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Abstract


Factors that inhibit the analysis of bodily fluids can result in inaccurate determinations by forensics experts. This paper points out the issues with the current practical tests focused on contamination of forensic samples and inhibition of testing. Several previous studies have shown that there are inhibitory substances that prevent the accurate identification of blood, saliva, and semen. Although these bodily fluids are important sources of evidence in criminal investigations, practical measures have not been established to eliminate the inhibition of accurate results. Thus, further studies focusing on the inhibition issues are necessary to resolve the actual issues.
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Introduction


The main objectives of forensic biological examinations are body fluid analysis and identification of persons involved in a criminal act. Recent molecular biological techniques have enabled the analysis of trace and impure forensic samples. In particular, polymerase chain reaction (PCR)-based DNA typing is the standard test used in human identification worldwide [1]. PCR technology is suitable for analysis of trace particles of evidence; however, the problem with PCR inhibition is known for making proper amplification difficult. Several previous studies have presented countermeasures for PCR inhibition, and many have been applied to forensic caseworks [2-5]; however, the issue of inhibition is crucial not only for human identification by PCR-based DNA typing but also for the identification of bodily fluids using various techniques. Despite the fact that identifying the source of DNA profiles contributes to the criminal investigation as well as to personal individualization, there are few studies that focus on the inhibition issue surrounding the identification of bodily fluids. This paper describes current challenges of inhibition using several examples that could be problematic in forensic casework. 


Case Studies 


Blood identification




Table 1:  Inhibitors of body fluid identification.
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To determine the presence of human blood from evidence, presumptive tests (e.g., leucomalachite green) and immunochromatographic tests (e.g., RSID™-Blood) are generally applied. Previous studies have reported that vitamin C and the liquids that contain the vitamin are strong inhibitors of the leucomalachite green reaction [6,7] (Table 1). This inhibition has been confirmed by a qualitative test using visual observations and a quantitative analysis using absorbance measurements. Moreover, forensics personnel often handle blood samples that have adhered to syringes used to inject drugs in a drug-related crime investigation. Matsumura et al. stated that methamphetamine mixed with blood induces false-negative results in immunochromatography using human hemoglobin A as an indicator [8]. Although both of these examples are serious issues in casework, practical countermeasures against them have not been established.


Saliva identification

Catalytic reactions (e.g., Phadebas®) that are focused on salivary a-amylase activity are the prevailing tests for saliva screening. Our research suggested that Fe3+ ion, blood, citric acid, and the beverages containing citric acid inhibit the enzyme's activity in various ways [9]. As the results of quantitative analysis using absorbance measurements, these substances inhibited the enzyme reaction enough to induce false-negative results. These inhibitors that are present in the crime scene environment might mix with saliva samples taken at the scene. Thus, our inhibitor-resistant testing might be useful in searching for saliva that is colorless and contaminated from the environment; however, further studies are required to apply the method for casework analysis because there are limitations to this approach depending on the types and amounts of inhibitors.


Semen identification

Before microscopic testing to identify semen, sexual assault samples were examined using acid phosphatase (AP) tests. Because AP tests are dependent on prostatic AP activity in semen, inhibition might occur when the sample is contaminated with enzymatic inhibitors. Vennemann et al. [6] indicated that the results of AP testing in the presence of detergent showed marked enzyme inhibition. They confirmed reducing of positive results from detergent mixed semen stains using a general qualitative AP test. On the contrary, it has long been known that AP derived from the human prostate has a certain molecular property that is inhibited by L-tartrate [10]. This property might also be an unexpected inhibitory factor.


Discussion

It is inevitable that forensic biological samples will contain inhibitory substances derived from the environment; therefore, identification of and countermeasures to prevent inhibitors are necessary for valid sample testing. Various types of inhibition can also occur due to the various molecular biological techniques that are used to identify the bodily fluids. Table 1 presents examples of inhibitory factors when identifying blood, saliva, and semen. Because these bodily fluids are major sources of DNA in crime investigations, forensic examiners occasionally must deal with inhibition issues. As described, previous studies on inhibition are not sufficient to resolve practical issues. In addition, the inhibitors introduced in this article might also affect the identification of different bodily fluids. For example, detergents can affect AP test as well as many other tests based on enzymatic reactions and compounds that affect the structure and function of proteins might influence testing, such as direct PCR performed without purification. Additional studies that focus on the factors that inhibit the identification of bodily fluids are needed. These studies should present countermeasures against these inhibitors, such as methods to purify samples, methods of applying resistant testing, and methods for alternative testing. Several alternative approaches (e.g., enzyme-linked immunosorbent assay, PCR, mass spectrometry) have been studied for identifying the bodily fluids used in forensics [8,11-14]; however, these methods are not widely used in casework because they are not as convenient or cost effective as conventional presumptive tests. The key point is that when dealing with samples that are suspected to be contaminated and inhibited, the samples should be evaluated using multiple tests when possible.


Conclusions

Because it is inevitable that unknown inhibitors may be mixed in forensic samples, identification of bodily fluids from impure samples should be evaluated by multiple tests. Further studies are required to identify inhibitors for each test; otherwise, forensic experts cannot aware the influence of inhibition in actual casework.
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