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Background: GeneXpert MTB/RIF testing is a rapid molecular diagnostic test that is performed with an automated cartilage-based
machine that makes treatment initiation prompt. This study aimed at evaluating the impact of GeneXpert in the reduction of treatment
delay among multidrug-resistant tuberculosis (MDR-TB) patients in Amhara regional state of Ethiopia.
Methods: A facility-based retrospective follow-up study was conducted from January to February 2019, and a total of 465 MDR-TB
patients were included in the study. Socio-demographic, clinical, and treatment-related characteristics were collected from patient’s
chart retrospectively using data abstraction sheets. Binary logistic regression model was fitted to identify factors associated with
treatment delay; adjusted odds ratio (AOR) with a 95% confidence interval (CI) was computed to assess the strength of association.
A propensity score-matched (PSM) analysis was used to assess the impact of the GeneXpert MTB/RIF test on treatment delay through
calculation of average treatment effect (ATE).
Results: The majority, 92.4%, of patients had the pulmonary form of TB, and 46.7% of patients were diagnosed by GeneXpert MTB/
RIF. The presence of cavitation (AOR = 0.62, 95% CI: 0.39 0.96), extrapulmonary form of TB (AOR = 0.34, 95% CI: 0.14 0.81), and
GeneXpert (AOR = 0.15, 95% CI: 0.10 0.24) were factors associated with treatment delay. The average treatment effect (ATE) of PSM
analysis showed that GeneXpert MTB/RIF has significantly reduced treatment delay by 41% compared to matched control groups.
Conclusion: This study revealed that GeneXpert test has a strong association with the reduced treatment delays among MDR-TB
patients. This underscores that rapid molecular tests could help improve the health system and lead to prompt initiation of MDR-TB
treatment. Therefore, expansion and decentralization of GeneXpert tests to peripheral health facilities are highly recommended. In
turn, the case detection and control of the disease will be hastened.
Keywords: drug-resistant tuberculosis, treatment delay, Ethiopia

Introduction
Drug-resistant tuberculosis (DR-TB) is a major public health problem worldwide. According to the World Health
Organization (WHO) 2020 report, over half a million people had multidrug resistance tuberculosis (MDR-TB), and
156, 071 were enrolled in MDR-TB treatment.1 Drug-resistance testing coverage ranges from 46% to 83% among new
and previously treated TB patients, respectively.1 Ethiopia is also one of the 30 TB high burden countries with an
increasing number of MDR-TB and successful treatment outcomes reached above 70%, which is above the global target
of 56%.2 However, only one in three MDR-TB patients were enrolled in treatment.1 In addition, delayed initiation of
MDR-TB treatment leads to continued transmission of the disease, which could be responsible for the increased
incidence of primary MDR-TB cases. The implementation of rapid diagnostic tests like GeneXpert and the expansion
of MDR-TB treatment centers to peripheral health facilities were the interventions used to minimize gaps of low case
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detection and delayed treatment enrollment. The GeneXpert MTB/RIF testing is a rapid molecular diagnostic test that is
performed with an automated cartilage-based GeneXpert machine (Cepheid, USA). The test function based on nucleic-
acid amplification assay that detects Mycobacterium TB bacilli and Rifampicin resistance pattern from the patient’s
sputum and other body fluids.3,4 The test minimizes median laboratory processing time to less than one day and makes
MDR-TB treatment initiation prompt.5 The tests can be performed by trained midlevel healthcare professionals and
enable the provision of the services at the point of care with minimal biosafety requirements. A study showed that
GeneXpert test has contributed about 63.4 cases of same-day treatment initiation per 1000 screened individuals as
compared to 40 cases of same-day treatment initiation with conventional culture and DST.4 A study conducted in South
Africa showed that the median time from sputum collection to treatment initiation ranged from 18 days GeneXpert MTB/
RIF to 64 days for culture and DST. Another study from Russia showed that the availability of the GeneXpert test for the
initial diagnosis of drug-resistant tuberculosis had significantly reduced the time to initiation of second-line drugs.6 In
addition, the GeneXpert test showed greater sensitivity compared to sputum smear microscopy and it has also a shorter
laboratory processing time than other tests.7,8 The expansion of ambulatory MDR-TB treatment centers, conditional
amendment of treatment guidelines, and introduction of short regimen are some of the interventions used to reduce
treatment delay and related problems. Moreover, the implementation and scale-up of GeneXpert MTB/RIF tests in health
facilities reduced the time to commencement of MDR-TB treatment. The National Tuberculosis Program (NTP) of
Ethiopia has developed guidelines for a safe referral system of sputum samples to central laboratories through the postal
office system.9 Apart with this previous studies determined the effect of socio-demographic, behavioral, and clinical
related characteristics on the timely initiation of TB treatment.10 However, most of these previous studies are descriptive
types determining the median time and making between-group comparisons without controlling potential confounders.11–
14 There is a dearth of information about the impact of GeneXpert and its causal relationship with treatment delay in
Ethiopia. Therefore, this study aimed to assess the impact of GeneXpert in reduction of treatment delay among MDR-TB
in the study setting. The finding of this study could help clinicians, program planners, and policymakers assist evidence-
based decision-making process. Given that all potential confounders are matched, an attempt is undertaken to determine
to what degree the net difference in treatment delay observed among MDR-TB patients who underwent GeneXpert and
other tests (LPA and conventional culture) might be ascribed to GeneXpert.

Method
Study Setting, Period, and Design
An institution-based retrospective follow-up study was conducted from September 2010 to December 2016 in the three
selected public hospitals of the Amhara Regional State. A total of 465 DR-TB patients were enrolled in the study from
three hospitals (University of Gondar Hospital, Boru Meda Primary Hospital, and Debre Markos Referral Hospitals). All
MDR-TB patients who were diagnosed by GeneXpert MTB/RIF, line probe assay (LPA), and culture and drug
susceptibility testing (DST) were the study population. Patients who have incomplete data, specifically time to initiation
and undocumented methods of diagnosis were excluded from the study. A total of 465 drug-resistant TB patients who
fulfilled the inclusion criteria took part in the study.

Data Collection Process
The data available on patient records were first examined, and the extraction checklist was prepared in English. Six data
collectors and two supervisors (nurses and health officers) were recruited. A two-day training was given on research
objectives and document review using the data extraction tool. Before the actual data collection process, records were
identified by their medical registration numbers. The trained collectors reviewed and extracted data from patient charts
and the MDR-TB registration logbook.

Variables of the Study
Treatment initiation delay for MDR-TB treatment was dichotomized as “1” if treatment delay was above 10 days and as
“0” otherwise, whereas GeneXpert MTB/RIF test for the diagnosis of drug-resistant tuberculosis was categorized as
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“yes” or “no”. This variable was used as an independent variable in the logistic regression analysis and treatment variable
in propensity score matching analysis for delayed treatment initiation among MDR-TB patients.

On the other hand, socio-demographic characteristics of patients like age group, residence, gender, TB treatment
supporter, and clinical factors like the form of TB, complications,

● Functional status at admission: Classified based activity daily living (ADL) (eg, ambulating, feeding, dressing and
keeping personal hygiene) as working, ambulatory, and bedridden.15

● Treatment supporter: A family member (FM) or any person who is willing to help and is accepted by the patient and
answerable to the health services can also be a treatment supporter.16

● TB/HIV confection: A patient having HIV infection and TB disease at the same time.
● Cavitation: is an extensive necrosis involving the walls of airway in which semi-liquid necrotic material is
discharged into the bronchial tree from where it is usually coughed up and may infect others.17

● Multidrug resistance (MDR-TB): resistance to at least both isoniazid and rifampicin or Rifampicin resistance (RR-
TB) detected using phenotypic or genotypic methods, with or without resistance to other anti-TB drugs.1

● Time to initiation of RR-TB treatment: The time interval between positive result and treatment initiation were
covariates used to control potential confounders.10

Data Analysis
Initially, the filled checklists were checked for completeness by the principal investigator and three supervisors. The data
were entered into Epi-data version 3.1 and exported to Stata version 14 statistical software for further analysis. Median
with Inter Quartile Range (IQR) was used to estimate the time to initiation of MDR-TB treatment. The logistic regression
model was fitted to identify factors associated with the treatment initiation delay.

The Propensity score matching (PSM) analysis was applied to compare treatment delay among MDR-TB patients
diagnosed with GeneXpert MTB/RIF and other laboratory techniques. The PSM is a statistical method developed to
estimate treatment effects (treatment effect in the case of this study is using GeneXpert) with non-experimental or
observational data.18 The impact of the GeneXpert test on treatment delay was estimated using the endogenous
regression model, which can be used to compare other laboratory tests. PSM was estimated in Stata version 14 using
command psmatch2. The psmatch2 implements full Mahalanobis matching and a variety of propensity score matching
methods to adjust differences between groups tested with GeneXpert and other tests. It was used to estimate the Average
impact among tested with GeneXpert (ATT) and tested with other laboratory tests like LPA/culture (ATU), and the
overall average treatment effect (ATE) (ATE is referring to the impact on treatment delay, but in this case the “treatment
effect” is that of using GeneXpert). Using the PSM, the effect of a treatment on an individual can be evaluated by finding
the difference in the outcome with and without treatment:

Di ¼ Y1i � Y0i

Where Di is the difference between outcomes of individual i with and without treatment and (Y1i, Y0i) shows the
outcome of individual i with and without the treatment. Unfortunately, for each unit i, Y1i and Y0i are not observable at
the same time because the same unit cannot simultaneously be in both the treatment and control groups. The unobserved
outcome is called a “counterfactual outcome”.18,19 Alternatively, the Average Treatment Effect (ATE) can be estimated
over the entire population as:

ATE ¼ E Di½ � ¼ E Y1 � Y0ð Þ ¼ E Y1ð Þ � E Y0ð Þ

where E(Y1) is the expected value of Y for all the units in the treatment group, and E(Y0) is the expected value of Y for
all the units in the control group. Moreover, the average treatment effect on the treated (ATT) is defined as follows:

ATT ¼ E Y1 � Y0jT ¼ 1ð Þ ¼ E Y1jT ¼ 1ð Þ � EðY0jT ¼ 1Þ
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Here, T = (0, 1) refers to the control and treatment conditions. The term E(Y0 | T = 1) is a counterfactual mean, which is
not observable from the data. Finally, the standardized mean difference was calculated and was found to be 8.1%, which
is below the 10% that reflects covariates between treated and control groups are balanced.

Results
Socio-Demographic Characteristics of the Samples
The median age of the patients was 28 years (IQR: 22, 38). Of 465 patients, 270 (58%) were males and 242 (52%) were
rural residents. About 188 (40%) of study subjects were unemployed, and 195 (42%) had not attended formal education.
Regarding behavioral characteristics, 40 (8.6%) patients chewed khat, 60 (12%) smoked cigarettes, and 88 (18.9%) had
drunk alcohol (Table 1).

Clinical Characteristics of DR-TB Patients
Out of 465 MDR-TB patients 430 (92.5%) of patients had the pulmonary form of TB, of which, 118 of 465 (25%) had
TB/HIV co-infection. Regarding chronic comorbidities, out of 465 patients 42 (9%) had other chronic illnesses like
hypertension, Diabetes Mellitus (DM), and congestive heart failure (CHF). Moreover, 406 (87.3%) of patients had
tuberculosis treatment history. Out of 465 MDR-TB patients, 419 (90.1%), 434 (93.3%), and 313 (67.3%) had cough,
fever, and chest pain symptoms at presentation, respectively. Out of 465 patients, 217 (46.7%), 167 (35.9%), and 81

Table 1 Socio-Demographic and Behavioral Characteristics of
Drug-Resistant Tuberculosis MDR-TB Patients in Amhara
Region, Ethiopia (N = 465)

Variables Frequency (%)

Age
<24 155 (33.3)
25–34 145 (31.2)

35–44 89 (19.2)

>45 76 (16.3)
Sex
Male 270 (58)

Female 195 (42)
Education status
No formal education 195 (42)

Primary 145 (31.2)
Secondary 81 (17.4)

Diploma and above 44 (9.4)

Residence
Urban 223 (48)

Rural 242 (52)

Treatment supporter
Yes 396 (85.2)

No 69 (14.8)
Substance use history
Alcohol intake 88 (18.9)

Cigarette smoking 60 (12.9)
Khat chewing 40 (8.6)

Occupation
Unemployed 188 (40.4)
Working in governmental or private 277 (59.6)

Organizations
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(17.4%) diagnosed by GeneXpert, line probe assay (LPA), and conventional culture and DST methods, respectively.
About 200 (43%) of patients had comorbid conditions like COPD, bronchiectasis, and fibrotic changes (Table 2).

Treatment Delay Among MDRTB Patients
The median time to initiate DR-TB treatment was 10 days with an IQR of 2 to 44.5 days. Of all, 12.5% of patients were
initiated MDR-TB treatment on the date of diagnosis. Likewise, the median time waited to initiate DR-TB treatment
among patients diagnosed with GeneXpert MTB/RIF, LPA, and culture and DSTwere 5, 30, and 40 days, respectively. In
the binary logistic regression analysis, the presence of cavitation, the extrapulmonary form of tuberculosis, and patients
diagnosed with GeneXpert MTB/RIF were significantly associated with MDR-TB treatment delays. The odds of DR-TB
treatment delay among patients who had cavitation was decreased by 38% (AOR = 0.62, 95% CI: 0.39, 0.96), compared
to patients without cavitation. Similarly, patients with extrapulmonary form of tuberculosis had a 66% (AOR = 0.34, 95%
CI: 0.14, 0.81), reduction in MDR-TB treatment delay compared to patients with pulmonary form of TB. Moreover, the
odds of MDR-TB treatment delay among patients diagnosed by GeneXpert MTB/RIF was 85% (AOR = 0.15, 95% CI:
0.10, 0.24), lower compared to patients diagnosed by other methods (Table 3).

Table 2 Clinical Characteristics of Drug-Resistant
Tuberculosis MDR-TB Patients in Amhara Region,
Ethiopia (N = 465)

Characteristics Frequency (%)

Body mass index
Under weight 129 (27.7)
Normal 332 (71.4)

Overweight 4 (0.9)

Form of TB
Pulmonary 430 (92.5)

Extrapulmonary 35 (7.5)
TB/HIV co-infection
Yes 118 (25.4)

No 347 (74.6)
Registration group
New 59 (12.7)

Previously treated 406 (87.3)
Presenting symptoms
Cough 419 (90.1)

Fever 434 (93.3)
Chest pain 313 (67.3)

Excessive sputum production 27 (5.8)

Weight loss 421 (90.5)
Anorexia 345 (74.2)

Fatigue 357 (76.8)

Laboratory investigations
GeneXpert 217 (46.7)

LPA 167 (35.9)

Culture and DST 81 (17.4)
Comorbidities (n=42)
Diabetes Mellitus 12 (28.6)

Hypertension 5 (11.9)
Bronchial asthma/COPD 18 (42.8)

Cardiac illnesses 7 (16.7)

Abbreviations: COPD, chronic obstructive pulmonary disease; DST,
drug susceptibility tests; LPA, line probe assay.
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The Impact of GeneXpert MTB/RIF Test on Treatment Delay Among MDR-TB
Patients
The result of matching estimates from a propensity score analysis showed that ATT and ATE had a significant impact on
the reduction of treatment initiation among MDR-TB patients. Thus, the ATT value of 0.301 and 0.732 in treated and
control groups showed that MDR-TB patients who were diagnosed by other methods like LPA, culture, and DST had
a 70% higher probability of delayed treatment initiation compared to patients who were diagnosed by GeneXpert.
Meanwhile, the ATE value showed that the difference between treated and control patients was −0.41. This indicates that
the GeneXpert MTB/RIF test has significantly reduced the probability of treatment delay by 41% compared to matched
control groups (Table 4).

Furthermore, Table 5 shows the mean values of each variable before and after matching in both GeneXpert tested and
other laboratory tests (LPA and culture and DST) groups. A bias before and after matching was calculated for each
variable, and the change in this bias has also been reported. In addition, Table 5 shows the percentage bias reduction for
all matched variables after matching. Moreover, the difference between the matched pairs was evaluated using the t-test

Table 3 Binary Logistic Regression Model to Identify Factors Associated with Treatment Delay Among DR-TB
Patients in Amhara Region, Ethiopia (N = 465)

Variables Treatment Delay Adjusted Odds Ratio (95% CI) P-value

Yes No

Sex of patient
Male 144 122 1

Female 96 94 0.76 (0.49 1.19) 0.48

Residence
Urban 114 104 1

Rural 126 112 0.98 (0.63 1.50) 0.98

Age group
<24 81 72 1

25–34 70 72 0.78 (0.46 1.31) 0.31

35–44 49 38 1.17 (0.62 2.18) 0.66
>45 40 34 1.05 (0.55 1.99) 0.89

Functional status
Working 34 28 1
Bedridden 206 188 0.69 (0.37 1.30) 0.25

Has treatment supporter
Yes 201 187 1
No 39 29 1.67 (0.91 3.05) 0.17

Complications
Yes 101 94 1
No 130 122 1.0 (0.65 1.54) 0.97

TB/HIV-co-infection
Yes 54 64 0.68 (0.41 1.13) 0.12
No 186 152 1

Cavitation
Yes 99 141 0.62 (0.39 0.96)* 0.028

No 91 125 1

GeneXpert MTB/RIF test
Yes 66 146 0.15 (0.10 0.24)* <0.001

No 174 70 1

Form of TB
Pulmonary 288 193 1

Extrapulmonary 12 23 0.34 (0.14 0.81)* 0.018

Note: *Shows statistical significant at 0.05 P-value in the multivariable logistic regression model.
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and the last column shows the significance level of the t-test. It was found that almost all covariates show that the mean
difference was not significant after matching, that is, covariates were sufficiently balanced. There were significant
differences between individuals in unmatched cases for around all covariates, which became insignificant after matching.
As we can see from the table, the percentage of bias reduction for covariates varies from −418.3% in complications to
88.7% point in the covariate of the form of TB. The detail is presented in the table (Table 5).

Discussion
Timely initiation of drug-resistant tuberculosis treatment is one of the strategies used to reduce the transmission of
infection and unfavorable treatment outcomes. This study showed that the median number of days from health seeking to
the initiation of TB treatment was 10 days with significant variability among techniques used to diagnose the disease.
Thus, those patients diagnosed with GeneXpert MTB/RIF test had been waited for a median of 5 days to initiate MDR-
TB treatment, which was lower than 30 and 40 days for LPA, culture and DST test, respectively. Thus, molecular test like
GeneXpert MTB/RIF has significantly improved the time to diagnosis of MDR-TB which in turn significantly reduced
treatment delay. This finding was supported by previous studies conducted in Ethiopia, South Africa, and Russia.3,6,7,20

Moreover, this study also revealed that patients who had the extrapulmonary form of TB and had cavitation were
associated with lower odds of treatment delay compared to their counterparts. This finding was supported by another
study.21 Thus, patients with an extrapulmonary form of TB may have less severe disease and be able to initiate their
treatment in an ambulatory model of care. However, extrapulmonary TB disease has diagnostic challenges and some-
times patients start MDR-TB treatment through the decision of the PMDT panel team with no laboratory test results.
Meanwhile, drug-resistant tuberculosis treated in a hospitalized model of care created a long waiting list for admission
and commencement of treatment.22 Patients having findings of cavitation on the lungs from the radiological investigation
were associated with lower odds of treatment delay as compared to those who had no such findings. This could be
because patients with cavitation are more symptomatic, which may lead to early health-seeking. In addition, patients with
cavitation findings may expectorate sputum samples with a high bacillary load that enables to detect the disease easily.17

This study also revealed that GeneXpert had an impact on the shortening of treatment initiation time after diagnosis of
the disease.4,7,23 The average treatment effect on treated showed that GeneXpert MTB/RIF has significantly reduced the
delayed initiation of MDR-TB treatment. Therefore, since the test could be operated by midlevel professionals at
peripheral health facilities, it could be used to reduce patients travel, and sputum sample transportation to a central
reference laboratory. Therefore, by reducing treatment delay we can reduce the cost of expenditure, halt the transmission
of the disease and ultimately improve patient outcomes. However, the median time to initiate MDR-TB treatment in this
study is unacceptably long. Therefore, to make the waiting time shorter where GeneXpert is not available, interventions
such as the implementation of an electronic short message to notify laboratory results and prompt initiation of treatment
shall be considered.24 This study has implications for patients, clinicians, policymakers, and other stakeholders to
strengthen programmatic management of drug-resistant tuberculosis.

Table 4 Matching Estimates of GeneXpert MTB/RIF Test with Other Diagnostic Tests on Treatment Delay Among MDR-TB Patients
(N = 456)

Variable Sample GeneXpert
Test

Other Diagnostic
Tests

Difference Standard
Error

T Statistics P-value 95% CI

Treatment

delay

Unmatched 0.31 0.71 −0.40 0.043 −9.34
ATT 0.301 0.73 −0.43 0.046 −9.21 0.001 (−0.52 −0.30)
ATU 0.70 0.30 −0.40

ATE −0.41
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Strength and Limitation
This study is the first to assess the impact of GeneXpert in Ethiopia using propensity score matching (PSM) that enables
measuring the average treatment effect of exposure after controlling the potential confounders. As a result, the effect of
a single exposure from the observational study was assessed. However, due to the retrospective nature of the data, we
missed important variables such as the patient’s economic condition and health facility-related characteristics that might
have an association with treatment delay. Due to the lack of a standard cut-off point, the median point was used to
classify treatment delay status; this may lead to under- or over-estimation of the treatment effect.

Conclusion
This study showed that the median time to start DR-TB treatment was ten days, with significant variation among
laboratory tests. Meanwhile, the use of GeneXpert test has a strong association with reduced treatment delay among
multidrug-resistant tuberculosis patients. This study finding underscores that rapid molecular tests have an indispensable
role in improving the health system and leading to prompt initiation of MDR-TB treatment. Consequently, further
interventions on expansion and decentralization of the GeneXpert test may hasten case detection, treatment initiation, and
ultimately control of the disease.

Abbreviations
AOR, adjusted odds ratio; ATE, average treatment effect; ATT, average treatment effect among treated; ATU, average
treatment on untreated; CI, confidence interval; COPD, chronic obstructive pulmonary disease; DR-TB, drug-resistant
tuberculosis; DST, drug sensitivity test; LPA, line probe assay; MDR-TB, multidrug-resistant tuberculosis; MTB/RIF,
Mycobacterium tuberculosis bacilli/rifampicin; NTP, National Tuberculosis Program; PMDT, programmatic management
drug-resistant tuberculosis; PSM, propensity score matching.

Table 5 Covariate Balance Check and Absolute Bias Reduction of Treatment Delay

Variable Matching
Status

Mean % of Bias % Bias
Reduction

t-test
(P-value)

V (T)/V
(C)

GeneXpert Other
Tests

TB/HIV Co-
infection

Unmatched 0.283 0.23 10.3 1.10 (0.27)
Matched 0.283 0.25 7.5 27.1 0.77 (0.44)

Age group Unmatched 2.816 2.86 −3.6 −0.38 (0.70) 1.12

Matched 2.816 2.63 12.5 −248.3 1.30 (0.19) 1.19
Functional status Unmatched 1.839 1.88 −13.2 −1.42 (0.15) 1.33

Matched 1.839 1.82 4.1 69 0.39 (0.69) 0.93

Cavitation Unmatched 0.344 0.47 −27.7 −2.94 (0.003)
Matched 0.344 0.32 3.9 86 0.41 (0.681)

Residence Unmatched 1.533 1.51 4.1 0.44 (0.65) 1.00

Matched 1.533 1.57 −8.5 −104.9 −0.88 (0.38) 1.02
Form of TB Unmatched 1.099 1.05 15.5 1.67 (0.096) 1.65

Matched 1.099 1.09 1.8 88.7 0.16 (0.87) 1.04

Treatment
supporter

Unmatched 1.160 1.13 5.9 0.63 (0.53)
Matched 1.160 1.11 13.2 −124.3 1.41 (0.15)

Complications Unmatched 0.566 0.57 −2.4 −0.25 (0.79) 1.12

Matched 0.566 0.62 12.4 −418.3 −1.29 (0.19) 1.34
Sex of patient Unmatched 1.410 1.42 −2.4 0.25 (0.80) 0.99

Matched 1.410 1.36 9.5 −301.3 1.00 (0.32) 1.05

Notes: Other tests (LPA: line probe assay, and culture and DST tests).
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