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1 Out-of-Sample Prediction Comparison

In addition to the classification results shown in Table 1 of the main manuscript, we also
report out-of-sample prediction comparison in 10-fold cross-validation using 90% of the
sample as the training set and the remaining 10% as the testing set. Table S1 shows the
operating characteristics of the classification results of the samples when they are in the
testing set using the two-stage method and EM algorithm. We report the classification
accuracy such as sensitivity, specificity, and overall accuracy like the manuscript. We also
report the area under the receiver operating characteristic (ROC) curve, commonly known
as AUC or c-statistics.

The prediction results are similar to Table 1 of the main manuscript. Both classifiers
perform aggressively under a low transition probability, resulting in high sensitivity but
low specificity. Both classifiers perform better under a high transition probability, reaching
a high degree of accuracy in both sensitivity and specificity. When comparing the two
classifiers, P(Y; = 2|Oi,é) has higher accuracy and AUC than éfl), especially when the
sample size n is small. When the sample size increases, the two-stage method él) becomes
more competitive and has a similar classification performance. This result is consistent with

the in-sample classification performance from two classifiers.

2 Additional Simulation Results

Tables S2 to S5 present simulation results not shown in the main manuscript for regression

coefficients g to 19 under different scenarios. The bias (b), empirical standard error (o),



Table S1: Out-of-sample prediction comparison between the two-stage method and EM
algorithm using ten-fold cross-validation in sensitivity, specificity, overall accuracy, and
AUC, area under the receiver operating characteristics (ROC) curve

Two-Stage method £ > 0.5 EM algorithm P(Y; = 2|0;,8) > 0.5

I n Sensitivity Specificity Overall ~AUC Sensitivity Specificity Overall AUC

-3 0 100 71.4% 41.4%  67.9% 53.4% 94.0% 58.0%  91.3% 61.2%
200 96.7% 43.3%  90.4% 69.5% 97.3% 59.0%  92.9% 72.3%

400 98.0% 53.1%  92.8% 74.2% 97.9% 59.7%  93.4% 75.0%

2.94 100 78.0% 45.7%  74.2% 57.3% 96.0% 84.2%  95.4% 68.0%
200 98.3% 71.0%  95.1% 86.9% 98.5% 86.2%  97.2% 88.1%

400 99.1% 82.9%  97.2% 90.7% 99.0% 87.3%  97.6% 90.5%

-2 0 100 57.6% 56.6%  56.9% 55.1% 87.0% 67.8%  81.5% 70.8%
200 89.9% 59.0%  81.6% 72.1% 92.7% 70.9%  86.9% 76.2%

400 94.3% 66.7%  87.0% 77.2% 94.6% 71.8%  88.6% T78.2%

2.94 100 63.6% 62.3%  62.9% 61.3% 93.5% 85.1%  92.9% 89.2%
200 95.6% 81.1%  91.6% 88.1% 97.1% 91.4%  95.6% 91.2%

400 97.9% 88.6%  95.5% 92.1% 97.8% 91.9%  96.2% 92.4%

estimated standard error (), and coverage probability (CP) are defined in the same way
as the corresponding table. The interpretation of the results follows what has been shown

in the main manuscript.

3 Sensitivity Analyses for the Malaria Data

The reinfection parameter, = —3, is decided based on the incidence rate of 5% for both
northern and southern Cambodia data. In the first sensitivity analysis, we use a different
value of pu to explore the robustness of the classification result in our main manuscript.
Tables S6 and S7 present the classification results for northern and southern Cambodia data,
respectively, based on the EM algorithm and two-stage method when using p = —2. The
classification results are pretty similar to the main manuscript, indicating the classification
result is robust under a different value of pu.

One can see that Table 9 of the main manuscript has some non-convergence issues
in 8 coefficients of rare variants with a large standard error. Here, we conduct another
sensitivity analysis removing rare variants with a prevalence of less than 0.02. Table S8

shows the estimation results by the EM algorithm when using only prevalent variants.



Table S2: Additional simulation results not shown in Table 2 of the main manuscript

[ I be bz bs by b1o o6 o7 o8 o9 010
3 0 100 -0.04 -0.08 -0.08 -0.10 -0.16 0.70 0.86 1.14 1.19 1.54
200 -0.02 -0.02 -0.03 -0.01 -0.03 042 043 0.44 049 048

400 -0.01 0.00 -0.02 0.00 -0.01 0.28 0.29 030 031 0.32

294 100 -0.03 -0.07 -0.06 -0.05 -0.15 0.68 0.73 1.13 1.00 1.54
200 -0.01 -0.02 -0.02 -0.01 -0.03 041 042 042 046 047

400 -0.01 0.00 -0.02 -0.01 -0.01 0.27 028 0.29 0.30 0.31

-2 0 100 -0.08 -0.11 -0.11 -0.18 -0.24 -0.08 -0.11 -0.11 -0.18 -0.24
200 -0.02 -0.02 -0.02 -0.03 -0.06 047 048 050 0.54 0.56

400 -0.01 -0.01 -0.02 -0.01 -0.03 031 030 033 0.36 0.35

294 100 -0.02 -0.03 -0.05 -0.11 -0.20 0.72 0.76 096 1.21 1.56
200 -0.01 -0.02 -0.01 -0.03 -0.05 043 044 045 0.52 0.52

400 0.01 -0.01 0.00 -0.01 -0.01 0.28 0.29 030 031 0.33

v n 66 67 68 &9 61w CPg CP; CPy CPy CPy
-3 0 100 0.61 0.63 0.65 0.67 0.71 945 94.0 96.0 950 94.3
200 040 041 043 044 046 945 951 957 953 953

400 0.27 028 029 030 031 944 938 949 949 942

294 100 059 0.61 063 065 068 939 944 96.2 93.8 94.6
200 0.39 040 042 043 045 945 949 956 94.7 948

400 0.27 027 028 0.29 030 949 939 956 952 951

-2 0 100 0.67 0.69 0.72 0.74 077 93.8 925 933 93.3 953
200 045 046 048 0.50 052 948 947 94.1 953 959

400 0.29 030 031 032 034 937 955 941 935 942

294 100 0.62 0.63 0.65 0.68 0.71 939 928 951 93.5 955
200 040 041 042 044 046 94.0 943 948 93.8 94.1

400 027 028 0.29 030 031 94.7 954 946 945 93.7




Table S3: Additional simulation results not shown in Table 3 of the main manuscript

7' n bs b7 bs by b1o o6 o7 og o9 010

300 100 -0.13 -0.06 -0.30 -0.20 -045 341 229 263 288 4.51
200 -0.01 -0.02 -0.03 -0.06 -0.01 044 045 048 0.75 0.83

400 0.00 0.00 -0.03 -0.01 -0.01 029 031 032 033 0.35

294 100 -0.13 -0.06 -0.30 -0.20 -0.45 341 229 263 2.88 4.1
200 -0.01 -0.02 -0.03 -0.06 -0.01 044 045 048 075 0.83

400 0.00 0.00 -0.03 -0.01 -0.01 029 031 032 033 0.35

-2 0 100 -0.67 -0.82 -1.74 -1.79 -0.84 14.55 13.27 20.15 18.50 16.05
200 -0.05 -0.07 -0.06 -0.08 -0.11 0.67 094 111 1.00 1.62

400 -0.01 -0.02 -0.01 -0.04 -0.02 035 037 038 041 041

294 100 -0.67 -0.82 -1.v4 -1.79 -0.84 14.55 13.27 20.15 18.50 16.05
200 -0.05 -0.07 -0.06 -0.08 -0.11 0.67 094 111 1.00 1.62

400 -0.01 -0.02 -0.01 -0.04 -0.02 035 037 038 041 041

12 Yo n &6 (37 (Afg 69 &10 CPG CP7 CPS CPg CPw

300 100 14.95 14.55 15.67 16.58 17.44  99.7 100.0 100.0 99.9 100.0
200 135 155 164 191 215 997 998 99.7 994 995

400 032 033 035 037 039 969 96.7 96.7 975 974

294 100 11.02 1144 1226 12.83 13.56 99.7 100.0 100.0 99.9 100.0
200 135 155 164 191 215 99.7 99.8 99.7 994 99.5

400 032 033 035 037 039 970 98.0 100.0 97.0 98.0

-2 0 100 21.95 2392 24.11 26.20 26.37 99.1 993 988 984  98.5
200 735 790 860 890 9.59 100.0 999 100.0 100.0 100.0

400 056 065 044 040 037 987 98.8 87.7 844 818

294 100 21.95 2392 2411 26.20 26.37 99.1 993 988 984 98.5
200 735 790 860 890 9.59 100.0 999 100.0 100.0 100.0

400 056 0.65 0.67 079 089 98.7 98.8 985 98.8 99.0




Table S4: Additional simulation results not shown in Table 4 of the main manuscript

[ (R () bs be b7 bs by bo o5 05 07 08 09  O1
3 0 100 -0.01 -0.07 -0.01 -0.01 -0.18 -0.13 0.92 127 076 092 133 1.44
200 -0.02 -0.02 -0.01 -0.02 -0.02 -0.02 042 042 0.44 045 044 0.50

400 -0.01 -0.01 0.00 0.00 -0.01 -0.01 0.27 0.27 0.29 0.30 0.30 0.32

294 100 -0.03 -0.01 -0.02 0.01 -0.13 -0.09 0.65 0.67 0.85 0.70 1.16 1.28
200 -0.01 -0.01 0.00 -0.02 -0.02 -0.02 040 0.41 0.42 0.43 043 0.49

400 -0.01 0.00 0.00 0.00 -0.01 -0.01 0.26 026 0.28 0.29 0.29 0.31

-2 0 100 -0.02 -0.04 -0.04 -0.06 -0.25 -0.12 1.12 1.57 1.78 1.68 2.03 2.30
200 0.01 -0.01 -0.02 0.00 -0.04 -0.03 0.44 045 0.48 0.49 0.62 0.53

400 0.00 0.00 0.00 0.01 -0.01 -0.02 0.29 0.29 031 032 032 0.35

294 100 -0.03 0.01 -0.01 -0.04 -0.11 -0.11 0.86 0.70 0.87 0.76 1.22 1.44
200 0.01 -0.01 -0.01 0.00 -0.02 -0.03 0.40 0.41 0.45 045 0.46 0.48

400 0.00 0.00 0.00 0.00 -0.01 -0.02 0.28 0.27 0.29 0.29 030 0.33

[T n 05 06 7 0s b9 019 CPs; CPg CP; CPg CPg CPyg
30 100 0.60 0.61 063 0.65 0.67 0.71 949 934 94.7 934 96.2 94.7
200 0.38 040 041 042 044 045 93.8 956 956 952 954 93.8

400 0.26 0.27 0.28 0.29 030 0.31 953 954 94.8 946 95.8 94.3

294 100 057 0.59 0.61 062 0.65 068 951 94.0 93.6 94.8 96.1 93.9
200 0.38 0.39 040 041 043 044 936 952 959 953 958 934

400 0.26 026 0.27 028 0.29 0.30 95.8 96.1 94.9 946 959 94.7

22 0 100 0.66 0.67 070 0.73 074 077 93.2 934 93.7 934 958 934
200 042 043 044 046 047 049 956 954 946 94.6 955 955

400 0.28 0.29 0.30 031 032 033 94.0 953 959 943 954 95.0

294 100 0.59 0.61 0.63 065 0.67 070 953 942 944 942 94.1 95.4
200 039 040 041 042 044 045 95.0 953 950 939 955 945

400 0.27 027 0.28 0.29 030 031 94.0 951 94.6 951 952 95.0




Table S5: Additional simulation results not shown in Table 5 of the main manuscript

[ (R () bs be b7 bs by bo o5 05 07 08 09  O1
30 100 -0.01 -0.05 -0.02 -0.01 -0.18 -0.15 0.86 0.99 0.80 0.84 1.38 1.51
200 -0.01 -0.02 -0.01 -0.02 -0.02 -0.02 0.41 042 0.43 045 044 0.50

400 -0.01 -0.01 -0.01 0.00 -0.01 -0.01 0.26 0.27 0.29 0.30 0.30 0.32

294 100 -0.03 -0.02 -0.01 0.02 -0.13 -0.09 0.65 0.67 0.69 0.70 1.19 1.30
200 -0.01 -0.01 0.00 -0.01 -0.02 -0.02 0.39 041 0.41 043 043 0.49

400 -0.01 0.00 0.00 0.00 -0.01 -0.01 0.26 026 0.28 0.29 0.29 0.31

-2 0 100 -0.03 -0.06 -0.04 -0.08 -0.23 -0.11 1.04 1.58 1.24 1.16 1.96 1.56
200 0.02 -0.01 -0.02 -0.01 -0.03 -0.03 0.43 044 0.49 0.49 0.50 0.52

400 0.00 0.00 0.00 0.01 -0.01 -0.02 0.29 0.29 031 032 032 0.35

294 100 -0.02 0.01 -0.01 -0.04 -0.11 -0.10 0.86 0.69 0.86 0.75 1.23 1.35
200 0.01 -0.01 -0.01 0.00 -0.02 -0.03 0.40 0.41 0.45 045 0.46 0.48

400 0.00 0.00 0.00 0.00 -0.01 -0.01 0.28 0.27 0.29 0.29 0.30 0.33

no Y n 05 06 7 0s b9 019 CPs; CPg CP; CPg CPg CPyg
30 100 0.60 0.61 063 0.65 0.67 071 942 94.0 94.7 94.5 96.6 949
200 0.38 040 041 042 0.44 045 943 955 958 951 955 93.3

400 0.26 0.27 0.28 0.29 030 0.31 953 951 94.1 948 954 94.6

294 100 057 0.59 0.61 063 0.65 0.68 955 94.2 935 948 96.2 94.1
200 0.38 0.39 040 041 043 044 935 949 957 953 959 934

400 0.26 0.26 0.27 028 0.29 0.30 957 96.5 94.8 945 958 94.5

22 0 100 0.65 0.67 069 0.72 0.73 0.76 94.7 94.0 93.8 93.8 950 94.0
200 042 043 044 045 047 049 951 955 958 943 956 94.6

400 0.28 0.29 0.30 030 0.32 0.33 94.0 94.7 954 942 95.6 94.7

294 100 059 0.61 0.63 0.65 0.67 070 951 939 942 947 942 954
200 039 040 041 042 044 045 94.8 952 954 944 956 94.7

400 0.26 0.27 0.28 0.29 030 0.31 94.1 951 94.6 949 957 94.8




method for the northern Cambodia data using p = —2

Table S6: Classification of recurrence pairs based on the EM algorithm and two-stage

oo P Bl M pyesog B Ty
10 — 10R A 0.00 A 0.00 Reinfection Relapse
31 — 31R ECA 0.86 1.00 Relapse Relapse
36 — 36R JHGFEDCBA 0.69 HCB 0.97 Relapse Relapse
68 — 68R ECA 0.86 1.00 Relapse Relapse
80 — 80R JIFEA 0.00 ITHGFDCBA 0.00 Reinfection Reinfection
81 — 81R BA 0.21 BA 0.90 Relapse Relapse
82 — 82R EDA 0.81 DBA 0.96 Relapse Relapse
87 — 87R ICBA 1.00 THA 1.00 Relapse Relapse
89 — 89R IGEA 1.00 JB 1.00 Relapse Reinfection
96 — 96R IECA 1.00 DA 1.00 Relapse Relapse
112 — 112R HECBA 1.00 CBA 1.00 Relapse Relapse
118 — 118R I 0.00 CB 0.00 Reinfection Reinfection
123 — 123R CA 0.00 BA 0.00 Reinfection Reinfection
125 — 125R C 0.00 JECBA 0.00 Reinfection Reinfection
126 — 126R HGFEDCBA  0.69 HB 0.98 Relapse Relapse
130 — 130R EDCA 0.90 EA 0.99 Relapse Relapse
151 — 151R IFD 0.00 TA 0.00 Reinfection Reinfection
152 — 152R BA 0.21 HFBA 0.56 Relapse Reinfection
153 — 153R HEA 0.82 C 0.96 Relapse Relapse
154 — 154R GA 0.00 GFD 0.00 Reinfection Reinfection
160 — 160R HEC 0.00 FDA 0.00 Reinfection Reinfection
177 — 177R HEA 0.82 B 0.98 Relapse Relapse
179 — 179R JHFD 0.00 B 0.00 Reinfection Reinfection

Dominant variants with more than 50% frequency are presented in italic.



Table S7: classification based on the EM algorithm and two-stage method for the southern
Cambodia data using y = —2

Recurrence Pair Bas'eline Tio (sz é) Recu'rrence P(YZ _ 2|0i7 é) EM Two-Stage
Variants Variants Class Class
4 — 4R DS 0.16 DS 0.98 Relapse Relapse
7— TR H 0.72 H 1.00 Relapse Relapse
10 — 10R HS 0.75 S 1.00 Relapse Relapse
11 —» 11R CFS 0.21 CDFGS 0.00 Reinfection Reinfection
16 — 16R CHS 0.52 CH 0.99 Relapse Relapse
17 - 17R CH 0.48 H 1.00 Relapse Relapse
20 — 20R DGHS 0.75 DGS 1.00 Relapse Relapse
25 — 25R CEFG 0.13 CG 0.77 Relapse Relapse
27 — 27R CDGS 0.11 GS 0.87 Relapse Relapse
28 — 28R CEGH 0.38 CDhG 0.00 Reinfection Reinfection
29 — 29R FS 0.43 FS 1.00 Relapse Relapse
30 — 30R G 0.37 FS 0.00 Reinfection Reinfection
42 — 42R GH 0.83 G 1.00 Relapse Relapse
44 — 44R CDFGS 021 CDEFGM 0.00 Reinfection Reinfection
47 — 47R DG 0.23 DES 0.00 Reinfection Reinfection
49 — 49R CDFHS 054 CDHS 0.99 Relapse Relapse
50 — 50R H 0.72 H 1.00 Relapse Relapse
51 — 51R DHS 0.61 HS 1.00 Relapse Relapse
52 = 52R FS 0.43 S 0.99 Relapse Relapse
54 — b4R F 0.39 GS 0.00 Reinfection Reinfection
56 — 56R CDhG 0.10 C 0.41 Reinfection Relapse
57 — 57R EGS 0.19 DGS 0.01 Reinfection Relapse
59 — 59R EGMN 1.00 EGMN 1.00 Relapse Relapse
62 — 62R DFGS 0.43 DGS 0.99 Relapse Relapse
63 — 63R DHS 0.61 DHS 1.00 Relapse Relapse
66 — 66R CFGS 0.34 CF 0.90 Relapse Relapse
68 — 68R EG 0.17 CDGHS 0.00 Reinfection Reinfection
70 — T0R CDGS 0.11 (O 0.41 Reinfection Relapse
74 — T4R H 0.72 EFNS 0.00 Reinfection Reinfection
75 — 75R EFH 0.65 E 1.00 Relapse Relapse
77T — TTR CD 0.05 CD 0.84 Relapse Relapse
78 — 78R CH 0.48 CH 1.00 Relapse Relapse
80 — 80R F 0.39 F 1.00 Relapse Relapse
83 — 83R CF 0.19 F 0.98 Relapse Relapse
84 — 84R S 0.27 CDS 0.00 Reinfection Reinfection
85 — 85R (o) 0.12 CcS 0.93 Relapse Relapse
90 — 90R G 0.37 G 1.00 Relapse Relapse
95 — 95R DEFGR 0.67 DFR 1.00 Relapse Relapse
100 — 100R CDGR 0.51 CG 0.91 Relapse Relapse
101 — 101R CEGKN 048 CE NS 1.00 Relapse Relapse
104 — 104R H 0.72 H 1.00 Relapse Relapse
105 — 105R H 0.72 H 1.00 Relapse Relapse
107 — 107R BCFG 0.10 CF 0.66 Relapse Relapse
109 — 109R CFGHS 0381 CDGH 0.05 Reinfection Relapse

Dominant variants are presented in italic.



The B coeflicient estimation is close to Table 8 in the main manuscript. We assess the
significance using a Wald-type test; variants G and H stay statistically significant as in the
main manuscript. Table S9 shows the classification results for the southern Cambodia data
using only prevalent variants. The EM algorithm classification results are the same as Table
8 in the main manuscript. The classification results using the two-stage method are similar
as well. The similarity of the estimation and classification results indicates the robustness
of our method. Since the variant information is biologically important and rare variants
also have meaningful information for classification, we show the analysis with all variants

in the main manuscript.

Table S8: Estimation of regression coefficients by the EM algorithm for the southern Cam-

bodia data using only common variants

Variants Prevalence B SE p-value
B 0.033 -1.47 1.42 0.3
C 0.582 -0.64 0.54 0.233
D 0.399 -0.59 0.59  0.317
E 0.137 -0.05 0.92  0.953
F 0.294 0.81 0.57 0.155
G 0.320 1.6 0.57  0.005
H 0.229 2.61 0.66 < 0.001
K 0.026 -0.16 1.58  0.922
N 0.039 1.58 1.53  0.302
R 0.039 1.29 1.18 0.274
S 0.444 0.38 0.59  0.525




Table S9: classification based on the EM algorithm and two-stage method for the southern

Cambodia data using only common variants

Recurrence Pair Bas'eline Tio (3323 é) Recu'rrence P(YZ _ 2|0i7 é) EM Two-Stage
Variants Variants Class Class
4—-4R DS 0.12 DS 0.99 Relapse Relapse
7—-T7R H 0.69 H 1.00 Relapse Relapse
10 - 10 R HS 0.77 S 1.00 Relapse Relapse
11 - 11 R CFS 0.22 CDFGS 0.05 Reinfection Reinfection
16 - 16 R CHS 0.63 CH 1.00 Relapse Relapse
17— 17R CH 0.54 H 1.00 Relapse Relapse
20— 20 R DGHS 0.90 DGS 1.00 Relapse Relapse
25 - 25 R CEFG 0.48 CG 0.98 Relapse Relapse
27 = 27T R CDGS 0.26 GS 0.97 Relapse Relapse
28 — 28 R CEGH 0.85 CDhG@G 0.81 Relapse Relapse
29 - 29 R FS 0.35 FS 1.00 Relapse Relapse
30 -30R G 0.45 FS 0.09 Reinfection Relapse
42 — 42 R GH 0.92 G 1.00 Relapse Relapse
44 — 44 R CDFGS 044 CDEFGM 0.86 Relapse Relapse
47 — 47T R DG 0.31 DES 0.13 Reinfection Relapse
49 — 49 R CDFHS 0.68 CDHS 1.00 Relapse Relapse
50 — 50 R H 0.69 H 1.00 Relapse Relapse
51 - 51 R DHS 0.64 HS 1.00 Relapse Relapse
52 = 52 R FS 0.35 S 0.99 Relapse Relapse
54 — 54 R F 0.27 GS 0.05 Reinfection Reinfection
56 — 56 R CDhG 0.19 C 0.81 Relapse Relapse
57 =+ 57T R EGS 0.53 DGS 0.87 Relapse Relapse
59 — 59 R EGMN 0.79 EGMN 1.00 Relapse Relapse
62 — 62 R DFGS 0.60 DGS 1.00 Relapse Relapse
63 — 63 R DHS 0.64 DHS 1.00 Relapse Relapse
66 — 66 R CFGS 0.58 CF 0.98 Relapse Relapse
68 — 68 R EG 0.44 CDGHS 0.00 Reinfection Reinfection
70— T70R CDGS 0.26 CcSs 0.84 Relapse Relapse
74— 74 R H 0.69 EFNS 0.01 Reinfection Reinfection
75— 75 R EFH 0.83 E 1.00 Relapse Relapse
77— T77TR CD 0.05 CD 0.90 Relapse Relapse
78 - T8 R CH 0.54 CH 1.00 Relapse Relapse
80 — 80 R F 0.27 F 1.00 Relapse Relapse
83 = 8 R CF 0.16 F 0.99 Relapse Relapse
84 — 84 R S 0.19 CDS 0.02 Reinfection Reinfection
85 — 8 R (o) 0.11 CcS 0.96 Relapse Relapse
90 - 90 R G 0.45 G 1.00 Relapse Relapse
95 — 95 R DEFGR 078 DFR 1.00 Relapse Relapse
100 -100R CDGR 0.46 CG 0.96 Relapse Relapse
101 — 101 R CEGKN 0.63 CE MO 1.00 Relapse Relapse
104 - 104 R H 0.69 H 1.00 Relapse Relapse
105 - 106 R H 0.69 H 1.00 Relapse Relapse
107 —-107TR BCFG 0.18 CF 0.89 Relapse Relapse
109 —-109R CFGHS 095 CDGH 0.98 Relapse Relapse

Dominant variants are presented in italic.



