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Summary 32 

 Advanced epidemiological surveillance supported on genomic epidemiology 33 

were necessary to fully describe a Mycobacterium tuberculosis Beijing strain (ARA, 34 

Auvergne-Rhône-Alpes region) outbreak in France. The index case was a migrant from 35 

Cape Verde with a two-year history of tuberculosis, high bacillary load, and frequent 36 

trips within France and to Portugal. We designed an ARA-specific PCR to complete the 37 

tracking of this outbreak strain. The ARA-specific PCR was applied on 160 Beijing 38 

isolates from independent cases from the Auvergne-Rhône-Alpes region and on 25 39 

cases from Cape Verde migrants in the Île-de-France region. No more cases were 40 

found, indicating that the previous surveillance had been exhaustive enough to capture 41 

the whole dimension of the outbreak in France. Next, we performed a cross-border 42 

surveillance, applying the PCR on 38 Beijing isolates in Portuthe gal. In all four cases 43 

(all migrants from Cape Verde) the ARA strain was identified. Whole genome 44 

sequences analysis of all ARA isolates representatives indicated a diversification of the 45 

strain into two variants present one in France and one in Portugal.  46 

Running title: Expanded tracking of an outbreak strain of M. tuberculosis 47 

Key words: tuberculosis, outbreak, Beijing, cross-border, WGS, strain-specific PCR  48 
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The current epidemiological scenario of tuberculosis (TB) is a consequence of 49 

international migratory movements. The overlapping between recent transmission in the 50 

host country with independent importations of related variants from strains prevalent at 51 

the countries of origin of migrants, challenges epidemiological surveillance (Abascal et 52 

al., 2019). In this complex setting, standard molecular epidemiology is not 53 

discriminatory enough to properly dissect TB transmission, whilst whole genome 54 

sequencing (WGS) has demonstrated to be the most suitable approach (Abascal et al., 55 

2019; Jajou et al., 2018; Stucki et al., 2016). Besides the refinement of genomic 56 

epidemiology, expanded surveillance beyond the most active local hotspots to other 57 

related settings and even related countries is necessary to completely understand the 58 

dynamics of TB transmission (Abascal et al., 2019; Fiebig et al., 2017). 59 

A cluster of a pansusceptible Beijing SIT1 strain was described in France (in the 60 

Auvergne-Rhône-Alpes (ARA) region) involving 14 cases (June 2017-April 2018) 61 

(Genestet et al., 2019). The index case was a Cape Verdean migrant with a two-year 62 

history of TB and high bacillary load. Before living in the ARA region, the index case 63 

had lived in the Île-de-France region and reported frequent travels to Portugal. The 64 

initial cluster members lived in the same city of the ARA region and were identified 65 

(MtbC15-9 type) by standard molecular epidemiology. However, WGS analysis and 66 

extended epidemiological contact tracing guided by WGS data and supported on 67 

interviews with the involved subjects were needed to complete the true magnitude of the 68 

cluster. This allowed us to detect other cases living in four distant cities. 69 

The fact that the index case made frequent trips and had a high bacillary load 70 

alerted us of additional potential exposures. This justified evaluating whether the 71 

exhaustive surveillance efforts made to complete the description of the cluster had been 72 

enough to fully rule out the existence of probable new cases.  73 
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The aim of this study was to implement a rapid, low-cost extended surveillance 74 

strategy to quickly track the ARA Beijing strain using strain-specific PCR. Similar 75 

approaches have shown to be successful for tracing high-risk strains and to rapidly 76 

update the presence of a strain within a population (Perez-Lago et al., 2019; Perez-Lago 77 

et al., 2017). Thirty-five strain-specific SNPs were identified by comparing the SNPs 78 

extracted from WGS data from six of the 14 cases involved in the cluster previously 79 

sequenced and deposited (Genestet et al., 2019) with those from an in-house database 80 

(IBV-CSIC, Valencia, Spain) that contains SNPs from 4,761 strains and thus illustrates 81 

the geographic and phylogenetic diversity of the MTB complex (Comas et al., 2013). 82 

The strain-specific PCR (Table 1) consisted of a four-plex-allele-specific-83 

oligonucleotide (ASO)-PCR targeting four SNPs, three from the ARA-Beijing strain 84 

(selecting from the 35 specific SNPs the only two mapping in essential genes, the 85 

remaining one mapping in a non-essential gene but involving a synonymous change, 86 

with the aim of looking for stability of the markers) and the marker SNP for the Beijing 87 

lineage. The primers for the PCR (Supplementary file) were designed to be homologous 88 

for either the ARA-Beijing alleles (SNPs 1 and 3) or the alternative allele (SNP2) to 89 

offer three alternative amplification patterns depending on whether the isolates 90 

corresponded to the ARA-Beijing, to another Beijing strain different from the ARA-91 

Beijing, or to any another non-Beijing strain (Figure 1). 92 

We aimed to determine ARA-Beijng strain-related potential additional cases 93 

around the areas where the index case had moved, in France (ARA and Île-de-France) 94 

but also in Portugal (door of entrance from migrants from Cape Verde to Europe), 95 

which added a cross-border nature to our tracking. 96 

The ARA-Beijing PCR was applied on 160 Beijing isolates (as per 97 

spoligotyping) from independent cases from the ARA region and on 25 cases from Cape 98 
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Verde migrants in the Île-de-France region (2016-18). It was performed directly on 99 

boiled crude extracts of the stored isolates; all the analyses were carried out in two 100 

weeks at a total cost of 2.5 euro per determination. No additional cases infected by the 101 

ARA strain were found, indicating that the previous surveillance had been exhaustive 102 

enough to capture the whole dimension of the outbreak.  103 

The methodology was then transferred to Portugal and the PCR was applied on a 104 

Lisbon-based convenience sample of 27 Beijing isolates (2008-14) representing all 105 

Beijing isolates in Portugal for that period, identified by spoligotyping. The three-band 106 

pattern expected for the ARA-Beijing strain was not obtained for any of these isolates. 107 

However, an amplification pattern indicating the presence of two (SNPs 2 and 3) of the 108 

three ARA-Beijing specific SNPs and the Beijing marker SNP were observed for four 109 

isolates (Figure 2). Interestingly, all four isolates corresponded to Cape Verde migrants 110 

(years 2009-10).  111 

The four isolates with a partial ARA-Beijing pattern were analyzed by WGS as 112 

described elsewhere (Perez-Lago et al., 2014). The short genetic distances (Figure 3) 113 

with the ARA-Beijing French representatives confirmed they were same strain, 114 

although lacking SNP 1. The Portugal representatives were closely related among them, 115 

two showing a distance of 0 SNPs and the other two differing in 1 and 2 SNPs in 116 

comparison to the first two cases. 117 

Two groups were observed in the network of relationships when all isolates were 118 

included, based on the presence/absence of two signature SNPs (including the 119 

previously mentioned one). These two SNPs (C126818T and T4304361C) were shared 120 

by the 14 isolates in France but were absent in those from Portugal. This may indicate 121 

two diversification routes, one in each country. Similarly, in another event studied by 122 

our group, two closely related independently distributed variants of a strain exported 123 
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from Peru were involved, one detected in Florence and the second in other 124 

Italian/Spanish cities (Acosta et al., 2019). Isolate sampling in Portugal was carried out 125 

three years before the sampling in France. This may indicate the existence of a recent 126 

common ancestor that circulated in Portugal before the emergence of a variant 127 

harboring the two SNPs that were later successfully transmitted in France. One of the 128 

SNPs is synonymous and the other one (C126818T) led to an aminoacid substitution 129 

(Ala1242Thr) in the gene Rv0107c that encodes a potential cation-transporting ATPase 130 

I (CtpI). 131 

We screened a local database with SNPs of ~5,300 Beijing strains from publicly 132 

available WGS data obtained from 41 different countries at the European Nucleotide 133 

Archive until the end of July 2017. One isolate (from Azerbaijian, year of isolation 134 

2015) showed 25 of the 26 SNPs that were specific for the Beijing ARA strain.  No 135 

explanation was found for the connection with Azerbaijian. 136 

The fact that all cases detected in Portugal infected with this strain were 137 

migrants from Cape Verde, which coincides with the origin for the index case in the 138 

France outbreak, suggests the strain originated in Cape Verde and is likely a prevalent 139 

strain in that country. Performing strain-specific PCR locally in Cape Verde may offer 140 

valuable information on this last aspect.  141 

The systematic use of a simple, low-cost strategy based on strain-specific PCR 142 

for a Beijing outbreak strain allowed us to confirm the appropriateness of the exhaustive 143 

surveillance performed to capture all outbreak cases without the need of additional 144 

WGS analysis. New cases infected by a variant of the outbreak strain revealed the likely 145 

cross-border nature of the outbreak strain and the diversification of the strain into two 146 

variants, one in each country. This study illustrates how nationwide efforts can easily be 147 
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complemented to understand the complexity of transmission in the new global scenario 148 

of TB.  149 

  150 
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 167 

Figures  168 

Figure 1. A) Amplification patterns expected for ARA-strain PCR (in silico analysis). B) 169 

Experimental patterns obtained for a selection of representative French isolates. 170 

Figure 2. ARA-strain PCR amplification patterns for ARA- Île-de-France (left panel) and 171 

Portugal (right panel) representative isolates  172 

Figure 3. Network of relationships based on whole genome sequencing data that include ARA-173 

strain representatives from France and Portugal. Each white dot represents a SNP. The size of 174 

the circles is proportional to the number of isolates in each node. Dark gray circles represent 175 

France isolates and light gray circles represent Portugal isolates. The data that support the 176 

findings of this study are openly available in [ENA] at 177 

https://www.ebi.ac.uk/ena/browser/home], reference number yet not available. Mv1: it refers to 178 

a median vector, which represents a node in the network that should be occupied by an isolate, 179 

but it was not sampled in our study. 180 
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Table 1. Multiplex ASO-PCRs design, primers, allele targets and PCR products sizes. 

 

SNP Gene Nucleotide 
change 

Position Amplicon 
size (bp) 

Target Primer sequence  

1 Rv3829 T/C 4304361 386 ARA Rv3829F:5´- CGATCCGGTGGTCCAATTCA-3´ 

      Rv3829R:5´- CCTCCGGGACACCCAAC-3´ 

2 Rv0697 T/C 797094 297  Rv0697F:5´- GCCGCTGACCTACCTAGTG-3´ 

     No-ARA Rv0697R:5´ TCGGCAGTTGCAACCCA-3´ 

3 Rv1303 C/A 1460199 225 ARA Rv1303F:5´-´- AGGAACCGGTCGCAACTTATTA-3´ 

      Rv1303R:5´- CGAAGTCACTTTGGCGCG-3´ 

4 Rv2952 G/A 3304966 139 Beijing Rv2952F:5´- GCCGAAAACCTGCCCTTC-3´ 

      Rv2952R:5´- CGGCGTATGGGAAGTACCT -3´ 

Table
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