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Abstract
Purpose  Infected wounds, such as diabetic foot infections, are mostly polymicrobial and microorganisms have high resist-
ance rates to antimicrobials. Infected wounds in diabetic patients have high cost, morbidity, and mortality rates. Based on 
these facts, there is a need for supportive localized treatment options such as platelet-rich plasma (PRP) implementations. 
Demonstrating the in vitro antimicrobial effect, our aim was to lead up to clinical trials of localized PRP implementations in 
infected wounds such as diabetic foot infections. In this study, we aimed to demonstrate the in vitro antibacterial activity of 
PRP against methicilin-resistant Staphylococcus aureus (MRSA) and three more multi-drug resistant bacteria species that 
are important and hard-to-treat in wound infections.
Materials and methods  In vitro antimicrobial activity of autologous PRP, platelet-poor plasma (PPP), and phosphate-buffered 
saline (PBS) on methicillin-resistant Staphylococcus aureus, vancomycin-resistant Enterococcus spp., extended spectrum 
beta lactamase producing Klebsiella pneumoniae, and carbapenem-resistant Pseudomonas aeruginosa was compared by 
assessment of bacterial growth on agar plates and antimicrobial susceptibility test results.
Results  When compared to control group, PRP and PPP significantly suppressed bacterial growth of MRSA, K. pneumo-
niae, and P. aeruginosa at 1st, 2nd, 5th, and 10th hours of incubation (p < 0.05). VRE was the only bacteria that PRP and 
PPP showed limited activity against. When compared to PPP, PRP showed higher activity against MRSA, K. pneumoniae, 
and P. aeruginosa. However, the differences between PRP and PPP were statistically significant only against MRSA and P. 
aeruginosa at the first hour of incubation.
Conclusions  Emerging PRP and other platelet-derived products seem to be promising alternative tools besides antibiotic 
treatment, debridement, negative pressure wound therapy, hyperbaric oxygen therapy, and other treatment options for treat-
ing diabetic foot infections.
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Introduction

Antibiotics have broken a new ground to cure infections 
in the 20th century. However, antibiotic resistance is the 
leading factor to lose the gains of post-antibiotics era, and 
it is related to increase in mortality, morbidity, length of 
stay in the hospital, and hospital costs [1]. In addition, 
there are not enough emerging antimicrobial drugs to solve 
the antibiotic resistance problem in near future.

Infected wounds, such as diabetic foot infections, are 
one of the most serious infections to treat because of 
the polymicrobiality of infections and high resistance of 
microorganisms. Diabetic patients also have peripheral 
arteriopathy as a result of hypercoagulability, inflamma-
tion, endothelial dysfunction, and vascular smooth muscle 
cell dysfunction [2]. Thus, peripheral blood cells, such as 
erythrocytes, thrombocytes, leukocytes, and also systemic 
treatment options cannot reach deep enough to the infected 
site [3].

In view of these reasons, surgical procedures, such as 
localized debridement, negative pressure vacuum imple-
mentations, intra-lesional epidermal growth factor (EGF), 
and platelet-rich plasma (PRP) implementations, remain 
under investigation as a supportive therapy options [2]. 
As a result of the improvements in new molecular proce-
dures in the last decade, the central role of platelets in host 
defense against microorganisms has been revealed much 
more clearly. Platelets release antimicrobial molecules 
by engaging bacterial pathogens specifically, rapidly and 
directly or indirectly, and form the adaptive immunity [4]. 
PRP promotes tissue regeneration, enhance collagen syn-
thesis, and trigger angiogenesis and immune responses by 
releasing growth factors and cytokines [5].

We had already revealed the efficacy of PRP on methi-
cillin-resistant Staphylococcus aureus (MRSA)-related 
surgical wound in an animal model [6]. In this study, we 
aimed to demonstrate the in vitro antibacterial activity of 
PRP against MRSA and three more multi-drug-resistant 
(MDR) bacteria species that are important and hard-to-
treat in wound infections.

Materials and methods

The study was approved by the Institutional Ethics Com-
mittee of Haydarpasa Numune Training and Research Hos-
pital on March 13, 2017 (HNEAH-KAEK 2017/KK25). 
In the study group, the ten volunteers served as donors to 
obtain blood samples to manufacture PRP had no infection 
and history of medication in last 10 days. The study was 
performed on MRSA, vancomycin-resistant Enterococcus 

spp. (VRE), extended spectrum beta lactamase (ESBL) 
producing Klebsiella pneumoniae, and carbapenem-resist-
ant Pseudomonas aeruginosa, which are all MDR bacteria. 
The strains were isolated from deep tissue specimens of 
different patients with diabetic foot infection. The isolates 
were identified by VITEK-2 automated identification sys-
tem (bioMérieux, France). All the strains were cultured 
in skim milk and were stocked up at − 70 °C. The iso-
lates were revived by subculturing on 5% sheep blood agar 
(Salubris, Turkey) at 35 °C for 24 h. Two suspensions were 
prepared from the growth on 5% sheep blood agar (Salu-
bris, Turkey) in Trypticase Soy Broth (Merck, Germany) 
equivalent to McFarland 0.5 standard (1.5 × 108 CFU/ml). 
One of these suspensions was diluted to 105 for studying 
in the PRP groups. The other suspension was used for the 
antimicrobial susceptibility test.

In vitro antimicrobial susceptibility testing

Antibiotic susceptibility tests were performed with the 
Kirby–Bauer disc-diffusion method in compliance with The 
European Committee on Antimicrobial Susceptibility Test-
ing (EUCAST) guidelines. Microbial suspensions of four 
isolates corresponding with concentration of 0.5 McFarland 
were completely distributed on the surface of Mueller–Hin-
ton agar (Merck, Germany) plates.

Cefoxitin, ceftriaxone, meropenem, and vancomycin are 
surrogate markers for the detection of methicillin resistance, 
extended spectrum beta lactamase resistance, carbapenem 
resistance, and vancomycin resistance, respectively (The 
EUCAST guideline on detection of resistance mechanisms 
v 2.0). Standard 6 mm antibiotic discs of cefoxitin (30 µg), 
ceftriaxone (30 µg), meropenem (10 µg), or vancomycin 
(5 µg) alone and the ones coated with PRP or platelet-poor 
plasma (PPP) were placed on the agar plates using separate 
micropipettes for MRSA, ESBL producing K. pneumonia, 
carbapenem-resistant P. aeruginosa and VRE, respectively. 
Via instillation technique of drops by sterile pipettes, the 
empty discs coated with one of those: 10 µl of PRP, 10 µl 
of PPP, and 10 µl of PBS as control with 2 µl of autologous 
thrombin were also placed on the same agar plates. The agar 
plates were incubated at 37 °C. Antimicrobial activity was 
assessed at 24 h of incubation by measuring the zones of 
inhibition; the values are presented using the median.

Preparation of PRP and autologous thrombin

PRP was obtained through 54 ml of blood from brachial vein 
of each of ten volunteers with a 60-ml syringe in Magel-
lan PRP™ kit, which contained 6 ml anticoagulant citrate 
dextrose solution adenine (ACD-A). We obtained 3 ml of 
PRP and 20 ml of platelet-poor plasma (PPP) at the end of 
the procedure. The number of white blood cells (WBC) and 
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platelets in PRP and PPP for each volunteer was analyzed by 
the complete blood cell analyzer (Cell Dyn Sapphire, Abbott 
Diagnostics, USA). Then, the results were compared with 
the whole blood results of the same volunteer.

We also put 9 ml of whole blood of the donors into 
Vacuette® (BD Vacutainer, Plymouth, UK) serum clot acti-
vation tube, and then, we added and 1 ml of 10% calcium 
gluconate (Calcium Picken Flk., Adeka, Turkey) into these 
tubes. The tubes were kept at room temperature for 10 min 
until clotting. Then, the tubes were centrifuged at 3000g for 
3 min. The top layer (supernatant) is considered thrombin 
and is transferred to a new tube.

Study groups

We had a total of three groups: two study groups (PRP and 
PPP), and phosphate-buffered saline (PBS) as a control 
group. For each study group, we had four different bacte-
ria, as MRSA, VRE, and ESBL producing K. pneumoniae 
and carbapenem-resistant P. aeruginosa. Thus, 12 different 
groups were formed to be investigated.

PRP groups

For the PRP groups, having regulated colony counts 
(1 × 105) of 100 µl of each bacteria were put into the sample 
tubes. Then, 700 µl of liquid medium, 160 µl of PRP, and 
then 40 µl of thrombin were added into these tubes. Finally, 
we had 1 × 104 CFU/ml of bacteria concentration for each 
group (Table 1). These tubes were placed in an incubator 
and at their time on an agitator (Thermolyne Maxi Mix III 
Type 65800, Thermo Fischer Scientific, USA) which runs 
on 200 rpm at 37 °C. Then, after vortexing the tubes at 1, 
2, 5, and 10 h of incubation, 10 µl of the mixture in four 
different groups were coated with 90 µl of sterile saline in a 
sterile Petri plate by using a sterile pipette (10–100 µl, AHN, 
Germany). After this step, the mixtures inoculated on 5% 
sheep blood agar (Salubris, Turkey). Colonies were counted 

with the aid of a magnifying glass after 24 h incubation at 
37 °C. Every counted colony on agar plaque was marked by 
a loop to avoid remarking. Colony counts over 1000 were 
accepted as 1000.The bacterial colony count is presented as 
mean (standard deviation value of log-transformed bacterial 
colony counts).

PPP‑ and PBS‑control groups

The same processes as above for PRP groups were followed 
for PPP- and PBS-control groups using PPP or PBS instead 
of PRP (Table 1).

In vitro susceptibility testing

In vitro susceptibility tests were determined by the 
Kirby–Bauer disc-diffusion method on Mueller–Hinton 
agar (Merck, Germany). First, agar plates were coated with 
one of the four bacterial strains: MRSA, ESBL-positive K. 
pneumoniae, carbapenem-resistant P. aeruginosa, and VRE. 
Then, we placed standard 6 mm empty discs coated with 
one of those: 10 µl of PRP, 10 µl of PPP, and 10 µl of PBS 
as control with 2 µl of autologous thrombin. In addition, 
we placed standard 6 mm antibiotic discs of cefoxitin, cef-
triaxone, meropenem, or vancomycin alone and the ones 
coated with PRP or PPP using separate micropipettes. The 
agar plates were incubated at 37 °C. Antimicrobial activity 
was assessed at 24 h of incubation by measuring the zones 
of inhibition.

Time‑kill assays

Time-kill assays were conducted with plasma preparations 
(PRP and PPP) suspended in 0.9% saline. PBS, suspended in 
0.9% saline without any plasma preparations (PRP and PPP) 
addition, was used as control group. Bacterial growth in PBS 
(control) at 0th, 1st, 2nd, 5th, and 10th hours was considered 
as reference growth rate (100%). Bacterial growth rate of 
PRP and PPP groups in time-kill assays was analyzed with 
comparing to the concurrent bacterial growth rate in PBS 
(control) group. The peak point of effectiveness for each 
study group against each bacterium was described as the 
hours of assessment in time-kill assay that have maximum 
rate of suppression of bacterial growth. Time-kill assays 
were performed as described by Yang et al. [7].

Statistical analysis

Statistical analysis was performed using SPSS for Windows 
in 22.0 (IBM, Armonk, NY, USA). Descriptive statistics 
were given as mean and standard deviation. MRSA, VRE, 
ESBL producing K. pneumoniae, and carbapenem-resistant 
P. aeruginosa growth percentages in PRP and PPP groups 

Table 1   Study protocol for each bacterium

PRP platelet-rich plasma, PPP platelet-poor plasma, PBS phosphate-
buffered saline
a Same procedure for each bacterium in four bacteria groups

PRP group (µl) PPP group (µl) PBS (con-
trol) group 
(µl)

Buyyon 700 700 700
Bacteriaa (1 × 105) 100 100 100
Thrombin 40 40 40
PRP 160 – –
PPP - 160 –
PBS – – 160
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were determined by comparing with the control group. Kol-
mogorov–Smirnov test was used to analyze normality for 
colony count and growth percentages. Mann–Whitney U and 
Wilcoxon tests were used for hypothesis testing. Statistical 
significance was defined as 0.95 (α = 0.05) for the study.

Results

Demographic characteristics

The volunteers were all men and the mean age of was 
32 ± 5. According to complete blood count analysis results, 
the mean WBC and platelet count was 6.56 ± 1.5 × 103, and 
221.3 ± 59 × 103 µl, respectively.

WBC and platelet counts in PRP and PPP groups

For the PRP group, the mean number of WBC and platelets 
was 52.9 ± 31.5 × 103 and 2056.6 ± 494.5 × 103 µl, respec-
tively. We had eightfold increase in WBC and 9.3-fold 
increase in platelet counts compared to whole blood results 
of volunteers.

For the PPP group, the mean number of WBC and plate-
lets was 1.47 ± 0.5 × 103 and 85.3 ± 35 × 103 µl, respectively. 

We had 4.5 times and 2.6 times decreases in WBC and plate-
let counts respectively, compared to volunteers.

Colony counts on agar plates

For MRSA, mean values of colony count in PRP group were 
5.8, 4.4, 19.6, and 217.9 × 104; in PPP group 39.1, 19.4, 18.4, 
and 343.8 × 104; in PBS (control) group 95, 223, 660.9 × 104 
and > 1000 at 1, 2, 5, and 10 h, respectively (Table 2). The 
antimicrobial effect of PRP reached its peak point at second 
hour of incubation, but the peak point for PPP was at fifth 
hour of incubation, and it continued for both PRP and PPP 
groups until tenth hour of incubation (Fig. 1). However, the 
decrease in effectiveness was more rapid in PPP than PRP 
after 5 h. When compared to control group, the peak point 
of effectiveness for PRP and PPP inhibited nearly 90% of 
MRSA growth rate.

For K. pneumoniae, mean values of colony count in 
PRP group were 66.1, 27.9, 73.3, and 642.8 × 104; in PPP 
group 69.4, 60.7, 107.8, and 605 × 104; in PBS (control) 
group 97.2, 307.6, 763.6, and 923.1 × 104 at 1, 2, 5, and 
10 h, respectively (Table 2). The antimicrobial effect of PRP 
reached its peak point at second hour of incubation, but the 
peak point for PPP was at fifth hour of incubation, and it 
continued for both PRP and PPP until 10 h of incubation 
(Fig. 2). However, the decrease in effectiveness was similar 

Table 2   Colony counts 
on 5% sheep blood agar 
(Salubris, Turkey) of MRSA, 
ESBL producing Klebsiella 
pneumoniae, carbapenem-
resistant Pseudomonas 
aeruginosa, and VRE

Mann–Whitney U test, p: significance level
SD standard deviation, MRSA methicillin-resistant Staphylococcus aureus, VRE vancomycin-resistant Ente-
rococcus spp., PRP platelet-rich plasma, PPP platelet-poor plasma, PBS phosphate-buffered saline
a Control (PBS)-PRP < 0.05
b Control (PBS)-PPP < 0.05
c PPP-PRP < 0.05

Bacteria Time PRP groups (mean 
± SD) × 104

PPP groups (mean 
± SD) × 104

PBS-control groups 
(mean ± SD) × 104

MRSA 1st hour 5.8 ± 6.7a,c 39.1 ± 30.2b,c 95 ± 101
2nd hour 4.4 ± 9.3a 19.4 ± 22.7b 223 ± 131.8
5th hour 19.6 ± 24.1a 18.4 ± 20.2b 660.9 ± 311
10th hour 217.9 ± 299.4a 343.8 ± 407.9b 1000 ± 0

Klebsiella pneumoniae 1st hour 66.1 ± 78.9a 69.4 ± 67.5b 97.2 ± 72.7
2nd hour 27.9 ± 21.5a 60.7 ± 64.7b 307.6 ± 116.1
5th hour 73.3 ± 77.7a 107.8 ± 129.9b 763.6 ± 361.4
10th hour 642.8 ± 395.6a 605 ± 473.2b 923.1 ± 243.2

Pseudomonas aeruginosa 1st hour 18.5 ± 12.9a,c 31.6 ± 16.3b,c 43.1 ± 23.9
2nd hour 6.7 ± 8.8a 10.2 ± 13.4b 44 ± 34.4
5th hour 10 ± 16.3a 13.5 ± 23.6b 85.7 ± 82.1
10th hour 20 ± 26.3a 40.3 ± 86b 505.5 ± 433.7

VRE 1st hour 22.9 ± 17.2 24.5 ± 14.6 22.1 ± 15.6
2nd hour 43.4 ± 45.3 41.1 ± 31.0b 60.4 ± 36.6
5th hour 178.2 ± 125.6 124.3 ± 106.8b 218.4 ± 151.8
10th hour 784.2 ± 416.2 719.8 ± 413.2 739.1 ± 434.2
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in PPP and PRP after 5 h. When compared to control group, 
the peak point of effectiveness for PRP and PPP inhibited 
around 90% of Klebsiella pneumoniae growth rate.

For P. aeruginosa, mean values of colony count in PRP 
group were 18.5, 6.7, 10, and 20 × 104; in PPP group 31.6, 
10.2, 13.5, and 40.3 × 104; in PBS (control) group 43.1, 
44, 85.7, and 505.5 × 104 at 1, 2, 5, and 10 h, respectively 
(Table 2). The antimicrobial effect of PRP had not reached 
its peak point yet at the tenth hour of incubation, but the 
peak point for PPP was at fifth hour of incubation (Fig. 3). 
The effectiveness of PPP reached a plateau between fifth 
and tenth hours. When compared to control group, the rate 
of effectiveness (decrease in bacterial growth rate) at tenth 
hour for PRP and PPP was about 80% (Fig. 3).

For VRE, mean values of colony count in PRP group 
were 22.9, 43.4, 178.2, and 784.2 × 104; in PPP group 24.5, 
41.1, 124.3, and 719.8 × 104; in PBS (control) group 22.1, 
60.4, 218.4, and 739.1 × 104 at 1, 2, 5, and 10 h, respectively 
(Table 2). Even though the Fig. 4 points out that the peak 
point for VRE in PRP and PPP group was at 2nd and 5th 
hours of incubation; these antimicrobial effects were very 
limited. When we look at the Table 2, PRP had no statisti-
cally different antimicrobial effect.

When compared to the control group, MRSA, K. pneu-
moniae, and P. aeruginosa growth suppression capabilities 
of PRP and PPP were statistically significantly higher at 1, 
2, 5, and 10 h (p < 0.05). VRE was the only bacteria that 
PRP and PPP showed limited activity against, and only PPP 
showed statistically significant activity at second and fifth 
hours against VRE compared to control group (Table 2).

When compared to PPP, in general, PRP showed higher 
activity against MRSA, K. pneumoniae, and P. aeruginosa. 
However, the differences in activities were not statistically 
significant, except for against MRSA and P. aeruginosa at 
1st hour of incubation. The activity of PRP and PPP against 
VRE was similar (p > 0.05) (Table 2).

In vitro susceptibility results

The baseline susceptibility test results for various antibio-
gram discs, PRP plus thrombin-coated blank discs, PPP 
plus thrombin-coated blank discs, and PBS plus thrombin-
coated blank discs against four different bacteria are shown 
in Table 3.

Median value of inhibition zones against MRSA was 
6  mm in diameter for PRP, PPP, and PBS. Although 

Fig. 1   Relationship between growth rate curve and time; colony 
counts on 5% sheep blood agar (Salubris, Turkey) of MRSA. Aster-
isk: plaque agar images of one of the volunteers as an example are 
on the right side. The difference in concurrent colony counts on 
plaques shows significantly higher antimicrobial activity of platelet-
rich plasma (PRP) compared to platelet-poor plasma (PPP) and phos-
phate-buffered saline (PBS-control) groups. Bacterial growth rate of 

PRP and PPP groups in time-kill assays was analyzed with comparing 
to the concurrent bacterial growth rate in PBS (control) group. Bacte-
rial growth in PBS (control) at 0th, 1st, 2nd, 5th, and 10th hours was 
considered as reference growth rate (100%). The antimicrobial effects 
of both PRP and PPP against MRSA are significant (up to 95% inhib-
itor effect in PRP group compared to control group)
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inhibition zone was 15 mm for cefoxitin, it was 16 mm 
cefoxitin plus PRP (Table 3). Median value of inhibition 
zones against K. pneumonia and P. aeruginosa was 8 mm 
in diameter for PRP disc, and they were 6 mm for PPP- and 
PBS-coated discs (Table 3; Fig. 5a, b). Median value of inhi-
bition zones against VRE was 8 mm in diameter for PRP 
disc and 6 mm for PPP- and PBS-coated discs. No increases 
in diameter were revealed for PRP coated ceftriaxone, mero-
penem, and vancomycin disc for the rest of the microorgan-
isms (Table 3).

Discussion

Chronic infected wounds, such as diabetic foot infections 
(DFI), are one of the most important causes of morbidity 
and mortality in diabetic patients. Because of that DFI’s are 
mostly polymicrobial and complicated infections, alternative 
treatment methods are needed [8, 9].

In association with the preparation procedure, platelets 
are the main component in PRP. Platelets have interaction 
with microorganism besides their hemostatic functions [4]. 
It is revealed that invertebrates and early vertebrates have 
one cell type which is called hemocyte. This cell has both 

hemostatic functions and host defense functions. However, 
types and functions of cells got more sophisticated during 
the evolution process in mammals. Platelets in mammals 
called as immature hemocytes or guardian cells, because 
they still have functions against microorganisms in host 
defense [10].

Studies about the use of PRP for wound healing have 
increased dramatically over the last decade. However, there 
are controversial results of the studies about the effect of 
PRP on diabetic wounds. Steed et al. [11] and Wieman et al. 
[12] concluded that PRP had significant clinical results on 
wound healing among diabetic patients, while Hemecourt 
et al. [13], Smiell et al. [14], and Robson et al. [15] had 
not. It is concluded that the main reason of this may be the 
platelet counts in PRP or inadequate activation of platelets, 
so that various amounts of chemokine, kinocidin, or anti-
inflammatory cytokines, which are the most important ele-
ments on wound healing process, may occur. Amable et al. 
[16] tested 15 different conditions including relative cen-
trifugal force (RCF), centrifugation time, and temperature 
to revealed proper procedure to have optimal platelet yield. 
The result of the study revealed that they had 0.6–5.2-fold 
increase in platelet counts depending on the conditions 
above meaning that one of the most important issues about 

Fig. 2   Relationship between growth rate curve and time; colony 
counts on 5% sheep blood agar (Salubris, Turkey) of Klebsiella pneu-
moniae. Asterisk: Plaque agar images of one of the volunteers as an 
example are on the right side. The difference in concurrent colony 
counts on plaques in PRP group (especially 5th hour) shows signifi-
cantly higher antimicrobial activity compared to platelet-poor plasma 
(PPP) and phosphate-buffered saline (PBS-control) groups. Bacterial 

growth rate of PRP and PPP groups in time-kill assays was analyzed 
with comparing to the concurrent bacterial growth rate in PBS (con-
trol) group. Bacterial growth in PBS (control) at 0th, 1st, 2nd, 5th, 
and 10th hours was considered as reference growth rate (100%). The 
antimicrobial effects of both PRP and PPP against ESBL (+) Kleb-
siella pneumoniae are significant (up to 90% inhibitor effect in PRP 
group compared to control group)
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the effect of PRP is the preparation process to obtain optimal 
platelet counts. In our study, we used Magellan® PRP fully 
automated system to have standardization and we had 9.3-
fold increase in platelet counts compared to whole blood.

There are some studies published in the literature about 
antimicrobial effect of PRP that showed the bacteriostatic 
and/or bactericidal effects of platelets on microorganisms. 
Jago and Jacox [17], Weksler [18], Kahn et al. [19], Czu-
prynski and Balish [20], and Miragliotta et al. [21] revealed 
the antibacterial effect on various microorganism like Bacil-
lus, Staphylococcus, Listeria, and Salmonella; however, 
there are only a few studies about resistant microorganism 
which are capable of surviving for a long time and hard to 
treat.

Our study results revealed that PRP and PPP had antimi-
crobial effect on three resistant microorganisms as MRSA, 
ESBL-positive K. pneumoniae, and carbapenem-resistant P. 
aeruginosa, while they had no significant effect on VRE. 
When we consider the results as a whole, antimicrobial 
effect of PRP was more effective than PPP; however, it was 
statistically significant only in MRSA and P. aeruginosa 
group and only in the first hours of the study. According to 

a study results by Li [22] and Li [23], PRP had up to 100-
fold reduction of in vitro MRSA growth compared to PPP 
and PBS. In addition, in another study having both in vitro 
and in vivo parts, Li et al. showed that PRP significantly 
inhibited the growth of methicillin-sensitive and methicillin-
resistant Staphylococcus aureus, Group A Streptococcus, 
and N. gonorrhoeae within the first few hours. According 
to the results of this study, PRP had no significant antimi-
crobial effect against E. coli and Pseudomonas. In contrast, 
we revealed better antimicrobial effect of PRP against P. aer-
uginosa in our study, although it was a carbapenem-resistant 
isolate. In the in vivo part of this study of an implant-asso-
ciated spinal infection rabbit model, they also revealed that 
PRP treatment had significant effect on reduction of bacte-
rial colonies in bone samples and thereby better bone healing 
at post-operative weeks 2 and 3 [22, 23].

Mariani et al. [24] showed that PRP had significantly 
inhibited the growth of five different nosocomial bacteria: 
E. coli, S. aureus, P. aeruginosa, K. pneumonia, and E. fae-
calis. Another result of this study was that the antimicro-
bial effect of PRP decreased depending on the increased 
concentration of bacteria. These isolates, unlike the ones 

Fig. 3   Relationship between growth rate curve and time, colony 
counts on 5% sheep blood agar (Salubris, Turkey) of Pseudomona 
aeruginosa. Asterisk: Plaque agar images of one of the volunteers as 
an example are on the right side. The difference in concurrent colony 
counts on plaques in both PRP and PPP groups shows significantly 
higher antimicrobial activity compared to phosphate buffer saline 
(PBS-control) group. Bacterial growth rate of PRP and PPP groups in 

time-kill assays was analyzed with comparing to the concurrent bac-
terial growth rate in PBS (control) group. Bacterial growth in PBS 
(control) at 0th, 1st, 2nd, 5th, and 10th hours was considered as refer-
ence growth rate (100%). The antimicrobial effects of both PRP and 
PPP against carbapenem-resistant Pseudomonas aeruginosa are sig-
nificant (up to 80% inhibitor effect in PRP group compared to control 
group)
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in our study, were all susceptible to antimicrobials. In this 
study, PRP was prepared by manual method and the median 
platelet count was 290 × 103/µl. Antibacterial effect in this 
study lasted for up to 2 h of incubation. In our study, PRP 
was collected by a fully automated device which is licensed 
to obtain platelet yield seven times greater than baseline 
concentration of donor platelet count in microliters [25, 26]. 
The median value of platelet counts in PRP in our study was 
2208 × 103/µl., and the antibacterial effect lasted for up to 
10 h of incubation. Although the bacteria that we used in 
our study were multi-drug-resistant isolates, we had longer 
antimicrobial effect when compared with Mariani’s study. 
This result indicates that higher platelet counts in PRP solu-
tions may be associated with the duration of the antimicro-
bial effect.

One of the unresolved questions in our study is the role 
of leukocytes in PRP on antimicrobial effect. Yang et al. 
[7] and Drago et al. [27] revealed that platelets rather than 
leukocytes are the main component for antimicrobial effect, 
but leukocytes are responsible for maintenance of the anti-
microbial effect. In addition, Anitua et al. [28] showed that 

additional leukocytes in PRP did not increase the antimicro-
bial effect on Staphylococcal strains.

Moojen et al. [29] revealed that antimicrobial effect of 
PRP is thanks to platelets rather than leukocytes by showing 
PRP without thrombin did not have antimicrobial effect. PRP 
needs to be activated by thrombin to develop antibacterial 
effect. Thrombin activates only platelets, but it has no effect 
on leukocytes in PRP. One of the important clinical stud-
ies searching in vitro antibacterial effect of platelet-derived 
products from patients with diabetic ulcers was made by 
Chen et al. [30]. They searched the antibacterial effects of 
PRP and PPP without activation by thrombin, autologous 
platelet-rich gel (APG) activated by thrombin, APG-APO 
(APG combined with apocynin; apocynin inactivates leu-
kocytes), and PBS as a control group. They revealed that 
APG and APG-APO groups showed a rapid and significant 
decrease compared to PBS group in the first 4 h. The APG 
and APG-APO groups were significantly more effective than 
PRP and PPP groups, meaning that activation of platelets 
by thrombin is essential. In addition, they showed that there 
was no difference between the APG and APG-APO groups, 

Fig. 4   Relationship between growth rate curve and time; colony 
counts on 5% sheep blood agar (Salubris, Turkey) of vancomycin-
resistant Enterococcus spp. (VRE). Asterisk: Plaque agar images of 
one of the volunteers as an example are on the right side. No sig-
nificant difference in colony counts on platelet-rich plasma (PRP), 
platelet-poor plasma (PPP), and phosphate-buffered saline (PBS-con-
trol) groups. Bacterial growth rate of PRP and PPP groups in time-

kill assays was analyzed with comparing to the concurrent bacterial 
growth rate in PBS-control group. Bacterial growth in PBS (control) 
at 0th, 1st, 2nd, 5th, and 10th hours was considered as reference 
growth rate (100%). The antimicrobial effects of both PRP and PPP 
against VRE are very limited (maximum ~ 40% inhibitor effect com-
pared to control group)
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meaning that inactivation of leukocytes had no influence on 
antimicrobial effect.

Although there are not definitive recommendations 
or determined methods how to do it, we also performed 
in vitro susceptibility tests for PRP discs determined by the 
Kirby–Bauer disc-diffusion method on Mueller–Hinton agar. 
Results in our study revealed 2 mm increase in diameter 
for PRP coated empty antibiogram discs against K. pneu-
moniae, P. aeruginosa, and VRE. For MRSA, although 
PRP showed higher activity considering both mean colony 
counts on blood sheep agars and time-kill curve analysis; it 
showed no increase in inhibition zones on Mueller–Hinton 
agar. Contradictorily, for VRE, although PRP showed very 
limited activity considering both mean colony counts on 
blood sheep agars and time-kill curve analysis, it showed 
2 mm increase in inhibition zones on Mueller–Hinton agar. 
We had no reasonable explanation to clarify this contradic-
tion according to the results in our study. According to study 

results of Bielecki et al. [31] that show the susceptibility 
zones on Mueller–Hinton agar, platelet-rich gel showed 
antimicrobial activity against S. aureus and E. coli but not 
against K. pneumoniae, E. faecalis, and P. aeruginosa. Inhi-
bition zones produced by platelet-rich gel were between 6 
and 24 mm (mean 9.83 mm) in diameter. We find no other 
study in the literature about inhibition zones of PRP, so there 
is a need for further in vitro studies to determine standard 
methods and susceptibility criteria for PRP.

In recent years, there is an increasing interest for the clini-
cal use of various autologous platelet-derived products on 
variety of medical fields such as orthopedics, plastic sur-
gery, dentistry, cosmetics, and dermatology. Growth factors 
such as PDGF, TGF-β, EGF, VEGF, IGF-1, FGF, HGF, and 
various anti-inflammatory peptides released by the activated 
platelets are responsible for the wound healing [27]. Because 
of the fact that there are not randomized and controlled clini-
cal studies, there is not a consensus for the use of platelet-
derived products on infected wounds.

In mice wound model by Yang et al. [32], results indi-
cated that PRP significantly decreased the wound size and 
enhanced angiogenesis compared to control groups. Another 
study made in particularly infected wounds on rabbits by 
Cetinkaya et al. [6] revealed that PRP significantly reduced 
the inflammatory response and achieved wound healing on 
MRSA-related surgical-site infections.

In a case presented with an infected amputation 
size wound by multi-drug-resistant Acinetobacter 
baumannii/haemolyticus of a diabetic patient and which 
remain unresolved by various prolonged antibiotic treat-
ments, Sun et al. [33] successfully eradicated the infection 
and achieved wound closure using only autologous platelet-
rich gel and negative pressure wound therapy.

Clinical results and effectiveness of PRP vary from study 
to study and contradictive results are presented about the 
effectiveness of PRP among a particular microorganism. Dif-
ferences in study design such as preparation of PRP, differ-
ences in platelets counts, platelets whether activated or not, 
yield of bacteria, and antibiotic resistance profile of bacteria 
may be the cause of the different results. However, all the 
in vitro and in vivo studies reveal that there is not a contrain-
dication for the use of PRP on infected wounds.

Conclusions

Considering the trend on diabetes and antibiotic resistance 
rates, treating chronic infected wounds is going to continue 
to be one of the most important and the most difficult fields 
in medicine in the future. Emerging PRP and other platelet-
derived products seem to be a promising alternative tool 
besides antibiotic treatment, debridement, and negative pres-
sure wound therapy, hyperbaric oxygen therapy, and other 

Table 3   Median inhibition zones on Mueller–Hinton agar (Merck, 
Germany) of MRSA, K. pneumoniae, P. aeruginosa, and VRE

Bolds values indicate the results that increase in inhibition zones
MRSA methicillin-resistant Staphylococcus aureus, VRE vancomycin-
resistant Enterococcus spp., PRP platelet-rich plasma, PPP platelet-
poor plasma, PBS phosphate-buffered saline

MRSA (mm) K. pneu-
moniae 
(mm)

P. aer-
uginosa 
(mm)

VRE (mm)

PRP 6 8 8 8
PPP 6 6 6 6
PBS 6 6 6 6
PRP + cefoxitin 16 – – –
PPP + cefoxitin 15 – – –
PBS + cefoxitin 15 – – –
Cefoxitin 15 – – –
PRP + ceftriaxon – 12 – –
PPP + ceftriaxon – 12 – –
PBS + ceftriaxon – 12 – –
Ceftriaxon – 12 – –
PRP + merope-

nem
– – 11 –

PPP + merope-
nem

– – 11 –

PBS + merope-
nem

– – 11 –

Meropenem – – 11 –
PRP + vanco-

mycin
– – – 23

PPP + vanco-
mycin

– – – 23

PBS + vanco-
mycin

– – – 23

Vancomycin – – 23
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treatment options for treating diabetic foot infections. How-
ever, there is a need for further randomized-controlled clinical 
studies.
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