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Instruments to Measure Bioterrorism Preparedness and Response to Brucella species 

Introduction 

In addition to the terrorist attack of September 11, 2001 (9/11) and the anthrax 

bioterrorism events that followed the attack, the United States has experienced, in the past 

decade, significant health emergencies including natural disasters, extreme weather event 

consequences such as Hurricane Katrina, a flu pandemic, and numerous foodborne outbreaks 

(Preidt, 2012). Public health preparedness in the U.S. began before 9/11 with the founding of the 

Academic Centers for Public Health Preparedness in the year 2000 (Kerby, Brand, Johnson, and 

Ghouri (2005). However, the public health preparedness definition and the public health 

community plans for an emergency response for a possible immediate or future attack have 

evolved since September 11. Public health preparedness is a national goal, and one of the ways 

to contribute to the achievement of this goal is through public health research (Kerby, Brand, 

Johnson, and Ghouri (2005). The focus of this research papers is on the laboratory bioterrorism 

preparedness and response capability to provide fast, accurate, cost effective, and reliable 

identification and speciation of Brucella species. These organisms may be employed as the 

etiological agents used in a bioterrorism attack via contaminated milk, meat, or water. The 

research would also assess the interdependence of action/response theory between laboratory 

report time and first responder’s actions. Measurements for the comparison of the current 

conventional laboratory methods and the new technology and methodology of Matrix Associated 

Laser Desorption/Ionization (MALDI) Time of Flight (TOF) mass spectrometry (MS) used for 

fingerprinting and identifying Brucella species will be discussed. How preparedness will be 

measured and assessed in this study will be proposed. Content validity, empirical validity, and 
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construct validity for the study, as well, as reliability of the measures will be discussed in the 

following pages. 

Important Levels of Measurement  

The specific mathematical and statistical operations that a public health researcher, such 

as myself, can perform in the data obtained from this study are related to the level of 

measurement (Frankfort-Nachmias & Nachmias, 2008). This quantitative experimental study will 

be conducted in two parts. The first part is the actual testing in a controlled laboratory 

environment with pathogens to establish a comparison in methodology for fast, accurate and 

reliable, identification and speciation of Brucella species. The second part of the study will be 

based in theoretical models of interdependence of action/ response to a potential bioterrorism 

incident caused by Brucella species (Bolivar, 2012).  

The levels of measurement then that I can perform for this study include nominal level; 

mathematically, the basic property of this level of measurement is that the characteristics of the 

cases found in the category, in this study Brucella species, is a variable with different attributes. I 

will study approximately 270 isolates of Brucella species belonging to three genus and species 

groups: Brucella melitensis, Brucella abortus, and Brucella suis; with various numbers of 

isolates in each group. The cases in each group are assumed to be identical: bacteria that are 

morphologically, microscopically, serologically, and biochemically identical.  According to 

Frankfort-Nachmias & Nachmias (2008) the statistical analysis that I would be able to use with 

these variables include mode, percentage values, frequency distributions, Chi square, measures 

of qualitative variation, and appropriate measures of co-variation.  

Comparing the time it takes for the identification and speciation of Brucella species by 

conventional methods and PCR with MALDI TOF MS methods, as well as the assessment of 
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bioterrorism preparedness and response, will allow for statistical calculation of ratio. Ratio level 

measurement is achieved only when equivalence, greater than, known distance of any two 

intervals, and a true zero point relations are all attained (Frankfort-Nachmias & Nachmias, 

2008). Based on the premise that variables that can be measured at the ratio level can also be 

measures at the interval, ordinal, and nominal levels; data obtained from this research study can 

be transformed to perform powerful statistical manipulations: percentage, mode, mean, median, 

standard deviation, t-test, F test, chi square, percentile rank, and rank correlation.  

Assessment of Preparedness and Response Level of Measurement 

Public health preparedness defined by Institute of Medicines is “the capability of the 

public health and healthcare system, communities, and individuals to prevent, protect against, 

quickly respond to, and recover from health emergencies, particularly those whose scale, timing, 

or unpredictability threatens to overwhelm routine capabilities” (cited in Potter, Houck, Miner, & 

Shoaf, 2012).  In order to measure preparedness and deliver an effective response to a 

bioterrorism attack caused by Brucella species organisms, innovative methods are needed to 

evaluate  public health public emergency preparedness and response.  Surveys provide an 

opportunity to assess level of preparedness for an overt or covert attack of various public health 

department’s personnel (environmental health, surveillance, epidemiological investigation, 

laboratory, disease prevention, surge capacity, and risk communication), health care providers 

(physicians, nurses, pharmacist, and clinical laboratory scientist) and first responders (fire 

department, law enforcing agencies, FBI, and HazMat). A survey similar to the instrument used 

by Garbutt, Peltier, and Fitzpatrick (2008) to measure nurse’s familiarity with emergency 

preparedness consisting of an “Emergency Preparedness Information Questionnaire” will be 

created to assess preparedness. A study population comprised of a determined number of 
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personnel from the agencies mentioned above will be surveyed to assess level of preparedness to 

deal with Brucella species used as a biothreat. Monkeysurvey.com will be used to collect the 

data. 

The U.S. congress has appropriated $6.1 billion from 2002 to 2006 to the Department of 

Health and Human Services (DHHS) to strengthen emergency preparedness and response 

capabilities under the Public Health Security and Bioterrorism Preparedness and Response Act of 

2002. The DHHS thorough cooperative agreements under the Centers for Disease Control and 

Prevention’s (CDC) Public Health Emergency Preparedness Program, and the Health Resources 

and Services Administration (HRSA) National Bioterrorism Hospital Preparedness Program has 

distributed funds to all fifty states and four large municipalities to develop programs to improve 

state and local preparedness to respond to a bioterrorism emergency (U.S. DHHS and CDC 

Report, 2007).  Despite the initial efforts to compress homeland security into one agency under 

the Department of Homeland Security, the emergency response itself is fundamentally a local 

activity (Dorn, et al, 2007).   

Challenges and Limitations of Bioterrorism Preparedness and Response 

Measurements 

There are many challenges associated with measuring public health preparedness and 

response for an emergency, in this case bioterrorism. Based on a literature review, emerging 

measuring techniques that might address some of these challenges are just recently being explored. 

A validation study of the Public Health Threat Disaster Trust Scale was conducted by Eisenman, 

Williams, Glik, Plough, and Ong (2012). The scale is designed to assess community trust which 

contributes to the community resilience and response to public health recommendations before, 

during, and after a disaster. The authors conducted a random-digit-dialed telephone survey of the 
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Los Angeles County population in 6 languages from 2005-2006. Trust was measured on a 4 point 

Likert scale. Scores ranged from 4 to16 and the scales results yielded a normal distribution with a 

mean of 8.5, standard deviation of 2.7. Reliability was measured using Cronbach’s Alpha and 

yielded an α = 0.79. Eisenman, Williams, Glik, Plough, and Ong (2012)’s study associated trust 

with the likelihood of following public health recommendations for household disaster 

preparedness and disaster response procedures. The authors validated in their study an association 

between trust and willingness to comply. In a similar study Dorn, et al., (2007) developed a survey 

instrument to measure connectivity among individuals, organizations, agencies, and systems to 

evaluate public health preparedness and response performance. The focus of their study was on the 

premise that a necessary level connectivity must exist among individuals, both within and between 

organizations for an effective bioterrorism response. Regardless of how much training, planning, 

equipment, and funding are available the function will not be fulfilled unless the element of 

connectivity exists among and within agencies responding to an emergency. According to Dorn et 

al., (2007) the goal for developing a connectivity scale was to quantify the extent to which units 

that work together are better able to handle mass casualties. The instrument assesses connectivity 

as a function of perception and behavior. Six focus groups were used to generate the Connectivity 

Measuring Tool (CMT) consisting of 28 items. A four point Likert scale was also used for the 

respondents to indicate their level of connectivity with the preparedness’s system organizations. 

The statistical package SPSS was used for the statistical analysis: Cronbach’s alpha was used to 

calculate internal consistency of the multi-item scale, Pearson’s product moment coefficient was 

used to determine correlation, and the Kaiser-Guttman rule was used to determine the number of 

factors retained (Dorn, et al., 2007). 
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There is, at this time, no clear measure of effectiveness (MOEs) scale for determining 

success of failure of the preparedness and response to bioterrorism event (Burkle, 2003). In order 

to develop an outcome scale that is valid and reliable, multi-disciplinary and multi-agency efforts 

are required. Further, upper level management must support the decision to measure response 

capacity for a real-time surveillance system. Variables that must be taken into account include 

projected rates of morbidity and mortality, statistical capacity to measure variance across 

timelines, potential to control communicable agent’s transmission rates, and the necessary 

distribution of resources across the entire population (Burkle, 2003). 

Longitudinal evaluation of food safety tool development and the initial validation of 

discussion-based exercises were studied by Prebles et al (2008). In this study data collection 

included not only an online survey, but personal interviews designed to evaluate both long-term 

learning of food safety standards and cross-organizational action associated with improving food 

safety preparedness. Because communities must adhere to specified drug regimens in response to 

a bioterrorism attack Low (2005) created a survey tool to measure knowledge of prophylactic 

medication information. The reliability of the measure was assessed by the reliability coefficient, 

the split-half reliability measure, and by Cronbach’s alpha. The study identified six drug 

knowledge categories that enable appropriate patient behavior. The survey was constructed based 

on these categories. The authors concluded that the supplementation of oral information was 

found to correlate with a reduction in incorrect scores on the instrument (Low, 2005).   

The measurement instruments in the literature to date present challenges and limitations.  

Lessons learned from previous studies will be considered when developing measurement 

instruments for my investigation of bioterrorism preparedness and response to an event caused 

by Brucella species. The measurements instrument must be reliable and validated to be able to 
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assess preparedness and response to bioterrorism caused by Brucella species in multiple settings 

and assessment of different populations. 

  

Assessment of Validity and Reliability 

Validity refers to whether or not the measure is measuring what is supposed to measure 

(Salazar, Crosby & DiClemente, 2006). Content validity of this research study: “Assessment of 

Bioterrorism Preparedness and Response to Brucella species as a potential biothreat identified 

using Matrix Assisted Laser Desorption/ Ionization Time of Flight Mass Spectrometry (MALDI 

–TOF MS) Technology” can be assessed by comparing the questions making the survey 

instrument in the subject to other questionnaires and consulting with other experts in the field to 

assure the questions capture all the elements of emergency preparedness and response 

(Frankfort-Nachmias & Nachmias, 2008). Empirical validity would be assessed for the logic 

model of preparedness and response in the form of methodology comparison to identify and 

speciate Brucella species to evaluate a faster, more accurate, and reliable testing platform 

outcomes for the laboratory report. A survey instrument will be developed to assess knowledge 

and preparedness benchmarks to effectively identify, characterize, and respond to a potential 

bioterrorism attack using Brucella species as the causative agent in food, milk, or water.  

The endeavors in this study will be first to assess construct validity; the correspondence 

between the concepts under the study and the measurements used. Second, criterion related 

validity to demonstrate the accuracy of the measure by comparing the measure in the study with 

another previously validated measure. Lastly, assess reliability of the testing instrument platform 

MALDI TOF SM and the survey instrument to assess fast, reliable, and accurate preparedness 

and response to a potential bioterrorism attack using Brucella species. Reliability in 
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measurement is an estimate of the degree to which a scale measures a construct consistently 

when it is used under the same condition with the same or different subjects (Savoia, et al, 2009). 

Repeatability of the measurement, stability, and consistency of the scale are other aspects of 

reliability. Intra-item correlation among items in the questionnaire will be another aspect to 

evaluate internal validity of the scale which will measure whether the items supposed to measure 

the same concepts or construct produce similar scores (Savoia, et al, 2009). Accuracy of the 

MALDI TOF MS testing platform will be accomplished by testing the isolates in triplicate 

(Ferreira, et al., 2010). The Test-Retest method to assess reliability of the survey instrument in 

the second part of the study will be accomplished by administering the survey to the same group 

of persons at two different times to compute the correlation between the two sets of scores.  

 

Conclusion 

The measurements used in this study must be both valid and reliable. The research design 

in this study must be executed with the goal to assess validity and reliability as part of the 

instrument and tools used to assess bioterrorism preparedness and response. Validity and 

reliability must also be assessed as part of development and validation of the scale. The strengths 

and limitations in the measurements used in this study are the technical challenges to assess 

bioterrorism preparedness and response; cofounders may be avoidable by the use of indicators. 

The use of indicators; referred to as a set of statistics that can serve as a proxy for phenomena 

that are not directly measured, would be appropriate to use to assess response time in this study. 

Response time to a frequent outbreak might be chosen as an indicator of adequate response time 

to a bioterrorism event where Brucella species may be the agent used. The measurements 

instrument and scale developed and used in this research study will be reliable and will be 
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validated.  The resulting measurement instrument assessed in this study may eventually become 

a mode able to assess preparedness and response to a bioterrorism attack caused by other agents 

besides Brucella species in multiple settings and on different populations. 
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