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Relapsing Fever Group Borreliae in 
Human-Biting Soft Ticks, Brazil 

Appendix 

Supplemental Methods 

Collected ticks were morphologically identified following original descriptions and 

redescriptions of South American species (1–5), and by comparisons with specimens deposited 

in the tick collection Coleção Nacional de Carrapatos Danilo Gonçalves Saraiva, São Paulo, 

Brazil. DNA extraction was performed using a phenol chloroform-based protocol (6). Successful 

extractions were confirmed by amplifying tick mitochondrial 16S rRNA gene with primers 

16S+1 and 16S–1 in all the samples (7). Amplicons of this locus were sequenced only for soft 

ticks collected in new localities for the country, confirming their morphological identities by a 

phylogenetic analysis (data not shown). Amplicons of expected size for tick mitochondrial 16S 

rRNA gene and Borrelia 16S rRNA, flab, and glpQ genes were treated with Illustra ExoproStar 

(GE Healthcare, https://www.gehealthcare.com) and sequenced using an ABI 3500 genetic 

analyzer with a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, 

https://www.thermofisher.com). Sequences were assembled and analyzed using Geneious R9 (8). 

Quality values (Q) for base calls were scaled between Q20 (error probability of 1 in 100) and 

Q40 (error probability of 1 in 10,000). Scores <Q20 in the 5′ and 3′ ends of each sequence were 

automatically trimmed. Values of quality, coverage, and length are shown in Appendix Table 2. 

BLASTn analyses were performed to infer most identical sequences in GenBank 

(https://blast.ncbi.nlm.nih.gov/Blast). Bayesian phylogenetic trees (http://mrbayes.csit.fsu.edu/) 

were inferred for single (Borrelia 16S rRNA) and concatenated (Borrelia 16S rRNA-flaB-glpQ) 

gene alignments constructed with MAFFT (https://mafft.cbrc.jp/alignment/server).  
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Appendix Table 1. Results of molecular survey for Borrelia spp. in 8 Ornithodoros species from different parts of Brazil 

Species Site of collection Locality/state 

No. tested 
specimens (N, M, 

F) Pools/individual ticks 

Real-time PCR 
positive samples 

(%) 

GenBank 
accession 
no.,16S 

GenBank 
accession 
no.,flaB 

GenBank 
accession 
no.,glpQ 

O. rudis Abandoned bird 
nests in hollow palm 

trees 

Araguapaz/GO 82 (15N, 35M, 
32F) 

Pools: 15N; 17M; 
18M; 15F; 17F 

0 None None None 

O. mimon* Abandoned bird 
nests in hollow palm 

trees 

Formosa da Serra 
Negra/MA 

22 (11N, 7M, 4F) Pools: 11N; 7M; 4F 0 None None None 

 
House Cuiabá/MT 19 (8N, 9M, 2F) Individual ticks 1F, 1N (10.5) MT013211, 

MT013212 
MT076262 MT076265 

O. hasei* Cave Jericoacoara National 
Park/CE 

129 (48N, 51M, 
20F) 

Pools: 25N, 23N; 
25M; 26M; 20F 

23N pool (0.05†) MT013210 MT076261 MT076264 

O. rietcorreai* Between rocks Serra das Almas Natural 
Reserve/CE 

111 (75N, 23M, 
13F) 

Pools: 40N; 35N; 
23M; 13F 

13F pool (0.1†) MT013213 None None 

Ornithodoros sp.* Between rocks Serra das Almas Natural 
Reserve/CE 

39 (6N, 27M, 6F) Pools: 6N; 27M; 6F 6F pool (0.2†) MT013214 MT076263 MT076266 

O. rostratus Sandy soil Fazenda São José/MS 171 (121N, 40M, 
10F) 

Individual ticks 0 None None None 

O. marinkellei Cave Porto Velho/RO 68 (22M, 46F) Individual ticks 0 None None None 
O. fonsecai* Cave Furna do Araticum/CE 34 (22M, 12F) Individual ticks 0 None None None 
*Tick with mitochondrial 16S rDNA sequence generated in this study (GenBank accession nos. MT021429, MT021430, MT021431, MT021432, MT021433, MT021434, MT021435). F, female; M, male; N, 
nymph. 
†Minimal infection rate. 
The following primers (forward/reverse) were used for PCR (‡) and sequencing (§) Borrelia genes: 16S rRNA gene: FD3/T50‡§, 16s-1/16s-2§, Rec4/Rec9§ (9); flaB gene: FLA 
LL/FLA LS‡§ (10); glpQ gene: glpQ F+1/ Rev-2‡§, Rev-1/2glpQ F-1§ (9). 
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Appendix Table 2. Coverage (mean ± standard deviation), quality values (% of base calls matching Q20, Q30, and Q40 
values, discounting trimmed bases), and length (base pairs, bp) for the sequences of Borrelia 16S rRNA, flab, and glpQ 
genes obtained in this study 

Tick species/Borrelia sp. Gene Coverage 
Quality 

Trimmed length Q20 Q30 Q40 
Ornithodoros mimon       
 Borrelia sp. Omi2MT 16S rRNA* 2.7 ± 0.8 92.9 90.6 87.6 1,342 bp 
 flaB 5.5 ± 1.2 93.2 90.3 88.1 504 bp 
 glpQ 3.3 ± 0.6 96.7 93.5 85.5 447 bp 
 Borrelia sp. Omi3MT 16S rRNA* 2.8 ± 0.8 94.1 92.4 89.1 1,342 bp 
 flaB 5.5 ± 1.2 93.2 90.3 88.1 504 bp 
 glpQ 3.3 ± 0.6 96.7 93.5 85.5 447 bp 
Ornithodoros rietcorreai       
 Borrelia sp. OrietCE 16S rRNA 2.8 ± 0.6 94.3 92.4 90.5 1,326 bp 
Ornithodoros hasei       
 Borrelia sp. JericoCE 16S rRNA 2.1 ± 0.9 95.5 90.8 85.9 1,345 bp 
 flaB 3.1 ± 1.2 92.5 90.1 88.9 674 bp 
 glpQ 2.9 ± 0.8 94.3 92.3 86.3 715 bp 
Ornithodoros sp. CE       
 Borrelia sp. Tabajara CE 16S rRNA      
 flaB 2.2 ± 1.1 98.6 96.8 95.5 614 bp 
 glpQ 3.9 ± 0.8 96.4 94.7 92.4 598 bp 
*Haplotypes for 16S rRNA gene of Borrelia sp. Omi2MT and Borrelia sp. Omi3MT differed in a single nucleotide with unambiguous base calls in each 
sequence (1341/1342 bp, 99.93% of identity). 

 

 

Appendix Figure. Map of Brazil showing the dates and localities where collection of ticks was 

performed. CE,  Ceará State; GO, Goiás State; MA, Maranhão State; MS, Mato Grosso do Sul 

State; MT, Mato Grosso State; RO, Rondônia State. 
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