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    To the Editors:
The emergence of drug-resistant tuberculosis (TB) is an increasing threat to public health in industrialised countries; thus, it is important to supervise mycobacteriology laboratories by performing periodic proficiency of anti-TB drug susceptibility testing (DST). In 1994, the World Health Organization (WHO) and the International Union against Tuberculosis and Lung Diseases developed a global project of anti-TB drug resistance surveillance to assist countries via a network of supranational reference laboratories (SRLs). Proficiency test (PT) results of first-line anti-TB drugs have been reported for the SRL network [1] and for some individual countries [2, 3].
The SRL in Rome, Italy, coordinated two PTs of first-line drugs in endemic countries in 2002–2006 [4] and two PTs of first-line drugs in Italy in 1998–2000 [5, 6]. The present study aims to verify whether the quality of DST in Italy changed after that time; to this end, a comprehensive survey of five PTs during a 13-yr period (1998–2010) is reported here, together with a pilot round of second-line drug PTs in 2010.
Laboratories covering 18 out of 20 Italian regions participated in the PT exercise: 22 laboratories in 1998, 20 in 2000, 28 in 2003, 29 in 2007 and 30 in 2010. To maintain knowledge and skills, the laboratories were selected by the SRL on the basis of the number of patient samples analysed for DST. For instance, a mean of 88 first-line DSTs per laboratory (range 21–357) were performed in 2009. In 2010, 13 laboratories with a mean of 113 first-line and six second-line DSTs per laboratory in 2009 also performed the second-line drug PT. A mean of nine second-line DSTs per laboratory was performed in 2010. The Mycobacterium tuberculosis panels for first- and second-line drug PTs distributed by the Rome SRL to the mycobacteriology laboratories (all from public hospitals) contained only WHO-characterised strains received annually from the WHO coordinating centres in Ottawa, Canada (4th and 5th rounds [7]) and Antwerp, Belgium (8th, 10th and 14th rounds [1]). Panel strains were selected with the aim of achieving a 50% representation of resistance to streptomycin (SM), isoniazid (INH), rifampicin (RMP), ethambutol (EMB), kanamycin (KM), amikacin (AK), capreomycin (CP) and ofloxacin (OFL) in various combinations [1]. In 1998–2007, 20 strains (10 pairs) were sent to the laboratories for first-line PTs. The pattern of resistance/susceptibility to SM, INH, RMP and EMB, respectively, was: 10/10, 14/6, 10/10 and 6/14 in 1998; 8/12, 16/4, 10/10 and 12/8 in 2000; 8/12, 12/8, 6/14 and 10/10 in 2003; and 8/12, 10/10, 6/14 and 8/12 in 2007. In 2010, 10 strains (five pairs) of the 14th WHO round were sent to the laboratories for both first- and second-line PTs. The pattern of resistance/susceptibility to SM, INH, RMP, EMB, KM, AK, CP and OFL was 6/4, 4/6, 6/4, 2/8, 6/4, 2/8, 4/6 and 2/8, respectively. The use of 10 strains for second-line PT was adequate to assess the quality of the laboratories, which analysed a mean of nine patient samples for second-line DST in 2010 (see earlier). Each laboratory used their routine DST method to test the samples they received. Procedures for first-line drugs included testing on solid media (proportion method in Löwenstein–Jensen (LJ) medium) and liquid media (BACTEC 460TB system and Manual MGIT or MGIT 960 system (Becton Dickinson, Sparks, MD, USA), or MB/BacT (MB) (Organon Teknika, Boxtel, the Netherlands)). For the first-line drug PTs, the use of LJ and BACTEC decreased from 43.5% and 39.1% in 1998 to 0% and 0% in 2010, respectively. Conversely, the use of MGIT increased from 17.4% in 1998 to 100% in 2010. Only one laboratory used MB in 2000. Second-line drug PTs were performed with the MGIT system or in LJ medium using 5, 1, 2.5 or 2 μg·mL−1, or 30, 40, 40 or 2 μg·mL−1 of KM, AK, CP or OFL, respectively [8, 9]. Sensitivity testing for one first-line drug (pyrazinamide) and for some second-line drugs (e.g. cycloserine) are not reliable and, therefore, were not compared in a PT programme. Results were reported as “resistant”, “susceptible” or “no result due to lack of strain growth”. Data were evaluated for sensitivity (ability to detect true resistance), specificity (ability to detect true susceptibility) and efficiency (ratio between the number of correct results and the total number of results), according to the WHO format [1, 7]. In each round, the laboratories that obtained <90% efficiency retested the same strain panel for that/those drug(s); laboratories were informed of the total numbers of discrepancies for one or more drugs, but not about individual strain discrepancies [4].
Average sensitivity, specificity and efficiency, with 95% confidence intervals, for first- and second-line drugs, are shown in figure 1. For the first-line drugs (fig. 1a–l), in 1998, there was low sensitivity (<90%) in detecting resistance to SM and EMB (87.7% and 85.5%, respectively), compared with INH and RMP (93.2% and 94.9%, respectively). In the same year, specificity and efficiency were >90% for all the four drugs, but INH and RMP showed the highest values (98.5% and 98.6% for specificity, and 94.8% and 96.7% for efficiency, respectively). A progressive increase was generally observed in the next four rounds, as shown by a linear trend-line of all the three indicators consistently increasing over the 13-yr period examined. Indeed, in 2010, sensitivity in detecting resistance to SM and EMB was 94.4% and 96.7%, respectively, while the corresponding values for INH and RMP were 100% and 98.9%, respectively. Specificity was also high (95.8%, 97.7%, 100% and 98% for SM, INH, RMP and EMB, respectively). Efficiency was ≥95% for SM and EMB and >98% for INH and RMP. Overall, performance for SM and EMB was poorer than for INH and RMP, similarly to other PTs [1–7], but a clear improvement of quality assurance for each drug was observed in the period examined. Differences in sensitivity, specificity and efficiency between the 2010 first-line PT and the 1999–2007 WHO SRL first-line PT [1] were low (±1.4% for INH-RMP and ±3.5% for SM-EMB).
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Figure 1– Average values and 95% confidence intervals of a–d) sensitivity, e–h) specificity and i–l) efficiency for the first-line drugs streptomycin (SM), isoniazid (INH), rifampicin (RMP), ethambutol (EMB) in the proficiency tests (PTs) of 1998, 2000, 2003, 2007 and 2010, and m–o) for the second-line drugs kanamycin (KM), amikacin (AK), capreomycin (CP) and ofloxacin (OFL) in the PT of 2010. -----: linear trend.



For the second-line drugs (fig. 1m–o), one laboratory scored ≤80% efficiency and was excluded from analysis; in the remaining 12 laboratories, sensitivity was 97.2% for KM, and 100% for AK, CP and OFL. Specificity and efficiency ranged between 95.8% and 98.9%, and 97.5% and 99.2%, respectively, with the lowest and the highest values being those of CP and OFL, respectively.
Reproducibility (intra-laboratory agreement between duplicate cultures), and predictive values for resistance (ratio of true resistance to total resistance) and susceptibility (ratio of true susceptibility to total susceptibility) for first-line drug PTs also increased from 1998 to 2010 and were >94% for second-line drug PT (data not shown).
Overall, the upward trend in the indicators of first-line drug PT from 1998 to 2010 showed that repeated exercises were beneficial to improve the DST in Italy. Difficulties of poor performance were observed mainly in the first three rounds, particularly for EMB. Proper corrective actions were suggested by the SRL, including advice to use WHO-recommended drug concentrations and promotion of adoption of new methods. Indeed, the proportion method in LJ medium and the radiometric BACTEC system were gradually replaced by the MGIT 960 system, which was used by 30 (100%) out of 30 laboratories for first-line drug PTs and 12 (92%) out of 13 laboratories for second-line drug PTs in 2010. The major advantage of the MGIT 960 instrument is that it is a fully automated, nonradiometric apparatus that does not have the problem of disposal of radioactive materials; this is the main reason why the BACTEC 460 system has been replaced. Several studies showed that the MGIT 960 is as accurate as the BACTEC for testing the susceptibility of M. tuberculosis to first- and second-line drugs. Progressive introduction of the MGIT system correlated with decrease of the confidence intervals for all drugs from 1998 to 2010. No apparent correlation was seen between confidence intervals and the extent of samples tested per year by the laboratories.
The pilot study of second-line drug PTs demonstrated the feasibility of this exercise in Italy; to the best of our knowledge, this is the first report on the issue at a national level. The good quality of second-line PTs in 12 out of 30 laboratories in nine regions entitles the Rome SRL to consider them as qualified laboratories for participation in the network of second-line DST. This pilot study will be extended to include more laboratories in the future, with the final purpose of identifying one laboratory per region performing this activity. This will allow the SRL to collect data on second-line drug resistance in Italy only from these centralised laboratories in the future.
Reliable DST for first- and second-line drugs is essential for diagnosis of TB caused by multidrug-resistant (MDR) M. tuberculosis strains (resistant to at least INH and RMP), and extensively drug-resistant (XDR) strains (MDR strains resistant to any quinolone and at least one injectable drug (KM, CP or AK)). Isolation of MDR and XDR strains is increasing in Italy, particularly from foreign-born TB patients [10], hence the importance of improving accuracy in detecting resistance to first- and second-line drugs. This activity needs to be continuously supported by health authorities to perform the PTs once a year, as recommended by the WHO, for a better management of this difficult-to-treat disease.
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