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Introduction

Tuberculosis (TB) and HIV infection are the most common causes of death among communicable diseases worldwide [START_REF] Who | Global Tuberculosis Report[END_REF]. The 2014 global incidence of TB was 9.6 million and 15% of patients died [START_REF] Who | Global Tuberculosis Report[END_REF].

Pulmonary TB accounts for 75% of cases and is the only contagious presentation (apart from the very rare cutaneous TB), leading to the spread of the disease.

The detection of acid-fast bacilli (AFB) on sputum smears using Ziehl-Neelsen staining under light microscopy remains a quick and reliable test for the diagnosis of pulmonary TB [START_REF] Who | Global Tuberculosis Report[END_REF]. The challenge for medical teams is to make the diagnosis as early as possible to implement measures to prevent air-borne transmission [START_REF] Kidenya | Early and efficient detection of Mycobacterium tuberculosis in sputum by microscopic observation of broth culture[END_REF]. Two or three negative sputum smears from two or three consecutive early morning samples are usually required to rule out contagious pulmonary TB [START_REF] Who | Global Tuberculosis Report[END_REF][START_REF] Mixides | Number of negative acidfast smears needed to adequately assess infectivity of patients with pulmonary tuberculosis[END_REF]. The World Health Organization (WHO) has recently introduced a new strategy for obtaining at least two sputum samples for microscopic examination to simplify patient management [START_REF] Who | Same-day diagnosis of tuberculosis by microscopy[END_REF].

The aim of our study, performed in France (low TB burden), was to compare two strategies: the conventional three consecutive early morning samples and a test strategy of three sputum specimen collections at hour h, h+1, and h+2 on the first morning of hospital admission. the first sputum specimens were positive, then between Day 14 and Day 21 to check that they became negative before discharge. The concordance between the two strategies was assessed, regarding smear and culture (considered as a surrogate marker of sputum quality), with Kappa test.

Material and Methods

From

Results

A total of 131 patients were enrolled over the study period: 100 men (76%), 31 women (24%), 46 ± 16 years old. Most patients came from Africa: 57 patients (43.5%) from sub-Saharan Africa, 33 (25%) from North Africa; 24 (18%) from Europe and 17 (13%) from Asia.

Thirty-one (24%) were HIV-infected, four (3%) were HBV-infected (two of them were HIV/HBV co-infected), five (4%) were HCV-infected, without any HIV or HBV co-infection. Ninety-eight patients (75%) had an abnormal chest x-ray, six of them showed a pulmonary cavity. Figure 1 shows the flow chart of the study.

Of the 131 patients, 34 (26%) were treated for TB. Twenty-five (73.5%) were men and nine (26.5%) were women, 42.7 ± 16 years old. Most patients came from Africa: 15 (44.1%) from sub-Saharan Africa, six (17.6%) from North Africa; six (17.6%) from Europe and seven (20.6%) from Asia. Nineteen patients (56%) had been living in France for more than one year, four (12%) were born in France, four (12%) had been living in France for less than one year; the duration of living in France was unknown for seven (20%) patients. Seven patients (20%) were HIV-infected, one (3%) was HBV-infected, and two (6%) were HCV-infected. Twenty-nine patients (85%) had an abnormal chest x-ray, four of them showed a pulmonary cavity; four (12%) had a normal chest x-ray, and the chest x-ray result was lost for one (3%) patient. Table 1 shows the baseline characteristics of the 34 patients treated for TB.

Two hundred and five sputum specimens were collected from the 34 patients: 153 were collected during the first three days of hospital admission before initiation of treatment; after initiation of treatment, 38 between Day 7 and Day 10, and 14 between Day 14 and Day 21 from 10 of the 16 patients with initial positive smears. Fiberoptic bronchoscopy was performed in two of the 34 patients treated for TB to obtain pulmonary sputum specimens instead of saliva; 10 sputum specimens were collected (all smears and cultures were negative).

The concordance between the two strategies was good, regarding smear or culture, with Kappa 0.69 (p<0.0001) and 0.64 (p=0.0009), respectively. Of the 34 treated patients, 19 had negative smears at h, h+1, h+2, Day 2, and Day 3. Fifteen patients had positive smears at h; 14 were positive at h+1; 15 were positive at h+2; 15 were positive on Day 2 and on Day 3. From the 153 sputum specimens collected during the first three days of hospital admission before initiation of treatment, one patient (number seven) showed conflicting results regarding smears between the two strategies; two other patients (number 15 and 32) showed conflicting results regarding cultures between the two strategies (Table 2). Patient number seven was a 67-year-old sub-Saharan African man with an abnormal chest x-ray. He had no co-infection with HIV, HBV, or HCV. Smears at h/Day 1, h+1, h+2, and on Day 2 were negative, but positive on Day 3; cultures from sputum specimens at h/Day 1, h+1, h+2, Day 2 and Day 3 were positive. Patient number 15 was a 94-year-old European man with an abnormal chest xray. He had no co-infection with HIV, HBV, or HCV. Smears at h/Day 1, h+1, h+2, Day 2 and Day 3 were negative; cultures from sputum specimens at h/Day 1, h+1, h+2, Day 3 were negative, but culture from sputum on Day 2 was positive. Patient number 32 was a 37-year-old sub-Saharan African man with an abnormal chest x-ray. He had a co-infection with HIV; smears at h/Day 1, h+1, h+2 were positive, and not performed from sputum specimens on Day showed conflicting results regarding smears between the two strategies; another patient (patient number eight) showed conflicting results regarding cultures between the two strategies (Table 3). Patient number 23 was a 37-year-old North-African man with an abnormal chest x-ray. He had no co-infection with HIV, HBV, or HCV but had received anti-TNF for a rheumatic disease. Smears at h/Day 7-10, h+1, h+2, and on Day 8-11 were negative, but positive on Day 9-12; cultures from sputum specimens at h/Day 7-10, h+1, h+2, Day 8-11 and Day 9-12 were all positive. The patient was fully compliant with treatment.

Patient number eight was a 49-year-old sub-Saharan African man with an abnormal chest xray. He had a co-infection with HIV; smears at h/Day 7-10, h+1, h+2, Day 8-11 and Day 9-12 were negative, but cultures from sputum specimens on Day 9-12 were positive.

From the eight patients with sputum specimens collected after initiation of treatment, three 

Discussion

The Global Plan to End TB 2016-2020 focuses on drugs, vaccines, and diagnosis [START_REF] Khan | Investments in tuberculosis research -what are the gaps?[END_REF]. The WHO strategy to improve the diagnosis in high burden countries has been based on the same-day sputum strategy since 2009 [START_REF] Who | Same-day diagnosis of tuberculosis by microscopy[END_REF], although studies showed conflicting results when comparing the same-day strategy to the conventional sputum strategy [7;8]. Davis JL et al. published a systematic review and meta-analysis showing that the same-day sputum strategy was as sensitive as the conventional sputum strategy [START_REF] Davis | Diagnostic accuracy of same-day microscopy versus standard microscopy for pulmonary tuberculosis: a systematic review and meta-analysis[END_REF]. Nayak P et al. showed in India that the same-day sputum strategy failed to diagnose 17% of cases, compared with the conventional sputum strategy [START_REF] Nayak | Comparing same day sputum microscopy with conventional sputum microscopy for the diagnosis of tuberculosis Chhattisgarh, India[END_REF]. A randomized trial by Cuevas LE et al. [START_REF] Yassin | Hom many sputum smears are necessary for case finding in pulmonary tuberculosis?[END_REF] showed that the sensitivity and the specificity of the same-day sputum strategy were not inferior to the conventional sputum strategy (70.2% vs 65.9% and 96.6% vs 97.6%, respectively).

To our knowledge, no study has been performed in low burden countries to compare the two strategies.

The most important result was that only three from the 153 (2%) sputum specimens collected during the first three days of hospital admission before initiation of treatment were conflicting. The positivity of cultures in the three cases suggests that the conflicting results could be related to a low inoculum, close to the detection threshold. Even if these conflicting results had no individual consequences, the positivity of all cultures was undoubtedly an issue from a public health point of view. A slightly higher quality of sputum with the conventional strategy could be hypothesized in two cases, but the results are opposite in the third one.

Concordance between the two strategies was good and comparable to the results observed in countries with high TB burden. This is of major importance, as it suggests that the sameday sputum strategy could contribute to rapidly stop the air-borne transmission of TB. Moreover, for the first time to our knowledge, the concordance between the two strategies regarding culture was assessed and found good, suggesting the same-day sputum strategy could have a financial impact by reducing the duration of hospitalization for patients. Again, a slightly higher quality of sputum with the conventional strategy could be hypothesized in two cases, when collecting specimens after initiation of treatment in patients with initial positive smears, underlying that infectiousness could not be ruled out.

All smears from fiberoptic bronchoscopy-induced sputa were negative and no conflicting results regarding smears and/or cultures were observed between the two strategies, allowing an early discharge from hospital.

Despite most patients coming from Africa, one of the strengths of this study was that they had been living in France for over one year, suggesting they differed from patients living in high burden countries. Moreover, sputum specimens were not only collected during the first three days of admission, before initiation of treatment, but also after initiation of treatment, between Day 7 and Day 10, and between Day 14 and Day 21. New data relative to the comparison of the two strategies was thus provided, compared to previous reports. Finally, the concordance between the conventional sputum and the same-day sputum strategy was assessed from smears and cultures, to get closer to the quality of sputum specimens in both strategies. Our study has several limitations. The first is the relatively small size of the population treated for TB, related to the monocentric design of the study; moreover, when patients had a very high inoculum at h/D1, h+1, h+2, sputum specimens on Day 2 and Day 3 were not examined by the microbiologists to avoid laboratory contaminations. This occurred very rarely, in one or two cases, and did not contribute to the observed conflicting results.

Conclusion

Our study is the first study performed in a low TB burden country to show good concordance between the same-day sputum strategy and the conventional sputum strategy regarding smears and cultures. If further studies performed on a larger scale were to confirm our results, the same-day sputum strategy could be used worldwide to diagnose TB, with individual (earlier diagnosis leading to earlier treatment) and public health benefits: earlier diagnosis of contagious pulmonary TB leading to the adoption of preventive measures against air-borne transmission; earlier discharge from hospital for patients with negative AFB smears leading to budgetary savings (although the negative smears do not preclude positive culture results). 

  November 2016 to May 2017 all adult individuals admitted to the Internal Medicine Department (Lariboisiere Hospital, Paris, France) with clinically presumptive pulmonary TB (weight loss, hemoptysis, chronic cough, fever) or a chest x-ray evocative of pulmonary TB were prospectively enrolled after written consent. The study was approved by the local ethics committees, Institutional Review Board N° IRB00003835 in September 2016 (approval number 2016/46SC) and registered in ClinicalTrials.gov ID (NCT 02961569). Demographic data (age, birth country), chest x-ray, HIV, hepatitis B (HBV) and hepatitis C (HCV) status (defined by HIV antibodies, HBs Ag, and HCV RNA positivity, respectively), were recorded for each patient. Sputum specimens were collected either spontaneously or after a fiberoptic bronchoscopy if spontaneous sputum specimens were saliva. Sputum specimens were collected three times during Day 1: hour h, h+1, and h+2, then on Day 2 (D2) and Day 3 (D3) of admission. Sputum specimens were collected three times during the day when a fiberoptic bronchoscopy was performed: hour h, h+1, and h+2 post-bronchoscopy, then on Day 2 [the day following bronchoscopy] and on Day 3 [the second day following bronchoscopy]. Sputum collected at hour h was by definition equal to Day 1; pooled results of sputum specimens collected at hour h+1 and hour h+2 of the studied strategy were compared with pooled results of sputum specimens collected on Day 2 and Day 3 of the conventional strategy. We treated patients for TB if they had a positive smear or culture for M. tuberculosis, or a tissue biopsy with granuloma and AFB or tuberculous pus. Sputum specimens were newly collected after initiation of treatment (between Day 7 and Day 10) if

2 and Day 3 (

 3 to avoid laboratory contamination). Cultures from sputum specimens at h/Day 1, h+1, h+2 were positive, cultures from sputum specimens on Day 2 and Day 3 were negative. Two of the four patients with a normal chest x-ray had positive smears and/or cultures. Patient number 18 had positive smears at h/Day 1, h+1, h+2, Day 2 (not performed on Day 3 to avoid laboratory contamination); cultures from sputum specimens at h/Day 1, h+1, h+2, Day 2 and Day 3 were all positive. Patient number 29 had negative smears at h/Day 1, h+1, h+2, Day 3 (not performed on Day 2); cultures from sputum specimens at h/Day 1, h+1, h+2, Day 2 and on Day 3 were all positive. No conflicting results were observed between the two strategies, allowing for an early discharge from hospital. From the 38 sputum specimens collected between Day 7 and Day 10 after initiation of treatment, one among the eight patients with initial positive smears (patient number 23)

  had a second sputum specimen collection between Day 14 and Day 21, as they had a first positive control between Day 7 and Day 10. Patient number three showed negative smears at h/Day 15, h+1, h+2, Day 16, and Day 17; cultures from sputum specimens at h/Day 15, h+1, and on Day 16 were positive, without any conflicting results. Patient number six showed positive smears at h/Day 19, h+1, h+2, Day 20 (not performed on Day 21); culture results were missing. Patient number 23 showed negative smears at h/Day 18, h+1, h+2, Day 19, and Day 20; cultures from sputum specimens at h/Day 18, h+1, h+2, Day 19, and Day 20 were all positive, without any conflicting results.
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