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Yaws Circulating in Nonhuman Primates,
Uganda and Rwanda

Appendix

Samples and Serology

Primate serum samples from existing collections were used for this study. Sera were
originally collected from six locations in Uganda and Rwanda from 2005-2017 (Appendix
Figure 1) as part of multiple efforts to characterize infectious diseases in primates from these
countries (/,2). Primates were anesthetized in the field, sampled, and released to their social
groups as previously described (3,4). Serum was separated from whole blood by centrifugation
and immediately frozen in liquid nitrogen. Samples were stored in liquid nitrogen or in —80°C
freezers and were shipped in liquid nitrogen dry shippers to the USA for analysis (see ethics

statement in main article).

We used a commercial passive particle agglutination test (SERODIA-TP+PA4; Fujirebio
Diagnostics, Tokyo, Japan) to detect 7. pallidum antibodies. This test is 97.7% sensitive and
92.0% specific for antibodies to 7. pallidum in nonhuman primates and has the advantage that it
can be read visually and can be performed in resource poor laboratories (J5). Although the test
detects antibodies to 7. pallidum in general and does not distinguish among bacterial subspecies,
positivity in wild nonhuman primates can be interpreted as indicating infection with 7. p.
pertenue because wild primates are not known to harbor 7. p. pallidum (the cause of syphilis) or
T. p. endemicum (the cause of bejel) but are commonly infected with 7. p. pertenue (6). We
performed tests in duplicate using 25 ul of serum following the manufacturer’s protocol,

including negative and positive control standards.
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PCR Testing

We tested swab samples using endpoint PCR targeting the TPE gdp gene (7,8). We
extracted DNA from swab tips using the DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany)
and eluted it into 100 pl of kit-provided buffer, then we conducted PCR amplifications in 25ul
volumes using the HotStarTaq kit (Qiagen) according to the manufacturer’s instructions, with
primers gdp-f (5~ AAGAACTTTCCCTCCTCCGTGC-3') and gdp-r (5'-
AAGAACTTTCCCTCCTCCGTGC-3'), 2 ul DNA extract as template, and the following
thermal profile: 95°C for 15m; 35 cycles of 94°C for 30s, 57°C for 30s, 72°C for 30s; and 72°C
for 10m. We electrophoresed PCR products on 1% agarose gels stained with ethidium bromide,
visualized them under ultraviolet light, excised amplicons using sterile razor blades, and
extracted them from the agarose matrix using the Zymoclean Gel DNA Recovery Kit (Zymo
Research, Irvine, CA, USA). To confirm amplification of TPE gdp, we performed Sanger
sequencing on ABI 3730x1 sequencers (Thermo Fisher Scientific, Waltham, MA, USA) at a

commercial facility (Functional Biosciences, Madison, WI, USA).

Library Preparation, Genome-Wide Capture, and High-Throughput Sequencing

We converted DNA into dual-indexed libraries using the NEBNext Ultra Il FS DNA
Library Prep Kit for Illumina (New England Biolabs, Ipswich, MA, USA) with a 12-minute
incubation at 37°C for fragmentation and with adaptors from the NEBNext Multiplex Oligos for
[Mlumina kit (New England Biolabs). We quantified/analyzed all generated libraries with a Qubit
fluorometer using a double-stranded DNA high-sensitivity assay kit (Thermo Fisher Scientific,
Waltham, MA, USA) and an Agilent BioAnalyzer (Agilent Technologies, Santa Clara, CA,
USA), following the instructions of the manufacturers. We enriched libraries for 7. pallidum
sequences using in-solution hybridization capture with biotinylated RNA baits (myBaits, Arbor
Biosciences, Ann Arbor, MI, USA) spanning the simian-derived Fribourg-Blanc reference
genome (RefSeq ID: NC 021179.1) with 2-fold tiling as previously described (9). Briefly, we
performed 2 x 48 hour in-solution hybridization captures and, after each round of capture. we
performed a KAPA HiFi HotStart library amplification (KAPA Biosystems, Wilmington, MA,
USA) with P5 and P7 primers (Illumina, San Diego, CA, USA) to generate ~200 ng of enriched
DNA per sample, using the thermal profile: 98 °C for 2m;12 to 16 cycles of 98 °C for 20s; 65 °C
for 30 s; 72 °C for 45s; and 72 °C for Sm. We quantified/analyzed enriched libraries with a Qubit
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fluorometer (Thermo Fisher Scientific) and an Agilent BioAnalyzer following the instructions of
the manufacturers. Prior to sequencing, we diluted libraries to 4 nM and pooled them for

sequencing on an [llumina MiSeq instrument with 300 bp paired-end read V3 chemistry.

Bioinformatics

We analyzed sequence data using CLC Genomics Workbench version 23.0.2 (Qiagen).
We trimmed low-quality bases (Phred quality score <30), discarded short reads (<30 bp), merged
paired reads, and mapped merged and singleton reads to the TPE Fribourg-Blank reference
sequence (RefSeq ID NC 021179.1) using length fraction 0.7 and similarity fraction 0.8. We
then merged mapped reads, removed duplicate reads, and called a consensus genome using a
minimum coverage of 3 unique reads, applying a majority consensus rule, and filling in “N” for

areas of low coverage (<3 unique reads).

Phylogenetics

We aligned newly generated nucleotide sequences with published sequences using
MAFFT (10) and removed poorly aligned regions using trimAl (/7). We removed recombinant
genes, genes under positive selection, and hypervariable genes containing repetitive regions to
improve the accuracy of phylogenetic inference (/2—15). We then inferred phylogenetic trees
using IQ-TREE (/6) with a substitution model estimated from the data and 1,000 ultrafast
bootstrap replicates to assess statistical support for clades. We displayed resulting phylogenetic

trees using FigTree version 1.4.4 (17).
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Appendix Figure 1. Map of sampling locations. Insert shows Uganda and Rwanda within Africa. Yellow
stars indicate sampling locations within Uganda and Rwanda: 1 = Kibale National Park; 2 = Lake

Nabugabo; 3 = Volcanoes National Park; 4 = Akagera National Park; 5 = Kigali; 6 = Nyungwe National
Park.
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Appendix Figure 2. Maximum likelihood phylogenetic tree of Treponema pallidum genomes. The tree
shows relationships among T. p. pertenue genomes (TPE) and is rooted with T. p. endemicum (TEN) and
T. p. pallidum (TPA) genomes. The tree contains the same taxa as Figure 2, except for the addition of
RC13 (86% complete, from a Ugandan red colobus in 2017) and SRR10430854 (57% complete, from a
West African red colobus in 2013). Taxon names include GenBank accession numbers followed in
parentheses by primate host (Ca = Cercocebus atys; Cp = Chlorocebus pygerythrus; Cs = Cercocebus
sabaeus; Hs = Homo sapiens; Pa = Papio anubis; Pb = Procolobus badius; Ps = Piliocolobus
tephrosceles; Pt = Pan troglodytes), location of origin, and isolate name. The tree was inferred from a
1,072,401-position cleaned nucleotide alignment containing 3,930 variable positions. Silhouettes indicate
sequences from red colobus; sequences generated in this study are in bold. Numbers indicate bootstrap

values based on 1,000 replicates (values <75% are not shown). Scale bar indicates nucleotide
substitutions per site.
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