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Zoonotic Pathogens in Wildlife Traded in
Markets for Human Consumption, Laos

Appendix

Supplementary Methods

Data Collection
Identification of animals was done to species level when possible by using an established
regional field guide (/). Basic information, such as the status of the animal (live or dead) and

storage status (frozen or fresh), was recorded.

Extraction of Nucleic Acids

We extracted samples by using the QIAamp Viral RNA Mini Kits (QIAGEN,
https://www.qiagen.com). The manufacturer’s protocol was modified following manufacturer’s
recommendations (2) and DNA and RNA were extracted simultaneously. Urogenital swabs were
first centrifuged to release cells from the swabs into the supernatant, which was then transferred
into new tubes. For blood and urine, 200 pL of sample was used. Buffer AL (200 pL) and
Proteinase K (20 pL) were added to the samples and incubated at 56°C for 30 minutes. For liver,
spleen, and kidney tissue, 0.025 g of tissue was transferred to a tube containing glass beads.
Buffer ATL (200 pL) and Proteinase K (20 pL) were added and the sample vortexed for 30
minutes, then incubated as described previously. To check for the presence of PCR inhibitors, 10
uL of T4/MS2 phage solution (3) was added after cell lysis. The extraction process was
continued as per manufacturer’s protocol with minor adjustments: 800 uL AVL/carrier RNA
buffer, 200 pL ethanol, and 500 pL AW1 and AW2. Total nucleic acid was eluted in 100 pL
Buffer AVE.

Statistical Analysis
Descriptive, univariate, and multivariate analyses were done using R version 3.6.2
(https://www.r-project.org). Confidence interval around prevalence estimates and other

proportions used binomial confidence intervals. The effect of season on Leptospira prevalence
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was initially assessed by a 2 test. To further test the season effect in different provinces, we
used a logistic regression with season, province, and their interaction as explanatory variables.
The effect of the wild meat preservation method on the risk for Leptospira detection was
assessed by using a mixed effects logistic regression with species as random effect, using the R
package /me4. In a subset of Leptospira spp.-positive animals for which multiple sample types
were available for testing (i.e., animals have multiple sample types, and >1 of them is positive
for Leptospira), we compared the proportion of positive results in genital swab samples and

blood samples by using a Fisher exact test.

Finally, to further demonstrate the significance of the high prevalence of Leptospira spp.
found in squirrels, we estimated the probability of a consumer being exposed to Leptospira in the
simple and common scenario where a consumer purchases 3 variable squirrels. With a known
prevalence p of Leptospira spp. in variable squirrels, the probability of a consumer to purchase
>1 infected animal is one minus the probability to purchase no infected animals. Assuming that
the infection status of individual squirrels on a stall is independent, this is P(purchasing >1

infected squirrel among) = 1-(1-p)°.
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Appendix Table 1. Location and date of wildlife sampled from markets, Laos*

No.
Site animals No. animals sampled (% No. animals positive by PCR
ID Province Site classification Season Date of visit sampled of total) (% of animals from site)
1 Bolikhamxay Km 20 market Trade Dry 2016 Jan 22 8 49 (13.7) 5(10.2)
Dry 2016 Jan 23 3
Dry 2016 Jan 24 6
Dry 2016 Feb 26 3
Dry 2016 Feb 27 6
Dry 2016 Feb 28 10
Wet 2015 Aug 20 6
Wet 2015 Aug 21 5
Wet 2017 Sep 19 2
2 Bolikhamxay Thongnamy Trade Dry 2016 Jan 25 9 23 (6.4) 8 (34.8)
Dry 2016 Jan 26 4
Dry 2016 Mar 1 3
Wet 2016 May 4 2
Wet 2016 May 5 5
3 Champasak Km 14 market Trade Dry 2015 Dec 17 4 49 (13.7) 15 (30.6)
Dry 2015 Dec 18 5
Dry 2015 Dec 19 5
Dry 2016 Feb 5 5
Dry 2016 Feb 6 1
Dry 2016 Feb 7 6
Dry 2016 Feb 9 7
Wet 2015 May 23 7
Wet 2015 May 24 4
Wet 2015 May 25 4
Wet 2015 May 26 1
4 Champasak Songta-ou Trade Dry 2015 Nov 2 1 55 (15.3) 12 (21.8)
Dry 2015 Dec 16 11
Dry 2015 Dec 21 8
Dry 2016 Feb 8 10
Dry 2016 Feb 10 9
Wet 2015 May 20 9
Wet 2015 May 22 7
5 Saravanh Salavan Market Trade Dry 2015 Dec 23 5 44 (12.3) 9 (20.5)
Dry 2015 Dec 24 4
Dry 2015 Dec 25 2
Dry 2016 Feb 11 6
Dry 2016 Feb 12 2
Dry 2016 Feb 13 3
Dry 2016 Feb 14 3
Dry 2016 Apr 30 5
Wet 2015 May 28 7
Wet 2015 May 29 4
Wet 2016 May 1 3
6 Vientiane Ka-si Trade Dry 2016 Mar 15 10 40 (11.1) 6 (15.0)
Dry 2016 Mar 16 6
Wet 2015 Aug 8 5
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No.

Site animals No. animals sampled (% No. animals positive by PCR
ID Province Site classification Season Date of visit sampled of total) (% of animals from site)
Wet 2015 Aug 9 2
Wet 2015 Sep 19 8
Wet 2015 Sep 20 5
Wet 2017 Aug 24 4
7 Vientiane Meungsong Trade Dry 2016 Mar 17 4 11 (3.1) 2 (18.2)
Wet 2015 Aug 9 5
Wet 2017 Aug 25 2
8 Vientiane Pha-hom Trade (roadside Wet 2016 Jun 15 1 1(0.3) 0/1 (0.0)
market)
9 Xiengkhuang Nam-ngam Trade Wet 2016 May 12 4 14 (3.9) 3(21.4)
Wet 2016 May 13 3
Wet 2016 May 16 6
Wet 2017 Aug 22 1
10 Xiengkhuang Phonsavanh/ Trade Dry 2014 Dec 18 2 34 (9.5) 6 (17.6)
Souanphukham
Dry 2016 Mar 11 9
Dry 2016 Mar 12 5
Dry 2016 Mar 13 5
Wet 2015 Sep 15 4
Wet 2015 Sep 16 4
Wet 2015 Sep 17 4
Wet 2016 May 15 1
11 Xiengkhuang Thajok Trade (roadside Wet 2016 May 13 3 4(1.1) 1(25.0)
stall)
Wet 2016 May 16 1
BKX Bolikhamxay Bolikhamxay POFI POFI Dry 2014 Nov 13 4 28 (7.8) 22 (78.6)
Dry 2015 Apr 23 4
Dry 2017 Jan 18 6
Wet 2014 Jul 10 2
Wet 2016 Jul 26 5
Wet 2016 Aug 29 5
Wet 2016 Aug 30 2
CHP Champasak Champasak POFI POFI Wet 2017 May 19 1 1(0.3) 1(100.0)
VTE Vientiane Vientiane Capital POFI Wet 2016 Jul 7 6 6 (1.7) 2(33.3)
Capital POFI
TOTAL 359 (100.0) 92 (25.6)

*POFI, Provincial Office of Forestry Inspection.
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Appendix Table 2.

Sampling methods used in wildlife traded in markets for human consumption, Laos*

Sample type

Animal status Method

Sample preservation

Urogenital swab

Urine

Blood

Liver

Live or dead Urogenital area swabbed (Puritan Medical
Products, https://www.puritanmedproducts.com),
collected in duplicate.
Live Plastic sheet was placed under cages and left until
the animal urinated (or for a maximum of 30 min).
Collected urine was transferred to tube.
Dead Collected either by using a disposable pipette after
pressing on the bladder or by cystocentesis using a
21G needle and sterile syringe. When insufficient
urine was available, the urogenital area was
swabbed up to 2 times.
Dead Blood drawn by rib cage cardiac puncture using a
21G needle
Dead (nonbutchered) Obtained using a punch biopsy needle (Single
Action Biopsy Device 14G, 20 mm Throw Trocar
Tip, Argon Medical Devices,
https://www.argonmedical.com).

Liver, kidney, or spleen Dead (butchered or ~200 mg tissue samples collected

collected by POFI)

VTM + RNAlatert

Plain tube

Plain tube
or
VTM + RNAlater
(swabs)
Plain tube

VTM + RNAlater

VTM + RNAlater

*POFI, Provincial Office of Forestry Inspection; VTM, viral transport medium (in-house formulation, National Animal Health Laboratories, Vientiane,

Laos).

TRNAlater (Sigma-Aldrich, https://www.sigmaaldrich.com).
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Appendix Table 3. PCR assays used for pathogen detection in wildlife traded in markets for human consumption, Laos*

Pathogen Name Sequence 5-3' Target region Reference
O. tsutsugamushi OtsuFP630 AACTGATTTTATTCAAACTAATGCTGCT 47 kDa outer membrane protein (4)
OtsuRP747 TATGCCTGAGTAAGATACRTGAATRGAATT
OtsuPR665 FAM-TGGGTAGCTTTGGTGGACCGATGTTTAATCT-TAMRA
Rickettsia spp. R17K128F2 GGGCGGTATGAAYAAACAAG 17 kDa surface antigen (4)
R17K238R CCTACACCTACTCCVACAAG
R17K202TAQP FAM-CCGAATTGAGAACCAAGTAATGC-TAMRA
Nested Rickettsia spp. R17kM61F ACTTTACAAAATTCTAAAAACCATATACT 17 kDa surface antigen (5)
R17K31F GCTCTTGCAGCTTCTATGTTACA
Rr2608Rnew CATTGTCCGTCAGGTTGGCG
Leptospira spp. Lepto-F CCCGCGTCCGATTAG 16s rRNA (6-8)
Lepto-R TCCATTGTGGCCGRACAC
Lepto-probe FAM-CTCACCAAGGCGACGATCGGTAGC-BHQ1
Anaplasmataceae Ehr-16S_F GGTACCYACAGAAGAAGTCC 16s rRNA 9)
(Neorickettsia
spp./Anaplasma
spp./Ehrlichia spp.)
Ehr-16S_R TAGCACTCATCGTTTACAGC
E. chaffeensis ECH16S-17 GCGGCAAGCCTAACACAT 16s rRNA (10)
ECH16S-97 CCCGTCTGCCACTAACAATTATT
ECH16S-38 carboxyfluorescein-AGTCGAACGGACAATTGCTTATAACCTTTTGGT
A. phagocytophilum ApMSP2f ATCGAAGGTAGTGTTGGTTATGGTATT msp2 outer membrane protein (11)
APMSP2r TTGGTCTTGAAGCGCTCGTA
APMAP2p HEX-TGGTGCCAGGGTTGAGCTTGAGATTG-TAMRA
C. burnetii IS1111f CAAGAAACGTATCGCTGTGGC IS1111 transposase (12)
IS1111R CACAGAGCCACCGTATGAATC
1S1111 probe FAM-CCGAGTTCGAAACAATGAGGGCTG-TAMRA
Flavivirus PF1 TGYRTBTAYAACATGATGGG NS5 (13)
PF2bis GTGTCCCAICCNGCNGTRTC
PF3 ATHTGGTWYATGTGGYTDGG
Dengue virus DenAll-F AGGACYAGAGGTTAGAGGAGA 3'UTR (14)
DenAll-R CGYTCTGTGCCTGGAWTGAT
DenAll-P FAM-ACAGCATATTGACGCTGGGARAGACC-TAMRA
Hantavirus PanHanta-F2 TGCWGATGCIACRAAATGGTC L segments (15)
PanHanta-R2 GCATCATCWGARTGATGIGCAA
Zika virus ZIKA2 S CTTGGAGTGCTTGTGATT Polyprotein t
ZIKA2 R CTCCTCCAGTGTTCATTT
ZIKA2 PROBE FAM-
AGAAGAGAATGACCACAAAGATCA-TAMRA
Universal 27FIV1-F AGAGTTTGATCMTGGCTCAG 16S rRNA (16, 17)
518R/V3-R GTATTACCGCGGCTGCTGGCA
T4 T4F CCATCCATAGAGAAAATATCAGAACGA Enterobacteria phage T4 (18)
T4R TAAATAATTCCTCTTTTCCCAGCG
T4probe VIC-AACCAGTAATTTCATCTGCTTCTGATGTGAGGC-TAMRA
MS2 MS2F CTCTGAGAGCGGCTCTATTGGT Enterobacteria phage MS2 (18)
MS2R GTTCCCTACAACGAGCCTAAATTC
MS2probe VIC-TCAGACACGCGGTCCGCTATAACGA-TAMRA

*Assays used 5 pL of DNA/RNA template with a 20 yL PCR mastermix containing 0.8 pug/uL BSA. Bacterial quantitative PCRs used Platinum Quantitative PCR SuperMix-UDG (ThermoFisher Scientific,
https://www.thermofisher.com), while either SuperScript Il Platinum One-Step qRT-PCR system (ThermoFisher Scientific) or QuantiTect SybrGreen quantitative reverse transcription PCR kit (QIAGEN,
https://www.giagen.com) was used for viral quantitative reverse transcription PCR. A cycle threshold value of <40 was classified as positive. Where applicable, primers were also used for sequencing of PCR

products.

tInhouse quantitative reverse transcription PCR by Unité des Virus Emergents, L'Institut de recherche pour le développement, Faculté de Médecine, Timone, Marseille, France.
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Appendix Table 4. Number and type of animal species sampled in wildlife markets, Laos

Order Family Scientific name Common name No. (%)
Artiodactyla Cervidae Muntiacus muntjak Red muntjac 1(0.3)
Carnivora Felidae Catopuma temminckii Asian golden cat 1(0.3)
Prionailurus bengalensis Leopard cat 3(0.8)
Herpestidae Herpestes javanicus Small Asian mongoose 3(0.8)
Mustelidae Martes flavigula Yellow-throated marten 1(0.3)
Viverridae Arctogalidia trivirgata Small-toothed palm civet 2 (0.6)
Paguma larvata Masked palm civet 2 (0.6)
Paradoxurus hermaphroditus Common palm civet 24 (6.7)
Viverra megaspila Large-spotted civet 1(0.3)
Viverricula indica Small Indian civet 1(0.3)
Chiroptera Pteropodidae Cynopterus sp. Bat sp. 3(0.8)
Eonycteris spelaea Cave nectar bat 3(0.8)
Macroglossus sobrinus Greater Long-tongued nectar bat 1(0.3)
Megaerops sp. Bat sp. 2 (0.6)
Rousettus sp. Bat sp. 14 (3.9)
Sphaerius sp. Bat sp. 2 (0.6)
Lagomorpha Leporidae Lepus peguensis Burmese hare 1(0.3)
Rodentia Hystricidae Atherurus macrourus Brush-tailed porcupine 1(0.3)
Muridae Unknown Rat sp. 1(0.3)
Sciuridae Belomys pearsonii Hairy-footed flying squirrel 12 (3.3)
Callosciurus erythraeus Pallas's squirrel 73 (20.3)
Callosciurus finlaysonii Variable squirrel 29 (8.1)
Callosciurus inornatus Inornate squirrel 40 (11.1)
Dremomys rufigenis Red-cheeked squirrel 36 (10.0)
Hylopetes alboniger Particolored flying squirrel 5(1.4)
Hylopetes phayrei Phayre's flying squirrel 9 (2.5)
Hylopetes sp. Small flying squirrel 4(1.1)
Hylopetes spadiceus Red-cheeked flying squirrel 2 (0.6)
Menetes berdmorei Indochinese ground squirrel 29 (8.1)
Petaurista elegans Lesser giant flying squirrel 1(0.3)
Petaurista petaurista Red giant flying squirrel 2 (0.6)
Petaurista philippensis Indian giant flying squirrel 14 (3.9)
Petaurista sp. Giant flying squirrel 1(0.3)
Ratufa bicolor Black giant squirrel 3(0.8)
Unknown Small flying squirrel 2 (0.6)
Spalacidae Rhizomys pruinosus Hoary bamboo rat 21 (5.8)
Rhizomys sumatrensis Indomalayan bamboo rat 6 (1.7)
Scandentia Tupaiidae Tupaia belangeri Northern treeshrew 3(0.8)
Total 359
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Appendix Table 5. Wildlife specimens collected in markets and results of PCR tests for zoonotic pathogens, Laos*

No. positive/No. tested

16S Anaplasma Ehrlichia Orientia Dengue
Universal Leptospira  Coxiella q- phagocytophilum q- chaffeensis q- tsutsugamushi g- Anaplasmatacae Rickettsia Rickettsia  virus qRT- Flavivirus  Zika virus qRT-

Animal specimens from trade sites No. cPCR spp. g-PCR PCR PCR PCR PCR cPCR spp- gPCR  typhi gPCR PCR qRT-PCR PCR
Arctogalidia trivirgata 2 - 2/2 n.s n.s n.s n.s n.s n.s - 0/2 0/2 0/2
Atherurus macrourus 1 - 1M n.s n.s n.s n.s n.s n.s - 0/1 01 0/1
Belomys pearsonii 12 - 112 n.s n.s n.s n.s n.s n.s - 0/12 0/12 0/12
Callosciurus erythraeus 56 - 8/56 0/9 0/9 0/9 0/9 0/9 0/8 - 0/56 0/56 0/55
Callosciurus finlaysonii 28 - 13/28 0/2 0/2 0/2 0/2 0/2 0/2 - 0/28 0/28 0/28
Callosciurus inornatus 34 - 7/34 0/3 0/3 0/3 0/3 0/3 0/3 - 0/34 0/34 0/34
Cynopterus spp. 3 - 0/3 n.s n.s n.s n.s n.s n.s - 0/3 0/3 0/3
Dremomys rufigenis 35 - 5/35 0/11 0/11 0/11 0/11 0/11 2/111 0/1 0/35 0/35 0/35
Eonycteris spelaea 3 - 1/3 0/2 0/2 0/2 0/2 0/2 0/2 - 0/3 0/3 0/3
Herpestes javanicus 3 - 0/3 0/2 0/2 0/2 0/2 0/2 0/2 - 0/3 0/3 0/3
Hylopetes alboniger 5 - 1/5 n.s n.s n.s n.s n.s n.s - 0/5 0/5 0/5
Hylopetes phayrei 9 - 1/9 n.s n.s n.s n.s n.s n.s - 0/9 0/9 0/9
Hylopetes spp. 4 - 0/4 n.s n.s n.s n.s n.s n.s - 0/4 0/4 0/4
Hylopetes spadiceus 2 - 1/2 n.s n.s n.s n.s n.s n.s - 0/2 0/2 0/2
Lepus peguensis 1 - 01 n.s n.s n.s n.s n.s n.s - oM 01 oM
Macroglossus sobrinus 1 - 01 n.s n.s n.s n.s n.s n.s - oM 01 oM
Martes flavigula 1 - 0/1 0/1 0/1 0/1 0/1 0/1 0/1 - 0/1 0/1 0/1
Megaerops spp. 2 - 0/2 n.s n.s n.s n.s n.s n.s - 0/2 0/2 0/2
Menetes berdmorei 29 - 4/29 0/1 0/1 0/1 0/1 0/1 0/1 - 0/29 0/29 0/29
Muntiacus muntjak 1 - 7 0/1 0/1 0/1 0/1 m 0/1 - 0/1 0/1 0/1
Paguma larvata 2 - 1/2 n.s n.s n.s n.s n.s n.s - 0/2 0/2 0/2
Paradoxurus hermaphroditus 22 - 10/22 0/6 0/6 0/6 0/6 1/6 1/6 0/1 0/22 0/22 0/22
Petaurista elegans 1 - 01 n.s n.s n.s n.s n.s n.s - 01 01 01
Petaurista petaurista 2 - 0/2 n.s n.s n.s n.s n.s n.s - 0/2 0/2 0/2
Petaurista philippensis 9 - 1/9 0/2 0/2 0/2 0/2 0/2 1/2 - 0/9 0/9 0/9
Petaurista spp. 1 - 0/1 0/1 0/1 0/1 0/1 0/1 0/1 - 0/1 0/1 0/1
Prionailurus bengalensis 3 - 1/3 n.s n.s n.s n.s n.s n.s - 0/3 0/3 0/3
Ratufa bicolor 2 - 0/2 n.s n.s n.s n.s n.s n.s - 0/2 0/2 0/2
Rhizomys pruinosus 21 - 3/21 n.s n.s n.s n.s n.s n.s - 0/21 0/21 0/21
Rhizomys sumatrensis 6 - 1/6 n.s n.s n.s n.s n.s n.s - 0/6 0/6 0/6
Rousettus spp. 14 - 0/14 n.s n.s n.s n.s n.s n.s - 0/14 0/14 0/13
Sphaerius spp. 2 - 0/2 n.s n.s n.s n.s n.s n.s - 0/2 0/2 0/2
Tupaia belangeri 3 - 1/3 n.s n.s n.s n.s n.s n.s - 0/3 0/3 0/3
Unknown Sciuridae 2 - 1/2 n.s n.s n.s n.s n.s n.s - 0/2 0/2 0/2
Viverra megaspila 1 - 01 n.s n.s n.s n.s n.s n.s - 01 01 01
Viverricula indica 1 - 01 n.s n.s n.s n.s n.s n.s - oM 01 0N
Animal specimens from POFI

Callosciurus erythraeus 17 22 4/17 0/17 0/17 0/17 0/17 0/17 11117 6/11 0/17 0/17 0/16
Callosciurus finlaysonii 1 - 17 0/1 0/1 0/1 0/1 0/1 0/1 - 0/1 0/1 0/1
Callosciurus inornatus 6 - 2/6 0/6 0/6 0/6 0/6 0/6 2/6 0/2 0/6 0/6 0/6
Catopuma temminckii 1 - 7 0/1 0/1 0/1 0/1 0/1 7m 0/1 0/1 0/1 0/1
Dremomys rufigenis 1 - 0/1 0/1 0/1 0/1 0/1 0/1 0/1 - 0/1 0/1 0/1
Paradoxurus hermaphroditus 2 - 0/2 0/2 0/2 0/2 0/2 0/2 1/2 - 0/2 0/2 0/2
Petaurista philippensis 5 - 1/5 0/4 0/4 0/4 0/4 0/4 3/5 0/2 0/5 0/5 0/5
Ratufa bicolor 1 - 0/1 0/1 0/1 0/1 0/1 0/1 7 0/1 0/1 0/1 0/1
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No. positive/No. tested
16S Anaplasma Ehrlichia Orientia Dengue
Universal Leptospira  Coxiellaq- phagocytophilum q- chaffeensis q- tsutsugamushi g- Anaplasmatacae Rickettsia Rickettsia  virus qRT- Flavivirus  Zika virus qRT-
Animal specimens from trade sites No. cPCR spp. g-PCR PCR PCR PCR PCR cPCR spp. g°PCR  typhi gPCR PCR gqRT-PCR PCR
Unknown Muridae 1 - 01 01 01 0/1 0/1 0/1 0/1 - 0/1 0/1 0/1
Sample types taken from trade sites
Blood 85 - 9/85 01 01 0/1 01 0/1 0/1 - 0/85 0/85 0/85
Kidney 6 - 2/6 0/6 0/6 0/6 0/6 4/6 0/6 - 0/6 0/6 0/6
Liver 40 - 1/40 0/40 0/40 0/40 0/40 3/40 0/40 0/2 0/40 0/40 0/40
Spleen 3 - 1/3 0/3 0/3 0/3 0/3 1/3 0/3 - 0/3 0/3 0/3
Urine 15 - 1/15 n.s n.s n.s n.s n.s n.s - 0/15 0/15 0/14
Urogenital swab 312 - 58/312 0/18 0/18 0/18 0/18 0/18 0/18 - 0/312 0/312 0/311
Sample types from POFI-collected animals
Blood 3 - 1/3 n.s n.s n.s n.s n.s n.s - 0/3 0/3 0/3
Kidney 91 - 14/91 0/91 0/91 0/91 0/91 5/91 29/91 4/27 0/91 0/91 0/90
Liver 92 11 14/92 0/92 0/92 0/92 0/92 4/92 34/92 2/29 0/92 0/92 0/92
Spleen 69 11 17/69 0/69 0/69 0/69 2/69 8/69 17/69 117 0/69 0/69 0/69
Urogenital swab 1 - 0/1 n.s n.s n.s n.s n.s n.s - 01 0/1 01

*cPCR, conventional PCR; n.s., no appropriate sample available; POFI, Provincial Office of Forestry Inspection; gP
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Appendix Table 6. Descriptions of organisms identified in wildlife traded for human consumption, Laos

Organism Human pathogen Notes Reference
Rickettsia typhi Yes Cause of murine typhus, a major underrecognized cause of (19)

fever in Laos
Rickettsia felis Yes An emerging rickettsial pathogen, often misdiagnosed as (20)

other febrile illnesses
Orientia tsutsugamushi Yes Cause of scrub typhus, responsible for up to 23% of fever (21-23)
cases in Laos. Vectors are Leptotrombidium mites.
Commonly associated with ground-dwelling rodents, but
vectors are known to parasitize squirrels. O. tsutsugamushi
has been isolated from Callosciurus notatus (plantain
squirrel) in Malaysia
Anaplasma phagocytophilum Yes Cause of human granulocytic anaplasmosis (24)
Anaplasma platys Yes Been identified in those with close associations with infected (25)
animals, such as veterinarians and companion animal
owners

Anaplasma capra Yes Has been identified in humans following tick bites (26)
Anaplasma marginale No Closely related to A. centrale. Known cause of bovine (27)

anaplasmosis
Anaplasma centrale No A known cause of bovine anaplasmosis (27)
Anaplasma bovis No A known cause of bovine anaplasmosis. Not reported to (24,28,29)

infect humans
Ehrlichia chaffeensis Yes Cause of human monocytic ehrlichiosis (30)
Lactococcus garvieae Rare Rare cause of human opportunistic infections (317)
Kurthia species Rare Rare cause of human opportunistic infections (32)
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