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dedicated to improving people’s lives with canine friends. Also, thanks to Oakley, Jody and Pru, 



sputum based, airway sampling method called ‘huff tubes’ was tested with 
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for each patient’s isolates over time pre

for each patient’s isolates relative to baseline over time pre

Figure 4.6: Absolute CFU/ml for each patient’s isolate over time pre

Figure 4.7: CFU/ml for each patient’s isolate relative to baseline over time pre

adjusted RFI for each patient’s isolate over time pre

Figure 4.12: CFU adjust RFI for each patient’s isolate relative to baseline over time pre

Figure 4.14: Subjective mucoidy score for each patient’s isolate relative to baseline over time pre
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. This led to the development of the ‘sweat test’ as the diagnostic test for CF, with 
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genes a person with CF has. Class I, II and III variants are typically termed ‘minimal function’ (



control is always occurring, in a process termed ‘tonic inhibition’ 



mucociliary clearance, in a process termed as ‘the low volume hypothesis’. Widely accepted as being 
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Generally adopted definitions of all infection chronicity in CF come from ‘Leeds’ criteria that were 
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directly to alveolar damage and loss of total alveolar volume contributing to a person’s lung function 
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that use a ‘corrector’ drug to improve 
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microbiome (and hence Pa) might be metabolically adapting to the new ‘modulated’ CF lung 
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. By utilising Pa breath VOC signature, point of care ‘electronic noses,’ such 

https://www.medicaldetectiondogs.org.uk/


detect Pa with substrate other than sputum, it’s clear that most of these alternative methods have 

collected and stored over 6 years’ worth of clinical Pa and other bacterial 
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according to the manufacturer’s instructions, and recipes scaled to quantities required. Broth and 
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numbers of colonies, that are ‘too many to count’ (TMTC). Very low concentration bacteria 

produced <2 visible colonies and were labelled ‘too few to count’ (TFT
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Potency for Sigma Aldrich Tobramycin stock is Lot specific, and sourced from the manufacturer’s 
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manufacturer’s instructions to a concentration of 20mg/ml and filter sterilised. LB agar was prepared 

 































concentration to produce ‘viable’ growth on gauze 













(B) as discussed above. Dotted lines indicate the ideal ‘starting threshold’ concentration of <10











5’ 3’

PAL2: 5’ 3’
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• l TAC ‘mastermix’ (Q5 Mastermix, New England Biolabs Ltd)

• 

• 

• 



• 

• 

• 









•

•

•

•

•



–

–

–

–







‘highly effective’ as ETI

each individual’s 
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way ANOVA and Tukey’s multiple comparison test. 

unn’s multiple comparison test. As data were paired throughout, no correction 
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way ANOVA with Tukey’s 
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way ANOVA with Tukey’s multiple 



way ANOVA with Tukey’s 





way ANOVA with Tukey’s multiple comparison) and shows a decrease in proportion 



way ANOVA with Tukey’s multiple comparison) and shows a decrease in proportion 







calculated and compared using Friedman test with Dunn’s multiple comparison test. There is 
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It was not possible to track an individual’s change in Pa mucoid status overtime, as isolation 

persistent and resistant to treatment. Mechanisms for this change, and how an individual’s chronic 



sufficient paired data to track an individual’s Pa abundance over three timepoints. 
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methods are prone to ‘noise’ with a degree of variability; this was assessed as part of the analysis. 
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Where no MIC was found, this was recorded as ‘greater than’ the highest tobramycin concentration 

isolate’s

way ANOVA with multiple comparisons (Friedman’s test). 











for each patient’s isolates over time pre



for each patient’s isolates relative to baseline over time pre



of each individual’s isolates 



Figure 4.6: Absolute CFU/ml for each patient’s isolate over time pre



4.7: CFU/ml for each patient’s isolate relative to baseline over time pre



Median CFU/ml of each individual’s isolates 





and CFU/ml. When all patients are grouped, spearman’s rank 



: Each individual’s mean[SD] OD

spearman’s rank correlation coefficient (r) of 0.18.





Each individual’s mean[SD] 



Figure 4.11: Absolute CFU adjusted RFI for each patient’s isolate over time pre



4.12: CFU adjust RFI for each patient’s isolate relative to baseline over time pre







Subjective mucoidy score for each patient’s isolate relative to baseline over time pre













each isolate’s 









Correlation for the whole cohort (all conditions combined) by Spearman’s rank 

’s rank correlation coefficien
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is reported as ‘>’ the maximum MIC tested. In order to perform statistical analysis, these values were 
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use of CFTRm has affected an individual’s Pa isolates over time. Assays looked at growth 
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a “huff tube ”



lab model representing ‘huff tubes’ is

desired ‘huff tubes,’ mimicking inoculation of different s
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F3: 5’ – 3’

B3: 5’ – – 3’

FIP: 5’ – – 3’

BIP: 5’ – – 3’



Primer stock recipe and LAMP reaction protocol was prepared according to manufacturer’s 

manufacturer’s recommendation. 
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samples that did not generate adequate bacterial pellet reported as ‘Pa not detected.’
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inhibition and the imprecise natures of ‘quick and easy’ methods were leading to variable success 

investigated. Manufacturer’s instructions stated that a reaction time of 30 minutes is sufficient, 

though longer may be required in the presence of ‘inhibitory substances.’ In the first attempts high 
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suggested in the manufacturer’s specifications (0.05 to 0.5 
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to detect specific VOCs using sensor containing ‘electronic noses’ (eNose and SpiroNose), 
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Oakley’s picture illustrates the metal testing rigs used for sample presentation. 







 





ass to be out of view but able to observe the dog’s response. The dog was free to 



identification is reliant on both the dog and the handler’s interpretation of the dog’s actions
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to more than one dog, accepting a risk of scent contamination from contact with a previous dog’s 

gauze (high, medium or low) and each dog’s individual as well as combined, ‘all dogs’ performance 

way ANOVA with Tukey’s multiple comparison test.
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All dogs performed statistically similarly (p>0.05) to each other and combined ‘all dogs’ performance 

key’s multiple comparison test with significance presented for 
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huff tube sample collection, and to allow remote sample collection at a person’s home and sample 
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, and perform a ‘huff’ by breathing out, like 

al ‘pokes.’



‘sender address label’ is visible on th

18. Complete the ‘day 3’ and ‘day 5’ samples at approximately 48hr 



comparator for the huff tube samples, plus clinically relevant results communicated to the patient’s 
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huff tubes failed to capture Pa on gauze from a patient’s huff



failure to capture or culture Pa from a patient’s huff in the huff
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tes degrees of growth of colonies, where ‘heavy’ showed too many colonies to 

count (TMTC) and ‘light’ showed distinct colonies that could be counted, and mean number across 
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capture Pa from a patient’s huff
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huff samples. One participant’s day 5 huff sample was lost in the return post. A total of 55 (92%) huff 







patient’s huff and bacteria grown from huff samples on agar are not the same as Pa grown from 

study, did not impact the dog’s ability to detect Pa 
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airway sampling termed a ‘huff tube ’ To do this, 



sufficiently capture Pa on gauze from a person’s huff.



treatment population could be classed as having ‘modulator refractory CF’ 
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recent work has shown the application of specific electronic VOC sensor panels within ‘electronic 

nose’ machines (eNose), as discussed in chapter 6. These have since demonstrated to be able to 

Recently published work looked at a device called ‘PneumoniaCheck’ which is designed for non







It is unclear why the huff model failed to capture bacteria from a patient’s huff in the clinical pilot, 
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“Biological Substances, Category B” (UN3373) must be applied.
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labelled with as “Pa”, and “PaM”, respectively. If the “Pa” and “PaM” labelling is 
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planned freezer location of tube (eg “box 2, position 24”).
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of diluent (e.g. 100 μl bacteria in 900 μl PBS). When the quantity of bacteria is 
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The surfaces of the plates need to be sufficiently dry to allow a 20μl drop to be 
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In each sector, 5 x 20 μl (total 100 μl) of the appropriate dilution is dropped
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concentration sample (as estimated by OD or from previous day’s starting colony counts if 
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nuclease free water. Volumes listed per 25 μl LAMP reaction, but other volumes (10, 20, 50 μl etc.) 
y. Sample is assumed here to be 1 μl, but for 



4. Pipet 24 μl per reaction into desired reaction vessels and add 1 μl of sample. Mix by vortexing or by 
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