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Abstract

Setting: The Uganda National Tuberculosis Reference Laboratory (NTRL) in Kampala.

Objective: The proportion of poor quality specimens received for drug susceptibility testing 

(DST) at the NTRL and factors contributing to poor specimen quality were assessed.

Design: A cross-sectional study was conducted of sputum samples received at the NTRL from 

patients at high risk for multidrug-resistant tuberculosis (MDR TB) during July-October 2013. 

Demographic, clinical, and bacteriological data were abstracted from laboratory records. A poor 

quality sample failed to meet any one of four criteria: ≥3 milliliter (ml) volume, delivered within 

72 hours, triple packaged, and non-salivary appearance.

Results: Overall, 365 (64%) of 556 samples were of poor quality; 89 (16%) were not triple 

packaged, 44 (8%) were <3 mls, 164 (30%) were not delivered on time, and 215 (39%) were 

salivary in appearance. Poor quality specimens were more likely to be collected during the eighth 

month of TB treatment (OR = 2.5, CI = 1.2 – 5.1), from the East or Northeast zones (OR = 2.2, 

CI = 1.1 – 4.8), and from patients who previously defaulted from treatment (OR = 1.9, CI = 1.1 – 

3.2).
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Conclusion: The majority of sputum samples had poor quality. Additional efforts are needed to 

improve quality of samples collected at the end of treatment, from East and Northeast zones, and 

from patients who had previously defaulted.
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1. Introduction

Worldwide, the burden of multidrug-resistant tuberculosis (MDR TB), which is defined 

as TB resistant to at least isoniazid and rifampicin, is estimated to be 3.6% among newly-

diagnosed TB cases and 20% among retreatment cases [1]. However, globally, and in most 

countries with a high burden of MDR TB, less than 25% of people estimated to have MDR 

TB are detected [1]. To ensure early detection of MDR TB and rapid initiation of measures 

to control its transmission, the World Health Organization (WHO) recommends routine 

testing among retreatment TB cases to rule out MDR TB [2]. However, accurate diagnosis 

of MDR TB requires laboratory facilities where TB culture and drug-susceptibility testing 

(DST) can be performed and quality control measures are in place to ensure specimens are 

of good quality.

In Uganda, the prevalence of MDR TB is 1.2% and 12% among new and retreatment cases 

respectively [3]. To improve DST services and MDR TB detection rates in Uganda, a TB 

Specimen Referral System (TSRS) was developed in 2009 by the National TB and Leprosy 

Program (NTLP) and the National TB Reference Laboratory (NTRL) for patients at high 

risk of MDR TB. According to national guidelines, high risk patients include all retreatment 

cases (i.e., relapse, default, failure, and chronic cases), MDR-TB contacts, and health care 

workers [4]. Within the TSRS, a sputum sample of at least 3 milliliters (mls) is collected 

by trained health care workers at local health facilities from all patients who are diagnosed 

with smear-positive TB and at high risk for MDR TB. The specimen is then triple packaged 

and transported within 72 hours of collection to the NTRL using the national postal service. 

Upon arriving at the NTRL, the laboratory staff evaluates each sample and documents 

volume, appearance, time of reception, and packaging prior to initiating culture and DST. 

Results are then returned to their respective health facilities through the postal service [5].

A good quality sputum sample is important in order to obtain accurate and timely DST 

results. However, since the establishment of the TSRS, no systematic evaluation of the 

quality of sputum samples arriving at the NTRL has been conducted. In response to this 

need and in light of a recently published systematic review highlighting the need for 

additional research assessing sputum quality in high TB burden settings [6], this study 

sought to determine the proportion of poor quality specimens received at the NTRL and 

assess factors associated with poor specimen quality.

2. Data Collection

A cross-sectional study of sputum samples received at the Uganda NTRL for routine patient 

care from patients at high risk for MDR TB (i.e., previously treated cases, including relapse, 
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default and treatment failure, MDR-TB contacts, and health care workers) was conducted 

during July 24-October 24, 2013. Only samples received through the TSRS at the NTRL for 

programmatic purposes were included (i.e., samples collected specifically for other research 

protocols were excluded). Samples from patients with newly diagnosed TB, on MDR-TB 

treatment, or with extra pulmonary disease, and samples intended for quality control were 

excluded from the study. A pre-tested standardized data abstraction tool was used to capture 

demographic, clinical, and laboratory information from NTRL laboratory records, including 

TSRS request forms, sample reception forms, and the electronic laboratory data base.

3. Definitions

Based on standards set by the NTRL and WHO, information was collected on four 

indicators measuring sputum specimen quality: timeliness, volume, packaging, and 

appearance [7]–[9]. Timeliness of sample delivery was defined as the number of hours 

from collection of the sample from the patient at the health facility to its reception at the 

NTRL. Based on the laboratory standard operating procedures, transportation of the sample 

should not exceed 72 hours. The sample volume was deemed adequate if a sputum sample 

received at the NTRL for culture and DST was at least 3mls in volume. For packaging, a 

sputum sample was adequately packaged if it was triple packaged (i.e., sample packed in a 

falcon tube, cotton wrapped around the tube, placed in a zip lock bag, and placed in a secure 

shipping box). Samples that appeared muco-salivary, mucoid, muco-purulent, purulent, or 

blood stained were defined as sufficient, but those which appeared salivary were deemed to 

have a poor appearance. A composite variable was created using the above four indicators. A 

sputum sample was defined to be of good quality if it met each of the four quality criteria. 

Any sample which did not meet all of the above criteria was defined as poor quality. If the 

percentage of missing cases for each quality criteria was less than 5% for a given category, 

those cases were removed from the analysis; otherwise missing data were defined as poor 

quality.

4. Data Analysis

Data were entered into Epi-data (version 3.02) and later exported to Epi-info (version 3.5.1) 

for cleaning and analysis. Univariate analyses were conducted to obtain frequencies and 

proportions about the baseline characteristics of the samples, including the proportion of 

samples which met the quality requirements. Bivariate analyses were used to determine 

strengths of association between the independent variables and specimen quality. Crude 

odds ratios (OR) and 95% confidence intervals (CI) were calculated. Multivariate analysis 

was used to determine variables independently associated with specimen quality using 

adjusted odds ratios (AOR) and associated confidence intervals. Factors were entered into 

logistic regression models based on biological plausibility, previous literature, and statistical 

significance in bivariate analysis at a p < 0.05 level.

5. Ethics

Ethical approval was sought from the Uganda Virus Research Institute (UVRI) Science 

and Ethics Committee and subsequently from the Uganda National Council of Science and 
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Technology. Additional review by the Centers of Disease Control and Prevention (CDC) 

institutional review board was not required because CDC investigators were determined not 

to be engaged in human subjects research as defined by relevant US government regulations 

(i.e., CDC investigators did not interact with study subjects or have access to identifiable 

data for study subjects).

6. Results

6.1. Sample Characteristics

Of 1199 TB diagnostic treatment units in Uganda (based on NTRL external quality 

assurance data, 2013), 220 (18%) facilities sent routine patient care samples to the NTRL 

through the TSRS during July 24-October 24, 2013 and were included in the study. Of 

the 1065 patient care samples received and processed during the study period, 503 were 

excluded because they were from patients with newly diagnosed TB or with extra pulmonary 

disease, on MDR-TB treatment, or they were quality control samples (Figure 1). Of the 

562 samples eligible for inclusion in the study, 6 samples were excluded due to missing or 

incomplete samples or patient identification information.

Of the 556 samples included in the study, most were from patients who were male (69%), 

aged 31 – 40 years (30%), had failed treatment (38%) and were from regional referral 

hospitals (32%) in the North and Northwest zones (30%) (Table 1, Figure 2). The largest 

proportion of samples were collected during the eighth month of TB treatment (27%). After 

excluding 38 samples with missing exposure or outcome data, there were 518 samples 

included in the analysis of factors affecting sample quality.

6.2. Quality of Samples

Overall, 365 (64%) of 556 samples included in the study were of poor quality; 16% (89/556) 

were not triple packaged, 8% (44/556) were <3 mls, 30% (164/556) were not delivered on 

time, and 39% (215/556) were salivary in appearance (Table 2). In contrast, 162 (29%) of 

the samples were defined as good quality. Compared to samples of good quality, a greater 

proportion of poor quality samples were from females (32% vs 26%), patients aged 1 – 20 

years (7% vs 5%), from district hospitals (20% vs 15%) and Health Center IIIs (8% and 

5%), although these relationships were not statistically significant. In multivariate analysis, 

poor quality specimens were more likely to be collected during the eighth month of TB 

treatment (OR = 2.5, CI = 1.2 – 5.1), from the East or Northeast zones (OR = 2.2, CI = 1.1 

– 4.8), and from patients who previously defaulted from treatment (OR = 1.9, CI = 1.1 – 3.2) 

(Table 3).

7. Discussion

In this cross-sectional study examining the frequency of and factors related to poor quality 

specimens in Uganda, we found that nearly two-thirds of the samples received at the national 

referral laboratory for culture and DST were of poor quality based on four criteria, including 

volume, timeliness, packaging, and appearance. This has important implications for TB 

control in Uganda because poor quality samples can impact the ability to detect smear- and 

culture-positive TB and conduct drug-susceptibility testing, which in turn delays detection 

Bulage et al. Page 4

J Tuberc Res. Author manuscript; available in PMC 2022 July 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and treatment of MDR TB and implementation of measures to control its transmission in the 

community [10]–[12].

To improve the quality of samples within the TSRS, some operational changes are needed. 

Namely, after all four quality criteria (volume, timeliness, packaging and appearance) are 

checked upon receipt of the samples at the NTRL, phone calls to health facilities referring 

poor quality specimens should be routinely implemented to understand challenges providers 

face in collecting good quality samples, to give providers immediate feedback, and to 

request another sputum sample from the patient, if deemed necessary. Additionally, quality 

criteria should be routinely documented, analyzed, and reviewed at the NTRL in order to 

monitor sample quality trends and geographic hot spots for poor quality specimens. Results 

should be disseminated at local, district, and regional laboratories as a part of routine 

supportive supervision and quarterly review meetings to facilitate improvement in specimen 

quality at the NTRL.

Sample appearance and volume are largely patient-dependent. In this study, the largest 

proportion (39%) of poor quality samples was due to poor appearance, while the smallest 

proportion was due to low volume (8%). There is a need to ensure that providers 

deliver sufficient, accurate health education and counseling to patients at the time of 

sample collection to demonstrate how to produce good quality sputum. This approach has 

been demonstrated to be effective in a randomized clinical trial conducted in Indonesia 

among presumptive TB cases [13]. Evidence suggests that, in practice, providers are often 

constrained by time and as a result offer limited guidance to their patients [14] [15]. 

Coughing should be supervised to ensure that sputum is collected correctly; unsupervised 

patients are less likely to provide adequate specimens [16]. Furthermore, the NTLP 

may adopt an efficient and standardized approach to patient health education in which 

health providers follow structured guidelines and provide user-friendly translated materials, 

including visual aids, to TB patients [17].

Timeliness and packaging are primarily related to provider practices or system deficiencies. 

The study revealed one-third of samples were not received within 72 hours and 16% had 

sub-optimal packaging. These findings highlight the importance of expanding the roll-out 

of more sensitive diagnostic tests for TB and drug resistance for pulmonary tuberculosis in 

adults to peripheral laboratories in Uganda. The Xpert MTB/RIF assay is highly sensitive 

and specific and can detect TB and rifampicin resistance from clinical specimens within 

two hours after starting the test, with minimal requirements for facilities [18]. Even 

though culture and DST are still needed to detect TB in acid-fast bacilli-negative samples, 

confirm rifampicin resistance in persons at low risk of having MDR TB and determine 

susceptibilities to other anti-TB drugs, this new technology can help hasten detection and 

treatment of persons with MDR TB in Uganda.

In this study, samples collected in the East and Northeast zones were more likely to be of 

poor quality. The East and Northeast zones in Uganda are characterized by hard-to-reach 

areas (e.g., Karamoja), where poor infrastructure, access, and utilization of basic health 

services challenge the effectiveness of TSRS. Additional resources need to be allocated to 
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hard-to-reach areas to strengthen TB laboratory testing, transportation, and referral services 

in those regions.

In this study, samples collected from patients who had defaulted were more likely to be of 

poor quality. Inadequate patient knowledge about tuberculosis is a key factor affecting the 

quality of tuberculosis services and is associated with default [19]. User-friendly translated 

information, education, communication (IEC) materials may help minimize the information 

gap. Samples collected at 8 months were also less likely to be of good quality, which may be 

because of the effect of treatment on sputum.

There were several limitations to this study. First, the number of health facilities which 

participated in referring the samples to NTRL within TSRS was low (approximately one-

fifth of the eligible facilities). While this is not a significant study limitation, it does 

suggest a limitation of the coverage of the TSRS. There have since been efforts by the 

NTRL to improve the system through partnering with non-government organizations and 

implementing partners, and utilizing the National HUB Specimen Transportation Network 

System, which was set up in 2011, among other interventions. Second, for a number of 

samples, the date of sample collection was not indicated, making it impossible for the 

timeliness indicator to be calculated. This could be attributed to the limited training and 

knowledge of the provider about the importance of accurately completing the laboratory 

request form. Despite these limitations, the study’s greatest strength was that it was a 

national level study which collected information on the four core quality criteria on all 

patient care samples received at the NTRL.

8. Conclusion

Since the establishment of the TSRS in 2009, no systematic documentation of its 

performance has been done. This study provides initial evidence that can be used to improve 

sputum sample quality and ultimately ensure timely and accurate diagnosis of drug-resistant 

TB and its control in Uganda. This evaluation found the majority of sputum samples 

received at the NTRL did not meet all the four quality indicators of volume, appearance, 

packaging, and timeliness. Samples collected at the end of treatment, from the East and 

Northeast zones, and from patients who had previously defaulted were more likely to be 

of poor quality. These findings highlight an urgent need to focus on improving specimen 

quality in Uganda, especially in these groups.

Acknowledgements

The authors sincerely thank the staff of NTRL/NTLP Uganda for their technical guidance and routine collection of 
the data used in this operations research.

The authors also acknowledge CDC-Uganda and CDC-Atlanta for their technical guidance and USAID for the 
funding to conduct the operations research.

Financial Support

This project was supported by the US Centers for Disease Control and Prevention (CDC) through the United States 
Agency for International Development. Some authors from this publication are employed by the CDC.

Bulage et al. Page 6

J Tuberc Res. Author manuscript; available in PMC 2022 July 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

[1]. WHO (2014) Global Tuberculosis Report 2013. Geneva. http://apps.who.int/iris/bitstream/
10665/137094/1/9789241564809_eng.pdf

[2]. WHO (2012) Global Tuberculosis Report 2011. Geneva. http://apps.who.int/iris/bitstream/
10665/137094/1/9789241564809_eng.pdf

[3]. Lukoye D, Adatu F, Musisi K, Kasule GW, Were W, Odeke R, Kalamya JN, Awor A, Date A 
and Joloba ML (2013) Anti-Tuberculosis Drug Resistance among New and Previously Treated 
Sputum Smear-Positive Tuberculosis Patients in Uganda: Results of the First National Survey. 
PLoS One, 8. 10.1371/journal.pone.0070763

[4]. Uganda Ministry of Health (2011) Uganda National Guidelines for the Programmatic Management 
of Drug Resistant Tuberculosis. Kampala.

[5]. Uganda Ministry of Health (2009) National TB and Leprosy Program-Uganda. Tuberculosis 
Specimen Referral System-Training Manual. Kampala.

[6]. Ho J, Marks GB and Fox GJ (2015) The Impact of Sputum Quality on Tuberculosis Diagnosis: 
A Systematic Review. International Journal of Tuberculosis and Lung Disease, 19, 537–544. 
10.5588/ijtld.14.0798

[7]. Uganda Ministry of Health (2010) NTLP-Uganda. Tuberculosis Specimen Referral System-
Training Manual. Kampala.

[8]. WHO (2005) Guidance on Regulations for the Transport of Infectious 
Substances. WHO/CDS/CSR/LYO/2005.22: Geneva. http://www.who.int/csr/resources/
publications/biosafety/WHO_CDS_CSR_LYO_2005_22r%20.pdf?ua=1

[9]. Uganda Ministry of Health (2010) National TB Reference Laboratory Standard Operating 
Procedure for Primary Sample Collection and Transport. Kampala.

[10]. Yoon SH, Lee NK and Yim JJ (2012) Impact of Sputum Gross Appearance and Volume on Smear 
Positivity of Pulmonary Tuberculosis: A Prospective Cohort Study. BMC Infectious Diseases. 
10.1186/1471-2334-12-172

[11]. Paramasivan CN, Narayana AS, Prabhakar R, Rajagopal MS, Somasundaram PR and Tripathy 
SP (1983) Effect of Storage of Sputum Specimens at Room Temperature on Smear and Culture 
Results. Tubercle, 64, 119–124. 10.1016/0041-3879(83)90036-3 [PubMed: 6412408] 

[12]. Tessema B, Beer J, Emmrich F, Sack U and Rodloff AC (2011) Rate of Recovery of 
Mycobacterium tuberculosis from Frozen Acid-Fast-Bacillus Smear-Positive Sputum Samples 
Subjected to Long-Term Storage in Northwest Ethiopia. Journal of Clinical Microbiology, 49, 
2557–2561. 10.1128/JCM.00059-11 [PubMed: 21562105] 

[13]. Alisjahbana B, van Crevel R, Danusantoso H, Gartinah T, Soemantri ES, Nelwan RH, et al. 
(2005) Better Patient Instruction for Sputum Sampling Can Improve Microscopic Tuberculosis 
Diagnosis. The International Journal of Tuberculosis and Lung Disease, 9, 814–817. [PubMed: 
16013780] 

[14]. Waitzkin H and Stoeckle JD (1976) Information Control and the Micropolitics of Health Care. 
Social Science & Medicine, 10, 263–276. 10.1016/0037-7856(76)90070-6 [PubMed: 996565] 

[15]. Sakundarno M, Nurjazuli N, Jati SP, Sariningdyah R, Purwadi S, Alisjahbana B and van 
der Werf MJ (2009) Insufficient Quality of Sputum Submitted for Tuberculosis Diagnosis 
and Associated Factors, in Klaten District, Indonesia. BMC Pulmonary Medicine, 9, 16. 
10.1186/1471-2466-9-16 [PubMed: 19426477] 

[16]. Centers for Disease Control and Prevention (2015) Core Curriculum. Chapter 4: Diagnosis of TB 
Disease. http://www.cdc.gov/tb/education/corecurr/pdf/chapter4.pdf

[17]. Macq J, Solis A, Velázquez H and Dujardin B (2005) Informing the TB Suspect for 
Sputum Sample Collection and Communicating Laboratory Results in Nicaragua: A Neglected 
Process in Tuberculosis Case Finding. Salud Pública de México, 47, 303–307. 10.1590/
S0036-36342005000400008 [PubMed: 16259292] 

[18]. Shinnick TM, Starks AM, Alexander HL and Castro KG (2015) Evaluation of the 
Cepheid Xpert MTB/RIF Assay. Expert Review of Molecular Diagnostics, 15, 9–22. 
10.1586/14737159.2015.976556 [PubMed: 25373876] 

Bulage et al. Page 7

J Tuberc Res. Author manuscript; available in PMC 2022 July 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://apps.who.int/iris/bitstream/10665/137094/1/9789241564809_eng.pdf
http://apps.who.int/iris/bitstream/10665/137094/1/9789241564809_eng.pdf
http://apps.who.int/iris/bitstream/10665/137094/1/9789241564809_eng.pdf
http://apps.who.int/iris/bitstream/10665/137094/1/9789241564809_eng.pdf
http://www.who.int/csr/resources/publications/biosafety/WHO_CDS_CSR_LYO_2005_22r%20.pdf?ua=1
http://www.who.int/csr/resources/publications/biosafety/WHO_CDS_CSR_LYO_2005_22r%20.pdf?ua=1
http://www.cdc.gov/tb/education/corecurr/pdf/chapter4.pdf


[19]. Muture BN, Keraka MN, Kimuu PK, Kabiru EW, Ombeka VO and Oguya F (2011) Factors 
Associated with Default from Treatment among Tuberculosis Patients in Nairobi Province, 
Kenya: A Case Control Study. BMC Public Health, 11, 696. 10.1186/1471-2458-11-696 
[PubMed: 21906291] 

Bulage et al. Page 8

J Tuberc Res. Author manuscript; available in PMC 2022 July 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Flow chart illustrating the number of sputum samples received at NTRL during July-October 

2013 and included in analysis.
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Figure 2. 
Map of national tuberculosis and leprosy program Uganda TB Zones.
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Table 1.

Characteristics of the sputum samples received at NTRL during the study period (N = 556).

Variable Frequency (Percentage)

Sex

Male 386 (69.5)

Female 167 (30.0)

Missing 3 (0.5)

Age Category

1 – 20 33 (5.9)

21 – 30 138 (24.8)

31 – 40 168 (30.2)

41 – 50 126 (22.7)

51 – 89 84 (15.3)

Missing 6 (1.1)

Type of Health Facility

Regional Referral Hospital 179 (32.2)

Mulago National Referral Hospital 37 (6.7)

District Hospital 141 (25.3)

Health Center IV 105 (18.9)

Health Center III 94 (16.9)

TB Zones

North/Northwest 166 (29.9)

West/Southwest 108 (19.4)

East/Northeast 68 (12.2)

Southeast 70 (12.6)

Central 70 (12.6)

Kampala 74 (13.3)

Patient Category

Failure 211 (37.9)

Default 130 (23.4)

Relapse 162 (29.1)

Chronic case* 40 (7.2)

MDR-TB contact 12 (2.2)

Health care worker 1 (0.2)

Timing of Sputum Collection

0 months 62 (11.2)

2 months 110 (19.8)

5 months 86 (15.5)

8 months 150 (27.0)

Missing 148 (26.5)

Note: Health Center IIIs provide basic preventive, promotive and curative care. They also provide supportive supervision of the community and 
smaller health centers under their jurisdiction. There are provisions for laboratory services for diagnosis, maternity care, and first referral cover 
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for the sub-county. Health Center IVs oversee all curative, preventive, promotive and rehabilitative health activities including those carried out by 
service providers in the health sub-district.

*
Chronic cases were defined as patients who continued to be smear and/or culture-positive after the completion of a re-treatment regimen.
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Table 2.

Quality of sputum samples received at NTRL during the study period (N = 556).

Variable Frequency (Percentage)

Packaging

Triple packaged 467 (84.0)

Not triple packaged 89 (16.0)

Volume

≥3 mls 505 (90.8)

<3mls 44 (7.9)

Timeliness

≤3 days 313 (56.3)

>3 days 164 (29.5)

Missing 79 (14.2)

Appearance

Salivary 215 (38.7)

Not salivary* 336 (61.3)

Quality **

Poor quality 365 (64.0)

Good quality 162 (29.1)

Missing 38 (6.8)

Totals may not sum to N = 556 for each variable because when the percentage of missing cases was <5% for a given category, those cases were 
removed from the analysis.

*
Mucosalivary, mucoid, mucopurulent, purulent, or blood stained.

**
A good quality sample met each of four criteria: >3 ml volume, delivered to NTRL within 72 hours from time of collection, triple packaged, and 

not salivary in appearance. Any sample which did not meet any of the above criteria was defined as a poor quality sample.
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Table 3.

Factors associated with quality of sputum samples received at NTRL during the study period (N = 518).

Variable Poor quality n (%) Good quality n (%) OR 95%CI AOR 95%CI

Sex

Male 242 (68.4) 119 (73.9) - - - -

Female 112 (31.6) 42 (26.1) 1.3 0.9 – 2.0 - -

Age Category

1 – 20 23 (6.5) 8 (5.0) - - - -

21 – 30 91 (25.9) 34 (21.3) 0.9 0.4 – 2.3 - -

31 – 40 104 (30.0) 56 (35.0) 0.6 0.3 – 1.5 - -

41 – 50 77 (21.9) 41 (25.6) 0.7 0.3 – 1.6 - -

51 – 89 57 (16.2) 21 (13.1) 0.9 0.4 – 2.4 - -

Type of Health Facility

Regional Referral Hospital 111 (31.2) 51 (31.5) - - - -

Mulago National Referral Hospital 84 (23.6) 47 (29.0) 0.8 0.5 – 1.3 - -

District Hospital 72 (20.2) 24 (14.8) 1.4 0.8 – 2.4 - -

Health Center IV 61 (17.1) 32 (19.8) 0.9 0.5 – 1.5 - -

Health Center III 28 (7.9) 8 (4.9) 1.6 0.7 – 3.8 - -

TB Zones

North/Northwest 106 (29.8) 47 (29.0) - - - -

West/Southwest 64 (18.0) 38 (23.5) 0.8 0.4 – 1.3 0.9 0.5 – 1.5

East/Northeast 53 (14.9) 11 (6.8) 2.1 1.1 – 1.5 2.2 1.1 – 4.8

Southeast 44 (12.4) 25 (15.4) 0.8 0.4 – 1.4 0.8 0.4 – 1.5

Central 42 (11.8) 23 (14.2) 0.8 0.4 – 1.5 0.8 0.4 – 1.5

Kampala 47 (13.2) 18 (11.1) 1.2 0.6 – 2.2 1.4 0.7 – 2.8

Patient Category

Failure 125 (35.1) 68 (42.0) - - - -

Default 93 (26.1) 31 (19.1) 1.6 1.1 – 2.7 1.9 1.1 – 3.2

Relapse 101 (28.4) 48 (29.6) 1.2 0.7 – 1.8 1.3 0.8 – 2.0

Chronic case 26 (7.3) 13 (8.0) 1.1 0.5 – 1.3 0.9 0.5 – 2.0

MDR-TB contacts and health workers 11 (3.1) 2 (1.2) 3.0 0.6 – 13.9 3.8 0.8 – 18.9

Timing of Sputum Collection

0 months 34 (9.6) 22 (13.6) - - - -

2 months 74 (20.8) 33 (20.4) 1.4 1.7 – 2.9 1.9 0.9 – 3.9

5 months 48 (13.5) 31 (19.1) 1.0 0.5 – 2.0 1.3 0.6 – 2.9

8 months 102 (28.7) 36 (22.2) 1.8 1.1 – 3.5 2.5 1.2 – 5.1

Missing 98 (27.5) 40 (24.7) 1.6 0.8 – 3.0 1.7 0.8 – 3.3

Numbers may not sum to N = 518 for each variable because when the percentage of missing cases was <5% for a given category, those cases were 
removed from the analysis. OR = unadjusted odds ratio; AOR = adjusted odds ratio.
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