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Abstract

Background

Multidrug-resistant tuberculosis (MDR-TB) continues to be a global health problem. Data on
rifampicin resistance MTB using Xpert- MTB/RIF assay in Ethiopia, particularly in the study
area is limited. The aim of this study was to determine the frequency of MTB and rifampicin
resistant-MTB among presumptive tuberculosis patients in Tigray, Northern Ethiopia.

Methods

A multicenter retrospective study was conducted among presumptive TB patients from five
governmental hospitals and one comprehensive specialized teaching hospital in Tigray
regional state. Records of sputum sample results of presumptive MTB patients with Xpert-
MTB/RIF assay from January 2016 to December 2019 were investigated. Data extraction
tool was used to collect data from registration books and analyzed using SPSS ver.21 statis-
tical software. Statistical significance was set at p-value < 0.05.

Results

Of the 30,935 presumptive adult TB patients who have provided specimens for TB diagnosis
from January 2016 to December 2019, 30,300 (98%) had complete data and were included
in this study. More than half, 17,471 (57.7%) were males, and the age of the patients ranged
from 18—112 years, with a median age of 40.65 (interquartile 29.4-56.5 years). Majority,
28,996 (95.7%) of the participants were treatment naive, and 23,965 (79.1%) were with
unknown HIV status. The overall frequency of MTB was 2,387 (7.9% (95% Cl: 7.6-8.2%); of
these, 215 (9% (95% CI: 7.9—-10.2%) were rifampicin resistant-MTB. Age (18-29 years),
HIV positive and previous TB treatment history were significantly associated with high MTB
(p <0.001), whereas gender (being female) was associated with low MTB (p < 0.001). Like-
wise, rifampicin resistant-MTB was more prevalent among relapse (p < 0.001) and failure
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cases (p = 0.025); while age group 30—-39 years was significantly associated with lower fre-
quency of rifampicin resistant-MTB (p = 0.008).

Conclusion

Frequency of MTB among tuberculosis presumptive patients was low; however, the problem
of rifampicin resistant-MTB among the tuberculosis confirmed patients was high. The high
frequency of MTB and RR-MTB among previously treated and HIV positive patients high-
lights the need for more efforts in TB treatment and monitoring program in the study area.

Introduction

Tuberculosis (TB) is one the top ten causes of mortality and the first killer among infectious
diseases worldwide. Multidrug resistant Mycobacterium tuberculosis (MDR-MTB), defined as
resistant to at least isoniazid and rifampicin, is a major global health problem. According to
the 2019 report of the WHO, globally, an estimated 10.0 million (range, 9.0-11.1 million) peo-
ple fell ill with TB and about 1.2 million (range, 1.1-1.3 million) TB deaths among HIV-nega-
tive people were reported in 2018. Similarly, there were about half a million new cases of
rifampicin-resistant TB (of which 78% had multidrug-resistant TB) in the 2018 [1]. Delay in
early diagnosis and appropriate treatment initiation, and high prevalence of HIV in resource
limited settings made TB and MDR-TB associated morbidity and mortality to be quite high [2,
3].

The WHO endorsed Xpert MTB/RIF assay in 2010, an automated molecular system which
detects both DNA of MTB and rifampicin resistance (RR) simultaneously [4]. Rifampicin
resistant -MTB (RR-MTB) is a proxy marker for MDR-TB in more than 90% of the cases [5].
Initially, the assay was indicated for patients with TB/HIV co-infection, presumptive MDR-TB
and paediatrics TB patients [6]. Three years after its implementation it was recommended for
all TB presumptive patients [7]. In Ethiopia Xpert- MTB/RIF assay was implemented in all
general and referral hospitals since 2014 [8].

Ethiopia is one of the 30 high TB, TB/HIV and MDR-TB burdened countries with a rank of
15th among the high MDR-TB countries with more than 5800 estimated MDR-TB cases each
year [9]. A systematic review from Ethiopia reported that 2.18% of TB treatment naive and
21.07% of previously treated patients had MDR-TB nationwide [10]. Most studies in Ethiopia
used the conventional culture and sensitivity methods not the automated Xpert -MTB/RIF
assay. There are few studies in Ethiopia such as: Addis Ababa [11], Amhara regional state [4]
and Southern Ethiopia [12] on prevalence of TB and rifampicin resistant MTB (RR-MTB)
using Xpert- MTB/RIF assay. However, these studies were far from complete because of their
area coverage. For example, the report from the Ambhara regional state and south Ethiopia
included single hospital each and used small sample size. Similarly, the study conducted in
Addis Ababa included 12,414 samples from four health facilities, but this cannot represent the
national level prevalence. The limitations of the previous studies calls for more data to be gen-
erated from each region with representative sample to forward reasonable findings and recom-
mendations to help policy makers and implementers to plan and design proper intervention
strategies to control TB.

In Tigray regional state, a total of 9,594 TB cases were reported in 2015 [13]. There are only
two studies on MDR-TB in this region [14, 15]. Both of the studies, however, were done on
presumptive MDR-TB patients (failure, relapsed, and who have contact with MDR TB
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patients) which could not show the magnitude of MTB and RR-MTB among the presumptive
TB patients in the region. Hence, addressing this knowledge gap on the prevalence and associ-
ated factors of TB and RR-MTB among presumptive adult TB patients in the study area is
rational to help policy makers and implementers to plan and design proper intervention to
achieve the strategy “End TB by 2035.”

Methods
Study design and study population

Study setting. Tigray Regional state is the North most region of the Federal Democratic
Republic of Ethiopia with population size of 6,960,003 with an area of 54, 572.6 km?. The capi-
tal city of Tigray is Mekelle, located 783 km north of Addis Ababa, the capital of Ethiopia. The
region is bordered by Sudan in the west, Eritrea in the north, Afar regional state in the East
and Ambhara regional state in the South. It is administratively divided into seven Zones and 52
districts (34 rural and 18 urban). In the region, health services are provided by one teaching
and specialized hospital, 12 general hospitals, 22 primary hospitals, 204 health centers, 712
health posts [village clinic] and 500 private health facilities. In the region Xpert-MTB/RIF
assay for TB diagnosis is given in the general hospitals not the primary hospitals.

A multicenter health facility based retrospective cross sectional study design was used to
collect data from January 2016 to December 2019 from five governmental general hospitals. In
this study, general hospitals which introduced Xpert since 2016 were included. Thus, from the
10 general hospitals which introduced Xpert-MTB/RIF assay for MTB diagnosis five hospitals,
and one comprehensive specialized teaching hospital were included namely: Adigrat, Wukro,
Mekelle, Lemelem Karli, Alamata and Ayider comprehensive specialized teaching hospital
located in the three zones of the region (Eastern zone, Southern zone and Mekelle special
zone. Directly observed treatment, short-course (DOTS) TB treatment services are given in all
the health facilities. The region had three MDR-TB treatment initiation centers and 52 treat-
ment follow-up centers (Fig 1).

The source population were all adult patients with clinical signs and symptoms suggestive
of MTB and visited the hospitals between January 2016 and December 2019, and gave sputum
samples for Xpert MTB/RIF assay. Our study participants were all adult patients (>18 years)
whose data of age, sex, Xpert MTB/RIF results, HIV status and MTB treatment history were
recorded in the registration book. Whereas, those children and with any missing information
in age, gender, Xpert MTB/RIF results, invalid, indeterminate Xpert MTB/RIF results, HIV
status and TB treatment history were excluded from the study.

Inclusion criteria. We included all presumptive TB adult patients (above >18 years) with
complete record of age, sex, Xpert -MTB/RIF results, HIV status, and TB treatment history.
Whereas, children and adults with any missing record on age, gender, Xpert- MTB/RIF results,
invalid, indeterminate Xpert MTB/RIF results, HIV status, and TB treatment history were
excluded from the study.

Variables

Outcome variable. MTB and RR-MTB among presumptive TB patients.
Independent variables. Age, gender, HIV status and TB treatment history.

Operational definitions

New cases. Patients have never been treated for TB before
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Fig 1. Map of the study area.
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Relapse case. Isa TB patient who has become (and remained) culture negative while
receiving therapy but after completion of therapy becomes: culture positive again

Lost to follow up. A TB patient who did not start treatment or whose treatment was inter-
rupted for 2 consecutive months or more

Failure case. Isa TB patient whose sputum smear or culture is positive at month 5 or later

during treatment

MDR-TB. TB that does not respond to at least isoniazid and rifampicin, the most impor-

tant first-line anti-TB drugs

Rifampicin-resistant TB (RR-TB).

Defined as resistance to rifampicin detected using

genotypic or phenotypic methods with or without resistance to other first-line anti-TB drugs

Data collection

Patients’ socio-demographic characteristics (such as age and sex) and clinical-related data
(such as Xpert MTB/RIF results, HIV status, and MTB treatment history) were collected using
a structured data extraction sheet from Xpert MTB/RIF paper based registration books in each

health facilities.
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Laboratory processing

A single sputum sample per patient was used for the diagnosis of TB using Xpert-MTB/RIF
assay (Cepheid, Sunnyvale, CA, USA). Briefly, after sputum was collected, it was mixed with
sample reagent buffer in 1:2 (sample: sample reagent buffer) volume ratio. Then, closing it
tightly, vortexed for 15 seconds and allowed to stand at room temperature for 10 min. It was
again vortexed after 10 min and allowed to stand for 5 min, using the Pasteur pipette provided
with the kit >2mL of the (just above 2mL mark on pipette) processed sample was put into the
Xpert -MTB/RIF cartridge. Then the cartridge with the specimen was loaded to the Xpert
machine. Finally, results were collected from the Xpert computer after 2h [16].

HIV testing

Rapid HIV test was done according to the national algorithm of the Federal Ministry of Health
of Ethiopia.

Data analysis

After data completeness is checked, data was entered and analyzed using SPSS Version 21. Fre-
quency, mean, range and standard deviation were computed. Chi-square and logistic regres-
sion analysis were done to identify the associated factors with MTB and RR-MTB. Significant
variables in binary logistic regression were analyzed using multiple logistic regressions to iden-
tify variables which had association with MTB and RR-MTB at p < 0.05.

Ethical consideration

Before the study was conducted, ethical clearance was obtained from Aksum University; Col-
lege of Health Sciences Institutional Review Board (IRB). Besides, a letter of cooperation was
written from the Tigray Regional Health Bureau to each study hospitals and permission was
obtained accordingly.

Result
Socio-demographic, clinical characteristics and MTB results

Out of the total 30, 935 presumptive adult TB patients who have provided sputum samples for
MTB diagnosis, 30,300 (98%) had complete data and were included in this study. More than
half 17,471 (57.7%) were males and the median age was 40.65 (interquartile 29.4-56.5 years).
The majority, 28,996 (95.7%) and 23,965 (79.1%) of the participants were treatment naive and
with unknown HIV status, respectively. Overall, the frequency of MTB was 2387(7.9%), of
those, frequency of RR-MTB was 215 (9%) (Table 1).

Associated risk factors of MTB infections

In this study, females were 14% times less likely [Adjusted Odds Ratio (AOR) = 0.86; 95%
CI=0.79, 0.94, p < 0.001] to have MTB compared to males. The odds of having MTB showed
a decreasing trend by age. Patients whose age was greater than 29 years were less likely to have
MTB compared to 18-29 years [p < 0.001]. Likewise, HIV positive patients were 1.54 times
[AOR: 1.54; 95% CI: 1.33-1.72, p < 0.001]. The odds of MTB was higher among previously
treated patients [p < 0.001] [Table 2].
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Table 1. Socio-demographic, clinical characteristics and MTB result among presumptive adult patients in East-
ern, Mekelle and Southern Zones of Tigray, Ethiopia, 2016-2019 (N = 30,300).

Variables Frequency %
Gender

Male 17471 57.7
Female 12829 42.3
Age

18-29 7453 24.6
30-39 6300 20.8
40-49 5349 17.7
50-59 4337 14.3
60-69 3749 12.4
70-112 3112 10.3
HIV Status

Positive 2675 8.8
Negative 3660 12.1
Unknown 23965 79.1
TB Treatment History

New case 28996 95.7
Relapse 1222 4
Lost 25 0.1
Failure 57 0.2
MTB Result

Detected 2387 7.9
Not detected 27913 92.1
RR_MTB Result (N =2,387)

RR _MTB detected 215 9
RR _MTB not detected 2172 91

RR = rifampicin resistance.

https://doi.org/10.1371/journal.pone.0240361.t001

Associated risk factors of RR-MTB

Of the total 2,387 MTB confirmed patients, 215 (9%) of them were infected by RR-MTB.
Patients whose age was between 30-39 years were 49% times less likely to have RR-MTB
[AOR =0.51; 95% CI = 0.31, 0.84, p = 0.008] compared to the age groups of 18-29 years. On
the other hand, RR-MTB was significantly prevalent among relapse cases [AOR = 3.26; 95%
CI=2.14,4.97, p < 0.001] and failure cases [AOR = 3.75; 95% CI = 1.18, 11.92, p = 0.025]
[Table 3].

Frequency of MTB and RR- MTB by study years

Fig 2 compares the frequency of MTB and RR-MTB by study years. The number of MTB sus-
pected patients who visited the hospitals increased from 3281 in 2016 to 11023 in 2018. Simi-
larly, the absolute number of MTB positive has also increased from 408 in 2016 to 793 in 2018.
However, the actual of percent of MTB frequency significantly decreased from (12.4%) in 2016
to (6.8%) in 2019 (p < 0.001, data not shown). Similarly though the absolute number of
RR-MTB positive cases shows an increment from 42 in 2016 to 65 in 2018, it was not statisti-
cally significant (p > 0.05) [Fig 2].
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Table 2. Frequency of MTB by gender, age, treatment history, and HIV status in Eastern, Mekelle and Southern Zones of Tigray, Ethiopia, 2016-2019 (N = 30,

300).

Variables MTB Pos. N (%) MTB Neg. N (%) COR (95% CI) P value AOR (95%CI) P value
Gender

Male 1457(61) 16014(57.4) Ref Ref

Female 930 (39) 11899(42.6) 0.86(0.79-0.94) <0.001* 0.86(0.79-0.94) <0.001*
Age

18-29 940(39.4) 6513(23.3) Ref Ref

30-39 580(24.3) 5720(20.5) 0.7(0.63-0.78) <0.001* 0.7(0.63-0.78) <0.001*
40-49 388(16.3) 4961(17.8) 0.54(0.48-0.61) <0.001* 0.54(0.47-0.61) <0.001*
50-59 239(10) 4098(14.7) 0.4(0.35-0.47) <0.001* 0.4(0.35-0.47) <0.001*
60-69 144(6) 3605(12.9) 0.28(0.23-0.33) <0.001* 0.28(0.18-0.27) <0.001*
70-112 96(4) 3016(10.8) 0.22(0.22-0.18) <0.001* 0.22(0.18-0.27) <0.001*
HIV status (n = 665)

Positive 288(12.1) 2387(89.2) 1. 56 (1.37-1.78) <0.001* 1.54(1.33-1.72) <0.001*
Negative 377(15.8) 3283(11.8) Ref Ref

TB Treatment History

New cases 2195(92) 26801(96) Ref Ref

Relapse 168(7) 1054(3.8) 1.95(1.6-2.3) <0.001* 2.0(1.69-2.36) <0.001*
Lost 7(0.3) 18(0.1) 4.75(1.98-11.4) <0.001* 5.21(2.1-12.8) <0.001*
Failure 17(0.7) 40(0.1) 5.2(2.94-9.17) <0.001* 5.4(3.0-9.7) <0.001*
*: Statistically significant.

https://doi.org/10.1371/journal.pone.0240361.t002

Table 3. Frequency of RR-MTB among adult TB patients by sex, age, treatment history and HIV status in Eastern, Mekelle and Southern Zones of Tigray, Ethiopia,
2016-2019 (N = 2,387).

Variables RR-MTB N (%) Not RR-MTB N (%) COR (95% CI) P value AOR (95%CI) P value
Gender

Male 125(58.1) 1332(61.3) Ref Ref

Female 90(41.9) 840(38.7) 1.1(0.86-1.52) 0.36 1.1(0.82-1.46) 0.54
Age

18-29 90(41.9) 850(39.1) Ref Ref

30-39 58(27) 522(24) 1.1(0.74-1.5) 0.79 0.51(0.31-0.84) 0.008*
40-49 21(9.8) 367(16.9) 0.54(0.33-1.82) 0.14 0.51 (0.45-1.30) 0.19
50-59 32(14.9) 207(9.5) 1.5(0.95-2.25) 0.085 0.64(0.32-1.3) 0.22
60-69 9(4.2) 135(6.2) 0.6(0.31-1.3) 0.20 0.47(0.19-1.2) 0.12
70-112 5(2.5) 91(4.2) 0.52(0.21-1.3) 0.17 0.65(0.33-1.34) 0.29
HIV status (n = 55)

Positive 17(7.9) 271(12.5) 0.62(0.37-1.03) 0.06 0.53(0.31-0.9) 0.064
Negative 38(17.7) 339(15.6) Ref Ref

TB Treatment History

New case 176(81.9) 2019(93) Ref Ref

Relapse 34(15.8) 134(6.2) 2.9(1.94-4.37) <0.001* 3.26(2.14-4.97) <0.001*
Lost 1(0.5) 6(0.3) 1.9(.23-15-97) 0.55 1.7(0.19-14.52) 0.63
Failure 4(1.9) 13(0.6) 3.5(1.2-10.94) 0.029 3.75(1.18-11.9) 0.025*

*: Statistically significant.

https:/doi.org/10.1371/journal.pone.0240361.t003
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Fig 2. Frequency of MTB and RR- MTB by study years.

https://doi.org/10.1371/journal.pone.0240361.9g002

Discussion

Availability of local epidemiological data on MTB and RR-MTB and identification of poten-
tially predisposing factors is of paramount to design appropriate intervention strategies to con-
trol MTB. Overall, the frequency of MTB and RR-MTB in this study were 7.9% and 9%,
respectively. MTB frequency (7.9%) in this study was more or less comparable with previous
reports from Addis Ababa, [17] and Amhara region, [18]. However, our result was lower than
studies conducted in Addis Ababa [11, 19], Southern Ethiopia [12], Somali region [20], Tigray
region [15] and Oromia region [21], Amhara region [4, 22, 23], Congo [24], South Africa [25],
Togo [26], Nigeria [27, 28], Korea [29], Pakistan [30], India [27, 31-34] and China [35]. How-
ever, our frequency was higher than the study conducted in Oromia region [36].

Possible reasons for the variations could be due to differences in methodological techniques
(culture vs Xpert), study participants, study period, sample size, geography and TB control and
prevention practices. For example, the high TB frequency in South Ethiopia [12], Oromia
region [21], Amhara region [23], Tigray region [15], Congo [24], India [33] and Togo [26] was
because their study participants were MDR presumptive patients (relapse, defaulter, lost and
failure) unlike this study which included TB presumptive patients. Another possible reason for
the high MTB recovery in the other studies such as Oromia region [36], Amhara region, [22],
and Nigeria [28], used small sample size (small sampling could artificially generate higher
prevalence rate).
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The high prevalence of MTB in the studies from Somalia region [20], Pakistan [30], Bangla-
desh [37], India [32] and Togo [26] compared to our results reflects the higher disease burden
in these countries. It could be due to the fact that their early reporting period, which was 2011
to 2014 where Xpert was initially indicated for patients with TB/HIV co-infection, presump-
tive MDR-TB and paediatrics TB patients. Whereas, this study was carried out from 2016 to
2019 where the method was used to all presumptive MTB patients.

The age range of our study participants was 18-112 years. Of these, participants whose age
was 29 years or greater were less infected by MTB compared to the 18-29 years age groups
(p< 0.05). Though there is no clear cut value for age, other studies reported higher prevalence
in different age groups: 16-30 years [12], 25-34 years [22], while others reported no associa-
tion between age and TB infection [2, 11, 21, 27]. Females were 14% times less likely
[AOR = 0.86; 95% CI = 0.79, 0.94, p< 0.001] to have TB compared to males which was sup-
ported by other studies [4], Philippines [38] and North Sudan [36]. This could be probably due
to males usually spending less time at home and have more frequent contacts with TB patients
while females usually stay at home. Hence this could put males at more exposure to the disease
[39].

On the other hand, previously treated patients (failure, relapse and lost to follow up) were
more infected by MTB compared to new cases which was in line with a report by Adane et al
[22]. The high TB prevalence in the previously treated highlights the need to give due attention
in the DOT program as this may indicate high TB transmission to new TB cases in the com-
munity and in the case of relapse, the lack of TB treatment monitoring and control.

The distribution of RR-MTB is a big health problem in the study population. The frequency
of RR-MTB (9%) in our study is in line with previous reports from Addis Ababa [11, 17],
Ambhara region, [4], Nigeria [27, 40], Korea [30], and India [32-34]. However, our frequency
is lower than previous similar studies conducted in other parts of Ethiopia: Oromia region
[21], Amhara region [23], Tigray region [14, 15], Congo [24], Nigeria [28], Togo [26], Russia
[41], India [34], Bangladesh [37], Pakistan [31] and China [35]. Others have reported lower
RR- TB prevalence in Southern Ethiopia [12], Amhara region [22], and Addis Ababa [19].

Possible reasons for the differences in the RR-MTB results could be due to variations in
geography, methodology (sample size, method of diagnosis, study participants), study setting,
study period and TB control practice. The high RR-MTB prevalence in Oromia region [21],
Ambhara region [23], Tigray region [15], Congo [24], India [33] and Togo [26] is due to the
fact their study participants were suspected of MDR-TB (relapse, defaulter, lost and failure)
unlike the presumptive TB patients which are included in this study. Low RR-MTB in study by
Hamusse et al [36], could be due to the fact that the study was a community based study, not
health service based one. The high RR-MTB reports from Somali region [20], Pakistan [31],
Bangladesh [37], India [27] and Togo [26] compared to this report might be due to the differ-
ence in the study period and the scope to use Xpert for TB diagnosis. These studies were con-
ducted between 2011 and 2014, where Xpert assay was indicated only for patients with
presumptive MDR-TB. This study however, included data from 2016 to 2019 where Xpert-
MTB/RIF Assay was recommended for all TB suspected patients.

In the present study, gender was not associated with RR-MTB; however, others [11, 23, 41]
have indicated more RR-MTB among females compared to males. In contrary to this, other
studies have reported more RR-MTB infection among males [14, 27, 40]. Similarly, age groups
of 30-39 years in this study were less infected by RR-MTB compared to the other age group
which was similar to other studies [23, 40]. The other associated factor with RR-MTB in this
study was previous TB treatment. This is in agreement with previous reports [11, 21, 23, 27,
41]. The strong association of rifampicin resistance MTB with previous treatment highlights
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the need for coordinated work of stake holders so as to improve the monitoring of treatment
to reduce the emergence of circulating drug resistant MTB strains in the community.

This study has also tried to see the trend of MTB and RR-MTB through time. Accordingly,
a significant decrease in the percentage of MTB frequency while the actual number of MTB
detection increases show that the regional government and stakeholders have to perform well
to tackle tuberculosis in the region. Though it was not statistically significant, the absolute
number of RR-MTB positive cases shows an increment from 2016 to 2018.

This multicenter health facility based study was held in Tigray regional state and collected a
large sample size. This is believed to give an updated information on the frequency of TB and
RR-MTB to the regional and national governments. However, this study has limitations. First,
the study was carried out only in one region of the nation (Tigray); the economic and regional
disparities limited the generalization of the result. Second, we couldn’t do microbiological con-
firmation of the Xpert positive MTB and RR-MTB, phenotypic rifampicin resistance and resis-
tance to other anti-TB drugs because of the retrospective nature of the study. Third, we could
not get information on contact history of MDR -TB and TB, education, and living conditions
of patients; thus, we were unable to show the associations between these factors with our out-
come variables.

Conclusion

The frequency of MTB and RR-MTB in this study were 7.9% and 9%, respectively. Age (18-29
years), HIV positive and previous TB treatment history were significantly associated with high
MTB, whereas gender (being female) was associated with low MTB. While rifampicin resis-
tant-MTB was more prevalent among relapse and failure cases; it was lower among the age
group of 30-39 years. The strong association MTB and RR-MTB with previous treatment
highlights the need for more attention in TB treatment and monitoring program in the study
area. Though frequency of MTB shows a decreasing trend over the study period, the preva-
lence still shows that more works should be done to further combat MTB associated morbidi-
ties and mortalities in the study area.

Acknowledgments

We would like to thank all the hospital directors and laboratory staft of the study hospitals for
their co-operation in allowing the researchers to access the records and extract the data.

Author Contributions

Conceptualization: Araya Gebreyesus Wasihun, Tsehaye Asmelash Dejene, Genet Gebrehi-
wet Hailu.

Formal analysis: Araya Gebreyesus Wasihun, Genet Gebrehiwet Hailu.
Methodology: Araya Gebreyesus Wasihun.

Visualization: Tsehaye Asmelash Dejene.

Writing - original draft: Araya Gebreyesus Wasihun, Tsehaye Asmelash Dejene.

Writing - review & editing: Araya Gebreyesus Wasihun, Tsehaye Asmelash Dejene, Genet
Gebrehiwet Hailu.

References
1.  WHO. Global Tuberculosis Report: 2019.

PLOS ONE | https://doi.org/10.1371/journal.pone.0240361 November 4, 2020 10/12


https://doi.org/10.1371/journal.pone.0240361

PLOS ONE

Frequency of MTB and rifampicin resistance MTB using Xpert-MTB/RIF assay Northern Ethiopia

11.

12

13.
14.

15.

16.
17.

18.

19.

20.

21.

22,

23.

© © ® N

Abebe G, Abdissa K, Abdissa A, Apers L, Agonafir M, Bouke C, et al. Relatively low primary drug resis-
tant tuberculosis in southwestern Ethiopia. BMC Research Notes; 2012; 5:1. https://doi.org/10.1186/
1756-0500-5-1 PMID: 22214347

Storla DG, Yimer S, Bjune GA. A systematic review of delay in the diagnosis and treatment of tuberculo-
sis. BMC Public Health. 2008; 9: 1-9. https://doi.org/10.1186/1471-2458-8-15 PMID: 18194573

Mulu W, Abera B, Yimer M, Hailu T, Ayele H, Abate D. Rifampicin - resistance pattern of Mycobacterium
tuberculosis and associated factors among presumptive tuberculosis patients referred to Debre Markos
Referral Hospital, Ethiopia : a cross - sectional study. BMC Res Notes. 2017; 10: 1-8. https://doi.org/10.
1186/s13104-016-2345-3 PMID: 28057050

Philly O’Riordan Uli Schwab, Logan Sarah, Cooke Graham, Wilkinson Robert J., Davidson Robert N.,
et al. Rapid molecular detection of rifampicin resistance facilitates early diagnosis and treatment of
multi-drug resistant tuberculosis. PLoS One. 2008; 3: 1-7. https://doi.org/10.1371/journal.pone.
0003173 PMID: 18779863

WHO. Rapid implementation of the Xpert MTB/RIF diagnostic test. Geneva: 2011.

WHO. Xpert MTB/RIF assay for the diagnosis of TB Meeting report. 2016.

Implementation Guideline for Gene Xpert MTB/RIF assay In Ethiopia: Adiss Ababa. 2014.

World Health Organization. Global tuberculosis report 2017. Geneva, Swizerland: WHO press; 2017.

Girum T, Muktar E, Lentiro K, Wondiye H, Shewangizaw M. Epidemiology of multidrugresistant tubercu-
losis (MDR-TB) in Ethiopia : a systematic review and meta-analysis of the prevalence, determinants
and treatment outcome. Tropical Diseases, Travel Medicine and Vaccines; 2018; 4: 1—12. hitps://doi.
org/10.1186/s40794-018-0061-9 PMID: 29507748

Arega B, Menbere F, Getachew Y. Prevalence of rifampicin resistant Mycobacterium tuberculosis
among presumptive tuberculosis patients in selected governmental hospitals in Addis. BMC Infectious
Diseases; 2019; 19: 1-5. https://doi.org/10.1186/s12879-019-3943-1 PMID: 30947695

Hordofa MW, Adela TB. Prevalence of Refampcin Mono Resistant Mycobacterium Tuberculosis among
Suspected Cases Attending at Yirgalem Hospital. Clin Med Res. 2015; 4: 75-78. https://doi.org/10.
11648/j.cmr.20150403.13

TRHB. Tigray Regional Health Bureau First Draft 2008 EFY Annual Profile. 2016.

Tesfay K, Tesfay S, Nigus E, Gebreyesus A. More than half of presumptive multidrugresistant cases
referred to a tuberculosis referral laboratory in the Tigray region of Ethiopia are multidrug resistant. Int J
Mycobacteriology. 2016; 5: 324-327.

Mehari K, Asmelash T, Hailekiros H, Wubayehu T, Godefay H, Araya T, et al. Prevalence and Factors
Associated with Multidrug-Resistant Tuberculosis (MDR-TB) among Presumptive MDR-TB Patients in
Tigray Region, Northern Ethiopia. Can J Infect Dis Med Microbiol. 2019; 2019: 1-8. https://doi.org/10.
1155/2019/2923549 PMID: 31583034

Cepheid. GeneXpert Dx System Users’ manual. 2012. p. 2—-13.

Sinshaw W, Kebede A, Bitew A, Tesfaye E, Tadesse M, Mehamed Z, et al. Prevalence of tuberculosis,
multidrug resistant tuberculosis and associated risk factors among smear negative presumptive pulmo-
nary tuberculosis patients in Addis. BMC Infect Dis. BMC Infectious Diseases; 2019; 19: 1-15. https://
doi.org/10.1186/s12879-018-3567-x PMID: 30606108

Biadglegne F, Rodloff AC, Sack U. A First Insight into High Prevalence of Undiagnosed Smear-Nega-
tive Pulmonary Tuberculosis in Northern Ethiopian Prisons : Implications for Greater Investment and
Quality Control. PLoS One. 2014; 9. https://doi.org/10.1371/journal.pone.0106869 PMID: 25203007

Desta K, Asrat D, Lemma E, Gebeyehu M, Feleke B. Drug susceptibility of Mycobacterium tuberculosis
isolates from smear negative pulmonary tuberculosis patients, Addis. Ethiop J Health Dev. 2008; 22:
212-215.

Geleta DA, Megerssa YC, Gudeta AN, Akalu GT. Xpert MTB / RIF assay for diagnosis of pulmonary
tuberculosis in sputum specimens in remote health care facility. BMC Microbiology; 2015; 1-6. https://
doi.org/10.1186/s12866-014-0320-5 PMID: 25591663

Mulisa G, Workneh T, Hordofa N, Suaudi M, Abebe G. International Journal of Infectious Diseases Mul-
tidrug-resistant Mycobacterium tuberculosis and associated risk factors in Oromia Region of Ethiopia.
International Society for Infectious Diseases; 2015; 39: 57—61. https://doi.org/10.1016/}.ijid.2015.08.
013 PMID: 26327121

Adane K, Ameni G, Bekele S, Abebe M, Aseffa A. Prevalence and drug resistance profile of Mycobacte-
rium tuberculosis isolated from pulmonary tuberculosis patients attending two public hospitals in East
Gojjam zone, northwest Ethiopia. BMC Public Health; 2015; 15: 1-8. https://doi.org/10.1186/1471-
2458-15-1 PMID: 25563658

Nigus DM, Lingerew WM, Beyene BA, Tamiru AA, Lemma MT, Yimer M. Prevalence of Multi Drug
Resistant Tuberculosis among Presumptive Multi Drug Resistant Tuberculosis Cases in Amhara

PLOS ONE | https://doi.org/10.1371/journal.pone.0240361 November 4, 2020 11/12


https://doi.org/10.1186/1756-0500-5-1
https://doi.org/10.1186/1756-0500-5-1
http://www.ncbi.nlm.nih.gov/pubmed/22214347
https://doi.org/10.1186/1471-2458-8-15
http://www.ncbi.nlm.nih.gov/pubmed/18194573
https://doi.org/10.1186/s13104-016-2345-3
https://doi.org/10.1186/s13104-016-2345-3
http://www.ncbi.nlm.nih.gov/pubmed/28057050
https://doi.org/10.1371/journal.pone.0003173
https://doi.org/10.1371/journal.pone.0003173
http://www.ncbi.nlm.nih.gov/pubmed/18779863
https://doi.org/10.1186/s40794-018-0061-9
https://doi.org/10.1186/s40794-018-0061-9
http://www.ncbi.nlm.nih.gov/pubmed/29507748
https://doi.org/10.1186/s12879-019-3943-1
http://www.ncbi.nlm.nih.gov/pubmed/30947695
https://doi.org/10.11648/j.cmr.20150403.13
https://doi.org/10.11648/j.cmr.20150403.13
https://doi.org/10.1155/2019/2923549
https://doi.org/10.1155/2019/2923549
http://www.ncbi.nlm.nih.gov/pubmed/31583034
https://doi.org/10.1186/s12879-018-3567-x
https://doi.org/10.1186/s12879-018-3567-x
http://www.ncbi.nlm.nih.gov/pubmed/30606108
https://doi.org/10.1371/journal.pone.0106869
http://www.ncbi.nlm.nih.gov/pubmed/25203007
https://doi.org/10.1186/s12866-014-0320-5
https://doi.org/10.1186/s12866-014-0320-5
http://www.ncbi.nlm.nih.gov/pubmed/25591663
https://doi.org/10.1016/j.ijid.2015.08.013
https://doi.org/10.1016/j.ijid.2015.08.013
http://www.ncbi.nlm.nih.gov/pubmed/26327121
https://doi.org/10.1186/1471-2458-15-1
https://doi.org/10.1186/1471-2458-15-1
http://www.ncbi.nlm.nih.gov/pubmed/25563658
https://doi.org/10.1371/journal.pone.0240361

PLOS ONE

Frequency of MTB and rifampicin resistance MTB using Xpert-MTB/RIF assay Northern Ethiopia

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

National Regional State, Ethiopia Mycobacterial Diseases. J Mycobac Dis. 2014; 4: 2—7. https://doi.org/
10.4172/2161-1068.1000152

Farra A, Manirakiza A, Yambiyo BM, Zandanga G, Lokoti B, Berlioz-arthaud A, et al. Surveillance of
Rifampicin Resistance With GeneXpert MTB / RIF in the National Reference Laboratory for Tuberculo-
sis at the Institut Pasteur in Bangui, 2015-2017. Open Forum Infect Dis. 2019; 6: 2015-2017. https:/
doi.org/10.1093/0fid/0fz075 PMID: 30949526

Nicol MP, Workman L, Isaacs W, Munro J, Black F, Eley B, et al. Europe PMC Funders Group Accuracy
of the Xpert MTB / RIF test for the diagnosis of pulmonary tuberculosis in children admitted to hospital in
Cape Town, South Africa : a descriptive study. Lancet Infect Dis. 2014; 11: 819-824. https://doi.org/10.
1016/S1473-3099(11)70167-0.Accuracy

Dagnra AY, Mlaga KD, Adjoh K, Kadanga E, Disse K, Adekambi T. Prevalence of multidrug-resistant
tuberculosis cases among HIV-positive and HIV-negative patients eligible for retreatment regimen in
Togo using GeneXpert MTB / RIF. New Microbes New Infect. The Authors; 2015; 8: 24-27. https://doi.
org/10.1016/j.nmni.2015.09.001 PMID: 28626586

Denue BA, Miyanacha WJ, Wudiri Z, Alkali MB, Goni BW, Akawu CB. rifampicin resistance among pre-
sumptive pulmonary tuberculosis cases in Borno state, North - Eastern Nigeria. Port Harcourt Med J |.
2019; 12: 64-69. https://doi.org/10.4103/phmj.phmj

Peter Ogie Ikuabe1,& IDE. assay in patients with pulmonary tuberculosis in Yenagoa, Nigeria. Pan Afri-
can Med Journal. 2018; 29: 1—4. https://doi.org/10.11604/pam;j.2018.29.204.14579 PMID: 30100958

Kim C, Hyun IG, Hwang YIL, Kim D, Lee CY, Lee MG, et al. Identification of Mycobacterium tuberculosis
and Rifampin Resistance in Clinical Specimens Using the Xpert MTB / RIF Assay. Ann Clin Lab Sci.
2015; 45: 32—-38. PMID: 25696008

Ullah I, Shah AA, Basit A, Ali M, Ullah U, Ihtesham M, et al. Rifampicin resistance mutations in the 81 bp
RRDR of rpo B gene in Mycobacterium tuberculosis clinical isolates using Xpert MTB / RIF in Khyber
Pakhtunkhwa, Pakistan : a retrospective study. BMC Infectious Diseases; 2016; 4-9. https://doi.org/10.
1186/512879-015-1331-z PMID: 26739444

Reddy R, Alvarez-uria G. Molecular Epidemiology of Rifampicin Resistance in Mycobacterium tubercu-
losis Using the GeneXpert MTB / RIF Assay from a Rural Setting in India. Hindawi. 2017; 2017: 1-5.
https://doi.org/10.1155/2017/6738095 PMID: 29225973

Ingole K, Kamble SW, Mundhada S. Prevalence of Mycobacterium tuberculosis and Multidrug Resis-
tance Tuberculosis by Using GeneXpert MTB / RIF System at a Tertiary Care Center in Maharashtra.
IntJ Curr Res Rev. 2018; 10: 1-5.

Kaur Ramandeep, Jindal Neerja, Arora Shilpa and SK. Epidemiology of Rifampicin Resistant Tubercu-
losis and Common Mutations in rpoB Gene of Mycobacterium tuberculosis: A Retrospective Study from
Six Districts of Punjab (India) Using Xpert MTB/RIF Assay. J Lab Physicians. 2016; 8: 96—100. https://
doi.org/10.4103/0974-2727.180789 PMID: 27365918

Huang Hai, Zhang Yanlin, Li Sheng, Wang Jun, Chen Jun, Pan Zhiyun et al. Rifampicin Resistance and
Multidrug-Resistant Tuberculosis Detection Using Xpert MTB/RIF in Wuhan, China: A Retrospective
Study. Microb DRUG Resist. 2018; 24: 675—680. https://doi.org/10.1089/mdr.2017.0114 PMID: 29053085

Hamusse SD, Teshome D, Hussen MS, Demissie M, Lindtjgrn B. Primary and secondary anti-tubercu-
losis drug resistance in Hitossa District of Arsi Zone, Oromia Regional State, Central Ethiopia.BMC
Public Health; 2016; 1—10. https://doi.org/10.1186/s12889-015-2639-8 PMID: 26728978

Rahman A, Sahrin M, Afrin S, Earley K, Ahmed S. Comparison of Xpert MTB / RIF Assay and Geno-
Type MTBDR plus DNA Probes for Detection of Mutations Associated with Rifampicin Resistance in
Mycobacterium tuberculosis. PLoS One. 2016; 11: 1-11.

Heather J Zar, Tom G Connell MN. Diagnosis of Pulmonary Tuberculosis in Children: New Advances.
Expert Rev Anti Infect Ther. 2010; 8: 277-88. https://doi.org/10.1586/eri.10.9 PMID: 20192682

Report S. Tuberculosis among children, adolescents and young adults in the Philippines: a surveillance
report. West Pacific Surveill Response J. 2018; 9: 16—20. https://doi.org/10.5365/wpsar.2017.8.4.011
PMID: 30766743

Ukwamedua H, Omote V, Etaghene J, Ejike M, Celia I, Agbroko H. Heliyon Rifampicin resistance
among notified pulmonary tuberculosis (PTB) cases in South-Southern Nigeria. Heliyon. Elsevier Ltd;
2019; 5: e02096. https://doi.org/10.1016/j.heliyon.2019.e02096 PMID: 31360790

Toungoussova S1, Caugant DA, Sandven P, Mariandyshev AO BG. Drug resistance of Mycobacterium
tuberculosis strains isolated from patients with pulmonary tuberculosis in Archangels, Russia. Int J
Tuberc Lung Dis. 2002; 6: 406—14. PMID: 12019916

Tilahun M, Ameni G, Desta K, Zewude A, Yamuah L, Abebe M, et al. Molecular epidemiology and drug
sensitivity pattern of Mycobacterium tuberculosis strains isolated from pulmonary tuberculosis patients
in and around Ambo Town, Central. PLoS One. 2018; 13: 1-12. https://doi.org/10.1371/journal.pone.
0193083 PMID: 29447273

PLOS ONE | https://doi.org/10.1371/journal.pone.0240361 November 4, 2020 12/12


https://doi.org/10.4172/2161-1068.1000152
https://doi.org/10.4172/2161-1068.1000152
https://doi.org/10.1093/ofid/ofz075
https://doi.org/10.1093/ofid/ofz075
http://www.ncbi.nlm.nih.gov/pubmed/30949526
https://doi.org/10.1016/S1473-3099
https://doi.org/10.1016/S1473-3099
https://doi.org/10.1016/j.nmni.2015.09.001
https://doi.org/10.1016/j.nmni.2015.09.001
http://www.ncbi.nlm.nih.gov/pubmed/28626586
https://doi.org/10.4103/phmj.phmj
https://doi.org/10.11604/pamj.2018.29.204.14579
http://www.ncbi.nlm.nih.gov/pubmed/30100958
http://www.ncbi.nlm.nih.gov/pubmed/25696008
https://doi.org/10.1186/s12879-015-1331-z
https://doi.org/10.1186/s12879-015-1331-z
http://www.ncbi.nlm.nih.gov/pubmed/26739444
https://doi.org/10.1155/2017/6738095
http://www.ncbi.nlm.nih.gov/pubmed/29225973
https://doi.org/10.4103/0974-2727.180789
https://doi.org/10.4103/0974-2727.180789
http://www.ncbi.nlm.nih.gov/pubmed/27365918
https://doi.org/10.1089/mdr.2017.0114
http://www.ncbi.nlm.nih.gov/pubmed/29053085
https://doi.org/10.1186/s12889-015-2639-8
http://www.ncbi.nlm.nih.gov/pubmed/26728978
https://doi.org/10.1586/eri.10.9
http://www.ncbi.nlm.nih.gov/pubmed/20192682
https://doi.org/10.5365/wpsar.2017.8.4.011
http://www.ncbi.nlm.nih.gov/pubmed/30766743
https://doi.org/10.1016/j.heliyon.2019.e02096
http://www.ncbi.nlm.nih.gov/pubmed/31360790
http://www.ncbi.nlm.nih.gov/pubmed/12019916
https://doi.org/10.1371/journal.pone.0193083
https://doi.org/10.1371/journal.pone.0193083
http://www.ncbi.nlm.nih.gov/pubmed/29447273
https://doi.org/10.1371/journal.pone.0240361

