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The perfect place for winter lovers!
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https://www.jpiamr.eu/projects/phage-ex/
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William Twort , 1918.

https://microbiologysociety.org/publication/past -issues/world -war-
i/article/frederick -william -twort -not -just-bacteriophage.html

*^gyqª~¯|i
5/32

Image: microbiologysociety.org

https://microbiologysociety.org/publication/past-issues/world-war-i/article/frederick-william-twort-not-just-bacteriophage.html
https://microbiologysociety.org/publication/past-issues/world-war-i/article/frederick-william-twort-not-just-bacteriophage.html


ÅPigs are common carriers of livestock-

associated methicillin resistant 

Staphylococcus aureus LA-MRSA.

ÅMRSA is Resistant to several common 

antibiotics.

Åzoonotic.

ÅInitially hospital-associated, its prevalence 

have augmented since 1990s.
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Angen , Ø., et al., 2019. Controlling Transmission of MRSA to 
Humans During Short -Term Visits to Swine Farms Microbiol . 9. 
https://doi.org/10.3389/fmicb.2018.03361
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Infection rate of MRSA by bacteriophages depends by chance and 

various types of parameters, usually: 

a)AfƲnity of the phage to irreversibly bind with the receptor. 

b)Rate of diffusion of phage particles in the infection medium.

Sinha, S., et al, 2018. Modeling BacteriaƍPhage 
Interactions and Its Implications for Phage Therapy 
https://doi.org/10.1016/bs.aambs.2018.01.005
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ƓMultiplicity of infection literally means the 

ratio of phages to bacteriaƓ

?¯z®s§zsgs®·~p7|pkg®s~|

Abedon, S.T., 2016. Phage therapy dosing: The problem(s) with 
multiplicity of infection (MOI). Bacteriophage 6, e1220348. 
https://doi.org/10.1080/21597081.2016.1220348

Behaviorofsuscesivephageapplications. 

Same phagedifferent MOI.

MOI 0.1 = 10̂5 CFU/ml and 10̂4 PFU/ml (less phages than bacteria)

MOI 1 = 10̂5 CFU/ml and 10̂5 PFU/ml (same concentration)

MOI 10 = 10̂5 CFU/ml and 10̂6 PFU/ml (more phages than bacteria)
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Previous work

Testing control mesures against MRSA

Tuominen, K.S., Sternberg Lewerin, S., Widgren, S., Rosendal, T., 2023. Assessment of control measures against livestock-
associated methicillin-resistant Staphylococcus aureus in a farrow-to-Ʋnish pig herd using infectious disease modelling. 
animal 17, 100840. https://doi.org/10.1016/j.animal.2023.100840

Tuominen, K.S., Sternberg Lewerin, S., Jacobson, M., Rosendal, T., 2022. Modelling environmentally mediated spread of 
livestock-associated methicillin-resistant Staphylococcus aureus in a pig herd. Animal 16, 100450. 
https://doi.org/10.1016/j.animal.2021.100450
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Objetive

ÅDetermine the viability of phage therapy to combat livestock -

associated methicillin -resistant Staphylococcus aureus (LA -

MRSA);

ÅReduce transmission within and between pig herds, exposure 

of farm staff and the environment. 
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ÅSample preparation

ÅSampling

11/32

Å2 ml of:

MRSA strain 19ST269

Isolated from pig barn swab sample

105CFU/ml per skin sample

ÅPhage P19ST269-22

Isolated from pig slaughter wastewater

Diecutter5 cm2
3 biological 

replicates per 
time point

Dilution in 100 
ml SB buffer

Homogenization
(120s at 4000 

rpm)
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Bacteria
1/10 Dilution per 

sample

100 ulspread 
plate method 

ChromagarMRSA

Phage
1/10 dilution per 

sample

LB Agar + with 
MRSA soft agar 
overlay

Bacteria
1/10 dilution per 

sample

100 ɛl Spread 
plate method 

ChromagarMRSA

Phage
1/10 dilution per 

sample

LB Agar + with 
MRSA soft agar 
overlay

Incubation at 37 
C 18-24 h

Enumeration 
Colonyfor min 
units(CFU)

Enumarationof
Phaqueforming
units(PFU)

Incubation at 
37↔C 18-24 h

Enumeration 
Colonyforming
units(CFU)

Enumeration of
Phaqueforming
units(PFU)
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14 ex-vivo pig skin experiments (3 repetitions)



Methods
B|z· f^g®kªs^ g~¯|®« ^ªk ¯«ki Û pªk©¯k|g· ik§k|ik|g·

Parameter Symbol Units Reference

alpha (ɻ) Growth rate of bacteria h-1 Modelled, (Cairns et al., 2009)

beta ‍) Binding rate of phages ml CFU-1 h-1 Modelled

gamma (‎) Latency period h-1 Modelled,

delta (‏) Resistance of bacteria h-1 Modelled,

h Burst size at lysis PFU-1 Santos (2014)
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Sunnåker, M., 2013. M., Approximate Bayesian Computation. PLOS 
Computational Biology 9, https://doi.org/10.1371/journal.pcbi.1002803

Widgren, S.,etal., 2019. SimInf: An R Package for Data-Driven Stochastic 
Disease Spread Simulations. Journal of Statistical Software 91, 1ƍ42. 
https://doi.org/10.18637/jss.v091.i12
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Image: Sunnåker, 2013.

https://doi.org/10.1371/journal.pcbi.1002803
https://doi.org/10.18637/jss.v091.i12
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5ª~µ®r ª^®k

=h 0.23 =h 0.06 =h 0.05 =h 0.07

á¿â 5ª~µ®r ª^®k ~p f^g®kªs^ ÝhÞqz{
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Growth rate
á¿Î¿â 5ª~µ®r ª^®k ~p f^g®kªs^ ÝhÞqz{
4sª«® Æ r~¯ª«

=h 0.28 =h -0.04 =h -0.25 =h 0.12

=h 0.23 =h 0.06 =h 0.05 =h 0.07

Ær

ÀÂr
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5ª~µ®rª^®k
[2] Compartment model: Grow rate

=h 0.26 =h 0.066 =h 0.050 =h 0.092

=h 0.23 =h 0.06 =h 0.05 =h 0.07qz{
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Force of infection
[3]  Compartimental model with phages
Concentration is constant between S and P 
(S*P)

‍= 1.98 ‍= 0.26 = 0.017
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Force of infection
[4] Compartimental model with Growing phages

‍= 2.5e -6 ‍= -12.78 = 1.19e -5
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Force of infection & burst size
[5] Compartimental model + Infected compartment

‍= 4.19e -06 ‍= 0.53 = 1.19e -05

h= 11.97 h = 7.90e -07 h= 47.5
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Mutation rate
[6] Resistence development

1.06e =‏ -3 =ɻ 3.9e-03 =ɻ 7.3e -5

‍= 0.52 ‍= 0.84 ‍= 0.22
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Mutation rate
[6] Resistence development
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Model evaluation
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Sensitivity analysis
Partial rank correlation coeficient
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