
[bookmark: _Hlk35260957][bookmark: _Toc46603918][bookmark: _Toc50492076]Table S1. Definition of Chlamydia trachomatis models based on sexual practices
	Models
	Sexual practices

	No transmission from sequential sexual practices

	Model 1
	Oral sex and anal sex

	Model 2
	Oral sex and anal sex and rimming 

	Model 3
	Oral sex and anal sex and rimming and kissing

	Adding extra sequential sexual practices to three models without sequential sexual practices

	‘Anal sex and oral sex and sequential sexual practices’ transmission models

	Model 4
	Anal sex and oral sex and sequential oral/anal sex

	Model 5
	Anal sex and oral sex and using saliva as a lubricant for anal sex

	Model 6
	Anal sex and oral sex, sequential oral/anal sex and using saliva as a lubricant for anal sex

	‘Anal sex and oral sex and rimming and sequential sexual practices’ transmission models

	Model 7
	Anal sex and oral sex, rimming and sequential oral/anal sex

	Model 8
	Anal sex and oral sex and rimming and using saliva as a lubricant for anal sex

	Model 9
	Anal sex and oral sex and rimming and sequential oral sex/riming

	Model 10
	Anal sex and oral sex and rimming, sequential oral/anal sex and using saliva as a lubricant for anal sex

	Model 11
	Anal sex and oral sex and rimming and sequential oral/anal sex and sequential oral sex/riming

	Model 12
	Anal sex and oral sex and rimming and using saliva as a lubricant for anal sex and sequential oral sex/riming

	Model 13
	Anal sex and oral sex and rimming and sequential oral/anal sex and using saliva as a lubricant for anal sex and sequential oral sex/riming

	‘Anal sex, oral sex, rimming, kissing and sequential sexual practices’ transmission models

	Model 14
	Anal sex and oral sex and rimming and kissing and sequential oral/anal sex

	Model 15
	Anal sex and oral sex and rimming and kissing and using saliva as a lubricant for anal sex

	Model 16
	Anal sex and oral sex and rimming and kissing and sequential oral sex/riming

	Model 17
	Anal sex and oral sex and rimming and kissing and sequential oral/anal sex and using saliva as a lubricant for anal sex

	Model 18
	Anal sex and oral sex and rimming and kissing and sequential oral/anal sex and sequential oral sex/riming

	Model 19
	Anal sex and oral sex and rimming and kissing and using saliva as a lubricant for anal sex and sequential oral sex/riming

	Model 20
	Anal sex and oral sex and rimming and kissing and sequential oral/anal sex, using saliva as a lubricant for anal sex and sequential oral sex/riming



[bookmark: _Toc46603919][bookmark: _Toc50492077]Table S2.  Sexual practices included in the 20 Chlamydia trachomatis models
	
	Sequential sexual practices

	
	No sequential sexual practices 
	Oral sex followed by anal sex (or reverse) 
	Saliva use as a lubricant for anal sex
	Both of previous ones
	Oral sex followed by rimming (or reverse)
	Oral sex followed by rimming and Oral sex followed by anal sex (or reverse)
	Oral sex followed by rimming and Saliva use as a lubricant for anal sex
	All three sequential sexual practices 

	Simple practices
	
	Connects mouth and anus 
	Connects mouth and penis
	Connects mouth to both anus and penis 
	Connects penis and anus 
	Connects anus to both penis and mouth 
	Connects all three anatomical sites
	

	Oral and anal sex only
	1
	4
	5
	6
	NA
	NA
	NA 
	NA 

	Plus rimming
	2
	7
	8
	10
	9
	11
	12
	13

	Plus kissing 
	3
	14
	15
	17
	16
	18
	19
	20
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Table S 3. Biological and behavioural data of Chlamydia trachomatis for model parameterization in MSM
	Parameters 
	Value (95% confidence interval)
	References/Remarks

	%, Consistent condom usage in anal sex in past 12 months 
	46.90(34.50- 59.30)
	[1]

	%, Condom efficacy in preventing transmission 
	87.50(80.00-95.00)
	[1, 2]

	[bookmark: _Hlk50486577]times, Frequency of kissing in the past 12 months
	6.31(0.00-13.12)
	[1]

	times, Frequency of oral sex in the past 12 months
	13.53(0.00-28.11)
	[1]

	times, Frequency of rimming in the past 12 months
	38.57(0.00-80.15)
	[1]

	times, Frequency of anal sex in the past 12 months
	26.44(0.00-54.94)
	[1]

	weeks, Infection duration of Chlamydia trachomatis at the throat (asymptomatic infection)
	 95.29(24.87-245.44)
	[3, 4].

	weeks, Infection duration of Chlamydia trachomatis at urethral (symptomatic infection)
	1.57(1.00-2.00)
	Footnote a, [5]

	weeks, Infection duration of Chlamydia trachomatis at urethral (asymptomatic infection)
	57.72(19.60-158.08)
	[6]

	%, Proportion of urethral infections that are asymptomatic
	85.00(75.00-95.00)
	Footnote b, [7]

	%, Proportion of anal Chlamydia trachomatis infections that are asymptomatic
	87.50(60.41-97.80)
	Footnote c, [8]

	weeks, Infection duration of Chlamydia trachomatis at the anus
	82.68(50.02-134.16)
	[6]

	%, Proportion of MSM received throat swab in the past 12 months 
	79.65(63.70-95.60)
	Footnote d, [9]

	%, Proportion of MSM received anal swab in the past 12 months 
	79.65(63.70-95.60)
	Footnote d, [9]

	%, Proportion of MSM received urine test in the past 12 months
	79.65(63.70-95.60)
	Footnote d, [9]

	%, Proportion of 'oral sex and anal sex' in the same sex episode
	29.41(24.82-34.00)
	Footnote e, [10]

	%, Proportion of 'oral sex and rimming' in the same sex episode
	70.5 (67.94-72.94)
	[bookmark: _Hlk46521160]Footnote  f, [11]

	%, Proportion of saliva use during anal sex, the saliva is coming from the insertive (top) partner
	68.52(65.92-71.01)
	[11]

	%, Proportion of receptive oral sex (individual’s mouth in contact with a partner’s penis) followed by partner's insertive anal sex (individual’ penis in contact with partner’ anus)
	80.00(80.00-80.00)
	[bookmark: _Hlk46519542]Footnote g [12]

	%, Proportion of insertive oral sex (individual’s penis in contact with a partner’s mouth) followed by partner's insertive rimming (individual’s mouth in contact with a partner’s anus)
	80.00(80.00-80.00)
	Estimate from Melbourne Sexual Health Centre


Footnote:
a. The duration time is estimated by the time between the first symptom and treatment. Among Men, the mean time was 11 Days =1.57 weeks, range (7-14) days.
b. We estimated the value from a previous study. A case-control study of MSM attending Seattle & King County STD Clinic between 2001 and 2013 found that clinicians diagnosed a total of 6464 urethral infections, only 61% of chlamydial infections were symptomatic and asymptomatic chlamydial infections were 39%.  
c. 16 MSM was infected with anal Chlamydia trachomatis, of which 14 were asymptomatic.  
d. [bookmark: _Hlk47180816]We used the proportion of gay and bisexual men attending sexual health clinic for a chlamydia test in 2017 (95.60%) as the upper bound.  We used the proportion of gay and bisexual men attending general practice clinic tested for chlamydia in 2017 (63.70%) as the lower bound. The mean value of proportion = (upper bound+ lower bound)/2.
e. The proportion of 'oral sex and anal sex' in the same sex episode was not available from published data.  We used the prevalence of insertive anal sex (34.00%) as the upper bound.  We also used the value of the prevalence of anal sex (34.00%) multiply the prevalence of oral sex (73.00%) as the lower bound. The mean value of proportion = (upper bound+ lower bound)/2.
f. [bookmark: _Hlk35986895]The proportion of 'oral sex and rimming' in the same sex episode was not available from published data.  About 70.5% (95%CI67.94-72.94) reported rimming. According to the advice of sexually transmitted infections specialist at the Melbourne Sexual Health Centre, rimming is always accompanied by oral sex. We are using the mean value and 95%CI for rimming as the mean and bound for the proportion of 'oral sex and rimming' in the same sex episode.
g. The proportion of receptive oral sex (individual’ mouth in contact with partner’ penis) followed by partner's insertive anal sex (individual’ penis in contact with partner’ anus) was not available from published data.   The sequence of receptive oral sex followed by partner's insertive anal sex was most common among oral sex and anal sex combinations.  Based on the advice of sexually transmitted infections specialist at the Melbourne Sexual Health Centre, we made the assumption.
h. The confidence intervals for those parameters of chlamydia models could not be obtained from published literature was estimated based on assumptions of binomial probability distributions [13-15] .
[bookmark: _Toc46603927][bookmark: _Toc50492085]Table S4. The anatomical site-specific infection prevalence of Chlamydia trachomatis in MSM attending MSHC in 2018 and 2019
	
	2018(N=2565)
	2019(N=2323)
	2018 and 2019 (N=4888)

	
	N, %
	N, %
	N, %

	Oropharynx only
	14 (0.54)
	23 (0.99)
	37 (0.76)

	Urethral only
	40 (1.55)
	51 (2.19)
	91(1.86)

	Rectal only
	189 (7.36)
	179 (7.70)
	368(7.53)

	Oropharynx and urethra co-infection
	0
	0
	0

	Oropharynx and rectum co-infection
	24 (0.93)
	34 (1.46)
	58(1.19)

	Urethra and rectum co-infection
	33 (1.28)
	25 (1.07)
	58(1.19)

	Oropharynx and urethra and rectum
	2 (0.10)
	6 (0.31)
	8(0.16)




[bookmark: _Toc46603928][bookmark: _Toc50492086]Table S 5. All anatomical site-specific infection prevalence datasets of Chlamydia trachomatis for model calibration and validation 
	Continents
	Value (95% confidence interval)

	
	Single-site infections
	Multisite infections

	
	[bookmark: _Hlk46739198]Oropharynx only
	Urethral only
	Rectal
only
	Oropharynx and urethra both
	Oropharynx and rectum both
	Urethra and rectum both
	Oropharynx and urethra and rectum both

	Country/region
	Duration
	Sample size
	
	
	
	
	
	
	

	Calibration dataset

	Footnote a, Australia/Melbourne
	2018 and 2019
	4888

	[bookmark: _Hlk46739186]0.76
(0.54-1.06)
	1.86
(1.51-2.29)
	7.53
(6.81-8.31)
	Footnote b, 
0.00
(0.00-0.00)
	1.19
(0.91-1.55)  
	1.19
(0.91-1.55)  
	0.16
(0.07-0.33)

	Validation dataset

	Validation dataset 1
Australia/Melbourne (Asymptomatic MSM)[16]
	2016–2017
	1,011
	0.97
(0.31-2.64)
	1.34
(0.75-2.35)
	7.23
(5.72-9.09)
	Footnote b,
 0.00
(0.-0.00)
	1.96
(0.91-3.98)
	0.42
(0.14-1.15)
	Footnote b,
 0.00
(0.-0.00)

	Validation dataset 2
North America/ USA[17, 18]
	
	393
	0.51
(0.09-2.03)
	2.29
(1.12-4.46)
	6.36
(4.24-9.37)
	Footnote b, 
0.00
(0.-0.00)
	1.53
(0.62-3.47)
	0.76
(0.20-2.40)
	Footnote b,
 0.00
(0.00-0.00)

	Validation dataset 3
Europe/Dutch[19]
	2008-2017
	
	0.51
(0.48-0.54)
	2.30
(2.23-2.37)
	6.29
(6.17-6.41)
	0.06
(0.05-0.07)
	0.54
(0.51-0.58)
	1.02
(0.97-1.07)
	0.10
(0.09-0.12)

	Validation dataset 4
Asia /Thailand[20]
	2015-2016
	1610
	1.74
(1.18-2.54)
	4.84
(3.87-6.03)
	11.86
(10.34-13.56)
	0.06
(0.00-0.40)
	1.76
(0.69-1.80)
	1.99
(1.39-2.83)
	0.06
(0.00-0.40)

	[bookmark: _Toc31312931]Validation dataset 5
[bookmark: _GoBack]North America/ USA (HIV+)[17, 18]
	
	179
	Footnote b, 0.00
(0.-0.00)
	1.68
(0.44-5.22)
	12.85
(8.49-18.86)
	Footnote b, 
0.00
(0.-0.00)
	Footnote b, 
0.00
(0.-0.00)
	1.12
(0.19-4.41)
	Footnote b, 
0.00
(0.-0.00)


Footnote:
a. MSHC started screening for throat chlamydia in mid-2017, so we used chlamydia data for 2018-19.
b. Since the positivity is zero, we assumed the upper bound of 95% confidence interval was 1/1000000 (one person in a million) and the lower bound of 95% was 0.0000000 in the simulation.

[bookmark: _Toc50492128]








[bookmark: _Toc46603989][bookmark: _Toc50492130]Table S 6. Sum of squared error of 20 Chlamydia trachomatis models on data of 4888 MSM attending Melbourne Sexual Health Centre in 2018 and 2019
	Models
	Sexual practices
	Sum of Squared Error (×10-3), Footnote a
	Statistical analysis, Footnote c

	
	
	Mean, 95% Confidence Interval, Footnote b
	

	No transmission sequential sexual practices

	Model 1
	Oral sex and anal sex
	0.197 (0.170-0.204)
	Reference group

	Model 2
	Oral sex and anal sex and rimming 
	0.201 (0.157-0.215)
	Model 2 vs. Model 1 (p=0.1595)

	Model 3
	Oral sex and anal sex and rimming and kissing
	0.205 (0.155-0.215)
	Model 3 vs. Model 1 (p=0.1031)

	‘Anal sex and oral sex and sequential sexual practices’ transmission models

	Model 1
	Oral sex and anal sex
	0.197 (0.170-0.204)
	Reference group

	Model 4
	Anal sex and oral sex and sequential oral/anal sex
	0.093 (0.074-0.103)
	Model 4 vs. Model 1 (p < 0.01)

	Model 5
	Anal sex and oral sex and using saliva as a lubricant for anal sex
	0.199 (0.178-0.212)
	Model 5 vs. Model 1 (p = 0.4775)

	Model 6
	Anal sex and oral sex, sequential oral/anal sex and using saliva as a lubricant for anal sex
	0.116 (0.096-0.125)
	Model 6 vs. Model 1 (p < 0.01)

	‘Anal sex and oral sex and rimming and sequential sexual practices’ transmission models

	Model 2
	Oral sex and anal sex and rimming 
	0.201 (0.157-0.215)
	Reference group

	Model 7
	Anal sex and oral sex, rimming and sequential oral/anal sex
	0.102 (0.080-0.115)
	Model 7 vs. Model 2 (p < 0.001)

	Model 8
	Anal sex and oral sex and rimming and using saliva as a lubricant for anal sex
	0.219 (0.183-0.232)
	Model 8 vs. Model 2 (p < 0.001)

	Model 9
	Anal sex and oral sex and rimming and sequential oral sex/riming
	0.102 (0.093-0.112)
	Model 9 vs. Model 2 (p < 0.001)

	Model 10
	Anal sex and oral sex and rimming, sequential oral/anal sex and using saliva as a lubricant for anal sex
	0.129 (0.107-0.140)
	Model 10 vs. Model 2 (p < 0.001)

	Model 11
	Anal sex and oral sex and rimming and sequential oral/anal sex and sequential oral sex/riming
	0.043 (0.028-0.046), Footnote d
	Model 11 vs. Model 2 (p < 0.001)

	Model 12
	Anal sex and oral sex and rimming and using saliva as a lubricant for anal sex and sequential oral sex/riming
	0.136 (0.124-0.144)
	Model 12 vs. Model 2 (p < 0.001)

	Model 13
	Anal sex and oral sex and rimming and sequential oral/anal sex and using saliva as a lubricant for anal sex and sequential oral sex/riming
	0.089 (0.067-0.100
	Model 13 vs. Model 2(p < 0.001)

	‘Anal sex, oral sex, rimming, kissing and sequential sexual practices’ transmission models

	Model 3
	Oral sex and anal sex and rimming and kissing
	0.205 (0.155-0.215)
	Reference group

	Model 14
	Anal sex and oral sex and rimming and kissing and sequential oral/anal sex
	0.106 (0.089-0.115)
	Model 14 vs. Model 3 (p < 0.001)

	Model 15
	Anal sex and oral sex and rimming and kissing and using saliva as a lubricant for anal sex
	0.217 (0.186-0.237)
	Model 15 vs. Model 3 (p < 0.001)

	Model 16
	Anal sex and oral sex and rimming and kissing and sequential oral sex/riming
	0.104 (0.088-0.114)
	Model 16 vs. Model 3 (p < 0.001)

	Model 17
	Anal sex and oral sex and rimming and kissing and sequential oral/anal sex and using saliva as a lubricant for anal sex
	0.145 (0.115-0.154)
	Model 17 vs. Model 3 (p < 0.001)

	[bookmark: _Hlk41513297]Model 18
	Anal sex and oral sex and rimming and kissing and sequential oral/anal sex and sequential oral sex/riming
	0.043 (0.034-0.049)
	Model 18 vs. Model 3 (p < 0.001)

	Model 19
	Anal sex and oral sex and rimming and kissing and using saliva as a lubricant for anal sex and sequential oral sex/riming
	0.123 (0.096-0.132)
	Model 19 vs. Model 3 (p < 0.001)

	Model 20
	Anal sex and oral sex and rimming and kissing and sequential oral/anal sex, using saliva as a lubricant for anal sex and sequential oral sex/riming
	0.072 (0.056-0.077)
	Model 20 vs. Model 3 (p < 0.001)


Footnote:
a. Sum of squared error measures the total deviation of the calibrated seven prevalence values (single-site infections including only oropharynx infection, only anorectal infection, only urethral infection, and multi-site infections including multi-site infection at oropharyngeal and urethral only, multi-site infection at oropharynx and rectum only, multi-site infection at urethral and rectal only, and multi-site infection at urethral and anorectal and oropharyngeal) and the fit to the observed seven prevalence values. 
b. Values close to 0 indicate that the model has a smaller error.  
c. T-test was used to determine if there was a significant difference between the means of the sum of squared error between two models.
d. [bookmark: _Hlk41546726]Model 11 and model 18 had no statistically significant differences in the means of the sum of squared error (p= 0.0869).


[bookmark: _Hlk50500424]Table S7. Output parameters and transmission probability of the best-calibrated model and baseline model based on data from 4888 MSM attending Melbourne Sexual Health Centre 
	Parameters
	Model 2(Oral sex and anal sex and rimming)
	Model 11(Anal sex and oral sex and rimming and sequential oral/anal sex and sequential oral sex/riming)

	
	Mean
	95%CI
	Mean
	95%CI

	%, Consistent condom usage in anal sex in past 12 months  
	44.92
	35.37
	56.36
	47.90
	43.65
	51.78

	%, Condom efficacy in preventing transmission  
	87.18
	80.81
	93.81
	87.21
	83.82
	90.01

	Times, Frequency of kissing in the past 12 months
	-
	-
	-
	-
	-
	-

	Times, Frequency of oral sex in the past 12 months
	15.27
	2.44
	27.70
	18.81
	14.28
	24.89

	Times, Frequency of rimming in the past 12 months
	28.08
	4.93
	76.16
	41.23
	23.91
	57.13

	Times, Frequency of anal sex in the past 12 months
	13.43
	1.16
	39.12
	13.93
	7.83
	18.96

	weeks, Infection duration of chlamydia trachomatis at throat (asymptomatic infection, weeks)
	112.41
	32.72
	218.24
	143.90
	93.41
	188.23

	weeks, Infection duration at urethral (symptomatic infection)
	1.49
	1.05
	1.93
	1.53
	1.31
	1.69

	%, proportion of urethral infections that are asymptomatic 
	85.56
	81.38
	89.29
	85.33
	83.15
	87.03

	%, proportion of anal infections that are asymptomatic 
	80.49
	65.95
	96.31
	82.23
	74.30
	87.30

	weeks, Infection duration at urethral (asymptomatic infection)
	28.32
	6.20
	47.55
	16.95
	10.61
	23.17

	weeks, Infection duration of chlamydia trachomatis at anus (asymptomatic infection)
	50.38
	48.20
	51.73
	49.55
	48.86
	50.25

	weeks, Infection duration of chlamydia trachomatis at anus (symptomatic infection)
	1.59
	1.14
	1.95
	1.56
	1.29
	1.76

	%, proportion of MSM received throat swab in the past 12 months 
	81.12
	65.11
	91.11
	78.94
	72.09
	85.64

	%, proportion of MSM received anal swab in the past 12 months 
	78.05
	64.78
	92.65
	78.87
	70.06
	84.87

	%, proportion of MSM received urine test in the past 12 months
	77.76
	64.71
	92.37
	79.58
	71.12
	88.29

	%, proportion of 'oral sex and anal sex' in the same sex episode
	-
	-
	-
	29.82
	27.50
	31.91

	%, proportion of 'oral sex and rimming' in the same sex episode
	-
	-
	-
	71.50
	70.96
	72.07

	%, proportion of saliva use during anal sex
	-
	-
	-
	68.45
	67.35
	69.98

	%, proportion of receptive oral sex followed by partner's insertive anal sex
	-
	-
	-
	80.00
	80.00
	80.00

	%, proportion of insertive oral sex followed by partner's insertive rimming
	-
	-
	-
	80.00
	80.00
	80.00

	%, Infection prevalence of chlamydia trachomatis only at Oropharynx  
	0.84
	0.63
	1.02
	0.81
	0.69
	0.90

	%, Infection prevalence of chlamydia trachomatis only at Urethral
	1.95
	1.59
	2.25
	1.97
	1.82
	2.17

	%, Infection prevalence of chlamydia trachomatis only at Rectum
	7.54
	6.89
	8.25
	7.46
	7.12
	7.88

	%, Infection prevalence of chlamydia trachomatis at Oropharynx & Urethra
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	%, Infection prevalence of chlamydia trachomatis at Oropharynx & Rectum
	1.20
	0.95
	1.51
	1.22
	1.11
	1.33

	%, Infection prevalence of chlamydia trachomatis at Urethra & Rectum
	1.18
	0.97
	1.53
	1.23
	1.08
	1.40

	%, Infection prevalence of chlamydia trachomatis   at Oropharynx & Urethra & Rectum
	0.22
	0.09
	0.31
	0.19
	0.15
	0.24

	Transmission probability of anal sex (Urethra to Anorectum)
	0.074 

	0.017 

	0.367
	0.044 

	0.019 

	0.190

	Transmission probability of rimming (Anorectum to Oropharynx)
	0.014 
	0.001 
	0.051
	0.024 
	0.008 
	0.055

	Transmission probability of anal sex (Anorectum to Urethra)
	0.538 

	0.289 

	0.736
	0.743 

	0.316 

	0.836

	Transmission probability of oral sex (Urethra to Oropharynx)
	0.030 

	0.005 

	0.102
	0.032 

	0.014 

	0.093

	Transmission probability of rimming (Oropharynx to Anorectum)
	0.550 

	0.058 

	0.959
	0.362 

	0.148 

	0.662

	Transmission probability of oral sex (Oropharynx to Urethra)
	0.138 

	0.033 

	0.377
	0.057 

	0.016 

	0.187
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