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SUMMARY
Staphylococcus spp. accounts for up to two thirds of all microorganisms causing prosthetic joint infections, with Staphylococcus aureus and Staphylococcus epidermidis being the major cause. The present
study describes a diagnostic model to detect staphylococci using a specific bacteriophage and bioluminescence detection, exploring the possibility of its use on sonicate fluid of orthopaedic artificial joints. Intracellular adenosine-5’-triphosphate release by bacteriophage mediated lysis of staphylococci was assessed
to determine optimal parameters for detection. With the optimized method, a limit of detection of around
103 CFU/mL was obtained after incubation with bacteriophage for 2 h. Importantly, sonicate fluid did not
prevent the ability of bacteriophage to infect bacteria and all simulated infected sonicate fluid as well as
6 clinical samples with microbiologically proven staphylococcal infection were detected as positive. The
total assay took approximately 4 h. Collectively, the results indicate that the developed method promises a
rapid, inexpensive and specific diagnostic detection of staphylococci in sonicate fluid of infected prosthetic joints. In addition, the unlimited pool of different existing bacteriophages, with different specificity for
all kind of bacteria gives the opportunity for further investigations, improvements of the current model
and implementation in other medical fields for the purpose of the establishment of a rapid diagnosis.
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INTRODUCTION
The development of prosthetic joints has made a major
contribution to life quality and has eased the health-economic burden. For the past few years the number of joint
replacements has increased sharply. Despite all improvements, the great majority of implant loosening cases are
due to inflammation, mainly caused by pathogenic microorganisms. Therefore, a rapid and accurate diagnosis of
prosthetic joint infection (PJI) is crucial (Esteban et al.,
2012; Puig-Verdié et al., 2013).
Currently the diagnostic steps are based on the evaluation of clinical symptoms as well as laboratory, histopathological and microbiological tests (Puig-Verdié et al.,
2013). As for the microbiological diagnosis, the culturing
of preoperative aspirated joint fluid and intraoperative
periprosthetic tissue samples are the main gold standards
(Scorzolini et al., 2014). Still the main drawbacks of current methods are the time needed to obtain results and
low sensitivity, most likely due to biofilm formation on
the implant surface. Hence sonicate fluid (SF) is gradually
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replacing the samples of periprosthetic tissue as the microbiological culturing material. To detach bacterial biofilm from the surface of explanted implants to obtain the
SF, the removed prosthesis is placed in a sterile container, subsequently filled with sterile Ringer’s solution and
subjected to sonication in a low-intensity ultrasonic bath
(Puig-Verdié et al., 2013; Scorzolini et al., 2014; Zimmerli et al., 2004). On the other hand, molecular techniques
like quantitative real-time polymerase chain reaction using bacterial DNA as template, are becoming popular as
a faster and sensitive method for pathogen identification
in PJI with a limit of detection of 104 CFU/ml (Tunney et
al., 1999; Gomez et al., 2012). However, it has the disadvantages of being expensive, requiring laborious steps like
DNA extraction, detecting background DNA resulting in
false-positive results and, importantly, does not differentiate between live and dead bacteria (Gomez et al., 2012).
Up to two thirds of all microorganisms causing PJI are
bacteria from the genus Staphylococcus, mainly Staphylococcus aureus and Staphylococcus epidermidis (Esteban
et al., 2012). Therefore, distinguishing staphylococci from
other bacteria by a more sensitive and specific bacteriophage-based method would be of great help to diagnose
staphylococcal PJI.
Bacteriophages are viruses that specifically infect and kill
bacteria by intracellular lysis, which results in the release
of progeny phages. The use of bacteriophages for both
therapeutic (Lu and Koeris, 2011) and diagnostic purposes (Schofield et al., 2012) has already been described.
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The introduction of bacteriophages as a diagnostic tool
has many advantages, mainly due to their host specificity
and great robustness (they are resistant to harsh environmental conditions, e.g. exposure to organic solvents and/
or temperature and pH variations). Moreover, this rather
inexpensive agent is easy to produce without the need for
sophisticated laboratory equipment and is able to distinguish between live and dead bacteria. Different detection
techniques reported in the literature to date exploit different stages of the phage infection cycle, like bacterial affinity, phage propagation or phage-induced lysis of target
bacteria (Schofield et al., 2012). One of the options for an
indirect, but from existing methods faster approach could
to monitor the release of intracellular markers such as adenosine-5’-triphosphate (ATP) during cell lysis (Blasco et
al., 1998; Wu et al., 2001; Squirrell et al., 2002; Guzmán
Luna et al., 2009).
ATP is present in all live cells and serves as an intracellular
energy source. It can be easily detected after extraction
from cells using a bioluminescence reaction with firefly
luciferase (Marques and Esteves da Silva, 2009).
The ATP bioluminescence assay is widely used in the food
and beverage industry for hygiene monitoring in food production, testing the effectiveness of cleaning procedures
and assessing the bacteriological quality of foods (Corbitt
et al., 2000; Brovko et al., 2012; Schmelcher and Loessner,
2014; Yan et al., 2012). When determining the presence of
bacteria in a sample, the release of its intracellular ATP is
an essential step of the assay. Non-specific extraction can
be achieved through the use of detergents (Grazia et al.,
1999) but identification of the ATP source is impossible in
that case. Therefore, research focused on combining ATP
bioluminescence with other techniques, such as immunomagnetic separation (Martelet et al., 2015) and specific
targeting of bacteria with bacteriophages (Blasco et al.,
1998; Wu et al., 2001; Guzmán Luna et al., 2009).
The aim of our study was to optimize the bioluminescent phage-based diagnostic model for quick detection of
Staphylococcus spp. bacteria in SF of explanted artificial
joints.
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Phage bactericidal host range

Phage K was first assessed for its ability to form plaques
or clearings on lawns of tested bacterial strains using the
spot assay (Carlson, 2005) to determine which bacterial
strains are outside a phage’s bactericidal host range. An
actively growing bacterial culture (100 μL) was added to
Table 1 - Details of bacterial strains and sensitivity to phage
K lysis.
Strain

Strain
details*

Phage
sensitivity
and EOP†

DPC 5246

Bovine;
mastitis

+; 1

Staphylococcus
aureus

RN 4220

derived
from strain
NCTC83254 using
mutagenesis

+; 0.208

Staphylococcus
aureus

ATCC
25923

Human

+; 0.536

Staphylococcus
aureus

ATCC
29213

Human;
oxacillinresistant

+; CL

Staphylococcus
aureus

ATCC
43300

Human MRSA;
oxacillinresistant

+; CL

Staphylococcus
aureus

ATCC
700698

Human MRSA

+; CL

Staphylococcus
aureus

ATCC
700699

Human MRSA

+; CL

Staphylococcus
epidermidis

ATCC
12228

non-infectionassociated
strain

+; CL

Staphylococcus
epidermidis

Clinical
isolate

Human, PJI

+; 0.264

Staphylococcus
hycus

ATCC
11249

Swine

+; CL

Staphylococcus
saprophyticus

ATCC
43867

MATERIALS AND METHODS

Staphylococcus
hominis

Clinical
isolate

Human

+; CL

Bacteria and bacteriophages

Staphylococcus
caprae

Clinical
isolate

Human

+; CL

Staphylococcus
capitis

Clinical
isolate

Human

+; 0.843

Acinetobacter
baumanii

ATCC
19606

Human;
uroinfection

-

Enterobacter
cloacae

ATCC
13047

Human; spinal
fluid infection

-

Enterococcus
faecalis

ATCC
29212

Human;
uroinfection

-

Escherichia coli

ATCC
25922

Human

-

Escherichia coli

Clinical
isolate

Human;
uroinfection

-

Pseudomonas
aeruginosa

ATCC
27853

Human; blood
infection

-

Pseudomonas
fluorescens

ATCC
13525

Staphylococcus aureus subsp. aureus bacteriophage K
ATCC 19685-B1™ (phage K) was purchased from the
American Type Culture Collection (ATCC, Manassas, Vancouver, Canada). Bacterial strains used in the study are
listed in Table 1. ATCC strains and all clinical isolates were
provided by the Institute of Public Health, Koper, Slovenia. S. aureus DPC 5246 was kindly provided by Aidan
Coffey, PhD (Cork, Ireland) and S. aureus RN 4220 by Gabriela Balíková Novotná, PhD (Prague, Czech Republic).
For the maintenance and growth of bacteria, brain heart
infusion broth (BHI, Sigma-Aldrich, St. Louis, MO, USA),
nutrient broth no. 2 (NB2) or nutrient agar no. 2 (NA2)
plates (Atlas, 2010) were used. Soft agar for plaque assays
(Ellis and Delbrück, 1939) was made from NB2 supplemented with 0.7% of agar technical (Biolife, Milan, Italy).
Phage K was routinely propagated on S. aureus DPC 5246
as described previously (Adams, 1959). Phage stock titre
was determined every month by the Adams agar-overlay
method (Adams, 1959) and phage numbers in stock solutions were determined as plaque forming units per mL
(PFU/mL) from triplicate plate counts.

Host
Staphylococcus
aureus

+; CL

-

* MRSA, methicillin-resistant S. aureus.
†Spot assay and broth-based lysis test results. +, sensitive; -, not sensitive; EOP,
efficiency of plating; CL, confluent lysis (plaques were too small to count, but lysis
occurred at higher phage concentrations).
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5 mL of soft agar, poured over the NA2 plate and allowed
to harden. After the overlay had solidified, 10 μL of phage
K dilutions from 10 to 1010 PFU/mL were spotted onto
the surfaces. Plates were dried and incubated over night
at 37°C. The assay was carried out in plate duplicates for
each bacterial strain and repeated three times. Efficiency
of plating (EOP) of phage K on susceptible strains was later determined by the Adams agar-overlay method (Adams,
1959). Phage bactericidal host range was confirmed by a
broth-based test (Hyman and Abedon, 2010), in which cultures in mid-exponential phase (OD590 around 0.4) were
infected with phage K at multiplicity of infection (MOI)
of 100. Following cultivation, changes in culture turbidity
were observed. If a drop of turbidity occurred, the strain
was considered susceptible to the phage.

Bioluminescence assay

Release of intracellular ATP mediated by phage K lysis of
S. aureus ATCC 25923 and S. epidermidis ATCC 12228 was
observed in order to determine the optimal parameters
for ATP detection. ATP Bioluminescence Assay Kit CLS
II (Roche Diagnostics GmbH, Mannheim, Germany) was
prepared according to the manufacturer’s instructions and
used to determine ATP concentrations. Bioluminescence
intensity was measured using a Tecan Infinite M200 Pro
microplate reader (Tecan, Mannedorf, Swizzerland) with
a 10 s signal integration time. The method of standard addition was used to convert luminescence measurements
into supernatant ATP concentrations following the standard addition equation (Harris, 2010).
Samples were prepared by diluting overnight bacterial
cultures in fresh NB2 medium followed by phage K addition and incubated at 37°C with shaking on an orbital
shaker (Sanyo orbital shaker, Osaka, Japan) at 150 rev/
min. For analytic purposes, 1 mL of incubated sample
was centrifuged in Eppendorf® Minispin centrifuge (Eppendorf AG, Hamburg, Germany) for 5 min at maximum
speed and 50 µL of supernatant was assayed in triplicates.
Prior to addition of luciferase reagent (50 µL) background
luminescence was measured. After the addition of 10 µL
ATP standard solution (1.65 µmol/L), luminescence was
immediately measured again. In each experiment, a sample with an appropriate bacterial dilution was included as
an uninfected control. ATP content in media and in phage
K solutions was also determined and subtracted from negative controls and samples, respectively.
Each experiment was conducted three times in triplicate.
Bacterial numbers in sample dilutions were determined
as colony forming units per mL (CFU/mL) from triplicate
plate counts.
To determine the optimal time point for ATP detection, S.
aureus and S. epidermidis cultures were diluted to 1×107
CFU/mL. Subsequently phage K at MOI of 10 was added
and samples were incubated for 3,5 h. Samples were assessed for intracellular ATP release with sampling at 0, 60,
120, 180 and 210 min post infection. 100 µL of a subsample was spread over a NA2 plate each time to determine
the number of viable bacteria present.
Limit of detection (LOD) was determined by preparing S.
aureus and S. epidermidis dilutions from 1×107 CFU/mL
to 1×103 CFU/mL and infecting each dilution with phage
K at a final concentration of 1×108 PFU/mL. The infection
was allowed to proceed for 120 min, after that bioluminescence was measured and ATP concentrations were
calculated as described above. The limit for positivity was

determined 3 times the sample’s standard deviation (SD)
above the mean of the uninfected control. The detection
was confirmed positive in samples with an ATP concentration exceeding the limit for positivity of a sample and
LOD was set at the smallest bacterial concentration that
still gave positive results.
To examine the MOI influence on ATP detection, bacterial
dilutions of 1×107 CFU/mL were assessed for intracellular
ATP release by phage K-mediated lysis at four different
MOI: 0.1, 1, 10 and 100. For analysis, sampling was done
at 120 min.

Simulated clinical tests and determination
of clinical performance

SF samples were obtained from sonication of explanted
prosthetic joints of patients with knee or hip prosthesis
loosening. The prosthesis was placed in a sterile container which was then filled with sterile Ringer’s solution
(B.Braun, Melsungen, Germany) to cover the explanted
material. The container was vortexed for 30 s and then
subjected to sonication (frequency of 40 kHz and power
density of 0.22 W/cm2) in a BactoSonic® ultrasonic bath
(Bandelin GmbH, Berlin, Germany) filled with 4% Tickopur solution (TR3, Bandelin, Berlin, Germany) for 5 min,
followed by additional vortexing for 30 s.
Prior to testing of clinical samples, the performance of the
assay was determined testing simulated SF and optimized.
Following negative results from microbiologic testing using standard microbiological methods (Grmek-Kosnik et
al., 2009), 2 mL of each SF was inoculated with S. aureus
ATCC 25923 at a final concentration of 2×105 CFU/mL approx. For negative control, 2 mL SF samples were taken.
1 mL of each negative SF was assessed immediately to determine the rate of background ATP present from other
sources. The bioluminescence assay was performed as described above for pure bacterial cultures.
To reduce ATP background, negative and infected samples
were processed by centrifugation (Heraeus Multifuge 1
SR, Heraeus, Hanau, Germany) for 5 min at 5000× g. After the first centrifugation, supernatants were discarded
and pellets were resuspended by adding 1 mL of 1% Triton
X-100 (Merck, Darmstadt, Germany) followed by gentle
swirling for 2 min. Then samples were centrifuged again
and pellets were resuspended in 1 mL of BHI. Centrifugation and resuspension steps were repeated twice to wash
away ATP released from ruptured cells. Before the 120
min incubation period with phage K at a final concentration of 1×107 PFU/mL, bacteria were allowed to reassume
growth by incubating the processed samples with shaking
at 37°C for 90 min.
To establish if the described processing of SF samples had
any effect on bacterial viability, 2 mL of a simulated infected SF was treated according to the described protocol
while another 2 mL was left untreated. CFU/mL of treated
and untreated SF samples were determined by plate count
and then compared. After the optimization of the assay a
pilot study was performed on SF obtained from 20 orthopaedic patients with reoperation because of hip or knee
prosthesis loosening.

Statistical analysis

From the combined set of data average values, SD and
SE were calculated using the Data Analysis Tool in Microsoft Excel. Statistical analysis was performed by Student
t-test or ANOVA followed by Dunnett’s or Student-New-
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man-Keuls test for comparisons across multiple groups in
SigmaPlot 12.0 (Systat Software, Chicago, IL). Statistical
significance was defined as P<0.05. Data are expressed as
mean ± SE or mean ± SD.

RESULTS
Results presented in Table 1 show the susceptibility of
tested bacteria to phage K lysis. In spot assay, individual plaques of phage K were observed on lawns of 5 tested Staphylococcus strains and clear lysis was obtained in
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first few dilutions of 9 other staphylococci with no plaque
formation at further dilutions. In broth-based lysis test, a
clear drop in culture turbidity was observed for all tested
staphylococci broth cultures. No interaction with other
tested bacteria that can potentially cause PJI was observed
in either of the performed assays.
Results of ATP release by phage K-mediated cell lysis (Figure 1) and bacterial counts (Figure 2) indicate that phage
K starts to lyse S. aureus and S. epidermidis about 60 min
post infection. After 180 min of incubation with phage K
ATP concentrations drop significantly in both strains.
S. aureus and S. epidermidis cultures of different bacterial
concentrations were assayed to determine the LOD of the
method. ATP concentrations detected in cultures infected
with phage K and in control cultures are presented in Figure 3 along with their corresponding limit for positivity.
The LOD for S. aureus and S. epidermidis cultures is in the
range of 103 CFU/mL of tested sample.
To determine the MOI influence on ATP detection, intracellular ATP release by phage K-mediated lysis was evaluated

Figure 1 - Time course of ATP release from phage K infected S. aureus ATCC 25923 and S. epidermidis ATCC 12228.
Mean, n = 6±1 SE; sample volume, 50 µL. *P<0.001 compared with the uninfected control by Student t-test.

Figure 2 - Effects of phage K lysis on bacterial counts of S.
aureus ATCC 25923 and S. epidermidis ATCC 12228. Values are normalized to % of the negative control. Mean, n =
6±1 SE. *P<0.001 compared with the uninfected control by
Student t-test.

Figure 3 - Comparison of the bioluminescent assay with
limits for positivity for S. aureus ATCC 25923 and S. epidermidis ATCC 12228 after 120 min of incubation with phage
K. Mean, n = 6±1 SD; sample volume, 1 mL with final analysis of a 50 µL subsample volume. Limit for positivity =
uninfected control + 3 SD. *Positive detection.
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Figure 4 - Comparison of detected ATP released from S.
aureus ATCC 25923 and S. epidermidis ATCC 12228 after 120
min of incubation with phage K
at different MOI. Mean, n = 9±1
SE; sample volume, 1 mL with
final analysis of a 50 µL subsample volume. ATP concentrations detected at different MOI
are all significantly higher compared to the negative controls
(P<0.001) by Student t-test.
*P<0.001 compared to the negative control with ANOVA and
Dunnett’s method.

at four different MOI. The maximum ATP concentration
was observed at 120 min post infection with phage K at
MOI of 100 for both S. aureus and S. epidermidis (Figure 4)
while lower values were detected at MOI of 0.1, 1 and 10.
There was no statistically significant difference found between MOI of 0.1, 1 and 10 for S. epidermidis and between
0.1 and 1 for S. aureus cultures by Student-Newman-Keuls
testing. ATP concentrations detected at different MOI
were all significantly higher than the negative controls
(P<0.001) by Student t-test. However, when comparing all
groups to the negative controls with ANOVA and Dunnett’s
Table 2 - SF microbiological results obtained with standard
microbiological methods and results from phage K-mediated
ATP bioluminescence assay.
Number of
SF sample

Standard microbiological
methods

Detection with
phage K mediated
bioluminescence
assay

1-2

Staphylococcus aureus

+

3

Staphylococcus aureus,
Streptococcus galactiae

+

4

Staphylococcus epidermidis

+

5

Staphylococcus epidermidis,
Propionibacterium acnes

+

6

Staphylococcus capitis

+

7

Enterococcus faecalis,
Serratia mercescens,
Peptostreptococcus
asaccharolyticus, Finegoldia
magna

ND

8

Enterococcus faecalis

ND

9

Serratia marcescens

ND

10
11-20

Campylobacter jejuni

ND

ND

ND

+, positive detection; ND, nothing detected.

method, only concentrations detected at MOI of 100 were
significantly higher in both bacterial cultures compared to
the negative controls (P<0.001).
To determine the suitability of the model for detecting
staphylococci in SF of explanted prosthetic joints, a microbiologically confirmed negative SF was inoculated
with S. aureus ATCC 25923 to simulate infection. Simulated infected samples and negative samples were assessed
and compared. SF was found to contain a high amount of
ATP. No statistically significant difference was found between ATP concentrations detected in SF, treated with 1%
Triton X-100 to remove contaminating ATP, and growth
media alone (P=0.540). In addition, the difference found
between the viable bacterial counts in treated and untreated SF samples was not statistically significant (P=0.907).
ATP concentrations in all simulated positive samples were
found to be significantly higher than in negative samples
(P<0.001) and higher than the calculated limit for positivity (P<0.001). The assay took approx. 4 h, including all
preparation and detection steps.
In the pilot study performed on SF obtained from 20 patients undergoing hip or knee prosthesis replacement, 10
patients were microbiologically diagnosed as PJI. The
microbiological status determined by standard microbiological methods and results obtained with the optimized
bacteriophage K based ATP bioluminescence method are
presented in Table 2. The detection with phage K was positive in 6 SF samples with microbiologically proven staphylococcal infection.

DISCUSSION
Phage K has been described as a broad host range antistaphylococcal phage, with the ability to infect 9 different
Staphylococcus species (O’Flaherty et al., 2005; Cerca et al.,
2007). To confirm the potential of phage K for detection of
staphylococcal PJI, spot assay and broth-based test were
performed on different bacterial species. Results showed
that phage K has the ability to specifically distinguish and
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lyse only staphylococci. No interaction with other tested bacteria that can potentially cause PJI was observed,
which makes bacteriophage K suitable for the use in a diagnostic model for detecting staphylococcal presence in
sample.
As far as we know, bacteriophages have not yet been used
on SF for diagnosing PJI. The assessment of quick and
specific detection of Staphylococcus spp. in SF of infected
prosthetic joints was based on the determination of optimal parameters for detection on S. aureus ATCC 25923
and S. epidermidis ATCC 12228 cultures. The optimal time
for bacterial detection is therefore estimated to 120 min
post infection when extracellular ATP concentration is
high in both strains. Bacteria tend to secrete some ATP
in the media during their growth (Mempin et al., 2013)
which can also be observed from control results in Figure
1. However, the amount of the secreted ATP in the media
at 120 min of incubation is low compared to the ATP released form lysing bacteria and thus not interfering with
the detection.
The LOD for both S. aureus and S. epidermidis was in
the range of 103 CFU/mL of tested sample, which is
comparable to results obtained for other ATP-based detection methods reported in the literature (Blasco et al.,
1998; Brovko et al., 2012; Minikh et al., 2010; Turner et
al., 2010; Wu et al., 2001). On the other hand, we show
that MOI strongly influences ATP release. Results suggest
that the use of higher phage K concentrations results in
faster bacterial lysis and detection. We therefore assume
that lysis inhibition, a phenomenon that allows phages to sense when free phages outnumber host cells and
respond by delaying lysis (Delbrück, 1940; Kutter et al.,
2005), does not occur at tested MOI levels. However, ATP
concentrations detected at different MOI were all significantly higher compared to the negative controls, making bacterial detection possible at all tested MOI levels.
The observed trend indicates that for samples with an
unknown bacterial concentration even estimation in the
quantity of staphylococci present would be possible by
monitoring maximal ATP release with testing at different
added phage concentrations.
Determining the suitability of the model for detecting
Staphylococcus spp. in SF, simulated clinical tests were
first performed. As expected, SF contained a high amount
of background ATP due to the presence of disrupted human tissue and blood that are transmitted from surfaces
of prostheses after surgical removal and sonication. This
is a major problem in bacterial ATP detection in clinical
samples and therefore the extraction and elimination of
non-bacterial ATP represents a crucial step in sample
preparation (Nilsson, L. E. et al., 1989). Nilsson et al. succeeded in lysing blood cells and destroying their ATP with
the use of a triton-apirase solution. Similarly, we aimed
to remove the non-bacterial ATP present in SF by treating
it with 1% Triton X-100 and centrifugation following the
optimized protocol previously showed to be effective in
removal of ATP background. Additionally, we also demonstrated that the treatment had no significant effect on the
viability of the bacterial cells used in the study. SF was
confirmed as a good sample for the detection of staphylococci after removing the ATP background. Importantly,
the assay provided results much sooner than standard culture methods, where at least 24 to 72 h is necessary for
infection confirmation and identification of the pathogen
(Mancini et al., 2010).
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A good correlation wasfound between results obtained
with phage K-based ATP bioluminescence method and
conventional microbiology results in clinical samples.
With the assay, all SF samples from staphylococcal PJI
were confirmed positive. Additionally, the detection of
staphylococci was also possible in samples where other
bacterial species along with Staphylococcus species were
found with standard microbiological methods, showing
the ability to detect Staphylococcus spp. also from a mixed
bacterial culture. The method gave negative results within
aseptic SF and those with non-staphylococcal PJI determined with standard microbiological methods. Obtained
results confirm the specificity of the model for Staphylococcus spp.
The detection of clinically relevant staphylococci within
the SF of infected prosthetic joints using phage K-mediated lysis in conjunction with a bioluminescence assay is
rapid, sensitive and specific and allows the detection of
only live staphylococci. In addition, the pool of different
existing bacteriophages with different specificity for various bacterial species and strains is practically unlimited, giving the opportunity for further investigations and
improvements of the current model. Supplementing the
developed protocol with additional bacteriophages, the
method has a potential to develop in a rapid and specific
diagnostic procedure for an accurate and inexpensive diagnosis of PJI.
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