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Introduction 

F.C.A. Quaak and I. Kuiper 

This chapter is based on: F.C.A. Quaak, The Netherlands: from scientific developments to application 

in forensic investigations, part of chapter 8 in Forensic Ecogenomics, editor T.K. Ralebitso-Senior, 

Elsevier, expected publication date March 2018  
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1. Introduction 

1.1. Development of forensic science in The Netherlands 

Shortly after the Second World War on July 30, 1945, the Judicial Laboratory of the 

Netherlands was founded by professor W. Froentjes, with only three researchers employed. Six 

years later the Laboratory for Judicial Pathology was founded by dr. J. Zeldenrust, where he 

and his assistant were also the only employees. Prior to the establishment of these laboratories, 

most forensic investigations in the Netherlands were performed by hospital staff or 

pharmacists. One of the most well-known Dutch pharmacists was C.J. van Ledden Hulsebosch 

(1877-1952) [1] who started performing forensic investigations in the early 1900s, just before 

finishing his degree in pharmacy. His father, also a pharmacist, had undertaken forensic 

research and supported police investigations since 1885. In March 1902, C.J. van Ledden 

Hulsebosch was co-opted by the prosecutor to assist the police and provide expertise on a 

sexual assault case in his father’s absence. His investigation was successful and marked the start 

of his career as a forensic expert. In 1910 he resigned from his post as a pharmacist and 

focused solely on forensic science and assisting police investigations until his retirement in 

1950. In 1914 he founded the first school for scientific police investigation and was the first to 

use UV light in criminal investigations. 

In 1999 the Judicial Laboratory and the Laboratory for Judicial Pathology merged to become 

the Netherlands Forensic Institute (NFI). The NFI, a broadly-oriented research institute, hosts 

several areas of expertise, hence a wide range of technical and scientific techniques are applied, 

employing approximately 500 scientists in 2017. As with most forensic institutes, a large 

number of cases investigated by the NFI include biological traces such as human and non-

human biological traces. The first case investigations using non-human biological traces were 

performed at the NFI in 2003 where the preliminary focus was mainly on (morphological) 

determination of plant material and comparison of pollen profiles in soil samples. 

 

1.2. Forensic microbiology 

The field of forensic science has changed over the past decades, not only in the Netherlands 

but worldwide. For example, criminal investigations in the 19th and 20th century largely 

focused on evidence which was connected directly and unequivocally to the crime, e.g. a dead 

body, fire arms or damaged items. The majority of cases were solved using eye witness reports 

and, to a lesser extent, expert witness accounts. Also, the expertise of a forensic scientist was 

typically never questioned in those days.  

Today, advances in both chemical and biological scientific techniques, parallel with the growing 

interest of the general public in forensics, have catalysed many developments in forensic 

science. Concomitant with the advances in DNA and molecular techniques, is an increasing 

demand for determining their potential applicability in forensic casework.  

One of the fields with much progress in the past decade is the field of forensic microbiology. 

This is reflected by a growing interest within the forensic community to apply microbial DNA 

analyses in forensic investigations. Microorganisms are the smallest and most ubiquitous living 
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organisms known, hence they are present in almost every habitat on earth. Even the smallest 

forensic traces can contain large numbers of microorganisms. Furthermore, both the 

abundance and diversity of microorganisms present within different habitats make them 

particularly interesting for forensic analyses. An example of the application of scientific 

methods and tools from microbiology in a forensic investigation is the analysis of the 2001 

Anthrax attacks in the United States of America, which essentially marked the start of forensic 

microbiology. Analyses performed by clinical microbiologists were used to provide evidence in 

the investigation of the attacks. Following these investigations, guidelines and validation 

criteria for using microbiological techniques in court were developed and the field of forensic 

microbiology or “Microbial Forensics” emerged [2,3]. 

Both specific microorganisms and diverse communities can be of interest. Identification of 

specific strains can be used to determine the cause of (sudden unexpected) death. More 

detailed analyses such as strain typing can be used to determine the source of an (intentional) 

infection. Apart from the investigations of the anthrax attacks, strain typing has since been 

reported in intentional infections with pathogens like HIV [4-6]. Specific organisms have also 

been reported as indicators for determining the origin of human samples [7-9]. However, using 

the whole community can provide important extra information, research on human-associated 

microbial communities described in this thesis has shown that using specific organisms alone 

as indicators can sometimes lead to erroneous results ([10]/Chapter 5). 

The application of bacterial population profiling in forensic soil analysis was first described by 

Horswell et al. [11]. In their study, the composition of bacterial populations in soil samples 

from items was compared to reference samples from crime scenes in order to link these items 

to a specific location. Additionally, soil microbial communities can be used to verify proposed 

scenarios. For example, the impact of the burial of pig muscle tissue resulted in a shift in soil 

microbial communities [12], which may be used to detect clandestine graves or determine the 

time since burial. Similarly, Pechal et al. [13] reported changes in bacterial communities 

associated with decomposing pig carcasses, suggesting that changes in human-associated 

microbial communities may also be used to determine a post mortem interval. In addition, the 

populations on human skin have also drawn the interest of (forensic) researchers for human 

identification purposes [14-17]. 

 

1.3. Rationale and outline of this thesis 

The goal of this thesis is to explore the potential of applying microbial population analysis in 

forensic investigations. Several techniques for characterization of the communities for different 

forensic purposes were applied, i.e. terminal restriction fragment length polymorphism (t-

RFLP), 454 sequencing and microarray analysis. The application of microbial population 

analysis was investigated for both establishing links between item(s) and crime scene(s)/donor 

and for cell type identification.  

The diversity of soil microbial populations was examined using terminal restriction fragment 

length polymorphism (t-RFLP) and an objective method to assess the similarity between the 

bacterial populations was developed. For forensic application it is essential to assess the 
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evidential value of the similarity between a soil trace, for instance from a shoe or shovel, and 

soil sample(s) from a crime scene. Mock cases provided by the Police Academy of the 

Netherlands were used to validate the developed statistical method to objectively compare soil 

samples (Chapter 2). Additionally, a criminal case is described where the results of both 

bacterial population profiling and pollen analysis were combined. This case illustrates how 

statistics can be used in combining results and thereby increasing the evidential value of a trace 

(Chapter 3). 

Environmental bacterial populations are not the only populations which can be used in 

comparisons between trace and source, human-associated microbial populations can also be 

used for this purpose. The amount of human cell material, and thus human DNA, in for 

instance faecal samples is often minimal. Therefore human DNA profiling may be impossible 

or not sufficient for establishing a link between a trace and a suspect. A large part of faecal 

material consist of microorganisms, 30-50% of dry weight, and the composition of the 

microbial population differs between individuals. A microarray technique and statistical 

comparison model were developed to characterise these differences between individuals 

(Chapter 4). 

Apart from faecal microbial populations, other human-associated microbial populations have 

potential in forensics. Human-associated microbial populations are very diverse and different 

body sites harbour different microbial populations. These differences can be used to determine 

the origin of human cell material. This can be very useful in sexual assault case investigations 

for the verification of scenarios. For example, determining vaginal origin of cell material can be 

challenging with already existing methods, like mRNA profiling. 454 sequencing and 

microarray analysis were used to characterise the microbial population in vaginal samples and 

analyse if these populations can have potential for cellular origin determination (Chapter 5). 

From a forensic point of view not only vaginal origin determination is of interest in case 

investigations. Two criminal cases, a robbery and a sexual assault case, illustrate the potential of 

(other) human-associated microbial populations in forensic investigations (Chapter 6). The 

results in these real cases have been the driving force for further development of human-

associated microbial population profiling for forensic purposes. From the microarrays used in 

Chapters 4 and 5, a new microarray was designed, focussing on the most prevalent questions 

and scenarios in casework. This new design was used to analyse faecal, vaginal, oral and skin 

(hand, foot, groin and penis) samples from healthy volunteers. The resulting microarray 

profiles were analysed to assess the potential of these human-associated microbial populations 

for cell type identification (Chapter 7).  

The final chapter of this thesis (Chapter 8) presents a discussion on the applicability of the 

described new technologies in forensic investigations and discusses limitations of microbial 

population analysis in a forensic context.  
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