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RESUMO 
 

 

Os crimes sexuais consistem em atos praticados sem o consentimento da vítima e representam 

uma preocupação global, com repercussões significativas a nível físico, psicológico e social. 

Estes atos podem originar consequências com efeitos tanto a curto como a longo prazo, 

destacando-se, entre estas, as infeções sexualmente transmissíveis (IST), frequentemente 

associadas a este tipo de agressão. As IST representam um importante problema de saúde 

pública a nível mundial, podendo provocar complicações graves. São causadas por agentes 

bacterianos, virais ou parasitários, transmitidos através do contacto sexual. 

Entre as IST mais prevalentes na população em geral e entre vítimas de crimes sexuais 

incluem-se a gonorreia, a clamídia, a tricomoníase e a sífilis. A sua deteção é fundamental 

não só para o acompanhamento clínico das vítimas, mas também no âmbito da investigação 

criminal, podendo contribuir para a reconstrução dos factos. No entanto, a elevada taxa de 

infeções assintomáticas representa um desafio diagnóstico relevante, sobretudo em contexto 

forense. 

O presente estudo teve como objetivo avaliar a aplicabilidade da reação em cadeia da 

polimerase em tempo real (PCR em tempo real) na deteção de Chlamydia trachomatis, 

Trichomonas vaginalis, Neisseria gonorrhoeae e Treponema pallidum, em amostras 

biológicas recolhidas a vítimas de agressão sexual e armazenadas, por um período até 18 

anos, em condições habitualmente utilizadas em laboratórios forenses. 

Foram analisadas 231 zaragatoas de 116 indivíduos, colhidas entre 2004 e 2017, utilizando 

PCR em tempo real com recurso a primers e sondas fluorescentes específicas. Detetaram-se 

13 casos positivos de T. vaginalis (5,6%) e 11 de C. trachomatis (4,8%). Não foram 

identificados resultados positivos para N. gonorrhoeae nem T. pallidum. 

Estes resultados demonstram a sensibilidade e fiabilidade da PCR em tempo real na deteção 

de IST em amostras forenses preservadas a longo prazo. A deteção de ácido 

desoxirribonucleico (ADN) dos microrganismos em estudo, em material arquivado, reforça 

a utilidade das técnicas de diagnóstico molecular na análise retrospetiva de casos de agressão 

sexual. Este estudo evidencia o valor das metodologias moleculares como ferramenta 

complementar na investigação forense e na resposta clínica centrada na vítima. 
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ABSTRACT 

 

 
Sexual assault refers to acts committed without consent and constitutes a significant 

global concern with profound implications for victims. Such offences can lead to both 

acute and long-term consequences affecting physical, psychological, and sexual health. 

Among these, sexually transmitted infections (STI) represent a frequent and direct 

outcome. STI, which remain a major global public health issue, can lead to severe 

complications and are caused by bacteria, viruses, or parasites transmitted through 

sexual contact. Common STI among both the general population and victims of sexual 

violence include Trichomonas vaginalis, Chlamydia trachomatis, Neisseria 

gonorrhoeae, and Treponema pallidum. Their often asymptomatic nature poses 

substantial diagnostic challenges, particularly in forensic contexts. 

The detection of STI in forensic settings is crucial not only for the clinical management 

of victims but also for evidentiary purposes in criminal investigations. This study aimed 

to assess the applicability of real-time polymerase chain reaction (PCR) for the 

detection of T. vaginalis, C. trachomatis, N. gonorrhoeae, and T. pallidum in biological 

samples collected from victims of sexual assault and preserved under standard forensic 

laboratory conditions for up to 18 years. 

A total of 231 swabs from 116 individuals, collected between 2004 and 2017, were 

analysed using real-time PCR with pathogen-specific primers and fluorescent probes. 

The analysis identified 13 positive cases of T. vaginalis (5.6%) and 11 of C. trachomatis 

(4.8%). No positive results were obtained for N. gonorrhoeae or T. pallidum. 

These findings highlight the sensitivity and robustness of real-time PCR in detecting 

STI in long-term preserved forensic samples. The successful amplification of pathogen 

deoxyribonucleic acid (DNA) from archived material underscores the value of 

molecular diagnostics for the retrospective analysis of sexual offences, including cold 

cases. This study reinforces the relevance of molecular techniques as a complementary 

tool in forensic investigations and in the clinical care of victims. 
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 CHAPTER I – GENERAL INTRODUCTION 
 

The World Health Organization (WHO) defines sexual violence as “any sexual act, 

attempt to consummate a sexual act, or other act directed against a person’s sexuality 

by means of coercion, by another person, regardless of their relationship to the victim 

and in any context. It includes rape, which is defined as penetration, by physical or 

other coercion, of the vulva or anus with a penis, other body part, or object” (WHO, 

2023). 

Sexual violence is a global public health and human rights issue, associated with 

substantial physical, psychological, and reproductive consequences. According to 

WHO data, nearly 30% of women worldwide have experienced physical and/or sexual 

violence in their lifetime. While all populations may be affected, individuals with 

disabilities, adolescents, institutionalised persons, and those in conflict settings are 

particularly vulnerable (Hernández Ragpa et al., 2019; Luce et al., 2010). 

Despite the gravity of these crimes, conviction rates for sexual offences—including 

rape and sexual assault—remain low. Forensic evidence plays a vital role in bridging 

this gap, supporting victim testimony and contributing to successful prosecution. 

Among the various forms of biological evidence, the detection of sexually transmitted 

infections (STI) has emerged as a valuable forensic indicator. When appropriately 

interpreted, the identification of an STI may support claims of non-consensual sexual 

contact, particularly if newly diagnosed and temporally linked to the alleged event. 

(Murphy et al., 2022; Hernández Ragpa et al., 2019). 

STI—such as Chlamydia trachomatis, Neisseria gonorrhoeae, Treponema pallidum 

and Trichomonas vaginalis—are among the most prevalent infectious diseases 

globally, with an estimated 374 million new cases annually (WHO, 2018). These 

pathogens are typically transmitted through sexual contact involving mucous 

membranes or body fluids. Most STI are asymptomatic, which contributes to 

underdiagnosis and facilitates ongoing transmission. Furthermore, untreated infections 

can lead to serious health complications, including infertility, pelvic inflammatory 

disease, ectopic pregnancy, and increased susceptibility to HIV (Fasciana et al., 2022; 

Pair & Somerall, 2024). 

From a forensic perspective, timely and accurate STI detection can provide essential 

evidence in cases of sexual violence. This is particularly relevant in pediatric cases, 

where the presence of an STI may strongly suggest abuse (Rogstad, 2023). The 
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application of molecular diagnostic techniques, such as real-time polymerase chain 

reaction (PCR), has significantly improved the ability to detect pathogenic 

deoxyribonucleic acid (DNA) in clinical and forensic samples. Real-time PCR enables 

continuous monitoring of DNA amplification, allowing for high sensitivity and 

specificity, even in samples stored over extended periods (Artika et al., 2022). 

Biological samples relevant to forensic investigation—such as vaginal, anal, oral, or 

skin swabs—are routinely collected using sterile cotton swabs and may represent the 

only physical evidence available in sexual assault cases (Magalhães et al., 2015; 

Newton, 2013). The preservation of such samples is crucial, requiring controlled 

temperature and humidity conditions to prevent DNA degradation. Inadequate storage 

or handling may reduce the quantity and quality of the recovered DNA, thereby 

compromising downstream analysis (Cătălin, 2011). 

Several studies have demonstrated that moist or frozen swabs yield significantly higher 

DNA concentrations compared to dried specimens. Given that forensic samples are 

often processed at a later time and sometimes in different facilities, freezing biological 

material shortly after collection has proven effective in maintaining genetic integrity, 

as previously demonstrated by Newton, M. (2013) (Newton, 2013). Despite this, the 

long-term viability of DNA for molecular testing in real forensic samples remains 

under-investigated, especially within the Portuguese context. 

This study aims to address this gap by evaluating the applicability of real-time PCR in 

detecting C. trachomatis, N. gonorrhoeae, T. vaginalis, and T. pallidum in biological 

samples collected from sexual assault victims and stored for up to 18 years under 

routine forensic casework conditions. By demonstrating the reliability of molecular 

diagnostics in retrospective analysis, this research seeks to contribute to improved 

practices in forensic microbiology and support the evidentiary role of STI in legal 

proceedings. 

In addition to its scientific and legal relevance, this study underscores the ethical 

obligation to ensure justice for survivors. The detection of STI-related DNA in archived 

samples may offer delayed but meaningful opportunities for accountability, therapeutic 

intervention and epidemiological insight. Enhancing diagnostic accuracy through 

sensitive molecular techniques strengthens not only the forensic investigation but also 

the broader commitment to protecting victims' rights and public health. 
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Detection of Sexually Transmitted Infections 
 

STI are among the most frequently encountered complications in sexual assault 

investigations. While often clinically silent, their detection may yield critical forensic 

information by supporting the victim’s testimony, identifying possible transmission 

pathways, and establishing timelines of exposure. 

From a diagnostic standpoint, advances in nucleic acid amplification tests (NAATs)—

such as PCR and transcription-mediated amplification (TMA)—have significantly 

increased the ability to detect pathogens in low concentrations and from samples stored 

for extended periods. These molecular methods are particularly valuable in forensic 

contexts, where samples are often collected under suboptimal conditions, transported 

across institutions, and analysed long after the alleged event. 

 

Gonorrhoea 
 
Gonorrhoea is caused by N. gonorrhoeae, a Gram-negative diplococcus that displays 

marked antigenic variation and growing antimicrobial resistance (Unemo et al., 2019; 

Caruso et al., 2021; Jefferson et al., 2021). It typically infects the urethra in males and 

the cervix in females, although it can also colonise extragenital sites such as the rectum, 

pharynx, and conjunctiva. In women, complications may include pelvic inflammatory 

disease, infertility, and ectopic pregnancy. Neonates may develop ophthalmia 

neonatorum following vertical transmission during delivery (Pair & Somerall, 2024; 

Jefferson et al., 2021). 

Diagnostic methods: 

• Microscopy: Effective in symptomatic male urethral samples; less sensitive in 

asymptomatic or female cases (Unemo et al., 2019). 

• Culture: Enables antimicrobial susceptibility testing but requires viable organisms and 

specific media (Ng & Martin, 2005). 

• NAATs: Highly sensitive and specific; applicable to urine and a range of genital and 

extragenital samples (Rodríguez-Granger et al., 2020). 

• Point-of-care (POC) tests: Offer rapid results but currently lack sufficient validation 

for forensic purposes. 
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Chlamydia 
 
C. trachomatis is an obligate intracellular bacterium and one of the most commonly 

reported STI (Rodrigues et al., 2022; Clarke, 2011). It is frequently asymptomatic, 

particularly in women, contributing to its underdiagnosis and increasing the risk of 

complications such as infertility, chronic pelvic pain, and ectopic pregnancy (Rodrigues 

et al., 2022). 

Diagnostic methods: 

• NAATs: The most sensitive and reliable diagnostic option; widely used in forensic 

and clinical settings (Meyer, 2016). 

• Cell culture: Technically demanding, less sensitive, and rarely used in routine 

diagnostics (Black, 1997). 

• Direct Fluorescent Antibody (DFA) and Enzyme Immunoassay (EIA): Historical 

methods now largely replaced due to inferior accuracy. 

• POC tests: May be useful in resource-limited environments but are suboptimal for 

forensic applications. 

 

In the forensic context, C. trachomatis can be detected in a wide variety of sample 

types, including vaginal, cervical, rectal, and urine specimens, with NAATs offering 

the highest evidentiary value, particularly when symptoms are absent. 

 

Syphilis 
 
Caused by the spirochaete T. pallidum, syphilis evolves through distinct clinical stages: 

primary (chancre), secondary (systemic manifestations), latent (asymptomatic), and 

tertiary (neurological or cardiovascular involvement). Direct cultivation of the 

pathogen is not possible, making serology the primary diagnostic tool (Forrestel et al., 

2019;  Eickhoff & Decker, 2016; Gullette & Hopkins, 2021; Peeling, R. et al., 2004). 

Diagnostic methods: 

• Serological tests: 

✓ Non-treponemal tests [e.g., venereal disease research laboratory (VDRL), rapid 

plasma reagin (RPR)] are useful for screening but prone to false negative 

(Forrestel et al., 2019). 
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✓ Treponemal tests [e.g., fluorescent treponemal antibody absorption assays 

(FTA-ABS), T. pallidum particle agglutination assay (TPPA)] are more specific 

and used for confirmation; they may remain reactive for life (Larsen et al., 1995; 

Forrestel et al., 2019). 

• Darkfield microscopy: Allows visualisation of live spirochaetes in early lesions but is 

rarely available (Purwoko et al., 2021). 

• NAATs: Of limited utility in most cases due to low pathogen load in clinical 

specimens. 

Interpretation of syphilis serology in forensic settings requires particular caution. 

Seropositivity alone cannot determine the timing of transmission, and persistence of 

treponemal antibodies may complicate interpretation in retrospective investigations. 

 

Trichomoniasis 
 
Trichomoniasis, caused by the protozoan T. vaginalis, is more prevalent in women and 

often asymptomatic in men. It is associated with vaginitis, urethritis, and an increased 

risk of acquiring or transmitting other STI (Kissinger, 2015; Petrin et al., 1998; 

Mielczarek & Blaszkowska, 2015). 

Diagnostic methods: 

• Microscopy (wet mount): Offers immediate visualisation but low sensitivity  

(Schwebke & Burgess, 2004). 

• Culture: Moderately sensitive but time-consuming (Soper, 2004; Garber, 2005). 

• Antigen detection assays: Provide faster results; however, sensitivity remains inferior 

to molecular approaches (Garber, 2005; Kissinger et al., 2022). 

• NAATs: Represent the most accurate diagnostic method, detecting infections even in 

asymptomatic individuals or in long-stored specimens. 

 

Across all four infections, NAATs consistently provide the most robust tool for forensic 

STI detection. Their ability to identify low levels of genetic material in a wide variety 

of sample types makes them especially suitable for retrospective case analysis, where 

pathogen viability may be compromised and precise quantification is necessary. 

The high frequency of co-infections among sexual assault victims further supports the 

potential of multiplex PCR platforms, which allow simultaneous detection of multiple 

pathogens. However, the introduction of such methods in forensic workflows must be 
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guided by rigorous validation studies, especially in terms of evidentiary admissibility, 

timing of infection, and specificity. 

Finally, the success of STI detection in forensic science depends not only on the choice 

of diagnostic method but also on the integrity of sample collection, handling, and 

storage. Establishing and maintaining strict protocols—particularly regarding 

temperature, humidity, and contamination control—is essential to preserve DNA 

quality and ensure the reliability of results. 

By enhancing the application of molecular diagnostics, forensic practitioners can 

strengthen legal investigations, improve support for survivors, and contribute to a more 

comprehensive public health response to sexual violence. 

 

Material and Methods 
 

Sample Collection 

 
The biological samples analysed in this study were collected from sexual assault 

victims between 2004 and 2017, originally intended for perpetrator identification. Swab 

samples were obtained from vaginal, oral, perianal, and rectal sites, including the vulva, 

perivulvar region, anal margin and canal, perineum, and inner thigh. 

To detect the presence of microbial pathogens such as C. trachomatis, T. vaginalis, N. 

gonorrhoeae and T. pallidum, a multi-step analytical workflow was implemented. This 

included the extraction and purification of genetic material, followed by molecular 

detection, nucleic acid amplification, and subsequent data analysis. 

 

DNA Extraction and Purification 

 
For sample preparation, a section of each swab containing biological material was cut 

and transferred into a 1.5 mL microcentrifuge tube containing 1.0 mL of 0.9% sodium 

chloride (NaCl) solution. Each tube was labelled with the corresponding case identifier. 

To avoid cross-contamination, scissors and work surfaces were disinfected with 70% 

ethanol between samples. The tubes were vortexed for approximately 10 seconds and 

incubated in a dry heating block at 56 °C for 30 minutes to inactivate potential 

pathogens. After inactivation, samples were stored at −20 °C until DNA extraction, 

which was performed using the BioRobot EZ1 Advanced automated system (QIAGEN, 
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Hilden, Germany), and EZ1 DSP virus kit (QIAGEN, Hilden, Germany), following the 

manufacturer’s protocol. 

 

Molecular Detection and DNA Amplification 

 
Real-time PCR was used to detect specific sexually transmitted pathogens. Fluorescent 

signals were measured using FAM (T. pallidum) and HEX (C. trachomatis, N. 

gonorrhoeae and T. vaginalis) fluorophores and pathogen-specific primers were 

employed for each target. The sequences of the primers and probes used for 

amplification are listed in table 1. 

 

Table 1 - Primer and probe sequences used for STI detection.  

Microorganism Primer sequences (5’- 3’) 

C. trachomatis 

F: AACCAAGGTCGATGTGATAG 

R: TCAGATAATTGGCGATTCTT 

P: ROX-CGAACTCATCGGCGATAAGG 

N. gonorrhoeae 

F: CCGGAACTGGTTTCATCTGATT 

R: GTTTCAGCGGCAGCATTCA 

P: CGTGAAAGTAGCAGGCGTATAGGCGGACTT 

T. pallidum 

F: GGTAGAAGGGAGGGCTAGTA 

R: CTAAGATCTCTATTTTCTATAGGTATGG 

P: ACACAGCACTCGTCTTCAACTCC 

T. vaginalis 

F: AAG ATG GGT GTT TTA AGC TAG ATA AGG T 

R: CGT CTT CAA GTA TGC CCC AGT AC 

P: CCG AAG TTC ATG TCC TCT CCA AGC GT 

F = forward; R = reverse; P = probe 

These probes hybridize with target DNA sequences and emit fluorescence signals 

whose intensity correlates with the amount of amplified product in each PCR cycle 

(Mackay,2004). 

Each PCR reaction included 12.5 μL of NZYSupreme Multiplex qPCR Master Mix, 

5.5 μL of RNase-free water, and 2 μL of the corresponding primer/probe mix. A total 

volume of 20 μL of this master mix was combined with 5 μL of extracted DNA in each 

reaction tube. 

Amplification was carried out using the CFX96™ Real-Time PCR Detection System 

(Bio-Rad, CA, USA), under thermal cycling conditions referred to in table 2. 
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Table 2 - Thermal cycling conditions for real-time PCR. 

Pathogen Temperature Time Cycles 

T. vaginalis 

50 °C 

95 °C 

95 °C / 60 °C 

2 min 

10 min 

15 s / 1 min 

1 

1 

40 

C. trachomatis 
95 °C 

95 °C / 60 °C 

2 min 

30 s / 30 s 

1 

40 

N. gonorrhoeae 
95 °C 

95 °C / 55 °C 

2 min 

30 s / 30 s 

1 

40 

T. pallidum 95 °C / 55 °C / 72 °C 30 s / 30 s / 30 s 50 

 

RNAseP Amplification as Internal Control 

 
To confirm the presence of amplifiable human DNA and validate the reliability of the 

molecular workflow, RNAseP amplification was performed using primers and probes 

targeting the human gene. The fluorescent signal was measured using HEX 

fluorophores. Each reaction included 12.5 μL of NZYSpeedy One-Step RT-qPCR 

Probe Master Mix (2×), 6 μL of RNase-free water, and 1.5 μL of RNAseP primer/probe 

mix. Then, 5 μL of extracted DNA was added, making a final reaction volume of 25 

μL. 

Amplification was conducted using the CFX96™ real-time PCR Detection System 

(Bio-Rad, CA, USA), with the thermal cycling conditions referred to in Table 3. 

Table 3 - Thermal cycling conditions for RNAseP gene amplification. 

Temperature Time Cycles 

95 °C 2 min 1 

95 °C / 60 °C 5 s / 30 s 40 
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CHAPTER II – STATE OF THE ART 

 
Sexual assault encompasses all forms of non-consensual sexual contact or behavior and 

constitutes a major global issue, with severe short- and long-term consequences for 

victims’ mental, sexual, and reproductive health (Farahi & Mceachern, 2021). 

Globally, the incidence of STI remains poorly characterized, primarily due to the 

asymptomatic nature of many infections, limited diagnostic infrastructure in high-

burden regions, and inadequate or absent surveillance systems (Fasciana et al., 2022). 

Incomplete epidemiological data further hinder accurate estimation of true infection 

rates (Jefferson et al., 2021). 

The most extensively studied STI include gonorrhea (N. gonorrhoeae), chlamydia (C. 

trachomatis), syphilis (T. pallidum), and trichomoniasis (T. vaginalis). According to 

WHO data from 2020, approximately one million new infections involving these 

pathogens occur daily among individuals aged 15 to 49 years, with chlamydia and 

trichomoniasis accounting for the majority of cases. Despite these figures, data on STI 

prevalence among sexual assault victims remain limited. A study by Sachs et al. (2023) 

reported prevalence rates of approximately 12% for trichomoniasis and 2% for 

chlamydia in this population (Sachs & Thomas, 2023). 

Accurate detection of STI is essential and can be achieved through real-time PCR, a 

technique that enables the amplification and quantification of target DNA sequences in 

real time. Owing to its speed, sensitivity, and specificity, real-time PCR is highly 

valuable in both clinical and forensic contexts, especially for detecting pathogen DNA 

in long-term stored samples where microbial viability may be compromised (Artika et 

al., 2022). It is routinely used for pathogen identification, species determination, 

quantification, and various molecular applications. 

Forensic evidence—such as clothing, urine, oral, vaginal, and anal swabs, hand and 

fingernail scrapings and non-intimate skin samples—is fundamental for suspect 

identification, the exclusion of innocent individuals, and the overall strengthening of 

legal proceedings. In cases of sexual assault, biological samples are collected using 

standardized protocols and sterile swabs to ensure procedural consistency and 

evidentiary reliability (Newton, 2013; Conte et al., 2025). 

Maintaining the forensic integrity of biological samples is critical. Proper collection, 

handling, and storage are essential to preserve DNA quality and quantity. Samples 

should be kept in dry, temperature-controlled environments to minimize microbial 
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contamination and DNA degradation (Murphy et al., 2022). Any mishandling at these 

stages can compromise the viability of the material for downstream molecular analysis 

(Magalhães et al., 2015). Given that many forensic samples contain only trace amounts 

of DNA, strict contamination control, precise collection techniques, and appropriate 

storage conditions are essential to ensure analytical accuracy and legal admissibility 

(Cătălin, 2011; Newton, 2013; Alketbi, 2024). 

Previous studies have shown that dry storage conditions result in significantly lower 

DNA recovery compared to samples processed immediately or stored in a moist state. 

Freezing swabs after collection has been demonstrated to preserve DNA yields 

comparable to those of freshly collected moist samples and markedly higher than those 

stored dry (Newton, 2013). 

Despite such limitations, swabs remain widely used in forensic practice due to their 

practicality, ease of transport, efficiency in biological evidence collection, and 

simplicity in laboratory processing (Ferreira‐Silva et al., 2019). 

However, a notable gap persists in the literature regarding the long-term stability and 

diagnostic utility of biological samples stored for extended periods, particularly in the 

context of sexual assault investigations. Most existing studies focus on short-term 

diagnostics, and little is known about the persistence of pathogen DNA in long-

preserved forensic specimens. 

The retrospective molecular analysis of forensic samples for STI detection also raises 

ethical and legal concerns, as delays in identification may jeopardize access to justice, 

timely medical intervention, and effective public health surveillance. Thus, preserving 

sample integrity and employing highly sensitive molecular diagnostics are essential to 

uphold victims’ rights and ensure the scientific robustness and legal reliability of 

forensic conclusions. 

Although real-time PCR is a widely used technique for STI detection, there is still a 

lack of research assessing its effectiveness in long-term stored forensic samples. This 

study therefore aims to contribute to filling this knowledge gap by evaluating the 

applicability of real-time PCR for detecting pathogenic agents in preserved forensic 

specimens. The findings may help enhance the quality of forensic analyses and support 

the judicial system in the context of sexual assault cases. 
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CHAPTER III– ORIGINAL RESEARCH 
 

Article 1- Forensic Microbiology: Challenges in Detecting 

Sexually Transmitted Infections 
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Article 2- Sexually Transmitted Infections: Usefulness of 

Molecular Methods for Microorganisms Detection in 

Stored Sexual Assault Samples 
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CHAPTER IV – DISCUSSION 
 

 

Asymptomatic infections and the limitations of symptom-based diagnosis are common 

in STI, underscoring the need for laboratory confirmation to ensure accurate detection 

(Malleswari, K. et al 2023). When testing is conducted for medico-legal purposes, such 

as in cases of sexual assault or to establish links between victims and perpetrators, 

maintaining a proper chain of custody is essential to preserve the integrity of the 

evidence (Van Der Pol, 2014). 

Despite their clinical and forensic significance, investigations specifically targeting the 

detection of STI in biological evidence from sexual assault cases remain scarce. This 

gap may contribute to the underestimation of infection rates, delays in diagnosis, and 

missed opportunities for timely medical and forensic interventions. 

The present study aimed to assess the feasibility of real-time PCR for detecting T. 

vaginalis, C. trachomatis, N. gonorrhoeae, and T. pallidum in biological samples 

collected from victims of sexual assault and preserved under standard forensic 

laboratory conditions for up to 18 years. 

The implementation of real-time PCR in forensic settings represents a methodological 

advancement. In this study, real-time PCR enabled the detection of C. trachomatis and 

T. vaginalis in archived forensic samples, with prevalence rates of 4.8% and 5.6%, 

respectively. These findings are consistent with those reported by Sachs et al. (2023), 

who observed similar prevalence among victims of sexual violence (Sachs & Thomas, 

2023). 

Comparable results have been reported in other PCR-based studies, including those by 

Kebbi-Beghdadi et al. (2022), Schirm et al. (2007), Caliendo et al. (2005), and Šoba et 

al. (2015) (Kebbi-Beghdadi et al., 2022; Schirm et al., 2007; Caliendo et al., 2005; Šoba 

et al., 2015). In contrast, a significantly higher prevalence of T. vaginalis was found by 

Elsherif et al. (2012), likely due to preselection of culture-positive samples prior to PCR 

analysis (Hamed Elsherif & Fatah Youssef, 2012). Variations in prevalence across 

studies may be attributed to differences in sample selection, population characteristics, 

methodologies, and storage conditions (Dhawan et al., 2014). 

This heterogeneity reinforces the importance of population and methodological context 

in interpreting STI data and underscores the diagnostic value of molecular tools in 

forensic applications. 
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Detection rates observed in samples stored for up to two decades highlight the value of 

integrating STI screening into routine forensic protocols. The asymptomatic nature of 

many STI, combined with prolonged storage intervals, presents challenges for 

conventional diagnostics. In this study, pathogen DNA was successfully amplified from 

long-term preserved samples, including two (IST015 and IST016) collected in 2007 

and confirmed positive for C. trachomatis. These results confirm that, under 

appropriate preservation conditions, real-time PCR remains a reliable method for 

detecting STI in archived forensic material. 

A higher prevalence of T. vaginalis and C. trachomatis was observed in women aged 

15 to 37, aligning with WHO data identifying this group as particularly vulnerable 

(WHO, 2023). Vaginal and vulvar samples showed the highest number of positive 

results, confirming their importance as primary anatomical targets in STI detection. The 

identification of infections in perianal and oral samples also highlights the relevance of 

including these sites in forensic sampling protocols, especially in sexual assault cases. 

Co-infection with T. vaginalis and C. trachomatis was identified in a single vulvar 

sample (IST200). Co-infections may increase transmission risk and complicate 

treatment, emphasizing the utility of multiplex diagnostic approaches. Identifying one 

STI may suggest the presence of others, justifying broader pathogen screening. 

The absence of positive results for N. gonorrhoeae and T. pallidum could reflect a lower 

prevalence within the study population. However, DNA degradation over time cannot 

be ruled out as a factor, potentially reducing the sensitivity of molecular detection. This 

highlights the critical importance of specimen preservation to maintain nucleic acid 

stability and ensure accurate diagnostics—particularly for pathogens present in low 

abundance. 

Among the twelve individuals who tested positive, samples were collected from 

multiple anatomical regions. In several, mixed genetic profiles were detected, including 

the presence of Y-chromosome haplotypes, indicating male DNA. These findings are 

particularly relevant in forensic investigations, as they support evidence of sexual 

contact and may assist in identifying perpetrators. 

In one case (individual twelve, see table 1, Chapter III- Article 2), an exclusively male 

genetic profile was observed, reinforcing the potential value of these findings in 

forensic identification. In cases with Y-chromosome detection, the same evidentiary 

potential applies if appropriate reference samples are available for comparative 



 

55 
 

analysis. The detection of multiple contributors introduces complexity in interpretation 

and requires careful evaluation in forensic contexts. 

Overall, these findings support the long-term applicability and evidentiary value of real-

time PCR in forensic science. The method demonstrated robust performance in aged 

samples, reinforcing its suitability for routine use in both forensic and clinical 

investigations involving sexual assault. 

Nonetheless, some limitations must be acknowledged. Although 231 swabs were 

analysed—a notable sample size for forensic studies—stratification by variables such 

as victim age or storage duration was not performed, limiting comparative analyses. 

The study also did not include inferential statistical methods, given its retrospective and 

descriptive design aimed at evaluating the feasibility of molecular detection. 

Additionally, no comparison was made with conventional diagnostics such as culture 

or microscopy, limiting the ability to assess real-time PCR’s specificity and sensitivity 

in this context. Future studies should aim to include stratified samples, statistical 

analyses, and parallel testing using conventional methods to fully validate the forensic 

application of molecular diagnostics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  



 

56 
 

 
  



 

57 
 

CHAPTER V – CONCLUSIONS 

 
STI are a frequent consequence of sexual violence and represent a significant public 

health concern. This study demonstrated that real-time PCR is a precise and reliable 

method for detecting the microorganisms C. trachomatis and T. vaginalis in biological 

samples collected from victims of sexual assault, even after storage periods of up to 18 

years. 

The ability to amplify the genetic material of these pathogens in long-term preserved 

samples highlights the robustness of real-time PCR, particularly in contexts where 

sample integrity may be compromised and conventional diagnostic methods prove 

insufficient. 

These findings emphasize the relevance of real-time PCR not only in retrospective 

forensic investigations but also in supporting clinical diagnosis and long-term follow-

up of victims. Additionally, they contribute to improved epidemiological surveillance 

by enabling the detection of underreported or previously undiagnosed cases. 

The accurate identification of infectious agents in prolong storage samples may yield 

novel probative elements in previously inconclusive cases, allowing for the reopening 

of investigations, reinforcing forensic evidence, and ultimately advancing justice and 

victim protection. 

These findings also highlight the importance of integrating molecular diagnostic 

advancements into routine forensic practice, promoting both scientific progress and a 

more equitable judicial response. 
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CHAPTER VI – FUTURE PERSPECTIVES 

 
 

The results of this study support the promising potential of real-time PCR for the 

detection of STI in stored samples, and thereby enable future research and applications 

in both clinical and forensic contexts. 

The development of faster and more accurate diagnostic tools with demonstrated 

forensic applicability remains a priority—particularly in cases involving sexual 

violence. Innovations that reduce false-negative results and support less invasive 

sample collection (e.g., saliva or capillary blood, if applicable) may help minimize 

retraumatization of victims and enhance compliance across both healthcare and judicial 

settings. 

Equally important is the harmonization of sample processing protocols and a deeper 

understanding of how storage conditions affect diagnostic performance. Standardizing 

procedures for collection, preservation, and handling will be essential to ensure 

reproducibility and inter-laboratory consistency. 

To establish real-time PCR as a reference method in forensic casework, future research 

should prioritize multicenter, prospective studies that include a broader spectrum of 

pathogens—particularly viral agents—and stratify results based on key variables such 

as anatomical sampling site, victim age, and storage duration. 

These perspectives highlight the importance of integrating technological innovation in 

molecular diagnostics with strengthened collaboration between healthcare and judicial 

systems. Advancing STI detection methods not only improves the quality of forensic 

investigations and victim care but also contributes to a more effective and equitable 

response to sexual violence. 
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