables, respectively. Odds ratios (OR) and their 95% confidence intervals (95% CI) were calculated by comparison of proportions between groups, using the Chi square test (or Fisher’s exact test, as appropriate).

Ethical Considerations
The study was approvedby the Human Research Ethics Committee at the University of the Witwatersrand (clearance certificate number M130353) as well as the KZN Department of Health (reference number HRKM 047/13).




Results:
Of a total of 854 in-patients and 2,288 out-patient children who attended the hospital over the six month study period, 80paediatricTB caseswereidentified,giving an overall TB incidence of 2.5%. 
Clinical records for 21 (26%) TB casescould not be retrieved (see Figure 3); of the remaining 59 cases, 14 (24%) children had confirmed TB and 45 (76%) had probable TB. There was1 case of extra-pulmonary TB (TB abscess), 52cases of PTB and 6 cases ofTB meningitis.
There were 37 (63%) males in the cohort. The median age of the study population was 16 months (range 2 to 144 months). Forty (68%) cases were South African and 19(32%) were foreign nationals. Twelve (20%) of the 52 cases tested for HIV were infected.

Caregiver-related delays in diagnosis
Caregiver-related factors impacting on delay in TB diagnosis were observed in 25 (42%) of the 59 cases. There oftenwere multiple caregiver reasons for the delay in these patients.In 16(25%) cases the caregiver had noted weight loss but did not seek medical care, while in9 cases each (15%) caregivers did not seek medical care for a cough >2 weeks’ duration or for having a fever for >2 weeks. None of the caregivers defaulted scheduled follow-up visits.

Health care worker or system delay in the diagnosis of Childhood Tuberculosis
A delay in diagnosis of childhood TB from presentation to diagnosis was seen in 19(32%) cases; 8 (42%)with a delay of 2-4 weeksand 11 (58%) with a delay of >4 weeks.All 19 cases had previous visits to health care facilities in the preceding 3 months. The median delay to diagnosis for the 19 cases was 6 weeks (range 2-13weeks).
Of the 8 cases with a 2-4 week delay in TB diagnosis,6 (75%)had between 2 and 6 visits to the hospital before diagnosis.Four of the8 cases were seen at a health care facility at least once for a lower respiratory tract infection in the preceding 3 months, and one case was diagnosed with TB during hospitalization.Amongst the 11cases with a delay >4 weeks, 8 (73%) had between 3 and 6 visits to health facilities before a diagnosis of TB was made. Four were diagnosed with lower respiratory tract infections at least once in the preceding 3 months, and 3 (27%) were diagnosed with TB during hospitalization.
There were no caseswith a delay between diagnosis and initiation of treatment for TB.A comparison of the baseline characteristics of children with and without delay related to healthcare worker and health systemsis shown in Table 1.


Health systemsrelated issues
Health worker related factors wereassociated with delay in diagnosisat 47clinical interactionsamongstthe 19 cases of delay in diagnosis, and were also seen at 80 interactions in the no-delay group. Inadequate documentation ofhistory and clinical examination were seen in 95% of those with a delayed diagnosis, and 88% of those with no delay (Table 2).
The only health systems factor significantly associated with a delay in TB diagnosis, was inadequacy of investigation for TB which was seen in 10 (53%) cases with a delayed diagnosis and 10 (25%) of those with no delay, P=0.036 (Table 2). The lack of nutritional assessments, and examination for hepatomegaly and splenomegaly in the delay group, compared to the no-delay group, were significant (P=0.029, P=0.003 and P=0.016 respectively).

Inadequate history-taking on presentation with suggestive symptoms
Typical symptoms of TB were not sought for in a significant proportion (90%, 53/59)of the TB cases.Overall, there was no significant difference in quality of documentation by treating clinicians in children who had a delayed diagnosis of TB compared to those whose diagnosis was not delayed (Table 2).

Inadequate investigation on presentation, despite suggestive symptoms and signs
Clinicians failed to fully investigate cases that had a suggestive clinical history and/or signs suggestive of TB in 100% (59/59) of the study cohort. 
The TST had a lower positivity rate in the delayed diagnosis group (P=0.003) (Table 3).
In the 45 patients that were started on empiric treatment,11 (24%) did not have specimens sent for XpertMTB/RIF®and 32 (71%) did not have specimens sent for TB culture. In the delay group, only2(11%) of the cases had specimens submitted for TB culture compared to 15(38%) cases in the no-delay group. 
Two out of a total of 101 samples sent for TB bacteriology were lost in transit to the laboratory.
Abnormal bloodtest results (thrombocytosis, raised globulins, elevated ESR and monocytosis), supporting a diagnosis of TB, were observed with similar prevalence in the delayed and no-delay groups (Table 3).
Seven (12%) cases were not tested for HIV status and of these, 1 case had no delay in TB diagnosis,1 had a 2-4 week delay in diagnosis, and 5 had a >4 week delay in diagnosis.
Radiology
Of the 59 cases enrolled, 56 (95%) had chest radiographsperformed atdiagnosis. Ten radiographs were reviewed by a radiologist, and 5 were deemed to be suggestive of TBwhich included2 in the group with a delay in diagnosis. Fifty-three of the 56 radiographs were reviewed by a paediatrician,of which 12 were deemed suggestive of TB, and 2 were from childrenin the delayed TBdiagnosis group. Thirty two (54%) radiographs were noted to have infiltrates and /or consolidation, even though TB was not considered in them.
Health policy related issues
Of the 26 (44%) cases that had prior contact with TB source cases, 22(85%) were not on isoniazid preventive treatment. There was no documentation of medicine stock-outs in any of the 59 cases reviewedon follow up.

Outcomes
Forty-seven(80%) of the 59 cases were followed up at Addington Hospital for at least six monthspost-diagnosis. Two cases,both of whom did not have a delay in diagnosis of TB, demised during the study period. Among the group with a delay in diagnosisof TB treatment, 13(68%) of 19 hadadverse outcomes(2 hadneurological deficits, 7hadchronic lung disease and 4 hadreactive airways disease) while 21 (53%) of 40 in the no-delay group had adverse outcomes (2 deaths, 4 with neurological deficits, 10 with chronic lung disease and 5 with reactive airways disease).  Apart from airway reactivity that occurred more frequently in the group ofchildren who had a delay in diagnosis of>4 weeks (8/11, 73%)as compared to the non-delayed group (15/40, 38%), P=0.038, there was no other significantdifference in the outcomes between the delay and non-delay groups.All twelve cases thatwere lost to follow-up had clinical records on discharge indicating that they had been booked for a follow-up appointment date.

Discussion
The main finding of this retrospective chart review was a substantial delay in the diagnosis of childhood TB by caregivers who fail to bring their child promptly for care and by health care workers who fail to suggest a diagnosis of TB timeously from initial presentation.Early diagnosis and prompt initiation of treatment are essential for an effective TB programme. While there have been several studies looking at delays in diagnosing TB in adults,14,15,16there are very few studies in children.17Analysis of factors leading to delays in the diagnosis of childhood TB and remediation thereof may be important to improve outcomes of individual cases.Apart from reactive airway disease, there were no significant differencesin the impact of these delaysalthough the enrolled number of cases were few.
In our study where a doctor was the primary health-care worker managing cases, health-care worker related delays were commonly seen.In a cross-sectional survey of 588 adultPTBcases in Malawi, health systems factorscontributed to a median delay of 59 days as compared to the median patient delay in presentation of 14 days. 14 In a study of 1,161 adult TB cases in Tanzania, half of the new smear positive PTB cases had delaysof longer than 3 months from presentation to treatment, which were attributed to health systems factors.15In a paediatric study in the Western Cape, South Africa in 1994,Beyers et al showed that the delay in presentation by patients was shorter (median 1 week) than the delay in diagnosis (median 4 weeks). 17The authors of the study recommended that greater awareness of TB and proper investigation of children may shorten the delay in diagnosis by doctors.17
Our study revealed that a significant number of cases had inadequateclinical records. While this may be reflective of the poor note keeping and the lack of attention to detail,it could contribute to misdirected investigations – a possible reason for the delays in diagnosis.In addition, several cases had repeated visits to the study facility before a diagnosis of TB was considered. This represents several missed opportunities for consideration of the diagnosis.The high proportionof cases that did not have nutritional assessments at first presentation is of great concern, as this should be standard of care for all paediatriccases. Loss of weight, if detected at the first presentation, may have alerted clinicians to the need to investigate for TB. Inadequate history-taking and clinical examination may be reflective of many facets of education and health care that should be a priority in our province and country.
Astandard electronic template for paediatric admissions with compulsory completion oftick-boxes of relevant questions could be introduced to improve diagnosis by the attending doctor. In our study, even though there was a standard paper-based template for paediatric admissions at the study site,tick-boxes on many relevant questions were not completed. There isno standard template for record-keeping in the paediatricoutpatient department at the study facility, andthis may be an intervention worth implementing.Storla et al performed a systematic review of 58 studies addressing delay in diagnosis and treatment of TB in adult patients, and concluded that the core problem in delay was a vicious cycle of repeated visits to the same health facility, with resultant repeated prescriptions of antibiotics.16Similar to our study, the systematic review showed no delay in the initiation of TB treatment once the diagnosis of TB was made.16
Our study illustratesthat a large proportion of cases were not optimally investigated.Although it was recognized that the majority (86%) of cases where aHIV test was not performed were in the group with a delay in diagnosis,the lack of HIV testing in 12% of the cohort is of serious concern.In a high prevalence HIV setting, the missed diagnosis of TB contributes to the increase morbidity and mortality from HIV disease due to the delay incommencement of antiretroviral therapy (ART). Patients with TB and HIV need to be fast tracked onto ART in order to minimise HIV associated morbidity and mortality. 17Although the TST lacks sensitivity in HIV positive and malnourished children, it is still often used as adeparture point on which to base TB treatment in children attending at health care facilities. This is evidenced by the fact that TST positivity was significantly more frequent in the non-delayed TB diagnosis group in our study, compared to the delayed diagnosis group.
Considering the significant number of cases placed on empiric anti-tuberculosis therapy that did not have microbiological sampling in this cohort, there may have been over-reliance on TST and a history of TB contact or suggesting a diagnosis of tuberculosis.While the use of empiric TB treatment occurred in our study and impacted positively on reducing the delay in diagnosis, this action could result in over-treatment and could place considerable strain on an overworked health system. 
Caregiver factors contributed to a significant proportion of cases with a delay in diagnosis, demonstrating that the community at large has limited knowledge on the important signs and symptoms of TB disease.In an adult study of newly diagnosed PTB cases, it was demonstratedthat treatment delays could be reduced by education of caregivers. 19More specific and effective TB health education of the general public, encouraging patientstoactively seek appropriate medical care,was recommended to prevent delays in diagnosis.20In a meta-analysis of 29 studies performed in China, Li et al.showed several determinants of delays in TB diagnosis, including poor knowledge of TB by cases and lack of qualified health-care workers, concluding that population-based interventions to raise awareness of TB and the benefits of early diagnosis are crucial.21
A significant proportion of children in our study had a TB source case but was not previously commenced on isoniazid preventive treatment, indicating a missed opportunity to diagnose and prevent TB in these vulnerable children. Contact tracing and management of children who are in contact with infectious adults isone ofthe most efficient ways of preventing TB disease in children.9,22Contact tracing programs need to be strengthened.
There are various limitations to this study. Being a retrospective study, there were many points at which patient data waslost, and in our study this included 21 (26%) missing folders. While missing data in any study is a major limitation for interpretation of findings, in this retrospective analysis, the lack of documentation of clinical findings is important,indicative of the poor quality of clinical records by health care providers. A second limitation could be that cases may have visited other health facilities which were not captured, as only clinical records from visits to the study facilitywere used.Thirdly, a research approach which facilitated interviewingof caregivers would have given greater insight into the causes of caregiver related delays, but this was not possible.
In conclusion, this study confirms that care for the child with TB who attended the study site was suboptimal. The challenges ofconsidering and confirming a diagnosis of childhood tuberculosis leads to delays in diagnosis whicharecommon.
In order to reduce delays in diagnosis, we recommend continuing medical education of caregivers and health care workers to have a high index of suspicion of the disease. Contact tracing and up-scaling of isoniazid preventive treatmentis essential for the TB control program.
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Caregiver issues: 
Domain 1: Health-seeking behaviour:
Failure to seek
 care for cough or fever >2 weeks, or child’s failure to gain weight in last 3 months, or no medical help sought for any of the ‘classical TB symptoms’; 
Failure to return for a scheduled follow-up review.
Health systems issues: 
Domain 2: Health-care worker issues
:
 health-care worker errors and omissions in history-taking, examination and use of appropriate investigations.
Domain 3: Use of supportive investigations:
Radiological concerns
:
 misinterpretation of radiographs by clinicians and/or radiologists;                                                                                                               
Laboratory factors
:
 loss of samples in transit, and positive results that were not relayed back to health-care workers.
Health policy issues:
Domain 4: Shortcomings in the health system
 including failure to contact trace family members of an index PTB case.
Domain 5: Lack of access to medication 
including use of 
isoniazid
 preventive therapy.
)
















Figure 1 Text Box: Factors considered as being potential causes for a delay in diagnosis and initiation of appropriate treatment in children with probable or confirmed TB
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Figure 2: Time line to describe care giver and health care worker/system delays
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Figure 3: Trial profile of children screened and enrolled into the TB chart review study












Table 1: Demographic Characteristics of paediatric cases with and without healthcare worker and health system delays in TB diagnosisat Addington Hospital, July to December 2013 (n=59)
	
	Cases with Delay in Diagnosis and/or treatment initiation 
	Cases with no delay in diagnosis 
	Total (n=59)

	
	Total (n=19)
	2-4 weeks (n=8)
	>4 weeks (n=11)
	Total
(n=40)
	

	Median age in months  (range)
	13 (5-132)
	29 (8-132)
	12 (2-48)
	19.5 (2-144)
	16(2-144)

	Sex

	    Male (%)
	11 (58)
	3 (38)
	8 (73)
	26 (65)
	37 (63)

	    Female (%)
	8 (42)
	5 (63)
	3 (27)
	14 (35)
	22 (37)

	Certainty of TB diagnosis

	Confirmed TB (%)
	5(26)
	3(37)
	2 (18)
	9 (23)
	14(24)

	Probable TB (%)
	14(74)
	5 (63)
	9 (82)
	31 (78)
	45(76)

	Pulmonary TB
	18
	8
	10
	34
	52

	TB Meningitis
	0
	0
	0
	6
	6

	TB Abscess
	1
	0
	1
	0
	1


*Two cases had pulmonary TB as well as TB Meningitis




Table 2: Health Systems Related Factors Identified Impacting on Time to TB Diagnosis in the Delayed and No-delay Groups
	Reason for delay
	Delayed Diagnosis Group (n=19)
	No Delay in Diagnosis (n=40)
	P-value

	Inadequate history
	18 (95%)
	35 (88%)
	0.653^

	Inadequate examination
	18 (95%)
	35 (88%)
	0.653^

	Inadequate investigation
	10 (53%)
	10 (25%)
	0.036

	Delay in following up results
	1 (5%)
	0
	0.322^

	Barriers to Diagnosis
	47 (2.5:1)
	80 (2:1)
	-


^ Fisher’s exact test




Table 3: Adequacy of History Taking, Clinical Examination and Use of Investigations in the Delayed and No-delay Groups
	
	A. Delayed Diagnosis Group (n=19)
	B. No Delay in Diagnosis (n=40)
	C. Total (n=59)
	P-value (comparing columns A. and B.)

	History 

	Inadequate history
	18 (95%)
	35 (88%)
	53 (90%)
	0.653^

	History of cough not asked
	2 (11%)
	9 (23%)
	11 (19%)
	0.476^

	Duration of cough not sought
	6/17 (35%)
	4/31 (13%)
	10/48 (21%)
	0.134^

	History of fever not asked
	7 (37%)
	11 (28%)
	18 (31%)
	0.466

	Duration of fever not sought
	5/12 (42%)
	6/29 (21%)
	11/41 (27%)
	0.247

	History of weight loss not asked
	9 (47%)
	26 (65%)
	35 (59%)
	0.198

	Duration of weight loss not sought
	3/10 (30%)
	2/14 (14%)
	5/24 (21%)
	0.615^

	History of night sweats not asked
	13 (68%)
	28 (70%)
	41 (70%)
	0.902

	BCG vaccination status not asked
	15 (79%)
	21 (53%)
	36 (61%)
	0.052

	Patient-held vaccination record not reviewed
	14 (74%)
	22 (55%)
	36 (61%)
	0.169

	Examination

	No nutritional assessment
	16 (84%)
	22 (55%)
	38 (64%)
	0.029

	No note of adenopathy
	13 (68%)
	22 (55%)
	35 (59%)
	0.327

	No note of hepatomegaly
	13 (68%)
	11 (28%)
	24 (41%)
	0.003

	No note of splenomegaly
	13 (68%)
	14 (35%)
	27 (46%)
	0.016

	No note of chest auscultation findings
	1 (5%)
	2 (5%)
	3 (5%)
	1.000^

	No note of pleural effusion
	11 (58%)
	23 (58%)
	34 (58%)
	0.977

	Investigations

	TST done*
	15/17 (88 %)
	25/35    (71%)
	45/52 (87%)
	0.294^

	TST positive
	5/15 (33%) 
	20/25 (80%)
	22/40 (55%)
	0.003

	TST not read
	3/15 (20%)
	8/25 (32%)
	11/40 (28%)
	0.486^

	Gastric aspirates sent for MTB/RIF
	12/17 (71%)
	29/35 (83%)
	41/52 (79%)
	0.470^

	Gastric aspirates not sent for MTB/RIF
	5/17 (29 %)
	8/35 (23%)
	13/52 (25%)
	0.735^

	Auramine staining not done
	14/17 (82%)
	30/35 (86%)
	44/52 (85%)
	1.000^

	Gastric aspirate not sent for MTB culture
	15/17 (88%)
	22/35 (63%)
	37/52 (71%)
	 0.101^

	Confirmed TB case
	5/19 (26%)
	9/40 (23%)
	14/59 (24%)
	0.753^

	Haematological tests supporting a diagnosis of TB#
	11/12 (92%)
	49/56 (88%)
	60/68 (88%)
	1.000^

	Radiology

	CXR done
	19/19 (100%)
	37/40 (93%)
	56/59 (95%)
	0.544^

	CXR suggestive (Radiologist assessment)
	2/3 (67%)
	3/7 (43%)
	5/10 (50%)
	1.000^

	CXR suggestive (Paediatrician assessment)
	2/17 (12%)
	10/36 (28%)
	12/53 (23%)
	0.296^


Abbreviations: CXR = chest X-ray; MTB = Mycobacterium tuberculosis; TB = tuberculosis; TST = tuberculin skin test; * TST and gastric aspirates were indicated, as per institutional policy, only in children under 5 years of age; #Haematological tests supporting a diagnosis of TB included complete blood counts, globulin levels and erythrocyte sedimentation rates; ^ Fisher’s exact test
The denominator appears to be variable for some of the microbiological tests as certain tests such as sputum were only performed in children older than 5 years; similarly gastric aspirates were not done in children older than 5 hence the difference in denominators.












Table 4: Factors describing delays in diagnosis of childhood TB at Addington Hospital, July to December 2013 (n=59)
	
	Cases with Delay in Diagnosis and/ treatment initiation 
	Cases with no delay in diagnosis (n=40)
	Total (n=59) (%)

	
	    Total
(n=19)
	2-4 weeks
(n=8)
	>4 weeks
(n-11)
	
	

	Health-care worker factors

	Road to health chart reviewed 
	5 (26%)
	1 (13%)
	4 (36%)
	19 (48%)
	24(41%)

	Immunizations checked 
	5 (26%)
	1 (13%)
	4 (36%)
	8 (20%)
	13(22%)

	Inadequate history 
	18 (95%)
	7 (88%)
	11 (100%)
	35 (88%)
	53(90%)

	Inadequate examination 
	18 (95%)
	8 (100%)
	10 (91%)
	35 (88%)
	53(90%)

	Not investigated despite suggestive history and/or examination 
	10 (53%)
	4 (50%)
	6 (55%)
	10 (25%)
	20(34%)

	Results not checked 
	1 (5%)
	0
	1 (9%)
	0
	1(2%)

	Radiological factors

	CXR not suggestive (Paediatrician assessment)
	15/17 (88%)
	-
	26/36 
(72%)
	41/53 (77%)

	Laboratory factors*

	Loss of samples in transit 
	1 (5%)
	
	1 (9%)
	1 (3%)
	2(3%)

	Negative confirmatory results despite suggestive clinical features 
	14 (74%)
	6 (75%)
	9 (82%)
	30 (75%)
	44(75%)

	Health system factors*

	Contact trace family members of an index case with TB 
	3 (16%)
	0
	3 (27%)
	1 (3%)
	4(7%)

	The failure to contact index cases 
	6 (27%)
	4 (50%)
	2 (18%)
	16 (43%)
	22(37%)


NB. * There were no cases of positive culture results that were not related to health care worker or medicines stock out.







Table 5.Outcomes on enrolled children according to presence or absence of delay in diagnosis of tuberculosis

	
	Delay (n=19)
	No Delay
(n=40)
	

	
	    Total
   (n=19)
	2-4 weeks
(n=8)
	>4 weeks
(n=11)
	
	P values of Total Delay group
Versus No Delay group

	Mortality
	  0
	0
	0
	     2 (5%)
	1.00

	Morbidity
	

	Neurological deficits
	  2 (11%)
	1 (13%)
	1 (9%)
	     4 (10%)
	1.00

	Chronic lung disease
	  7 (37%)
	2 (25%)
	5 (46%)
	     10 (25%)
	0.372

	Reactive airways/asthma
	  4 (21%)
	1 (13%)
	3 (27%)*
	     5 (13%)*
	0.450

	None
	  9 (47%)
	4 (50%)
	2 (18%)
	    19 (48%)
	1.00


*p =0.038
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