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Background
HIV-1 can be detected in CSF throughout untreated infection but it is 

unknown how often this is due to local replication in the CNS versus 

infected T cells entering the CNS from the blood. Local replication can 

generate genetically distinct viral populations in the CNS 

(compartmentalized) that can include the unique ability to efficiently 

infect myeloid lineage cells (macrophage- or M-tropic). Little is known 

about the frequency of compartmentalized and/or M-tropic HIV-1 in 

the CNS of people with HIV-1 (PWH) who are neurosymptomatic 

(including HIV-associated dementia/HAD) or who have less severe 

symptoms.

Methods
Partial HIV-1 env genes (V1-V3) were sequenced from viral RNA in 

plasma and CSF samples collected from a cross-sectional cohort of 

ART-naïve PWH (N=109). For a subset of PWH (N=45), full-length 

env genes were also generated and analyzed for the ability to 

efficiently enter cells expressing low surface CD4 density (M tropism); 

distinguishing them from T-tropic HIV-1 which requires a high CD4 

density for efficient entry. Phylogenetic analyses and modified Slatkin-

Maddison tests identified compartmentalized viral populations in CSF, 

and Inflammatory biomarkers were measured in plasma and CSF. 

Standardized questionnaires or clinical diagnosis were used to 

determine if PWH were neurosymptomatic (NS) or 
neuroasymptomatic.

Cohort

HIV-1 RNA in the CSF,  but not blood, is associated 

with elevated CSF white blood cell count

Levels of CSF HIV-1 RNA are correlated with some

inflammatory biomarkers

Levels of CSF HIV-1 RNA  are associated with 

compartmentalization and macrophage tropism
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Conclusions

Level of CSF HIV-1 RNA is higher in 

neurosymptomatic participants

E
quili

bra
te

d

C
om

par
tm

en
ta

liz
ed

0

2

4

6

8

lo
g

1
0
 C

S
F

 H
IV

-1
 R

N
A

 (
c
p

s
/m

l)

T T
ro

pic

M
 T

ro
pic

0

2

4

6

8

lo
g

1
0
 C

S
F

 H
IV

-1
 R

N
A

 (
c
p

s
/m

l)

• 109 untreated PWH with paired blood and CSF samples

• Plasma HIV-1 RNA and CSF HIV-1 RNA 

are correlated although not very tightly

• Plasma and CSF HIV-1 RNA are 

associated with blood CD4+ T cell count

• CSF HIV-1 RNA , but not plasma HIV-1 

RNA, is associated with elevated CSF 

WBC count

p < 0.0001

R2 = 0.135
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TGGACTAC_401_1005_Bl_combined

GAAAAGAT_564_1005_CSF_combined

TTTAGTGT_641_1005_CSF_combined

AGCTGTCA_562_1005_CSF_combined

TCTTTTTC_333_1005_CSF_combined

CTTATCTC_713_1005_CSF_combined

GAAAGTAC_802_1005_CSF_combined

ATCGTTGT_148_1005_CSF_combined

ACTCTCTG_492_1005_Bl_combined

GCCGACTA_621_1005_CSF_combined

GGTTCCAG_198_1005_Bl_combined

ACTTATCT_792_1005_CSF_combined

ACTTAGCC_514_1005_Bl_combined

ATTCAGAT_802_1005_CSF_combined

TGCTCCGC_446_1005_CSF_combined
1005_BL_A10_SGA_1005_PandC_combined

TTACAACG_421_1005_Bl_combined

CGTTACGA_660_1005_CSF_combined

ATTAGTCC_337_1005_CSF_combined

CTCTGAGC_510_1005_Bl_combined

GCTCACAG_52_1005_CSF_combined

CCACAAAC_540_1005_Bl_combined

AGCACAAG_21_1005_CSF_combined

GTCCGTGC_650_1005_CSF_combined

GAGAAGAC_650_1005_CSF_combined

GAGATGTG_457_1005_CSF_combined

GGTTTTGA_37_1005_CSF_combined

ACCGAACT_440_1005_CSF_combined

CATGGGAA_231_1005_CSF_combined

AAAGTCGT_67_1005_Bl_combined

AGCTGACG_837_1005_CSF_combined
GGTCGATA_571_1005_CSF_combined

CTCACTGA_529_1005_CSF_combined

CACGATAA_229_1005_Bl_combined

TTTGTGTT_532_1005_Bl_combined

GTGTCGAT_710_1005_CSF_combined

TCATTACG_23_1005_CSF_combined

TTTTGAAT_18_1005_Bl_combined

TCATGGGC_627_1005_Bl_combined

CTTATTTC_450_1005_CSF_combined

TGCCGCTA_468_1005_Bl_combined

TTGGATTT_386_1005_Bl_combined

CGTATGTT_370_1005_Bl_combined

GACGCTTC_510_1005_Bl_combined
AGGATCTG_341_1005_Bl_combined

ATCGAGTA_435_1005_Bl_combined

AGTTTCTT_296_1005_CSF_combined

TCGGGCAC_217_1005_Bl_combined

TTGATTAT_572_1005_Bl_combined

CTCGTTTT_35_1005_Bl_combined

CGGCAGGC_454_1005_Bl_combined

CATGCAGT_501_1005_Bl_combined

GTACGTGG_536_1005_Bl_combined

CTGCTGAA_412_1005_CSF_combined

TTCAAGTA_307_1005_Bl_combined

TCACATGT_588_1005_CSF_combined

TGTCGAAC_490_1005_CSF_combined

ATTTGCGA_673_1005_CSF_combined

ACTGGATA_449_1005_Bl_combined

GCATGGTA_22_1005_CSF_combined

TCTCACTT_500_1005_Bl_combined

CGCTCGGT_477_1005_Bl_combined

TATATAGC_444_1005_Bl_combined

1005_CSF_A9_SGA_1005_PandC_combined

TCCGTGGC_442_1005_Bl_combined

CATACGTG_440_1005_Bl_combined

TATAACGT_243_1005_CSF_combined

GAGTGATG_868_1005_CSF_combined

CCTCGACC_769_1005_CSF_combined

GGAGAACG_562_1005_Bl_combined

ATTCCTCC_415_1005_CSF_combined

CACTTAAT_199_1005_Bl_combined

GGTAGATT_21_1005_CSF_combined

CTGCCTGG_501_1005_CSF_combined

CAAGGTTC_446_1005_Bl_combined

CTAACGGA_306_1005_Bl_combined

TCATTATC_381_1005_CSF_combined

TGATCGGT_615_1005_Bl_combined

GCACAAGA_130_1005_CSF_combined

GCAATTAC_682_1005_CSF_combined

GGCTCCCA_491_1005_Bl_combined

CACACTTT_709_1005_CSF_combined

TCGAAGGC_378_1005_Bl_combined

AAATACTG_210_1005_Bl_combined

TTGTCGCC_442_1005_CSF_combined

GCATGTCA_331_1005_Bl_combined

GTCGCGCC_454_1005_Bl_combined

1005_BL_B4_SGA_1005_PandC_combined

GCGTACTT_492_1005_Bl_combined

GCGATTCA_511_1005_Bl_combined

TGCATCTC_662_1005_CSF_combined

AGAACGGG_527_1005_Bl_combined

TATACGAT_718_1005_CSF_combined

TGCACTCC_591_1005_CSF_combined

CGTGCGAC_499_1005_Bl_combined

GTCCATAC_154_1005_CSF_combined

ACCGGAAC_353_1005_Bl_combined

ACGCGAAA_583_1005_CSF_combined

GATATATG_562_1005_Bl_combined

CCCCCACA_651_1005_CSF_combined

CCGGCCCG_622_1005_CSF_combined

TCATATAG_249_1005_Bl_combined

CCGGCATT_712_1005_CSF_combined

AATCTATG_111_1005_CSF_combined

1005_BL_C4_SGA_1005_PandC_combined

GCACAATA_353_1005_Bl_combined

ATATTCTC_573_1005_CSF_combined

TCCTATAA_950_1005_CSF_combined

GGACTATA_94_1005_Bl_combined

GGTCTCGT_706_1005_CSF_combined

CTTGGGTA_752_1005_CSF_combined

GGAAGTGC_43_1005_Bl_combined

CGTTTCGC_70_1005_CSF_combined

GCACAACG_580_1005_CSF_combined

AACTGGCA_857_1005_CSF_combined

CCTTCTAA_25_1005_CSF_combined

ACGCCCTG_469_1005_CSF_combined

CTTTATCC_296_1005_Bl_combined

CTGCCCTA_423_1005_Bl_combined

GAGGCCAC_620_1005_CSF_combined

GTTGAGGG_706_1005_CSF_combined

CGTGTAGT_938_1005_CSF_combined

AATTATTG_700_1005_CSF_combined

TTTTGCCT_356_1005_Bl_combined

ACAATAAT_455_1005_CSF_combined

TTCGCCGC_658_1005_Bl_combined

AACACACG_752_1005_CSF_combined

GTAGCTGC_21_1005_CSF_combined

GTAACTTT_319_1005_Bl_combined

GGTCCTAC_237_1005_Bl_combined

GGGTACGG_80_1005_CSF_combined

GTATCGAT_71_1005_Bl_combined

TGCAGCAG_380_1005_CSF_combined

CGAGGTTA_588_1005_CSF_combined

GATTGTCA_187_1005_Bl_combined

GCAATCCG_19_1005_Bl_combined

CTAGGTGA_629_1005_CSF_combined

CTATAATA_269_1005_Bl_combined

TCTTCTTC_450_1005_Bl_combined

ATCAGTAA_36_1005_CSF_combined

TCGTAGCT_198_1005_Bl_combined

TACCCACC_538_1005_Bl_combined

AAAAGTAG_545_1005_Bl_combined

GCGACTTG_502_1005_Bl_combined

GGCTACCG_650_1005_CSF_combined

TTAGTCTT_309_1005_CSF_combined

GCTGACTG_26_1005_Bl_combined

CGTTGACT_718_1005_CSF_combined

CAATAGTT_210_1005_Bl_combined

TAGTGACC_39_1005_CSF_combined

ACCTTCCA_691_1005_CSF_combined

TTTATGGT_417_1005_CSF_combined

ACGCGTCT_397_1005_Bl_combined

TCGGCGAA_461_1005_Bl_combined

AGGATAAC_897_1005_CSF_combined

CTACATCG_366_1005_Bl_combined

GGAAAAAG_544_1005_Bl_combined

TATGACTC_616_1005_CSF_combined

TGGATCGG_377_1005_Bl_combined

1005_BL_C5_SGA_1005_PandC_combined
GAGCCAAG_260_1005_CSF_combined

TCTGACTT_47_1005_Bl_combined

1005_BL_H3_SGA_1005_PandC_combined

TTTACAGT_431_1005_Bl_combined

TTCAGATG_395_1005_Bl_combined

GTAACGGC_114_1005_Bl_combined

ACACCTAC_925_1005_CSF_combined

ACGAGTGG_602_1005_CSF_combined

GTTAAGCC_281_1005_CSF_combined

GAAGGGAA_436_1005_Bl_combined

ATGATATG_442_1005_Bl_combined

GGTCGAGC_338_1005_CSF_combined

AACGTATT_76_1005_CSF_combined

1005_BL_D8__SGA_1005_PandC_combined

TTTCGTAT_504_1005_Bl_combined

GCCGTGCA_714_1005_CSF_combined

GACTTGAC_32_1005_CSF_combined

1005_CSF_C10_SGA_1005_PandC_combined

TACTGTGA_938_1005_CSF_combined

GACTCAAG_70_1005_Bl_combined

GGCGATAA_739_1005_CSF_combined

ATCCAGAT_291_1005_Bl_combined

CTAAACTG_271_1005_Bl_combined

GGCGCCAA_952_1005_CSF_combined

TAATTCAA_508_1005_Bl_combined

GACAGGCC_447_1005_CSF_combined

GGAACTTT_470_1005_Bl_combined

GAGTAAAA_278_1005_CSF_combinedTGCTGTGC_77_1005_Bl_combined

CACAGCTT_749_1005_CSF_combined

GGACATGC_627_1005_CSF_combined

TTTAACGC_401_1005_Bl_combined

ACGTAATA_435_1005_CSF_combined

TCCGCGTC_360_1005_Bl_combined

1005_BL_H10_SGA_1005_PandC_combined

TGGCTTAA_467_1005_CSF_combined

TTCCGTAA_449_1005_Bl_combined

TTTTTCGG_680_1005_CSF_combined

GTGACCGT_283_1005_Bl_combined

TTGGGCCT_534_1005_Bl_combined

CGTAAGGG_388_1005_Bl_combined

AAAGTTAT_545_1005_Bl_combined

GGACCTGT_123_1005_Bl_combined

AAAAATAA_181_1005_Bl_combined

ACAGATCT_681_1005_CSF_combined

TTGGTACG_187_1005_CSF_combined

GAACATCC_456_1005_Bl_combined

GGACCCAC_359_1005_Bl_combined

AATATGCT_794_1005_CSF_combined

ATTCTACT_66_1005_Bl_combined

CTAACATG_495_1005_Bl_combined

TTCATGGG_116_1005_Bl_combined

TTAAATTG_29_1005_CSF_combined

GATACACT_626_1005_CSF_combined
AATTGAAA_451_1005_CSF_combined

GCTTATAC_61_1005_CSF_combined

GAGTCAAT_386_1005_Bl_combined

CCCGGTTT_22_1005_CSF_combined

GGCTTCTC_532_1005_Bl_combined

GGTGAAGA_701_1005_CSF_combined

CACCGATT_324_1005_Bl_combined

1005_BL_D7_SGA_1005_PandC_combined

GAAACTGA_452_1005_Bl_combined

GCTGTACC_846_1005_CSF_combined

ATCGTAAA_23_1005_Bl_combined

GGATTATT_43_1005_Bl_combined

TAATGATG_103_1005_Bl_combined

AGTAAAAT_359_1005_CSF_combined

CACTTAAG_550_1005_Bl_combined

GTCTACCG_420_1005_CSF_combined

GTACAAAC_617_1005_CSF_combined

CATAAGAT_524_1005_Bl_combined

TCGCAAAA_434_1005_Bl_combined

AAACCCCT_498_1005_Bl_combined

TAAGTTCA_332_1005_Bl_combined

GGACCGTT_43_1005_CSF_combined

1005_CSF_B6_SGA_1005_PandC_combined

TCAATAGT_571_1005_Bl_combined

AGAGTCAG_907_1005_CSF_combined

TCTGCTAG_556_1005_CSF_combined

TAAACTAT_300_1005_Bl_combined

TACTAAGG_636_1005_CSF_combined

CAGCGCGC_522_1005_Bl_combined
GCCCATAT_545_1005_CSF_combined

TTAAGACC_54_1005_Bl_combined

1005_CSF_A6_SGA_1005_PandC_combined

CAGACCAC_403_1005_Bl_combined

AAATTAAA_437_1005_Bl_combined

TGATAATG_341_1005_CSF_combined

CGCTAGTA_517_1005_CSF_combined

AGTAAAAA_452_1005_Bl_combined

TGTTTCTA_539_1005_Bl_combined

CTGGGGAC_24_1005_CSF_combined

CCGTTTTC_504_1005_Bl_combined

AGGTCTAA_694_1005_CSF_combined

CTGAAGTC_399_1005_Bl_combined

1005_BL_E11_SGA_1005_PandC_combined

TTGCTGAA_669_1005_CSF_combined

TCAATACA_729_1005_CSF_combined

CATGGTAA_47_1005_Bl_combined

1005_CSF_C12_SGA_1005_PandC_combined

CAAGTATG_319_1005_CSF_combined

TCCCTGGT_876_1005_CSF_combined

CCTGGGCC_600_1005_CSF_combined

GTCACATT_459_1005_Bl_combined

TGTGATGG_647_1005_Bl_combined

TGTATCTT_510_1005_Bl_combined

GTTAAGCT_333_1005_Bl_combined

TGTGGGTA_35_1005_CSF_combined

GCTTGATG_343_1005_Bl_combined

CCCCGGGC_266_1005_Bl_combined

GCCCTTTA_453_1005_Bl_combined

CATGCGGT_485_1005_Bl_combined
TGAATTAA_23_1005_CSF_combined

CACTTTAT_49_1005_CSF_combined

CGTAACAA_291_1005_Bl_combined

TTTCGTAC_34_1005_CSF_combined

TGTCAGCG_19_1005_Bl_combined

GCCGGTTG_325_1005_Bl_combined

AGCTCTAA_693_1005_CSF_combined

TTGTAGTC_356_1005_Bl_combined

GCTCCCGG_885_1005_CSF_combined

GAGTACGG_454_1005_CSF_combined

TCACACGA_802_1005_CSF_combined

CGCCTGTG_604_1005_CSF_combined

GTATTGTT_66_1005_Bl_combined

GCTATTTG_269_1005_Bl_combined

GTAGCGAC_890_1005_CSF_combined

TTGGATAG_796_1005_CSF_combined

GTGCTAAT_21_1005_Bl_combined

AGTGATCT_34_1005_CSF_combined

1005_BL_H12_needF18_SGA_1005_PandC_combined

TCTCCCGC_170_1005_CSF_combined

ACCTCCTG_49_1005_Bl_combined

AAACCCAA_348_1005_Bl_combined

TGTCAGTA_820_1005_CSF_combined

TTGGCAAC_805_1005_CSF_combined

TACCATAC_689_1005_CSF_combined

GACAAGAC_374_1005_Bl_combined

GCCCAGTC_36_1005_Bl_combined

GATTGTAA_354_1005_Bl_combined

TGGCAGTT_425_1005_Bl_combined

GGTAGGGA_211_1005_CSF_combined

CGCTCGGA_428_1005_Bl_combined

CCAGTATC_323_1005_Bl_combined

GAGTGGCA_680_1005_CSF_combined

TGACATTA_535_1005_CSF_combined

TACTGTTC_745_1005_CSF_combined

TATCTGTA_704_1005_CSF_combined

AATGTTAT_444_1005_Bl_combined

CGGTTTAG_247_1005_Bl_combined

TCACTCTC_712_1005_CSF_combined

AATAAGGC_238_1005_Bl_combined

GGCATACC_739_1005_CSF_combined

ACAGGTCC_773_1005_CSF_combined

GCTTCTAA_393_1005_Bl_combinedATGGGCCG_546_1005_Bl_combined

GTCGATTG_679_1005_CSF_combined

GCACTTAG_516_1005_Bl_combined

TGTGAGCT_534_1005_Bl_combined

GTCAGGTG_429_1005_Bl_combined

TCAGCCCA_901_1005_CSF_combined

CGAACTTC_519_1005_CSF_combined

GCGCCTCC_579_1005_Bl_combined

CTCTTTTC_460_1005_Bl_combined

ACATGTAG_450_1005_CSF_combined

1005_CSF_C1_SGA_1005_PandC_combined

TATGTAAG_656_1005_CSF_combinedCTAGCTAC_364_1005_Bl_combined

GATGCCAG_56_1005_Bl_combined

CTCAAAGC_34_1005_CSF_combined

ACATATCT_446_1005_Bl_combined

CCACAGAG_137_1005_CSF_combined

GCTATTTC_23_1005_CSF_combined

TTTATGTC_553_1005_Bl_combined

CTATTTTG_359_1005_Bl_combined

CCACATTG_403_1005_Bl_combined

GAGTAATG_492_1005_CSF_combined

TAACTCCT_256_1005_CSF_combined

CTTTATAC_643_1005_CSF_combined

AACCAGGA_218_1005_Bl_combined

TCTCCTCG_441_1005_CSF_combined

GAAGGGTT_256_1005_Bl_combined

GAGACTCA_842_1005_CSF_combined

AGACGGGA_447_1005_Bl_combined

GGCTTGTA_331_1005_Bl_combined

ATACATTT_920_1005_CSF_combined

ACTTAGGC_502_1005_CSF_combined

1005_CSF_A1_needF18_SGA_1005_PandC_combined

TGGCCTAG_528_1005_Bl_combined

GCGTCAAT_433_1005_Bl_combined

AAGACATA_71_1005_Bl_combined

TTCAGATT_536_1005_CSF_combined

TGTTAATG_146_1005_Bl_combined

TTCGTATC_651_1005_CSF_combined

TTCATAGA_438_1005_Bl_combined

TTAATTGC_405_1005_CSF_combined

AGGCGCTG_370_1005_CSF_combined

TACAGATT_86_1005_Bl_combined

TGAAAATC_376_1005_CSF_combined
AAATACGT_20_1005_Bl_combined

AGTTTGGG_551_1005_Bl_combined

TATCGACT_470_1005_CSF_combined

ATAAACGC_788_1005_CSF_combined

GTCTTAGT_569_1005_CSF_combined

TAGCAGTT_444_1005_Bl_combined

TCTATTTA_56_1005_CSF_combined

TTTTACGA_434_1005_Bl_combined

TATTGCGA_531_1005_Bl_combined

AACGCTTA_477_1005_Bl_combined

ACACTCAG_759_1005_CSF_combined

GAAGACCC_372_1005_Bl_combined

GTTCATAG_156_1005_Bl_combined

1005_CSF_D5_SGA_1005_PandC_combined

AGGGCGTC_199_1005_CSF_combined

TCCCGTCA_493_1005_CSF_combined

AGTATATG_87_1005_Bl_combined

GTCAACGT_620_1005_CSF_combined

TTGGAAGA_137_1005_CSF_combined

CGCGCCGA_474_1005_CSF_combined

CCACTCTT_668_1005_CSF_combined

GCAGATCT_460_1005_CSF_combined

GGCCATCT_419_1005_Bl_combined
ACGATAAC_615_1005_CSF_combined

AAAACACC_507_1005_Bl_combined

CTATCCCG_848_1005_CSF_combined

TTCTATCT_465_1005_Bl_combined

GAGAACCT_334_1005_Bl_combined

GTACAGTG_536_1005_CSF_combined

AGGTTACG_333_1005_Bl_combined

CCACGGTA_489_1005_Bl_combined

AGTACTTC_389_1005_Bl_combined

CCCGGACG_491_1005_Bl_combined

GAAAATTG_450_1005_CSF_combined

ACCCGGCA_241_1005_CSF_combined

GTGGATTG_496_1005_Bl_combined

TTCGCGTA_726_1005_CSF_combined
TTATCTCT_578_1005_CSF_combined

TGGTGTCG_671_1005_CSF_combined

ATAGCATG_896_1005_CSF_combined

TTTTCCGA_495_1005_Bl_combined

TCTCTCCT_103_1005_Bl_combined

GCTGTGCA_925_1005_CSF_combined

ATGTCCTA_164_1005_Bl_combined

1005_BL_A6_SGA_1005_PandC_combined

AATTTGTT_406_1005_Bl_combined

TAACGCTT_447_1005_Bl_combined

TGTTATTT_18_1005_Bl_combined

TCGAGTTG_650_1005_CSF_combined

ACCGCGGT_430_1005_Bl_combined

GCTCGTGT_729_1005_CSF_combined

CCTGGCTG_455_1005_Bl_combined

TTAGTTGC_37_1005_CSF_combined

TGTCTAAA_776_1005_CSF_combined

TGCATTCG_521_1005_Bl_combined

TCTCTCGC_445_1005_Bl_combined

ATTACGTC_697_1005_CSF_combined

CCGCGGTG_512_1005_CSF_combined

CTACATTG_413_1005_Bl_combined

TTCGACAT_732_1005_CSF_combined

AGGAAGCC_412_1005_Bl_combined

CGAGACTG_467_1005_Bl_combined

GTCAGATC_20_1005_Bl_combined

GTTCTATG_61_1005_Bl_combined

GGGCGTAT_435_1005_Bl_combined

TACGTCTT_334_1005_Bl_combined

TAATGCCG_318_1005_Bl_combined

TTTGTCAG_466_1005_CSF_combined

TTTCGCCG_740_1005_CSF_combined

ATGATGTA_382_1005_Bl_combined

CGTATTGT_622_1005_CSF_combined

GCTATTAC_725_1005_CSF_combined

TGGCTCCA_24_1005_CSF_combinedCCTCCGTG_388_1005_Bl_combined
CTGTCCCG_348_1005_Bl_combined

TGACACTG_75_1005_CSF_combined

GGTGGATG_161_1005_CSF_combined

AAGTCATC_27_1005_CSF_combined

ATGTTTTG_322_1005_CSF_combined
TGAAGGTG_49_1005_CSF_combined

GTTGTATG_761_1005_CSF_combined

CTTCGGAA_334_1005_Bl_combined

TTAGGTGT_779_1005_CSF_combined

GTTATTGG_477_1005_Bl_combined

GTGCTAGG_499_1005_Bl_combined

CGGCTTTT_564_1005_CSF_combined

TTTAGCCC_310_1005_CSF_combined

CCTTTTTA_109_1005_Bl_combined

GCAGCGTT_374_1005_Bl_combined

TTGAAGGC_622_1005_CSF_combined

TTATTTTA_1309_1005_CSF_combined

TAAGGGGG_441_1005_Bl_combined

CGCAAGAC_342_1005_Bl_combined

AGCCGCAA_454_1005_Bl_combined

1005_BL_A1_SGA_1005_PandC_combined

GTAAGGCA_34_1005_Bl_combined

CATATTTC_482_1005_Bl_combined

GTCCCAGC_260_1005_Bl_combined

CTCGATGG_322_1005_Bl_combined

TCAGCTTT_369_1005_Bl_combined

ATTGCGTC_246_1005_CSF_combined

AAGCCTAG_756_1005_CSF_combined

1005_CSF_B3_SGA_1005_PandC_combined

AGCTCTGT_38_1005_CSF_combined

1005_CSF_C2_SGA_1005_PandC_combined

ATGGAGCT_244_1005_Bl_combined

GTGGGACA_646_1005_CSF_combined

GAGCAATA_475_1005_Bl_combined

TTTTCACT_464_1005_Bl_combined

GCTAGTAA_451_1005_Bl_combined

TCATGGTT_813_1005_CSF_combined

AATCTTGT_443_1005_Bl_combined

ATTCACAG_334_1005_CSF_combined

TGAACGGT_672_1005_CSF_combined

CTTAAAGT_418_1005_Bl_combined

GATCCGCC_816_1005_CSF_combined

AGCAGGAC_557_1005_CSF_combined

CATCACAG_838_1005_CSF_combined

CAGCGCAG_357_1005_Bl_combined

TTCAAAAC_512_1005_Bl_combined

TCAAGGAA_422_1005_Bl_combined

CGTGTAAG_42_1005_Bl_combined

1005_BL_D4_SGA_1005_PandC_combined

CGTCCCTC_589_1005_CSF_combined

TCTCTTAC_658_1005_CSF_combined

CCTTGGCA_54_1005_Bl_combined

TCTGGCAT_697_1005_CSF_combined

ACTCAGCT_576_1005_CSF_combined

TTCTAAAA_697_1005_CSF_combined

CTATAGAC_303_1005_Bl_combined

GATTAGCT_437_1005_Bl_combined

CGCCTCCT_278_1005_CSF_combined

CATGGAAG_322_1005_Bl_combined

1005_BL_A12_SGA_1005_PandC_combined

GTCAAATC_423_1005_Bl_combined

GAATTCTA_24_1005_Bl_combined

GTTGAGGC_70_1005_Bl_combined

TTGACCTC_639_1005_CSF_combined

1005_BL_B12_SGA_1005_PandC_combined

CTGGCCTG_479_1005_Bl_combined

AGTTTTAG_587_1005_CSF_combined

TAAAGTGC_838_1005_CSF_combined

CGGGGCCG_399_1005_CSF_combined

1005_BL_B2_SGA_1005_PandC_combined

AGAACGAG_479_1005_Bl_combined

AAATGCAT_452_1005_CSF_combined

GATAGAAC_230_1005_Bl_combined

TATGGTGT_348_1005_CSF_combined

TAAATCCC_383_1005_Bl_combined

GACATAAT_632_1005_CSF_combined

ATGGTGCC_862_1005_CSF_combined

CCAGACAT_306_1005_Bl_combined

ACCCATCA_675_1005_CSF_combined

GTAGGAAA_651_1005_CSF_combined

TGGAGATC_796_1005_CSF_combined

CGGGAAAA_107_1005_Bl_combined
GACACCGC_537_1005_CSF_combined

TGGTATCG_437_1005_Bl_combined

ACTATCTA_412_1005_Bl_combined

TGGGTTAG_122_1005_CSF_combined

AGATCAAG_458_1005_Bl_combined

CGTCCGTT_32_1005_Bl_combined

CCTCCTTA_657_1005_CSF_combined

ATTTGTGT_449_1005_Bl_combined

TCCCAATA_452_1005_Bl_combined

AAGTCGAT_628_1005_Bl_combined

1005_CSF_D6_SGA_1005_PandC_combined

GGGTCCAG_78_1005_CSF_combined

GGAAACTG_52_1005_CSF_combined

GTTAAGAT_519_1005_Bl_combined

GGAACGGT_576_1005_CSF_combined

GCGGTTCT_352_1005_Bl_combined

TCCTATAT_391_1005_Bl_combined

ACCGCCTT_324_1005_Bl_combined

1005_BL_H7_SGA_1005_PandC_combined

TATTTGTG_465_1005_Bl_combined

ACCTACAT_339_1005_CSF_combined

TATACGGC_42_1005_CSF_combined

CTCCTCAG_676_1005_CSF_combined

TCGGTGTA_534_1005_CSF_combined

1005_CSF_C9_SGA_1005_PandC_combined

ATCATAGG_609_1005_CSF_combined

TTTCCTAT_370_1005_Bl_combined

1005_BL_G11_SGA_1005_PandC_combined

ACGCTCAG_21_1005_CSF_combinedTTTATGTC_732_1005_CSF_combined

TAAATTTC_540_1005_Bl_combined

GGAACGTG_23_1005_CSF_combined

GAGTCTCT_654_1005_CSF_combined

TCGAAATC_417_1005_Bl_combined

TCTTGTCA_684_1005_CSF_combined

AGTAAGTA_483_1005_Bl_combined

CCCCGTTC_481_1005_Bl_combined
TGTTACTC_176_1005_Bl_combined

AGCATTGT_512_1005_Bl_combined

CTTGAATT_347_1005_Bl_combined

GGTAGTAA_876_1005_CSF_combined

TCGAGCCC_489_1005_Bl_combined

AAGCCGGA_695_1005_CSF_combined

CGCGGGGT_29_1005_CSF_combined

GAACGGTT_657_1005_CSF_combined

CGAGCAAC_403_1005_Bl_combined

AGAATCTT_22_1005_Bl_combined

AAACAATA_563_1005_CSF_combined

ATTAGGAG_31_1005_CSF_combined

AAATCGTT_76_1005_Bl_combined

TGCTGCAC_738_1005_CSF_combined

TTTGTTTG_703_1005_CSF_combined

TCCTAATA_604_1005_CSF_combined

ACAGAATG_668_1005_CSF_combined

GGGTTTTG_27_1005_Bl_combined

ATAAACAC_453_1005_Bl_combined

GAGCACCG_534_1005_Bl_combined

GCTTTGGT_671_1005_CSF_combined

GCATAAAC_327_1005_CSF_combined

CTTTGTTG_162_1005_CSF_combined

AACCGTTG_618_1005_CSF_combined

CGTATCAC_537_1005_CSF_combined

TCACCTTA_1099_1005_CSF_combined

TAACATTG_46_1005_CSF_combined

GTTAACGC_459_1005_CSF_combined

TGGGCGAA_59_1005_Bl_combined

GCTGGTTT_850_1005_CSF_combined

GCGCCGCG_443_1005_Bl_combined

GAAATCCA_501_1005_Bl_combined

1005_CSF_A8_SGA_1005_PandC_combined

CGCCTAAT_666_1005_CSF_combined

GCTGCTAG_632_1005_CSF_combined

GCATTTCA_896_1005_CSF_combined

CTAGAGAT_624_1005_Bl_combined

TACGAGGA_293_1005_Bl_combined

GCCTTGGA_526_1005_CSF_combined

AGCGTGAC_520_1005_Bl_combined

AGTTGATA_83_1005_Bl_combined

1005_BL_A7_SGA_1005_PandC_combined

ACGTGGTG_424_1005_Bl_combined

TTTTAAGC_341_1005_Bl_combined

ATGGCCGC_806_1005_CSF_combined

TCCGGTCC_257_1005_CSF_combined

TATTAATA_56_1005_Bl_combined

TTGTGAGT_432_1005_Bl_combined

CGGTACCG_612_1005_CSF_combined

CACATCGG_168_1005_Bl_combined

ATGAGTGG_580_1005_Bl_combined

TTCACTCA_718_1005_CSF_combined

GAACACGC_27_1005_Bl_combined

AATGAGTG_222_1005_Bl_combined

TCATGGGA_413_1005_CSF_combined

AAATGTAA_738_1005_CSF_combined

GCATACTC_313_1005_Bl_combined

CTGAAAAC_679_1005_CSF_combined

AAGAAGGT_19_1005_Bl_combined

TAGTTGGA_493_1005_CSF_combined

CTGTTATC_439_1005_Bl_combined

CCGTTCAA_560_1005_CSF_combined

CTGTAGAG_791_1005_CSF_combined

TTCGGTCT_321_1005_Bl_combined

AACGGCAA_232_1005_Bl_combinedTAAGCTTT_545_1005_CSF_combined

TTTTTTGG_890_1005_CSF_combined

CGTAGCAA_710_1005_CSF_combined

AGCTATTG_99_1005_CSF_combined

CCTACGGA_479_1005_CSF_combined

GATCGACG_635_1005_CSF_combined

CACCCGTC_676_1005_CSF_combined

GCGACGGT_484_1005_Bl_combined

AACACAAG_610_1005_CSF_combined

CATGACTT_428_1005_Bl_combined

CCAATCCG_34_1005_Bl_combined

CAGGATCT_430_1005_Bl_combined

TTTAGTTA_498_1005_Bl_combinedGGCGAAAC_142_1005_Bl_combined

0.01

GACTGTTT_36_102_Bl_combined

TTTTATCG_232_102_Bl_combined

GCGAGATG_358_102_Bl_combined

CGCGTACG_281_102_Bl_combined

GATACGCA_299_102_Bl_combined

TATGAAGC_709_102_CSF_combined

GGCGTAAA_93_102_CSF_combined

GATGCATC_197_102_CSF_combined

TAAAGCTC_16_102_Bl_combined

AAGGGAAG_669_102_CSF_combined

ATGACTCG_713_102_CSF_combined

GTACCAAG_561_102_CSF_combined
CCTTCGGG_321_102_CSF_combined

AGACCAGT_285_102_Bl_combined

ATCTCGTA_242_102_Bl_combined

TGTGTTGC_284_102_Bl_combined

GAATCACT_393_102_CSF_combined

GTCAAAGC_365_102_Bl_combined

AAAGGTAA_348_102_Bl_combined

TAACGTTA_447_102_Bl_combined

AGAACAGT_84_102_CSF_combined

CTTATGTT_562_102_CSF_combined

TTTAGCAC_336_102_Bl_combined

GCCAATAA_45_102_Bl_combined

CGCAAGGT_214_102_Bl_combinedTAGGAGAG_160_102_Bl_combined

CTCTTATG_274_102_Bl_combined

TGCCGTTC_179_102_Bl_combined

CATGTGAC_457_102_CSF_combined

TATAAGTT_435_102_Bl_combined

TAGGTGCA_26_102_Bl_combined

TACATTTT_34_102_CSF_combined

CGCAGCTG_400_102_Bl_combined

CATAGAGA_21_102_Bl_combined

TCGTGGCC_282_102_Bl_combined

102_BL_E5_needF18_SGA_102_PandC_trunc_combinedCCACGTAT_201_102_Bl_combined

TAACGCAA_345_102_Bl_combined

CGAGCGTT_37_102_CSF_combined

GGATACTG_66_102_Bl_combined

102_CSF_D2__SGA_102_PandC_trunc_combined

AATATCTG_151_102_Bl_combined

GTGGAGGG_126_102_Bl_combined

CATTTTGT_146_102_Bl_combined

102_CSF_D4__SGA_102_PandC_trunc_combined

102_CSF_E5_needf18_SGA_102_PandC_trunc_combined

ATTTGCGA_623_102_CSF_combined

GTCCCAAC_27_102_CSF_combined

GCTATGCG_710_102_CSF_combined

TACTTAGA_421_102_Bl_combined

102_CSF_B8__SGA_102_PandC_trunc_combined

TCAACCTA_466_102_CSF_combined

TATAATGT_35_102_CSF_combined

AGCCCAAT_226_102_Bl_combined

TCCTGACA_497_102_CSF_combined

GTATTTAA_747_102_CSF_combined

ATCGGGAG_231_102_Bl_combined

TTCATGGC_54_102_CSF_combined

GAGTAGCT_679_102_CSF_combined

102_CSF_E3__SGA_102_PandC_trunc_combined

GCCAACTC_358_102_Bl_combined

CCGACGAA_498_102_CSF_combined

TGTGCAAA_548_102_CSF_combined

ATCTACTA_280_102_Bl_combined

GCGTGAAG_373_102_Bl_combined

CGTCAGTT_647_102_CSF_combined

AAGCCAAT_293_102_Bl_combined

GATATATC_671_102_Bl_combined

ACCTCAAA_692_102_CSF_combined

CGTCCAGC_595_102_CSF_combinedCTGAGTGT_713_102_CSF_combined

CTACCGCG_303_102_Bl_combined

TCAATAGG_142_102_CSF_combined

AATGTTGT_111_102_Bl_combined

TTGTATGA_61_102_CSF_combined

GGTGCCAC_328_102_Bl_combined

GCTTTTAA_301_102_Bl_combined

AGCAGGCA_324_102_Bl_combined

GAAGACCG_566_102_CSF_combined

102_CSF_D10__SGA_102_PandC_trunc_combined

CTGTGGGC_726_102_CSF_combined

CCGGTGGG_570_102_CSF_combined

TACATTCG_474_102_CSF_combined

CGAACCCA_345_102_Bl_combined

TTCCTATT_354_102_Bl_combined
ATGACAAG_257_102_Bl_combined

CGGCGAAG_534_102_CSF_combined

GGCTTCTG_52_102_CSF_combined

TGCAGGGT_316_102_Bl_combined

AACAGCAG_314_102_Bl_combined

TTCGAGCT_44_102_CSF_combined

TAAGATCA_339_102_Bl_combined

GCCTCGCG_603_102_CSF_combined

GCTAATCG_604_102_CSF_combined

GCCTGCCT_131_102_Bl_combined

CACAGGTC_610_102_CSF_combined

ATGGGGGT_393_102_Bl_combined

TAGTGCTG_360_102_Bl_combined

TATATCGG_592_102_CSF_combined

ACTTTACC_340_102_Bl_combined

CAGCAGAC_699_102_CSF_combined

GCTATTTC_259_102_Bl_combined

CACCTTGC_260_102_Bl_combined

GTGATGAA_230_102_Bl_combined

TTTGGACA_899_102_CSF_combined

GGTCATGC_140_102_Bl_combined

GATGTAGC_599_102_CSF_combined

GCTCTATG_285_102_Bl_combined

TCGATATC_661_102_CSF_combined

TAGCGTGC_433_102_CSF_combined

ATCCTGCT_206_102_Bl_combined

TTAAAATC_638_102_CSF_combined

TTTTGAAA_23_102_CSF_combined

CTCATTGC_655_102_CSF_combined

GTAAAGTC_347_102_Bl_combined

GCTTCCTT_650_102_CSF_combined

AGTCTCGT_92_102_Bl_combined

AGCTACTT_176_102_CSF_combined

TCTAACCG_497_102_CSF_combined

GTCCCATT_295_102_Bl_combined

TAGCAACC_637_102_CSF_combined

CCTCCACA_23_102_CSF_combined

TGCAGACG_657_102_CSF_combined

ACACAGAC_391_102_Bl_combined

AGCGCTAT_551_102_CSF_combined

TGTGTGTG_680_102_CSF_combined

ACACAGAA_306_102_Bl_combined

TGCTGGGT_185_102_Bl_combined

GGCACGCG_215_102_Bl_combined

TATCATGG_648_102_CSF_combined

GTTTTAAT_350_102_Bl_combined

ACAAGCGA_405_102_Bl_combined

ATGCACTA_213_102_Bl_combined

102_CSF_A9__SGA_102_PandC_trunc_combined

CTTCAAGG_364_102_Bl_combined

CAGAACGC_667_102_CSF_combined

AAGTAGAC_184_102_CSF_combined

CATAGCAT_392_102_Bl_combined

AGAACATT_182_102_Bl_combined

GCCGCCGC_205_102_CSF_combined

CTGTCTTT_224_102_Bl_combined

ATTAACGC_14_102_Bl_combined

TTCTTCTG_747_102_CSF_combined

ACCCCGAT_24_102_CSF_combined

TACTTGTA_714_102_CSF_combined

102_CSF_D11_needF18_SGA_102_PandC_trunc_combined

CTACTAAG_237_102_Bl_combined

TTGTTACC_383_102_Bl_combined

GGGACGCA_99_102_Bl_combined

CGTAATGT_168_102_Bl_combined
TTGATTGC_235_102_Bl_combined

TGTTAGAT_407_102_Bl_combined

ATGGCTAA_365_102_Bl_combined

GCTCCGAA_78_102_CSF_combined

GCATCGAC_248_102_Bl_combined

TCTCTGCC_26_102_Bl_combined

AGTCCAGT_327_102_Bl_combined

TTGTCCAG_339_102_Bl_combined

TCGGCGGG_592_102_CSF_combined

TTATGTAG_634_102_CSF_combined

GCGTATCG_353_102_CSF_combined

TTCATGCT_484_102_CSF_combined

CGCTTATA_793_102_CSF_combined

GTGTTGCC_380_102_Bl_combined

CCATATGG_334_102_Bl_combined

TGTGATTA_672_102_CSF_combined

TTTAAAAC_511_102_CSF_combined

GCGGTGAT_439_102_CSF_combined

102_CSF_A7__SGA_102_PandC_trunc_combined

TCGAAGAC_609_102_CSF_combined

GGTACGTT_391_102_Bl_combined

ATCTATTT_97_102_CSF_combined

AGGGAGGG_289_102_Bl_combined

AGACCTTG_690_102_CSF_combined

CCATATAT_672_102_CSF_combined

TCGTTGTA_746_102_CSF_combined

AACGTTTG_526_102_CSF_combined

102_BL_C9_SGA_102_PandC_trunc_combined

GCCGAAAC_57_102_Bl_combined

CCTGTACT_38_102_CSF_combined

GTCAGTTG_265_102_Bl_combined

GCACGGGG_377_102_Bl_combined

ATCACCTG_317_102_Bl_combined

AACACCGG_377_102_Bl_combined

CAATGGTC_44_102_CSF_combined

GACGCCAG_336_102_CSF_combined

CGCCTCGC_711_102_CSF_combined

102_BL_B2_needF18_SGA_102_PandC_trunc_combined

ATCGTCGC_557_102_CSF_combined

TGAATTTA_630_102_CSF_combined

CGAAAGTT_340_102_Bl_combined

ATACTCGG_648_102_CSF_combined

GTTGGCTC_678_102_CSF_combined

TGGCCGGA_637_102_CSF_combined

102_CSF_E2_needF18_SGA_102_PandC_trunc_combined

AGTCCTAC_338_102_Bl_combined

AATCACTG_337_102_Bl_combined

CAGCAATT_285_102_Bl_combined

CCGTGACA_65_102_Bl_combined

GTTTATTC_82_102_Bl_combined

CCAAATTA_254_102_Bl_combined

GACCTTCA_314_102_Bl_combined

AACCTCGT_588_102_CSF_combined

AGCAATGA_662_102_CSF_combined

AATATCAT_279_102_Bl_combined

TAGGTTTA_610_102_CSF_combined

GATGGATA_108_102_CSF_combined

AATCAATA_18_102_Bl_combined

ACCCCAGG_694_102_CSF_combined

CACGCTCG_110_102_CSF_combined

CCAGTTCC_358_102_Bl_combined

TTTCCGTG_750_102_CSF_combined

TATATCGC_548_102_CSF_combined

TTTGATCT_23_102_CSF_combined

GACATAAG_631_102_CSF_combined

ATTGTAAA_167_102_Bl_combined

102_CSF_C9__SGA_102_PandC_trunc_combined

CGCGAGTA_614_102_CSF_combined

CAGGGTAG_170_102_Bl_combined

TTCGGGCC_43_102_Bl_combined

TCATGGGT_32_102_CSF_combined

ATTCGTGG_318_102_Bl_combined

102_CSF_F8__SGA_102_PandC_trunc_combined

TGGCGACG_794_102_CSF_combined

ATGCAGGT_345_102_Bl_combined

TTCGGGAC_342_102_Bl_combined

GGAAATCC_567_102_CSF_combined

TTGCGCTT_270_102_CSF_combined

ACCCGGAG_579_102_CSF_combined

ACCATTCT_228_102_Bl_combined

CCGTCGGA_559_102_CSF_combined

CTTTTCAT_619_102_CSF_combined

AGGTCTAT_266_102_CSF_combined

102_CSF_E9__SGA_102_PandC_trunc_combined

AGTAAACT_675_102_CSF_combined

GCAGGTTT_318_102_CSF_combined

CGACCGAA_344_102_Bl_combined

CGCTGGCC_252_102_Bl_combined

GACATAGT_613_102_CSF_combined

CCTCCGGT_650_102_CSF_combined

GCAAATTG_320_102_Bl_combined

CTTACAAC_260_102_Bl_combined

ATCTTTGT_29_102_Bl_combined

AGCCCTTT_82_102_Bl_combined

TCGAGTTG_522_102_CSF_combined

TATTGTTG_26_102_CSF_combined

TTTGATTA_185_102_Bl_combined

GCTCATCG_481_102_CSF_combined

ATTGCTAA_199_102_Bl_combined

102_CSF_D1_SGA_102_PandC_trunc_combined

ACCACCGT_363_102_Bl_combined

AAACATAT_255_102_Bl_combined

GTGCAGAG_702_102_CSF_combined

CCAGTGTT_609_102_CSF_combined

TGTGCGGC_204_102_Bl_combined

ATATCCAG_324_102_Bl_combined

TCCCCCTA_321_102_Bl_combined

AGGGTGGA_30_102_CSF_combined

102_CSF_F3__SGA_102_PandC_trunc_combined

AAAAGCAA_746_102_CSF_combined

TCACGTGT_693_102_CSF_combined

TCCGGCAT_648_102_CSF_combined

ACCCGACC_279_102_Bl_combined

TATCTGAA_37_102_CSF_combined

TGGCCACT_72_102_Bl_combined

GATTTGTA_675_102_CSF_combined

TGCTTTTC_345_102_Bl_combined

GACCGCTA_288_102_Bl_combined

TTGTGCGA_621_102_CSF_combined

CAGGATGG_262_102_Bl_combined

CGATGTGT_679_102_CSF_combined

ACAGGGAG_256_102_Bl_combined

ACCCACAT_142_102_CSF_combined

ATGCGCAT_21_102_Bl_combined

ACGACGGG_703_102_CSF_combined

CACAAGGG_249_102_Bl_combined

GGTATAAC_15_102_Bl_combined

ACGTTTCT_127_102_CSF_combined

CGAGTAAG_302_102_Bl_combined

TAGTCCCT_57_102_CSF_combined

TTGACATT_192_102_Bl_combined

CCATGTAA_633_102_CSF_combined

CAAGGTCC_389_102_Bl_combined

TGTTCGTA_406_102_Bl_combined

TATCCCTG_164_102_CSF_combined

TTCAGACT_358_102_Bl_combined

CGCAAAAG_343_102_Bl_combined

CCCGTTGA_125_102_Bl_combined

GCATACGG_47_102_Bl_combined

TAATAAAC_351_102_Bl_combined

CGTAGGTG_282_102_CSF_combined

GTGTGCGA_72_102_CSF_combined

AAGTCGGG_632_102_CSF_combined

CCGCGGAT_762_102_CSF_combined

GGCTTGCC_44_102_CSF_combined

GACGAAGT_284_102_Bl_combined

102_BL_E1_SGA_102_PandC_trunc_combined

GTATATTA_377_102_Bl_combined

GGTTCCCC_109_102_Bl_combined

TTTCAGGA_706_102_CSF_combined

CATGTTTT_665_102_CSF_combined

ACCCTGTC_720_102_CSF_combined

TGACCCGT_617_102_CSF_combined

AAGGCTAC_199_102_Bl_combined

ATGGCATA_691_102_CSF_combined

AGTCGTGA_768_102_CSF_combined

ATTGCTTC_287_102_Bl_combined

CACGCAGC_291_102_Bl_combined

GAGGTAGA_594_102_CSF_combined

CGAAGGGG_338_102_Bl_combined

GGGAGTCA_309_102_CSF_combined

GCTATCAT_603_102_CSF_combined

AACTAGAT_309_102_CSF_combined

ACCCTCAG_237_102_Bl_combined

TACCCATA_328_102_Bl_combinedTTTCCGGT_297_102_Bl_combined

102_BL_E8_needF18_SGA_102_PandC_trunc_combined

TCAGTGGA_306_102_Bl_combined

CTGTCGGG_494_102_CSF_combined

TACGGTCT_397_102_Bl_combined

AGGTCCTA_293_102_Bl_combined

ATCTATGG_562_102_CSF_combined

AGGGTGAT_814_102_CSF_combinedAAGCTGAC_636_102_CSF_combined

TCGGATGG_590_102_CSF_combined

GCGGGTCT_470_102_CSF_combined

ACATTCCT_307_102_Bl_combined

ATGGACAG_248_102_Bl_combined

ATGCTTAT_338_102_Bl_combined

TAAGTATA_394_102_Bl_combined

CGATACAC_571_102_CSF_combined

TTCTATTC_722_102_CSF_combined

TGTGTAGG_194_102_CSF_combined

CCTGATTG_623_102_CSF_combined

CCGAGGGC_363_102_Bl_combined

CGGTATCC_291_102_CSF_combined

CCCCGACC_354_102_Bl_combined

CCTTTCGG_173_102_Bl_combined

102_CSF_D12__SGA_102_PandC_trunc_combined

CACGTGCC_389_102_CSF_combined

GGACCAGT_19_102_Bl_combined

AGATACTC_309_102_Bl_combined

TAATACAT_270_102_Bl_combined
CGCGAGAA_355_102_Bl_combined

TAGCCCTA_119_102_Bl_combined

CCCAATGT_305_102_Bl_combined

GGTTGATA_336_102_Bl_combined

AAACACCA_639_102_CSF_combined

AAACGTGT_367_102_CSF_combined

TACTGGTT_739_102_CSF_combined

CATGATTT_208_102_Bl_combined

CTCGACAC_318_102_CSF_combined

TACTTTAC_182_102_Bl_combined

CTGTCAGA_323_102_Bl_combined

GATTCCAG_579_102_CSF_combined

TCCAGTTC_43_102_Bl_combined

TTCCGTAC_283_102_Bl_combined

CTGCAGGG_120_102_Bl_combined

102_BL_A12_needF18_SGA_102_PandC_trunc_combined

ACACAACA_142_102_Bl_combined

CTGAAAAA_444_102_CSF_combined

GAATCACA_240_102_Bl_combined

TTCGTAGT_357_102_Bl_combined

CCTCCCCT_391_102_Bl_combined

AGACTGTC_43_102_Bl_combined

ATTGTTTA_731_102_CSF_combined

CTTTCCGA_646_102_CSF_combined

CCTGTCAA_364_102_Bl_combined

AGTCATAC_597_102_CSF_combined

AGGGTGTG_336_102_Bl_combined

TGTACTGG_331_102_Bl_combined

ACAACAGT_305_102_Bl_combined

CCGTTAGA_544_102_CSF_combined

ATAGGGCA_728_102_CSF_combined

AACCCCGA_463_102_CSF_combined

CTCGTGTA_14_102_Bl_combined

TCTCTGTT_87_102_CSF_combined
TACCTAGT_590_102_CSF_combined

AAAGGATG_595_102_CSF_combined

AACTTCCT_181_102_Bl_combined

AGTGGTTC_443_102_CSF_combined

GCGGGAAC_727_102_CSF_combined

ACATGTCA_585_102_CSF_combined

TCTTTCAA_558_102_CSF_combined

CCCTTACT_552_102_CSF_combined

GTTTCGTC_299_102_CSF_combined

CTGGGAAT_551_102_CSF_combined

AAATGTTG_332_102_Bl_combined

GACCTTGT_17_102_Bl_combined

CTGTAGGC_296_102_Bl_combined

ACTTGCGA_358_102_Bl_combined

AGCACGAG_162_102_CSF_combined

ACGCTTGA_441_102_CSF_combined

TATCTCAC_715_102_CSF_combined

CCTTAAGC_332_102_CSF_combined

GTCCCAAA_80_102_Bl_combined

CAGGCATG_339_102_Bl_combined

CCCAAGTT_166_102_Bl_combined

102_BL_E12_needF18_SGA_102_PandC_trunc_combined

GTTCGTCA_289_102_Bl_combined

GCCCGCCA_422_102_CSF_combined

102_BL_A6_needF18_SGA_102_PandC_trunc_combined

GAATATAA_293_102_Bl_combined

AGGAACCG_368_102_CSF_combined

CAACTTTG_255_102_Bl_combined

102_BL_C11_needF18_SGA_102_PandC_trunc_combined

AGAGGTTT_666_102_CSF_combined

CCCAGACA_321_102_Bl_combined

AATATTTT_193_102_Bl_combined

GCGAAGTT_178_102_Bl_combined

TCTCAGAA_467_102_CSF_combined

AGTTCGCA_442_102_Bl_combined

TTCGTACG_352_102_Bl_combined

CAAGCCGT_253_102_CSF_combined

TACATTTA_213_102_CSF_combined

AAAGATCA_257_102_Bl_combined

ATCAAATG_742_102_CSF_combined

GGTTCTAA_200_102_Bl_combined

TAGGGATA_240_102_Bl_combined

TGTATGAG_887_102_CSF_combined

TAGGTCTT_274_102_Bl_combined

GTAATACC_136_102_CSF_combined

AACGCCTG_410_102_CSF_combined

ACGGTATC_637_102_CSF_combined

TCCAGACA_639_102_CSF_combined

AAGACACG_795_102_CSF_combined

TGCCACGT_366_102_Bl_combined

CATTTATC_353_102_Bl_combined

TACGAAAG_553_102_CSF_combined

GTTGAACG_435_102_CSF_combined

CGGGCCCT_592_102_CSF_combined

TCCAGGAT_315_102_Bl_combined

GAGCAATC_23_102_CSF_combined

GCGATACC_150_102_Bl_combined

GATACCTT_287_102_Bl_combined

102_BL_A2_SGA_102_PandC_trunc_combined

AAACGTGC_378_102_CSF_combined

TCAGTCAA_521_102_CSF_combined

102_CSF_F1__SGA_102_PandC_trunc_combined

GGCCCAAG_613_102_CSF_combined

AACTATTA_280_102_Bl_combined

AAGCCCCT_360_102_Bl_combined

AAGTGTAC_713_102_CSF_combined

CGCGTATT_309_102_Bl_combined

CAACGCCC_771_102_CSF_combined

CAGTGGTC_375_102_CSF_combined

GACCGGGC_452_102_CSF_combined

GGTTGGCG_224_102_CSF_combined

102_BL_B6_needF18_SGA_102_PandC_trunc_combined

GTAAACGT_248_102_Bl_combined

ATTGCATG_575_102_CSF_combined

GGGAGTTG_266_102_Bl_combined

TACATATC_559_102_CSF_combined

TTATATCA_602_102_CSF_combined

TGAGTTGT_183_102_Bl_combined

ACGGGTGG_301_102_CSF_combined

CGTATATT_570_102_CSF_combined

CTTGGTGA_386_102_Bl_combined

GAGTACTC_289_102_Bl_combined

CCGTAATG_85_102_Bl_combined

GTTTTGAC_684_102_CSF_combined

ACTGCATT_327_102_Bl_combined

TACAACAT_700_102_CSF_combinedCCTCTGAG_152_102_CSF_combined

CGACAATC_349_102_CSF_combined

CTTTCTTC_544_102_CSF_combined

CAGTTCAT_170_102_Bl_combined

ATTGGTCC_422_102_Bl_combined

GACATATC_67_102_CSF_combined

ATGGGCTC_400_102_Bl_combined

GCCATTTA_687_102_CSF_combined
CATAGCCA_594_102_CSF_combined

CTAAAATC_335_102_Bl_combined

CCGCGCGT_336_102_CSF_combined

ACCTTACC_518_102_CSF_combined

GCAAACAG_385_102_CSF_combined

TTTGAAGG_140_102_Bl_combined

TTTATTTT_723_102_CSF_combined

TTCGATTA_187_102_Bl_combined

GTAGATTA_157_102_Bl_combined

GGGGTTGT_641_102_CSF_combined

GAAAGCAG_473_102_CSF_combined

TAAATCTC_257_102_Bl_combined

TTGTGTCT_242_102_Bl_combined

ACGTTGAA_590_102_CSF_combined

GCTTATAC_163_102_Bl_combined

TGATGGTC_73_102_CSF_combined

CCCAAAAG_261_102_Bl_combined

CATTAAAT_232_102_Bl_combined

CTCACCGC_681_102_CSF_combined

TTTTAGTT_328_102_Bl_combined

CATACAAT_709_102_CSF_combined

AGGAGGAT_91_102_CSF_combined

CGATATGC_577_102_CSF_combined

CGGCTATT_562_102_CSF_combined

GTGATGTC_187_102_CSF_combined

CAATGAAT_579_102_CSF_combined

TCCTATTC_692_102_CSF_combined

AGTTGTGA_167_102_Bl_combined

GCGGGACT_670_102_CSF_combined

CGCAACAC_718_102_CSF_combined

ATCCCGTG_465_102_CSF_combined

GGACTGGA_263_102_Bl_combined

AGTCCTTA_575_102_CSF_combined

AGGGAGAA_652_102_CSF_combined

GCTCCAGT_433_102_CSF_combined

102_BL_D11_needF18_SGA_102_PandC_trunc_combined

102_BL_E9_needF18_SGA_102_PandC_trunc_combined

ACCCCGAG_220_102_Bl_combined

AGCAAACT_308_102_CSF_combined

GTGGGTAA_325_102_Bl_combined

CCGGATGA_298_102_CSF_combined

CAAAGCTT_197_102_Bl_combined

AATACTGG_830_102_CSF_combined

TTCCTTAG_200_102_Bl_combined

ATTGGGAT_538_102_CSF_combined

AGGCGATT_491_102_CSF_combined

AAAGCTGG_587_102_CSF_combined

GTATGCTA_182_102_Bl_combined

TAATCCGC_398_102_Bl_combined

GAACAAAA_365_102_Bl_combined

TTATAAAA_468_102_Bl_combined

CTAGTCCG_261_102_Bl_combined

TCCTCTAC_330_102_CSF_combined

102_BL_B4_needF18_SGA_102_PandC_trunc_combined

GTCCCCGC_561_102_CSF_combined

CAGTACAG_359_102_Bl_combined

TCCCCCCA_317_102_Bl_combined

CTGGCTAC_331_102_Bl_combined

AGGGATGA_177_102_CSF_combined

ACGCTGGA_343_102_Bl_combined

TCGCAGGG_273_102_Bl_combined

AATTATTA_26_102_CSF_combined

CCGTCTCA_257_102_Bl_combined

102_CSF_C3__SGA_102_PandC_trunc_combinedTGAAAAGG_529_102_CSF_combined

TAAGAGGA_376_102_Bl_combined

ATATGCTA_549_102_CSF_combined

GTTAAAAG_308_102_Bl_combined

CGCGGGTC_495_102_CSF_combined

CTCACCCT_221_102_Bl_combined

102_CSF_A2__SGA_102_PandC_trunc_combined

GAATCCTG_567_102_CSF_combined

102_BL_A4_needF18_SGA_102_PandC_trunc_combined

CTCGTATC_513_102_CSF_combined
AGATGTGC_213_102_Bl_combined

TGACAGAT_406_102_Bl_combined

GATGTATC_580_102_CSF_combined

AAAAGCAG_415_102_CSF_combined

GAGGGGGA_107_102_Bl_combined

GTACGTGA_295_102_Bl_combined

CAAACCAA_345_102_Bl_combined

TTACGCAG_283_102_Bl_combined

TCTTAAAC_704_102_CSF_combined

GACTTATG_117_102_Bl_combined

GAATCGGG_636_102_CSF_combined

ACATACAC_18_102_Bl_combined

ATCCAAGA_24_102_CSF_combined

ATTCGATT_604_102_CSF_combined

CACGAGTC_168_102_Bl_combined

TATTTGCC_380_102_Bl_combined

GACAGGCA_225_102_Bl_combined

CTCGATCG_586_102_CSF_combined

GGTTATGA_444_102_Bl_combined

TTCAAGGG_391_102_Bl_combined

GGTAGTTT_895_102_CSF_combined
GGCGGGGC_484_102_CSF_combined

102_CSF_B10_needsF18_SGA_102_PandC_trunc_combined

CACTTCAT_502_102_CSF_combined

AGGACATT_733_102_CSF_combined

ACCTTCCT_256_102_CSF_combined

TGCATGTC_661_102_CSF_combined

ACAACCTC_367_102_Bl_combined

CTGTGTTA_295_102_Bl_combined

CTATAGTA_233_102_CSF_combined

ATCGCCTT_211_102_Bl_combined

AGGCTGAA_224_102_Bl_combined

TAGCGTCG_598_102_CSF_combined

ACACTGCC_153_102_Bl_combined

CCCCTGAT_643_102_CSF_combined

GTGGAGGG_46_102_CSF_combined

TTAGGTTC_239_102_Bl_combined

AAGATAAT_588_102_CSF_combined

CGATAGGA_284_102_Bl_combined

AACAGGCA_293_102_Bl_combined

TTAGGAGA_331_102_Bl_combined

ATCCTTCG_580_102_CSF_combined

102_BL_C8_needF18_SGA_102_PandC_trunc_combined

ATGCGCAC_76_102_Bl_combined

CTAAGGGA_403_102_Bl_combined

TGGGTGTG_29_102_CSF_combined

GCTGTCCT_662_102_CSF_combined
102_BL_A5_needF18_SGA_102_PandC_trunc_combined

CGAGCAAC_325_102_CSF_combined

CGTTCCGC_293_102_Bl_combined

TCGCCCAA_629_102_CSF_combined

GTGATACG_289_102_Bl_combined

CTCATTCT_675_102_CSF_combined

CGAAGGAA_282_102_CSF_combined

CGGGCAAT_292_102_Bl_combined

CGGGTTAT_220_102_Bl_combined

TGATTCTG_439_102_CSF_combined

CGGAGCCC_372_102_Bl_combined

GTCCCAGG_271_102_Bl_combined

GGCTCGAA_321_102_Bl_combined

TTCAACTA_598_102_CSF_combined

ATACAGTA_405_102_Bl_combined

CGAACGGA_330_102_Bl_combined

TACCAGCC_144_102_Bl_combined

AACTTATA_268_102_Bl_combined

GGCCTTCA_356_102_Bl_combined

ATTCCACT_23_102_Bl_combined

TCCTATAA_307_102_Bl_combined

CTGTTTTT_616_102_CSF_combined

GCTAGTAC_566_102_CSF_combined

CACTGTCT_686_102_CSF_combined

102_BL_D9_needF18_SGA_102_PandC_trunc_combined

ATACTCGA_22_102_CSF_combined

102_BL_E10_needF18_SGA_102_PandC_trunc_combined

ATGTAGCT_323_102_Bl_combined

CGGAGAGA_822_102_CSF_combined
GAACGCTG_21_102_CSF_combined

GTTGGTTC_350_102_Bl_combined

CCGGGTCT_621_102_CSF_combined

GCTACCGC_676_102_CSF_combined

GTTGTTCG_327_102_Bl_combined

AATTGGGG_659_102_CSF_combined

GTAACGTT_409_102_Bl_combined

CGGACGTC_365_102_Bl_combined

GCTTCCCT_18_102_Bl_combined

GCAGCAGA_21_102_CSF_combined

GAGTGCAA_514_102_CSF_combined

TGAGCATC_647_102_CSF_combined

CCTTTGGG_483_102_CSF_combined

102_CSF_A1_needF18_SGA_102_PandC_trunc_combined

TTCAGGTG_475_102_CSF_combined

AATCTAGT_659_102_CSF_combined

102_BL_E4_needF18_SGA_102_PandC_trunc_combined

ACCCTCGG_50_102_Bl_combined

GTTCGCTG_53_102_Bl_combined

TCGGTTGA_336_102_Bl_combined

102_CSF_G1_feedF18_SGA_102_PandC_trunc_combined

n.s.p = 0.006 p < 0.0001p = 0.01

Compartmentalized Equilibrated

A
sy

m
pto

m
at

ic

S
ym

pto
m

at
ic

0

2

4

6

8

L
o

g
1
0
 P

la
s
m

a
 H

IV
-1

 R
N

A
 c

o
p

ie
s
/m

l

A
sy

m
pto

m
at

ic

S
ym

pto
m

at
ic

0

2

4

6

8

L
o

g
1
0
 C

S
F

 H
IV

-1
 R

N
A

 c
o

p
ie

s
/m

l

n.s. p < 0.0001
• CSF HIV-1 RNA, but not plasma 

HIV-1 RNA, is associated with 

neurologic symptoms

• Higher CSF HIV-1 RNA is 

associated with M-tropism in 

PWH with symptoms but not T-

tropism

• A phylogenetic tree 

was generated for 

each participant, 

representative 

examples shown 

here

• 34% of participants 

have 

compartmentalized 

virus in the CSF

• CSF HIV-1 RNA is 

higher with CSF 

compartmentalization 

and when 

macrophage-tropic 

virus is present

p < 0.0001 p < 0.0001

CSF NFL, neopterin, 

IP10, sCD14, sCD163, 

MMP9 and TNFa are 

correlated with levels of 

CSF HIV-1 RNA

• Higher HIV-1 RNA in the CSF is associated with:

• Biomarkers for greater CNS inflammation (neopterin, IP10, MMP9, CSF WBC) and monocyte/macrophage activation (sCD14)

• Replication in the CNS (CSF compartmentalization)

• Adaptation to infect myeloid cells (macrophage tropism)

• The presence of neurologic symptoms

• More neuronal damage (NFL)

All (N = 109) Symptomatic (N = 55) Asymptomatic (N = 49)

Plasma HIV-1 RNA  

(log10copies/ml), median (IQR)
4.8 (4.3 - 5.2) 4.8 (4.3 - 5.4) 4.8 (4.3 - 5.2)

CSF HIV-1 RNA (log10 copies/ml), 

median (IQR)
3.9 (3.1 - 4.6) 4.3 (3.4 - 5.2) 3.5 (3.0 - 4.0)

CSF:Plasma HIV-1 RNA  log10∆, 

median (IQR)
-0.91 (-1.58 - -0.23) -0.59 (-1.18 - 0.10) -1 (-1.92 - -0.79)

Blood CD4 (cells/ul), median (IQR) 173 (70 - 281) 139 (56 - 238) 239 (85 - 331)

Nadir Blood CD4 (cells/ul), median 

(IQR)
167 (54 - 282) 177 (46 - 261) 167 (53 - 302)

CSF WBC (cells/ul), median (IQR) 5 (1 - 10) 5 (1 - 13) 6 (2 - 9)

Compartmentalization, % 34 49 20
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R2 = 0.377

p < 0.0001

Neurosymptomatic Asymptomatic 

Compartmentalized M tropic (N = 13) 117,187 11,854

Compartmentalized T tropic (N = 8) 21,380 20,958

Compartmentalized unknown tropism (N = 16) 102,000 7,040

Not compartmentalized (N = 72) 2,974 1,833

Median CSF HIV-1 RNA (copies/ml)
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