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Abstract

Background: Rifampicin-resistant pulmonary tuberculosis (RR-PTB) remains a global health burden. The spread of RR Mycobacterium 
tuberculosis is a threat to treatment and control of tuberculosis. Objective: This study aimed to assess the rate of RR-PTB and 
further determine the factors associated with it. Materials and Methods: This study was achieved in April and May 2022. Data were 
collected, reviewed, and analyzed from archived records of patients who had been tested using Xpert MTB/RIF assay at the Chest 
and Respiratory Disease Specialized Centre in Erbil City from January 1, 2015 to December 31, 2020. Results: A total of 1236 medical 
records of patients who tested for drug resistance using GeneXpert were included in this retrospective data analysis study. Overall, 
GeneXpert positive results were reported in 196 cases (15.9%) which denote confirmed cases of tuberculosis by the GeneXpert test 
in the period 2015–2020. From the total confirmed patients, twenty-one cases (21,10.7%) were found to be RR-PTB. The highest 
prevalence of RR-PTB according to gender, age range, category of patients, and prevalence of HIV status was as follows: male (11; 
52.4%), 18–28 years (9; 42.9%), relapse (13; 61.9%), and HIV positivity (12; 57.1%), respectively. The differences in distribution of the 
rifampicin resistance concerning the aforementioned demography were as follows: gender: nonsignificant, age range: not significant, 
relapse: significant (P ≤ 0.05), HIV positivity: highly significant (P ≤ 0.01). Conclusion: This study reported the prevalence rate of 
rifampicin-resistant M. tuberculosis was 10.7% among confirmed TB patients. HIV-positive and previous TB treatment history were 
significantly associated with high RR-PTB. This result showed that GeneXpert assay is a convenient tool for the early diagnosis of 
rifampicin-resistant M. tuberculosis.
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Introduction
Tuberculosis (TB) is one of  the most contagious bacterial 
diseases that poses a public health risk.[1] It is estimated 
that 10.0 million new cases of  tuberculosis occurred 
in 2019 at a rate of  132 per 100,000 population, with 
high mortality, resulting in 1.2 million (16 per 100000 
population) deaths globally.[2] According to the World 
Health Organization (WHO), the Middle East has 810,000 
cases of  tuberculosis at a rate of  115 per 100,000 people, 
and Iraq has 16 000 cases at a rate of  42 per 100,000 
people.[3] Currently, the standard TB treatment regimen 
combines four first-line antibiotics, isoniazid (INH), 
rifampin (RIF), pyrazinamide (PZA), and ethambutol 
(EMB), which render a patient noncontagious when 

properly administered.[4] Drug-resistant Mycobacterium 
tuberculosis (TB), notably multidrug-resistant 
tuberculosis (MDR-TB) and, more recently, extensively 
drug-resistant tuberculosis (XDR-TB), has emerged as 
a serious public health issue, posing a danger to global 
TB control efforts.[5] MDR-TB is defined as a disease 
caused by strains of  M. tuberculosis that are resistant to 
treatment with at least isoniazid (INH) and rifampicin 
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(RIF).[6] According to the WHO, 465,000 TB cases in 2019 
had rifampicin resistance, with 78% of  being confirmed 
as multidrug-resistant TB (MDR-TB), with TB strains 
resistant to rifampicin and isoniazid.[7] INH resistance is 
also linked to worse treatment outcomes when compared 
to drug-sensitive TB. Although RIF and INH resistance 
frequently coexist, as in MDR-TB strains, resistance to 
each of  these agents develops independently of  the other, 
and resistance to one can occur without resistance to the 
other.[2,8] Drug resistance tuberculosis (DR-TB) can be 
detected quickly and accurately and it is the basis for 
relevant TB control interventions, as well as allowing 
clinicians to tailor effective TB treatment strategies.[9] 
The WHO identifies a number of  social determinants 
that influence the likelihood of  developing resistance. 
Poverty, poor living conditions, various causes of  social 
vulnerability, and limited access to and availability 
of  health services all received special attention. 
Furthermore, the need for a better understanding of 
the factors influencing behavior (at both the individual 
and community levels) is stated.[10,11] Therefore, this 
study was conducted to determine the sociodemographic 
and clinical-epidemiological profile associated with the 
prevalence of  rifampicin resistance TB alone (RR-TB) 
among GeneXpert test confirmed pulmonary tuberculosis 
(PTB) patients in order to provide evidence for the 
planning of  the targeted programmatic interventions to 
reduce the burden of  multidrug-resistant tuberculosis in  
Erbil governorate.

Materials and Methods

Setting
Data from January 1, 2015 to December 31, 2020 were 
reviewed retrospectively from archived results for 
specimens received and tested using the Xpert MTB/RIF 
assay at the Chest and Respiratory Disease Specialized 
Centre in Erbil City.

This specialized center is a nationally accredited reference 
laboratory that offers a variety of services, including 
diagnostic testing with the Xpert® MTB/RIF assay.

Data from archived logbooks and databases were reviewed 
in retrospect.

The assay was carried out using the Xpert MTB/RIF 
assay (Cepheid, Sunnyvale, California). For patients 
with RR-TB results, sociodemographic and clinical data 
were examined. The database was used to get important 
information.

Inclusion criteria
This study included all PTB patients who had visited the 
Chest and Respiratory Disease Specialized Centre and 
had complete records of age, gender, Xpert MTB/RIF 
results, HIV status, and TB treatment history.

Exclusion criteria
GeneXpert results which are negative. Data sets that lack 
sociodemographic information. Patients under the age of 
15 and immigrants were barred.

Sample and diagnostic procedures
Patients who met the clinical eligibility requirements 
were asked to provide three sputum specimens: two spot 
samples and one obtained in the morning.

AFB and culture
Collected samples were processed in a TB center’s special 
laboratory, then two of the three samples were chosen at 
random and treated with N-acetylcysteine and sodium 
hydroxide before centrifugation. The samples were 
resuspended in 1.5 mL of sample buffer, microscopically 
examined using Ziehl–Neelsen staining, and cultured on 
solid medium (Löwenstein–Jensen, bioMerieux, France). 
The third sputum sample was directly tested using the 
GeneXpert test. After 42  days of incubation, solid 
cultures were deemed negative due to the absence of any 
Mycobacteria isolation.[12]

GeneXpert assay
As previously stated, the GeneXpert assay was used.[13,14] 
The patient was told to inhale deeply two to three times, 
breathe out each time, cough deeply from the chest, and 
collect the specimen with the open container close to the 
mouth. Sputum was an appropriate specimen for Xpert, 
with a minimum of 1mL without food particles and a 
maximum storage time of 10  days at 40°C. Briefly, the 
provided buffer was added to clinical samples in a 3:1 ratio. 
Before 2 mL of the inactivated material was transferred to 
the test cartridge, the tubes were manually mixed twice at 
room temperature over a 15-min period. The cartridge was 
then inserted into the test platform, and the hands-on work 
came to an end. The machine then filtered, washed, and 
ultrasonically lysed the DNA. Amplification and detection 
of real-time PCR were carried out in an integrated reaction 
tube. The following primers were used for this assay: 
(CGTGGAGGCGATCACACCGCAGAC) and reverse:

(AGCTCCAGCCCGGCACGCTCACGT) (Applied 
Biosystems). After one hour and 45 minutes, the results were 
finally read, and the fluorescent signal was automatically 
measured. The report’s findings were as follows:

MTB found, MTB not found, RIF resistance found, RIF 
resistance not found, RIF resistance indeterminate, and 
Error/invalid. Based on the detection of mutations in the 
rpoB gene (MTB-RIF Instructions), patients are classified 
as susceptible or resistant to rifampin.[15]

Ethical Consideration

The study was conducted in accordance with the ethical 
principles that have their origin in the Declaration of 
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Helsinki. The study protocol and the subject information 
and consent form were reviewed and approved by Health 
Directorate Ethics Committee according to the document 
number P14 24/4/2022.

Statistical analysis
Descriptive statistics, such as frequency and frequency 
percentage, were used to analyze the data. The chi-square 
test was used to make comparisons. The acceptable level 
of significance was set at P ≤ 0.05 or P ≤ 0.01 for the results.

Results
A total of 1236 medical records of suspected DR-TB 
patients who tested for drug resistance using GeneXpert 
were included in this retrospective study. Overall, 
GeneXpert positive results were reported in 196 cases 
(15.9%) which denote confirmed cases of tuberculosis by 
the GeneXpert test in the period 2015–2020. From the total 
confirmed cases, twenty-one cases (21; 10.7%) were found 
to be RR-PTB. Table 1 shows the prevalence of RR-PTB 
among confirmed tuberculosis patients according to age 
and gender. The highest prevalence according to gender 
and age was as follows: male (11; 52.4%) and 18–28 years 
(9; 42.9%), respectively. The male-to-female ratio was 1.1. 
Statistically, the differences of distribution of the MTB/
RR in concerning to gender and age were non-significant. 
Table 2 shows the distribution of RR-PTB according to 
patients’ category. Higher rifampicin resistance was noted 
in the relapse cases (13; 61.1%) in comparison to eight new 
cases (8; 38.9%) with confirmed rifampicin resistance. The 
difference in the distribution of RR between both groups 
was significant (P ≤ 0.05). Table 3 shows the distribution 
of RR-PTB according to HIV status. Higher rifampicin 
resistance was noted in HIV-positive cases (12; 57.1%) 
in comparison to nine cases (9; 42.9.9%) who were HIV 
negative. The difference in the distribution of RR between 
both groups was highly significant (P ≤ 0.01).

Discussion
To the best of our knowledge, there are no published 
data on the prevalence of rifampicin resistance among 
confirmed tuberculosis patients in Erbil governorate, so 
this study can be considered the first of its kind to look into 
the prevalence, demography, and profile of these patients. 
The spread of rifampicin-resistant M. tuberculosis poses a 
threat to tuberculosis treatment and control. As a result, 
early detection is critical for disease management and 
transmission prevention.[16]

This study clarified that the prevalence of RR-PTB was 
10.6% among GeneXpert confirmed patients. This finding 
is lower than that obtained by the study of Al-Mussawi 
et  al.[17] in Basrah, Iraq in which the prevalence of 
RR-PTB was 7.5%. Al-Obaidy[5] in Baghdad had reported 
that 14.3% of tuberculosis patients were in rifampicin 
resistance. A study by Ahmed[8] Nineveh, IRAQ concluded 
that the prevalence of RIF resistance was 14.2% out of 
the total positive TB cases. Studies conducted around 
the world, using different methodologies and at different 
times, yielded different figures for this resistance.[18] 
Al-Hayani[19] proclaimed that RIF resistance was found to 
be of 2.5% prevalent in a study conducted in Makkah, 
Saudi Arabia. Another study was conducted in Riyadh, 
Saudi Arabia, by Singla et  al.[20] announced that 6% of 
approved TB was resistance to rifampicin. Bahraminia 
et  al.[21] from Iran reported that the frequency of RIF 
resistance among patients with TB was 8%. Selfegna and 
Alelign in Ethiopia[18] stated that 15.8% of the proven 
TB cases were recognized to be resistant to rifampicin 
(RR). The prevalence of RIF resistance accomplished by 
studies in other parts of Africa were as follows: Kenya 
3.7%[22] and Zambia 5.9%.[23] RR-TB was also observed 

Table 1: Prevalence of RR-PTB among confirmed TB patients 
according to gender, age

Parameter RR– (sensitive) RR+ (resistant)

N % N % T
Gender      

  Male 90 51.4 11 52.4 101

  Female 85 48.6 10 47.6 95

Total 175 100 21 100 196

df = 1 NS

Age      

  18–28 55 31.4 9 42.9 64

  28–38 51 29.1 7 33.3 58

  38–48 55 22.9 4 19 44

  >48 29 16.6 1 4.8 30

Total 175 100 21 100 196

df = 3 NS

Table 3: Prevalence of RR-PTB among confirmed TB patients 
according to HIV status

Parameter RR- (sensitive) RR+ (resistant)

 N % N % T
HIV      

  Positive 29 16.8 12 57.1 41

  Negative 146 83.2 9 42.9 155

Total 175 100 21 100 196

χ2 = 18.6569, df = 1, HS (P ≤ 0.01)

Table 2: Prevalence of RR-PTB among confirmed TB patients 
according to patients category (new and relapse)

Patients 
category 

RR-(sensitive) RR+ (resistant)

N % N % T
New 110 62.9 8 38.1 118

Relapse 65 37.1 13 61.9 78

Total 175 100 21 100 196

χ2 = 4.7985, df = 1, Significant (P ≤ 0.05)
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in other parts of Ethiopia such as Adigrat General 
Hospital 9.1%,[24] Debre Markos Referral Hospital 
10.3%,[25] Felege Hiwot Referral Hospital, and Debre 
Tabor Hospital 9.3%.[26] The present finding was lower 
than previous studies conducted in South Gondar 18%,[27] 
Congo 42.2%,[28] and China 17.6%.[29] Diversified global 
studies have deduced that dissimilarities in the announced 
prevalence, even within the homeland itself, can be 
correlated to divergences in sample size, geographical 
variation, methodology (sample size), method of drug 
resistance diagnosis, availability of health care facilities, 
and the validation of TB control programs.[2,18,30,31] As 
more than 90% of rifampicin-resistant strain are likewise 
reluctance to Isoniazid, rifampicin resistance can also be 
utilized as a beneficial replacement sign for MDR-TB.[7] 
Subsequently, emanation of rifampicin resistance is 
considered to be dangerous because it will ultimately 
procure to isoniazid resistance also, which will restrain 
the treatment and entanglement the endeavors to govern 
the dispersal of the ailment.[24]Molecular tests such as 
GeneXpert are modifying the landscape of the diagnosis 
and management of drug-resistant TB and may confirm 
to be an efficient and felicitous solution to this dilemma.[17] 
Routine DST of M.  tuberculosis is difficult and time-
consuming. Thus, tardiness in diagnosis and commence of 
treatment has negative leverage on TB control programs. 
The yield of Xpert MTB/RIF for the diagnosis of RIF in 
M. tuberculosis was studied formerly, and the sensitivity 
of the Xpert MTB/RIF test for detecting RIF resistance 
was reported to be 94.4%–100%, with a specificity of 
98.3%–100%.[8,28,32]

Regardless of the noted divergence in the rate of RR-PTB, 
none of age and gender were found to be correlated with 
anti-TB drug resistance. This observation is propped by 
other studies in Ethiopia[26,27] and Zambia.[23] In regarding 
to gender, Masenga et al.[23] concluded in their study which 
was conducted at Livingstone Central Hospital (LCH), 
Livingstone, Zambia, gender was not a factor assumed 
to be linked to rifampicin resistance. This is similar to a 
study that was achieved in India[33] where it was recorded 
that danger of rifampicin resistance among genders was 
similar. This could have been a consequence of the verity 
that men and women are confronting evenly to factors 
that produce rifampicin resistance.[23,33] However, other 
studies[34,35] had mentioned more RR-PTB among females 
in comparison to males. In contrast, other studies had 
documented more RR-MTB infection among males.[36,37] 
Males have a higher prevalence of RIF, which could 
be elucidated by the fact that there is a: (i) paramount 
intrinsic predisposition to tuberculosis, (ii) increased 
tuberculosis risk due to occupations such as mining 
and blasting, which expose them to M.  tuberculosis (iii) 
because of their occupation, they are more likely to be 
relocated to another area, increasing the risk of treatment 
hindering. (iv) Finally, men smoke and use narcotics more 

than women; these two factors are independent of one 
another.[8,16,30,38] Dejene et al.[39] mentioned that the higher 
prevalence of RR-MTB in females reported in their study 
could be linked to females’ lack of knowledge about TB 
transmission and control, poor health-seeking behavior, 
and thus delay in detection in females.

This study had shown that age groups of 18–28  years 
were more likely to be infected by RR-PTB with no 
significant association of age with rifampicin resistance. 
The aforementioned result is in accordance with the 
conclusions delineated by many other studies.[7,10,34] Other 
studies concluded a significant correlation between age 
and prevalence of RR-PTB.[40,41] According to a study 
conducted in Pakistan, young age (between the ages of 10 
and 25) was a significant risk factor for the development 
of drug resistance among TB patients.[42] The age variation 
in the reported drug resistance rates could be due to 
localized socioeconomic factors related to exposure 
opportunity and resistance development. Furthermore, 
it could be due to a difference in sample size and cut-off  
points for age groups.[2,11,34] In this study, 61.9% of RIF-
PTB cases reported having received TB treatment in the 
past. According to this finding, participants who had a 
previous history of anti-TB drug treatment were more 
likely to develop TB resistance than participants who 
had no prior TB treatment history. This finding is in line 
with the proclamations of many other studies, which had 
reported that a history of prior anti-TB treatment was the 
most significant factor correlated with the prevalence of 
RR-PTB. Admassu et al.[2] deduced that patients who had 
a past history such as treatment failures, defaulters, or 
relapse cases are at more risk of developing drug-resistant 
TB. In a study of tuberculosis-infected Cameroonian 
patients, researchers[9] disclosed that the prevalence of RIF 
resistance was almost ten times higher in relapse cases than 
in new cases. Nasiri et  al.,[43]Iran, revealed that 23% of 
new cases and 65.6% of previously treated TB cases were 
resistant to at least one drug. It is recognized that drug-
resistant tuberculosis can be the consequence of either 
being infected by a drug-resistant TB, or drug-susceptible 
TB strains can obtain resistance to anti-TB drugs resulting 
in gained drug resistance.[2,8,24] Drug-resistant TB is 
predominately the sequel of human faults as a result of 
bad supply management and quality of anti-TB drugs 
and inappropriate or erroneous treatment.[7,9,11] Researches 
had declared that retreatment tuberculosis cases possibly 
contain strains with full or partial drug resistance for drugs 
used in prior treatment so that acquired drug resistance 
is mostly detected among them.[39,44] A  population-based 
survey that analyzed data from 11 countries found that the 
likelihood of developing resistant tuberculosis increased 
with the length of treatment as a result of treatment 
failure.[45] The high TB prevalence in the previously treated 
patients may elucidate a high TB spread in the society and 
in the case of relapse, the lack of TB treatment monitoring 
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and control.[24,32] These findings highlight the importance 
of paying close attention to treatment completion rates in 
new cases, as well as increased drug resistance monitoring 
in those who have previously received TB treatment.[19,34] 
Rifampicin resistance in M.  tuberculosis has been linked 
to a mutation in the RNA polymerase rpoB, which 
reduces rifampicin affinity. Some studies have been able to 
pinpoint specific codons that, when mutated, can result in 
rifampicin resistance.

A missense mutation and nucleotide substitution at 
codons 526 and 531 of rpoB are found in the majority of 
RR isolates.[17,24,27]

RR tuberculosis co-infected patients had a higher 
prevalence of HIV infections, according to this study 
(57.1%). Drug-resistant TB is more common in TB/
HIV coinfected patients than in HIV-negative patients, 
according to studies. A  study achieved by Araya et al.[6] 
showed that rifampicin resistance was higher (12.5%) in 
HIV-positive tuberculosis patients than in seronegative 
tuberculosis patients (7.2%) (P = 0.032).

A meta-analysis of 10,000 adult TB-resistant patient 
records revealed that HIV-positive people had a 2.5 times 
higher risk of death than HIV-negative people.[30] Abay 
and Abraha[24] in Ethiopia discovered that 15.2% (26/171) 
of the total TB-HIV coinfected patients had rifampicin 
resistance and both the sensitivity and resistance of 
rifampicin results were statistically related to HIV status. 
Other findings, on the other hand, indicated that HIV status 
was not a significant factor in rifampicin resistance.[46-48] 
This discrepancy in results could be due to differences in 
design and sample size, as well as the fact that results were 
rarely adjusted for potential confounding.

Several biological mechanisms have been proposed to 
link drug-resistant tuberculosis to HIV infection. Drug 
malabsorption in HIV patients, especially with rifampin 
and ethambutol, can lead to drug resistance and treatment 
failure.[13] The link between HIV infection and DR-TB 
may be discomposed by risk factors shared by both, such 
as injection drug use, incarceration, socioeconomic status, 
alcohol use, and hospitalization.[6,13] Patients with HIV and 
MDR-TB are more likely to be admitted to hospitals than 
HIV-negative patients. Patients who are infected with HIV 
may be more likely to be exposed to patients who have 
drug-resistant isolates, and thus infected or re-infected 
with a resistant isolate.[13,24,30]

The detection of M. tuberculosis and rifampicin resistance 
in adults using the Xpert MTB/RIF assay from a large 
sample size using respiratory specimens was the study’s 
main strength. There were some limitations to our 
research. Extrapulmonary cases were excluded from the 
study. This retrospective study only collected data from 
a single governorate’s TB/pulmonary disease specialized 
hospital, so it cannot represent national prevalence.

This dataset only included people who had their testing 
confirmed, excluding presumptive cases. The study 
participants’ MDR-TB and TB contact histories, living 
conditions, smoking habits, and education levels were not 
obtained.

Our findings, however, highlight the importance of 
careful management and monitoring of tuberculosis 
patients. Despite these flaws, the study has provided useful 
information about the current situation.

Conclusions
According to this study, the prevalence of rifampicin-
resistant M.  tuberculosis among confirmed TB patients 
was 10.7%. HIV positivity and a history of previous TB 
treatment were both associated with a high RR-PTB. 
This finding showed that the GeneXpert assay is a 
useful tool for the early detection of rifampicin-resistant 
M.  tuberculosis. According to the findings, there is an 
urgent need for appropriate intervention measures to 
reduce PTB transmission and the development of anti-TB 
drug resistance in the study area. Early detection of drug-
resistant M. tuberculosis should be prioritized in order to 
improve tuberculosis case management, improve direct 
observation therapy short-course, and eventually reduce 
the spread of rifampicin-resistant tuberculosis strains in 
the community.

Acknowledgement
The authors express their gratitude to Erbil’s Health 
Directorate for allowing them to conduct the research. We 
also appreciate the cooperation and support of the senior 
staff  and colleagues in the Department of Microbiology 
at the Erbil City-based Chest and Respiratory Disease 
Specialized Centre.

Financial support and sponsorship
Not applicable.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Donkeng-Donfack  VF, Tchatchueng-Mbougua  JB, Abanda  NN, 

Ongboulal  SM, Djieugoue  YJ, Kamdem  Simo  Y, et  al. A cost-
benefit algorithm for rapid diagnosis of tuberculosis and rifampicin 
resistance detection during mass screening campaigns. BMC Infect 
Dis 2022;22:219.

2.	 Admassu  W, Ayelign  B, Abebe  G, Tadesse  M. Detection of 
mycobacterium tuberculosis and rifampicin resistance by Xpert® 
MTB/RIF assay among presumptive tuberculosis cases at Jimma 
University Medical Center, southwest Ethiopia. PLoS One 
2022;17:e0262929.

3.	 Organization WH. Report of the 7th virtual end TB strategy summit 
for the highest TB burden countries and countries on the WHO 
global watchlist, 16–17 November 2021. 

4.	 Adejumo OA, Olusola-Faleye B, Adepoju V, Bowale A, Adesola S, 
Falana  A, et  al. Prevalence of rifampicin resistant tuberculosis 

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 12/08/2024



Abdullah: Prevalence and sociodemographic profile of mono RR cases

         446� 446    Medical Journal of Babylon  ¦ Volume 19 ¦ Issue 3 ¦ July-September 2022

and associated factors among presumptive tuberculosis patients 
in a secondary referral hospital in Lagos, Nigeria. Afr Health Sci 
2018;18:472-8.

5.	 AL-Obaidy MW. A prevalence of drug- resistance in previously treated 
tuberculous patients in Baghdad. Iraqi Postgraduate Med J  2013;12.

6.	 Araya S, Negesso AE, Tamir Z. Rifampicin-resistant mycobacterium 
tuberculosis among patients with presumptive tuberculosis in Addis 
Ababa, Ethiopia. Infect Drug Resist 2020;13:3451-9.

7.	 Hajissa K, Marzan M, Idriss MI, Islam MA. Prevalence of drug-
resistant tuberculosis in Sudan: A  systematic review and meta-
analysis. Antibiotics 2021;10:932.

8.	 Ahmed  S. GeneXpert MTB/RIF assay: A  major milestone for 
diagnosing Mycobacterium tuberculosis and rifampicin-resistant 
cases in pulmonary and extrapulmonary specimens. Med J Babylon 
2019;16:296.

9.	 Kouemo  Motse  FD, Nsagha  DS, Teyim  PM, Adiogo  D, 
Kojom  Foko  LP, Kedy  Koum  DC, et  al. Rifampicin resistance 
among mycobacterium tuberculosis-infected individuals using 
GeneXpert MTB/RIF ultra: A hospital-based study. Trop Med Int 
Health 2021;26:159-65.

10.	 Daniel OJ, Bamidele JO, Sodeinde JK, Ekundayo AA, Salako AA. 
Rifampicin resistance among patients with Tuberculosis at the 
Olabisi Onabanjo University Teaching Hospital, Sagamu. Ann 
Health Res 2018;4:53-9.

11.	 Edwards  BD, Edwards  J, Cooper  R, Kunimoto  D, Somayaji  R, 
Fisher  D. Rifampin-resistant/multidrug-resistant tuberculosis in 
Alberta, Canada: Epidemiology and treatment outcomes in a low-
incidence setting. Plos One 2021;16:e0246993.

12.	 Steingart  KR, Ng  V, Henry  M, Hopewell  PC, Ramsay  A, 
Cunningham  J, et  al. Sputum processing methods to improve the 
sensitivity of smear microscopy for tuberculosis: A  systematic 
review. Lancet Infect Dis 2006;6:664-74.

13.	 Al-Khayat ZAY, Agha NFS, Majeed PD, Alharmni KIF, Agha DNF. 
Prevalence of HIV among newly diagnosed tuberculosis patients in 
Erbil Governorate, Iraq. J Contemp Med Sci 2021;7:102-7.

14.	 Kim  CH, Hyun  IG, Hwang  YI, Kim  DG, 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;45:32-8.

15.	 Hamasaeed  PA. Microscopic and Molecular Diagnosis of 
Mycobacterium Tuberculosis in Erbil city-Iraq. J Univ Babylon 
Pure Appl Sci 2019;27:20-9.

16.	 Danlami MB, Aliyu B, Samuel G. Incidence of rifampicin-resistance 
presumptive M. tuberculosis cases among outpatients in Kebbi state, 
Nigeria. Afr J Infect Dis 2021;15:47-52.

17.	 Al-Mussawi AA, Ali NH, Abed AH. Molecular quantification of 
Rifampicin-resistance in Mycobacterium tuberculosis. Egypt J 
Chest Dis Tuberc 2017;66:425-7.

18.	 Selfegna  S, Alelign  A. Detection of mycobacterium tuberculosis 
and rifampicin resistance using GeneXpert MTB/RIF assay at Enat 
Hospital, Central Ethiopia. Tuberc Res Treat 2022;2022:1250404.

19.	 Al-Hayani  AM, Kamel  SA, Almudarra  SS, Alhayani  M, Abu-
Zaid A. Drug resistance to anti-tuberculosis drugs: A cross-sectional 
study from Makkah, Saudi Arabia. Cureus 2021;13:e17069.

20.	 Singla R, Al-Sharif N, Al-Sayegh MO, Osman MM, Shaikh MA. 
Influence of anti-tuberculosis drug resistance on the treatment 
outcome of pulmonary tuberculosis patients receiving DOTS in 
Riyadh, Saudi Arabia. Int J Tuberc Lung Dis 2002;6:585-91.

21.	 Bahraminia F, Zangiabadian M, Nasiri MJ, Fattahi M, Goudarzi M, 
Ranjbar  R, et  al. Rifampicin resistance in mycobacterium 
tuberculosis in Iran: A two-centre study. New Microbes New Infect 
2021;42:100909.

22.	 Shiluli C, Ouma C, Vulule J, Khayumbi J, Murithi W, Musau S, et al. 
Mycobacterium tuberculosis resistance to isoniazid and rifampicin 
in a HIV-1 endemic population in western Kenya in 2012-2014. 
JMSCR 2016;4:14605-12.

23.	 Masenga  SK, Mubila  H, Hamooya  BM. Rifampicin resistance 
in mycobacterium tuberculosis patients using GeneXpert at 
Livingstone Central Hospital for the year 2015: A  cross sectional 
explorative study. BMC Infect Dis 2017;17:640.

24.	 Abay GK, Abraha BH. Trends of mycobacterium tuberculosis and 
rifampicin resistance in Adigrat General Hospital, Eastern Zone of 
Tigrai, North Ethiopia. Trop Dis Travel Med Vaccines 2020;6:14.

25.	 Tsega  T, Gedle  D, Dilnessa  T. Prevalence of Multidrug Resistant 
Tuberculosis and its Associated Factors among Smear Positive TB 
Patients at Debre Markos Referral Hospital, Northwest Ethiopia. 
Glob J Med Res C Microbiol Pathol 2017;17:7-15.

26.	 Derbie A, Worku S, Mekonnen D, Mezgebu Y, Teshager A, Birhan A, 
et  al. Xpert MTB/RIF assay for the diagnosis of Mycobacterium 
tuberculosis and its Rifampicin resistance at Felege Hiwot and 
Debre Tabor Hospitals, Northwest Ethiopia: A  preliminary 
implementation research. Ethiop J Health Dev 2016;30:60-6.

27.	 Alelign A, Zewude A, Mohammed T, Tolosa S, Ameni G, Petros B. 
Molecular detection of mycobacterium tuberculosis sensitivity to 
rifampicin and isoniazid in south Gondar zone, northwest Ethiopia. 
BMC Infect Dis 2019;19:343.

28.	 Bisimwa  BC, Nachega  JB, Warren  RM, Theron  G, Metcalfe  JZ, 
Shah M, et al. Xpert MTB/RIF-detected Rifampicin Resistance is 
a Sub-Optimal Surrogate for Multidrug Resistant Tuberculosis in 
Eastern Democratic Republic of the Congo: Diagnostic and Clinical 
Implications. Clin Infect Dis 2020;37:e366-70.

29.	 Yang  Y, Zhou  C, Shi  L, Meng  H, Yan  H. Prevalence and 
characterization of drug-resistant tuberculosis in a local hospital of 
northeast china. Int J Infect Dis 2014;22:83-6.

30.	 Dutt  R, Singh  R, Majhi  J, Basu  G. Status of drug resistant 
tuberculosis among patients attending a tuberculosis unit of West 
Bengal: A  record based cross-sectional study. J Family Med Prim 
Care 2022;11:84-9.

31.	 Sharma  NM, Patel  P, Patel  S. Socio demographic profile of 
rifampicin resistant patient in Surat City. Nat J Commun Med 
2021;12:384-8.

32.	 Alemu A, Tadesse M, Seid G, Mollalign H, Eshetu K, Sinshaw W, 
et al. Does Xpert® MTB/RIF assay give rifampicin resistance results 
without identified mutation? Review of cases from Addis Ababa, 
Ethiopia. BMC Infect Dis 2020;20:87.

33.	 Nair  SA, Raizada  N, Sachdeva  KS, Denkinger  C, Schumacher  S, 
Dewan P, et al. Factors associated with tuberculosis and rifampicin-
resistant tuberculosis amongst symptomatic patients in India: 
A retrospective analysis. PLoS One 2016;11:e0150054.

34.	 Arega B, Menbere F, Getachew Y. Prevalence of rifampicin resistant 
mycobacterium tuberculosis among presumptive tuberculosis 
patients in selected governmental hospitals in Addis Ababa, 
Ethiopia. BMC Infect Dis 2019;19:307.

35.	 Hordofa MW, Adela TB. Prevalence of Refampcin mono resistant 
Mycobacterium tuberculosis among suspected cases attending at 
Yirgalem Hospital. Clin Med Res 2015;4:75.

36.	 Denue  BA, Miyanacha  WJ, Wudiri  Z, Alkali  MB, Goni  BW, 
Akawu  CB. Rifampicin resistance among presumptive pulmonary 
tuberculosis cases in Borno state, North-Eastern Nigeria. P H Med 
J 2019;12:64-9.

37.	 Ukwamedua  H, Omote  V, Etaghene  J, Oseji  ME, Agwai  IC, 
Agbroko  H. Rifampicin resistance among notified pulmonary 
tuberculosis (PTB) cases in south-southern Nigeria. Heliyon 
2019;5:e02096.

38.	 Wasihun  AG, Dejene  TA, Hailu  GG. Frequency of MTB and 
rifampicin resistance MTB using Xpert-MTB/RIF assay among 
adult presumptive tuberculosis patients in Tigray, Northern 
Ethiopia: A cross sectional study. Plos One 2020;15:e0240361.

39.	 Wasihun AG, Hailu GG. Prevalence of mycobacterium tuberculosis 
(rifampicin-resistant MTB) and associated risk actors among 
pulmonary presumptive TB patients in Eastern Amhara, Ethiopia: 
2015–2019. Infect Dis Ther 2021;10:1299-308.

40.	 Ajide  BA, Igbabul  MM, Kanyi  OI. Prevalence of mycobacterium 
tuberculosis and its rifampicin resistance among patients attending 
General Hospital Mararaba as a case study. Asian J Res Infect Dis 
2019;2:1-10.

41.	 Gautam  PB, Mishra  A, Kumar  S. Prevalence of rifampicin 
resistant mycobacterium tuberculosis and associated factors among 
presumptive tuberculosis patients in eastern Uttar Pradesh: A cross 
sectional study. Int J Community Med Public Health 2018;5:2271.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 12/08/2024



Abdullah: Prevalence and sociodemographic profile of mono RR cases 

         Medical Journal of Babylon  ¦ Volume 19 ¦ Issue 3 ¦ July-September 2022� 447  

42.	 Ullah I, Javaid A, Tahir Z, Ullah O, Shah AA, Hasan F, et al. Pattern 
of drug resistance and risk factors associated with development of 
drug resistant mycobacterium tuberculosis in Pakistan. PLoS One 
2016;11:e0147529.

43.	 Nasiri  MJ, Dabiri  H, Darban-Sarokhalil  D, Rezadehbashi  M, 
Zamani S. Prevalence of drug-resistant tuberculosis in Iran: Systematic 
review and meta-analysis. Am J Infect Control 2014;42:1212-8.

44.	 Bahraminia F, Azimi T, Zangiabadian M, Nasiri MJ, Goudarzi M, 
Dadashi  M, et  al. Rifampicin-resistant tuberculosis in Iran: 
A  systematic review and meta-analysis. Iran J Basic Med Sci 
2021;24:720-5.

45.	 Sah  SK, Bhattarai  PR, Shrestha  A, Dhami  D, Guruwacharya  D, 
Shrestha  R. Rifampicin-resistant mycobacterium tuberculosis by 
GeneXpert MTB/RIF and associated factors among presumptive 

pulmonary tuberculosis patients in Nepal. Infect Drug Resist 
2020;13:2911-9.

46.	 Demissie  TA, Belayneh  D. Magnitude of mycobacterium 
tuberculosis infection and its resistance to rifampicin using Xpert-
MTB/RIF assay among presumptive tuberculosis patients at 
Motta General Hospital, northwest Ethiopia. Infect Drug Resist 
2021;14:1335-41.

47.	 Ejeh  FE, Undiandeye  A, Okon  K, Moshood  KH. Prevalence 
of rifampicin resistance tuberculosis among HIV/TB coinfected 
patients in Benue state, Nigeria. Pan Afr Med J 2021;38:203.

48.	 Lukoye D, Cobelens FG, Ezati N, Kirimunda S, Adatu FE, Lule JK, 
et  al. Rates of anti-tuberculosis drug resistance in Kampala-
Uganda are low and not associated with HIV infection. PLoS One 
2011;6:e16130.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 12/08/2024


