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Summary

Following WHO’s endorsement of the Xpert® MTB/RIF assay, which rapidly and simultaneously
diagnoses tuberculosis (TB) and detects resistance to rifampin (RIF), the question arises to what
extent RIF resistance is an adequate marker for multidrug-resistant (MDR) TB. A retrospective
analysis of data from >81 countries and subnational settings demonstrated that >40% of RIF
resistant isolates from new TB cases did not display resistance to isoniazid (INH) in settings with
relatively low MDR-TB prevalence (1/3 of all countries and subnational settings). Results
indicated the need for INH susceptibility testing in addition to RIF susceptibility testing.
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Introduction

In December 2010, the World Health Organization (WHO) endorsed a new, automated
nucleic acid amplification test for rapidly and simultaneously diagnosing tuberculosis (TB)
and detecting DNA mutations associated with resistance to rifampin (RIF).[1] By targeting a
well-defined segment of the rpoB gene, the Xpert® MTB/RIF assay detects >95% of RIF
resistance among clinical isolates.[2, 3] Resistance to at least RIF and isoniazid (INH), the
two most important anti-TB drugs, defines multidrug-resistant (MDR) TB. Therefore, the
question naturally arises to what extent rifampin resistance is an adequate marker for MDR-
TB. In other words, for patients with Xpert® MTB/RIF results indicating RIF-resistant TB,
what proportion would be treated incorrectly by excluding INH from the treatment regimen?
And what proportion would be classified incorrectly as MDR-TB for case registration and
surveillance purposes?
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This is a retrospective analysis of publicly available aggregate data as reported by the WHO/
International Union Against Tuberculosis and Lung Diseases (IUATLD) Global Project on
Anti-Tuberculosis Drug Resistance Surveillance (DRS) from 1994 to 2007.[4-7] Drug
susceptibility test (DST) results from 35, 58, 77 and 81 countries and subnational settings
were collected from the 1997, 2000, 2004, and 2008 reports, respectively.

Data were collected and cases were defined according to the WHO guidelines for
surveillance of drug resistance in tuberculosis.[4-7] The main principles include: 1)
representative sampling of TB patients in the geographical setting under evaluation; 2)
clearly distinguishing the treatment history of the patient (i.e. never treated or previously
treated) to allow correct interpretation of the data; and 3) quality-assured laboratory testing.

[7]

When a country or region had multiple years of surveillance data available, the two most
recent surveillance years were averaged. For analysis, countries and subnational settings
were grouped into even tertiles (each containing 1/3 of the countries/subnational settings
providing data) according to the prevalence of MDR-TB among total isolates tested. The
countries and regions were pooled within each tertile to determine aggregate drug resistance
rates.

Table 1 displays trends in INH susceptibility of isolates, given resistance to RIF according to
levels of MDR-TB. Of the 181,657 tested isolates from new cases, 5,303 (2.9%) were
resistant to RIF. As the prevalence of MDR-TB in each cohort increased, the percentage of
INH-susceptible isolates decreased (low MDR-TB prevalence cohorts: 43.3% of RIF-
resistant isolates were INH susceptible, medium: 24.4%, high: 14.0%). A similar trend was
observed among previously treated and combined cases. Of the 36,338 tested isolates from
previously treated cases, 8,412 (23.1%) displayed resistance to RIF with less overall
susceptibility to isoniazid compared to isolates from new cases (low: 24.0%, medium;
12.5%, high: 8.5%). Of the 221,084 isolates from combined cases, 12,562 (5.7%) were
resistant to RIF. A decrease in the frequency of INH susceptibility with increased MDR-TB
prevalence was also observed in the combined cases (low: 26.5%, medium: 19.2%, high:
9.8%).

Table 2 displays the trends in INH susceptibility of isolates given susceptibility to RIF. The
majority of all isolates were susceptible to RIF among all case types (new cases: 97.1%,
retreatment cases: 76.9%, combined cases: 94.3%). Of the new cases, the percentage of
isolates resistant to INH increased as MDR-TB prevalence increased (low: 3.5%, medium:
5.3%, high: 11.1%). A parallel trend in INH resistance given RIF susceptibility was
observed in previously treated and combined cases.
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Discussion

These results indicate that RIF resistance is not accompanied by INH resistance in >40% of
new cases from countries/subnational settings in the lowest tertile of MDR-TB prevalence.
Among the 1/3 of countries or settings in the middle tertile, >24% of RIF-resistant new TB
cases have INH-susceptible TB. Even among previously treated cases, in whom INH
resistance is more prevalent, dropping INH from the treatment regimen based on Xpert®
results for RIF resistance would deprive too many patients of this crucial anti-TB drug.
Based on this analysis, we would recommend classifying such patients as having RIF-
resistant TB, not MDR-TB, and we would recommend including INH in the treatment
regimen at least until INH resistance is demonstrated by phenotypic DST and/or molecular
methods.

Among RIF-susceptible isolates, INH resistance was identified in ~5%—15%, again
reinforcing the need for testing for INH resistance in addition to testing for RIF resistance to
prevent the development of RIF resistance in cases resistant to INH.

These findings have important limitations. While WHO has published the results of the
global drug resistance surveys, the sampling weights and survey design specifications were
not available to us. The fifth volume of drug resistance survey results covering 2008-2010
did not have sufficient detail to be included in this analysis.[8] Reported DST results for
INH generally are based on low-level INH resistance (0.2 mcg/ml in solid media, 0.1
mcg/ml in liquid media) and therefore may overestimate the prevalence of clinically relevant
INH resistance.[9] Because of imperfect specificity of phenotypic RIF susceptibility testing,
it is possible that some RIF-resistant cases were falsely positive, which may overestimate
the magnitude of the non-MDR RIF resistance problem as estimated from these data.

These findings add to previous reports on epidemiology of drug-resistant TB by focusing on
the prevalence of INH susceptibility among RIF-resistant cases, rather than comparing the
prevalence of MDR-TB with the prevalence of RIF-monoresistance among all TB cases.
Secondly, we divided countries/settings into equal tertiles of MDR-TB prevalence, rather
than arbitrary prevalence criteria based on round numbers, so that countries with low versus
medium versus high prevalence of MDR-TB would be equally represented in the results.

In summary, the reliability of RIF-resistance as a proxy for multidrug resistance depends on
the epidemiology of drug-resistant TB in the region. In settings with low MDR-TB
prevalence, the positive predictive value of RIF-resistance detected by Xpert® is
diminished. Xpert® findings of RIF-resistance should be confirmed by conventional DST,
and susceptibility to INH should be determined as rapidly as possible. INH should be
included in the treatment regimen at least until INH resistance is proven. Cases should be
registered as RIF-resistant TB based on Xpert® or other molecular test giving only RIF
results and not as MDR-TB.

References

1. World Health Organization. Rapid Implementation of the Xpert MTB/RIF diagnostic test. Geneva,
Switzerland: 2011.

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2015 October 05.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Smith et al.

Page 4

2. Boehme CC, et al. Rapid molecular detection of tuberculosis and rifampin resistance. N Engl J Med.

2010; 363(11):1005-15. [PubMed: 20825313]

3. Boehme CC, et al. Feasibility, diagnostic accuracy, and effectiveness of decentralised use of the

Xpert MTB/RIF test for diagnosis of tuberculosis and multidrug resistance: a multicentre
implementation study. Lancet. 2011; 377(9776):1495-505. [PubMed: 21507477]

4. Aziz, MA,, et al. WHO. Anti-tuberculosis drug resistance in the world: third global report. WHO;

Geneva: 2004.

5. Espinal, MA, et al. Anti-tuberculosis drug resistance in the world: report no. 2. WHO; 2000.
6. Pablos-Mendez, A., et al. Anti-tuberculosis drug resistance in the world. WHO; Geneva: 1997.
7. Wright, A.; Zignol, M. Anti-tuberculosis drug resistance in the world: fourth global report. WHO/

IUATLD; Geneva: 2008.

8. World Health Organization. Multidrug and extensively drug-resistant TB (M/XDR-TB) 2010 Global

Report on Surveillance and Response. Geneva, Switzerland: 2010.

9. World Health Organization. Anti-tuberculosis drug resistance in the world: fourth global report.

Geneva, Switzerland: 2008.

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2015 October 05.



Page 5

Smith et al.

pafelane a19Mm SaN[eA U331 S10W OM] B} ‘SIeak 310w 10 OM} Ul erep aousfenald Buipiroid sails 1o

€

elep SHQ 8y} Ul pajelawinua eiep uoiBal [euoneugns 40 AJJUN0J WOJ) PaLLIOS SLIOYOD,

4

1ep asaul Ul papnjout ad 0} 11e1ap yBnoua apiaeid ou pIp ‘0T0Z-800Z 'S# Hodal Sy feqolo,

(T'28) Lv6'0T (6721) ST9'T LS ¥80'122/295'2T getT fejoL
(z'06) 59¢'8 (8'6) €16 A 922'19/812'6 144 (%85'+=<) UbIH
(8'08) G1S'T (z61) L€E 1€ ¥G8'6G/2G8'T 4 (%8G 7—L¥'T) WnIpaiy
(5€2) 290'T (5'92) s9¢ v'T ¥00'00T/2€V'T 144 (%Lv'T>) Mo
$9sBD (JUaLIBaIIal 79 MaU) paulquio)
(6'68) 2952 (T'01) 058 T'€Z 8EE'0E/CTY'S 62T fejo L
(516) ¥2L'S (5°8) ¥ 0Ty €6€'ST/B0€E"9 ey (%97°2T=) UBIH
(528) Le¥'T (521) S0z vzt €8Z'€T/rI'T 24 (%9v'LT-19'9) WNIpaN
(092) 15€ (ove) Tt 09 299'L/29v 47 (%19'9>) Mo
S9SBJ Jusawieallay
(8'08) L82'F (z61)910'T 6C LS9'T8T/E0E'S 8T el
(098) 168'C (ovT) ey el LOT'9V/E9E'E 14 (%0v°2<) UbIH
(9'62) ¥8T'T (r've) 28 8T 908'/8/995'T Ly (%0v'2—-8L°0) WNIPaN
(299) ¢12 (e'ev) 2ot 80 vl LyivIE 14 (%8L°0>) moT
S9Sed MaN
(%) u (%) u % N/u
(eoueISISR (@oueSIa.

414 Aue Jo %) HN | 0} JueISISaY

414 Aue Jo %) HN| 018]|qdedsns

414 01 JUESSO 1 SBTe(0S |

po1SO] [RI0Y/ Y 01 S0URISISS I AUR YIIM SITR|0S |

polussadaisbunes joy g ‘gHoUod 2ousemmlId g1-4aw

Author Manuscript

Author Manuscript

T alqel

'1L002-¥66T €1ep SHA [eqo1D AdT1LNI/OHM
uo paseq (paisel asoyy JO g1 -HAWN %) Saj1ua1 aauajenald g1-HaiN Aq ‘(41¥) uidwresls 01 aouelsisal uaAlb sulaired aouerisisal (HNI) pIzeluosi [eqojo

Author Manuscript

Author Manuscript

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2015 October 05.



Page 6

pafelane a19Mm SaN[eA 1U8231 810U OM] U} ‘sJeak 810w 10 oM} Ul erep 8duseAald Buipiaoid saus BH_m

elep SHQ 8y} Ul pajelawinua eiep uoiBal [euoireugns 4o AJJUN0d Woly palioy m:o:oom

12 859U Ul PApNIaul aq 03 |1e1ap YBNoua apinoid jou pip ‘0T02-800Z 'S HOdaI S:Q 20019

(L) eer'ot (€'26) 66€'26T €76 ¥80'722/225'802 getT fejo L
(S¥T) 6G°L (5's8) 60V v 88 922'19/8Y6'TS 14 (%85¥<) UbIH
(99) Gez'e (r'v6) LLL'vS 696 ¥58'65/200'8S (7 (%85 v—L¥'T) WNIpaN
(¥'S) 6SE'S (9'v6) €12'€6 9'86 ¥00'00T/2.5'86 144 (%L1'T>) Mo
S3SE (JUBLWILDIIBI 79 MBU) pauIqUoD)
(€'ST) 666'€ (L'v8) Lz6'cC 6'9L 8€€'0€/926'L2 6¢T oL
(0°ge) ¥60°C (0°22) T66'9 0'65 €6€'ST/S80'6 e (%91 LT=) YBIH
(zot) ¥8T'T (8'68) L5¥'0T 9.8 €8Z'CT/TVI'TT 24 (%9v'2T-19°9) WNIPaN
(0ot) T2L (0°06) 6219 0%6 299'2/002'L 47 (%19°9>) Mo
S9Se Juswiieallay
(c2) 066'0T (8'26) ¥9€'59T 1.6 LG9'T8T/YSE'QLT 8T fejoL
(TTT) LWLy (6'88) 266'L€ L'26 LOT'OV/YvL ey 14 (%0v°2<) UbIH
(€'9) v95'y (L'v6) 929'18 2’86 908'/8/0%2'98 Ly (%0v'2—-8L°0) WNIPaN
(5€)6L9'T (596) 169'SY 766 vYLLVI0LE LY 14 (%82'0>) Mo
S9Sed MaN
(%) u (%) u % N/u
(e19ndeosns (e1gndeosns

414 Aue Jo %) HN| 01 JueISEoY 414 Aue Jo %) HN|018|qndssns
414 019(q11de3sSNS SBTR(0S | PoIS] 2101/ | 0190URISKS 1 AU INOYIMSSTe(0s|  pelussa ide sBues Jo# g ‘gHoUco 8otefensud g 1-4a W

Smith et al.

1.00Z—766T ©1ep SHA [eqo|o aiLvnl
JOHM U0 paseq (pa1sal asoyl Jo g1-HAlN %) So|ie) aduajenald g1-4A Aq ‘urdweyrr 01 Aujigndsasns usAlb sulsired aoueisisal pizeiuosl [ego9

¢ ?dlqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2015 October 05.



