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4 Introduction

This is a guidance document for the use of members of the Biodefense and Preclinical Evaluation Group – Virology team. The primary role of BPEG-V is to develop, implement, and qualify assays to support in vivo models. In these models vaccines and other biotherapeutics, such as antimicrobial drugs, are assessed. A key output measure of these models is the level of infecting organism within the animal subjects.
The majority of the pre-study work of BPEG-V involves developing tests to enumerate organisms in either the challenge/inoculum preparation or samples, such as blood and tissue, being taken from the animal subjects during study. With very few exceptions the organisms used in these studies, by virtue of them being biodefense pathogens, have fewer published and validated methods for their study.
This research guide contains a set of guidelines to assist research laboratory staff to carry out research and development of enumeration methods of obligate intracellular organisms such as Coxiella burnetii. for which no current reference method exists or where the current reference method is impractical, for example where it is too costly to perform, takes too long to give results, or has ethical issues associated with it.

Enumeration methods are similar to laboratory diagnostic tests and many of the same quality criteria apply to them. They differ in one key area and this is that a diagnostic test will either give a binary result (eg. Pathogen or marker present or absent) or give a value that can indicate presence or absence of a pathogen or marker if it is above a certain threshold or “cut off” value.

5 Objectives
This research guide aims to guide the researcher to carry out a study to research, implement and validate enumeration methods for obligate intracellular pathogens. The guide will cover the following areas of the research process:
· Background to the research problem

· Identification of the research question

· Systematic search and critical appraisal of the literature

· Selection of the appropriate study design

· Data collection and analysis

· Ethical considerations

6 Background to Research Interest
Coxiella burnetii is a bacterial pathogen that has been described worldwide except in New Zealand(Angelakis & Raoult, 2010). Coxiella burnetii is the aetiological agent of Q Fever which typically in its acute form presents as pneumonitis and hepatitis and in its chronic form as endocarditis (Maurin & Raoult, 1997). It is a reportable infection in the U.K. There were 35 new infections in 2008 and 20 in 2009 according to the Health Protection Agency(2010). However, the severity of the disease it causes and the very high infectivity have caused governments to identify it as biological threat agent (CDC, 2008).

Due to the low numbers of cases and the high biological containment required for working with C. burnetii it is only studied at a small number of research institutes worldwide. One of these is the Health Protection Agency (HPA) Centre for Emergency Preparedness and Response (CEPR) at Porton Down. It is here that BPEG-V develops assays to support in vivo studies.
The primary problem for laboratory study of C. burnetii is that it is an obligate intracellular pathogen. This means that it will only multiply within living cells. Therefore, the quantity of bacteria present cannot be easily enumerated on agar plates as for many other pathogenic bacteria. 

7 Identification of the research question

Formulation of focussed research questions followed by systematic searching of the literature are pivotal components of the planning phase of any piece of research. The articles retrieved provide a knowledge base, inform the study design, and prevent the repetition of work. The references found in this section give useful practical advice on formulating research questions and conducting searches.

7.1 Formulation of a focussed research question

Before embarking on a search of the literature databases it is important to first carefully define the question to be answered (Hunt, Haynes, & Browman, 1998). Within evidence-based medicine for quantitative studies it is common to use a framework often abbreviated to PICO or PECO, this stands for Patient, Intervention/Exposure, Comparison, and Outcome (Richardson, Wilson, Nishikawa, & Hayward, 1995). Use of this framework enables the researcher to focus on the important parts of the question being asked and also identifies the key concepts for an effective search strategy (Schardt, Adams, Owens, Keitz, & Fontelo, 2007). For question formulation for searches for qualitative research a re-focussed PICO; People/perspective, Issue(s), Context-setting, Outcome – attitudes and opinions, can be used as suggested in Aveyard and Sharp(2008, p. 81).

The PICO doesn’t always fit exactly what one wants to search for but it is easily adapted to non-clinical questions and still gives a solid basis for constructing database searches. An example question using such an adapted PICO for the research discussed in this guide could be; 
‘What assays have other researchers used to enumerate Coxiella burnetii?’
The keywords to be used as the basis of a search have been extracted from the research question and are shown below (Table 1 - Keywords extracted from research question). Clearly this is not the only way this question could be asked, for example broader terms could have been used such as replacing ‘enumeration of C. burnetii’ with ‘enumeration of obligate intracellular bacteria’. It is also important to note that question formulation and database searches can be regarded as an iterative process. If one retrieves too few articles with an initial question the question can be reviewed and broadened before repeating the searches.
Table 1 - Keywords extracted from research question

	Question element
	Identified Keyword

	Patient
	C. burnetii

	Intervention/Exposure
	Assay

	Comparison
	Other researchers’ assays

	Outcome
	Enumeration of organism


7.2 Systematic Database Searches

7.3 Database search

There are many web-based databases available; many are tailored to particular subject areas. Table 2 shows four of the popular databases available, their main subject areas, and their cost to the end-user. The references given in this section contain useful advice on the use of the various search services, but generally the help section on the search service is all the tuition that is required.
Table 2 - Literature databases and their topic areas

	Database name
	Description

	PubMed
	Contains over 18 million references to journal articles in life sciences with a concentration on biomedicine. Indexed with Medical Subject Headings (MeSH) – Free

	Cochrane Library 
	A collection of six databases that contain different types of high-quality, independent evidence to inform healthcare decision-making.

Great emphasis on high quality systematic reviews and Randomised Controlled Trials (RCT) - Free

	CINAHL
	The most comprehensive resource for nursing and allied health literature – subscription service

	Embase
	Most comprehensive biomedical database on the internet, consisting of over 20 million biomedical research references – subscription service


Google Scholar, while not technically a database can also be used to find research articles and has the advantage, in some cases,  of giving access to grey literature (Shultz, 2007) although at present it lacks the advanced search, controlled vocabulary, and has issues of scope and currency (Shultz, 2007). PubMed is the world’s most commonly used biomedical database (Coletti & Bleich, 2001) and it is also free to use, therefore it will be used during this research guide. However, for a more comprehensive literature review required by a systematic review, databases such as CINAHL, EMBASE, and PsychInfo would need to be included as has been demonstrated (Dixon-Woods & Fitzpatrick, 2001; Shaw, Booth, Sutton, Miller, Smith, Young, Jones, & Dixon-Woods, 2004).

The example question raised in section 7.1 was used with the advanced search function of PubMed to find articles. Table 3 - Summary of searches, gives a broad overview of what the intended targets of each of the searches were. The abstracts of all 40 articles retrieved were read to ascertain their applicability to the question being asked, for example several were rejected because they discussed determination of antibody levels of people or animals infected with C. burnetii. Complete articles were read when the abstracts (or complete articles) contained accounts of enumeration methods for C. burnetii. A total of 9 articles were identified that were suitable for answering the research question.
Table 3 - Summary of searches

	Search ref
	Search for
	No ‘hits’

	#5
	Combine with Boolean AND: #1, #2, #4
	40

	#4
	Outcome: enumerate (and synonyms)
	289246

	#3
	Comparison: other assays (covered by #2) not repeated
	N/A

	#2
	Intervention: Assay (and synonyms such as test)
	8,681,175

	#1
	Patient/Population: Coxiella burnetii (and synonyms such as Q Fever)
	4, 290


7.4 Critical appraisal of the literature

The most popular and systematic method for critically appraising published literature is to use a checklist. The Critical Appraisal Skills Programme (CASP) website (http://www.phru.nhs.uk/pages/phd/casp.htm) contains several such checklists for different kinds of literature and study designs these are shown in table 4.

Table 4 - Appraisal Tools checklists available at CASP

	Article type/Study design

	Systematic reviews

	Randomised Controlled Trials (RCTs)

	Qualitative Research

	Economic Evaluation Studies

	Cohort Studies

	Case-Control Studies

	Diagnostic Test Studies


Unfortunately, the articles retrieved in section 7.3 did not belong to one of the checklists available on the CASP website. Discussing the topic with colleagues led to an article (Kmet, Lee, & Cook, 2004) that discussed a checklist for use with a variety of study designs. The stated aims of this checklist were to give “standard, reproducible criteria to critically appraise the quality of the various studies” (Kmet et al., 2004, p. 2). The checklist for qualitative studies was built on previously peer-reviewed checklists (Cho & Bero, 1994; Timmer, Sutherland, & Hilsden, 2003) and gives a numerical score on the ‘quality’ of the article. The score takes into account that for some study designs certain criteria are not applicable, such as blinding in certain kinds of laboratory experiment. This score allows the researcher to set cut-off values for inclusion or exclusion of articles in a systematic review, although that will not be used for that purpose here. The article also contains a manual to guide the researcher through the completion of the checklist in a systematic and uniform manner. The complete article, including the checklist can be found in Appendix 1.

Table 5 shows a summary of the results of the critical appraisal of the 9 articles retrieved in section 7.3. The completed checklists for these articles can be found in appendix 2. In addition, during the appraisal of the shell vial assay reference (Maurin & Raoult, 1997) it was found that the original report of the assay was in a prior reference (Raoult, Vestris, & Enea, 1990). The trail of references was followed back to this original article and that was added to the critical appraisal table.
It can be seen that the majority of articles retrieved had a study design consisting of laboratory experiments or method comparisons. The exceptions were the two veterinary studies in sheep and cattle (Astobiza, Barandika, Hurtado, Juste, & Garcia-Perez, 2010; Barlow, Rauch, Welcome, Kim, Dubovi, & Schukken, 2008). These two studies both contained a case-control study design, with the Barlow et al. (2008) study also containing a follow-up cross-sectional study. It is of note that these two studies utilised real-time polymerase chain reaction (PCR) for the detection, and in one case enumeration, of C. burnetii. Quantitative PCR detects the number of DNA copies of an organism present and does not give any indication of viability. This perhaps indicates that enumeration of viable Coxiellae in clinical or veterinary material is difficult.
Table 5 - Critical appraisal summary

	Citation
	Enumeration Technique
	Study Design
	Critical Appraisal Score


	(Barlow et al., 2008)
	Realtime quantitative PCR
 for the IS1111a gene
	Case-control followed by a cross-sectional study in dairy cattle
	1.0

	(Ormsbee, Peacock, Gerloff, Tallent, & Wike, 1978)
	Direct Counting of Rickettsiae
Median infectious dose (ID50) in Mice, Guinea pig, embryonated hen eggs, and cultured cells.

Plaque assay in primary chick-embyo fibroblasts
	Laboratory-based comparative case-study
	0.95

	(Miller, Curns, & Thompson, 2004)
	Giménez stain (Gimenez, 1964) followed by direct count of organisms in BHK-21 cells.
	Laboratory case study/experimental
	0.90

	(Maurin & Raoult, 1997)
	Shell vial assay using HEL cells (back-referenced through (Raoult, Torres, & Drancourt, 1991) and (Raoult et al., 1990) to find full method (Appraised here also).

Shell vials fixed 6 days post-infection and read/counted using an immunofluorescent assay
	Laboratory experimental
	0.90

	(Hahon & Cooke, 1966)
	Infection of mouse L cells followed by enumeration 48 hours later using fluorescent antibody staining and manual count

Compared it with embryonated hen egg ID50
	Laboratory experimental
	0.83


	Citation
	Enumeration Technique
	Study Design
	Critical Appraisal Score

	(Marmion, Sukocheva, Storm, Lockhart, Turra, Kok, Ayres, Routledge, & Graves, 2009)
	PCR assay for com1 and IS1111a genes (non quantitative)

Median Lethal dose (LD50) in SCID mice.
	Laboratory experimental
	0.78

	(Wike, Tallent, Peacock, & Ormsbee, 1972)
	Plaque Assay (16 days) in primary chick embryo fibroblasts compared with embryonated hen egg, mice, and guinea pig ID50
	Laboratory experimental
	0.75

	(Astobiza et al., 2010)
	PCR used (IS1111a gene); non-quantitative
	Case-control
	0.73

	(Raoult et al., 1990)
	Initial mention of shell vial in HEL cell assay (6 days) detection by immunofluoresence.
Compared sensitivity of assay (detection not enumeration) with GP or mouse isolation method.

Greater sensitivity than mouse assay

Safer to perform than GP/mouse isolation
	Laboratory experimental/Comparison of existing method for organism isolation with a novel method.
	0.70

	(McDade & Gerone, 1970)
	Plaque Assay (8-10 days) in Primary Chick Embryo fibroblasts compared with animal (Swiss mice) ID50 (22 days)
	Laboratory experimental
	0.55


8 Laboratory comparative studies
The majority of the articles (table 5) compared their new enumeration assay with some existing enumeration method. None of the existing methods has been identified, or proposed as a reference method for the enumeration of C. burnetii. Figure 1 shows an outline of the prerequisite steps required for this research to take place. For the purposes of this research guide there is no need to consider the isolation, growth in hen eggs, harvesting of infected yolk sacs, or the aliquotting and storage of the C. burnetii standard stock. This has already been performed by the standard methods, the information is provided here to help contextualise where this piece of research fits into the broader programme.
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8.1 A Reference Method

For enumeration of viable Coxiella a recurring theme in the literature is the use of median infectious dose assays (ID50) in laboratory animals such as guinea pig, mouse, or embryonated hen eggs. These methods are highly time-consuming (up to 22 days). Due to the long turn-around time of samples, the high-levels of biological containment required, the large number of animals used, the highly time-consuming nature of inoculating large numbers of animals, and the associated costs, these methods are not suitable for the routine enumeration of material from in vivo studies. However, for this research a stock of infectious agent has been produced to which a titre needs to be assigned that has been performed by one of these widely-recognised methods. This stock can then act as a reference standard. The least ambiguous of these methods, and the one proposed to be used in this guide, is the ID50 assay in groups of Swiss mice inoculated intra-peritoneally with dilutions of C. burnetii. Infection will be assessed retrospectively by serological means (rise in titre of paired sera) at the end of the experiment. Briefly, a vial of the standard C. burnetii stock will be diluted decimally and each dilution will be administered to a group of mice. The numbers of infected and non-infected animals at 22 days will be assessed using a commercial ELISA kit for the detection of antibody specific for C. burnetii (PanBio Catalogue number E-QFB01G). Infection will be scored as any animal showing a rise in anti-C. burnetii antibody titre. Non-infected animals will be those showing no rise in titre. The first serum sample should be taken by tail bleed procedure at 5 days post-inoculation, the second at termination of the experiment at 22 days. 
A problem with the use of the PanBio ELISA kit is that it contains a Horse-radish peroxidise (HRP) conjugated anti-Human immunoglobulin class G (IgG) antibody, as the kit is intended for diagnosing C. burnetii infection in humans. For use in this piece of research an anti-mouse IgG HRP-conjugate will need to be substituted for the anti-human conjugate this can be obtained from Sigma-Aldrich (Catalogue number A2554). A small-scale laboratory experiment will then need to be performed to optimise the concentration of this conjugate to use. A ‘known positive’ and ‘known negative’ mouse serum will need to be used to achieve this. This can appear to be a problematic ‘chicken and egg’ problem as there is no method of diagnosing these mouse sera - but in reality the day 22 sera from the group receiving the most concentrated stock, if pooled, will provide a reliably positive control and a pooled pre-inoculation bleed from some of the mice will constitute a suitable negative. The guide from ThermoScientific provides an overview of the ELISA technique as well as a practical guide on the optimisation of the assay, including the optimisation of the enzyme conjugate required here (Appendix 3; page 13; section F of the guide).
8.2 Total organism count

A standard laboratory protocol for counting viruses and other small organisms by electron microscopy or light-microscopy uses an internal comparator of a known concentration of polystyrene beads and gives a good indication of the number of organisms present in a preparation. However, this has several disadvantages, foremost is that the count gives no indication as to the quantity of viable organisms present. Furthermore, these methods generally require a reasonably ‘clean’ preparation of material free of contaminants such as blood cells or large amounts of animal proteins and as such are not suitable for the enumeration of samples from in vivo studies.
One of the studies above used realtime quantitative polymerase chain reaction (qPCR) to enumerate organisms in samples from living animals (cattle). The most common form of qPCR (TaqMan) detects the products formed from a PCR reaction using a dual-fluorochrome-labelled oligonucleotide that hybridises between the two amplification oligonucleotide primers. A good overview of the technology can be found in this review (Jung, Soondrum, & Neumaier, 2000). The assay incorporates a DNA standard curve containing a series of standards containing a known number of copies of the gene target. A linear regression is performed on the standard curve fluorescence signals and the known DNA quantities to generate an equation for the standard curve. Sample signals are then mathematically ‘looked up’ on the standard curve to calculate the number of copies present in the sample. This assay retains the disadvantage from the direct count method of not distinguishing viable from non-viable organisms. However, it can be used on a wide range of sample types and is extremely rapid. The articles reviewed above used a Coxiella gene called IS1111a, this isn’t an ideal gene to use for quantification of different isolates of Coxiella as it is a variable-copy transposon-like gene present in 7 to 110 copies per genome (Klee, Tyczka, Ellerbrok, Franz, Linke, Baljer, & Appel, 2006). For accurate quantification, albeit at the expense of some sensitivity, a single-copy gene target must be used such as icd as suggested and validated by Klee et al. (2006).
The data provided by the qPCR will be invaluable in supporting in vivo studies in much the same way that viral load data is utilised in the monitoring and management of human immunodeficiency virus (HIV), a good review of this can be found in Wittek, Sturmer, Doerr, & Berger (2007). A decrease that was found to be statistically significant in Coxiella load in a treatment group of experimental animals compared to an untreated group would provide evidence of treatment efficacy.
8.3 Viable count

For detection of viable organisms the literature suggest several assays. Many of which are unsatisfactory due to the use of primary tissue cultures, that is tissue culture of cells that have to be harvested from sacrificed animals each time the assay is performed rather than continuous cell lines. Several of the assays for enumeration of viable organisms also take several days to perform. 
Develop an assay that takes a short as time as possible..
Shell vial-based (HEL cells), and using fluorescent counts..
8.4 Assay Assessment

9 Data Collection
Data from the primary experiment will consist of two ELISA antibody titres from each of the mice in the median infectious dose (ID50) experiment. These titres will need to be recorded in a laboratory notebook against the animal number and group number. An example of this is shown in table 6 below. Animals will be scored as infected if the anti-Coxiella titre rises between the two bleed dates by two or more dilution wells (eg. From 1:100 to 1:400). These data will then be used to calculate the ID50 of the stock material – see the next section for more details.
Table 6 - example worksheet for recording animal antibody titres

	Animal ID
	Group ID
	Dose 

(stock diln)
	Titre D6
	Titre D22
	Infected?

	1
	1
	1/100
	1:100
	1:2000
	Infected or (+)

	2
	1
	1/100
	1:100
	1:4000
	Infected

	…
	…
	…
	…
	…
	…

	1
	6
	1/1x107
	1:100
	1:100
	Uninfected or (-)

	2
	6
	1/1x107
	<1:100
	<1:00
	Uninfected


10 Data Analysis
For the ID50 data the standard method for calculating the median infectious dose and the standard error is that described by the Spearman-Kärber method (Dougherty, 1964). Although the simpler Reed-Muench method (Reed & Muench, 1938) is often used for this purpose the work of Bross (1950) demonstrated that the Spearman-Kärber method gives more accurate estimates of the 50% endpoint. In addition, the method of Reed-Muench doesn’t give standard errors of the endpoint estimate. Figure 2 contains a worked example of the ID50 calculation for reference.
[image: image4.wmf]å

-

-

=

)

1

/(

)

1

(

(

)

50

10

.(log

.

.

n

P

P

d

ID

e

s

e


[image: image5.wmf])

1

6

/(

)

17

.

0

83

.

0

(

)

33

.

0

67

.

0

(

)

33

.

0

67

.

0

(

)

67

.

0

33

.

0

(

)

83

.

0

17

.

0

(

1

-

´

+

´

+

´

+

´

+

´


11 Ethical considerations
When performing the ID50 evaluation in Swiss mice the Animals (Scientific Procedures) Act, 1986 will apply. This requires that the following are in place; the place(s) where scientific procedures are carried out are licensed under a certificate of designation, that the programme of work is authorised in a project licence, and that each person who undertakes work under the Act must hold a personal licence. Under the Act, licences are only granted for under the following conditions:

· where there are no non-animal alternatives

· when the benefits expected from the programmes of work are judged to outweigh the likely adverse effects on the animals concerned 

· Numbers of animals used and the suffering they undergo must be minimised
More information can be found on the Home Office website (http://www.homeoffice.gov.uk/science-research/animal-research/).
It is likely that a project licence would be granted for this programme of work as the aim is to perform this ID50 once in an attempt to validate alternative assays that do not require the use of animals. Prior to making a Home Office Project licence application researchers at CEPR are required to make an application to the Local Research Ethics Committee ( please see the HPA Intranet pages on Ethics for further guidance) who will review the work being performed as well as offer guidance on any refinements that could be made to this piece of research.
12 Bibliography

Agency, H. P. (2010). Common Animal Associated Infections, England and Wales. Health Protection Report: Weekly Report, 4(11).

Angelakis, E., & Raoult, D. (2010). Q Fever. Vet Microbiol, 140(3-4), 297-309.

Astobiza, I., Barandika, J. F., Hurtado, A., Juste, R. A., & Garcia-Perez, A. L. (2010). Kinetics of Coxiella burnetii excretion in a commercial dairy sheep flock after treatment with oxytetracycline. Vet J, 184(2), 172-175.

Aveyard, H., & Sharp, P. (2008). Chapter 5. In A beginner's guide to evidence based

practice in helath and social care. New York: Open University.

Barlow, J., Rauch, B., Welcome, F., Kim, S. G., Dubovi, E., & Schukken, Y. (2008). Association between Coxiella burnetii shedding in milk and subclinical mastitis in dairy cattle. Vet Res, 39(3), 23.

Bross, I. (1950). Estimates of the LD50; a critique. Biometrics, 6(4), 413-423.

CDC Select Agents Regulations (42 CFR Part 73),   (2008).

Cho, M. K., & Bero, L. A. (1994). Instruments for assessing the quality of drug studies published in the medical literature. Jama, 272(2), 101-104.

Coletti, M. H., & Bleich, H. L. (2001). Medical subject headings used to search the biomedical literature. J Am Med Inform Assoc, 8(4), 317-323.

Dixon-Woods, M., & Fitzpatrick, R. (2001). Qualitative research in systematic reviews. Has established a place for itself. Bmj, 323(7316), 765-766.

Dougherty, R. M. (1964). Animal virus techniques. In R. J. C. Harris (Ed.), Techniques in experimental virology (pp. 183-186). New York: Academic Press.

Gimenez, D. F. (1964). Staining Rickettsiae in Yolk-Sac Cultures. Stain Technol, 39, 135-140.

Hahon, N., & Cooke, K. O. (1966). Assay of Coxiella burnetii by enumeration of immunofluorescent infected cells. J Immunol, 97(4), 492-497.

Hunt, D. L., Haynes, R. B., & Browman, G. P. (1998). Searching the medical literature for the best evidence to solve clinical questions. Ann Oncol, 9(4), 377-383.

Jung, R., Soondrum, K., & Neumaier, M. (2000). Quantitative PCR. Clin Chem Lab Med, 38(9), 833-836.

Klee, S. R., Tyczka, J., Ellerbrok, H., Franz, T., Linke, S., Baljer, G., et al. (2006). Highly sensitive real-time PCR for specific detection and quantification of Coxiella burnetii. BMC Microbiol, 6, 2.

Kmet, L. M., Lee, R. C., & Cook, L. S. (2004). Standard Quality Assessment Criteria for Evaluating Primary Research Papers from a Variety of Fields. HTA Initiative, 13, 22.

Marmion, B. P., Sukocheva, O., Storm, P. A., Lockhart, M., Turra, M., Kok, T., et al. (2009). Q fever: persistence of antigenic non-viable cell residues of Coxiella burnetii in the host--implications for post Q fever infection fatigue syndrome and other chronic sequelae. Qjm, 102(10), 673-684.

Maurin, M., & Raoult, D. (1997). Bacteriostatic and bactericidal activity of levofloxacin against Rickettsia rickettsii, Rickettsia conorii, 'Israeli spotted fever group rickettsia' and Coxiella burnetii. J Antimicrob Chemother, 39(6), 725-730.

McDade, J. E., & Gerone, P. J. (1970). Plaque assay for Q fever and scrub typhus rickettsiae. Appl Microbiol, 19(6), 963-965.

Miller, J. D., Curns, A. T., & Thompson, H. A. (2004). A growth study of Coxiella burnetii Nine Mile Phase I and Phase II in fibroblasts. FEMS Immunol Med Microbiol, 42(3), 291-297.

Ormsbee, R., Peacock, M., Gerloff, R., Tallent, G., & Wike, D. (1978). Limits of rickettsial infectivity. Infect Immun, 19(1), 239-245.

Raoult, D., Torres, H., & Drancourt, M. (1991). Shell-vial assay: evaluation of a new technique for determining antibiotic susceptibility, tested in 13 isolates of Coxiella burnetii. Antimicrob Agents Chemother, 35(10), 2070-2077.

Raoult, D., Vestris, G., & Enea, M. (1990). Isolation of 16 strains of Coxiella burnetii from patients by using a sensitive centrifugation cell culture system and establishment of the strains in HEL cells. J Clin Microbiol, 28(11), 2482-2484.

Reed, L. J., & Muench, H. (1938). A simple method of estimating fifty percent endpoints. The American Journal of Hygiene, 27, 5.

Richardson, W. S., Wilson, M. C., Nishikawa, J., & Hayward, R. S. (1995). The well-built clinical question: a key to evidence-based decisions. ACP J Club, 123(3), A12-13.

Schardt, C., Adams, M. B., Owens, T., Keitz, S., & Fontelo, P. (2007). Utilization of the PICO framework to improve searching PubMed for clinical questions. BMC Med Inform Decis Mak, 7, 16.

Shaw, R. L., Booth, A., Sutton, A. J., Miller, T., Smith, J. A., Young, B., et al. (2004). Finding qualitative research: an evaluation of search strategies. BMC Med Res Methodol, 4, 5.

Shultz, M. (2007). Comparing test searches in PubMed and Google Scholar. J Med Libr Assoc, 95(4), 442-445.

Timmer, A., Sutherland, L. R., & Hilsden, R. J. (2003). Development and evaluation of a quality score for abstracts. BMC Med Res Methodol, 3, 2.

Wike, D. A., Tallent, G., Peacock, M. G., & Ormsbee, R. A. (1972). Studies of the rickettsial plaque assay technique. Infect Immun, 5(5), 715-722.

Wittek, M., Sturmer, M., Doerr, H. W., & Berger, A. (2007). Molecular assays for monitoring HIV infection and antiretroviral therapy. Expert Rev Mol Diagn, 7(3), 237-246.



13 Appendix 1

This appendix contains the HTA Initiative article regarding the quality assessment criteria for evaluating primary research papers from a variety of fields. (Kmet et al., 2004)
14 Appendix 2
This appendix contains the completed checklists for the articles that were critically appraised in section 7.4.
15 Appendix 3

This section contains the ThermoScientific TechTip #65 “ELISA technical guide and protocols”.

This gives useful information on the ELISA test but also provides practical advice on how to optimise the concentrations of various assay components, including the enzyme-conjugate.


















Figure � SEQ Figure \* ARABIC �2� - Illustration of Spearman-Kärber method for calculating ID50





Table 1 - Example ID50 data


Dilution of C. burnetii�
Log10 dilution�
Uninfected�
Infected�
Probability of infected


(P)�
(1-P)�
�
1/1x103�
-3�
0�
6�
1.00�
0.00�
�
1/1x104�
-4�
1�
5�
0.83�
0.17�
�
1/1x105�
-5�
2�
4�
0.67�
0.33�
�
1/1x106�
-6�
2�
4�
0.67�
0.33�
�
1/1x107�
-7�
4�
2�
0.33�
0.67�
�
1/1x108�
-8�
5�
1�
0.17�
0.83�
�
1/1x109�
-9�
6�
0�
0.0�
1.0�
�



Spearman-Kärber formula: � EMBED Equation.3  ��� 


Where:	L = 	Log greatest dilution at which all animals are infected (ie. -3)


	d = 	log of the dilution factor step (ie. 1)


(P =	sum of the proportion of ‘positive’ tests (ie. Infected animals) from the highest dilution showing an infected animal to the highest dilution showing all animals infected�(ie. (P = 0.17 + 0.33 + 0.67 + 0.67 + 0.83 + 1.0 = 3.67)





Thus: 	log10ID50 	= -3-(1(3.67-0.5)) = -3-(1 x 3.17)


			= -3-3.17 = -6.17


Therefore:	ID50 	= antilog(-6.17)


			= 1/antilog 6.17 = 1/1,479,108 or 1/1.48x106








The Estimated Standard Error (e.s.e.) is calculated:


� EMBED Equation.3  ���  where n is the number of animals/group





Log10e.s.e. = � EMBED Equation.3  ���


	     = � EMBED Equation.3  ���	= 0.42





Figure � SEQ Figure \* ARABIC �1� - Outline of the Research





� EMBED Visio.Drawing.11  ���
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