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Background:

Identifying women at the highest risk for Chlamydia trachomatis (Ct) complications is
crucial for effective disease management. Most women clear the infection, but in
some, Ct ascends the upper genital tract, causing complications. Host genetic
factors influence the immunological response; however, the complexity, and high
dimensionality of genetic data make traditional regression models less suitable for
risk prediction. To address this challenge, we explore the use of random forest
decision trees (RFDT), a highly flexible artificial intelligence method, in a large-scale
prospective cohort to assess its advantages over conventional prediction models.

Methods:

From women of reproductive age, DNA for single-nucleotide polymorphism (SNP)
determination was extracted from buccal swabs, vaginal swabs, or urine and
analyzed using kompetitive allele specific PCR sequencing. Ct status was
determined by NAAT results, self-report, and antibodies. Outcomes included self-
reported Ct with symptoms and complications (pelvic inflammatory disease, ectopic
pregnancy, tubal infertility). Prediction models were built using RFDT and
conventional multivariable logistic regression (MLR). Performance was assessed by
area under the curve (AUC). Models were stratified by Ct status and included socio-
demographics, sexual behavior, chlamydia/gonorrhea diagnoses, and 24 SNPs in
candidate genes with three variants (wildtype, heterozygous, homozygous). Variable
importance was calculated to identify key predictors.

Results:
In total 5094 women were included, 669 (13.2%) reported Ct infection(s) with
symptoms and 299 (5.9%) complications. For symptomatic Ct infection RFDT



models showed higher performance (AUC 0.9) than MLR models (AUC 0.8).
Different SNPs were identified as most important when comparing RFDT and MLR
models. For complications RFDT models and MLR models showed poor prediction
accuracy (AUC 0.6).

Conclusion:

Host genetic data, when analyzed using RFDT methods, may enhance the accuracy
of predicting immediate host response to Ct infection. For long-term complications, it
should be studied whether alternative machine learning algorithms better handle
imbalanced data and rare outcomes.
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