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Background. Malayan pangolin (Manis javanica) is a placental mammal and Critically Endangered
species. Previous eûorts have attempted to breed pangolins in captivity, but with little success because
they mainly died of infections. In our previous pangolin genome sequencing data analysis, we found a
considerable amount of bacterial DNA in a pregnant female Malayan pangolin (named <UM3=), which was
likely infected by Paraburkholderia fungorum 3 an agent of biodegradation and bioremediation in
agriculture.

Methodology. Here, we further conûrmed and characterized this bacterial species using PCR,
histological staining, whole-genome sequencing, and bioinformatics approaches. PCR assays with in-
house designed primer sets and 16S universal primers showed clear positive bands in the tissues of UM3
such as cerebrum, cerebellum, lung, and blood, suggesting that UM3 might have developed septicaemia.
Histological staining showed the presence of Gram-negative rod-shaped bacteria in the pangolin brain
and lungs, indicating the colonization of the bacteria in these two organs. In addition, PCR screening of
the UM39s fetus tissues revealed the presence of P. fungorum in the gastrocnemius muscle, but not in
other tissues that we examined. We have also sequenced and reconstructed the genome of pangolin P.
fungorum with a genome size of 7.7 Mbps.

Conclusion. Our study ûrst-time reports the presence of P. fungorum in a pregnant mammalian pangolin
species and a fetus. Here, we raise the concern that P. fungorum may potentially infect humans,
especially YOPI (young, old, pregnant, and immunocompromised) people. Therefore, it should be cautious
in using this bacterial species as biodegradation or bioremediation agents in agriculture. Furthermore,
our study implicates the importance of improving the current conservation and breeding strategies of
this threatened and immunologically fragile mammal.
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26 Abstract

27 Background. Malayan pangolin (Manis javanica) is a placental mammal and Critically 

28 Endangered species. Previous efforts have attempted to breed pangolins in captivity, but with 

29 little success because they mainly died of infections. In our previous pangolin genome 

30 sequencing data analysis, we found a considerable amount of bacterial DNA in a pregnant 

31 female Malayan pangolin (named �UM3�), which was likely infected by Paraburkholderia 

32 fungorum � an agent of biodegradation and bioremediation in agriculture. 

33 Methodology. Here, we further confirmed and characterized this bacterial species using PCR, 

34 histological staining, whole-genome sequencing, and bioinformatics approaches. PCR assays 

35 with in-house designed primer sets and 16S universal primers showed clear positive bands in the 

36 tissues of UM3 such as cerebrum, cerebellum, lung, and blood, suggesting that UM3 might have 

37 developed septicaemia. Histological staining showed the presence of Gram-negative rod-shaped 

38 bacteria in the pangolin brain and lungs, indicating the colonization of the bacteria in these two 

39 organs. In addition, PCR screening of the UM3�s fetus tissues revealed the presence of P. 

40 fungorum in the gastrocnemius muscle, but not in other tissues that we examined. We have also 

41 sequenced and reconstructed the genome of pangolin P. fungorum with a genome size of 7.7 

42 Mbps. 

43 Conclusion. Our study first-time reports the presence of P. fungorum in a pregnant mammalian 

44 pangolin species and a fetus. Here, we raise the concern that P. fungorum may potentially infect 

45 humans, especially YOPI (young, old, pregnant, and immunocompromised) people. Therefore, it 

46 should be cautious in using this bacterial species as biodegradation or bioremediation agents in 

47 agriculture. Furthermore, our study implicates the importance of improving the current 

48 conservation and breeding strategies of this threatened and immunologically fragile mammal. 

49

50 Keywords

51 pangolin conservation; bacteria genome analysis; microbial infection; fetal infection

52

53 Introduction

54 Pangolins are unique terrestrial mammals with special physical traits such as scaly, no teeth, poor 

55 vision, and strong-smelling sense (1). Pangolins are extremely difficult to maintain and breed in 
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56 captivity (2, 3) mainly because they frequently die of infections such as gastrointestinal disease, 

57 pneumonia, skin disease, and parasitic infections (3) .

58 Burkholderia genus belongs to ³0Proteobacteria � a Gram-negative, aerobic, rod-shaped bacteria 

59 associated with lethal human diseases (4). They are widely used in agriculture because they can 

60 fix nitrogen, promote plant growth, and degrade recalcitrant chemical compounds (4). They have 

61 been further categorized into Burkholderia and Paraburkholderia � the former being an animal 

62 and plant pathogen, and the latter being environmental and plant beneficial species (5-7). Among 

63 the well-known members of Burkholderia spp. are B. pseudomallei and B. mallei (have been 

64 used as bioweapons in wars), as well as Paraburkholderia fungorum which is a soil bacterium 

65 usually isolated from diverse ecological niches (8, 9). P. fungorum is commonly used in 

66 agriculture as a biodegradation and bioremediation agent (10, 11). However, there have been 

67 reports of the isolation of P. fungorum from mouse nose and cystic fibrosis patients (8). 

68 Therefore, there are debates on the suitability of P. fungorum in agricultural use because some 

69 people believe that it would affect human health, although no clear evidence has been reported 

70 (12). 

71 Here, we report a case of P. fungorum infection in a pregnant female pangolin (named �UM3�) 

72 and its fetus, supported by evidence from PCR assays, histological analysis, whole-genome 

73 analysis, and phylogenetic analysis. Our PCR and whole-genome sequencing results also showed 

74 the presence of this bacterial species in its fetal muscle, suggesting that P. fungorum may also 

75 have the capability to colonize in the fetus of UM3. 

76

77 Methods

78 Ethics statement

79 Veterinary officers conducted all procedures involving animals and experts at the Department of 

80 Wildlife and National Parks (DWNP), Malaysia, following internationally recognized guidelines 

81 and approved by the University of Malaya Institutional Animal Care and Use Committee (UM 

82 IACUC) [reference number of the approval: DRTU/11/10/2013/RH (R)]. 

83

84 Biological samples

85 The samples of a female pregnant pangolin (called �UM3�) weighing 2.73 kg were provided by 

86 the DWNP. All tissues of UM3 (including cerebellum, cerebrum, lungs, thymus, liver, blood, 
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87 heart, and its fetus�s gastrocnemius muscle) were harvested by DWNP veterinary officers before 

88 being flash-frozen using liquid nitrogen and stored at 2 80 °C. 

89

90 Genomic DNA extraction

91 The fetal muscle tissue was used for genomic DNA extraction. The extraction was done using 

92 Qiagen Genomic Tips 20/G kits according to the manufacturer�s protocol. 

93

94 Library preparation and sequencing

95 Libraries for genomic DNA obtained from fetal muscle were prepared with a fragment length of 

96 approximately 300 bp and sequenced using Illumina HiSeq 2000 following vendor�ssequencing 

97 protocol. 

98

99 Discovery of bacterial sequences in the pangolin genome

100 The pangolin genome was previously sequenced and assembled by our group (13). The tissue-

101 specific genome assemblies were generated by CLC Assembly Cell using sequencing data from 

102 pangolin brain (cerebrum and cerebellum), liver, and lung samples. The sequencing reads were 

103 searched against a bacterial nucleotide sequence database using BLASTN (14). We screened the 

104 bacterial identity using two criteria: 90% sequence identity and 90% sequence coverage and 97% 

105 sequence identity and 97% sequence coverage. 

106

107 Average nucleotide identity (ANI) and average amino acid identity (AAI) analyses

108 The average nucleotide identity (ANI) values between species were calculated based on the 

109 method previously described (15-18). We used two-way BLAST and only used the forward and 

110 reversed-matched orthologs in the calculations. For robustness, the BLAST hits were filtered for 

111 at least 50% identity at the nucleotide and amino acid level and a sequence coverage of at least 

112 70%. 

113 The protein sequences of 18 genomes belonging to the Paraburkholderia and Burkholderia 

114 genera were annotated using Rapid Annotation Search Tool (RAST) (19). The RAST-predicted 

115 protein sequences for each assembly were retrieved, and average amino acid identity (AAI) 

116 values were calculated using the AAI calculator (15, 16). 

117
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118 PCR assays

119 To further validate the presence of the bacterial sequences in the pangolin, the frozen tissue 

120 samples of pangolin UM3 were examined. gDNA extracted from nine adult tissues (cerebrum, 

121 cerebellum, liver, lungs, heart, spleen, thymus, skin, and blood) and the fetal tissues were 

122 screened using polymerase chain reaction (PCR) assays. Three different target genomic regions 

123 that showed top hits to the bacteria identified from the previous BLASTN results were selected 

124 to design and synthesize the PCR primers provided by FirstBase company. The bacterial 

125 universal 16S primers and three in-house designed primer sets (Table S1), targeting bacterial 16S 

126 rRNA, Burkholderia-specific transposase genomic region, OI25_7129 hypothetical protein 

127 genomic region, and P. fungorum-specific DNA polymerase genomic region has been used 

128 respectively. 

129 All PCR assays were performed using the following described protocol. The total reaction 

130 volume of 50 µL contained 160 ng purified organ gDNA, 0.3 mol of each primer, 

131 deoxynucleotides triphosphates (dNTP, 400 µM each), 1.0 U Taq DNA polymerase and a 

132 supplied buffer were used. The PCR was performed as follows: one cycle (94 ºC for two 

133 minutes) for initial denaturation; 35 cycles (98 ºC for 10 secs; 68 ºC for three minutes) for 

134 annealing and DNA amplification. The PCR products were purified by standard methods and 

135 directly sequenced with the same primers using BigDye© Terminator v3.1 Cycle Sequencing Kit 

136 (Applied Biosystems) for validation. 

137

138 Tissue preparation and histological staining

139 We examined the histology of the cerebellum and lungs. Each of the thawed organs was excised 

140 into two sets of smaller tissue pieces and fixed with 10% formalin at 12°C for a week, followed 

141 by embedding in paraffin wax to produce paraffin blocks. For histology, the tissue blocks were 

142 sectioned on a rotary microtome (Leica RM2235, Leica Biosystems) with a blade of 3 ¿m. To 

143 prevent cross contamination, the blades were cleaned with 100% ethanol between sections. 

144 Subsequently, the slices were dewaxed using graded alcohol. These tissue slices were separately 

145 counterstained using hematoxilin/eosin (HE, Sigma) for tissue abnormality such as 

146 inflammation, and Brown-Hopps Gram stains for bacterial presence, as described by (20). Slices 

147 were observed under a light microscope with a Leica DF300 camera (Leica). 

148
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149 Results

150 Presence of bacterial sequences in the UM3

151 In our previous pangolin genome sequencing project, we sequenced the genomes of pangolin 

152 cerebellum, cerebrum and liver using Illumina HiSeq2000 platform (13). During an in-silico 

153 bacterial sequence screening of the contig sequences of the tissue-specific assemblies using 

154 BLAST, we found many exogenous DNA sequences. The bacterial sequences were found in the 

155 assemblies of the cerebrum and cerebellum, but not in the liver assembly (Table S2). 

156 Specifically, in the assembled cerebral genome, there were 6,730 contigs mapped to bacterial 

157 genomes, where 6,635 of them (98.58%) had best matches with P. fungorum. Similarly, in the 

158 cerebellum-specific genome, 3,533 contigs mapped to bacterial genomes, among which 3,452 

159 (97.7%) were from P. fungorum. These results indicate that the cerebrum and cerebellum tissues 

160 were predominantly colonised or infected by P. fungorum although they should be sterile. 

161

162 PCR screening and Sanger sequencing across different tissues of UM3 

163 To examine which tissues of UM3 were infected, we screened different tissues using PCR assays 

164 with P. fungorum-specific primers, Burkholderia-specific primers, and 16S primers (Table S1). 

165 The genomic DNA of nine different tissues (cerebrum, cerebellum, liver, blood, kidney, thymus, 

166 spleen, lung, and heart) were extracted for testing. Our results showed clear positive bands in the 

167 lung, cerebrum, cerebellum, and blood (Fig. 1), which was also observed using Sanger 

168 sequencing (Fig. S1), whereas no clear bands were observed in other tissues (Fig. 1). The 

169 positive band in the blood tissue indicates that UM3 might have developed septicaemia. 

170 Therefore, we observed the presence of P. fungorum sequences across UM3�s lung, cerebrum, 

171 cerebellum, and blood. 

172

173 Histological examinations

174 To further confirm the presence of P. fungorum in UM3, the lung and cerebellum tissues were 

175 dissected and stained using Brown-Hopps Gram stains. Our staining revealed the presence of 

176 gram-negative and rod-shaped bacteria with a size of approximately 6-7 microns, supporting that 

177 the lungs and cerebellum were invaded by P. fungorum (Fig. 2A, B, D, and E). 

178 Histopathology screening was also performed using hematoxylin/eosin (H&E) staining to 

179 confirm the pathology potentially due to P. fungorum infection in the pangolin lung and brain 
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180 (cerebrum and cerebellum). The histological presentation of Paraburkholderia infection 

181 observed from lung tissues in other mammals is an abscess composed of cellular debris, 

182 numerous degenerate neutrophils, and macrophages that contain abundant intracytoplasmic 

183 basophilic material composed of rod-shaped bacteria (21). However, our analyses showed no 

184 significant pathological signs in the dissected organs (Fig. 2C and F). It may indicate the bacteria 

185 might colonise pangolins without any overt disease pathological presentations. However, we 

186 cannot rule out the possibility that the colonisation of P. fungorum in pangolins might be at the 

187 early stage where disease symptoms had not manifested. 

188

189 Presence of P. fungorum in other adult pangolins

190 To examine whether the presence of P. fungorum in the UM3 pangolin organs was an isolated 

191 case, we randomly selected and screened the presence of P. fungorum in the blood of four 

192 individual pangolins (26T, 2T9, 12T, and 2T2) that seized in the same batch (about 40 pangolins) 

193 as UM3 in operation by the Department of Wildlife and National Parks Peninsular Malaysia 

194 (PERHILITAN) using the same sets of primers (Table S1) (22). As a control, we also tested the 

195 blood of two individual pangolins (UM1 and UM2) seized in a separate operation. Of the seven 

196 blood samples, four pangolin samples (2T9, 12T, 2T2, and UM3) showed positive PCR bands, 

197 and the presence of bacterial sequence was validated using Sanger sequencing (Fig. S1), again 

198 indicating that these pangolins� blood was infected by P. fungorum (Fig. 3). The pangolins 

199 showing positive PCR bands were all from batch 1, supporting our view that P. fungorum in 

200 UM3 is not an isolated case � perhaps they might be transmitted within the batch 1 pangolins. 

201

202 P. fungorum may have the capability to colonize fetus

203 Since UM3 was pregnant, we wondered whether its fetus was also infected by P. fungorum. To 

204 examine this, we harvested and screened tissues of its fetus (including blood cord, lungs, 

205 intestine, kidney, liver, and brain) by performing PCR with the same sets of primers. We found 

206 that the fetal gastrocnemius muscle showed clear positive PCR bands (Fig. 4), and the presence 

207 of bacterial sequence was validated using Sanger sequencing (Fig. S1), but no significant bands 

208 were observed in other tissues (cerebrum, cerebellum, kidney, lung, blood cord, intestine and 

209 liver) (Fig. 4). Furthermore, the fetal muscle genome was also sequenced using the Illumina 

210 HiSeq 2000 platform with a 20X sequencing coverage (after removing the pangolin sequences) 
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211 and found a substantial amount of P. fungorum DNA sequences. Altogether, our data have 

212 confirmed the existence of P. fungorum in the fetal muscle and suggest the possibility of 

213 transplacental infection or an ascending infection pathway from the cervix. 

214

215 Reconstruction of P. fungorum genomes

216 To further analyse the genomes of P. fungorum, we reconstructed genomes using three different 

217 strategies: (i) Mapped reads from the UM3�s cerebrum and cerebellum whole-genome data onto 

218 P. fungorum ATCC BAA-463 reference genome (Accession number: CP010024-27) and 

219 assembled them into contigs; (ii) Sequenced the DNA extracted from the infected UM3�s fetal 

220 muscle and mapped these reads onto P. fungorum reference genome and assembled them into 

221 contigs, and (iii) Mapped reads from the UM3�s cerebrum, cerebellum, and fetal muscle whole-

222 genome data onto P. fungorum reference genome and assembled them into contigs. The 

223 assembled genome sequences and 17 other Burkholderia and Paraburkholderia assemblies were 

224 uploaded to PanSeq server to identify Single Nucleotide Polymorphisms (SNPs) in common 

225 genomic regions (23). To identify the taxonomic position of these genomes, the core-genome 

226 SNPs were used to reconstruct a robust phylogenetic tree. Our results showed that our genomes 

227 were closest to P. fungorum ATCC BAA-463 (Fig. 5). Furthermore, the evolutionary 

228 relationships between the assembled genome (iii) and Burkholderia / Paraburkholderia spp. 

229 have been constructed based on concatenated sequences for 27 conserved proteins identified by 

230 ProteinOrtho and aligned with ClustalW, which further validating the closest taxonomic 

231 relationship to P. fungorum ATCC BAA-463 (Fig. 6). The proposed taxonomic position of P. 

232 fungorum was very similar to the analysis of the phylogenetic study of Burkholderiales and 

233 Paraburkholderiales by Sawana et al. (5). 

234 We also compared the pangolin P. fungorum genomes with the genomes of other 

235 Burkholderiales and Paraburkholderiales spp. by calculating ANI (15) and AAI values. Both 

236 ANI and AAI indicated that the pangolin P. fungorum was closely related to the reference P. 

237 fungorum ATCC BAA-463 with an ANI value of 98.49% (passing the threshold of 97% to 

238 define a species), whereas other species showed ANI values below the threshold (Fig. 7). As 

239 anticipated, the pangolin P. fungorum present in UM3�s brain and fetal muscle was almost 

240 identical, with at least 99.9% for both AAI and ANI values, providing strong evidence that they 
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241 were from the same source. Altogether, the ANI, AAI and the core-genome SNP-based 

242 phylogenetic analyses are consistent and confirm the presence of P. fungorum in UM3. 

243

244 Discussions

245 Here, we report a case of infection in a pregnant placental mammal, Malayan pangolin, called 

246 �UM3� and its fetus. The presence of P. fungorum in UM3 was confirmed by the evidence from 

247 PCR assays, histological examinations, whole-genome sequencing, phylogenetic analysis, ANI 

248 and AAI analyses. We identified P. fungorum in the cerebrum, cerebellum, lung, and blood of 

249 the pregnant UM3, but not in other tissues that we examined. Gram-negative and rod-shaped 

250 bacteria with a size of approximately 6 � 7 microns in the lungs and cerebellum provide strong 

251 evidence to support the invasion of P. fungorum in these supposedly sterile mammalian tissues. 

252 Wiersinga et al. suggested the lung is the primary target organ for infectious Burkholderial spp. 

253 such as B. pseudomallei and B. mallei (24). Moreover, it has been reported that P. fungorum was 

254 found in human blood with septicaemia and the bacterium was being transported in the 

255 circulatory system to other host organs (8, 25). Therefore, P. fungorum might initiate a systemic 

256 infection through the lungs of UM3 and spread to other critical organs, including the brain and 

257 blood. 

258 Paraburkholderial species have been used as bioremediation or biodegradation medium of 

259 polycyclic aromatic hydrocarbon (PAHs) contaminated soil (10) and oxidized halo-benzene 

260 contaminated water (26, 27). The use of these opportunistic pathogenic species in agriculture 

261 potentially increases the risk of Paraburkholderia infection in humans by artificially introducing 

262 these bacteria into the contaminated soil and water. Notably, there are some reported clinical 

263 cases such as a nine-year-old female with P. fungorum causing septicaemia (9), a 66-year-old 

264 woman with P. fungorum LMG 16307 observed in the cerebrospinal fluid (24), and P. fungorum 

265 V02 10158 cultured from a pregnant woman�s vaginal secretion (24). Our study showed that P. 

266 fungorum could cause septicemia and colonize the brain and lungs, as well as fetus, supporting 

267 the pathogenicity of P. fungorum. Our study may raise an alert on the use of P. fungorum in 

268 agriculture. We cannot rule out the possibility that P. fungorum may potentially target YOPI 

269 (young, old, pregnant, and immunocompromised) people. 

270 For the first time, our data reported that P. fungorum could colonize the pangolin brain. A 

271 possibility is that the bacterial species might invade the pangolin blood-brain barrier (BBB). 
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272 Another possibility is that it might invade the brain through the olfactory nerve. The second 

273 possibility is more likely because of the three main reasons. It has been demonstrated that other 

274 Burkholderia species such as B. pseudomallei can invade the nerves of the nasal cavity by 

275 colonizing the thin respiratory epithelium and rapidly migrates along the underlying trigeminal 

276 nerve to penetrate the cranial cavity, thus leading to direct brain infection without going through 

277 BBB (28). Therefore, it is possible that the genetically related P. fungorum may also invade the 

278 pangolin brain via olfactory nerve cells. The pangolins are known to have presumably weak 

279 immunity due to the loss of the interferon epsilon (IFNE) gene, which is exclusively expressed in 

280 other mammalian epithelial cells and is important for skin and mucosal immunity. The weakened 

281 mucosal immunity of pangolin may make the invasion of P. fungorum into the olfactory 

282 epithelium easier. 

283 Our PCR assays showed the presence of P. fungorum in pangolin fetal gastrocnemius muscle, 

284 but not in other fetal tissues (e.g., blood cord, lung, and brain). Our results suggest that this 

285 bacterial species can infect fetus in a pregnant female mammalian species; however, its 

286 underlying mechanism remains unknown. Notably, it has been reported that B. pseudomallei 

287 causes infectious disease in a pregnant woman, resulting in intrauterine infection with a 

288 subsequent spontaneous abortion (29). Therefore, it is possible that pangolin P. fungorum 

289 colonized the fetal muscle via a transplacental invasion as previously shown in B. pseudomallei 

290 in goats (30). However, it is unlikely since we could not detect P. fungorum in the fetal cord 

291 blood. Another possibility is that P. fungorum invaded the fetus through the urinary tract. This 

292 mechanism is similar to the invasive Group B Streptococcus bacteria that are able to infect the 

293 perinatal space in humans (31). Another possible mechanism is that the P. fungorum may be an 

294 invasive bacterial species that can penetrate the mucosa-protected cervix of the female pangolin 

295 and bypass the amnion of the uterus and the fetal skin before arriving in the leg muscle. Notably, 

296 some invasive pathogens such as Group B Streptococcus (31), Listeria monocytogenes (32) and 

297 Mycoplasma hominis (33) are also known to use this route to infect fetus. If it is true, this could 

298 be the first indirect evidence to show that the P. fungorum can be an invasive bacterial species 

299 and deserve more studies. 

300 Our study implicates the importance of improving the management of these endangered 

301 pangolins. We should provide careful treatments and extensive medical care to pangolins, 

302 especially in the captive pangolin conservation programmes. It is important to provide a hygienic 
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303 environment (as well as hygienic food and water) when keeping pangolins in captivity in order to 

304 minimize the risk of infection and stress. Regular monitoring of possible infections (e.g., blood 

305 screening) may also be an important measure in the rescue and conservation of the threatened 

306 pangolins in captivity. 

307

308 Conclusion

309 Our study provides a first insight into the discovery of Paraburkholderia genus fungorum 

310 species in a mammal species, Pangolin. We believe pangolin can be a reference for humans, 

311 particularly immunocompromised people, in studying P. fungorum infection. Our study also 

312 raises the concern about using P. fungorum as a biodegradation or bioremediation agent in 

313 agriculture. 
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423 Legend of Figures

424 Figure 1. P. fungorum screening of different tissues of UM3 using PCR assays. Nine sets of 

425 pangolin tissues and four sets of independent primer sets were used, including PCR results for 

426 (A) Target A primer set, (B) Target B primer set, (C) Target C primer set, and (D) the bacterial 

427 universal 16S primer set. N = Negative control, X = Cerebrum, Y = Cerebellum, Liv = Liver, B 

428 = Blood, H = Heart, T = Thymus, L = Lung, S = Spleen, and K = Kidney. Target A = 

429 Burkholderia-specific transposase genomic region; Target B = OI25_7129 hypothetical protein 

430 genomic region; Target C = P. fungorum-specific DNA polymerase genomic region. 

431

432 Figure 2. Histological staining. Staining results at a magnification of 100X on brain tissue (A, 

433 B and C) and lung tissue (D, E and F). (A, B, D, and E) Red arrows point to the locations of 

434 Gram-negative rod-shaped bacteria. (C and F) H&E histological staining. 

435

436 Figure 3. PCR assays using the blood of seven other individual adult pangolins. UM1 and 

437 UM2 were seized in an operation (first batch), whereas the pangolins UM3, 26T, 2T9, 12T and 

438 2T2 were seized together in a separate operation and date (second batch). N = negative control; 

439 UM3 = positive control; Target A = Burkholderia-specific transposase genomic region; Target B 

440 = OI25_7129 hypothetical protein genomic region; Target C = P. fungorum-specific DNA 

441 polymerase genomic region. 

442

443 Figure 4. P. fungorum screening on the fetal tissue using PCR assays. Target A = 

444 Burkholderia-specific transposase genomic region; Target B = OI25_7129 hypothetical protein 

445 genomic region; Target C = P. fungorum-specific DNA polymerase genomic region. (-ve = 

446 negative control; +ve = positive control; X = Cerebrum; Y = Cerebellum ; GL = Intestine; K = 

447 Kidney; T = Blood cord; L = Liver; G = Lungs; FB= Gastrocnemius muscle)

448

449 Figure 5. Phylogenetic tree generated using core-genome SNPs. P. fungorum assemblies 

450 generated from fetus-specific sequencing data, brain (cerebrum and cerebellum) -specific 

451 sequencing data and pooled sequencing data (cerebrum, cerebellum, and fetal muscle) were 

452 aligned with the genome sequences of 17 other Burkholderial species and the core-genome SNPs 

453 were extracted for alignment and tree reconstruction. 
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454

455 Figure 6. Phylogenetic tree generated using conserved protein. The conserved protein-based 

456 phylogenetic tree was generated using the Neighbour-joining (NJ) algorithm and 1,000 

457 bootstrapping replications. 

458

459 Figure 7. AAI and ANI analyses. The red line indicates the threshold of 95%, above which 

460 indicates the same species. 

461

462 Supplementary Figure Legends

463 Supplementary Figure S1. Sanger sequencing performed on the blood and fetal with four 

464 independent primer sets. Each row represents a pangolin individual. (F = forward strand; R= 

465 reverse strand). 

466

467
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468 Supplementary Table Legends

469 Supplementary Table S1. PCR primers used in P. fungorum screening. Three sets of in-

470 house designed primers and one set of universal 16S RNA primers were used in screening. 

471

472 Supplementary Table S2. Identification of P. fungorum sequences in different pangolin 

473 tissues. We found 6,635 contigs (total length = 6,818,896 bp) in cerebrum-specific genomic data 

474 and 3,533 contigs (total length = 1,109,334 bp) in cerebellum-specific genomic data that have at 

475 least 90% identity and 90% coverage compared to P. fungorum ATCC BAA-463 genome. 
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Figure 1
P. fungorum screening of diûerent tissues of UM3 using PCR assays.

Nine sets of pangolin tissues and four sets of independent primer sets were used, including
PCR results for (A) Target A primer set, (B) Target B primer set, (C) Target C primer set, and
(D) the bacterial universal 16S primer set. N = Negative control, X = Cerebrum, Y =
Cerebellum, Liv = Liver, B = Blood, H = Heart, T = Thymus, L = Lung, S = Spleen, and K =
Kidney. Target A = Burkholderia-speciûc transposase genomic region; Target B = OI25_7129
hypothetical protein genomic region; Target C = P. fungorum-speciûc DNA polymerase
genomic region.
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Figure 2
Histological staining. Staining results at a magniûcation of 100X on brain tissue (A, B
and C) and lung tissue (D, E and F).

(A, B, D, and E) Red arrows point to the locations of Gram-negative rod-shaped bacteria. (C
and F) H&E histological staining.
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Figure 3
PCR assays using the blood of seven other individual adult pangolins.

UM1 and UM2 were seized in an operation (ûrst batch), whereas the pangolins UM3, 26T,
2T9, 12T and 2T2 were seized together in a separate operation and date (second batch). N =
negative control; UM3 = positive control; Target A = Burkholderia-speciûc transposase
genomic region; Target B = OI25_7129 hypothetical protein genomic region; Target C = P.
fungorum-speciûc DNA polymerase genomic region.
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Figure 4
P. fungorum screening on the fetal tissue using PCR assays.

Target A = Burkholderia-speciûc transposase genomic region; Target B = OI25_7129
hypothetical protein genomic region; Target C = P. fungorum-speciûc DNA polymerase
genomic region. (-ve = negative control; +ve = positive control; X = Cerebrum; Y =
Cerebellum ; GL = Intestine; K = Kidney; T = Blood cord; L = Liver; G = Lungs; FB=
Gastrocnemius muscle)
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Figure 5
Phylogenetic tree generated using core-genome SNPs.

P. fungorum assemblies generated from fetus-speciûc sequencing data, brain (cerebrum and
cerebellum) -speciûc sequencing data and pooled sequencing data (cerebrum, cerebellum,
and fetal muscle) were aligned with the genome sequences of 17 other Burkholderial species
and the core-genome SNPs were extracted for alignment and tree reconstruction.
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Figure 6
Phylogenetic tree generated using conserved protein.

The conserved protein-based phylogenetic tree was generated using the Neighbour-joining
(NJ) algorithm and 1,000 bootstrapping replications.
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Figure 7
AAI and ANI analyses.

The red line indicates the threshold of 95%, above which indicates the same species.
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