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Literature Review 

1. Graham, Jamie (2002). Bioterrorism preparedness act approved. In Vitro Diagnostics 

Development and Manufacturing. Retrieved from http://www.ivdtechnology.com 

Graham (2002) in this short article describes “The Public Health Security and Bioterrorism 

Preparedness and Response Act of 2002” as a new law passed by President Bush on June 12, 

2002 intended to prepare the U.S. capability to response to an act of bioterrorism either by 

contamination of the food or water supply or any other form of bioterrorism attack on its 

citizens. The Centers of Disease Control and Prevention was designated $450 million to create a 

national laboratory network to facilitate communication and data exchange with health care 

facilities public, private, and clinical laboratories. In addition $1.5 billion was allocated to 

revamp laboratory equipment, facilities, and train health care personnel to respond in a national 

emergency.  

Rationale for the selection of this item: I chose this article because it introduces the history of the 

bioterrorism preparedness and response act and as part of the act its requirement to periodically 

evaluate new and emerging technologies designed to improve the ability of public health to 

efficiently and timely respond to a bioterrorism attack which makes matrix-assisted laser 

desorption/ionization time-of-flight (MALDI-TOF) a prime example for its use in the 

identification of biothreats. This article supports my research by providing basic information on 

funding for bioterrorism preparedness and response.   

2. Tabatabai, L. (2005) Developments in diagnostic technologies for bioterrorism agents. 

National Animal Research Center. IVD Technology. 

Tabatabai, L. (2005) discusses developments on diagnostic technology for identification of 

bioterrorism agents which are suitable for field application, portability, provide on the spot 
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analysis, and capable to detect and analyze multiple analytes on the same platform. The author 

gives a moderate easy to understand explanation of cutting- edge technologies and the principle 

behind new diagnostic test to identify bioterrorism agents such as the etiological agent of 

anthrax. Photoluminescence-based biological sensors known as organic light-emitting devices 

(OLEDs), miniaturized matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF), 

biochip technology such as MAGIChips DNA microarrays, and biosensors as novel platforms 

still under development in addition to polymerase chain reaction (PCR) technology are 

discussed.   

Rationale for the selection of this item: This article provides a look into the future of 

technologies which maybe the trend in the years to come of field deployable instrumentation and 

applications funded and sponsored by government and industry on new rapid and sensitive 

detection methods of bioterrorism agents. This article supports my research topic by discussing 

advances in new technologies and refinement of old methods such as gas chromatography for 

biodefense testing platforms. 

3. Lim, D., Simpson, J., Kearns, E., and Kramer, M. (2005). Current and Developing 

Technologies Monitoring Agents of Bioterrorism and Biowarfare. Clinical Microbiology 

Reviews 583-607. 

Lim et al (2005) provides an extensive review of methods and technologies currently available in 

the market to monitor and identify agents of bioterrorism in air, water, food, and clinical 

specimens. Challenges to detection assays, platforms currently available, and methods of sample 

matrix processing in developing technologies for detection of select agents of bioterrorism are 

presented. The requirements for the detection of biothreats agents which should be rapid 

including detection of genetically modified or uncharacterized agents from complex matrices 
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with no false results was emphasized. The fact that assays must be sensitive and specific, capable 

to detecting low concentrations of target agents, user friendly and designed to confirm the 

presence of multiple agents was also discussed for commercially detection and identification of 

biological threat agents.  Introduction of chemical and physical methods of biothreats agent 

identification such as matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) a 

reagentless and rapid biological agent’s identification method, requiring small sample and little 

sample preparation was emphasized.  

Rationale for the selection of this item: The article is educational and emphasizes the basic 

principles of testing protocols and platforms for rapid and accurate detection and identification of 

biothreats agents, while at the same time provides an overview of new detection technologies 

which supports MALDI-TOF; the method of my research. 

4. Elssner, T., Maier, T., and Kostrzewa, M (2007). Identification of bacteria and spores 

suitable as biological warfare agents by the MALDI-TOF Biotyper. Bruker Daltonik, 

Germany. 

Elssner, Maier, and Kostrzewa (2007) present in this article sample preparation, analysis, pattern 

matching, and reference databases used by matrix-assisted laser desorption/ionization time-of-

flight (MALDI-TOF) mass spectrometry (MS) fingerprinting of biothreats agents. The fast and 

accurate discrimination potential of MALDI-TOF of fakes/hoaxes in white powders from real 

biological threats was discussed. The authors provide MALDI-TOF MS technology evidence as 

an excellent method for identification and differentiation of biological warfare agents (BWA). 

The security database include BWA such as Bacillus anthracis, Brucella melitensis, Francisella 

tularensis, and Yersinia pestis which can be identified either from a single colony bacterial agar 

culture, liquid cultures, or small amount of white powders.    
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Rationale for the selection of this item: This article provides information on the general 

workflow for identification of BWA and data on the discrimination of Bacillus anthracis from 

closely related Bacillus species by the MALDI Biotyper. I will be using similar bioinformatics 

database in my research to differentiate various species of Brucella used as possible BWA which 

can produce mass casualties. 

5. Von Seggern, C. & Halden, R. (2009). Detection of bioterrorism agents and related 

public health threats utilizing matrix-assisted laser desorption/ionization mass 

spectrometry (MALDI-MS). International Journal of Health Science ISSN 1791-4299. 

Von Seggern & Halden (2009) discuss the current detection systems of bioterrorism agents as 

compared with the new developing technology provided by MALDI-MS. Monitoring infected 

individuals seeking medical care and delay of diagnosis until presentation of symptoms, coupled 

with DNA based assays currently used for detection and identification of biowarfare agents 

(BWA) which must be confirmed by conventional culture or enzyme based test, do not provide 

adequate time response and can drastically increase the fatality rate of infection in a bioterrorism 

incident. The need for a detection system that can rapidly identify the biological agent(s) used in 

a terrorist event fulfilling multiple purposes was thoroughly demonstrated by the authors when 

MALDI-MS is used to identify BWA. MALDI-MS use only a small amount of biological 

material, have the ability to identify single or multiple BWA, is automated for real time 

detection, and is transferable to hospital setting to provide physicians with rapid identification 

equipment. 

Rationale for the selection of this item: The vast information and arguments on the need both in 

public health and hospital health care of MALDI MS technology to identify BWA in this article 

contributes positively to my research. 
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6. L’Etoile, M. (2010). BioMérieux Acquires from AnagnosTec Database and Expertise for 

Rapid Microbial Identification Using Mass Spectrometry. AnagnosTec. Retrieved from 

http://www.anagnostec.eu/home.html 

L’Etoile, M. (2010) announces in this article bioMérieux, the world leader in microbiology 

automated identification system VITEK, acquiring the AnagnosTec, a company specialized in 

microbial identification with MALDI-TOF mass spectrometry technology. The author describes 

also the function of Spectral Archive and Microbial Identification Systems (SARAMIS) software 

and database of human and veterinary pathogens, food pathogens, environmental, and natural 

product producing organisms using MALDI-TOF. Since every organism strain produce a 

MALDI-TOF mass fingerprint pattern with specific signals at strain, species, genera and family 

level, these specific signals can be used as mass pattern of biomarkers in super spectra for 

automated identification of BWA and even unknown strains. The author explains how mass 

spectrometry may offer significant advantages over classical technologies e.g., polymerase chain 

reaction, sequencing, and electrophoretic separation of nucleic acid fragments.  

Rationale for the selection of this item: The articles as well as the site are valuable resource of 

information on the history and current technology of MALDI-TOF being developed abroad for 

use in the U.S. which I will keep in mind to visit as much as possible now and in the future when 

writing my research proposal. 

7. Ayyadurai, S., Flaudrops, C., Raoult, D., and Drancourt, M. (2010). Rapid identification 

and typing of Yersinia pestis and other Yersinia species by matrix-assisted laser 

desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry. BioMed Central 

Microbiology (10)285. 
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Ayyadurai et al (2010) used MALDI-TOF successfully to unambiguously identify Yersinia pestis 

the bioterrorism agent responsible for causing plague. The authors’ study demonstrated that 

MALDI-TOF protein profiling for accurate and rapid identification provides discrimination from 

harmless environmental Yersinia species from food borne pathogens (Yersinia enterocolitica and 

Yersinia pseudotuberculosis) and from the plague agent. The study concluded that MALDI-TOF 

can be used as a first line method for the accurate identification of Yersinia pestis using an 

updated database that includes profiles of Yersinia species, and that MALDI-TOF is the most 

rapid and cost effective tool available.    

Rationale for the selection of this item: This article verifies the use of MALDI-TOF as an 

accurate and cost effective tool to detect and identify biowarfare agents (BWA) adding Yersinia 

pestis to the list of bioterrorism agents that are readily identifiable by MALDI-TOF MS. The 

study used only 13 Yersinia pestis isolates, a limited number of representative organisms. For my 

research I see a gap in this study on the accessibility to select agent’s inventory and multiple 

representative strains of the organism. I plan to use for my research primary data and comparison 

of identification methods of more than 270 Brucella species using MALDI TOF MS as a rapid 

and accurate first line method for the identification and speciation of genus Brucella highly 

infectious species classifies as biological threat agents.  

8. Seibold E., Maier, S., Kostrzewa, T., Zeman, E., and Splettstoesser, W. (2010). 

Identification of Francisella tularensis by whole-cell matrix-assisted laser 

desorption/ionization time-of-flight mass spectrometry:  fast, reliable, robust, and cost 

effective differentiation on species and subspecies level. Journal of Clinical 

Microbiology 48(4) 1061-9. 
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Seibold et al (2010) with the application of MALDI-TOF MS were able to demonstrate the fast, 

reliable, robust, and cost effective differentiation on species and subspecies level of Francisella 

tularensis the causative agent of tularemia a potential agent of bioterrorism. Perfect agreement of 

identification to the species and subspecies level was obtained between 23S rRNA gene 

sequencing and MALDI-TOF MS as well as database matching reproducibility was achieved 

using biological replicates, different culture media and cultivation times, different preparation 

protocols, and different mass spectrometers.       

Rationale for the selection of this item: This article provides further evidence of the success of 

analytical technology obtained with the use of MALDI-TOF MS to identify BWA. MALDI-TOF 

MS advancements in the technological breakthrough and funding can translate into growth of its 

application on the routine basis first by public health laboratories to detect and identify BWA 

such as Francisella tularensis and eventually by clinical laboratories in the fight of bioterrorism 

and provide lifesaving preparedness response. This article supports my study’s subject. 

9. Lista, F., Reubsae, F., De Santis, R., Parchen, R., Jong, A., Kieboom, J., …Paauw, A. 

(2011). Reliable identification at the species level of Brucella isolates with MALDI-TOF 

MS. Biomedical Central Microbiology 11(267). 

Lista et al (2011) present in this article the use of MALDI-TOF MS to accurately identify 

Brucella species isolates to the species level and the construction of a Brucella reference library 

based on multilocus variable tandem repeats analysis (MLVA) to ascertain the identity of 170 

isolates tested. The authors concluded that MALDI-TOF MS can be developed into a fast and 

reliable identification method for genetically highly related species taking into consideration the 

reference library used.  
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Rationale for the selection of this item: Lista et al (2011) conducted one of the very few studies on 

MALDI-TOF MS on Brucella isolates and a reference library for the organism speciation. A gap 

in the study is the lack of interdependence in a bioterrorism event and current methods available 

to determine in real time that a bioterrorism event has occurred and by what organism. No 

comparison in turnaround time and methods of identification comparison such as conventional 

culture, biochemical, immunological, or PCR was made in this study which I will be evaluating 

by comparison with time in identification of BWA by matrix-assisted laser desorption/ionization 

(MALDI) time-of-flight mass spectrometry (TOF MS) technology  in my research study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



RAPID AND RELIABLE IDENTIFICATION OF BIOTHREATS 12 

 

Introduction 

On June 12, 2002 President Bush signed the Public Health Security and Bioterrorism 

Preparedness and Response Act intended to prepare the nation’s public health system capability 

to respond to a public health emergency such as a bioterrorism event (Graham, 2002). The act 

placed in charge the Department of Health and Human Services (HHS) the responsibility to 

periodically evaluate new and emerging technologies designed to enhance the nation’s public 

health system capability to respond fast and accurately to the identification of the agent or toxin 

responsible for a bioterrorism attack. A potential bioterrorism incident ranges from hoaxes to 

covert and overt attacks which demand a fast and reliable identification of a biothreat to ensure 

an effective public health response. The ideal testing platform must be able to provide rapid 

detection and confirmation of biothreat agents not only naturally occurring strains, but also 

genetically modified and weaponized agents from complex matrices with no false results (Lim, 

et al., 2005). Due to the demand of such requirements during a bioterrorism attack, increased 

funding for innovation in detection in diagnostic technologies for bioterrorism agents has 

progressed at a rapid pace. Availability of state of the art technology to rapidly detect and 

accurately identify agents of bioterrorism plays an important role in reducing morbidity and 

mortality caused by biothreats. The new diagnostic technology based on novel platforms are 

focused mainly in miniaturization, field deployability, ability to detect and identify multiple 

analytes in a single platform, and on a spot analysis (Tabatabai, 2005).  

Presumptive methods currently used to identify select agents of bioterrorism such as 

Bacillus anthracis, Yersinia pestis, Francisella tularensis, Burkholderia mallei/pseudomallei, 

Brucella species, and Botulinum toxin such as Polymerase Chain Reaction (PCR), 

immunological, and biochemical methods followed by confirmatory methods culturing the 
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pathogen may take several days which do not provide the needed time to prevent and/or contain 

a mass proliferation of fatal diseases cause by these agents (Bolivar, 2010). New methodology 

such as Matrix Associated Laser Desorption/Ionization (MALDI) Time of Flight (TOF) used 

currently for fingerprinting and identifying microorganisms, including bacteria, viruses, and 

fungi (Lim, et al., 2005) pose a possible solution to the urgency and need for rapid , credible, and 

verifiable method to identify organisms of mass destruction. Many advances have taken place in 

the field of mass spectrometry to detect biological compounds; however there is a gap between 

the technology application of MALDI-TOF capabilities and the public health sector needs (Von 

Seggern & Halden, 2009).    

Mass spectrometry detection system used by MALDI-TOF to detect agents of 

bioterrorism researched in this study present many advantages over conventional identification 

systems currently in use and cutting- edge systems such polymerase chain reaction (PCR). 

MALDI-TOF has the capability to test for multiple bacterial agents using the same protocol, rely 

on a small amount of the sample, is automated for real time detection, is transferrable to the 

hospital setting, and can be miniaturized to the size of a briefcase to be used by trained first time 

responders on the field (Von Seggern & Halden, 2009). Accurate identification in a bioterrorism 

attack is necessary to discriminate harmless species of related organisms such in the case of 

Yersinia species environmental or foodborne pathogens and the causative agent of plague; 

Yersinia pestis (Ayyadurai, et al., 2010) or differentiation of species and subspecies levels such 

as Francisella tularensis, the causative agent of tularemia or Brucella species; brucellosis 

etiological agent (Lista et al., 2011). MALDI-TOF may be the answer to circumvent the 

limitations of current phenotypic and PCR identification methods (Seibold, et al., 2010) currently 

used.  
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Purpose Statement 

The purpose of this experimental study will be to test the theory of interdependence of 

action that relates to an adequate response to a bioterrorism attack to the timely and accurate 

identification of a select agent or toxin.  Rapid and efficient new methods such as matrix-assisted 

laser desorption/ionization (MALDI) time-of-flight mass spectrometry (TOF MS) have the 

capability to identify bacteria to strain level resolution using library-based informatics-enabled 

approaches for which genetic data are available providing fast, accurate, and reliable 

identification.  MALDI TOF MS will be used to identify to strain level approximately 270 

Brucella species, a highly infectious species classified as biological threat agents are capable to 

be aerosolized or used in food matrices (Lista, et al., 2011). Brucella species’ detection, 

identification, and speciation demand time and multiple microbiological procedures to correctly 

identify and speciate it. Efficiency, accuracy, reproducibility, and reduction in turnaround time in 

obtaining reliable results with MALDI TOF MS technology will be compared to conventional 

microbiological, immunological, and PCR procedures currently used.  

Research Question 

Is MALDI-TOF MS technology able to circumvent the limitations of currently used 

conventional microbiological, immunological, and PCR based methods and procedures for 

identification and speciation of the genus Brucella which contains highly infectious species 

classified as biological warfare agents and reduce time detection essential for an effective 

response to a bioterrorism attack? 

Justification of the research question viability: My research question is viable because it inquires 

about the relationship among variables, shapes and specifically focuses the purpose of the study. 

(Creswell, 2009). 



RAPID AND RELIABLE IDENTIFICATION OF BIOTHREATS 15 

 

Hypotheses 

Does the interdependence theory of action explain the relationship between response to a 

bioterrorism attack and time reduction in identification and speciation of a biological warfare 

agent (BWA) such Brucella species by matrix-assisted laser desorption/ionization (MALDI) 

time-of-flight mass spectrometry (TOF MS) compared to current methods for BWA 

identification? 

Quantitative Null hypothesis: There is no difference between the response to a 

bioterrorism attack and the time in determining the identification of a biological warfare agent by 

matrix-assisted laser desorption/ionization (MALDI) time-of-flight mass spectrometry (TOF 

MS) method or current methods used to identify these agents?   

Justification of the hypotheses viability: the hypotheses are viable because they are predictions I 

am making about the expected relationships among variables (Creswell, 2009). Numeric 

estimates will be available from the study based on data collected from testing results for 

comparison of methodologies. These hypotheses will be able to be tested employing statistical 

procedures to compare methods and draw inferences, conclusions, and recommendations from 

the theoretical frame of the interdependence action theory of timely response in a bioterrorism 

attack and fast, accurate, and reliable identification of the biological warfare agent.  
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