
  
  
  
  
 

 

 
Detection of pulmonary   tuberculosis by gene Xpert method among HIV patient in 

ART Center, Gadarif state, Sudan 
 
 
 
ABSTRACT 
Background 
 Tuberculosis (TB) is among the most widespread and serious of all human infectious 

diseases. Owing to widespread poverty, inequity and conflict, suboptimal health services in 

many countries and the impact of HIV/AIDS pandemic, is relatively high and TB/HIV co-

infected patients often test negative for TB with direct microscopy, which poses diagnostic 

difficulties. The traditional diagnosis of HIV associated TB is complex, expensive, slow 

and technically demanding as it relies on conventional culture and drug susceptibility 

testing. The long delay required to obtain results has devastating consequences for patients 

who go undiagnosed or diagnosed too late. 

Objective:  TO detect the accuracy of gene X pert® MTB/RIF which is a novel automated 

molecular in diagnosis   of Mycobacterium tuberculosis in HIV patients. 

Methods:  A cross sectional study was conducted on 70 HIV patients suspected to 

have Mycobacterium tuberculosis and who were referred to the ART and Tuberculosis 

Centers at Gadarif state, from June2022 to January2023. Patients with known HIV status 

who had their sputum tested by both the Gene X pert (Cepheid, California, United States of 

America) and direct microscopy (SM) for TB were included. Out of 70 sputum samples 

analyzed for TB, 50(71%) cases were positive using GeneXpert whereas the DM was 

positive only for 28 (4o %) of the cases.. The sensitivity of the GeneXpert was calculated 

as 93% and the specificity was 43%. The majority of the patients who contributed to  

(SM)were found to be co-infected with HIV. 

 Conclusion 

GeneXpert demonstrated two-time case detection rate compared to the sputum smear 

microscopy   so the direct smear showed poor performance tool for evaluation of TB-HIV 

co-infection. also The Gene X pert’s sensitivity was found to be high while the specificity 

was low. Even though this was the case, the GeneXpert as compared to DM could 

significantly reduce false negatives and the delay on treatment initiation can be 

significantly shortened, reducing premature death and ongoing transmission  
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 Introduction 
Tuberculosis (TB) is one of the most common and serious of all human infectious diseases. 

Regarding to widespread poverty, inequity and conflict, lack of health services in many 

countries and the impact of HIV/AIDS pandemic, the number of cases of TB today is 

greater than at any time in human history before. Estimated to 95% of all cases, and 98% of 

deaths due to TB, occur in tropical countries [1]. TB is the most frequent life-threatening 

opportunistic infection and a leading cause of death among PLHIV. HIV-positive people 

with latent TB infection have a 10% annual and 50% lifetime risk of developing active TB 

disease [2]. From the 1980s, infection by the human immunodeficiency virus (HIV) has 

lighted the concern with tuberculosis (TB) 3. In 2015, according to the World Health 

Organization (WHO), 10.4 million people developed TB; 1.2 million corresponded to 

people with HIV/AIDS 4. Before 35 years ago HIV control strategies were established on 

passive detection of by investigating sputum smear microscopically in patients who were 

suffering from chronic cough. The clinical presentations of pulmonary TB in HIV patients 

differs in last stages with less frequent coughing and negative sputum smears 5.Previously, 

Mycobacterium tuberculosis (MTB) culture has been the criterion standard for diagnosing 

TB, but this is a slow technique, it needs 2–6 weeks to grow, and is limited by the bacterial 

amount of the specimen 6. In spite this microbiological diagnostic technique has advantages 

in terms of cheapness and simplicity, specificity and sensitivity are still considered 

precarious, especially among HIV patients 7, 8 . In 2007, the WHO started to improve the 

diagnosis and management of smear-negative tuberculosis in HIV prevalent and resource 

constrained settings. The implementation required individuals with presumptive TB to be 

initially evaluated using two sputum microscopy examinations followed by clinical 

diagnosis such as chest X-rays in smear-negative individuals [9] . Since that time, there has 

also been a lot of advancement in technology to help with TB diagnosis such as the Gene X 

pert which uses Nucleic Acid Amplification Techniques (NAAT) to identify M. 

tuberculosis DNA and resistance to rifampicin. In December 2010, WHO endorsed the 

Gene X pert MTB/RIF for use in TB endemic countries and declared it a major milestone 

for global TB diagnosis [10] . However, during that period it was unclear how the assay 

performed as compared to the WHO 2007 algorithm in the diagnosis of smear negative 

pulmonary tuberculosis (SN-PTB) [9] . WHO’s 2013 policy recommendations emphasised 



  
  
  
  
 

 

that after evaluating the GeneXpert MTB/RIF technology, it should be used rather than 

conventional microscopy and culture as the initial diagnostic test in adults suspected of 

multi drug resistant TB or HIV associated TB [11] The high HIV prevalence rate in  

Gadarif makes effective TB diagnosis a priority in HIV positive patients to increase case 

detection and improve treatment outcomes. This study sought to evaluate the effectiveness 

of GeneXpert technology against conventional diagnostic techniques used in Gadarif state 

Sudan. 

Methods 
 
Study Design and Setting 
A cross-sectional laboratory based was followed in the period from from June2022 to  

January2023 in Gadarif Tuberculosis and ART Centers. Most admitted patients came from 

Gadarif State, Eastern of Sudan. 

Study area  

This is a cross sectional laboratory base study, was conducted from june2022 to December 

2022 at Gadarif ART and Tuberculosis Centers in Gadarif state, Eastern of Sudan 

neighboring Ethiopia and Eritrea countries 

Study population 

The study population from different ages and sex enrolled in this research those who were 

attending to, Gadarif ART and Gadarif Tuberculosis centers suffering from HIV associated 

with Tuberculosis. 

Inclusion criteria 

Any HIV patients associated with pneumonia symptoms. 

 Exclusion criteria 

Any HIV patient who was not suffering from pneumonia. 

 Data collection and Sampling 

Socio-demographic characteristics of patients were collected using a questionnaire form 

through face-to-face interview with the patients. A total of 70 sputum sample were 

collected for   detection of Acid fast bacilli by smear microscope method and gene X pert 

Technology. 

  

 Laboratory Procedure 

Sampling 



  
  
  
  
 

 

Participants were constructed to collect early morning sputum into a clean, sterile, leak 

proof, wide mouth containers. Collected specimens were sent immediately to the Medical 

Laboratory of Gadarif Tuberculosis Center, Ministry of Health, Gadarif State. Bio-safety 

considerations were followed for sputum processing including wearing of personal 

protective equipments and sodium hydroxide (NaOH) decontamination. From each sample; 

two ml were taken for gene Xpert analysis, then smear for ZN staining without 

concentration was prepared. 

 Sample size:                                                                                                                                                                                                                         

Sample size determination by calculation of Yamane formula :  

n =
ܰ

1 + ܰ݁ଶ 

where :  

n=sample size . 

N= population size=250 . 

e=error (0.1) reliability level 90% . 

n = ଶହ଴
ଵାଶହ଴(଴.ଵ)మ

 = 71 or 70 participation  

Smear Microscopy 

The most common way for diagnosing TB worldwide is through sputum smear 

microscopy/DM using the fluorescence microscope (Auramine) or the Ziehl-Neelsen 

method (gold standard). However this method is susceptible to human error and other 

factors beyond control that can result in false negatives. 

Procedure of ZN Stain 

Smears were fixed over the glass slide by heating. Carbol fuschin was poured over smear 

and heated gently until appearing of fumes. After standing for 5 minutes, water washing 

was done. thin-staining was accomplished using 20% sulphuric acid. After water washing 

methylene blue was added for two minutes.Finally dried smears were examined under oil 

immersion lens. Degree of positivity was determined by 1 to 9 acid fast bacilli (AFB) per 

100 high power field, 1 + (10 - 99 AFB/100 field), 2+ (1 - 10 AFB/ 50 field) and 3 + (more 

than 10 AFB/20 field) according to the WHO recommendations [21]  

 Gene X pert Assay 



  
  
  
  
 

 

The Gene X pert (X pert MTB/RIF) is a cartridge based automated diagnostic test that can 

identify Mycobacterium tuberculosis (MTB) DNA and resistance to rifampicin (RIF) by 

nucleic acid amplification technique (NAAT). The X pert MTB/RIF assay consists of two 

main components: 1) the X pert MTB/RIF plastic cartridge, which contains liquid sample 

processing and PCR buffers and lyophilized real-time reagents 2) the Gene X pert 

instruments which controls intra-cartridge fluids and performs real-time PCR analysis. 

 

Gene X pert Assay Procedure: 

  

A sample reagent was added to the sputum specimen in a2:1 ratio. The mixture was 

incubated at room temperature for 10 minutes and was manually agitated. A total of 1 ml of 

sample was introduced into cartridge, which was then loaded into the Gene X pert 

instrument, where the subsequent steps of sample lysis, nucleic acid extraction, and 

amplification occurred automatically with results in1 hour and 52 minutes .5 Lastly the 

results were read and interpreted according the load of bacilli and rifampicin resistance 

gene detection [22]. 

Ethical consideration 

Ethical approval of the study was obtained from Faculty of Medical Laboratory Science, 

University of Gezira and Gadarif State Ministry of Health. A written informed consent was 

obtained from each participant regardless of their ART status. 

Data analysis 

The information related to patients and research results were first entered in Microsoft 

Excel and later analyzed using SPSS version 20 computer program . The significance of the 

association between variables was measured by Chi-square test, and a p value of less than 

0.05 was considered significant. 

 

Results 

A total of 70 sputum specimens from HIV patient suspected with tuberculosis in ART and 

pulmonary tuberculosis centers subjects were included, most of participants came from 

Gadarif State.  Socio-demographic characteristics of enrolled patients according to their 

gender were males more infected than females, 36/70 (51%) and females 34/70 (49%) 



  
  
  
  
 

 

respectively as indicated in table1. In table 2 showed their age, 13% less than 20 years, 

40% were from 20 to 29 years, 20% were from 30 to39 years, 16%  were from 40   to 49 

years and 11% were more than 50 years. The detection of positive acid fast bacilli by direct 

microscope smear (ZN) stains yielded 28/70 (40%). While Gene X pert method detection 

revealed that 50/70 (71%) were positive for acid bacilli by molecular diagnostic method as 

indicated in table3. The relationship between gene X pert result levels and direct 

microscope smear ( ZN) stains without centrifugation showed a significant different 

between them (P.v. = 0.05 ) as indicated in table 4. The sensitivity of 93%, specificity 43%.  

Positive predictive value (50%), Negative predictive value (90%) indicated in  table 5, 

Gene X pert demonstrated twice case detection rate versus the sputum smear microscopy. 

   
   

Table 1: distribution of participation according to their gender (n=70) 

  

 

 

 

 

 

 

 

 

 

                                                                                                                             
                              

Table 2 : distribution of participation  according to their age group (n=70)                    
                                                                                                                                                    

Gender Frequencies Percentage % 

Male 36 51 

Female 34 49 

Total  70 100 

Age range Frequencies Percentage % 



  
  
  
  
 

 

 

 

 

 

 

 

 

 

Table 3: comparison of positive TB case between direct smear microscope and gene X pert  

                             

 

 

 

 

Table:4 the comparison of the Gene X pert and SM microscopy                                                                                                                               

 SM Total p-value 

+Ve -Ve 

Gene X pert +Ve  26 24 50  

0.001* 

 

-Ve 2 18 20 

Total 28 42 70 

 

          

Less than 20 years 9 13 

20-29 28 40 

30-39 14 20 

40-49 11 16 

More than 50 years 8 11 

Total  70 100 

 TB/ Gene X pert  TB/SM  

Frequencies Percentage % Frequencies Percentage % 

Positive  50 71 28 40 

Negative 20 29 42 60 



  
  
  
  
 

 

 

 

Table 5 Comparison of gene X pert to Direct smears method 

  

Sensitivity = 

%93(26/28)*100 =      

Specificity = 

%43(18/42)*100 =    

Positive predictive value =  

%50(26/50)*100 =    

Negative  predictive value = 

%90(18/20)*100 =    

 

Discussion 

The HIV epidemic has led to great increase in the frequency of smear negative pulmonary 

tuberculosis which has negative prognosis and increased early mortality versus to smear 

positive disease. HIV-positive individuals have a greater rate of smear-negative disease 

because they are less likely to have cavity lesions due to the impairment of granuloma 

formation. Sensitivity of sputum microscopy in HIV ranges from 43% to 51%. 13. About 

24% to 61% of HIV and TB co-infected patients their smears were negative. 30-60% of 

people with HIV infection may die with tuberculosis often undiagnosed.14 

Our study focused on the importance of GeneXpert in TB patients notification under the 

program of WHO intensified TB case finding among PLHIV. Gene X per is a relatively a 

modern diagnostic fashion in the battle to combat TB as a world public health problem, and 

is emphasized that it is to promote bacteriology confirmed TB cases with shorter 

turnaround time as shown in past researches.15-16 

  In our result finding, Table 3 show total number of 70 HIV patient suspected with TB was  

50 [71%]  cases were detected with the use of the Gene X pert whereas only 28 (40%) of 

the TB cases were positive with DM. The difference in TB diagnosis between the two 

methods was statistically significant. 

All patients who turned positive for smear AFB were also positive for GeneXpert, 

confirming that it can substitute the conventional smear AFB microscopy in the clinical 

care of TB [ 17,18,19]. GeneXpert detected additional 31.4 % among smear AFB negative 

cases which is typical with the finding of the study from north-western part of Ethiopia and 



  
  
  
  
 

 

other multicenter studies. [15, 16, 20, 19] Also congruent with study by 28 . However, the study 

finding reported by Habte et al indicated additional TB case detection of GeneXpert among 

smear AFB negative cases was 64.3% [21], which was higher than our finding while the 

report from Cochrane review and meta-analysis by Steingart and his collogues, and studies 

from other areas were in the range of quarter which were lower than our results [17, 

22, 23, 24, 25, 26–27]. 

 Table5 shows that the GeneXpert had a sensitivity of 93% and the specificity of 43%, 

respectively when compared to the Ziehl-Neelson method. Other studies have reported high 

specificity and sensitivity of the GeneXpert method as in comparison to the results of this 

current study. A study conducted by WHO (2011) indicated the GeneXpert sensitivity of 

80% and the specificity of more than 80% in patients with smear negative PTB [29]. When 

the GeneXpert was compared to the TB culture gold standard the sensitivity was 67% while 

the specificity was 98% [30]. In a similar study the GeneXpert sensitivity was 95% and the 

specificity 33% [31]. The results of this current study could be different from other studies as 

we used the Ziehl-Neelsen method as the fundamental standard as compared to other 

studies that used culture.  

This study found that men had more HIV/TB Confections 36 (51.0%) than women 

34(49%) as shown in Table 4. This is in corresponding with other studies involving a study 

by WHO [32] [33]. These results however are only based on global statistics in developed 

countries. Currently, there is no exact evidence of gender-based difference in the 

occurrence of TB and HIV-co-infection in developing countries.  

As shown in Table 2, the most affected age category with HIV/TB Co-infections was 20 to 

29 years 28 (40.0%), followed by 30 to 39 years 14 (20%). The economically productive 

age groups are primarily insulted and thus impacting the society in terms of loss of 

economic productivity due to absenteeism, loss of potential tax revenue, lack of trained 

human experts, and expensive treatment costs. This is similar with findings of other studies 
[34] [33]. The age preponderance to HIV/TB Confections could also be due to the fact that 

these groups are sexually active, therefore encountering sexual partners in whom both TB 

and HIV are both prevalent [33].  

Conclusion 



  
  
  
  
 

 

The direct smear showed poor performance method for detecting of TB-HIV co-infection. 

Even though this was the case, the Gene X pert as compared to the direct microscopy could 

significantly decreases false negatives and the delay on treatment initiation can be 

significantly shortened, Also The Gene X pert’s sensitivity was found to be high while the 

specificity was low; Gene X pert is likely to substantially promote the diagnostic 

confirmation of the Mycobacterium bacilli. 

 
 

Referances 
 
 

1. Maynard-smith L, Larke N, Peters JA, Lawn SD. Diagnostic accuracy of the Xpert MTB 

/ RIF assay for extra pulmonary and pulmonary tuberculosis when testing non-respiratory 

samples: a systematic review. BMC Infect Dis. 2014; 14:709 10.1186/s12879-014-0709-

7 [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

2. Habte D, Melese M, Hiruy N, Gashu Z, Jerene D, Moges F, et al. The additional yield of 

Gene Xpert MTB / RIF test in the diagnosis of pulmonary tuberculosis among household 

contacts of smear positive TB cases. Int J Infect Dis. 2016; 49: 179–84. 

10.1016/j.ijid.2016.07.002 [PubMed] [CrossRef] [Google Scholar] 

 
 
3. World Health Organization. Global tuberculosis control: WHO report 2011. Geneva 
(CH): WHO; 2011 
 
4. World Health Organization. Global tuberculosis report 2016. Geneva (CH): WHO; 2016. 
 
5. Lawn SD, Wood R. Tuberculosis in antiretroviral treatment services in resource-limited 
settings: addressing the challenges of screening and diagnosis. J Infect Dis. 2011;204 Suppl 
4:S1159-67. https://doi.org/;10.1093/infdis/jir411 
6. Deshwal H, Avasarala SK, Ghosh S, Mehta AC, Forbearance with bronchoscopy: A 
review of gratuitous indications: Chest, 2019; 155(4); 834-47 

 
7. World Health Organization. Roadmap for rolling out Xpert MTB/RIF for rapid diagnosis 
of TB and MDR-TB. Geneva (CH): WHO; 2010. 
 



  
  
  
  
 

 

8. Dewan R, Anuradha S, Khanna A, Garg S, Singla S, Agarwal S, et al. Role of cartridge-
based nucleic acid amplification test (CBNAAT) for early diagnosis of pulmonary 
tuberculosis in HIV. JIACM. 2015;16(2):114-7. 

9 .   Walusimbi, S., Bwanga, F., De Costa, A., Haile, M., Joloba, M. and Hoffner, 
S. (2013) Meta-Analysis to Compare the Accuracy of GeneXpert, MODS and 
the WHO 2007 Algorithm for Diagnosis of Smear-Negative Pulmonary. BMC 
Infectious Diseases, 13, 507.http://dx.doi.org/10.1186/1471-2334-13-507 

  
10. Weyer, K., Mirzayev, F., Migliori, , 
Zignol, M. and Raviglione, M. (2013) 
Policy Making and Global Implementation 
Journal, 42, 252-271.
http://dx.doi.org/10.1183/09031936.00157
212 
 

 G.B., Van Gemert, W., D’Ambrosio, L. 
 Rapid Molecular TB Diagnosis: Evidence, 
 of Xpert MTB/RIF. European Respiratory  
  

11. WHO Xpert MTB/RIF Implementation Manual 2014.
http://www.who.int/iris/bitstream/10665/112469/1/9789241506700_en
g.pdf 

13. Dewan R, Khanna A, Garg S, Singla S, Ish P, Agarwal S, Narayan AH, Hanif M, Singh 
H, Uppal S. Role of cartridge-based nucleic acid amplification test (CBNAAT) for early 
diagnosis of pulmonary tuberculosis in HIV. Journal, Indian Academy of Clinical Medicine 
2015; 16(2):114-117 

14. Boehme CC, Nicol MP, Nabeta P, Michael JS, Gotuzzo E et al. Feasibility, diagnostic 

accuracy, and effectiveness of decentralized use of the Xpert MTB/RIF test for diagnosis of 

tuberculosis and multidrug resistance: a multicentre implementation study. Lancet 2011; 

377:1495-1505. 

15. Maynard-smith L, Larke N, Peters JA, Lawn SD. Diagnostic accuracy of the Xpert 

MTB / RIF assay for extra pulmonary and pulmonary tuberculosis when testing non-

respiratory samples: a systematic review. BMC Infect Dis. 2014; 14:709 10.1186/s12879-

014-0709-7 [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

16. Rasool G, Khan AM, Mohy-ud-din R, Riaz M. Detection of Mycobacterium 

tuberculosis in AFB smear-negative sputum specimens through MTB culture and 

GeneXpert MTB / RIF assay. Int J Immunopathol Pharmacol. 2019; 33. Available from: 

10.1177/20587384198271 [PMC free article] [PubMed] [CrossRef] [Google Scholar]  

  



  
  
  
  
 

 

17. Pinyopornpanish K, Chaiwarith R, Pantip C, Keawvichit R, Wongworapat K, Khamnoi 

P, et al. Comparison of Xpert MTB / RIF assay and the conventional sputum microscopy in 

detecting Mycobacterium tuberculosis in Northern Thailand. Tuberculosis Research and 

Treatment. 2015; 2015 10.1155/2015/571782 [PMC free article] [PubMed] 

[CrossRef] [Google Scholar] 

18. Lange B, Khan P, Kalmambetova G, Al-Darraji HA, Alland D, Antonenka U, et 

al. Diagnostic accuracy of the Xpert® MTB/RIF cycle threshold level to predict smear 

positivity: A meta-analysis. Int J Tuberc Lung Dis. 2017; 21(5): 493–502. 

10.5588/ijtld.16.0702 [PubMed] [CrossRef] [Google Scholar] 

19. Rasheed W, Rao NA, Adel H, Baig MS, Adil SO. Diagnostic accuracy of Xpert 

MTB/RIF in sputum smear-negative pulmonary tuberculosis. Cureus. 2019; 11(8). 

10.7759/cureus.5391 [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

20. Ethiopia federal minister of health: Guidelines for clinical and programmatic 

management of TB, leprosy and TB/HIV in Ethiopia 6th ed, 2018.  

21. Akanbi MO, Achenbach C, Taiwo B, Idoko J, Ani A, Isa Y, et al. Evaluation of gene 

Xpert for routine diagnosis of HIV-associated tuberculosis in Nigeria: a prospective cohort 

study. BMC Pulm Med. 2017; 17(1): 1–10. 10.1186/s12890-016-0353-7 [PMC free 

article] [PubMed] [CrossRef] [Google Scholar] 

22. Dravid A, Natarajan K, Medisetty M, Gawali R, Mahajan U, Kulkarni M, et 

al. Incidence of tuberculosis among HIV infected individuals on long term antiretroviral 

therapy in private healthcare sector in Pune, Western India. BMC Infect Dis. 2019; 19(1):1–

12. 10.1186/s12879-018-3567-x [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

23. Ethiopia federal minister of health: National comprehensive HIV prevention, care and 

treatment in Ethiopia 5th ed, 2018.  

 24. Davis JL, Kawamura LM, Chaisson LH, Grinsdale J, Benhammou J, Ho C, et 

al. Impact of GeneXpert MTB / RIF on patients and tuberculosis programs in a low-burden 

setting a hypothetical trial. Am J Respir Crit Care Med. 2014; 189: 1551–9. 

10.1164/rccm.201311-1974OC [PMC free article] [PubMed] [CrossRef] [Google Scholar]  



  
  
  
  
 

 

25. Tadesse M, Aragaw D, Rigouts L, Abebe G. Increased detection of smear-negative 

pulmonary tuberculosis by GeneXpert MTB/RIF® assay after bleach concentration. Int J 

Mycobact [Internet]. 2016; 5(2):211–8. Available from: 10.1016/j.ijmyco.2016.03.005 

[PubMed] [CrossRef] [Google Scholar]  

26. Mollel EW, Maokola W, Todd J, Msuya SE, Mahande MJ. Incidence rates for 

tuberculosis among HIV infected patients in Northern Tanzania. Front Public Heal. 

2019; 7(October): 19 10.3389/fpubh.2019.00306 [PMC free article] [PubMed] 

[CrossRef] [Google Scholar]  

27. Boehme CC, Nicol MP, Nabeta P, Michael JS, Gotuzzo E, Tahirli R, et al. Feasibility, 

diagnostic accuracy, and effectiveness of decentralized use of the Xpert MTB / RIF test for 

diagnosis of tuberculosis and multidrug resistance: a multicenter implementation 

study. Lancet [Internet]. 2011; 377(9776):1495–505. Available from: 10.1016/S0140-

6736(11)60438-8 [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

28  Abebe Sorsa,etal 2021   Diagnostic performance of GeneXpert in tuberculosis–HIV co–

infected patients at Asella Teaching and Referral Hospital, Southeastern Ethiopia: A cross 

sectional study 

 29WHO (2011) Automated Real-Time Nucleic Acid Amplification Technology for Rapid 

and Simultaneous Detection of and Rifampicin Resistance: Xpert MTB/RIF System 

30  Ioannidis, P., Papaventsis, D., Karabela, S., Nikolaou, S., Panagi, M., Raftopoulou, E. 

and Kanavaki, S. (2011) Cepheid GeneXpert MTB/RIF Assay for Mycobacterium 

Detection and Rifampin Resistance Identification in Patients with Substantial Clinical 

Indications of and Smear-Negative Microscopy Results. Journal of Clinical Microbiology, 

49, 3068-3070. 

 31 Walusimbi, S., Bwanga, F., De Costa, A., Haile, M., Joloba, M. and Hoffner, S. (2013) 

Meta-Analysis to Compare the Accuracy of GeneXpert, MODS and the WHO 2007 

Algorithm for Diagnosis of Smear-Negative Pulmonary. BMC Infectious Diseases, 13, 507 

 32./ World Health Organization (2013) Automated Real-Time Nucleic Acid Amplification 
Technology for Rapid and Simultaneous Detection of and Rifampicin Resistance: Xpert 
MTB. 
  33/Agbor, A.A., Bigna, J.J.R., Plottel, C.S., Billong, S.C., Tejiokem, M.C., Ekali, G.L. 



  
  
  
  
 

 

and Koulla-Shiro, S. (2015) Characteristics of Patients Co-Infected with HIV at the Time 
of Inpatient Treatment Initiation in Yaoundé, Cameroon: A Tertiary Care Hospital-Based 
Cross-Sectional Study. Archives of Public Health, 73, 24.
http://dx.doi.org/10.1186/s13690-015-0075-y 

 34/ MoHSS (2010) National and Leprosy Control Programme 2010-2015 Annual Report. 

Directorate of Special Programmes, Windhoek 

 

 

 

 

 

 

 

 

 
 

 


