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Stain detection

✓ Stains may be colorless (e.g. saliva)

✓ Stains may be colored but difficult to identify on a dark/colored backgroung (e.g.

blood)

✓ Stains may be «latent» (e.g. washed blood)

Body fluid identification

✓ Presumptive tests (including stain detection methods): high sensitivity, low specificity

• Physical

• Chemical

✓ Confermative:

• Immunological low sensitivity, higher specificity (compared to presumptive tests),

limited range of targeted body fluids/tissues

• Molecular high sensitivity, higher specificity (compared to presumptive tests), broad

range of targeted body fluids/tissues



Biological evidences, such as semen, saliva and urine, absorb incident light at particular

a wavelength and then re-emits the absorbed energy as light at a longer wavelength

(fluorescence).

Alternate light sources (ALS) are equipments that emit concentrated light source of specifical
wavelenght (monochromatic light).

A filter is required to screen out any reflected incident light or other competing light. To achieve
this filtering effect, a series of different‐colored goggles can be used.



Semen

Stoilovic. Forensic Sci Int 1991



Saliva

Urine

False positives

Examples of substances that fluoresce under ALS and may appear as stains on a 

garment under natural light include: laundry detergents, grease, lipstick, ink...

Lee et al., Malay J Forensic Sci 2010

Lee  et al., Malay J Forensic Sci 2010

no specificity

no specificity

Vandenberg et al. J Forensic Sci 2006



Bloodstain on wood under one coat of white

acrylic‐based paint: (a) natural light and (b)

415 nm excitation, viewed through yellow

goggles. Vandenberg et al. J Forensic Sci 2006

Blood

dry blood does not show

significant fluorescence, but it

has a high absorption at 415 nm

due to the presence of

haemoglobin.

ALS, therefore, are able to

enhance the contrast of

bloodstains towards their

background.



Luminol (5-amino-2,3-dihydro-1,4-phthalazine-dione)

Chemiluminescence occurs after oxidation of luminol by an

oxidant (e.g. hydrogen peroxide) in a basic aqueous

solution.

Many metal cations (including iron in heme) catalyze the

reaction increasing the speed of the oxidation and thus the

onset/intensity of light production.

Detect latent stains



Select relevant visible stains



False positives (beside non-human blood)

Creamer et al. Luminescence 2003

common household bleach

Creamer et al. Luminescence 2005

Bleach is volatile and evaporates quickly: its interference is negligible after 8-16 h

Bleach is less effective than water in removing blood chemiluminescence 



Presumptive chemical tests

The stain is put against a substrate that can change in color in the presence of tissue-

specific catalytic/enzymatic activity in the stain

Select visible stains



Blood

Iron in the heme group catalyzes peroxidation of (e.g.) tetramethylbenzidine in common

urine sticks.



Urine sticks

Tobe et al. J Forensic Sci 2007

…and many other fruits and vegetables (Cox J Forensic Sci 1991)

✓ non-human blood

False positives



Sensitivity of luminol vs other blood presumptive tests

Urine sticks

Tobe et al. J Forensic Sci 2007



Saliva

Alpha-amylase is produced by salivary glands and starts the digestion of starch in saliva.

Presence of alpha-amylase can be highlighted by means of a substrate made up of an

unsoluble chromogenic molecule linked to polisaccaridic chains. Cleavage of

polisaccaridic chains by alpha-amylase frees the chromogenic molecule in solution.



False positives

Non body fluid compounds

Many human body fluids different from

saliva contain alpha amylase.

Alpha-amylase secreted by salivary and

pancreatic glands in the digestive tract is

partly reabsorbed and therefore it can be

present in: serum, urine, sweat, vaginal

secretions, seminal fluid, tears, milk... It is

also eliminated with faeces.

Several bacteria (including those found in

vaginal mucosa) can also synthetize

alpha-amylase.

Wornes et al. Forensic Sci Int 2018

Martin et al Sci Just 2006



Semen

Acid phosphatase produced by the prostate (PAP) is abundant in seminal fluid. PAP can

hydrolize a colorless substrate to free a chromogen molecule.

Alpha-Naphthyl 
acid phosphate

Alpha-Naphthol + chromogen 
molecule



False positives

Other human body fluids can contain (though at < concentrations) acid phosphatase.

Lewis et al. Sci & Justice 2013

Some non 

body fluid 

componds 

can react 

as semen

Indirect test:

• pressing 

dampened 

filter paper 

onto the 

item to 

collect a 

proportion 

of any 

seminal 

fluid

present 

• paper is 

then tested 

with the 

chemical 

reagent

Direct test:

• Item 

sprayed 

with 

chemical 

reagent



“The bloodstains? Well they are

not exactly bloodstains. They are

benzidine reactions”

Charles Manson



Stain collection

Visible stains or stains detected by means of ALS, luminol or selected consequently to

a presumptive test (which is normally non desctructive) will have to be transferred to

the laboratory for confirmation and, eventually, DNA analysis.

• Often the whole evidence

can be easily transferred

to the lab

• Sometimes this is uneasy

or impossible

Double swab technique:

surface first brushed

with a moistened swab,

than brushed again with

a second dry swab that

collects celular material

rehydrated by first

swab. Both swabs are

collected and combined

in following DNA

extraction.



Confirmatory immunological tests

✓ “sandwich immunoassay”

+ -



Confirmatory immunological tests

✓ Most commonly targeted antigens

• blood: haemoglobin, glycophorin A (membrane protein bearing antigens for the MNS

blood group)

• saliva: alpha amylase

• semen: prostatic specific antigen (PSA), semenogelin (synthetized in seminal

vescicles); positive results also in azospermic males

✓ Species-specific

• false positives mostly limited to primates

NB Cross-reactivity between human and ferret haemoglobin



✓ Problems of cross-reactivity with other human body fluids clearly persist

Pang et al. J Forensic Sci 2008

NB 800 ng/ml in

urine of >12 years

old males

"...some of the extracts of saliva, urine, stool,

vaginal secretions, and semen yielded a

positive reaction with the assay. These

results were anticipated since hemoglobin

may be present at low concentration in

various body fluids“

Hochmeister MN et al. J Forensic Sci. 1999 May;44(3):597-602.

Validation studies of an immunochromatographic 1-step test for the

forensic identification of human blood. Hochmeister MNJ Forensic

Sci. 1999



Sensitivity of presumptive chemical tests vs immunological confirmatory tests

Urine sticks
Immunoassay

Johnston et al. J Forensic Sci 2008

High dose hook effect

Excess free antigen

saturates fixed anti-

antigen antibodies



Confirmatory microscopic test (semen)

✓ Vaginal smears in sexual assault cases

✓ For dry stain on clothes or other substrates special staining

techniques to highlight spermatozoa may be necessary

• Baecchi staining (red heads, blue tails): acid fuchsin

degrades DNA Dimo-Simonin et al. J Forensic Sci 1997

• Christmas tree staining (red heads, green tails)

“I have divers times examined

human semen from a healthy man,

not a sick man, not spoiled by

keeping for a long time and not

liquefied after the lapse of some

time; but immediately after

ejaculation before six beats of the

pulse had intervened, and I have

seen so great a number of living

animals in it that sometimes more

than a thousand were moving

about in an amount of material of

the size of a grain of sand... .

Antoni van Leuweenhoek, 1677

NB according to literature, in up to 30% of

sexual assault cases male DNA is found in

absence of visible spermatozoa (negative

citology)! Sibille et al. Forensic Sci Int 2002



Confirmatory molecular methods

✓ RNA: conversion of genetic information into proteins and

the regulation of this process

• genetic information is transcribed into mRNA which is then

transferred to the ribosome. Each specialised cell type

expresses only a subset of the 22,000 coding genes that

constitute the full human genome and this mRNA subset

can be used as a chemical fingerprint for cell type

identification

• mRNA expression information for different tissue types is

available through microarray and whole transcriptome

shotgun deep-sequencing (RNA-Seq)

• Regulatory RNAs and especially miRNAs also contribute

to cell type differentiation

• miRNAs base pair to mRNAs (primarily their 3’-UTR) to

establish mRNA decay or inhibition of translation

• a miRNA can have several, up to hundreds, of targets

• genes encoding miRNAs are located throughout the

genome but especially within introns, and thus often

expressed co-transcriptionally, under control of common

regulatory sequences. This can result in tissue specific

expression patterns.



Confirmatory molecular methods

✓ RNA stability: different RNA classes have different half-lives in vivo (mRNA is readily

degraded in the cell by omnipresent, highly reactive ribonucleases; miRNA are highly

stable due to association with RNA-binding proteins), but ex vivo…

• RNA is more prone to degradation than DNA especially in the single–stranded

regions

• RNA degradation in a deceased individual or body parts occurs predominantly due to

the enzymatic activity of cellular Rnases

• In dried stains, RNase activity is significantly reduced and RNA degradation occurs

mostly due to physical and chemical factors

Fordyce et al. Invest Genet 2013

Hydrolysis, favored by 

cations, metals, alkali 

conditions…



In the last ~ 10 years studies have

started to investigate the possibility

to recover RNA from forensic stains

Setzer et al. J Forensic Sci 2008



In particular, several mRNA profiling assays compatible with standard capillary

electrophoresis instruments available in forensic labs have been developed

• RNA/DNA coextraction

• DNase tratment of RNA

• synthesis of cDNA from mRNA through reverse transcription PCR (RT PCR) using

random deca/hexamers (since polyA tails may be fragmented and lacking, use of

oligo (dT) is not recommended)

• Amplification of cDNAby multiplex PCR using fluorescent-labelled tissue-specific

and housekeeping primers. Primers are either designed as to span exon-exon

junctions or complementary to sequences on different exons to guarantee

specificity

DNA

Exo 1  Intr 1   Exo 2   Intr 2

RNA



Lindenbergh et al. Forensic Sci Int Genet 2012

Interpretation

a) Recurrence of tissue-specific

peaks in replicate analysis

mRNA profiling assays can target

body fluids / tissues not included

in commercial immunoassays



Interpretation

b) numerical scoring method in which values are assigned to each of the used

mRNA markers based on correct and incorrect expression in samples of known

origin

cervico

vaginal 

fluid

Roeder et al. Int J Legal Med 2013



Confirmatory molecular methods

✓DNA methylation

Epigenetics (inheritable pattern affecting gene expression

without any modification of the DNA sequence: X

chromosome inactivation; genetic imprinting…)

• in vertebrates ~ 10% cytosines are methylated

• methylation is not random but limited to 5’ C-G 3’

sequences

• about 50% of our genes lay close to G and C rich

regions (CpG islands)

• hypo/hypermethylation of CpG islands regulates gene

expression through chromatin changes

✓ different tissue types have different methylation

patterns

✓ DNA methylation patterns can be analyzed even in

archival DNA (cold cases)



Frumkin et al. Forensic Sci Int Genet 2011

Methylation detection techniques

a) Restriction enzyme analysis

Methylated DNA is protected 

from cleavage and amplified by 

specific fluorescent primers
A    B

b) Bisulfite conversion

Sodium bisulfite converts 

unmethylated cytosine to 

uracil while keeping 

methylated

cytosines unchanged

Uracil becomes 

thymine  in PCR

Blood

Saliva

Menstrual 

blood

Vaginal 

secretion

Semen

An et al. Int J Legal Med 2013

Tissue-specific 

methylation (presence 

of T/C in the amplified 

DNA sequence can 

then be detected by 

SBE and capilary 

electrophoresis


