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RESUMO

Os crimes sexuais consistem em atos praticados sem o consentimento da vitima e representam
uma preocupacao global, com repercussdes significativas a nivel fisico, psicoldgico e social.
Estes atos podem originar consequéncias com efeitos tanto a curto como a longo prazo,
destacando-se, entre estas, as infecdes sexualmente transmissiveis (IST), frequentemente
associadas a este tipo de agressao. As IST representam um importante problema de satde
publica a nivel mundial, podendo provocar complicacGes graves. Sdo causadas por agentes
bacterianos, virais ou parasitarios, transmitidos através do contacto sexual.

Entre as IST mais prevalentes na populacdo em geral e entre vitimas de crimes sexuais
incluem-se a gonorreia, a clamidia, a tricomoniase e a sifilis. A sua detecdo é fundamental
ndo s para o acompanhamento clinico das vitimas, mas também no ambito da investigacdo
criminal, podendo contribuir para a reconstru¢do dos factos. No entanto, a elevada taxa de
infecdes assintomaticas representa um desafio diagnostico relevante, sobretudo em contexto
forense.

O presente estudo teve como objetivo avaliar a aplicabilidade da reacdo em cadeia da
polimerase em tempo real (PCR em tempo real) na detecdo de Chlamydia trachomatis,
Trichomonas vaginalis, Neisseria gonorrhoeae e Treponema pallidum, em amostras
bioldgicas recolhidas a vitimas de agressdo sexual e armazenadas, por um periodo até 18
anos, em condigdes habitualmente utilizadas em laboratorios forenses.

Foram analisadas 231 zaragatoas de 116 individuos, colhidas entre 2004 e 2017, utilizando
PCR em tempo real com recurso a primers e sondas fluorescentes especificas. Detetaram-se
13 casos positivos de T. vaginalis (5,6%) e 11 de C. trachomatis (4,8%). Ndo foram
identificados resultados positivos para N. gonorrhoeae nem T. pallidum.

Estes resultados demonstram a sensibilidade e fiabilidade da PCR em tempo real na detegéo
de IST em amostras forenses preservadas a longo prazo. A detecdo de acido
desoxirribonucleico (ADN) dos microrganismos em estudo, em material arquivado, reforga
a utilidade das técnicas de diagndstico molecular na analise retrospetiva de casos de agressao
sexual. Este estudo evidencia o valor das metodologias moleculares como ferramenta

complementar na investigacdo forense e na resposta clinica centrada na vitima.






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 ST1 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
STl 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.






CHAPTER | — 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 (Hernandez 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; Herndndez Ragpa et al., 2019).

STl—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

5



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 (Magalhdes 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 (Catalin, 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 technigues strengthens not only the forensic investigation but also

the broader commitment to protecting victims' rights and public health.



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).

* NAATSs: Highly sensitive and specific; applicable to urine and a range of genital and
extragenital samples (Rodriguez-Granger et al., 2020).

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

for forensic purposes.



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
etal., 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 NAATSs 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:

v" 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).



v 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 etal., 1995;
Forrestel et al., 2019).

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

rarely available (Purwoko et al., 2021).

* NAATSs: 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”)
F: AACCAAGGTCGATGTGATAG
C. trachomatis R: TCAGATAATTGGCGATTCTT

P: ROX-CGAACTCATCGGCGATAAGG
F: CCGGAACTGGTTTCATCTGATT
N. gonorrhoeae R: GTTTCAGCGGCAGCATTCA
P: CGTGAAAGTAGCAGGCGTATAGGCGGACTT
F: GGTAGAAGGGAGGGCTAGTA
T. pallidum R: CTAAGATCTCTATTTTCTATAGGTATGG
P: ACACAGCACTCGTCTTCAACTCC
F: AAG ATG GGT GTT TTA AGC TAG ATAAGG T
T. vaginalis R: CGT CTT CAAGTA 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 puL of NZYSupreme Multiplex g°PCR Master Mix,
5.5 uL of RNase-free water, and 2 pL of the corresponding primer/probe mix. A total
volume of 20 pL of this master mix was combined with 5 uL 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.

11



Table 2 - Thermal cycling conditions for real-time PCR.

Pathogen Temperature Time Cycles

50°C 2 min 1
T. vaginalis 95°C 10 min 1
95°C/60°C 15s/1 min 40
95°C 2 min 1

C. trachomatis
95°C/60°C 30s/30s 40
95°C 2 min 1

N. gonorrhoeae
95°C/55°C 30s/30s 40
T. pallidum 95°C/55°C/72°C 30s/30s/30s 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 pL of NZYSpeedy One-Step RT-gPCR
Probe Master Mix (2x), 6 uL of RNase-free water, and 1.5 uL. of RNAseP primer/probe
mix. Then, 5 uL of extracted DNA was added, making a final reaction volume of 25
plL.

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 5s5/30s 40

12



CHAPTER I - 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
(Magalhaes 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
(Catalin, 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 vyields
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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Abstract: Sexual assault crimes consist of acts committed without consent and mepresent a
major global isswe with serious implications for victims. These acts have both short- and
long-term consequences on the physical, mental, and secual health of victims, with secually
fransmitted infections (STls) being one of the direct outcomes of such crimes. Sexually
transmitted infections constitute a serious global public health problem and can lead to
severe consequences. These infections may be caused by bacteria, viruses, or parasites and
are transmitted through sexual contact Some of the most common 5TIs among the general
population and victims of sexual crimes include gonorrthoes, chlamydia, trichomoniasis,
and syphilis. In most carriers, these infections are asymptomatic, making their detection
particularly challenging. Considering the importance of further esearch in this field, the
primary objectives of this study are to review the existing lilerature on the incidence of major
5Tks in wictims of sexual crimes, to identify the various risk factors associated with these
infections, and to explore their public health implications. Additionally, this stedy aims to
assess different STI detection techniques, analyzing their advantages and disadvantages.
Studies on this topic are crucial for better understanding the role of sexually transmitted
infections in the context of sexual crimes. However, throughout this work, it was verified
that point-of-care methods are a good option to allow the diagnosis to be fasier and mone
accurate, when compared to other methods of detecting sexually ransmitted infections

Keywords: sexual crimes; sexually transmitted infections; detection methods; gonorrhoea;
chlamydia; syphilis; richomoniasis
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1. Introduction

Sexual violence is a global issue that affects various aspects of health, incuding
medical and psychological domains [1]. It is both a public health and human rights concern
amd can be perpetrated against both men and women, although women are at a higher
risk [2].

In forensic science, the accurate and timely identification of sexually transmitted
infections (5T1s) plays a crucial role in the reconstruction of eriminal events, particularly in
cases involving sexual assault Forensic microbiology has emerged as a key inerdisciplinary
diomain that bridges traditional microbiclogical diagnostics with legal investigations. The
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ability to detect pathogens in biclogical samples collected from crime scenes or victims
can provide essential corroborative evidence, aiding in suspect identification, timeline
estiration, and the establishreent of contact or transmission pathways, Although the ecact
prevalence of sexual violence remains unknown, it is a meality for many individuals [1].
According to the World Health Organization (WHO), "Owver the course of their lives, one
in three women—around 736 million people—are subjected to physical or sexual viclence
by their partner or sexual viokene by a non-partnet” [2]. This high incidence necessitates
effective strategies for both medical intervention and fomensic investigation

Sexual assault has serious short- and long-term impacts on the victim's physical,
sexual, and reproductive health [2,4]. Among the various assocated implications, sexually
traremitted infections are a direct consequence of sexual critnes. These inbe ctions, cansed
by bactetia, vinuses, or parasites, can be fransmitted through body fluids or interaction with
the skin through vaginal, oral, or anal sex [5] They affect individuals of all ages, genders,
or sexual orientations and can lead to serious health complications if left untreated [6].

The global incidence of STIs varies widely and remains poorly understood for several
reasons. Many infections are asymiptomatic, diagnostic procedunes are scarce in the most
affected regions, and surveillance programs are either absent or underdeveloped in many
parts of the world [5]. Additonally, inaccuracies in the epidemiclogical tracking of 5Tls
further hinder the determination of their true prevalence [7].

The prevalence of these infections varies across countries due to economic differences,
cultural perspectives, and the lack of education and prevention of STIs [7].

Currently, four sexually transmitted infections have the known highest prevalence
and are the most widely studied worldwide: gonorrhoes, caused by the bacterium Nefsseria
ponorrhoeae; chlanydia, caused by the bacterivm Chlanrydia frachomatis; syphilis, caused
by the bacterium Treponana pallidum; and trichomoniasis, resulting from infection with the
protozoan Trichommas vaginalis. Thess infections have significant lifelong consequences
for wictims, making the development of effective, low-cost, and rapid detection methods
crudial to facilitate timely diagnosis. The methods used for detection can be direct or
indirect, and for each type of infection, different techniques are studied to determine the
most suitable approach.

The main aims of this article are to review the existing literature on the incdence of
major sexually transmitted infections in victims of sexual crimes, to identify the various risk
factors associated with these infections, and to explore their implications for public health.
Additionally, this work aims to assess different STI detection techniques, analyzing their
advantages and disadvantages, to enhamce the quality and effectiveness of care provided
to wictims.

This review focuses on the most prevalent sexually transmitted infections (STIs) and
the available diagnostic tools used for their detection, particularly in the context of sexual
crimes. While these infections ame clinically significant on theit own, their identification
may also srve as supporting evidence in forensic investigations, helping to condirm seoual
comtact, assess the time of infection, and support or refute allegations of abuse. The aim is
o provide a concise overview of the main STls, their sympions, and disgnostic chniques,
with emphasis on their forensic applicability.

2. Methods

The analysis of detection methods considered laboratory tests such as polymerase
chain reaction (PCE), serological ests, and rapid tests, focusing on their sensitivity, sped-
ficity, and effectiveness in the context of sexual crime victims., The present study is a
narrative meview; therefore, no formal criteria for study selection were employed.
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In November 2024, a search was conducted on the PubMed, Scopus, and Google
Scholar databases. The search included the keywords “sexual crimes, sexually ransmitted
infections, detection methods, Gonorrhoea, Chlamydia, Syphilis, Trichomoniasis”, and
combinations of these terms were wsed to refine the search.

The selected articles included clinical trials, observational studies (cohort and cross-
sectional), and systematic reviews, with no temporal or linguistic restrictions, that ad-
dressed the relationship between sevual crimes and STIs, as well as the methods usad for
their detection, with a particular emphasis on those applied in forensic settings.

Although a single gold standard test was not formally defined for all infections
addmessed in this review, it is important o note that molecular diagnostic methods—
particularly nucleic acid amplification tests (NAATE), including polymerase chain reaction
(PCE) and transcription-mediated amplification (TMA }—alongside culture techniques (e.g.,
cell culture for Chlamydin fradhomatis or selective media for Mefsseria ganorriose), ame widely
recognized in the scientific lilerature as reference or gold standard methods. The sensitivity
and specificity values presented in this review are those reported in original studies that
used such mference methods as comparators to assess the performance of allernative or
point-of-care (POC) tests. These comparisons are standard practice in diagnostic accuracy
studies, especially in the absence of a universally applicable gold standard across all clindcal
and forenisic settings

Although this is a narrative review and no formal systematic excusion criteria wene
applied, studies weme excluded if they did not address the association between sexually
transmnitted infections and sexnal crimes, or if they lacked methodological rigor or relevance
to the analysis of diagnostic methods. Preference was given to studies that provided data
on diagnostic performance and that weme applicable to forensic or clinical conexts.

3. Sexual Violence and 5T1 Implications

The WHO has defined sexual violence as “any sexual act, attemnpt to consummate &
sexual act, or other act directed against a person’s sexuality through coercion (. . ) regardless
of their elationship with the victim and in any context (. ..) defined as the penetration
by physical or other coercion of the vulva or anus with a penis, other part of the body or
object” [Z]. It often involves physical foree or psychological manipulation, particularly
in contexts of power imbalance, such as among individuals with disabilities, adolescents,
incarcerated persons, and those in institutional or conflict settings [1,3].

According to the World Health Organization, nearly 30% of women globally hawve
experienced physical and/ or sexual violence by an intimate partner of non-partner during
their lifetime. Sexual violence can resulk in a range of physical, reproductive, psychological,
and social consequences, including njuries, unwanted pregnancies, sexually transmitted
infections, and long-term mental health disorders. Table Al summarizes the potential
consaqueTes across these domains [3,9).

To better understand the global impact of STIs in the context of sexual viokence, Table 1
summarizes WHO-estimated prevalence rates across different regions.

Acs sexual violence is a major risk factor for the acquisition of S5T1s, understanding
its global distribution is essential Figume 1 shows the estimated lifetime prevalence of
intimate partner viokene by region, based on WHO data. However, it is important to note
that this figure does not reflect the full spectrum of sexual violence, particularly assanlts
commitied by non-intimate partners. Drata on non-intimate partner sexual viclence remnain
scane and less systematically recorded across global health systems, despite their relevance
in forensic and clinical contexts. This gap underscores the need for improved surveillance
and reporting mechanisms that capture all forms of sexual violence, regardless of the
relationship between victim and perpetrator
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Table L Estimated prevalence of major STIs by WHO mgion. This table presents the estimated preva-
bence of the four most common sexually transmitbed mbections—sy philis, chlamydia, gonorchoea,
and trichomoniasis—across different WHO regions, adapted from WHO data (adapied from [3])

WHO Region Syphilis (%) Chlamydia (%) Gonorrhoea (%) Trichomoniasis (%)
Africa 35 a0 29 1.0

Americas 05 472 07 a0

Eastern Mediterranean L2 38 0o 41

Europss 0z a5 4 12

South-East Asia 07 ] LD 53

Western Pacific 04 40 & 28

WHOD Eauleza
Beditervineac Kaglon

(314

TSTIMATET) PRTVALENCE OT STEXUAT VIOTTMNCT BY TNTIMATTE
PARTNFR

THM Smib-Fas Awia Westown Facific Q0¥
Bragiona 1334 _

Hizieinrname e inies

(115

Crivaps (2%

WTIN & eaerican

WATS African Tegian Tezinne (23%)

[EREH]

Figure 1. Estimated lifetime prevalence of intimate partner viokenee in different regions of the world
{adapbed from the [3]1.

4. Sexually Transmitted Infections (STls)

Ofen, when STl are detected in adulis, they may be used as evidence of secual assault
or to question the victim's previows seoual behavior. In the case of children, the presence of
an 5T1 can be a crucial indicator of sexual violence or may help establish a link betwean the
perpetrator and the victim [10].

Globally, there are approximately 1 million new ST1 cases every day, with an estimated
74 million new infections anmually, induding dhlannydia, gonorrhoea, syphilis, and ri-
chomoniasis. The prevalene of STls varies depending on the specific infection and the
economic conditions of each country, typically being higher in regions with less-resourced
healtheare systems [10].

The WHO [3] reports an increasing number of untreated STI cases worldwide due to
treatment failures and the fact that most infections remain asymptomatic in the majority
of affected individuals. Although most STIs are none-fatal, they can lead to severe health
complications. The greatest risks associated with STls stem from unprotected sex, an
increase in the number of sexual partners, and the emergence of new sexual partmers [11]
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While global prevalence data for sexually transmitted infections are well established,
specific data linking ST incidence directly to cases of sexual assault are limied and often
underreported. This is partly due to the sensitive nature of sexual violenoe, variations in
reporting practices, and the asymptomatic natume of many STls. Studies hawve shown that
sexual assault victims are at elevated risk of acquiring STIs due to foreed, unprotected
intercourse and potential exposume to multiple pathogens. However, quantifying this risk
remains challenging due to inconsistent data collection across regions and the overlap with
pre-existing infections. The presence of an 5TI may support allegations of non-consensual
sexual contact, particularly when it is newly diagnosed and the timing of transmission can
be reasonably inferred. Monetheless, additional epidemiological research is needed to mome
precisely estimate the prevalence and patterns of ST transmission specifically attributable
to sexual violence

The following sections (Sections 4.1—4.2) present the four most prevalent sexually
obsarved in the general population and among victines of secual assault For each infection,
a brief dinical overview is provided to describe key symptoms and possible complications,
followed by a summary of the most relevant diagnostic methods, with emphasis on their
applicability in forensic contexts.

41. Gonorrhoen

Gonorrhoea is a sexually transmitted infection caused by Meissria gonorrfioese, a
Gram-negative diplococous belonging to the class Befaprofeobacterio and the family Meisseri-
aceae [12,13].

This infection is considered a serious global health concen due to the high number of
asymptomatic cases, the bacterium’s ability to undergo significant antigenic variation on
its surface, and the emergence of antibiotic-resistant strains [7].

Netsseria gonorrhoene is an obligate human pathogen [12] that affects the lower genital
tract, pharyr, and rectum, with different complications depending on the sex of the
individual. Inwomen, the most commonly affected site is the cerviz, whemeas in men, it is
the anterior urethra. The most prevalent symptoms include purulent cervical or unetheal
discharge, discomfort, dysuria, urethritis, or cervicitis [7], typically appearing 2 to 10 days
after infection [5].
in the affected area. Gonorrhoea is also one of the leading causes of pelvic inflammatory
disease (FIDY), which can result in chronic abdominal pain, dyspareunia, infertility, or
ectopic pregnancy [&]. Addiionally, this bacterium can be vertically transmitted, meaning
it can be passed from the mother to the child during pregnancy, childbirth, or breastfeeding,
It has the potential to canse chorioamnionitis, septic abortion, preterm birth, and neonatal
conjunctivitis, posing a significant risk to vision [7].

In forensic cases, the identification of N. gonorrhoese in a victim may support allegations
of recent sexual contact, particularly when clinical symptoms are present and cormoborated
by microbiological evidence.

4.1.1. Methods for Detecting Nefsseria gonarrhoene
Microscopy

Microscopic analysis is a cost-effective method that does not requine highly sophis-
ticated equipment and can be performed during the initial medical examination of the
wvictim [14]. This technique is characterized by its high sensitivity and specificity and serves
as a rapid diagnostic test [15].
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In symptomatic men, microscopy combined with Gram staining enables the identi-
fication of diplococd within polymorphonuclear leukocytes, a key ariterion for the pre-
sumptive diagnosis of gonorthoea [15] Gram staining is a rapid differential technigue that
distinguishes bacteria based on cell wall structure. In this method, MNefsseria gonorrioene,
a Gram-negative diplococcus, appears as pink, kidney-shaped cells often located within
polymorphonuclear leukocyies. This allows for a quick presumptive diagnosis, particularly
in symptomatic male patients

Higher sensitivity and specificity have been observed in urethral swab samples from
symptomatic men, whereas lower sensitivity has been reported in urethral samples from
asymptomatic men and endocervical or urethral samples from women. This discrepancy
may be attributed to the lower bacterial load in umethral samples and the presence of other
bacterial species in endocervical samples [12].

Howewver, this technique has eertain limitations, as its accuracy depends on the techni-
cian's expertise, and microscopic examination must be conducted within 10 min of sample
collection to ensure reliable results [14].

As an alternative to Gram staining, methylens blue staining has been proposed,
demonstrating high sensitivity and specificity in the diagnosis of gonococcal umethritis in
men [12].

Culfure

The technique of culturing microorganisms on specific media demonstrates good
sensitivity and specificity. Although it does not yield results for all sample types, it is
effective for unethral and cervical samples, whemeas conjunctival, rectal, and oropharyngeal
samyples require optimal growth conditions for successiul cultune [15].

For the detection of this bacterium, the primary speces must be culiured in the
mediurm of noreselective chiocolate agar and selective agar that have antimicrobial agents
that inhibit the growth of bacteria and fungi Culture media that have ncorporated
antibacterial and antifungal agents are Thayer—Martin, Martin Lewis, and New York
City [15]

This technique has evolved over time, enhancing its efficiency and precision, particu-
larly with the integration of MALDETOF mass spectrometry [14] This method allows for
the direct identification of bacteria from agar plates, generating a unique spectral profile
that cormelates with the specific microorganism [15]. Another method isVitek 2 (BioMérews,
!'.'[.arc_r,*-l’ﬁmih, Franece), an automated microbiological identification system based on bio-
chemical and ereymatic profiling, which allows for the rapid identification of a variety of
bacterial and fungal species, including Neisserin species [16].

However, one of the main drawbacks of this Eechnique is its relatively slow process,
which can also be costly in certain cases. Additionally, Neisseria gmordioeae is a fragile
bacterium, and its culture may exhibit low sensitivity due to inadequate transportation
conditions [14]. Certain transport media have been developed to maintain bacterial viability
for up to 48 h at room temperature [17].

MNucleic Acid Amplification Tests (MAATs)

Compared to culbure, NAAT (Mucleic Acd Amplification Test}—a group of molecular
diagnostic methods that amplify the genetic material of pathopens—offers higher sensitivity
and can be applied to a larger number of samples. NAATs indude techniques such
a5 polymerase chain meaction (PCR), loop-mediated isothermal amplification (LAME),
ranscription-mediated ammplificaiion (TMA), and strand displacement amplification (SDA)
while requiring less stringent conditions for transport and storage [17], as they do not
necessitate viable organisms for detection [14]
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Ome of the key advantages of this echnique is its rapid response time and higher
sensitivity compared to other methods. Additionally, this procedure can be automated,
performed by individuals with minimal experience, and multplexed, allowing for the
simultaneous detection of multiple microorganisms from a single sample [14]

PCR-based assays

Different types of PCRs, including single-step, nested, real-time, singleplex, and mult-
plex PCR, are utilized to simiplify diagnosis and reduce turnaround tme. This echnigqoe
exhibits very high sensitivity and specificity and is particularly valuable, as it enables the
detection of multiple microorganisms within a single sample.
and laboratory faciliies, which may not be madily available in all sattings [14].

Isothermal and microfluidic amplification tests

Compared to PCR-based tests, this technique is faster and more cost-effective for
detecting 5Tls. In this process, DNA/ENA (decoyribonueleic acid /ribonucleic acid) am-
plification occurs at a lower and constant emperature without requiring thermal opcling,
thereby reducng the time needed to obtain results. Additionally, results can be observed
and evaluated visually by detecting turbidity or color changes in the reaction tube [14].

This edhnique encompasses several molecular diagnostic methods that involve vari-
ous chemical reactions. The primary methods used for ST1 detection include loop-mediated
isothermal amplification (LAMFP), transcription-mediated amplification (TMA), strand dis-
placement amplification (SDA}, helicase-dependent amplification (HDA), and mcombinase
polymerase amplification (RPA). Furthermore, the eneymes utilized in these methods are
less affected by inhibitory substances present in the samples, which reduces both the time
and cost associated with sample preparation and extraction [14].

Howewer, these echniques also present certain limitations. False positives may arise
during amplification, primer design for detecting bacterial genetic sequences can be chal-
lenging, and the final amplification products often vary in length, making them difficult to
use in subsequent applications [15].

Sensitive Detection Without Amplification

To minimize sample handling and processing time, altermative mokecular methods
have been developed that allow direct detection of DMNA or ENA from clinical samples
without requiring amplification. Orne example is microw ave-accelerated metal-enhanced
fluomescence (MAMEF), which extracts nucleic acids via low-power microw aves and uses
enhanced fluorescence for detection [14].

It is important to note that, although these methods involve nudeic acid detection,
they do not fall under the category of NAATS, as they do not inchude an amplification
step. As such, they mepresent a distinet class of diagnostic tools that may be suitable for
point-of-care use, though further development is needed to adapt these techniques to
complex biological matrices such as serum or whole blood.

However, a major limitation of this method is that it is currently validated only for
assays involving synthetic or laboratory- prepaned samples suspended in buffer solutions.
Its application to real biclogical specimens—such as vaginal swabs, serum, whole blood, or
saliva—remains limied and requires further development [19].

This method demonstrates good sensitivity and concordance with PCR, making it a
promising approach for use in point-of-care (POC) diagnostic tests [14]
Innmunological Tests

This echnique allows the detection of antigens or the presence of antibodies prodsced
by the immune system at the time of infection, with lateral flow immunochromatographic
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tests being used [14]. When infection caused by the bacterium Neisseria gonorrfiose occurs,
there is an increase in IgG and IgA, and these antibodies are detected wsing immunological
methods [20].

These tests exhibit high specificity and can provide results within 25 to 40 min; how-
ever, their sensitivity is highly variable, often being low in many cases.

This issue is common across multiple secually transmitted infections (STIs), and the
WHO does not recommend their use until more effective diagnostic methods become
available.

The main disadvantages of this method include the visual interpretation of results,
which may lead to operator etrors, as well as the potential for detecting past infections,
rather than active omes [14].

4.2 Chiarmydin

Chlamydin trachomatis (CT) is a gram-negative, obligate intracellular bacterium [21,22]
that belongs to the order Chiemydiales within the Chlamydircere family [23]. Humans are its
only natural host [24], and it is the causative agent of chlamydia

Chlamydia is often an asymptomatic infection, which contributes to a higher risk of
transmission [19]. In symplomatic cases, the incubation period typically ranges from 1 to 32
weels [25]

In women, this infection can lead to long-term complications, affecting both the lower
and upper reproductive systems, including the uteruos, fallopian tubes, and ovaries. Poten-
tal consequences include chronic palvie pain, pehvic inflimmatory disease, an increased
risk of ectopic pregnancy, and neonatal complications through vertical transmission, such
as conjunctivitis and/ or preumonia. Additionally, it may result in infertility, gymecological
fumors [21], endometritis, or peri-hepatits [24].

In men, C. frechomat is infection can cause ume thritis [21] and epididymitis, which may
bead to fever, scrotal pain, and swelling. Prostatitis can result in pain during and after sexual
intercourse, chills, painful urination, and lower back pain [25]. Furthermoe, this infection
can contribute to male mfertility [21], orchiepididymitis, lymphogranuloma venereum [25],
ocular infections such as conjunctivitis, and can also affect the throat and mectum [25].

From a forensic perspective, chlanydial infection cam be an important marker of ssoual
exposure, espedally in children or individuals unable to provide informed consent, whene
its detection may strongly suggest abuse.

4.2.1. Methods for Detecting Chamydia frachomalis
Culture

This technique requines viable bacteria, and its detection rate ranges from 607 to 800,
even when performed in specialized laboratories by trained professionals [27]

For the detection of this bacterium, the culture method is carried out in cell lines
capable of supporting its infracellular growth. The most cormmonly used are McCoy, Hela
cells, a human epithelial cell line derived from cervical cancer, and BGME (Buffalo Green
Monkey Kidney) cells, a non-human primate epithelial cell line. These cell types provide a
suitable environment for the propagation of Cilamydia fradhomatis [28].

De to the rigorous care required in the collection, transportation, and processing
of sarnples, this method presents significant disadvantages, as these factors can interfere
with its sensitivity, which may vary between 7% and 80%. Other drawbacks include its
labor-intensive nature [29] and tme-consuming process, as results may take 3 to 7 days to
be obtained [28].

Additionally, toxic substances may sometimes be present in clinical samples, and
commensal microbes can overgrow, further complicating the analysis [Z7].
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Antigen Detection Methods

In this technique, bacterial viability is not required, and no specific precautions ane
necessary for sarmple collection and transport, unlike cultume-based methods [29].

A direct fluoreseent antibody (DFA) has been developed for direct application ko
clinical samples. This technique utilizes fuorescein isothiocyanate-labeled monoconal
antibodies that bind to Chlamydia lipopolysaccharide (LPS) or the major outer membrane
protein (MOMP). The use of MOMP-specific antibodies has significantly improved sped-
ficity to 98-99% and sensitivity to B0-90% compared to culture methods. Additionally, this
method is rapid, with a turnaround time of approcdmately 30 min [29].

Another developed test is the eneyme immumnoassay (ELA), which detects specific
LFS antigens that are more abundant and soluble than MOMP [29] Detection can be
performed using either monoclonal or polyclonal antibodies; however, this tedhnique
requires a specialized technician [20]. The manual procedure typically takes around 34
h [25]. A major drawback of this technique is that LPS-specific antibodies can cross-react
with LPS from other bacteria, leading bo false-positive results [20].

Seweral ElA-based commercial tests ame available, induding Chlamydiaz yme (Ab-
bott Diagnostics, North Chicago, IL, USA) and Microtrak EIA (Behring, Palo Alto, CA,
EUA) [25].

Serological Test

The serological methods developed for detecting Chlamy dia infections inclode the mi-
croirmmuncflucnescence (MIF) test and the enzyme-linked immunosorbent assay (ELISA),
which allow the detection of the IgG antibody that is produced during an acute infection
causad by the bacteria [25].

The MIF test has been identified as the most sensitive method, capable of providing
specific data Howewer, it has not been widely adopted as a diaghostic tool due to its
limitations and high cost [29]. Additionally, this method is highly ime-consuming and
labor-intensive, and fluorescence signal interpretation is prone to emors [I7].

Cornversely, the ELISA test, which utilizes lipopolysaccharide (LPS) from the Cllomydia
genus, can yield false-positive results due o the possibility of cross-reactions with other
Chlannydia species. Furthermome, as most antibodies produced during infection remain in
drculation, a positive result does not necessarily indicate an active infection [29].

This type of method enables the simultanecus performance of multiple immunoassays
from a small vaginal sample. In this context, the liposomal nanovesicle technique could
facilitate the development of a signal amplification system, thereby increasing the sensitivity
of this type of assay [21].

This method utilizes small amounts of purified, high-density proteins, which ane
immobilized on a microscope slide Spedfic antibodies are then introduced, and their
presence is detected through fluomescent markers or radicisobopes, provided that the
antibody binds to the target protein [32].

Multiplex immunoassays are characterized by high clinical sensitivity, as they ame
capable of detecting antibodies or antigens in patient samiples with high accuracy, even
when only small sample volumes ame available. When an inflammatory disease is riggered
by multiple pathogens, it is cucial to detect all of them within a single reaction, a capability
provided by multiplex methods [31].

Multiplex PCR techniques enable the simultaneous dete ction of multiple pathogens
from a single clinical sample. In the context of STIs, this approach is particularly valuable
for screening infections such as Nefsseria gonorrhoene, Chlamydia fradiomatis, and Tricremonas

23



Diagmostics 2005, 15, 1244

10 of ¥

vaginalis in one reaction, improving diagnostic effidency and reducing the need for multple
tests (Figumes 2 and 2).
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Figure 2. The structure of the lipesomal nanovesicles and detection antibody. (A) Dedection antibody
cﬁnjugal:ed with biotin. (B) Upnmma] nanovesick [a.n:lap'bad from [31]1

Detechion Anbibody
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Figure 3. Microorganism detection wsing a microarray chip and mpmesentative examples:
(A) Owverview of the detection process; (B) illustrative systems utilizing either native or antibody-
conjugated glass surfaces, with positive detection demonstraied in the latier (adapted from [31])

Molecular Techniques

Ome of the methods developed for the detection of Chlamydia infections is the mocleic
acid hybridization (MAH) technique, with the PACE 2 test (Gen-Probe, San Diego, CA,
USA) being the most widely used [29]. The PACE 2 test is a nucleic acid hybridization
assay that uses a chemiluminescent DNA probe to detect ribosomal RMNA specific o
Chlwmydia tradiomatiz. The PACE 2C version also allows simultaneous detection of Nesseria
gonorrhoeae. These tests provide rapid and specific results without the need for nucleic
acid amplification [27,29]. The procedure for this test takes approximately 2-3 h, and the
technical expertise required is comparable to that needed for ereyme immuncassay (ELA)
tests, although automation is possible [28]. These tests provide rapid and specific results
without the need for nucleic acid amplification

Another nucleic acid amplification test (NA AT) test, Hybrid Capture II {Digene Corpo-
ration, Gaithersburg, MDD, USA ), incorporates a signal amplification component to enhance
sensitivity [29].

Further advancements in nuckeic acid amplification testing (NAAT) have led to the
development of polymerase chain reaction (PCR) and ligase chain reaction (LCR) methods
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for the diagnosis of Chlamydia infections [29]. These nucleic acid amplification iechnigues,
such as PCR and TMA, exhibit high analytical sensitivity, enabling the detection of minute
quantities of bacterial DIMNA or EMNA in clinical samples, often down to a few copies per
reaction. In real-world settings, they have also demorstrated high dinical sensitivity,
effectively identifying infected individuals, including those with low bacterial loads or
asymptomatic cases. When combined with automated nucleic acid extraction, results can
be obtained within a few howrs [27].

The sensitivity of these methods has been further enhanced through the implemen-
tation of pre-analytical steps involving coated magnetic beads, which improve both the
quantity and quality of nucleic acid separation [Z7].

Following these adv ancements, new molecular iechnologies have emerged for Chlany-
dia detection, including TMA-based (transcription-mediated amplification) tests such as
AFTIMA Combo 2 (Gen-Probe Inc, San Diego, CA, USA) and Probe Tec (BD Diagnostic
Systems, Franklin Lakes, NJ, USA) [29]. NAATs (Nucleic Acid Amplification Tests) specii-
ically designed to detect C trachomatis plasmid DMNA include the COBAS Amplicor C.
trachomatis st (Roche Diagnostic Systems, Basel, Switzerland), which employs PCR that
has synthetic oligonudeotide primers that bind to specific ssquences of this bacterium,
and the BDProbeTec™ ET st {Becton Dickinson, NJ, USA), which utilizes SDA (strand
displacennent anplification) [30].

Another NAAT method, the Cepheid Xpert CT /NG (Sunnyvale, CA, USA), is a rapid
and user-friendly mal-time PCR assay. It operates within a closed system, requines minimal
operator inervention, and delivers quick and efficient results [29].

Despite their advantages, these techniques also present certain limitations. They ne-
quire trained professionals and specialized laboratory equipment, making them costly amd
difficult to implement in resource-limited settings [29]. Additionally, these methods may
cross-meact with other Chlamydia species and can be affected by transport conditions [31].

4.3, Syphilis

431 Overview and Clinical Manifestations
Syphilis is a mulbisysternic sexually ransmited infection [13] caused by the bacterium

Trepmerna palidirn, a spirochete that affects only humans and cannot be coltivated invitro [34].

It is transmitted primarily through direct contact with infectious mucocutanecus lesions or

wia wertical ransmission from mother o fetus during pregnancy [35]. The disease progresses

throuph four clinical stages—primary, secondary, latent, and ertiany—each with distinct

characteristics [35].

#  Primary syphilis typically presents as a painkess uloer or chancre at the site of inocula-
tion, appearing around 21 days after exposure. It may go unnoticed and spontaneously
heals within 36 weeks. Regional lymphadenopathy is often presented [34-35].

*  Secondary syphilis ocours 3 to 12 weeks later and is characterized by a widespread
maculopapular rash, mucocutaneous lesions, lymphadenopathy, and systemic symp-
toms such as fever, malaise, and arthralgia. This stage emains highly infectious and
may resolve without treatment [34,35].

#  Latent syphilis is an asymptomatic stage that follows the resolution of primary and
secondary symiptoms. It is divided into early latent (<1 year post-infection) and late
latent (>1 year). The disease remains serologically detectable but is not transmissible
sexually [35].

#  Tertiary syphilis may develop 10-20 years after the initial infection in untreated
individuals. Itis associated with severe complications including cardiovascular lasions
(e.g., aortitis), gpummatous skin or bone lesions, and neurosy philis [35-33].
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*  Neurosyphilis can occur at any stage and may be asymptomatic or present with neuro-
logical and ophthalmic manifestations, such as cranial nerve dysfunction, meningitis,
stroke, and progressive dementia. Parenchymatous neurosyphilis may also lead to
psychiatric symptoms, motor disturbamces, and sphincter dysfunction [34,35,39].

+  Congenital syphilis results from transplacental transmission and can lead to miscar-
riage, stillbirth, or severe neonatal complications. It is classified as early {manifesting
befom age 2) or late (after age ), with clinical signs ranging from hepatosplenomegaly
and skin lesions o sensorineural deafmess and dental abnormalities [40).

The presence of syphilitic lesions or serological evidence in alleged victims of sexual
assault can support forensic conclusions, particularly when infection is newly acquired amd
correlated with other findings.
tertiary—each with characteristic symptoms and varying degrees of severity. A summary of
the signs and complications associated with each stage is provided in Table A 2. These stages
may include painless chancres, mucocutaneous lesions, neurological and cardiov ascular
complications, and, in untreated cases, ireversible damage. Congenital and neurosyphilis
can also oecur and pose significant diagnostic and clinical challenges.

4.3.2 Methods for Detecting Treponema palidum

Amnimal Inoculation Test
This type of test utilizes various animal models to study the infection capacity of T.

pallidim, with rabbits being the most commonly wsed, as the esulting pathological changes

can be observed macroscopically. The test demonstrates a sensitivity and specificity of

100 [41]

Samples for this test can be wsed as long as they have been collected within one hour
or have been immediately frozen and stored in liquid nitrogen at temperatures of —78 “C or
lower [42]. However, this method has several disadvantages, including the requirement for
specialized Echnicians, ethical concermns due to the use of animals, and a lengthy processing
timee [41].

In this method, tssue samples ane foed with formalin and stained using silver stain
or immunochistochemistry, enabling the visualization of spirochetes or eponemes [34].
o tissue from primary or secondary syphilis lesions, the results can be challenging to
interpret due to low sensitivity and specificity.

In contrast, immunohistochemical staining, which utilizes fluoescent antibodies
against T. paflidum, is a mome sensitive and highly specific method for detecting the bac-
erium [34,43].

Microscopy

Daark-feld microscopy is particularly useful for early detection of T. palfdum, allowing
direct observ ation of its morphology. Detection must be performe d within 20 min of sample
collection, as bacterial motility is the key characteristic for diagnosis [41].

A positive result provides specific and direct confirmation of sy philis. However, a
negative result does notexclude infection, as the bacterial load may be too low for detection,
the lesion may be in the healing stage, or an excessive number of surrounding cells may
interfere with visualization. The sensitivity and specificity of this technique range from
75% to 100% and 94% to 100%: for primary lesions, respectively, while for secondary lesions,
sensitivity ranges from 58% to 71%, with a spedficity of 100% [24].
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Despite its diagnostic value, this method has limitations, induding the need for a
specialized microscope and trained personmel [34]. Furthermore, it is not recommended for
routire diagnosis, as the samples are highly sensitive to light varations and the presence
of extraneous particles, which may affect accuracy [41].

Dimect Fluorescence Antibody ([¥FA)

In this method, the antigen-antibody interaction is detected using flucrescence with
fluorescein isothiocyanate (FITC), producing a mahogany—green coloration, without ne-
quiring live bacteria [41]. This echnigue can differentiate pathogenic from non-pathogendic
meponemes by detecting specific antigen—antibody meactions [42].

Monoclonal antibodies used in this method offer a sensitivity range of 73-100% and
a specificity of 100%, while polyclonal antibodies provide a sensitivity of B6-90% and a
specificity of 96-97% [41].

Howewer, this technique has several drawbacks, including high costs and the fragility
of fluorescent materials, which are easily degraded [41]. Additionally, it requires specialized
equipment and trained personnel [34] and has a longer turnaround time, with results
fypically obtained within 1-2 days [44].

Polymerase Chain Reaction (PCR)

The PCR-based tests developed for syphilis detection indude corventional PCE,
nested PCR, meal-time PCR, and multiplex PCR, all of which offer rapid results [45].

A study eonducted by Matt Shields [46] demonstrated that conventional PCR has a
sensitivity ranging from 54£.6% to 89.1% and a specificity of 93.1% to 100% for primary
that conwentional PCR is most suitable for detecting primary syphilis. In contrast, rested
PCR offers higher specificity and sensitivity compared to conventional PCR, as it utilizes a
probe that enhances amplification accuracy, achieving a specificity of up o 95%, though its
sensitivity remains below 70% [45]

Real-time PCE (gPCR) enables both detection and quantification of pathogen DNA
by measuring fluorescence in real time during amplification. Using a standard curve
detived from known DNA concentrations, the initial quantity of target DNA in a sample
of quantification deperds on the sample type and DMNA extraction process. Despite this
limitation, real-time PCR is widely used due to its speed and ease of implementation in
laboratory settings [45]

Multiplex real-time PCR enables the simultaneous detection of multiple pathogens and
their quantification without cross-inerference, making it particularly useful for individuals
with suspected co-infections. This echnique redues costs and detection time by allowing
multiple amplifications to be monitored in a single reaction [45]. Additionally, a reverse
franseriptase PCR test has also been described for syphilis detection [44].

Serological Test

Serological tests for syphilis are divided into two categories: meponemal and non-
meponemal tests. Treponemal tests detect antibodies that specifically target Treponemz
pallidum antigens and ame gemerally used to confirm infection, while non-treponemal Bsts
detect antibodies produced in response to cellular damage caused by the infection. The
latier are often used for screening and monitoring disease activity or treatment response.

Mon-treponenal ests

Mon-treponermnal tests include the Venereal Disease Research Laboratory (VDEL) test,
toluidine red unheated serum test (TRUST), unheated serum reagin (USE), and rapid
plasma reagin (KPR} test, with antibodies typically detectable six weeks after infection [41].
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These methods rely on detecting tissue damage caused by syphilis through the produc-
tion of antigens for cardiolipin, cholesierol, and lecithin—common components of human
cells [34] This enables the detection of immunoglobulin M (IgM) and imrauncglobulin G
(1g5), as well as antibodies produced in esponse to T. pallidum infection [47] Howewer,
false-negative results may ocour, particularly in early- or late-stage infections or due to the
prozone phenomenon. The latter arises when high antibody concentrations interfere with
antigen—antibody binding, which is essential for reactive results [34].

Mon-treponemal tests offer several advantages, including widespread availability, low
cost, applicability to various sample types, and utility in mondtoring treatment efiectiveness.
However, they also have limitations, such as low sensitivity and the potential for prozone
or false-positive results [42]

RPR tests use charcoal particles to facilitate the detection of flocculation, allowing
macroscopic analysis of the antigen-antibody complex, while TRUST tests utilize toluidine
red dye for visualization. Although most non-teponemal ests are manually performed,
some have been automated to improve efficiency and reliabiliny [44].

Treponemal Bsts

This type of iest quantifies the levels of IgM and IgG antibodies that bind to T. pal-
lidum proteins. It incdudes luoresent treponemal antibody absorption assays (FTA- Abs),
agphutination tests such as T. pallidum particle agglutination assay (TPPA) and T. pallidum
hemagghatination assay (TFHA), enzyme immunoassays (ELAs) for various treponemal
antigens, rapid diagnostic tests [41], and the microhemaggiutination assay for T. pallidum
antibodies (MHA-TF) [35].

If primary syphilis is suspected and non-teponemal ests yield non-reactive results,
meponemal ests should be conducted, as they have a sensitivity close to 100% in primary
syphilis and excead 95% in secondary and ertiary syphilis, respactively [34]. These values
correspond to clinical sensitivity, reflecting the performance of these tests in detecting
true-positive cases among symptomatic and asymptomatic patients across different disease
stages.

These tests use T. pallidum as the antigen and can detect antibodies within 2 to 4 weeks
after exposure [33,48]. They are employed to verify the reactivity of non-treponemal ests
and to condirm syphilis in cases where non-treponemal tests ame non-reactive despite clinical
symptoms [42]

Indiwiduals with reactive treponemal test results are likely to emain positive for life,
as these tests do not differentiate betw een past and current infections [34]. Additionally,
meponemal tests are more complex and expensive to perform and are not suitable for
maonitoring treatment effectiveness. However, when both teponemal and non-treponemal
tests yield reactive results, the specificity of the diagnosis is significantly increased [42].

4 4. Trichommiasis

This infection is caused by Trichomonas vaginalis [49], a protozoan parasite belonging to
the Trichommadidae family. The incubation period ranges from approdmately 5 to 28 days.
T. vaginalis is a primitive eukaryote with a carboly drate and energy metabolism similar to
that of anastobic bacteria. [t is an obligate human parasite, lacking the ability to synthesize
essenitial macromole cules such as purines, pyrimidines, and lipids, which it acquires from
vaginal secretions or through the phagooy tosis of host and bacterial cells [50].

The majority of infected individuals remain asymptomatic, with $4% of women and
77 % of men exhibiting no symptoms [51]. This sexually transmitted infection (STI) can be
classified as acuke, chronic, or asymptomatic, depending on the severity of the infection [52].

In cases of acute infection, symptoms incude a frothy, yellow or green muocopurulent
discharge Additionally, small punctate hemorthagic lesions, known as the “strawberry
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appearance”, may develop on the vaginal and cervical mucosa, ooourring in approximately
2% of cases. Chronic infection, on the other hand, presents with milder symptoms, such
a5 itching, dyspareunia, and scant vaginal discharge mived with muens. This stage is
particularly significant, as individuals with chronic infection are mome likely to transmit the
parasite [52].

In men, the infection typically resolves within 10 days. Symptomatic cases may
present with mild manifestations, including scant, clear to mucopurulent discharge, dysuria,
and a mild itching or buming sensation following sexual intercourse [50]. Momower, T.
vaginalis infection has been associated with male infertility, as it can contribute to urethrits,
prostatitis, epididymitis, and reproductive complications due to inflammatory lesions or
impaimed sperm production (53}

Approximately 25-50% of women remain asymptomatic during the first six months
of infection. If left untreated, T. vaginalis can persist indefinitely in the lower urogenital
fract [53].

In symptomatic women, vaginitis may develop, and less frequently, adnescitis, which
can trigger inflammatory responses in the genital mucosa. This increases the risk of FID
through micro-bleeding and heightens susceptibility to cervical neoplasia [53]. Additional
symptoms may include vaginal discharge—often diffuse, malodorous, and yellow-green-
dysuria, itching, wulvar irritation, and abdominal pain [51]. Furthermore, it may cause
wulvar itching and vaginal odor [54], as well as edema, erythema, and colpitis macularis
(commonly referred to as “strawberry cervix "), which results from microscopic cervical
bleeding [50,55]. The infection can also impact female fertility and contribute to chronic
indection of the eproductive ract [53].

During pregnancy, T. oaginalis infection can lead to premature rupture of membranes,
preterm birth, and low birth weight. Vertical fransmission may ocour when the newborn
comes into direct contact with the maternal genital tract during childbirth or through
exposure o infected maternal fluids. In some cases, the infection may also manifest in
the infant’s respiratory tract [53] Additionally, T. vaginalis has been associated with an
increased risk of cervical cancer [55]

Although often asymptomatic, the detection of T. vaginalis in post-assault examina-
tions may serve as supportive evidence of sexual contact, particularly when identified in
conjunction with other sexually transmitted pathogens.

4.4.1. Methods for Detecting Trichommas vaginalis
Microscopy

This method relies on the presence of a sufficient number of viable, motile microor-
ganisms in the samples prepared for wet mounting [55]. The motility of T. oaginalis is
Eemperature dependent, as these microorganisms can remain viable for approxinnately
5ix hours at room temiperature in phosphate-buffered saline, with their motility gradually
decreasing over time. The samples that can be used for this type of technique are vaginal,
cervical and secretion samples from the urethra or prostate [56].

The test should be performed within 10 to 20 min of sample collection, as the mi-
croorganisms may lose viability. Itis an inexpensive and rapid diagnostic method, with a
sensitivity ranging from 60% to 70%: [57]. However, sensitivity can vary between 38% and
82%, depending on the inoculum size, and when the coneentration of T. seginalis is lower
than 10° organisms,/mL, detection is not possible [56]

Ome major limitation of this method is the requirement for viable samples [56], as
well as the need for a microscope and a trained technician, making it less accessible in
resource-limited settings [58].
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Culture

To perform this echnique, the inoculum size must be at least 10° organisms,/ mL,
and its growth should be easily identifiable [56]. This method enables the detection of
approximately 95% of infections, with high sensitivity (B5-95%) and specificity {(95%) [59].

The most commonly used culture medium is Diamond’s TYL in glass tubes. For
the identification of T mginalis, an incubation period of approximately 2 to 7 days is
requited [56]. However, this method has several disadvantages, including bacterial contarn-
ination, high costs [56], and the extended time required for results. In some cases, culiure
media are not readily available, and the organisms are sensitive to transport conditions,
which may lead to their death [59]. Additionally, since incubation is required for several
days befome detection, these culture methods are not accessible in all locations [60]

To overcome these challenges, a new method called InPouch (BioMed Diagnostics,
White City, OF, USA) was developed. In this technique, samples are placed in a specialized
pouch consisting of two chambers [56], the upper chamber is used for sample inoculation
under sterile conditions and provides an anaercbic environment suitable for the growth of
T. vaginalis. After incubation, the lower chamber allow s for direct microscopic examination
of the culture without the need to transier the sample, minimizing contamination risk
and preserving microorganism motility. This dual-chamber design enhances diagnostic
effidency while maintaining ease of use and safety, allowing the entire culture sample
to be analyzed for the presence of T. paginalis [54]. These samples can mmain at Toom
temperature for about 30 min before inoculation, and test results are typically obtained
within 2 to 5 days [57].

The advantages of this echnique include its low sample requirement {only 300 to 500
T. vaginaliz per milliliter) for suceessful growth [59]). Additonally, it is a simaple method
that can be used with urethral samples, allows for direct microscopic analysis through the
pouch, and does not require expensive storage conditions [50].

The cell culture method offers even greater sensitivity, enabling the detection of T.
vaginalis in samples containing as few as 3 organisms,/ml. This method requires pre-
tmeatment of samples with antibiotics, with Diamond's TYT medium serving as a transfer
medium before the samples are introduced into cell cultures [56]

Staining Methods

The Papanicolaou staining method enables the visualization of Tichemmas in cervical
smears [60]. This echnique has a sensitivity of 60% and a specificity of 95% [57].

Staining methods and molecular probes have also been applied directly to clinical
samples. These approaches are rapid and exhibit sensitivity comparable to wet mount
preparation. How ever, they present certain disadvantages, including the requirement for
specialized e quipment, trained personnel, and high costs [55].

D to the fivative applied during the staining process, these microoTganisms may
lose their motility, and T. paginalis may not always display its characteristic pear-shaped
morphology. Therefore, this echnique is most effective when used in conjunction with di-
rect ohservation methods, such as wet mount preparation, which allows for the assessment
of the organism’s motility [5&].

Mueleic Acid Detection Methods

Mucleic acid amplification methods allow for the detection of T. taginalis DNA or
EMA, even in samples with low pathogen concentrations. These tests do not requine viable
organisms and can be used with a variety of clinical specimens [55].

Sensitivity typically ranges from B5% to 1005, depending on the primers and target
sequences employed. These values refer to clinical sensitivity, mpresenting the test's ability
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to correctly identify infected individuals based on patient-derived samples. Analbytical
sensitivity, referring to the minimal detectable DA quantity, s also high in these methods
butvaries with the specific platform and protocol used. To enhance the sensitivity of this
technique, the development of new primers is necessary. In 1992, Kiley et al. identified a
set of primers, TVAS and TVAG, which target conserved regions of the Tridhomonas vaginalis
185 ribosomal RMA (rENA) gene. This egion is frequently used due to its specdies-specific
sequence and high copy number, which improve both the sersitivity and specificity of
detection [57].

MAATs are highly sensitive and specific methods for detecting T. maginalis, but their
as real-time PCR systerns, require specialized equipment and trained personnel, others—
like cartridge-based or automated MNAATs—are designed for ease of use and are suitable
for point-of-care settings. In 2011, the FDA (Food and Drug Administration) approved the
Aptima T. vaginalis test (Hologic Gen-Probe, San Diego, CA, USA), which detects RNA
using ranscriptionmediated amiplification (TMA) and demonstrates approximately 95%
sensitivity and 100% specificity. This assay is compatible with automated systems such as
Gen-Probe’s TIGRIS platform (Hologic Inc., San Diego, CA, USA), facilitating rapid and
high-throughput testing [51,59].

It represents an adaptation of the Aptima Combo 2 Chlamydia/ Gonorrhoea method
(Hologic, San Diego, CA, USA), allowing T. vaginalis diagnosis using samples collected for
Chlamydia/ Gonorrhoea detection [54].

Other FDA-approved NAATs include the BD ProbeTec TV Ch (BD Diagnostics, Sparks,
MDD, USA), which relies on strand displacement amiplification (SDA) and offers a sensitivity
of 98.3% and specificity of 99.6% [51]. This test is performed using the BD Viper system
(Becton, Dickinson and Comipary, BD Diagnostics, Franklin Lakes, NJ, USA}, an automated
platform capable of processing sample preparation through nucleic acid extraction folkowed
by amplification [62]. The BD Max CTGCTV 2 (Becton, Dickinson and Compary, Franklin
Lakes, NJ, USA ) is a multiplex real-time PCR assay that allows simultaneous detection of
Chlamyedi trachomatis, Neisserin gonorrhoese, and Trichomonas vaginalis. It operates on the fully
automated BD Max System (Becton, Dickinson and Company, Franklin Lakes, NJ, LISA),
integrating DMA extraction, amplification, and detection in a single workflow. This method
isvalidated for both vaginal and urine samplbes and shows sensitivity and specificity values
abowe 00% depending on the matrix. The Boche Cobas TV /MG test (Roche Molecular
Systems, Ine, Pleasanton, CA, USA) also demonstrates robust performance acToss various
samyple types [61].

Although these methods are highly accurate, their implementation is constrained by
high costs, the need for specialized laboratory infrastructure, and trained persormel. As
such, they are not universally available, especially in low-resource settings. Mevertheless,
their role in forensic diagnostics is increasingly relevant, particularly in cases where rapid
and mreliable confirmation of indection is necessary [53].

Methods Based on Oligonucleotide Probes

Oligonucleotide probe-based methods are also commerdally available and can be
performed in clinical settings, with a sensitivity of 80-90% and a specdificity of 95% [57].

Onee such detection method wtilizes synthetic DN A oligonucleotide probes, such as the
BD Affirm VPIII (Becton Dickinson, Sparks, MD, USA), which has been approved by the
U.5. Food and Drug Administration (FDA) for detecting T. vaginalis, Gardnerella maginalis,
and Candida species in a single maction. This method demonsirates a sensitivity of 91-100%,
and a spedficity of 93-06%,, with results available in approximately one hour [61].
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T. vaginalis has approximately eight serotypes, and antibody-based techniques, such
as imrmunoblotting, have been studied. Methods including complement fication, hemnag-
glutination, gel diffusion, fluorescent antibodies, and ELISA have been employed to detect
trichomoniasis antibodies. However, these techniques ame not specific for detecting recent
infections [55].

5. Rapid Point-of-Care Testing

POC tests provide a solution for obtaining rapid diagnoses outside of laboratory
settings. These tests can be conducted in hospitals, clinics, or near-patient settings such as
emerTgency rooms of shelters. While theoretically adaptable for use at crime scenes, their
application in such coniexts is highly limited due to strict legal and procedural requirements,
induding the need to preserve the chain of custody, ensume sample integrity, and comply
with jurisdictional forensic protocols. Therefore, in practice, the use of diagnostic testing
for ST1 detection typically ocours in clinical or forensic laboratory envitomments following
proper evidence handling procedures. They must meet the WHO critetia, including
sensitivity, accessibility, specificity, sase of use, speed, robustness, and the ability to function
without specialized equipment [14].

For gonorrthoea, POC tests based on molecular polymerase chain reaction (PCR),
such as GeneXpert NG /CT (Cepheid, Sunmyvale, CA, USA), have demonsirated superior
diagnostic performance compared to laboratory-based NAATs. Other NAAT techniques
utilizing isothermal amplification, instead of the thermal oycling required for PCE, help
reduce costs and shorten the time needed to obtain results [15]. These DNA/ BENA deection-
based tests provide faster and mome sensitive resulks than traditional microscopy and culbume
methods [14].

For the rapid detection of chlamydia, available tests include Clearview (Unipath
Ltd, Bedford, UK), TestPack (Abbott, North Chicago, IL, USA}, and SureCell (Johnson
& Johnson, Rochester, NY, USA) [28]. More recently, the molecular test Xpert (Cepheid,
Sunnyvale, CA, USA) has been developed, utilizing nucleic acid amplification techniques
with high accuracy. Another advancement is the Io POC Chlamydia test (Atlas Genetics,
Bath, UK}, which employs PCR in microfluidic systems with electrochemical detection of
results. Isothermal amplification ests, such as LAMP and EPA, generate faster results than
PCR and enhance the use of NAATs in point-of-care settings [27].

For syphilis detection, the most commonly used rapid tests are immunochromato-
graphic strips coated with recombinant T. pallidum antigens, ST Bioline Syphilis 3.0, de-
signed to detect IgM, IgG, or IgA antibodies. These tests exhibit sensitivity and specificity
similar to conventional reponemal tests but are unable to distinguish between past and
curment infections [34]. Their advantages include low cost, rapid turnaround time, ease of
use without spedalized personnel, and the polential for early syphilis detection [41].

Studies on available rapid teponemal tests have shown a sensitivity of 76-B6% and a
specificity of 96-99% compared to laboratory assays such as the TPPA [47]

Finally, for the rapid POC detection of trichomoniasis approved by the ULS Food and
Drug Administration (FDA), in addition to wet mount microscopy, lateral flow methods
are also available. These includes the OSOM® Trichomonas Rapid Test (Sekisui Diagnostics,
Bedford, MA, USA) and the Amplivue helicase-dependent isothermal amplification st
(Quiidel, San Diegn, CA, USA), which provides mesults within approsdmately 45-50 min [55],
as well as the Solana TV test (Quidel, San Diego, CA, USA] [61].

The OS0M immunochromatographic ereyme assay (Sekisui, Framingham, MA, TSA)
utilizes a latex-labeled antibody that specifically binds to Trichomonas proteins. It also
incorporates a secondary antibody to capture the formed complex within the lateral flow
device, enabling defection. Results are obtained within approcimately 15 min [54].
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The Cepheid GeneXpert TV test (Cepheid, Sunnyvale, CA, USA) is an FDA-approved
rapid test that provides results within one hour  Its sensitivity ranges from 99.5% o
100%, and its specificity is betwean 99.4% and 99.9% when compared to wet mount and
culture methods [51]. This method is based on real-time PCE, with fully automated sample
preparation [62].

Additionally, an antigen detection test has been developed for point-of-care use,
facilitating trichornoniasis detection (Geneyme Corp., Cambridge, MA, USA). Comipared
to culture, this immunoenzymatic st demonstrates a sensitivity of 78.5% and a specificity
of 98.6% [57].

Another detection method is the Kalon TV latex agglutination test (Kalon Biological,
Surrey, UK), which has not yet been FDA-approved. This test can be conducted at the POC
using latex spheres coated with antibodies specific to T. vaginalis proeins. Its advantages
inclode not requiring spedalized instruments and delivering results within approcimately
10 min. Compared to wet mount and culture methods, this test has a sensitivity of 95.8%
and a specificity of 92.1% [&3].

To facilitate comparison between the different rapid point-of-care tests discussed in
this section, the following Table 2 summarizes their main characteristics, including the
type of diagnostic method, Gme to result diagnostic performance, and regulatory approval
status. This overview highlights the practicality and diagnostic value of these tools in
dinical and forensic contexts.

Table 2. Table summarines their main charscteristics, including the type of diagnostic method, time
bo restult, diagistic pedformanc:, and regulatony approval status.

Infection Test Name Befitihoed Time to Result  Sensitivity (%) Specficity (%) FDA Approved
Gama . .

Gonorrhosa NG.!C']J'GI Feattime PCR 5} min 9510 - 100 Yas

Chlamydia la POC PCR faicrofuidic) T, 5 e Yes
Chlamydia

Syphilis Syrhilis 100 . < N mnim TE-86 o Yo
D50
Trichomoras brarunochromatograply  ~ 15 min £ ] A Yes
Rapid Test

Trichomnoniasis ArpliVue TV Isotherenal amplification = Sl Enin - | iy Yes
Cophaeid
Gemel pert TV Feal-time PCR = Bl Enim @9 5-100 TSk Yes
best

5.1. Multiplex Detection of 5T1s

In addition to single-target diagnostic tests, several multiplex molescular platforms
have been developed to enable the simultaneous detection of multiple STIs within a single
sample. These include assays such as the Cepheid Xpert CT/NG, BD MAX CT/GC/TV,
and Aptima Combo 2, which utilize NAATs to concurrently detect Chlamysdia frachomatis,
Metsseria gonoroee, and Trichommas vagnalis, among others. These systems are particu-
larly beneficial in syndromic management, where overlapping symiptoms do not allow for
reliable pathogen-specific diagnosis.

Multiplex NAAT: exhibit high clinical sensitivity and specificity and ame especally
valuable in forensic and clinical settings requiring broad STI screening. However, their ap-
plication is limited in low -resource environments due to their cost, infrastructure demands,
ard requirement for rained laboratory personnel. Despite these constraints, multiplex
MNAAT: currenthy represent the most efficient option for multi-pathopen STI detection, and
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continued innovation in portable, microfluidic-based platforms may further expand their
accessibility and wiility in field settings

5.2 Comparative Reflection on Dingnostic Strategies

Building upon the diagnostic methods detailed in the previous sections, a comparative
reflection is warranied to contextualize their applicability, strengths, and limitations. This
mid-articke synthesis aims to critically assess the suitability of each method across different
infections and scenarios
chlamydia, syphilis, and richomoniasis—it becomes evident that mo single method offers
universal applicability. Instead, diagnostic suitability is determined by factors such as the
pathogen’s biclogy, infection stage, specimen type, and Eesting context (clinical vs. forensic).

For example, NAATE (including PCE and TMA ) show consistently high clinical and
analytical sensitivity across all four STls, making them the most robust option in terms
of diagnostic accuracy. However, their reliance on specialized squipment and trained
personne] imits their implementation in low-mesource or point-of-care settings.

Culture methods, though specific and useful for antimicrobial susceptibility testing
(particularly in Nefsseria gonorrhosze), are limited by the nead for viable organisms, stringent
transport conditions, and longer turnaround times. Simidlarly, microscopy, while rapid
and cost-effective, suffers from low sensitivity, especially in asymptomatic cases or for
pathogens with low organism load such as Chlamydia fradromefis.

For syphilis, the combination of eponemal and non- eponemal ests remains the gold
stamdard, yet interpretation can be complicated due to lifelong seropositivity in teponemal
assays and false-positives in non-treponemal methods.

Point-of-care tests, particularly those based on immunochromatography or isothermal
amplification, represent a promising compromise betwesn speed and practicality, althoogh
variability in sensitivity—espedally for antibody-based tests—remains a conoeT

In summary, NAATs emerge as the most reliable diagnostic method overall due to their
versatility, high sensitivity/ specificity, and ability o detect co-infections. Nonetheless, POC
methods are essential for rapid, initial sereening—especially in forensic and emergency
contex ts—w hete laboratory access is limited. Tailoring the diagnostic strategy to the specific
clinical and forensic context, while considering the pathogen’s characteristics, remains
essential for optimizing ST1 detection in victims of sexual violence.

This comparative overview underscomes the need for context-awane diagnostic choices
and provides a framework for the concduding discussion that follows.

6. Discussion

Asymptomatic infections and the limitations of symptom-based diagnosis are highly
prevalent in sexually transmitted infections (STIs), highlighting the necessity of labora-
tory confirmation for accurate detection [14]. This step is essential to ensure appropriate
meatment for affected individuals and to prevent the further spread of these diseases. To
address certain challenges, nucleic acid ests and non-ineasive, close-to-patient diagnostic
tools have been developed inrecent years. These ests can be self-administered without the
need for an STI specialist, perforneed in various settings, and processed at the point of cane,
delivering results within minutes or hours [10].

Clinical symptoms alone are rarely sufficient to accurately identify a specific 5TI,
making laboratory diagnosis indispensable for confirming the type of infection present [14].
However, careful consideration must be given to the limitations of each test, as supple-
mentary diagnostic methods may sometimes be required to verify results. When a test is
conducted for medico-legal purposes, such as in cases of sexual assault or to establish a
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link between a victim and a perpetrator, maintaining a proper chain of custody is crudial to
ensure the integrity of the evidence [10].

In addition to microbiological esting, DNA profiling plays a central role in the forensic
investigation of sexual assault cases. It provides a highly specific form of evidence capable
of directly linking a suspect to a victim or carime scene, particularly when biological traces
such as semen, blood, or epithelial cells are recovered. While the detection of S5TIs may
support the oceurrence of sexual contact—especially in cases where the same pathopgen
is identified in both victim and suspect—S5T] testing alone cannot establish the source or
timing of transmission. Therefore, DNA analysis offers stronger probative value and is
considered the gold standard in forensic identification. Monetheless, 5T1 detection can
serve a5 a complementary tool, especially in cases whemre DNA evidence is unav ailable,
degraded, or insufficient due to delayed reporting. The integration of both approaches en-
hances the robustness of forensic interpretation, particularly in complex scenarios invobeing
asymptomatic infections or vulnerable populations such as children

The selection of recommended diagnostic tests depensds on variows factors, inchading
the victim's circumstances, availability of resources, individual capability, age, type of
assault, and the time elapsed since the incident [10].

Choosing, the most appropriake diagnostic method is not solely determined by its
sensitivity, specificity, and predictive values but also by logistical considerations such
a5 equipment availability, cost-effectiveness, and performance, as well as the intended
purpose of the test. In resource-limited settings, the use of highly sensitive and specific
tests is often impractical due to their high costs and equiprment requirements. Therefore,
rapid diagrostic methods are essential to enable immediate treatment for patients [14].

This article has outlined various detection methods developed to diagnose the most
prevalent sexually transmitted infections (STls) worldwide. Traditional microscopy and
culture chniques present several disadvantages, including the necessity of examining the
sample within 10 min of collection [14], the requiremnent for viable bacteria [29], reliance
on specialized equipment such as microscopes, and the need for trained personnel. These
factors make the implementation of such methods challenging in resource-limited areas [58].

To overcome these limitations, alternative diagnostic echniques have been developed,
incduding nucleic acid detection methods, polymerase chain reaction (PCE}-based tech-
niques, serological tests, and rapid POC tests. These POC methods offer a wiable solution
for the rapid diagnosis of STls outside of laboratory settings [14]. Additonally, they provide
advantages in sample collection, as traditional laboratory-based methods can be invasive.
Lower equipment costs also facilitate the establishment of diagnostic facilities doser to
patients, increasing aceessibility to esting and treatment [29].

Looking ahead, the development of advanced diagnostic echnologies remains a
priority. Faster diagnostic tools with forensic capabilities are crucial in cases of sexual
violence. Innovations in these methods could enhanee accuracy and reduce the likelihood
of false-negatives. Momeover, the development of non-inv asive sample collection echniques,
such as saliva or capillary blood sampling, could serve as aliernatives or complements to
current genital sample collection methods. Such advancerments would help minimize the
trauma experienced by victims while improving compliance in forensic imvestigations amd
medical diagnoses.

These future perspectives emphasize the importance of integrating technological
advanements in diagnostics with enhanced collaboration between healtheare services amd
judicial authorities. By fostering progress in STI detection, healthcare improvements, and
victim support systems, it is possible to envision a futume where both prevention and care
for STl wictims are strengthened, contribubing bo a safer and more just socety.

35



Diagmostics 2005, 15, 1244

Dof ¥

From the authors’ perspective, the integration of rapid, reliable, and minimally inva-
sive diagnostic tools into forensic protocols is not memely a technical advancement, but
a fundannental step toward mome victinecentered forensic practice. In the context of sex-
ual violence, where timely intervention and trauma-sensitive approaches are essential,
point-of-care methods offer an opportunity to improve both clinical care and the quality
of forensic evidence. However, the implementation of such tools must be accompanied
by standardized guidelines, professional raining, and strengthensd cooperation bebw een
healthcare providers and judicial authorities. We believe that diagnostic innovation, when
aligned with ethical and legal frameworks, has the potential to significantly enhance the
support system for victims of sexual crimes and contribute to a more effective and humane
justice process.

6.1. Forensic Relevance and Multiplexing Considerations

Although many of the diagnostic techniques described in this review were developed
and validated for clinical settings, their application in forensic contexts presents distinct
challenges. In cases of sexual violence, the primary objective of STI detection extends
beyond medical reatment; it also includes the potential to support legal proceedings by
establishing biological links betwesn the victim and the alleged perpetrator. Themefore,
forensic diagnostic tools must adhere to rigorous standards of sample integrity, chain of
custody, reproducibility, and evidentiary admissibility. Methods that require complex
equipment or invobve highly sensitive molecular reactions, such as multiplex NAATS, may
be difficult to inplemment in forensic laboratories with limited infrastrocture or whene test
results must be easily interpretable in court

While moultiple: platforms—eapable of detecting multiple pathogens in a single sample—
infections), they also raise concemns regarding data complecity, legal interpretation, and
validation for forensic use. The lack of standardization and variation in performance across
test brands may further lmit their fomnsic applicability. Moreover, these tests rately provide
information on time of infection, which is often a critical element in forensic analysis.

Therefore, despite their diagnostic potential, multiplex methods must be carefully
evaluated for forensic use. Future research should focus on the development of multiplex-
compatible forensic protocols, including robust chain-of-custody documentation, validation
studies in forensic scenarios, and interdisciplinary guidelines that infegrate medical diag-
nostics into judical processes with reliability and ethical rigor
6.2, Study Limitations

This narrative review provides an overview of current diagnostic approaches for seo-
ally tramsmitted infections in the context of sexual violence. However, several limitations
should be acknowledged. First, the non-systematic nature of the literature review may
introduce selection bias, as formal inclusion and exdusion criteria weme not applied. Sec-
ond, the scarcity of forensic-oriented studies focusing on the detection of STls specifically
within the context of sexual crimes limits the depth of analysis concemning medico-legal
applicability. Third, the absence of original data collection constrains the ability to comparne
diagnostic accuracy across different methods in real-world settings. Momover, variations in
healtheare infrastructurne, access to diagnostic tools, and laboratory capabilities across dif-
ferent countries may reduce the generalizability of the findings These limitations highlight
the need for further empirical research and standardization of STls diagnostic protocols,
particularly in forensic and resource-limited environments.
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7. Conclusions

The literature review mevealed that sexual crimes can be assodated with the transmis-
sion of sexnally traremitted infections (STIs), including gonorrhoea, chlamydia, syphilis,
and trichomoniasis. Early detection of these STls plays a crucial role in ensuring not
only appropriate medical treatrment for victims but also in preventing long- term health
consaqueries and the further spread of these infections.

5T1s in victims of sexual crimes represent a complex issue, equiring responses that
address both clinical and forensic needs. This review explored the primary STI detection
methods within the context of sexual violence, analyzing the challenges, advancements, and
limitations of current diagnostic methodologies. New approaches, such as POC methods,
have emerged as promising solutions to enhance the speed and accuracy of diagnosis

Despite significant progress in 5T detection techniques, there remain gaps in the
effectivensss and accessibility of mewer diagnostic methods. Therefore, further research is
essential toexplore and develop innovative technologies and straegies that optimize the
detection and treatment of 5TIs in cases of sexual violence.

Continued research efforts should focus on improving diagnostic methods to make
them less invasive, faster, and mome applicable in forensic contexts. Additionally, the
implementation of public policies and educational campaigns is vital to raise aw ameness of
5Tls, promote timely medical care, and reduce stigma. Enhancing the training of healtheame
and forensic professionals, alongside the development of ethical and practical guidelines,
will ensure that forensic and clinical care for victims of sexual crimes is conducted with
both esponsibility and effectiveness

Uldimately, future studies will contribuie to the advancement of early detection meth-
ods and the development of new victim care protocols. Strengthening the integration
betwesen healtheare and the justice system is fundamental to improving the proection and
support available to victims, ensuring a more comprehensive and effective response to
sexual violene.
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C5F Cerebrospinal Fluid

T Chlmmydia fradhomatis

DEA Dhirect Fluomeseent Antibody

DA Drecocyribomucleic Acid

ElA Ereyme Immunicassay

ELISA Ereyme-linked Immunoscrbent Asday
FITC Fluomescein lsothiocyanate

FTA-Abs  Fluomscent Treponemal Antibody Absorption Assays
HDA Helicase-dependent Amplification.
Igh Immunoglobulin A

Igls Immunoglobulin G

IgM Immunoglobulin M
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LAMF Lewop-mediated lsothermal Amplification
LCR Ligase Chain Reaction

LPS Lipopolysaccharide

MAMEF  Microw ave-acceberated Metalenhanoe d Fluorescence:
MHA-TF  Microhemagghatination Agsay for T. pallidum Antibodies
MIF Microimmunofluoee soenoe

MOMP Major Ouber Membrane Protein

NAAT Muchkeic Acid Amplification Test

MNAH Nuckic Acid Hybridization

PCR Polymerase Chain Reaction

FID Pelvic Inflammatory Disease

POC Point-cf-care

EMA Ribonuckic Adcd

RFA Recombinase Pobymerase Amplification
RPR Rapid Plasma Reagin

SDA Strand Displacement Amplification
Srls Sexcually Transmitted Infections

TMA Tmi-:l.'i.]:!l:iﬂ'l—n'l.ﬁdi.ahd Ampli.ﬁml:im
TRUST Toduidine Fad Unheated Senym Test
TPHA T. pallidum Hemagghatination Assay
TPPA T. pallidum Particle Agglutination Assay
USR Unheated Serum Reagin

VIDRL Vi al Dhise ase B ch Laboratory
WHO World Health Organization

VDEL Vereoeal Disease Research Laboratory
Appendix A

Table Al Physical, reproductive, psychological, social and melationship consequences that sesowal
crimes can cause in victims {adapted from [% 64,65])

P'I:.,'ﬁ:'-nl Eepmdudiu Fﬁ,‘ch&lﬁslcﬂ' Social and Relations| hips
. Genital besions; vaginal Diifficulties in sex life and
o et dsonders, bl or inkscion; e L
i N
mdgue.. in; premenstroal phiobia, low selfesteem, vioknoe; repeated physical,
neu.rdngp:.ul ms, pair . back shame, self-destructive peychelogical a.nd}:::r?’
2s well as diabetes; asthma; V0T rclsoene; Pmﬁ:’i'm'm behaviog alcohol and el viokna: in
H M.Ecahh.ﬂhp:n?ﬂ menstruation; painful I:h:ughl&.u#r. il 5::“#
& restlessness, numbness, fx}ﬂi“ o lack  cadness, puilt, muﬂnmd o
E. weakness; physical injuries 7 S8 . i ;
(abrasions and bruises to . ' raomality disonde udde
ﬁ concussions, frachumes and ﬂ“"ld}’m}‘ ;&mﬁm sl:neé nf H falest
W morrhen; . danger of being viokent
o grunshiot wounds); chronic Ay disorder and socal with your own children;
pelvic pain; chronic ﬂms":ﬁm phuobia; atention deficit often ssak help Enom
syndromes; headaches and  abortior; sexua disorder (ADDJ; oy offen P
back pain; irritable bowel  transmitted infections;  atention deficit health system,
syndrome; nausea; infertility; Wit}' disorder E:tnu I.ilt-le or&:;m;
Vo mbm:a]pm il mr:;m { from the health system, but
. N deaths; makemal meceives plenty
grstrointestinal problems. deaths, meddicalion
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Table A2 Symptoms caused by Syphilis in its different phases (adapted from [34,35,35 40,7, 64])

Syphilis Stage
N i Earl Lake-Omset Parench;
m Secondary Syphilis m Py kil N ilis Noonchyons
5kin rash; Tabﬁuddm-ulis Trrit I.I.tlvﬁm
Chancre mucocubaneous :
(painbess ulcer lesions; Mental dise myelination of Ty i
o papule) lymphadenopathy; ST Sl the spinal cord personality
regional lym-  Slomerulmephritiss kg nECVes, causes disorders and
nopathy  Deadache; arthritis, g Thing abavia, reuropathic TS0,
"y caeitis pericatitis; UG D pain, blindress and  SEPEssion,
Jeor. nore nephrotic syndrome; P decanae general pamsis); comdusion and
fever, weight los, aortitis, sorkic ) mild meni discrientation,
erythematous ; _ Cranial nesve delirfum,
Mr]ying akin]; fﬂhﬂ"‘- "'}“"B’-“ ansurysm and sfunction: &ym randia and
fever; headache;  arthmlgiag, som death; 2&1.1 itis; and R oervalsions
H maculopapular  throat adaches Skin lesions bmg:_m nansea; paralysis of (facial tremors
g rash oo the and /or weight loss; {ulcerative or ?‘“LI nt: e m.r:la] nenves, papillary
B flank cranial neuropathy, Fumuy unilateral or -
E shoulders, arm, irits; oral alebratin  bodules), aoetic Sremertal  bilateral hearing e
s ahve dise age . loss; .
e  homatioe m and hostile deficitsand/or @y ingovasculae  facieSand
'El]:khﬂ‘lﬂ m B
and soles mg"’ i lata; cortmary abnormalities. 5 arthritis Luﬂu:l
of the feet; posiETior uveitis or oochusion; mifarcts in the indeatinal
Eerupti herpes panuvei g mﬂlﬂ. ::'ihﬂrapma] cord, —_—
simples; heme 28] aortic w CAn CALEe isceral chanpes
w oma o the nails (fr by, coronary general pamsis, the :h'l.hrr:! w
behoat's diseass omychobysis, -*‘“—"'mlﬂ-?l'ld i’miizmu W:;"Tqm"m:ﬂ
omychomadesis, myocarditia. and other ﬁm
eyt
granuluma e 4 j_* Pyt ““F ';'E_ " hiarseness).
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Abstract

Sexual assault is a global public health and human rights concern, with serious physical,
psychological and reproductive consequences for survivors. Among these, sexually rans-
mitted infections are particularly relevant due to their frequently asymptomatic natune amd
potential for long-term complications. The detection of sexually transmitted infections in
forensic settings is crucial for clinical management of victims and for evidentiary support
in forensic sexual crimes investigations. This study aimed to evaluate the applicability
of real-time polymerase chain reaction for detecting Chlamydia frachomatis, Trichomonas
vaginalis, Neisseria gonormioene, and Trepmema palidum in biclogical samples collected from
victims of sexnal assault and stored under routine forensic conditions, in some cases, for
up to 18 years. A total of 231 swabs from 116 individuals collected between 2004 and 2017
weme analysed using real-time PCR with pathogen-specific primers and fluomrescent probes.
The analysis revealed 13 positive samples of T. raginalis (5.6%) and 11 of C. frachomatis
(4.5%). No positive results were obtained for N. gonorrhoese or T. palliduns. Thess findings
demonstrate the usefulness of eal-time polymerase chain reaction for detecting sexually
transmitted indections in long-term preserved forensic samples. Moreower, the ability to
identify pathogen DINA in archived samples highlights the potential role of molecular
diagnostics in the retrospective inwestigation of sexual crimes, including cold cases. It un-
derscomes the walue of molecular methods as a complementary tool in forensic proeedings
and survivor care.

Keywords: sexual crimes; sexunally transmitted infections; forensic microbiol ogy

1. 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 secuality by

Imt. [ Mal. 5ci 20Fs, 26, §13H4

hittper f f dod org /10 3350,/ ipma2 178124

42



Imt. [ Madl. 5ci 2025, 26, E124

2of1l

means of coerdon, by another person, regardless of their elationship to the victim and in
any context. It includes rape, which is defined as penetration, by physical or other coercion,
of the vulea or ames with a penis, other body part, or object” [1].

Sexual violence has profound and multifactorial implications for survivors” health, afk-
fecting physical, reproductive, and psy chological domains. The severity and nature of these
effects vary across age groups and may present as both acute and chronic conditions [2,3].
Among the most significant long-term health outcomes are sexually transmitted indections
(5TIs), which rank among the most prevalent infectious diseases worldwide [£].

5Tls are primarily transmitted through sexual contact and constitute a major global
public health challenge [5]. These infections may result from bacterial, viral, or parasitic
pathopens and can affect individuals regardless of age, gender, or sexual orientation. If
beft untreated, STls may lead to serious complications such as infertility, chronic pelvic or
genital pain, and increased vulnerability to coinfections [&].

Chlmrmydra trachematis (C frachomatis) and Trichomonas veginalis (T. vaginaliz) are among
the most prevalent sexually ransmitted pathogens worldwide Both infections may be
symptomatic or asymptomatic and are associated with significant reproductive health
susceptibility to coinfections [7-10]. The frequently silent nature of these infections com-
plicates timely diagnosis and highlights the importance of sensitive detection methods,
particularly in forensic contexts where early intervention may not be possible.

According to the WHO, the global burden of untreated STIS remains substantial,
largely atiributable to treatrment failures and the frequently asymptomatic presentation of
these infections. It isestimated that approximately one million new cases of STIS occur daily
worldwide, culminating in nearly 374 million new infections annually [1]. The prevalence
and incidence of STIS vary depending on the causative pathogen and are significantly
influenced by socdoeconomic determinants, with elevated rates commonly observed in
regions characterized by under-resounced healtheane infrastructumes [11].

Bilogical samples of forensic significance are frequently encountered in cases of phys-
ical assault and hold particular importance in the investigation of sexual offences. Such
biological evidence is critically relevant to forensic investigations, as it may occasionally
constitute the sole proof of the cecurrence of sexual assault and enable the identification
of the perpetrator [12]. It is imperative that these samples are collected within specialized
facilities dedicated to victims of sexual violence or in clinical environments where indi-
viduals can receive comprehensive medical care, peychological support, and screening for
sexually transmitted infections [13].

Forensic evidence—including clothing, urine, oral cavity swabs, hand and nail scrap-
ings, as well as non-intimate skin samples—can facilitate the identification of perpetrators,
the exclusion of suspects, aned contribue to the successful prosecution of criminal cases [14].
In both victims and suspects of sexual assault, the majority of biclogical samples ame
conwentionally collected using sterile cotton swabs [14].

To preserve the evidentiary value, sample collection must be performed with meticu-
lous care to ensure the integrity and forensic reliability of the biological materials. Such
materials should be stored under dry, temperature-controlled conditions to prevent mi-
crobial proliferation and degradation of decxyribonudeic acid (DINA) [13]. Improper
collection or handling procedures may compromise the suitability of samples for forensic
analysis [12]. Given that often only trace amounts of DMNA are available, stringent pre-
cautions are essential to awoid contamination, guarantee proper collection, and maintain
optimal storage conditions [15], thereby preserving both the quality and quantity of the
genetic material [14].
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The detection of STIS is of critical importance and can be performed using various
methodologies, including polymerase chain reaction (PCR) in real- tiree. This technique is a
modification of conventional PCR that enables continuous monitoring of the amplification
proaess in real time, while simultanecusly fadlitating the synthesis of multiple copies of a
targeted DINA region. Real-time PCR has a wide range of applications, including pathogen
detection and quantification, species identification, among others [16]. This study aims to
evaluate the utility of real-time PCR for the detection of C. tradvomatis and T. oaginalis in
biological specimens obtained from sexual assault victims and stored for up to 18 years,
for sorme samples. By demonstrating the reliability of this approach, we seek to emphasize
the importance of molecular diagnostics in the forensic investigation of sexual crimes. The
present work is therefore particularly relevant, as it invrobres the analysis of real forensic
samples collected from sexual assanlt victims and stomed under routine casework conditions.
This research will contribute to the development of the national scientific literature and to
the improvement of diagnostic practices in forensic and clinical combes ts.

2. Results

Among the studied samples, 13 tested positive for Tridemonas taginalis (5.6%) and 11
for Chlamydin frachometis (4.8%). Mo positive results were observed for Nefsseria gonorrioese
or Treponema pallidum  These outcomes are illustrated in Figure 1. In the case of
C trachmmafis, two positive samples were collected 18 years prior to analysis, one 10 years
ago, five 9 years ago, and three 8 years ago (Figure 1) For T. vagnalis, two positive cases
corresponded to samples collected 11 years ago, six to samples from 9 years ago, and five
to those collected 8 years ago (Figure 1)
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Figure 1. Repmsentation of the number of positive cases for chlamydia (orange bars), the number
of pogitive cases of trichomoniasis (gray bars), and the number of total samples studied per year,
betw een 2004 and X7

Amplification of the human ribonuclease P (RNAseP) gene was successful in all
specimens analysed, confirming the presence of amplifiable human DNA in the exiracted
material The detection of human DMA after long- term storage confirms both the integrity
of the stored sample and the robustness of the extraction protocs in ecovering amplifiable
DMA under these conditions.

All the studied samvples weme obtained from female individoals aged between 15 and
37 years. A total of 14 positive results were identified from vaginal samples, six from vulvar
samples, and one from a combined perianal and oral sample. With regard to T. saginalis,
the pathogen was detected in three vulvar samples, eight vaginal samples, one perianal
sample, and ome oral sample In the case of C. fradromatis, it was detected in four vubvar

44



Imt. [ Madl. 5ci 2025, 26, E124

dofll

samples and seven vaginal samples. One vulvar sample (IST200) tested positive for both
T. vaginalis and C. tradromuatis.

In this study, the obtained positive results correspond to 12 individuals with samples
collected from different anatomical regions in some cases. The cases weme analyzed betwean
2004 and 2017 as part of the forensic casework of the National Institue of Legal Medicine
an«d Forensic Sciences. Genetic profiles were obtained from each sample, whenever possible,
through short tandem repeat (STR) analysis. Regarding autosomal STR, each sample
was processed using the GlobalFiler™ PCR Amplification Kit (Thermo Fisher Scientific,
Waltham, MA, USA), and for the ¥-5TR analysis, it was carmied out using the Yiler™ FPlus
PCR Amplification Kit (Thermo Fisher Scientific, Waltham, MA, USA). It was possible
to detect a mixture of female and male genetic profiles in certain individuals, as well as
the presence of the Y-chromosome haplotype. In the case of individual 12, as indicated in
Table 1, a single male genetic profile was identified.

Tabie 1. Information egarding each alleged sexual assaultvictim who tested positive for C fradiomatis
and/ ex T. pagimalis, including year of collection, victim's age, sample type, 5T1 detected, and genetic
profile identification.

Alleged Victim oo Victim'sAge  SampleID  Swab Type STI Deteced Gemetic Profties
Idividhual 1 0 - I5TNS Vubvar Chlmmyedia frachomatis N
w 151016 Vaginal  Chlmmyddia frachomais .
5T Vubvar Trichomomies Daginls Mo male
Individual 2 014 3 A
[5T033 Vaginal Trichomomnes oaginalis profile identified
L . N Female and
Individual 3 215 37 I5Tw3 Vaginal Chlmmyedia trachomatis Yt
ST Vuby. Trichaumomies oaginal
Individual 4 M6 1 ar h i s No male
5T Vaginal Trichomonas oaginalis profile identified
Individual 16 Unknown I5T095 Vagi Chi trachomti Female and
5 agginal ydlia oS drmischae
5Tz Vaginal Chlmmyedia frachomatis Male profide (STR) +
Individual & 2017 7 5T147 Vubvar Chlmmyelia frachomistis 2 different Y
5T148 Vaginal  Chlamyedia frachomatis | PoPlotype profiles
151154 Perianal Trichomomes oaginals Femaks and mals
Individual 7 w7 26 I5T154 Vagginal Trichomomes oaginals admixture protile +
iy Vaginal  Trichomomes naginalis Y haploty pe
51180 Vubvar Chlammyedia trachomitis
51171 Vagginal Chlamyedia trachomiztis
. - Female and male
Individual & 2014 15 I5T1% Vagginal Chlmmydia frachomtdis gy demjchare profile +
Trichomonas oaginalis ¥ haplotype
IST200 Vulbvar and
Ol yelliz rachomatis
Individual 9 217 17 57190 Vaginal Trichomanis agiralis N male
profile identified
Admixtum profile
Individual 10 206 5 I5T19%8 Oral Trichomomis paginells  of bwo Y haplotypes
in a sample
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Table 1. Cont.
Alleged Vicim = %  VidimsAg SampleID  Swab Type STI Detecied Genetis Profles
— . : i Male profile (STR) +
Individual 11 017 2 BEr1% Vaginal  Trichomomes naginalis P
- Y haplotype
I5THd Trichomomes Daginels Male
Individual 12 2016 ¥  —————  Vagial fale
5T Trichomomes oagimalis profile identified

This study was designed as a descriptive analysis; thetefore, no inferential statistical
tests wene conducted.

3. Discussion

Sexnal erimes ane associated with a wide range of long-term consequences for sur-
vivors, among which STIS are particularly significant due to their frequently asymptomatic
nature and their potential to cause chronic health complications [4]. Despite their clinical
and forensic importance, investigations spedfically addressing the detection of 5TIS in
biological evidence from sesxual assault cases remain limited. This scareity of research
may contribute to the underestimation of infection rates, diagnostic delays, and missed
opportunities for timely medical or forensic intervention.

The retrospective analysis of stored forensic samples for STI microorganism detection
also raises important ethical and legal considerations. Reliable identification of pathogens
years after the assault may contribute to delayed justice, therapeutic intervention, and epi-
demiological tracking, Thus, preserving the integrity of biological evidence and applying
sensitive molecular techniques are essential for ensuring the rights of survivors and the
robustness of forensic concdusions. The biological samples analyzed in the study wene
collected during forensic medical examinations conducted as part of criminal investigations
and used exclusively for fomensic purposes, including the identification of perpetrators.
According to Portuguese law, biological samples from cases that occurred mone than two
years ago may be used for esearch purposes, provided that full anonymity is maintained.
All samples included in the study weme anonymized prior to analysis, and the correspond-
ing crinninal cases had been fully processed and legally dosed. The study was approved
by the Ethics Committes of the National Institute of Legal Medicine and Forensic Scienes.
From a legal standpoint, the ability to detect pathogen DMA with high accuracy even after
prolonged storage may introduce new probative elements into previcusly inconclusive
cases, enabling the reconsideration of eodd cases and the reopening of judicial prossedings
when new scientific evidence corroborates survivor estimony or strengthens forensic links
to alleged perpetratars.

The imnplementation of real-time PCR to defect ST1 microorganisms in forensic settings
represents a significant methodological advancement. This molecular technique was se-
lected for this study due to its multiple advantages, such as high sensitivity and specificity,
rapid processing time, redwed risk of cross-contamination, and efficdent target amplifica-
ton [17], and offers the ability to detect pathogen DNA in samples that are often unsuitable
for conventional culture-based diagnostics [16]. The real-time PCR approach used in this
study enabled the detection of Chlamrydia trachomatis and Trichomonas seginalis in forensic
samyplbes stored for up to 18 years, with prevalence rates of 4.8% and 5.6%, mspectively

These esults are consistent with those reported by Sachs et al. (2022), who observed
comparable prevalence rates of C frochematis and T. oaginalis among victims of sexual
violence [18]. Similar findings have been eported by other studies using PCR-based diag-
nostics, including those by Kebbi-Beghdadietal (2022}, Schirm et al. (2007), Caliendo et al
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(2005), and Soba et al. (2015) [19-22]. In conirast, a notably higher prevalence of T. vaginalis
was eported by Elherif et al (2013), which may be atiributable to the preselection of
culture-positive samiples prior o PCR analysis [23]. These discrepancies in prevalbnoe rates
likely meflect variations in sample selection criteria, population characteristics, methodolog-
ical approaches, and storage or handling conditions [24].

Comparison of our findings with previously published molecular studies highlights
considerable heterogeneity in the reported prevalence of C frachomatis and T. vaginalis. This
heterogeneity underscones the relev ance of population-specific and methodological factors
in 5T1 detection and meinforces the diagnostic value of molecular tools in forensic casew ork.

The cheerved detection rates—particularly in samples stored for up to two decades—
emphasize the importance of inteprating ST1 screening into routine forensic protocols.
The frequent asymptomatic natume of these infections, combined with extended storage
durations between sample collection and analysis, poses a challenge for conventional
diagrostic methods. In our study, pathogen DMA was successfully amplified from long-
term preserved samiples, incheding ISTOLS and ISTO16 from individual 1, eollected in 2007,
and confirmed positive for C. tradhomafis. These findings confirm that, when appropriate
preservation protocols are followed, real-time PCR remains a reliable tool for ST1 detection
in archived forensic materials.

The msults obtained indicate a higher prevalence of T. maginalis and C frachomatis in
women aged between 15 and 37 years, which, according to the WHO, is the age group
most vulnerable to these infections [1]. A greater number of positive cases was observed
invaginal and vulvar samples, suggesting that these are the primary targets for detecting
such infections. Furthermore, the detection of STI microorganisms in perianal and oral
regions in sampling protocols, particularly in cases of secual assault

Simultaneous detection of T. vaginalis and C frachomatis w as observed in a single valvar
sample (IST200). This finding is of particular significance, as coinfections have the potential
to augment the risk of ransmission and may complicate therapeutic management for the
affected individual Consequently, these results highlight the importance of implementing
multiplex diagnostic approaches, given that the identification of one sexually transmitted
infection may be indicative of the concurment presence of additional pathogens.

According to the study by Silva et al. (2020) [25], the prevalence rates of M. gonorrhosge
and T. pallicdum were 1.3% and 1.0%, respectively. In this context, the absence of positive
results for these pathogenic agents in our study may indicate a lower prevalence of these
infections in the population investigated. Nonetheless, the potential for DNA degradation
over time canniot be excluded, as it may compromise the integrity of the genetic material and,
comsequently, diminish the sensitivity of molecular diagnostic methods. This consideration
emphasizes the critical importance of appropriate presereation and handling of biological
specimens, particularly with regard to the stability of nucleic acids, in order toensure the
reliability of diagnostic outcomes—especially in cases wheme the pathogens are present in
low abundance.

It shiould be noted that, considering the obtained positive results for T. oagnalis
and C. frachomafis, the simultaneous presence of both female and male genatic profiles
was observed in some of these samples, including the identification of Y-chromosoms
haplotypes. This finding confirms the presence of male genetic material, which may
be indicative of sexual contact and holds particular relevance in forensic and criminal
investigative contexts.

In the specific case of individual 12, an exclusively male genetic profile was identified,
which may contribute to the forensic identification of the perpetrator. Similarly, in those
individuals in whom a Y-chromosomse haplotype was detected, the same evidentiary
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potential exists, provided that an appropriate reference sample is available for comparative
analysis and the identification of a polential suspect This detection supports the possibility
of genetic material ransfer betwean individuals. The presence of multiple geretic profilas—
both female and male—also introduces important considerations for the interpretation of
results, as the coexistence of DINA from multiple contributors can complicate the individual
identification and the forensic atribution of genetic material

Monetheless, several limitations miust be acknowledged. Although the total nomber
of swabs analysed (n = 231) is considerable within the context of forensic casework, the
abserwe of stratified subgroups based on variables such as the age of the victim or the
duration of sample storage has limited the scope for comparative analyses. This, in turmn,
constrains the capacity to identify patterns or associations that may hold relevance for
dinical or forensic interpretation.

Additionally, the study did not include inferential statistical analyses, as the metrospec
tive and descriptive nature of the dataset was primarily inended to assess the feasibility of
mokecular detection of ST microorganisms in long-term stored forensic samples. Future
studies should incorporate larger, stratified samples and statistical approaches to assess
assocations over time or by sample type.

Another important limitation is the absence of direct comparison with conventional
diagnostic techniques, such as culture or microscopy. Withowt this, it is not possible to
fully assess the diagnostic accuracy and specificity of real-time PCR in forensic applications.
This is particularly relevant for its integration into standard forensic workflows, whene
complementary diagnostic validation is often necessary.

Monetheless, previous studies have shown that real- e PCE genetally demonsirates
higher sensitivity and faster turnaround tmes compared to conventional culture methods,
particularly when applied to samples with low pathogen load or compromised viabil-
ity [20,26]. These characteristics make PCR particularly advantageous in forensic confexts,
whem sample integrity may be affected by delayed collection and long-term storage.

Despite these constraints, the present findings support the long-term applicability and
forensic value of real-time PCR. This echnique has demonstrated robust performance even
in archived samples, making it a promising candidate for routine integration into forensic
and clinical w orkflows involving sexual assault cases. Future research should aim to harmo-
nize samiple processing protocols, investigate the influence of different storage conditions
on diagnostic yield, and validate these mesults in multicenter and prospective settings.

4. Materials and Methods
4.1. Sample Collection

A total of 231 biological swabs collected from sexual assault victims between 2004
and 2017 were included in our study. Samples were initially collected only with a focus
on aggressor genetic profile detection. So, they were initially studied with that focus and
stored at —20 *C in a specific cold storage room for up to 18 years.

Samples were obtained from diverse anatomical locations, including 112 vaginal,
12 perianal, and 10 oral

These samples weme selected taking into account the number of old sexual assault
cases available for subsequent analysis in 2024
4.2 DNA Extraction and Purification

The extraction and purification of DINA are critical steps in microbiological imves-
tigations, as they directly impact the sensitivity and reliability of downstream molecs-
lar analyses [27]. Various protocols—both manual and automated—are available, with
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selection depending on the type of biclogical sample, time constraints, and specificity
requirernents [23].

In this study, DNA was extracted and purified using an automated platform, the
QIAGEN EZ1 ({(QIAGEN, Hilden, Germany ), with DSP Virus Kit, according to the manufac-
turer’s protocol. This kit offers several advantages, including high reprodudbility, redued
contamination risk, and efficient nucleic acid recovery [I7].

For sample preparation, a portion 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
chilloride (NaCl) solution. Each tube was labeled with the cormesponding case identifier. To
minimize the risk of cross-contamination, scissors and work surfaces were disinfected with
F0% ethanol betw een the processing of each sample. The tubes were vortexed for approxd-
mately 10 5 and incubated im a dry heating block at 56 “C for 30 min to inactivate potential
pathogens. After inactivation, samples were stored at —20 *C until DMNA extraction, which
was performed using the BioEobot EZ] Advanced automated system (QLAGEN, Hilden,
Germary), following the standard protocol. In each extraction, a negative control s used to
4.3, Molecular Defection and DINA Amplification

Real-time PCR enables the detection of bacterial DINA through the use of sequerce-
specific primers, oligonucleotide probes, and fluoresent reporter molecules. These probes
hybridize with the target DINA sequence and emit a fluorescence signal, which produces
an amplification curve, indicating the presence of the microorganismns’ DMA [29].

In this study, fluorescence signals wene detected using FAM and HEX fluorophomes,
and pathopen-specific primers were employed for the identification of each targeted sexu-
ally fransmitted infection. The target genes, sequences, primers, and probes used for the
detection of microorganisms are presented in Table 2. In this work, the primeers and probes
wem used at a concentration of 400 nM and 100 nM, espectively:

Table 2. Target genes /sequences, primers, and probes for the detection and amplification of microoe
ganisms and human RNAse P [20,30-33].

Target Gene Primer Sequences (53)
, . F- AACCAAGGTCGATGTGATAG
EWE;?;’””&““ B TCACATAATTCCOCATTCTT
et F- ROK-CGAA CTCATCGGOGATAAGG
F: CCGGAACTGGTTTCATCTGATT
Por "‘NF““"“W from R GTTICAGCGGCAGCATICA
- ganoineRe P- CGTGAAAGTAGCAGGOGTATAGRCGGACTT
F- GGTAGAAGGGAGGGCTAGTA
polA gene from T, pallidum B CTAAGATCTCTATTTTCTATAGGTATGG
P: ACACACGCACTOGTCTTCAACTOC
F- AAGATG OGTGIT TTA AGC TAG ATA AGG T
2 kb repeat sequence from R: CGT CTT CAA GTA TGC CCC ACTAC
Trichom s oagialis P O0G AAG TTC ATG TOC TCT OCA AGC GT
F AGATTTGGACCTGOGAGOG
Human RNase P gene B GAGOCGCTCTCTOCACAAGT

B TICTGACCTGAAGGUTCTRORCG

For each reaction, the PCR master mix was prepared as follows 125 pl. of NZY-
Supreme Multiplex gPCR Master Mix, 5.5 ul. of RMase-free water, and 2 pL. of the corme-
sponding primer / probe mix.

A total of 20 pL of this master mix was combined with 5 pL of the extracted DMNA
sample in each reaction tube. Amplification was conducted using the CFX96™ Real-Time
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PCR Detection System (Bio-Rad, Hercules, CA, USA). For Trichomones vaginalis DNA,
the real-time PCR amplification program consisted of an initial hold at 50 *C (2 min),
denaturation at 95 “C (10 min), followed by 40 cycles at 95 “C (15 5) and at 60 “C (1 min) [20].
The thermal cycling conditions for Chlamydia frochomatis DINA and Neisseria gonorrioene
DMA consisted of an initial hold at 95 *C (2 min), followed by 40 oycles at 95 *C (30 &) and
&0 “C (30 5) for C. frachomafis, and 55 “C (30 s) for N. gonorrhoese [30]. For Trepomeama palBidum
DMA, amiplification conditions involred 50 eycles, including an initial denaturation at
95 *C (30 &), followed by 55 “C (30 s) and 72 *C (30 5) [31,32].

Ineach extraction run, a negative control was used to monitor contamination. The
positive controls for each microorganism used in these experiments wee certified reference-
specific DMNA solutions for each microorganism, from a commercial source, (o guararbes
that the amplification process was successful. To confirm the integrity of the samiples, the
human EMNAseF gene was amplified in all analyzed specimens. KNAseP is widely used as
an internal control in molecular diagnostics, serving as a marker of sample adequacy and
amplification reliability:

Amplification of EMA=seP was cammiad out using priners and probes specific to the hu-
man gene. For each reaction, a master mix was prepared containing 12.5 ul. of NZYSpeady
Ome-step RT-gPCR Probe Master Mix (2 ), 6 pL. of ENase-free water, and 1.5 pl. of RN AP
primers/ probes. To this mictume, 5 uL of the extracted sample DNA was added, resulting
in a final reaction volume of 25 pl.

The amplification was performed using the CEX9%™ Real-Time PCR Detection System
(Bio-Rad, CA, USA) under thermal cycling conditions as follows: initial denaturation at
95 “C (2 min), followed by 40 cydes at 95 “C (5 5) and 60 *C (30 ) [33]. The successful
amplification of the human EMNAseF gene confirmed the presence of human DNA and
validated the owerall elability of the molecular workflow. The primer and probe ssquences
are listed in Table 1.

All PCR assays included positive and negative controls, and a cycle threshold (Ct)
value below 35 was considered indicative of a positive result.

Both the extraction and amplification processes weme cartied out in duplicate for each
sample. In cases whem discrepancies were observed betw een duplicates, the samples weme
repeated (o ensure confidence in the results.

5. Conclusions

Although we do not have information regarding the defection of STIS in these samples
at the time of collection, this study proves to be extremely important due to the fact that
we obtained positive STI results after 18 years of storage, in some samyples. The successful
amplification of pathogen DNA from long-term presetved forensic samples highlights the
robustness of real-time PCR and underscores its applicability in contexts where sample
integrity is frequently compromised These findings emphasize the value of molecular
diagnostics for metrospective forensic investigations, support clinical dedsion-making in
the care and follow-up of survivors, and contribute to epidemiological surveillance by
addressing diagnostic gaps in underreported or unresolved cases.

Real-time PCR proved to be a promising tool in both medical and legal responses to
sexual violence. Future research should aim to validate these findings across diverse set-
tings, expand the range of detectable pathogens—including viral agents—and standardize
storage and handling protocols. Multicenter, prospective studies stratified by variables
such as anatomical sampling site and storage duration will be essential to fully establish
the role of molecular diagnostics as a reference method in forensic casework imwolving
sexual assault
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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 Soba et
al. (2015) (Kebbi-Beghdadi et al., 2022; Schirm et al., 2007; Caliendo et al., 2005; Soba
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 Il1- 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
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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.
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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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