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Neither genotyping nor contact tracing allow correct understanding of MDR TB transmission
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Introduction

The control of tuberculosis (TB) is challenged by the progressive increase of multi and extensively drug resistant cases (MDR defined as resistance to at least isoniazid and rifampin and XDR defined as MDR with additional resistance to fluoroquinolones and amikacin, kanamycin or capreomycin). According to the 2016 WHO report, there have been [START_REF] Brossier | Comparison of a semiautomated commercial repetitive-sequence-based PCR method with spoligotyping, 24-locus mycobacterial interspersed repetitive-unit-variablenumber tandem-repeat typing, and restriction fragment length polymorphismbased analysis of IS6110 for Mycobacterium tuberculosis typing[END_REF].4 million new TB cases in 2015. Among these, 480 000 were MDR [START_REF]Global tuberculosis report[END_REF].

In France, the number of MDR cases has markedly increased these last years.

Whereas there were approximately 50 cases per year, an increase is observed since 2011 reaching 92 cases in 2012 and 83 cases in 2013 [START_REF] Bernard | Mdr-Tb Management Group Of The Nrc C. A surge of MDR and XDR tuberculosis in France among patients born in the Former Soviet Union[END_REF]. This increase challenges the capacity of the health system to control the spread of MDR cases. Recently, transmission of an XDR strain has occurred in a Paris hospital between an index case with pulmonary tuberculosis and a patient treated with TNF-alpha antagonists [START_REF] Lafeuille | XDR-tuberculosis in France: Community transmission due to non-compliance with isolation precautions[END_REF]. The secondary case developed disseminated TB. An investigation revealed that the index case did not comply with isolation measures in the hospital and that transmission may have occurred not in the hospital but outside since the index case left often the hospital during daytime. Nonetheless, this transmission raised the question of the possible spread of MDR strains in France due to this recent increase of imported MDR cases. If the number of secondary MDR cases was to increase, new measures may have to be implemented in order to limit this transmission. Also transmission of MDR means MDR latent tuberculosis infections (MDR LTBI) which is very complex to manage and for which there are no clear recommendations. A recent European study underlined the need for data showing how TB control can be improved regarding case finding, contact tracing, infection control and treatment in order to prevent further spread of MDR-/XDR-TB in the EU [START_REF] Beer | Molecular surveillance of multi-and extensively drug-resistant tuberculosis transmission in the European Union from 2003 to 2011[END_REF]. In order to know if this increase of MDR index cases is accompanied by an increased transmission, we conducted a collaborative study associating the Centre de Lutte Antituberculeuse de Paris (CLAT75) and the Centre National de Référence des Mycobactéries (NRC).

The CLAT75 is in charge for contact tracing investigation for the city of Paris. The NRC performs drug susceptibility testing and genotyping for all MDR stains isolated in France.

Material and Methods

We conducted a prospective study combining contact case tracing and genotyping of all MDR and XDR cases and strains identified in Paris between January 1 st 2010 and September 30 th 2013.

The CLAT75 conducted case tracing for all MDR and XDR cases living in Paris or whose contacts were living in Paris.

All new TB cases living in Paris were notified to CLAT75 by the physician in charge of the index case or by the laboratory that did the bacteriological diagnosis. CLAT75 requested for all these cases the drug susceptibility profile. All the notified cases were included in the Damoc registry for contact case tracing.

The first visit of the contact case took place as soon as possible, mostly less than one week after receiving notification. The screening strategy included physical examination, chest X-ray, and Quantiferon Gold-In-Tube® (QFT). QFT was performed at least eight weeks after the last contact between index and contact case.

Blood samples for QFT were taken in screening each center with incubation on site.

The tests were analyzed by the laboratory of Saint-Marcel of the City of Paris or the bacteriological laboratory of Lariboisière hospital, Paris. The test was conducted in accordance with the manufacturer's recommendations. The positivity threshold admitted was 0.35 IU / ml in accordance with national guidelines. For each index case the following information was gathered: age, country of birth, time since arrival in France for those born outside France, clinical form of tuberculosis, microscopic examination (smear positive or negative), radiographic analysis (presence of cavities), drug susceptibility profile of the strain. For each contact case the following information was gathered: age, country of birth, type of contact, drug susceptibly profile of the strain if secondary case TB.

The NRC received all MDR and XDR strains isolated in France. Briefly, for all the strains, mutations involved in drug resistance were sought for isoniazid, rifampin, ethambutol, pyrazinamide, fluoroquinolones, amikacin, kanamycin, capreomycin and ethionamide either by line probe assay (MTBDRplus and MTBDRsl, Hain Lifescience) or by gene sequencing (pncA, gyrA, gyrB, ethA and ethR) [START_REF] Brossier | Molecular investigation of resistance to the antituberculous drug ethionamide in multidrug-resistant clinical isolates of Mycobacterium tuberculosis[END_REF][START_REF] Brossier | Detection by GenoType MTBDRsl test of complex mechanisms of resistance to second-line drugs and ethambutol in multidrug-resistant Mycobacterium tuberculosis complex isolates[END_REF][START_REF] Brossier | Performance of MTBDR plus for detecting high/low levels of Mycobacterium tuberculosis resistance to isoniazid[END_REF][START_REF] Bernard | Molecular diagnosis of fluoroquinolone resistance in Mycobacterium tuberculosis[END_REF].

Phenotypic drug susceptibility testing was performed for isoniazid, rifampin, ethambutol, pyrazinamide, fluoroquinolones, amikacin, kanamycin, capreomycin, streptomycin, PAS, cycloserine, ethionamide and linezolide on Lowenstein-Jensen medium by the proportion method following WHO recommendations [START_REF] Brossier | Performance of the New Version (v2.0) of the GenoType MTBDRsl Test for Detection of Resistance to Second-Line Drugs in Multidrug-Resistant Mycobacterium tuberculosis Complex Strains[END_REF].

Since the information gathered were all part of routine work, no IRB approval was asked.

Genotyping was performed using the 24-loci mycobacterial interspersed repetitiveunit variable-number tandem repeat (MIRU-VNTR) method [START_REF] Brossier | Comparison of a semiautomated commercial repetitive-sequence-based PCR method with spoligotyping, 24-locus mycobacterial interspersed repetitive-unit-variablenumber tandem-repeat typing, and restriction fragment length polymorphismbased analysis of IS6110 for Mycobacterium tuberculosis typing[END_REF].

The statistical software used was R (The R Foundation for Statistical Computing) Version 2.0.1 (license general public).

Results

Investigation by CLAT75

Descriptive analysis of MDR index cases Sixty-eight MDR index cases, were investigated by the CLAT 75 between January 1 st 2010 and end of September 2013.The average age was 36 years (median = 35 years). Only 2 patients were born in France. The most frequent country of birth was Georgia accounting for 37% of patients (25/68).

Considering the delay between the arrival in France and diagnosis of TB, 59% (40/68) were in France for less than one year and 79% (54/68) for less than 2 years. Among those born in Georgia, 88% (22/25) were in France for less than one year.

The vast majority of patients had pulmonary TB (97%, 66/68) whether isolated (87%, 59/68) or combined with extra-pulmonary involvement (10%, 7/68). Among the 67 patients for which AFB smear was available, 46 (69%) had AFB on microscopic examination.

All the 68 strains were by definition MDR. Two were not sent to the NRC. Among the 66 tested for second-line drug susceptibility, 17 were extensively drug resistant (XDR). As a whole 41 % (27/68) were resistant to fluoroquinolones.

Contact case investigations

Among the 68 index MDR cases, 36 had no identified contacts in France. Eighty-four contacts corresponding to 32 MDR index cases (1 to 15 contacts for each index case) were evaluated by the CLAT75 between January 1 st 2010 and end of September 2013. The average age of contacts was 34 years. About half of contact cases were born in the same foreign country as the index case, one fourth in another foreign country and only one fourth was born in France.

Among the 84 contacts, 21 (25%) were living in the same house as index case, 21 (25%) had contacts through collective accommodations, 17 (20%) were friends or family and 25 (30%) had professional contacts with index case. As a whole, contact between index and contact case was considered as close (>100 h contact and/or living in the same house) for 22/84 (26%) of contacts.

Among the 84 contacts, 52 (62%) were not infected, 23 (27%) had latent tuberculosis infection (LTBI), 3 (4%) had MDR TB, 2 (2%) had drug susceptible TB unrelated to index case and finally 4 (5%) had healed TB (TB scars on X-Ray without symptoms of progressive TB and negative culture of respiratory samples).

The 3 secondary MDR cases shared the same MIRU-VNTR as the index case and the same drug resistance profile (patients 1-2, 3-4 and 5-6 in table). The 3 were born in the same country as the index MDR case and were classified as close contacts.

Regarding the 2 contacts that developed susceptible TB not related to the MDR index case, one born in France was living in shelters for homeless and the other was born outside France and had a non-close contact with index MDR case in a professional setting.

Genotyping based investigation

Retrospective review of MIRU-VNTR and resistance genotype of MDR strains allowed identifying 3 other possible transmissions (table). These corresponded to 2 new pairs (patients 8-9 and 10-11) and to a third case linked to a cluster that had been identified by contact investigation performed by CLAT75 (patient 7 linked to 5-

6).

Retrospective investigation did not allow identifying precisely the circumstances of transmission although patients 10 and 11 lived and worked in close places.

Discussion

The city of Paris concentrates 1/10 of all tuberculosis cases in France and 1/3 of all MDR cases. Thus the recent doubling of the total number of MDR cases represents a challenge for the control of MDR TB in the city of Paris.

Compared to drug susceptible cases in Paris, the average number of contacts per index case was lower among MDR cases : 1.2 vs 4.2 (p<0.05) [START_REF] Fournier | Screening contacts for latent tuberculosis infection (LTBI) using an interferon test in Paris in 2009[END_REF]. This is explained by the fact that all these MDR cases arrived recently in France and thus did not have time to have many contacts. Despite this low number of contacts, we identified 6 secondary cases (9%). This proportion is higher than the one for drug susceptible tuberculosis in Paris (0.6%) but close to what has been described in Amsterdam (9.5%) and also in line with pooled data from a meta-analysis (8%) [START_REF] Fournier | Longitudinal follow-up of contact subjects of cases of tuberculosis in Paris[END_REF][START_REF] Sloot | Risk of tuberculosis after recent exposure. A 10-year follow-up study of contacts in Amsterdam[END_REF][START_REF] Shah | Yield of contact investigations in households of patients with drug-resistant tuberculosis: systematic review and meta-analysis[END_REF]. Among these, 3 were identified by contact tracing by CLAT75 and corresponded to close contacts. For these cases, the transmission possibly occurred outside France since they all came from the same country as index case and were close relatives. These corresponded to coprevalent cases as has been described in Amsterdam [START_REF] Sloot | Risk of tuberculosis after recent exposure. A 10-year follow-up study of contacts in Amsterdam[END_REF]. The 3 other secondary cases were identified by genotyping and were considered occasional contacts since the retrospective investigation failed identifying the link with the index case. The 3 secondary cases identified by genotyping were born in another country than the index case but none was born in France. During this study period, in the city of Paris, no secondary MDR case occurred among patients born in France in contrast with the one that occurred afterwards that has already been reported [START_REF] Lafeuille | XDR-tuberculosis in France: Community transmission due to non-compliance with isolation precautions[END_REF].

In this study, we used 2 methods in order to identify transmission: contact tracing and genotyping. Contact tracing identified 5 cases of TB of which only 3 were confirmed as linked to index MDR case by genotyping. Thus 40% of presumed secondary MDR cases were due to susceptible strains. This is much higher than what has been described in Peru where 90% of presumed secondary cases were confirmed as MDR [START_REF] Becerra | Tuberculosis burden in households of patients with multidrug-resistant and extensively drug-resistant tuberculosis: a retrospective cohort study[END_REF]. It is however in line with data from Hong Kong (40% of presumed secondary MDR cases were MDR) or Canada (0% of presumed secondary MDR cases were MDR) [START_REF] Leung | Transmission of multidrug-resistant and extensively drug-resistant tuberculosis in a metropolitan city[END_REF][START_REF] Johnston | Long term follow-up of drug resistant and drug susceptible tuberculosis contacts in a Low incidence setting[END_REF]. This difference is probably explained by the local epidemiology and the prevalence of MDR TB. Practically, these data should be known when deciding to provide treatment for latent tuberculosis infection. Whereas it was suggested that fluoroquinolones are cost-effective for the treatment of MDR LTBI [START_REF] Fox | Fluoroquinolone Therapy for the Prevention of Multidrug-Resistant Tuberculosis in Contacts. A Cost-Effectiveness Analysis[END_REF], this strategy will probably need to be adapted to the actual incidence of MDR cases among contacts of MDR index cases in each particular epidemiological setting. Also this strategy depends on the proportion of fluoroquinolone susceptible strains in the index case population. In the population of this study, 41% of M. tuberculosis strains of index cases were fluoroquinolone resistant.

A second important finding of this study was that among 6 secondary cases, only 3 (50%) were identified by contact tracing. Among the 3 that were not identified, 2 were due to an index case for whom no investigation was conducted because these cases had not been signaled to CLAT75. In the United Kingdom, 95% of MDR transmission was missed by contact tracing according to a recent study [START_REF] Anderson | Transmission of multidrug-resistant tuberculosis in the UK: a cross-sectional molecular and epidemiological study of clustering and contact tracing[END_REF]. Although this percentage can vary from a setting to another, these missed cases underline the importance of using genotyping when trying to measure the risk of transmission of MDR TB. If done on sole contact tracing data, underestimation is probable [START_REF] Attamna | Risk of tuberculosis in close contacts of patients with multidrug resistant tuberculosis: a nationwide cohort[END_REF].

However it must also be underlined that despite the identification of transmission thanks to genotyping, the retrospective investigation was not able to identify the contact that explained this transmission. There are different explanations for this lack of identification: 1) by definition genotyping is done when a secondary case occurs, the latter it occurs, the more difficult the retrospective contact investigation, 2) these MDR TB patients were difficult to contact: they were often homeless, did not speak French and were not willing to cooperate because of their illegal situation. As consequence there was no further identification of new unknown contact cases and no complementary investigation. Thus, this retrospective analysis did not allow implementation of preventive measures towards a population that would have been missed by the primary contact investigation performed by CLAT75. Finally, genotyping gave an exhaustive image of transmission but did not inform on how transmission occurred.

How could contact investigation be improved? Since the time of occurrence of a secondary case can't be modified, one must focus on organization measures. One limit of the contact investigation in France is that it is organized at the level of the "département" (county). In the Paris area, CLAT75 investigates cases living in Paris whether those are index MDR cases or contacts of MDR cases living outside Paris.

Thus for given index MDR case, if contacts live in different counties, the investigation has to be conducted by different CLAT. An organization at a higher level could allow a better identification of TB transmission chains.

In conclusion, this study underlines the difficulties of conducting contact investigation among MDR TB patients in France. Genotyping is an important tool but does not replace information gathered by contact investigation. 

Table :

 : characteristics of MDR cases

	Number	Case identified by	Born in	disease	katG315	inhA	rpoB gyrA gyrB pnca rrs embB	MIRU-VNTR
	1	CLAT75	Georgia	pulmonary	S315T	S	S531L D94H	S	S	S M306V	244 223 352 644 425 173 353 623
	2	CLAT75	Georgia	pulmonary and genital	S315T	S	S531L D94H	S	S	S M306V	244 223 352 644 425 173 353 623
	3	CLAT75	Algeria	pulmonary	S315T	-15c>t H526D	S	E540V T100P S M306I	223 234 242 434 425 143 323 732
	4	CLAT75	Algeria	pulmonary	S315T	-15c>t H526D	S	E540V T100P S M306I	223 234 242 434 425 143 323 732
	5	CLAT75	Algeria	pulmonary	S315T	S	S531L	S	S	V139M S M306V	334 323 312 244 225 153 333 622
	6	CLAT75	Algeria	pulmonary	S315T	S	S531L	S	S	V139M S M306V	334 323 312 244 225 153 333 622
	7	Genotyping	Soudan	pulmonary	S315T	S	S531L	S	S	V139M S M306V	334 323 312 244 225 153 333 622
	8	Genotyping	China	pleural	S315T	S	S531L	S	S	G97D S	S	222 213 222 234 225 153 333 622
	9	Genotyping Romania pulmonary	S315T	S	S531L	S	S	G97D S	S	222 213 222 234 225 153 333 622
	10	Genotyping Romania	pleural	S315T	-15c>t S531L	S	S	S	S	S	235 237 232 244 425 113 323 632
	11	Genotyping	Ukraine	pulmonary	S315T	-15c>t S531L	S	S	S	S	S	235 237 232 244 425 113 323 632
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