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Background: Multidrug‑resistant tuberculosis (MDR‑TB) is a global health 
challenge. The emergence of MDR TB has contributed remarkably to the spread 
of	 tuberculosis	 and	 also	 poses	 a	 threat,	 which	 if	 not	 effectively	 addressed	 may	
wipe	 out	 the	 achievements	 of	 previous	 efforts	 in	 controlling	 tuberculosis.	
Objective: This study was aimed at detecting MDR‑TB among patients in a setting 
prevalent	 with	 tuberculosis	 and	 HIV	 in	 Southeast,	 Nigeria.	 Method: Sputum 
specimens collected from 740 suspected tuberculosis (TB) patients were screened 
for acid‑fast bacilli (AFB). All the 111 AFB positive samples were subjected to 
culture on Lowenstein‑Jensen (LJ) medium and Mycobacterium Growth Indicator 
Tube (MGIT) 960 TB system. The	isolates	were	then	confirmed	as	Mycobacterium 
tuberculosis using SD Bioline Rapid Diagnostic Tests before being subjected to 
drug	 susceptibility	 testing	 to	 first‑line	 anti‑TB	 drugs.	 MDR‑TB	 was	 determined	
by	 isolates	 being	 resistant	 to	 both	 isoniazid	 and	 rifampicin.	 HIV	 testing	 was	
performed for participants included in the study using standard rapid diagnostic 
tests. Result: Out of the 111 AFB‑positive sputum samples, 65 (58.6%) were 
culture‑positive for Mycobacterium tuberculosis. MDR‑TB was found in 2 ([3.1%] 
95%	 CI	 =	 0.0–7.3)	 of	 the	 culture‑positive	 samples.	 The	 rate	 of	 TB	 and	 HIV	
coinfection was 7.7%. Maximum single‑drug resistance was seen in ethambutol 
12 ([18.5%] 95% CI = 9.0–27.9). Conclusion: The MDR‑TB rate of 3.1% found 
in	this	study	was	relatively	low	and	efforts	should	be	intensified	to	keep	it	low.
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growth (indicating drug susceptibility).[5] Culture‑based 
methods are the reference standard for the diagnosis of 
tuberculosis and MDR‑TB.[6]

Molecular testing of MDR‑TB involves the use of 
line probe assays and the Xpert MTB/RIF assay for 
rapid and simultaneous detection of Mycobacterium 
tuberculosis (MTB) and TB drug resistance.[7,8] These 
molecular technologies do not, however, eliminate the 
need for conventional microscopy, culture, and drug 
susceptibility test (DST) which are required to monitor 
treatment progress and to detect resistance to drugs other 
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Introduction

Multidrug‑resistant tuberculosis (MDR‑TB) is 
defined	 as	 tuberculosis	 that	 is	 resistant	 to	 at	 least	

isoniazid	and	rifampicin,	the	two	most	effective	first‑line	
anti‑TB drugs.[1] MDR‑TB patients require prolonged 
and expensive treatment using second‑line medications 
that	 are	 less	 effective	 and	 more	 toxic.[1] Several 
mechanisms have been suggested to cause MDR‑TB 
including poor adherence to anti‑TB drug or previous TB 
treatment,[2] direct transmission of MDR‑TB from person 
to person,[3,4] previous exposure to quinolones, use of 
inferior	 regimens,	 and	 high	 human	 immunodeficiency	
virus	 (HIV)	 coinfection.[1‑4] The conventional methods 
of multidrug‑resistance testing involve the culture of 
Mycobacterium tuberculosis on liquid or solid culture 
medium in the presence of anti‑TB drugs to detect 
growth (indicating drug resistance) or inhibition of 
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than rifampicin.[7,8] A rapid immunochromatographic 
identification	 test	 for	 the	 M. tuberculosis complex, 
which	 helps	 to	 differentiate	 it	 from	 mycobacteria	 other	
than M. tuberculosis is the SD BIOLINE TB Ag MPT64 
Rapid.[9]

The	 pandemic	 of	 HIV/AIDS	 has	 been	 attributed	 to	 the	
upsurge	of	MDR‑TB	globally.	MDR‑TB	in	HIV‑infected	
individuals leads to higher mortality compared to 
mortality	 in	 non‑HIV‑infected	 patients	 or	 HIV	 infected	
individuals with susceptible tuberculosis.[10]

MDR‑TB is a growing global health challenge that 
currently accounts for 3.4% of all newly acquired 
tuberculosis cases worldwide.[11] The World Health 
Organization (WHO) reports that Nigeria currently ranks 
7th in the world and 2nd in Africa, among the 30 countries 
with the highest burden of TB and MDR‑TB.[12] Hence, 
early detection and treatment of these drug‑resistant 
forms of TB have become paramount in the fight to curb 
the menace posed by the infection. Data on the MDR‑TB 
rate in Imo State was not found in our literature search.

Materials and Methods
Study area and study population
This study was carried out in patients attending the chest 
clinics of three hospitals in Imo State, South East‑Nigeria, 
namely: Imo State University Teaching Hospital 30th 

September, 2013, Umuna‑Orlu; Holy Rosary Hospital, 
Emekuku; and Saint Damian’s Hospital, Okporo. These 
hospitals represent major healthcare providers for TB 
patients in the state. Laboratory investigation was 
carried out at Dr. Lawrence Henshaw Memorial Hospital 
TB Reference Laboratory Calabar, Cross River State.

Ethical considerations
The samples were obtained from the three hospitals 
involved in the study with approval from the research 
and ethics committees of these institutions. All patients 
signed an informed consent form to participate in the 
main study and allow further testing on the samples and 
isolates.

Study design and sampling
This was a multicenter cross‑sectional study wherein a 
total of 740 patients were enrolled using a consecutive 
sampling technique. Sputum samples from suspected, 
newly diagnosed on treatment, and previously treated 
tuberculosis patients who presented with signs and 
symptoms of pulmonary tuberculosis and were attending 
the chest clinics of these institutions were collected 
consecutively and examined for acid‑fast bacilli (AFB). 
This was done until the desired sample size of 111 AFB 
positive sputa was achieved. The patients were also 
screened	for	HIV.	All	sputum	samples	with	positive	AFB	

results on Ziehl‑Neelsen (ZN) staining were subjected 
to further testing. A standard semi‑structured and 
interviewer‑administered questionnaire was completed 
for each recruited patient to collect demographic, 
laboratory data, and management history.

Eligibility criteria
We included patients attending the chest clinics who 
were within the age range of 18 and 65 years who 
reported a cough of more than 2 weeks and whose 
sputum samples yielded a positive result for AFB on ZN 
staining. However, we excluded patients who developed 
cough due to diseases other than tuberculosis.

HIV testing
Determine (Abbott Laboratories, United Kingdom) and 
Unigold (Trinity Biotech, Ireland) rapid diagnostic test 
kits	 were	 used	 to	 detect	 the	 presence	 of	 HIV	 in	 the	
blood samples of participants using the serial algorithm 
method.[13]

Pretreatment of sputum
The sputum samples were digested, decontaminated, 
and concentrated before testing using 
N‑acetyl‑L‑cysteine‑sodium hydroxide (NALC‑NaOH). 
The sediment of each sample was resuspended with 
2	mL	of	sterile	phosphate	buffer.

Sputum microscopy using Ziehl‑Neelson (ZN) 
staining technique
Dry sputum smear made on a clean and grease‑free slide 
was stained using the ZN technique to detect AFB. This 
involved the use of strong carbol‑fuchsin as the primary 
stain, 3% acid‑alcohol for decolorization, and methylene 
blue as counterstain.

Culture of MTB in Lowenstein‑Jensen medium
In a biosafety cabinet level II and using a sterile plastic 
pipette, two drops of the sediment of the sputum sample 
of each smear‑positive patient were inoculated onto 
Lowenstein‑Jensen (LJ) medium slope and incubated 
at	 37°C	 for	 up	 to	 8	 weeks.	 A	 standard	 strain	 H37RV	
M. tuberculosis strain was used as positive control while 
the sterile LJ medium was used as a negative control. 
The growth and morphology of the colonies were noted, 
and	 the	 colonies	 were	 identified	 as M. tuberculosis 
using ZN smear microscopy and SD BIOLINE Rapid 
Diagnostic Test for MTB.[13]

Culture of MTB using BACTEC MGIT 960 
automated TB culture system
About 0.8 mL of OADC‑PANTA (oleic acid, albumin, 
dextrose, and catalase ‑ polymyxin B, amphotericin B, 
nalidixic acid, trimethoprim, and azlocillin) mixture was 
aseptically dispensed into each labeled Mycobacterium 
Growth Indicator Tube (MGIT) media using a sterile 
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pipette. Later 0.5 mL of the specimen concentrate 
was aseptically transferred to the corresponding 
MGIT tube using a sterile 1 mL pipette. Positive and 
negative controls similarly were set‑up. The inoculated 
tubes were loaded into the MGIT 960 instrument and 
incubated for 42 days at 37°C. Positive cultures were 
flagged	by	a	 red	 light	 in	 front	of	 the	MGIT	960	drawer	
where the tubes were located while negative cultures 
at	 the	 end	 of	 42	 days	 incubation	 were	 flagged	 by	 a	
green light as negative. Positive tubes were scanned 
out	 of	 the	 machine	 first	 thing	 in	 the	 morning	 and	 the	
growth pattern in the media was observed. To check for 
contamination, positive cultures were grown on blood 
agar. ZN smear microscopy and SD BIOLINE tests were 
used	to	confirm	M. tuberculosis.

Drug susceptibility testing using the agar 
proportion method
The	 cultures	 that	 yielded	 growth	 and	 confirmed	
to be M. tuberculosis by SD BIOLINE test, were 
subjected to drug susceptibility tests using the 
agar proportion method.[14,15] Each of the drug 
concentrations of streptomycin (S) 4 µg/mL, 
isoniazid (I) 0.2 µg/mL, rifampicin (R) 40 µg/mL, 
and ethambutol (E) 2 µg/mL were incorporated into 
LJ medium slope .Two dilutions of the bacilli, 10‑2 
and 10‑4 dilutions (undiluted = 106–108 CFU/mL) were 
inoculated on two sets of media (drug‑containing and 
drug‑free media), and incubated for 4–6 weeks. The 
critical proportion was taken at 1% for all drugs. When 
the	 bacterial	 growth	 on	 the	 medium	 with	 the	 specific	
drug was >1% compared to the control, the strain was 
identified	 as	 resistant	 to	 the	 specific	 drug.	 Besides,	
organisms	were	 identified	 as	 sensitive	 to	 the	 drug	when	
the growth rate was <1% compared to the control. The 
H37RV	 standard	 M. tuberculosis strain was used as 
positive control while inoculated slope without drug was 
used as a negative control.

Statistical analysis
Data were analyzed using the statistical analysis 
system (SAS) version 9.2. We calculated frequencies 
and percentages. We also conducted a Chi‑square test 
of association between categorical variables, and Z‑test 
for proportions. The probability value of less than or 
equal to 0.05 (P	 ≤	 0.05)	 was	 considered	 statistically	
significant.

Result
Out of the 704 sputum samples collected, 111 (15.8%) 
were AFB positive. Of these AFB positive samples, 
65 (58.6%) yielded culture‑positive organisms using 
a	 combination	 of	 two	 different	 (LJ	 and	 MGIT)	 culture	
methods. Fifty‑six (86.15%) of the 65 isolates grew 

on the LJ culture medium, while 64 (98.46%) of 
the isolates grew on the MGIT culture medium. The 
percentage of AFB positive sputum samples which 
yielded growth on the LJ medium was 50.5%, while that 
on	 MGIT	 was	 57.7%.	 The	 65	 isolates	 were	 confirmed	
to be M. tuberculosis using the SD BIOLINE Rapid 
Diagnostic test for MTB complex.

Resistance to rifampicin was observed in 7 (10.8%) 
of the 65 M. tuberculosis isolates, with resistance 
to isoniazid, streptomycin, and ethambutol also 
observed in 6 (9.2%), 6 (9.2%), and 12 (18.5%) of 
the 65 MTB isolates, respectively. The prevalence 
of M. tuberculosis resistant to rifampicin and 
isoniazid (MDR‑TB) was 3.1% [Table 1]. Maximum 
single‑drug resistance was seen in ethambutol 
12 ([18.5%] 95% CI = 9.0–27.9).

Only 5 (7.7%) of the culture and SD BIOLINE positive 
cases	 tested	 positive	 for	 HIV.	 There	 was	 no	 significant	
degree	of	association	between	the	HIV	status	of	patients	
and MDR‑TB (P = 0.678) [Table 2].

There was a higher male‑to‑female ratio (2.4: 1) 
for subjects with culture‑positive M. tuberculosis, 
with males comprising of 46 (70.8%) of the cases 
and	 females	 19	 (29.2%).	 There	 was	 no	 significant	
relationship between gender and the development of 
MDR‑TB (P = 0.356) [Table 3].

Table 1: Test of proportions for drug resistance in 
Mycobacterium tuberculosis 

Anti-Tb Drugs Number Resistant n (%) (CI)
Rifampicin 7 (10.8) (3.2‑18.3)
Isoniazid 6 (9.2) (2.2‑16.3)
Streptomycin 6 (9.2) (2.2‑16.3)
Ethanbutol 12 (18.5) (9.0‑27.9)
Rifampicin+ Isoniazid 2 (3.1) (0.0‑7.3)
n=Frequency;	%=Percent;	CI=Confidence	Interval

Table 2: Cross-tabulation of HIV status and MDR-TB
HIV Status MDR-TB P

No n (%) Yes n (%)
Negative 58 (96.7) 2 (3.3) 0.678
Positive 5 (100.0) 0 (0.0)
Total 63 (96.9) 2 (3.1)
n=Frequency; %=Percentage; P‑value=Probability

Table 3: Cross-tabulation of gender and MDR-TB
Gender MDR-TB P

No n (%) Yes n (%)
Female 19 (100.0) 0 (0.0) 0.356
Male 44 (95.7) 2 (4.4)
Total 63 (96.9) 2 (3.1)
n=Frequency; %=Percentage; P‑value= Probability
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Out of the 111 patients with AFB positive sputum, 
108 (97.3%) never discontinued their medications for 
any reason while 100 (90.1%) never interrupted their 
anti‑TB drugs.

Discussion
The study showed that there were more cases of 
tuberculosis among the males 46 (70.8%) than females 
19 (29.2%) with a male‑to‑female ratio of 2.4: 1, which 
agrees	with	 the	findings	 by	Surkova	et al., in 2012 that 
70.7% of tuberculosis patients in a 2007 study were 
males with a male‑to‑female ratio of 2.4: 1.[16] This 
is was also consistent with reports which stated that 
in most countries, the majority of TB patients were 
males,[17,18]	 and	 also	 with	 findings	 by	 WHO	 that	 the	
male‑to‑female (M: F) tuberculosis ratio in 2013–2016 
was greater than 1.7: 1. This suggests a potential role of 
gender in the epidemiology of tuberculosis.

The majority of patients with tuberculosis infection 
60	 (92.3%)	 were	 HIV‑negative,	 with	 a	 TB	 and	 HIV	
coinfection rate of 5 (7.7%). This was lower than 
the	 26%	 rate	 of	 TB	 and	 HIV	 coinfection	 reported	 in	
Nigeria.[19] Because of the established observation that 
most	 TB	 and	 HIV	 coinfected	 patients	 usually	 present	
with the smear‑negative disease,[20,21] the low TB and 
HIV	coinfection	rate	observed	may	 then	be	attributed	 to	
the fact that samples included in this study were all ZN 
smear‑positive.

Culture on LJ medium and MGIT culture system 
yielded less positive results than sputum AFB, which 
may probably be due to the sputum decontamination 
procedure before culture, which is used to prevent 
overgrowth by other microorganisms. It was also 
observed from this study that of the total AFB positive 
sputum samples, the percentage yield of M. tuberculosis 
on the MGIT culture system (57.7%) was more than that 
on	 the	LJ	medium	(50.5%).	The	findings	agree	with	 the	
fact that all decontamination methods are to some extent 
harmful to Mycobacteria and culture is therefore not 
100% sensitive.[22] Findings also agree with studies by 
Giovanni et al., in 2008 that liquid culture media system 
is more sensitive than solid culture media and increases 
the case yield by 10% over solid media.[23]

The rates of single‑drug resistance obtained for each 
of the drugs were higher than those reported in another 
Nigeria study.[24] This may be due to the observation 
that the pattern of drug resistance varies from place 
to	 place	 and	 at	 different	 periods.[25]	 The	 finding	 that	
rifampicin resistance of 10.8% was slightly higher than 
the lowest value of single‑drug resistance observed 
in isoniazid (9.2%), has an important implication 
for national and global MDR‑TB diagnosis because 

rifampicin resistance serves as a proxy for molecular 
detection of MDR‑TB and single drug resistance often 
precedes and predicts the development of MDR‑TB.[4]

A low MDR‑TB prevalence of 3.1% was observed 
[Table 1]. This was lower than the 3.4% prevalence 
observed by WHO in a 2007–2010 study[11] as well as 
the 3.3% prevalence of global MDR‑TB in new TB 
cases observed in 2014.[26]	This	justifies	the	use	of	these	
drugs	as	first‑line	drugs	in	the	treatment	of	tuberculosis.	
The prevalence of MDR‑TB (3.1%) obtained was 
also lower than the reported 3.9–5.0% prevalence of 
MDR‑TB in newly diagnosed cases in Africa[27] and 
the 4.8% prevalence in Nigeria. Low rates in this study 
could be attributed to the fact that participants in this 
study	 showed	 good	 compliance	 with	 their	 first‑line	
anti‑TB medications wherein 108 (97.3%) of the 
participants never discontinued their medications for 
any reason, while 100 (90.1%) never interrupted their 
anti‑TB drugs.

HIV	 infection	 is	 a	 known	 risk	 factor	 for	 the	
increased incidence of tuberculosis disease.[18] In 
this	 study,	 however,	 HIV	 infection	 was	 not	 found	
to	 have	 a	 statistically	 significant	 association	 with	
MDR‑TB [Table 2]. This was consistent with the report 
by Berhan et al., 2013[28] as well as with the discovery 
that	several	reports	from	different	parts	of	the	world	have	
shown	 that	HIV	 infection	 has	 no	 statistically	 significant	
association with MDR‑TB.[29,30]

Conclusion
The prevalence of MDR‑TB was low in the study. Since 
the hospitals where patient recruitment took place are 
the major healthcare centers for TB patients in the state, 
this observed low prevalence may be representative 
of the MDR TB picture in Imo State, Nigeria. We 
recommend that a wider set of surveillance sites are 
investigated for MDR‑TB, to obtain a more realistic 
view of the MDR‑TB in Nigeria. Emphasis on regular 
monitoring and control of drug‑resistant TB through 
prompt case detection, drug susceptibility testing, and 
systematic treatment observation will go a long way to 
curb the menace of MDR‑TB in Nigeria.

Acknowledgment
Special appreciations go to the former and current Heads 
of Department of Medical Laboratory Sciences, Nnamdi 
Azikiwe University, Nnewi Campus, Anambra State, Dr. 
Nancy Ibeh, and Dr. Martins Ifeanyichukwu respectively, 
for their support in ensuring a hitch‑free path to the 
actualization of this project. We also acknowledge the 
technical help of Mr. Obeten Sunday, the Laboratory 
Head at the Dr. Lawrence Henshaw Memorial Hospital 
TB Reference Laboratory Calabar, Cross River State.

[Downloaded free from http://www.njcponline.com on Monday, August 23, 2021, IP: 197.90.44.238]



Ahiarakwem, et al.: MDR tuberculosis in Imo, Nigeria

1176 Nigerian Journal of Clinical Practice ¦ Volume 23 ¦ Issue 8 ¦ August 2020

Prior presentations/submissions
This article has not been submitted or presented to any 
other organization before this time.

Authors’ contributions/criteria for inclusion as 
author’s
Akujobi CN, Ahiarakwem IIE, and Ekejindu IM 
conceived the idea. Ahiarakwem IIE, Ekejindu IM, 
and	 Akujobi	 CN	 designed	 the	 experiments,	 defined	
the intellectual content, and reviewed the manuscript. 
Ahiarakwem IIE performed the literature search and 
the laboratory experiments, as well as data acquisition. 
Ahiarakwem IIE and Aghanya IN analyzed the data, 
wrote, edited, and reviewed the manuscript. All 
authors	 approved	 the	 final	 version	 of	 the	 manuscript.	
Ahiarakwem IIE was the project leader, while Ekejindu 
IM and Akujobi CN were project supervisors. All 
authors made conceptual contributions.

Ahiarakwem IIE, Ekejindu IM serve as the guarantors.

Declaration statements
This is to certify that the manuscript has been read and 
approved by all the authors and that the requirement for 
authorship as stated in the NJCP authors’ instructions, 
has been met. We believe that the manuscript represents 
honest work.

Financial support and sponsorship
Nil.

Conflicts of interest
There	are	no	conflicts	of	interest.

References
1. Dalton T, Cegielski P, Akksilip S, Ascencios L, Caoili JC, Cho SN, 

et al. Prevalence of and risk factors for resistance to second line 
drugs in people with multidrug – resistance tuberculosis in eight 
countries: A prospective Cohort study. Lancet 2012;380:1406‑17.

2. Cheesbrough M. District Laboratory Practice in Tropical 
Countries Part 2. 2nd ed.. Update. South Africa: Cambridge 
University Press; 2010. p. 40‑1, 209‑10.

3. Mitnick DC, Appleton CS, Shin SS. Epidemiology and treatment 
of multidrug resistant tuberculosis. Semin Respir Crit Care Med 
2008;29:499‑524.

4. Gaifer Z, Babikar A, Rizavi D. Epidemiology of drug – resistant 
tuberculosis in a tertiary care center in Oman, 2006‑2015. Oman 
Med J 2017;32:36‑40.

5. Barrera L, Cooreman E, Iragena JD, Drobniewski F, 
Duda P, Havelkova M, editors. Policy Guidance on Drug 
Susceptibility Testing (DST) of Second Line Anti‑tuberculosis 
Drugs [Monograph on the Internet]. Geneva: WHO Press; 
2008. Available from: https://apps.who.int/iris/bitstream/
handle /10665/70500/WHO_HTM_TB_2008 .392_eng .
pdf?sequence=1. [Cited 2019 Jan 11].

6.	 Tiemersma	 EW,	 Vanderwerf	 MJ,	 Borgdorff	 MW,	Williams	 BG,	
Nagelkerke NJ. Natural history of tuberculosis: duration and 
fatality	 of	 untreated	 pulmonary	 tuberculosis	 in	 HIV	 negative	
patients: A systematic review. Plos One 2011;6:17601.

7.	 Rabna	 P,	 Ramos	 J,	 Ponce	 G,	 Sanca	 L,	 Mané	 M,	 Armada	 A,	
et al. Direct detection by the Xpert MTB/RIF assay and 
characterization of multi and poly drug‑resistant tuberculosis in 
Guinea‑Bissau, West Africa. PLoS One 2015;10:e0127536.

8.	 Rufai	 SB,	 Kumar	 P,	 Singh	A,	 Prajapati	 S,	 Balooni	 V,	 Singh	 S.	
Comparison of Xpert MTB/RIF with line probe assay for 
detection of rifampin‑monoresistant mycobacterium tuberculosis. 
J Clin Microbiol 2014;52:1846‑52.

9.	 Gaillard	 T,	 Fabre	M,	Martinaud	 C,	 Vong	 R,	 Brisou	 P,	 Soler	 C.	
Assessment of the SD BIOLINE Ag MPT64 RAPIDTM and the 
MGITTM	TBc	identification	tests	for	the	diagnosis	of	tuberculosis.	
Diagn Microbiol Infect Dis 2011;70:154‑6.

10. Lana D, Patrick A, Emmanuel OI, Agatha A, Dan O, Oche A, 
et al. Genetic – Determinants of drug Resistant Tuberculosis 
among	 HIV	 –	 infected	 patients	 in	 Nigeria.	 J.	 Clin	 Microbiol 
2012;50:2905‑9.

11. Zignol M, Gemert W, Falzon D, Sismanidis C, Glaziou P, 
Floyd K, et al. Surveillance of anti‑tuberculosis drug resistance 
in the world: An updated analysis, 2007‑2010. Bull World Health 
Organ 2012;90:111‑9.

12. Association for Reproductive and Family Health [homepage on 
the internet]. Oyo: World tuberculosis day 2018, on the search 
for TB leaders in Nigeria; c2019. ARFH House; [about 2 
screens]. Available from: https://arfh‑ng.org/world‑tuberculosis‑
day‑2018‑on‑the‑search‑for‑tb‑leaders‑in‑nigeria/. [Updated 2018 
Mar 16; Cited 2019 Jan 23].

13.	 Crucitti	 T,	 Taylor	 D,	 Beelaert	 G,	 Fransen	 K,	 Van	 Damme	 L.	
Performance	 of	 a	 rapid	 and	 simple	 HIV	 testing	 algorithm	 in	 a	
multicenter	 phase	 III	 microbicide	 clinical	 trial.	 Clin	 Vaccine	
Immunol 2011;18:1480‑85.

14. Yu F, Lee J, Wang M, Hsu H, Chen T, Cheng C. Evaluation of a 
modified	direct	 agar	 proportion	method	 for	 testing	 susceptibility	
of Mycobacterium tuberculosis from MGIT samples. J Microbiol 
Immunol Infect 2016;49:60‑5.

15. Kim SJ. Drug‑susceptibility testing in tuberculosis: Methods and 
reliability of results. Eur Respir J 2005;25:564‑9.

16. Surkova L, Horevich HL, Titov LP, Sahalchyk E, 
Arjomandzadegan M, Alinejad S. A study on demographic 
characteristics of drug resistant mycobacterium tuberculosis 
isolates in Belarus. Int J Mycobacterial 2012;1:75‑81.

17. Neyrolles O, Quintana L. Sexual inequality in tuberculosis. PLoS 
Med 2009;6:1000199.

18. Shao Y, Yang D, Weiguo XU, Luw, Song H, Dai Y, Shen H. 
Epidemiology of anti – tuberculosis drug resistance in a Chinese 
population: Current situation and challenges ahead. BMC Public 
Health 2011;11:110.

19. World Health Organization. [homepage on the internet]. 
Geneva: Global Tuberculosis Control: WHO report 2010; 
c2010. WHO Press. Available from: https://apps.who.int/
iris/bitstream/handle/10665/44425/9789241564069_eng.
pdf?sequence=1. [Updated 2010 Jul; Cited 2019 Jan 20].

20. World Health Organization. [homepage on the internet]. 
Geneva: Guidelines for Treatment of Tuberculosis: Fourth 
Edition. c2010 [updated 2010; cited 2019 Jan 22]. WHO 
Press. Available from: https://apps.who.int/iris/bitstream/
handle/10665/44165/9789241547833_eng.pdf?sequence=1.

21. Montales MT, Beebe A, Chaudhur A, Patil N. Mycobacterium 
tuberculosis	 infection	 in	 a	 HIV‑positive	 patient.	 Respiratory	
Medicine Case Report 2015;16:160‑2.

22.	 Allen	 V,	 Nicol	 MP,	 Tow	 LA.	 Sputum	 processing	 prior	 to	
Mycobacterium tuberculosis detection by culture or nucleic acid 
amplification	 testing:	 A	 narrative	 review.	 Res	 Rev	 J	 Microbiol	
Biotechnol 2016;5:96‑108.

[Downloaded free from http://www.njcponline.com on Monday, August 23, 2021, IP: 197.90.44.238]



Ahiarakwem, et al.: MDR tuberculosis in Imo, Nigeria

1177Nigerian Journal of Clinical Practice ¦ Volume 23 ¦ Issue 8 ¦ August 2020

23. Giovanni BM, Alberto M, Daniela C, Madhkar P. Diagnosis of 
multidrug resistant tuberculosis and extensively drug – resistant 
tuberculosis: Current standards and challenges Can J Infect Dis 
Med Microbiol 2008;19:169‑72.

24. Uzoewulu NG, Ibeh IN, Lawson L, Goyal M, Umenyonu N. 
Drug resistant Mycobacterium tuberculosis in tertiary hospital 
south east, Nigeria. J Med Microb Diagn 2014;3:141.

25. Menon S, Dharmshale S, Chande C, Gohil A, Lilani S, 
Mohammed	 S.	 Drug	 resistance	 profiles	 of	 Mycobacterium	
tuberculosis	 isolates	 to	 resistance	 first	 line	 anti‑tuberculosis	
drugs:	A	five	years	study.	Lung	India 2012;29:227‑33.

26. World Health Organization [homepage on the internet]. Geneva: 
Global Tuberculosis Report; c2018. WHO Press. Available from: 
https://www.who.int/tb/publications/global_report/en/. [Updated 
2019 Feb 28; Cited 2019 Mar 09].

27. World Health Organization [homepage on the internet]. Geneva: 
Global Tuberculosis Control; c2011. WHO press. Available from: 
http://www.who.int/iris/handle/10665/44728. [Updated 2012 Jun 
16; Cited 2018 Sep 11].

28. Berhan A, Berhan Y, Yizengaw D. A meta‑analysis of drug 
resistant tuberculosis in sub‑Saharan Africa: How strongly 
associated	 with	 previous	 treatment	 and	 HIV	 co‑infection?	
Ethiop J. Health Sci 2013;23:271‑82.

29.	 Getahun	 H,	 Gunneberg	 C,	 Granich	 R,	 Nunn	 P.	 HIV	 infection‑
associated tuberculosis: The epidemiology and the response. Clin 
Infect Dis 2010;50:201‑7.

30.	 Suchindral	 S,	 Brouwer	 ES,	 Van	 RA.	 Is	 HIV	 infection	 a	 risk	
factor for multi‑drug resistant tuberculosis? A systematic review. 
PLoS One 2009;4:5561.

[Downloaded free from http://www.njcponline.com on Monday, August 23, 2021, IP: 197.90.44.238]


