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ABSTRACT
Introduction: The Republic of Moldova (Moldova) remains among the 

highest tuberculosis (TB) burden countries in the WHO European Region (1). 

The main intervention to improve TB diagnostics was the introduction of 

GeneXpert testing in 2012, which is a molecular investigation based on real-

time polymerase chain reaction (PCR). While the efficacy of the GeneXpert 

test is evident, rifampicin-resistant cases identified by GeneXpert are not 

always confirmed by the culture method of laboratory diagnosis (phenotypic 

methods). We suspected that low MTB concentration can be a determining 

factor in discordant results.

Objective: We aimed to determine the effect of low concentration of 

Mycobacterium tuberculosis (MTB) in sputum samples reported by 

GeneXpert on discordant results from GeneXpert and phenotypic drug 

susceptibility testing (pDST).

Methods: We conducted a retrospective cohort study of the results of the 

samples from new TB patients who were examined and reported by the 

GeneXpert test in the Republic of Moldova between 2013 and 2017. The data 

were extracted from the National Database and the GeneXpert electronic 

database.

Results: A comparison of GeneXpert and pDST test results in 2 810 analysed 

samples revealed 87 (3.1%) discordant rifampicin susceptibility results. 

Among the discordant results, 39 (55.2%) were detected as resistant by 

the GeneXpert test, but this resistance was not confirmed by pDST. Very 

low MTB concentration was identified in 16% (450/2 810) of the samples. 

Statistically significant dependence between low MTB concentrations and 

discordant results was not identified.

Conclusion: The study showed that there is a  divergence between DST 

results and GeneXpert results, which is not necessarily caused by low 

concentration of MTB. Additional studies are needed to identify factors 

associated with this divergence.
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INTRODUCTION
Drug-resistant tuberculosis complicates global tuberculosis 
care and prevention and remains a  serious challenge in 
TB control. Globally, more than half of estimated cases of 
rifampicin or multidrug-resistant tuberculosis (RR/MDR-TB) 
remain undiagnosed (1). Even though the End TB Strategy 
calls for universal access to drug susceptibility testing 
(DST) (2), only one third of the 6.7 million new and previously 

treated TB cases reported globally were tested for rifampicin 
resistance in 2017 (1).

According to World Health Organization (WHO) data, the 
Republic of Moldova remains among the 18 high TB burden 
countries in Europe. Even though its TB incidence rate was 
reversed in 2007 and continues to decline by an average of 
3.2% per year, the country’s MDR-TB burden is among the 
highest in the world (1).
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In the last decade considerable investments were made in 
Moldova to improve TB surveillance, diagnosis, adherence, and 
treatment, and to reform TB control and health care systems in 
line with WHO recommendations (6). One of the main actions 
was the introduction of Xpert® MTB/RIF (GeneXpert) in 2012 
and its subsequent scale-up through training, monitoring 
and supervision to perform initial diagnostic testing for TB. 
Moldova was among the first countries to implement the Xpert 
technology at the regional service level, which excluded the 
specimen transportation step. In total, 57 GeneXpert machines 
were supplied and installed in regional TB units (7).

Despite the promising results related to the utility and efficacy 
of the GeneXpert system, the use of GeneXpert can result in 
false-positive RR-TB rates, particularly in samples with a low 
concentration of Mycobacterium tuberculosis (MTB). Recent 
studies have demonstrated that the discordant results obtained 
by genotypic and phenotypic methods can be explained by 
minimum inhibitory concentration levels close to the cut-off 
value of 1 mg/ml, which is used in phenotypic susceptibility 
assays or due to silent mutations in the rpoB gene (10). As 
a result, such patients may be diagnosed and then treated with 
unnecessary and toxic second-line drugs if confirmatory tests 
by other molecular or phenotypic methods are not available. 
It is important to note that the low concentration of MTB 
in the samples can be associated with discordant results to 
determine whether laboratory techniques and diagnostic 
algorithms should be adjusted. Therefore, we aimed to 
examine the association between a low concentration of MTB 
in the samples and discordant rifampicin susceptibility results 
from GeneXpert and phenotypic DST (pDST) methods among 
patients with TB confirmed by culturing, and reported in 
Moldova in the years 2013–2017.

METHODS
Study design. This was an observational cohort study among 
new TB patients tested by GeneXpert, and reported in the 
Republic of Moldova between 2013 and 2017.

General setting. In the Republic of Moldova, the Ministry of 
Health, Labour and Social Protection is the body primarily 
responsible for TB control in the country. The National 
Tuberculosis Control Programme (NTP) was initiated in 2001 
and has been approved every five years since.

Laboratory network. The NTP laboratory system is divided into 
three levels: the National Reference Laboratory (NRL), three 
Regional Reference Laboratories and 59 microscopy centres. 

In this context, the NRL is involved in monitoring regional 
subdivisions and adjusting laboratory methods and techniques.

Study population. We defined the study population as all the 
GeneXpert results obtained from TB patients over the age of 15 
tested from 1 January 2013 to 31 December 2017 in the Republic 
of Moldova, and did not include results from the eastern part of 
the country for political reasons. The exclusion criteria for the 
test results were: GeneXpert results are Not detected and Rif 
resistance is indeterminate, GeneXpert tests with no available 
results, pDST tests with no data from Löwenstein Jensen (LJ) 
and mycobacteria growth indicator tube (MGIT).

Data extraction. Data were extracted in Excel format from the 
national database (SIME TB) and the GeneXpert electronic 
databases and then converted into EpiData format (version 
2.2.2.183, EpiData Association, Odense, Denmark). SIME 
TB contains all the information about pDST results. The 
GeneXpert database contains detected concentrations of MTB 
and GeneXpert rifampicin results. Within each database, all 
results with duplicate laboratory numbers in the same year 
were examined for completeness and the most complete results 
were selected.

For data merging purposes, unique identification numbers 
for each test were generated based on laboratory numbers and 
used to link results across two databases. The associations 
between GeneXpert rifampicin results and pDST were made 
using generated identification numbers.

Data variables. The data extracted from the databases included: 
GeneXpert results, MTB concentrations in the samples, pDST 
obtained from a liquid MGIT culture or solid LJ culture, date 
the results were obtained, the patient’s age, the patient’s gender, 
TB localization, ID, sputum collection date, culture number 
and the date of GeneXpert results.

The concentration of MTB is reported by the GeneXpert 
device in correlation with the fluorescence signal obtained, 
and does not have a  numeric value, the device’s software 
interprets the results in accordance with the fluorescence 
signal levels obtained. Intermediate variables that represent 
the results of rifampicin testing, including GeneXpert rif-
resistant, GeneXpert rif-sensitive, pDST rif-resistant, pDST 
rif-sensitive and discordance were generated for analysis. We 
defined discordance as cases where the GeneXpert test results 
(rifampicin-sensitive and rifampicin-resistant) were not 
confirmed by the pDST results.



603

ТОМ 5  |  ВЫПУСК 4  |  ДЕКАБРЬ 2019 Г.  |  369–613ПАНОРАМА ОБЩЕСТВЕННОГО ЗДРАВООХРАНЕНИЯ

LOW CONCENTRATION OF MYCOBACTERIUM TUBERCULOSIS IN THE SPUTUM SAMPLE  
AND GENEXPERT RIFAMPICIN SUSCEPTIBILITY RESULTS.

We performed descriptive analyses using frequencies and 
percentages. We compared discordant rifampicin results 
using the chi-square test, risk and odds ratios and confidence 
intervals. The level of significance is set at 5%.

Ethics approval: Permission for this study was obtained from 
the Ethics Committee at the Ministry of Health, Labour 
and Social Protection of the Republic of Moldova. An ethics 
exemption was also obtained from the WHO Ethics Review 
Committee in Geneva, Switzerland.

RESULTS
We identified 33 212 results for examination in this study. 
After the exclusion criteria were applied, the final cohort was 
composed of 2 810 eligible results. Among the 2 810 analysed 
samples, 78.5% were male patients and 99.3% were pulmonary 
TB patients. The highest prevalence of discordant rifampicin 
results of 29.9% was found in 2015 (Table 1.)

When comparing GeneXpert and pDST results, we found 
3.1% (87) discordant rifampicin results. Of those 55.2% (39) 
were detected as rifampicin-resistant by GeneXpert, but 
were not confirmed by pDST. The remaining 44.8% (48) were 
rifampicin-resistant by pDST but not confirmed by GeneXpert 
(Table 2). The low MTB concentration was determined in 16% 
(450/2 810) of all samples and in 21.8% (19/87) of samples with 
discordant rifampicin results.

The study revealed a  significant association of discordant 
rifampicin results with the year of testing (p=0.006, <0.001 and 
0.032) and with the 15–24 years age group (p=0.037) (Table 1). 
The remaining variables did not demonstrate a  significant 
association with the primary outcome. However, we did not 
find that the association between a  low MTB concentration 
and discordant rifampicin results was statistically significant.

DISCUSSION
We conducted the first study of GeneXpert results reported by 
the NRL in Moldova within five years of the implementation of 
the NTP. The aim was to identify if low concentration of MTB 
in samples could be the reason for the discordance between 
the GeneXpert and pDST rifampicin results. Other studies or 
approaches regarding this subject were not identified in literature.

We identified cases where rifampicin resistance detected by the 
Xpert test was not confirmed by pDST. Based on such results 

clinicians may initiate incorrect treatment with second-line 
drugs. Finally, it can increase the cost of the treatment and the 
risk of multidrug resistance.

The correlation between low concentration of MTB and 
discordant results was not demonstrated. We acknowledge 
that our exclusion criteria for duplicate results per sample 
were not quite suitable. Another reason could be that the study 
focused on selected test results rather than the patients and 
their previous DST results.

The discordant results with significant distribution in 
the 15–24 years age range may be due to heteroresistance 
of Mycobacterium tuberculosis. This age group could be 
represented by socially active individuals who may have 
a higher risk of acquiring several different strains (12).

The highest prevalence of discordant rifampicin results in 2015 
cannot be explained without additional studies, but it was 
likely caused by the increase in low-level rifampicin-resistant 
strains identified in that year (10).

Our results have important indications for future research, 
which may help to determine if laboratory techniques and 
diagnostic algorithms must be adjusted. There is a  need for 
additional studies of resistance testing concordance, which 
should include results not only from pDST and GeneXpert, 
but also from genotypic DST. Future research may also include 
long-term studies examining all results per patient collected to 
determine changes in resistance over the long term.

One of the limitations of this study was the impossibility of 
obtaining genotypic line probe assay (LPA) results specifically 
to compare them with unconfirmed pDST results. As 
mentioned above, approximately 150 duplicate GeneXpert 
results obtained from samples with a low MTB concentration 
were excluded from this study, even though they were a target 
group. However, one of the key benefits of this study was 
confirming that discordant results were identified, and another 
was determining if concentration of MTB in the samples was 
perhaps not the main cause of the discordance.

CONCLUSION
Drug resistance is an essential reason of TB treatment failure, 
especially when strains are resistant to the primary drugs, 
that is isoniazid and rifampicin, which can cause MDR-TB to 
develop. This study demonstrated that there is a  divergence 
between DST results and GeneXpert results and that the 
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low concentration of MTB is not a  key contributor to the 
divergence. Most of the cases not confirmed as rifampicin-
resistant by the GeneXpert test are identified by other 
laboratory investigations, but it was not possible to obtain 
culture growth for some samples. Therefore, it is important to 
compare the results of the GeneXpert test with LPA results. 
For this reason, all laboratory results must be analysed in 
parallel to obtain a correct interpretation of any resistance and 
to establish an adequate treatment plan.

Acknowledgements: The authors would like to thank 
everyone who has directly or indirectly contributed to 
this study, especially the administration of the Institute of 
Phthisiopneumology “Chiril Draganiuc”, as well as their 
mentors.

Sources of funding: This study was conducted with the 
support of the World Health Organization Regional Office 
for Europe.

Conflicts of interest: None declared.

Disclaimer: The authors alone are responsible for the views 
expressed in this publication and they do not necessarily 
represent the decisions or policies of the World Health 
Organization.

REFERENCES1

1. Global tuberculosis report. Geneva: World Health 
Organization; 2018 (http://apps.who.int/iris/bitstream/hand
le/10665/274453/9789241565646-eng.pdf?ua=1).

2. The End TB Strategy. Global strategy and targets for 
tuberculosis prevention, care and control after 2015. Geneva: 
World Health Organization; 2014 (https://www.who.int/tb/
strategy/End_TB_Strategy.pdf?ua=1).

3. Tuberculosis surveillance and monitoring in Europe, 2018. 
European Centre for Disease Prevention and Control; 2018 
(https://ecdc.europa.eu/en/publications-data/tuberculosis-
surveillance-and-monitoring-europe-2018).

1 All references were accessed 15 December 2019.

4. Tuberculosis profile: Republic of Moldova. Geneva: World 
Health Organization; 2017 (https://extranet.who.int/sree/
Reports?op=Replet&name=%2FWHO_HQ_Reports%2FG2%
2FPROD%2FEXT%2FTBCountryProfile&ISO2=MD&LAN=EN
&outtype=pdf).

5. The national database for notification and follow-up on 
tuberculosis cases. SIME TB (http://simetb.ifp.md/).

6. Analysis of the epidemiological impact of tuberculosis in 
the Republic of Moldova. Copenhagen: WHO Regional Office 
for Europe; 2017 (http://www.euro.who.int/__data/assets/
pdf_file/0011/337853/Moldova_Epi_review_final.pdf?ua=1).

7. Center for Health Policies and Studies National Tuberculosis 
Program. Expanding access to rapid diagnosis of TB and 
MDR-TB in Moldova by Xpert MTB/RIF, with special emphasis 
on high risk groups; 2018 (http://www.stoptb.org/assets/
documents/global/awards/tbreach/w4docs/Center%20
for%20Health%20Policies%20and%20Studies%20(PAS%20
Center),%20Moldova.pdf).

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 Jun; 52(6): 1846–1852. 
doi:10.1128/JCM.03005-13.

9. Van Deun A, Aung KJM, Bola V, Lebeke R, Hossain MA, de Rijk 
WB et al. Rifampin Drug Resistance Tests for Tuberculosis: 
Challenging the Gold Standard; J Clin Microbiol. 2013 Aug; 
51(8): 2633–2640. doi:10.1128/JCM.00553-13.

10. Ahmad S, Mokaddas E, Al-Mutairi N, Eldeen HS, Mohammadi 
S. Discordance across Phenotypic and Molecular 
Methods for Drug Susceptibility Testing of Drug-Resistant 
Mycobacterium tuberculosis Isolates in a Low TB Incidence 
Country; PLoS One. 2016; 11(4): e0153563. doi:10.1371/
journal.pone.0153563.

11. The World Factbook: Moldova. Central Intelligence Agency, 
United States of America; 2017 (https://www.cia.gov/library/
publications/the-world-factbook/geos/md.html).

12. Streicher EM, Bergval I, Dheda K, Böttger EC, Gey van Pittius 
NC, Bosman M et al. Mycobacterium tuberculosis Population 
Structure Determines the Outcome of Genetics-Based 
Second-Line Drug Resistance Testing. Antimicrob Agents 
Chemother. 2012 May; 56(5): 2420–2427. doi:10.1128/
AAC.05905-11.

LOW CONCENTRATION OF MYCOBACTERIUM TUBERCULOSIS IN THE SPUTUM SAMPLE  
AND GENEXPERT RIFAMPICIN SUSCEPTIBILITY RESULTS.

http://apps.who.int/iris/bitstream/handle/10665/274453/9789241565646-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/handle/10665/274453/9789241565646-eng.pdf?ua=1
https://www.who.int/tb/strategy/End_TB_Strategy.pdf?ua=1
https://www.who.int/tb/strategy/End_TB_Strategy.pdf?ua=1
https://ecdc.europa.eu/en/publications-data/tuberculosis-surveillance-and-monitoring-europe-2018
https://ecdc.europa.eu/en/publications-data/tuberculosis-surveillance-and-monitoring-europe-2018
https://extranet.who.int/sree/Reports?op=Replet&name=%2FWHO_HQ_Reports%2FG2%2FPROD%2FEXT%2FTBCountryProfile&ISO2=MD&LAN=EN&outtype=pdf
https://extranet.who.int/sree/Reports?op=Replet&name=%2FWHO_HQ_Reports%2FG2%2FPROD%2FEXT%2FTBCountryProfile&ISO2=MD&LAN=EN&outtype=pdf
https://extranet.who.int/sree/Reports?op=Replet&name=%2FWHO_HQ_Reports%2FG2%2FPROD%2FEXT%2FTBCountryProfile&ISO2=MD&LAN=EN&outtype=pdf
https://extranet.who.int/sree/Reports?op=Replet&name=%2FWHO_HQ_Reports%2FG2%2FPROD%2FEXT%2FTBCountryProfile&ISO2=MD&LAN=EN&outtype=pdf
http://simetb.ifp.md/
http://www.euro.who.int/__data/assets/pdf_file/0011/337853/Moldova_Epi_review_final.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0011/337853/Moldova_Epi_review_final.pdf?ua=1
http://www.stoptb.org/assets/documents/global/awards/tbreach/w4docs/Center%20for%20Health%20Policies%20and%20Studies%20(PAS%20Center),%20Moldova.pdf
http://www.stoptb.org/assets/documents/global/awards/tbreach/w4docs/Center%20for%20Health%20Policies%20and%20Studies%20(PAS%20Center),%20Moldova.pdf
http://www.stoptb.org/assets/documents/global/awards/tbreach/w4docs/Center%20for%20Health%20Policies%20and%20Studies%20(PAS%20Center),%20Moldova.pdf
http://www.stoptb.org/assets/documents/global/awards/tbreach/w4docs/Center%20for%20Health%20Policies%20and%20Studies%20(PAS%20Center),%20Moldova.pdf
https://www.cia.gov/library/publications/the-world-factbook/geos/md.html
https://www.cia.gov/library/publications/the-world-factbook/geos/md.html


605

ТОМ 5  |  ВЫПУСК 4  |  ДЕКАБРЬ 2019 Г.  |  369–613ПАНОРАМА ОБЩЕСТВЕННОГО ЗДРАВООХРАНЕНИЯ

TABLE 1. PREVALENCE OF DIVERGENT GENEXPERT AND PHENOTYPIC DRUG SUSCEPTIBILITY RIFAMPICIN TESTING 
RESULTS OF SAMPLES FROM NEW TUBERCULOSIS PATIENTS REGISTERED IN THE REPUBLIC OF MOLDOVA BETWEEN 
2013 AND 2017

Variable Level Total
samples
n=2 810

Rifampicin-
resistant 
samples 
n=1 022

Rifampicin-
sensitive 
samples n=1 788

Odds ratio 95% CI p-value

GeneXpert 
rifampicin 
resistance test 
results (n, %)

Rifampicin resistance 
detected by GeneXpert

1 031 (36.7) 983 (96.2) 48 (2.7) 913.69 [594.54, 1 404.15] <0.001

Rifampicin resistance not 
detected by GeneXpert

1 779 (63.3) 39 (3.8) 1 740 (97.3) 1

[1] For categorical variables Pearson’s chi-square test was performed for all cell counts lower than 5. In other cases Fisher’s exact test was performed. 
[2] For numerical variables the t-test was used. The p-value in the brackets was calculated using the Wilcoxon signed-rank test.

TABLE 2. GENEXPERT AND PHENOTYPIC DST RESULTS OF SAMPLES FROM NEW TUBERCULOSIS PATIENTS 
REGISTERED IN THE REPUBLIC OF MOLDOVA BETWEEN 2013 AND 2017

Variable Level Total test results

N=2 810

No divergence

n=2 723

Divergence n=87 Odds ratio 95% CI p-value

Year of sample (n,%) 2013 431 (15.3) 407 (14.9) 24 (27.6) 1 - -

2014 635 (22.6) 620 (22.8%) 15 (17.2%) 2.44 [1.26, 4.70] 0.006

2015 662 (23.6) 636 (23.4%) 26 (29.9%) 1.44 [0.82, 2.55] 0.204

2016 580 (20.6) 572 (21%) 8 (9.2%) 4.22 [1.88, 9.48] <0.001

2017 502 (17.9) 488 (17.9%) 14 (16.1%) 2.06 [1.05, 4.03] 0.032

Sex (n,%) Female 605 (21.5) 596 (21.9%) 9 (10.3%) 2.43 [1.21, 4.87] 0.009

Male 2 205 (78.5) 2 127 (78.1%) 78 (89.7%) 1

TB localization (n,%) Extrapulmonary 19 (0.7) 19 (0.7%) 0 (0.0%) Inf [0.15, Inf] 1

Pulmonary 2 791 (99.3) 2 704 (99.3%) 87 (100.0%) 1

Age in years (n,%) 15–24 237 (8.4) 235 (8.6%) 2 (2.3%) 5.46 [0.88, 58.14] 0.037

25–34 659 (23.5) 642 (23.6%) 17 (19.5%) 1.76 [0.50, 5.12] 0.350

35–44 763 (27.2) 732 (26.9%) 31 (35.6%) 1.1 [0.33, 2.95] 0.799

45–54 629 (22.4) 610 (22.4%) 19 (21.8%) 1.5 [0.43, 4.27] 0.390

55–64 410 (14.6) 397 (14.6%) 13 (14.9%) 1.43 [0.39, 4.38] 0.558

>65 112 (4) 107 (3.9%) 5 (5.7%) 1 - -

GeneXpert MTB level 
(n,%)

MTB detected 
high

489 (17.4) 473 (17.4%) 16 (18.4%) 1 - -

MTB detected 
medium

1 034 (36.8) 1 004 (36.9%) 30 (34.5%) 1.13 [0.61, 2.10] 0.693

MTB detected 
low

837 (29.8) 815 (29.9%) 22 (25.3%) 1.25 [0.65, 2.41] 0.498

MTB detected 
very low

450 (16) 431 (15.8%) 19 (21.8%) 0.77 [0.39, 1.51] 0.443
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TABLE 2. (CONTINUED)

Variable Level Total test results

N=2 810

No divergence

n=2 723

Divergence n=87 Odds ratio 95% CI p-value

GeneXpert and pDST 
discordance (n,%)

Rif resistance 
detected

1 031 (36.7) 983 (36.1%) 48 (55.2%) 0.46 [0.30, 0.71] <0.001

Rif resistance 
not detected

1 779 (63.3) 1 740 (63.9%) 39 (44.8%) 1

GeneXpert Rif R, 
pDST Rif S (n,%)

No divergence 762 (98.3) 2 723 (100.0%) 39 (44.8%) Inf [814.32, Inf] <0.001

Divergent results 48 (1.7) 0 (0.0%) 48 (55.2%) 1

GeneXpert S, pDST 
R (n,%)

No divergence 2 771 (98.6) 2 723 (100.0%) 48 (55.2%) Inf [542.52, Inf] <0.001

Divergent results 39 (1.4) 0 (0.0%) 39 (44.8%) 1

MTB concentration 
(n,%)

Medium or high 2 360 (84) 2 292 (84.2%) 68 (78.2%) 1.49 [0.88, 2.50] 0.132

Very low 450 (16) 431 (15.8%) 19 (21.8%) 1

[1] For categorical variables Pearson’s chi-square test was performed for all cell counts lower than 5. In other cases Fisher’s exact test was performed.
[2] For numerical variables the t-test was used. The p-value in the brackets was calculated using the Wilcoxon signed-rank test.

Legend:
TB – tuberculosis
MTB – Mycobacterium tuberculosis
pDST – phenotypic DST
Rif – rifampicin
Rif R – rifampicin-resistant
Rif S – rifampicin-sensitive
Inf – infinity

n
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