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Abstract
Background: Multidrug-resistant tuberculosis (MDR-TB) is caused by Mycobacterium tuberculosis (Mtb) that is
resistant to atleast isoniazid and rifampicin. Delayed diagnosis and treatment initiation lead to increased
transmission and poor clinical outcomes. Although GeneXpert MTB/RIF detects Mtb and rifampicin resistance
within 2 hours, the TB control program needs to understand the turnaround time (TAT) from specimen collection to
treatment initiation and its impact on treatment outcomes for patients with Rif-resistant TB in Uganda. We
quanti�ed the TAT overall and at each step of the process for diagnosis of Rif-resistant TB in routine clinical
practice and time to initiation on appropriate treatment over a 5-year period.

Methods: We conducted a retrospective study in Iganga General Hospital, Eastern Uganda. Both Rif-resistant and
MDR TB cases are recorded in the same register. We abstracted data from the MDR-TB clinic and laboratory
registers (Form 2A and 096B) at Iganga Hospital, 2012-2017, including dates for smear microscopy, Xpert
MTB/RIF, initiating MDR-TB patients on treatment after the Xpert MTB/RIF test, and dates for Drug Susceptibility
Testing (DST). We performed descriptive and survival analysis to estimate the TAT for microbiological testing and
time to initiation on treatment among MDR-TB patients.

Results: Overall, we analyzed sixty-three (63) records, including specimens from Iganga Hospital patients and
referrals from other health facilities. Of 63 records, 81% (51/63) had microscopy results, 97% (61/63) had Xpert
MTB/RIF results, and 98% (62/63) had DST results. The median TAT for smear microscopy was the same day or
within 1 day for 38/51 (75%) of the patients, ranging from 2-31 days for the rest. TAT for Xpert MTB/RIF results
was the same day or within 1 day for 45/61 (75%), while the rest ranged from 2-183 days. Treatment initiation was
within 28 days for 30/61 (50%). Reporting results for DST, took a median time of 13 days (IQR: 10-40 days) with an
overall range of 0-334 days. 

Conclusion: Prompt Xpert MTB/RIF testing and result reporting allows timely treatment initiation. We recommend
timely release of DST results by the National Tuberculosis Reference Laboratory or decentralization of DST
services so as to mitigate delays and improve patient re-evaluation. 

Introduction
Tuberculosis (TB) is the leading infectious cause of mortality worldwide (1). Controlling TB is a key challenge for
global public health, and efforts have been hampered by the emergence of drug-resistant strains of Mycobacterium
tuberculosis (M. tuberculosis) (2)(3). Multidrug-resistant TB (MDR-TB), de�ned as disease caused by M.
tuberculosis that is resistant to at least isoniazid (INH) and rifampicin (Rif), reportedly caused around 240,000
deaths worldwide in 2016, and is associated with poor outcomes despite prolonged treatment (1). Because
rifampicin-resistant M. tuberculosis is usually simultaneously resistant to INH, rifampicin resistance in tuberculosis
(Rif-R) is considered a reasonable proxy for multidrug resistance (MDR) (4).

Recent efforts toward TB control have focused on developing rapid tests for early detection and diagnosis of TB,
including drug-resistant TB. The Xpert MTB/RIF™ assay (Xpert, Cepheid, Sunnyvale, CA, USA), an automated,
cartridge-based nucleic acid ampli�cation test using reverse transcription-polymerase chain reaction for detection
of the M. tuberculosis-speci�c rpoB gene, represents an important advance in the development of molecular
assays to rapidly detecting TB and drug resistance (7). The test identi�es M. tuberculosis and detects Rif -
resistance within two hours (8)(9). Xpert was recommended by the World Health Organization (WHO) for the rapid
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detection of TB as well as the detection of drug resistance due to its high accuracy and speed, modest cost, and
operational simplicity (7). Current WHO guidelines recommend immediate initiation of MDR-TB treatment (second-
line drugs) when resistance is detected by Xpert (1).

Typically, patients are initiated on second-line drugs as they wait for their DST result, which guides the drug
regimen. Delays in diagnosis of MDR-TB patients results in ampli�ed drug resistance, precipitating community TB
transmission to healthy individuals, and are associated with poor clinical outcomes (5)(6)(1)(10). When MDR-TB
patients are initiated on appropriate treatment, sputum culture conversion (from positive to negative) occurs in half
of patients within 90 days and in 90% within 6 months (11).

In 2012, the Ministry of Health Uganda implemented Xpert MTB/Rif in selected facilities, and recommended Xpert
MTB/RIF testing for speci�c populations. These include persons with presumed TB who are HIV-infected and
smear-negative, children < 15 years, healthcare workers, and contacts of MDR-TB cases. The test was further
recommended for previously-treated smear-positive TB cases to evaluate for rifampin resistance (12). In 2012,
WHO recommended targets for turnaround times (TAT) for different microbiological tests. These included 24-hour
TAT for smear microscopy, 2–4 weeks for phenotypic DST using solid media, 1–3 weeks for phenotypic DST using
liquid culture, and 2 hours for molecular testing (Xpert MTB/RIF) (13). At Iganga Hospital, the MDR-TB treatment
unit and Xpert testing were established in 2012. However, the turn-around-time (TAT) from sputum collection to
treatment initiation among Rifampicin- resistant patients had not been quanti�ed to inform quality improvement
interventions. We quanti�ed TATs overall and for each step in the diagnostic testing of sputum specimens to
treatment initiation for presumptive MDR-TB patients.

Methods

Study Setting
We conducted the study at Iganga Hospital, a 100-bed general referral hospital serving Iganga and six surrounding
districts in Eastern Uganda. The catchment area for the hospital includes >1.5 million persons. Iganga Hospital has
been a GeneXpert testing site since 2012 and MDR-TB initiation site since 2013 for TB cases referred from >20
health facilities in Eastern Uganda. Facilities that lack GeneXpert machines refer specimens to Iganga Hospital
using the ‘hub system,’ a national specimen referral network increasing access to critical diagnostic and treatment
monitoring services using motorcycles to reduce turn-around times (via ‘hub riders’). However, it is frequently
applicable when a number of samples (>10) have been collected from patients. After analyzing the specimens at
Iganga Hospital, results are communicated immediately to the referring facility through phone call or sent back to
the facility using the hub system. The hub riders have speci�c days for moving to each health facility.

Iganga Hospital has no treatment ward for MDR-TB patients, and instead offers an ambulatory care model for
them. Patients who test positive for Rif-resistant M. tuberculosis are initiated on treatment at the MDR-TB
treatment center and sent home. Patients are required to visit the hospital for monthly follow-up until they have
completed the treatment. Patients who are referred from districts and facilities other than Iganga Hospital are
initiated on treatment at facilities close to their residences. A team from the MDR-TB initiation centre in Iganga
visits the referring facility and trains the health workers on how the patient is expected to be managed and
provides all the necessary medicines. 
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Iganga Hospital refers samples for full DST to the National TB Reference Laboratory (NTRL) in Kampala, 155km
from Iganga Hospital. Transporting specimens from Iganga to the central laboratory is done through a number of
means, including using the national postal courier system and public means with support from implementing
partners. Results from DST are then communicated back through an online system to the facility requesting the
analysis. This online system is often limited due to issues with internet connection or electricity.  

Study Design
We abstracted data from medical records and laboratory registers at Iganga Hospital as well as its incoming
referral network (facilities that refer specimens to Iganga Hospital for TB testing by GeneXpert), for the years 2012-
2017. 

Inclusion Criteria
At Iganga Hospital laboratory, records for specimens submitted for Xpert testing from 2012 to 2017 for
presumptive cases of Rif-resistant TB were reviewed, including specimens from Iganga Hospital patients and
referrals from other health facilities. We included all presumptive Rif-resistant specimens and those sent to NTRL
for phenotypic DST. 

We de�ned a presumptive Rif-resistant case as smear-positive previously-treated TB patients with relapse, return
after default (RAD), or failure; new smear-positive pulmonary TB patients from whom the sputum remains smear-
positive at month 2 or 3 of treatment; symptomatic close contacts of known MDR-TB patients; and new smear-
positive patients.

Study Variables & Data Collection
We reviewed laboratory registers records, patient �les, and those from MDR-TB treatment unit from 2012-2017 to
identify all Rif-resistant and DST results, associated dates, and referring facilities. Variables collected from local
facilities from the facility laboratory register included the date smear microscopy was performed in the local
laboratory, the date smear microscopy results were obtained from the local laboratory by the TB focal person, the
date that the sputum specimen for smear microscopy was received at Iganga Hospital laboratory, and the date the
patient started on �rst-line anti-TB therapy.

Variables collected from Form 2A and 096B (laboratory registers) in Iganga Hospital included date of sputum
specimen collection for smear microscopy, date of specimen collection for presumptive MDR-TB at the local
facility (referral facilities), date Xpert MTB/RIF test was done at Iganga Hospital, date specimen received in the
national reference laboratory for samples from the referral facilities and from Iganga Hospital, date results were
reported to referring facilities, and date patient started on appropriate treatment for RIF-resistant TB.

Variables collected from MDR-TB treatment patient �les included date when specimen for culture was collected,
date when specimen for culture was received in the testing laboratory and processed, date for reporting results to
Iganga Hospital. We also estimated the distance from Iganga Hospital to referring facilities using Google
maps. We recorded data on a standardized pre-tested form. 
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Data Management and Analysis
Data was entered into a custom Epi Info 7.2 database, cleaned and analyzed using STATA 15.0. Descriptive
statistics for TAT were summarized using selected natural percentiles for highly skewed distributions, as well as
median, range, and interquartile range. Analysis of each interval was based on specimens with both dates (start
and end date) available. TAT was computed for patients to show the number of days for each interval.

 To estimate overall TAT for smear microscopy, Xpert MTB/RIF, and time to initiation on treatment, we used Kaplan-
Meier survival analysis. In survival analysis, we also considered specimens for active patients who were lost to
follow-up or had missing data allowing for censoring. When patient data (1%) were lost in the laboratory or not
reported to the referral center, the data were removed from analysis.

Results

Place and Person descriptive characteristics
We identi�ed and analysed 63 records from Iganga hospital and referral facilities. Of 63 records, 81% (51/63)
records had microscopy results, 97% (61/63) had Xpert MTB/RIF results, and 98% (62/63) had DST results (Figure
1). Of 63 records, 76% (48/63) had results for both Xpert MTB/RIF and smear microscopy, 81% (51/63) had results
for Xpert MTB/RIF and DST, 73%   (46/63) had results for DST and microscopy, and 68% (43/63) records had
results of DST, Xpert MTB/RIF  and smear microscopy. Because of missing date values, not all specimens had all
of the desired dates recorded (Figure 1). 

Most 63%; 40/63) study specimens belonged to males. The mean age of the patients was 36 years with a range of
6-72. The average distance estimated from the referral facilities to Iganga Hospital was 45 km with a range of 10-
105 km. Most patients were from Iganga, Jinja, Buyende, and Kamuli districts (Table 1).

Table 1

 Demographic characteristics of study participants in Iganga Hospital multidrug-resistant tuberculosis treatment
unit, 2012-2017
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Variable  Frequency (n=63) Percentage

Sex    

Male 40 63

Female 23 37

District

Iganga 16 25

Jinja 14 22

Kamuli 10 16

Buyende 6 10

Namutumba 5 8

Mayuge 3 5

Luuka 2 3

Kaliro 2 3

Buikwe 2 3

Bugiri 2 3

Namayingo 1 2

Turnaround time for smear microscopy and �rst line anti-TB
treatment initiation
Receiving specimens to processing the sample and reporting results for smear microscopy was done within the
same day for 38/51 patients (75%) who had microscopy performed, while 13/51 (25%) patients had microscopy
results the following day. Fifty percent of the patients were initiated on �rst line TB therapy within one day whereas
13 patients were initiated on �rst line treatment with a delay of more than 10 days (overall range 0-181) days after
receiving results. The overall TAT from specimen collection to initiating patients on �rst line treatment was a
median of only 1 day (overall range 0-181 days, IQR 0-30 days) (Table 2).

Table 2

 Overall time intervals for processing microbiology testing, Iganga Hospital multidrug resistant tuberculosis
treatment unit, 2012-2017
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Time Interval Median
days
(range

25th
Percentile

75th
percentile

WHO
Recommended
Targets

 From sputum sample collection to receipt of
sputum sample in the local laboratory

0 (0-0) 0 0 Immediately

 From receipt of sputum sample to time smear
microscopy processed in the local laboratory

0 (0-31) 0 0 1 day

From time smear microscopy processed to smear
microscopy result in the local laboratory

0 (0-31) 0 0 1-2 days

From receipt of results to patient initiation on �rst
line treatment 

0 (0-181) 0 10 Immediately

From specimen collection to patient initiation on
�rst line treatment  (Overall)

1(0-181) 0 30 Immediately

From specimen collection for Xpert to reception in
the laboratory

0 (0-181) 0 2 Immediately

From sample collection in the laboratory to
analysis

0 (0-61) 0 1 Immediately

From time specimen received to time GeneXpert
result are released

0 (0-183) 0 32 2 Hours

From time result is reported to patient initiation on
second line treatment

28 (0-
612)

9 72 Within 7 days

From specimen collection to patient initiation on
second line treatment (Overall) 

49(0-612) 15 100 Within 7 days

From sample collection for DST to reception of
sample

3 (0-367) 1 4 Not speci�ed,
Varies from
Region to Region

From time the culture is received in the laboratory
to the time results are available

85 (2-
413)

71 116 Within 8 weeks 

From time the culture results are available to when
they are reported to facility 

13 (0-
334)

10 40 Varies 

Turnaround time for Xpert MTB/RIF result reporting and initiating
patients on second line treatment
Receiving specimens to processing the sample and reporting results for Xpert MTB/RIF was done within the same
day for 46/61 patients (75%) who had Xpert MTB/RIF performed. Fifteen (25%) patients received their results with
delays of more than 32 days. 

Despite the speed of testing for most patients, only 15 (25%) patients were started on treatment within 9 days of
the Xpert results, 31 (50%) within 28 days, and 15 (25%) more than 1 month after the Xpert result was reported. The
TAT from specimen collection for Xpert MTB/RIF to initiating patients on second line treatment was median of 49
days (range 0-612) days (Table 2).



Page 8/17

Turnaround time for drug susceptibility testing, processing, and
reporting by the National Tuberculosis Reference Laboratory
Turnaround time from sample collection to receiving the specimen for DST was 1 day for 15 (25%) patients, 3 days
for 31 (50%) patients, and 4 days for 15 (25%) patients. From receiving specimens to processing the sample and
reporting results for DST, TAT was 71 days for 15 (25%) patients, 85 days for 31 (50%) patients, with delays of
more than 116 days for 15 (25%) patients (Table 2).

Trend for Xpert MTB/RIF turnaround time and treatment initiation

There was no clear trend for TAT of Xpert MTB/RIF, initiation on second line treatment and DST from 2012-2017.
The median TAT of Xpert MTB/RIF was 0 days in 2012, increased to 26 days in 2013, and gradually decreased
from 2014-2017. The TAT for treatment initiation was low in 2012 and 2014, increased in 2014 and gradually
decreased to 7 days in 2017 (Figure 2). The turnaround for DST (gray line) highlights huge delays which impacts
decision making for patients with resistance. It is recommended that timely reporting of drug susceptibility testing
is paramount to avoid subjecting patients with resistance to inadequate standard �rst-line treatment for months
while awaiting DST results. Usually, patients are initiated on second line as wait for DST result to tell the resistant
partner which guides the formulation of proper/suitable regimen for the patient.   Exposures to inadequate therapy
results in ampli�ed drug resistance and ongoing transmission to healthy individuals. (Figure 2).

Survival analysis curves for turnaround time of smear
microscopy: From sample collection to reporting results
Among �fty (51) records analyzed, median TAT from specimen collection to reporting smear microscopy results
was 0 days; 12 of 51 were censored (Figure 3).

Survival analysis curves for turnaround time of Xpert MTB/RIF
from sample collection to reporting results to referral facility,
2012-2017
In total sixty-one (61) records were analyzed, 57 records had all the observations and 4 patients were censored
(died before receiving results). The median TAT, from specimen collection to reporting results was 0 days (range 0-
648 days) (Figure 4).

Survival analysis curves for turnaround time from sample
collection to initiation of patients on second line treatment
Among 59 records analyzed, median TAT was 50 (0-650) days. Using Kaplan Meier method, we estimated TAT by
days in the laboratory, 55 patients had all observations and only four patients died before being initiated on
treatment (Figure 5).

Discussion
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In an analysis of records from 63 MDR-TB patients in Iganga Hospital over a 5-year period, three-quarters of
patients received their smear microscopy results in one day or less. Similarly, TAT time for Xpert MTB/RIF from
sample processing in the laboratory to reporting results was also within the same day for three-quarters of
patients. However, there were delays of more than four weeks for 75% of patients initiated on second-line
treatment. In addition, processing of samples for DST also demonstrated nearly four times the targeted timing
(116 days vs the recommended 30 days or less). Half of specimens take at least 3 days from specimen collection
to receipt at the central laboratory for analysis.

The delays identi�ed in reporting Xpert MTB/RIF results at Iganga Hospital for 25% of the patients exceeded those
recommended by WHO (2 hours). The functionality of the Xpert machines in Uganda has been hampered by
unreliable patient referral system, incomplete linkages to TB treatment, and an unreliable infrastructure (such as
electrical system malfunctions and poor transportation networks), making implementation of Xpert MTB/RIF more
challenging (15).

The WHO recommends immediate initiation of MDR-TB patients on treatment as soon as rifampicin resistance is
identi�ed. However, this study reported signi�cant delays of more than 70 days for initiating patients on second-
line treatment. This can impact community transmission of drug-resistant TB to healthy individuals.

The TAT for DST from specimen requisition to processing and reporting results was 71 days for 15 patients, 85
days for 31 patients with delays of more than 116 days for 15 patients. This highlights signi�cant delays
compared to the standard guidelines by WHO of 2–4 weeks for phenotypic DST using solid media and 1–3 weeks
for phenotypic DST using liquid culture (13). A study conducted in Peru reported TAT for DST of approximately 80
days from processing to reporting results, whereas that conducted in Korea reported shorter the TAT for DST at 78
days compared to that reported in our study (14) (17). The trend of TAT for Xpert MTB/RIF testing decreased from
2012 to 2017, although it has not yet met the required TAT as recommended by WHO of 2 hours (13). However, the
improvement or reduction in TAT could be attributed to the continuous training of laboratory personnel who
perform the Xpert MTB/RIF test, and/or to improvement in infrastructure including reduction in power shortages.
The TAT for treatment initiation has also decreased but has not yet met the targets of immediate initiation as
recommended by WHO. Observed improvement could be attributed to the improved drug stocks and advances in
the Hospital management. During the past year, the body responsible for supplying drugs, the Uganda National
Medical Stores had limited drug stocks.

In 2012, the TAT was rapid due to the presence of a TB implementing program that provided transport services for
samples to be taken for analysis. In 2013, the program ended, resulting in an increase in TAT. Using this kind of
transport requires the MDR-TB coordinator to get the samples to the laboratory on time since the hub system
usually has a timetable for which samples are collected and taken to the laboratory. Delays or disruptions in
transportation services may impact referral of these patients to diagnostic and or treatment units, delaying
initiation of treatment and increasing the risk of TB transmission.

Identifying and addressing delays in transporting samples should be done routinely at health facility level or
National Level quality control department to improve the implementation of interventions in resource constrained
settings. Strategies that can be employed include decentralizing DST services to avoid long waiting hour from
sample collection, transportation and processing at the central laboratory. In addition, there should be proper
communication channels between the TB focal persons in the referral facilities and the laboratory where specimen
processing is done. Similarly, there is need to improve the available infrastructure such as laboratory
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refurbishment, providing refresher training to laboratory personnel who are responsible for running samples. There
should be policy restrictions on timely diagnosis such as reporting microscopy results within 24h, culture within 21
days, and DST within a month based on the WHO recommendations stated above (13). In addition, internet-based
electronic laboratory result system should be adapted to improve TAT, and inform treatment initiation for patients
who test positive.

Limitations
During this study, we were unable to point out the causes of delays at the different intervals. This is due to the
nature of the registers used which have no provision for such data to be collected. Since the study was performed
at a single site, Iganga Hospital, it is unknown whether the results generalize to Uganda as a whole.  

Conclusion
The TAT for smear microscopy was same day for majority of patients within the study period. However, there were
delays in reporting Xpert MTB/RIF results, initiating patients on second line treatment, and reporting DST results to
health facilities. We recommend that detailed investigation should be done to �nd out the stages at which delays
occur and the root causes of the delays. Also, similar studies should be conducted in other settings or districts to
establish their TAT. In addition, there should be prompt Xpert MTB/RIF testing and result reporting to allow timely
treatment initiation. We also recommend timely release of DST results by the National Tuberculosis Reference
Laboratory or decentralization of DST services so as to mitigate delays and improve patient re-evaluation. A further
analysis of the root causes for the delays at the different stages of testing and result reporting will help focus
interventions to reduce of the delays.
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Figures

Figure 1

Number of eligible patient records reviewed having results for each of the three tests in Iganga Hospital from 2012-
2017
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Figure 2

Trends of turnaround time for Xpert MTB/RIF, Drug Susceptibility Testing, and time to initiation on second line
treatment, Iganga Hospital, multi-drug resistant tuberculosis treatment unit, 2012-2017.
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Figure 3

Kaplan Meier survival curve showing the turnaround time for smear microscopy from sample collection to
reporting results for smear microscopy, Iganga Hospital multi-drug resistant tuberculosis treatment unit, 2012-2017
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Figure 4

Kaplan Meier survival curve of turnaround time from when the sample was collected to when Xpert results are
reported to referral facilities, 2012-2017
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Figure 5

Kaplan Meier curves comparing survival analysis and turnaround time from when Xpert results are received to
when patients are initiated on second line treatment, Iganga Hospital multi-drug resistant tuberculosis treatment
unit, 2012-2017


