Article DOI: https://doi.org/10.3201/eid2706.204323

Precision Tracing of Household Dengue
Spread Using Inter- and Intra-Host Viral
Variation Data, Kamphaeng Phet, Thailand

Appendix

Genomes sharing one iISNV only were positioned across the phylogeny, even between
relatively unrelated viruses, with no significant difference between the frequencies of samples
sharing a single iISNV within a transmission cluster versus across the sublineage (p = 0.38).
However, there was a significant difference between the frequencies of samples sharing two or
more iSNVs occurring within a transmission cluster versus across the sublineage (p = 0.013),
indicating that the distribution of strains sharing >2 iISNVs within transmission clusters was not
due to chance. In addition, the consensus sequence p-distance between the samples sharing two
or more iISNVs was significantly lower compared to the p-distance between randomly sampled
genomes from the DENV1 sublineages (p<0.001), indicating that the iISNV-sharing viruses were
genetically significantly closer to each other than would be expected by chance. These results
support the notion that these patterns of shared viral minor variants correlated with direct virus
transmission chains and clusters. There was no significant correlation between the number of

passages or passage history and shared minor variants (F-test, p>0.05) (Appendix Table 1).

Appendix Table 1. DENV1 sublineage 1 and 7 sample passaging history, with transmission clusters (TC) highlighted in blue, and
samples with shared iISNVs in red text.

D1 SL1

Sample Cell-passage no. Transmission cluster
KDHO176A C6/36-2
KDHO168A C6/36-2
KDHO149A C6/36-2
KDHO131A C6/36-3
KDCO0631A C6/36-2
KDHO0142A C6/36-3
KDHO180A C6/36-2
KDHO0163A C6/36-2
KDCO0734A C6/36-2
KDHO154A C6/36-2
KDHO0134A TS-1,C6/36-1
KDCO0588A C6/36-3
KDCO0587A C6/36-3
KDCO0495A C6/36-3
KDHO151A C6/36-2
KDHO196A TS-1,C6/36-1
KDCO0492A C6/36-3
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D1SL1

Sample Cell-passage no. Transmission cluster
KDHO0112A TS-1,C6/36-1
KDCO0493A C6/36-3
KDHO0143A C6/36-2
KDHO0169A TS-1,C6/36-1
KDCO0599A C6/36-2
KDCO0501A no info
KDCO0504A no info
KDHO0132A C6/36-3
KDHO0136A TS-1,C6/36-1
KDCO0584A C6/36-3 TC1
KDHO0135A C6/36-3
KDHO0129A C6/36-3
KDHO0137A TS-1,C6/36-1
KDCO0573A C6/36-3
KDCO0574A TS-1,C6/36-1
KDC0574A2 TS-1,C6/36-1
KDCO0575A C6/36-3
KDHO0110A TS-1,C6/36-1
KDCO0455A TS-1,C6/36-1
KDCO0454A TS-1,C6/36-1
KDHO0102A C6/36-3
KDCO0456A C6/36-3
KDHO0100A C6/36-3
D1SL7
Sample Cell-passage no. Transmission cluster
KDHO0081A C6/36-3
KDHO0167A C6/36-2
KDCO0722A C6/36-2
KDC1153A C6/36-3 TC3
KDC1152A C6/36-3
KDC1151A C6/36-3
KDC1150A C6/36-3
KDC1149A TS-1,C6/36-1
KDC1148A TS-1,C6/36-1
KDHO309A C6/36-3
KDHO074A TS-1, C6/36-1
KDHO0068A C6/36-3
KDCO0394A C6/36-3
KDHO0082A C6/36-3
KDHO0087A TS-1,C6/36-1
KDHO0073A C6/36-4
KDH0202A TS-1,C6/36-1
KDHO0199A C6/36-2
KDHO0198A C6/36-2
KDHO0201A TS-1,C6/36-1 TC2
KDCO0885A C6/36-2
KDHO0151A C6/36-2
KDHO0160A C6/36-2
KDCO0718A C6/36-2
KDCO0640A TS-1,C6/36-1
KDHO0144A TS-1,C6/36-1
KDHO0194A C6/36-3

Appendix Table 2. BEAST parameters used for time-scaled inter-household spread analyses.

Nucleotide
substitution Molecular Demographic Discrete trait (household)

Serotype Sublineage’ model* clock model model reconstruction model MCMC length
DENV1 1 TrNef (TN93) UCLN Constant CTMC, asymmetric 600 million
DENV1 7 TrNef (TN93) UCLN Constant CTMC, asymmetric 1 billion
DENV2 2 GTR UCLN Constant CTMC, asymmetric 600 million
DENV2 6 GTR+G+I UCLN Constant CTMC, asymmetric 600 million
DENV2 11 TrNef (TN93) UCLN Constant CTMC, asymmetric 600 million

As classified in Appendix Figures 2 and 3.
fEstimated by JModelTest2.
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Appendix Table 3. Summary of probable and possible within-district household-to-household spread inferred by consensus
genome discrete train Bayesian analysist

Origin household Destination household Level of
Serotype Sublineage District (probability) (probability) evidencet
D1 SL1 LD LD02HO002 (0.32) LD02HO033 (0.34) Possible
D1 SL1 LD LD02HO033 (0.34) LD02HO001 (1.0) Possible
D1 SL1 LD LD02HO002 (0.68) LD02HO008 (1.0) Possible
D1 SL1 LD LD02HO002 (0.13) LD0O1HO001 (0.48) Possible
D1 SL1 LD LD01HO0O01 (0.48) LD02HO75 (0.50) Possible
D1 SL1 LD LDO2HO75 (1.0) LDO1H116 (1.0) Probable
D1 SL1 LD LDO2HO75 (0.5) LDO2HO056 (0.26) Possible
D1 SL1 LD LD0O2H056 (0.53) LD02HO085 (0.54) Possible
D1 SL1 LD LDO2HO085 (0.54) LD10HO001 (1.0) Possible
D1 SL1 LD LD02HO084 (0.53) LD02HO021 (1.0) Possible
D1 SL1 LD LD0O2H056 (0.26) LD02H084 (0.21) Possible
D1 SL1 LD LD02H084 (0.21) LD10HO044 (0.21) Possible
D1 SL1 LD LD02H084 (0.53) LD10HO021 (1.0) Possible
D1 SL1 LD LD02H044 (0.21) LD10HO042 (0.56) Possible
D1 SL1 LD LD10H042 (0.56) LD02H098 (0.59) Possible
D1 SL1 LD LD10HO044 (0.21) LD10HO043 (0.41) Possible
D1 SL1 LD LD10HO043 (0.41) LD10HO044 (1.0) Possible
D1 SL1 SK SK10H028 (0.21) SK12H001 (0.23) Possible
D1 SL1 SK SK12H001 (0.63) SK11HO001 (0.40) Possible
D1 SL1 NM NM24H098 (0.46) NM24H107 (1.0) Possible
D1 SL1 SK SK12H001 (0.23) SK10H081 (0.73) Possible
D1 SL1 SK SK10H081 (0.43) SKO06H346 (0.91) Possible
D1 SL1 SK SKO06H346 (0.99) SKO6H370 (1.0) Probable
D1 SL1 NC NCO09H028 (0.67) NC09H029 (1.0) Possible
D1 SL1 LD LDO1H073 (0.27) LDO1HO51 (0.40) Possible
D1 SL1 LD LD01HO51 (0.40) LD01HO037 (1.0) Possible
D1 SL7 NC NC12H016 (0.31) NC12H001 (0.54) Possible
D1 SL7 NC NC12H016 (0.21) NCO06HO057 (0.82) Possible
D1 SL7 NC NC12H001 (0.54) NCO04H179 (0.49) Possible
D1 SL7 NC NCO6HO057 (0.82) NCO06H407 (1.0) Probable
D1 SL7 NC NC04H179 (0.49) NC10HO001 (1.0) Possible
D1 SL7 ST STO5HO002 (0.43) ST04HO001 (1.0) Possible
D1 SL7 ST STO5H002 (0.34) ST12H072 (1.0) Possible
D1 SL7 KT KTO3HO049 (0.31) KTO3H371 (1.0) Possible
D1 SL7 KT KTO3HO054 (0.32) KTO3HO049 (0.30) Possible
D1 SL7 TN TN18HO021 (0.62) TN18H023 (0.71) Possible
D1 SL7 TN TN18HO023 (0.71) TN18H019 (1.0) Possible
D1 SL7 TN TN18HO021 (0.88) TN18HO014 (1.0) Probable
D2 SL2 NB NBOBH055 (0.80) NBO6H084 (1.0) Probable
D2 SL2 NP NPO8HO080 (0.82) NPO8HO044 (1.0) Probable
D2 SL2 AT AT12H032 (0.48) AT12H026 (1.0) Possible
D2 SL2 NP NP07H043 (0.54) NPO7HO51 (1.0) Possible
D2 SL2 NB NBO9HO001 (0.26) NBO9H026 (0.32) Possible
D2 SL2 NB NBO9HO026 (0.32) NBO9HO004 (1.0) Possible
D2 SL2 NB NBO9H026 (0.32) NBO9H008 (0.37) Possible
D2 SL2 NB NBO9HO008 (0.44) NBO9HO026 (1.0) Possible
D2 SL2 NB NBO9HO008 (0.37) NB21HO030 (1.0) Possible
D2 SL2 NP NPO7H319 (0.54) NP0O8H001 (0.47) Possible
D2 SL2 NP NPO8HO001 (0.47) NPO8H080 (0.82) Possible
D2 SL2 NB NB10HO001 (0.19) NBO6HO046 (1.0) Possible
D2 SL2 NB NB10H001 (0.24) NB18H015 (0.69) Possible
D2 SL2 NB NB18HO015 (0.69) NB18HO091 (0.25) Possible
D2 SL2 NB NB18H091 (0.25) NB10HO040 (1.0) Possible
D2 SL2 NB NB18H001 (0.35) NBO6HO073 (0.98) Possible
D2 SL2 NB NB18HO0O01 (0.74) NBO1HO028 (1.0) Possible
D2 SL2 NB NB10HO001 (0.44) NB10HO079 (0.43) Possible
D2 SL2 NB NB18H079 (0.43) NB18HO054 (1.0) Possible
D2 SL2 NB NB18HO079 (0.47) NB10HO001 (1.0) Possible
D2 SL2 NB NB18HO001 (0.44) NB18H089 (0.38) Possible
D2 SL2 NB NB18H089 (0.38) NBO6H056 (1.0) Possible
D2 SL2 NB NB18HO089 (0.46) NBO6HO055 (0.73) Possible
D2 SL2 NB NBO6HO055 (0.73) NB10H068 (0.35) Possible
D2 SL2 NB NBOBH068 (0.35) NB10H099 (1.0) Possible
D2 SL6 SK SKO06H790 (0.99) SKO06H485 (1.0) Probable
D2 SL6 NB NB18H030 (0.67) NB04H086 (1.0) Possible
D2 SL6 ST STO6HO010 (0.63) ST02H030 (1.0) Possible
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Origin household

Destination household

Level of

Serotype Sublineage District (probability) (probability) evidencet
D2 SL6 NM NM25H016 (0.35) NMO3H095 (0.39) Possible
D2 SL6 NM NMO3H095 (0.39) NM19HO055 (1.0) Possible
D2 SL6 ST STO6HO010 (0.20) ST04H032 (0.44) Possible
D2 SL6 ST ST04H032 (0.44) ST04H043 (0.52) Possible
D2 SL6 ST ST04H043 (0.52) STO7HO013 (0.22) Possible
D2 SL6 ST STO7HO013 (0.22) STO7HO003 (0.20) Possible
D2 SL6 ST STO7HO003 (0.20) STH7004 (0.72) Possible
D2 SL6 ST STO7HO003 (0.31) STO7HO05 (1.0) Possible
D2 SL6 ST STO7HO003 (0.57) STO7HO15 (1.0) Possible
D2 SL6 ST ST04H032 (0.57) ST04H020 (0.79) Possible
D2 SL6 ST ST04H020 (0.79) ST11HO001 (0.48) Possible
D2 SL6 ST ST11HO001 (0.48) STO4HO058 (1.0) Possible
D2 SL6 ST ST11HO001 (0.77) STO9HO001 (0.62) Possible
D2 SL6 ST STO9HO009 (0.36) STO9HO013 (1.0) Possible
D2 SL11 TN H05011055 (0.48) H05111055 (1.0) Possible
D2 SL11 NB H01010063 (0.49) H00610063 (1.0) Possible
D2 SL11 NB H00110063 (0.41) H01010063 (0.49) Possible

tSublineages selected for analysis based on sufficient within-district sampling and adequate temporal structure (Appendix Figure 4)

}Probable defined as origin household being directly ancestral to the destination household and both geographic states
supported with a probability >0.8. Possible defined as origin household being directly ancestral to the destination household but with one or both

geographic states having a probability <0.8.
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Appendix Figure 1. The number of PCR confirmed dengue cases by year and serotype collected

between 2009 and 2012. 2009 samples were not collected across the full year.

Page 4 of 9



{ KDHO1764_0&/23/2011_NCOSHDZ9
KDHO168A_DBI0B/Z011_NCOSHD28
Bass. cT
8709 AT
KOHO149A_D7/07/2011_SK11HDD
140 G B0 - CIT g3 -G
1909 - AG 5184 - AT
KDHO1314_06/1412011_SK12H001
1221-M0 1-CT 4155.AT 5050 GIT
1026-C/G 4044-CT 4215-C/T 0708-AG
KDCOB31A_DS/29/2011_NM24H107
ST ZNE.ATG G705 T
224G 9381 CT

KOHO1424_06/2012011_NM24H09S

KOHOTE0A_DW01/2011_SKOEHITO
TOTANG  ZU4T-CT ZB41.CIT 4N .G G981 CIT
1606 - A0 I3 -AG 20-CT T9a2-CT

KDHOE3A_DBD2/2011_SKOGH34E8
AT 0T

KDCO734A_DB/02/2011_SKOEH346
TAES - CIT
75 O
KDOHO1544_07/192011_ATO4HOOT
THB-OT

KOHO134A_06/15:201 1_SK10H081
2583 -G 43107
2085 -CT B0 -AG

KDCO588A_06/M15/2011_TK12H001
| T80 MG
KDCOSSTA_0GMS5/2011_TKIZHO01
7361 .
BBAS - CIT
KDCOA95A_04r262011_SK10H028
2626 - NG
72T 0T

1 KDHO1E1A_07/27/2011_NPOGH341
I B3 CIT

I 1790 G

KOHO196A_11/08/2011_SKOSH230
B8 GT 740G
BTG T8 -CT
KOC0ag24_04721/2011_LDOTHOS1 ::‘0115 ::gfg
bt 08 CIT 4T3 -AG
T35 - AIG
KOHD1124_04/21/2011_LDOTHOIT
164005 1ETA- T 4020-CIT 9294 - AT
BO7-GIT 4149.AG 8201 AG

KDCO0493A_04/21/2011_LDOTHOT3
2808 AMG 3801 - CIT AG70 - CIT
2068 CIT 401 - GIT 5051 - CIT
2082-AMG 8370 - CT 9012 - A
3478 C/T 7351 - A0G 90074 - CIT
AT4-CT PB0Z-AC

KDHO1434_08/20/2011_LDO2HO9E
P60 -CIT  7554-CIT 0858 AN
A58 - CT B8 - G
KDHO168A_OBOSZ011_NP11H282

B2B-AT 2062 T 4538-AG G750 AT 0154 . 0G
V04T - GIT M23-A0G 6702 - GIT 7904 CIT
KDCO599A_08/21/2011_LD10H04Z

30-AG 5O 220500 3774 0T 4TE2.AND BOSE.ANS TS08-AND
856-AG 2147-C/T 3000.AC 4506.AG 6100.A/G B822.CIT T788.CIT
KOCOBO1A_08/21/2011_LDMOHD43

1243 CIT 6031 - OIT 8470 NG

05-CT M33-CT
KDCOG0AA_DG21/2011_LD10HD44
2662 . GIT 7208 CIT

4050-CIT 9779 -AC
KDHO132A_06/14/2011_LDO2HOB4
T MG

KDHO136A_06/21/2011_LD10H021
BB - AG 3156 . GT
2703 - A3

KDCOSB4A_06/14/2011_LDOZHOES
TIEN MG 10074 - CT
10023 MG
KDHO138A_06/16/2011_LDA0HO0A TC1
S60-AG HTE-AG TS -AG M80-GT
8337 MG 4182 OT 6207 . T
KOHD129A_0602/2011_LDOZHOSE
350-AG M4B-CIT 1S48.CIT 2618-CIT 1007 A0G 3416 CIT 480 . CIT 7351 - AG
056 - A 1278 ANG 2680 ANG 2076+ GIT 3386 MG 4162 - GIT 4855 NG 9097 - T
KOHO137A_0S21/2011_LDOTH116
806 AG sas. o
460 - CIT 6883 £T
KDCO5T4A_06/022011_LDOZHOTS
501G 1824 - ATG 9004 AG
1480-MG 3500 CT
KDCO573A_06/02/2011_LDOZHOTS
B0 -CIT 5472 CIT BAT1-CIT
5328 G 7380 - AIG

KOCOSTSA_06/02:2011_LDOZHOTS

KDCO5T4AZ_DGM02/2011_LDOZHOTS

KDHO110A_0419/2011_LDOTHOOT
2001 . AG

1897 4G
KDCO4554_02/07/2011_LDOZHO0Z
06 - AT
8180 .- CIT
KDCO454A_02/07/2011_LDOZH002
KDHO102A_02M152011_LD0ZHO0R
E-MG 0522 CT

THA NG

KDCO458A_02/07/2011_LDOZHO3Z
24 NG 7351 MG
0 - NG

KOHO100A_02/0772011_LDOZHO01
T¥E-ANG

Page 50of 9



= KOHDOB1A_10/2772010_NM1THOD
203G S72B- T TOTH-ANG GRTE - O
ANE.CT 6953-CT 8208 - AG

4{

KDCOTZ2A_0712772011_NCOSH110

16T M2T - AG

KDHO1GTA_DBO4/2011_NCOZHO3Y

W22 THIBHIG
7351 A 240 GIT
8496 - NG

KD 52A 10102012 _TN18HOZ3
55 - C/T 6740 - /T 7408 -CIT T473-CT
3850 - GT 0641 -G 6071 . AG 781 G
ROC1151A_1010/2012_TH1BHO23
840 CT 2280 -AT 3008 -
3409 - AXG JRRE - C7T T

KOHOOT4A_DIN2T2010_KTO3HOES

AT8-CT 2184 -CT 4630 AG 6810 - AG 8403 - CT 8061 . T
2005 T 3054 CT 2437 - NG 7556 - A 8748 - A/G 0708 - GT

KOHDOSEA_0914/2010_TN18HDD1
1074 T NBTAG 5304 - CT 6048 - CIT
1810 A 3608 AG 5401 - CIT 0502 - NG
KOGOI84A_IWZ72010_KTOHDS

7266 - CIT

KTOSHD40

KOHOOB2A_ 11012010

BT -AG  a795-GIT  B833.ANC BMO-C/T 0484 -AG

A NG ADG0-AG TIEI-AG 094 -AC
KDHOOBTA_12/08/2010 KTOIH3IT1

A5 AG B48D - CIT
4017 . T

KDHODT3A_09/23/2010_TKO1HO24

TAIAG IS -CT 6247 -CIT
01 G ABAT NG BI9T - NG

KDC11504_100107
1088 - T
1853-CT 6074 -A/G
KDG1140A_100102012_TN1BHOZ1
340+ T 1447, 4G 1043 T 5700 GIT
B0 CT 1680 - CIT T 23T -G

KDC11484 10M10/2012 TN18BHO21
7570 - A

KDHO309A 10002012 TN18HO14

[ KDHI202A_11/28/2011

M55 - CIT 5486 . CT

TP13H001

KDHMBBA_11142011_ST12H072
TRA-OT A or

KOHD198A_ 11102011 _STO4H001
I8.CT 1208.AG JIES.AG 373G 6560-CT 9822-CT
050 -C/T 1900 -G 2604 O/T 4385 -C/T 4762 -AG

KDCO885A 11
62507

3600 - CT
640-CIT 1323 - OIT 8518 - A

TC2

[ KOHOAS1A_OTM2/2011_NM24H172
1656 - GT 3423. 0T
THCIT 8788 - CIT

KDHD160A_0712772011_NCOGH407

230 AT 3070-AG AI0-CT SBA4-CT 7304 GIT
091 -G 4306 - T 4850« CT 6603 - CT o1 - T

KDCOT18A_07/272011_NCOSHOST
TH-AG  AMI-CT  6420.0G 9174-AG
BTH.CT 0OM1 LT BATI. T 10181 .ANG

KDHO1S2A O7A32011_NCOSHOST
A0 - AT 4004 - AND B0OT - AV
KDCOE4A0AZ 06/2V2011_NC1ZHD16

KDHO144A_08/30v2011_NC12H001

B0 - G

KOHO1044 04
51 -AG BT - GO
S536 - CIT 7458 - NG

minor variants are sharing the same color across taxons.

Page 6 of 9

IS AIC ad02 . T 4B00 . CIT 0720 . MG

285307 MA-CT 4803 -AT A325-OT goes . NG
AT -CT 4126 CIT THaS - CIT BE2E - CIT Qa2 . CT

KDHO165A_08/032011_NCO4H1TS
AP - CIT

W2E2011_NCI0H001

TC3

Appendix Figure 2. Maximum clade credibility trees of DENV1 A) Sublineage 1 and B) Sublineage 7,
with households as discrete traits. BEAST confirmed transmission clusters/chains are marked red in the
tree topology and minor variant confirmed ones are marked green. Purple branch indicates virus from an
individual confirmed by both BEAST and minor variant analyses. The three transmission clusters detected
by minor variant analyses are marked with green rectangles. All nucleotide positions containing minor

variants and the variant composition of those positions are marked next to the respective taxon, shared
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Appendix Figure 3. Maximum clade credibility trees of DENV2 A) Sublineage 2 and B) Sublineage 6,
with households as discrete traits. BEAST confirmed transmission clusters/chains are marked red in the
tree topology. 95% HPD geo location values >0.8 are shown next to the respective node, and the

originating households are marked in italic font.
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Appendix Figure 4. Linear regression of transmission-pair distances over sampling time.
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