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Abstract
One of the most important functions of skins is to protect our bodies from
microbes or pollutant sources. Skins containing physical substances serve as a
physical barrier which protects our bodies from pathogens. A healthy skin
contains a variety of antibacterial substances such as defensin, cathelicidin
and psoriasin. However deep and wide burns cause the skin to lose its original
functions, so our skins are exposed to various danger factors. For the burn patients, human alloskin graft serves as a very important temporary biological
wound dressing. It protects the wound before autograft procedure, forms revascularization and granulation tissues and protects the wound from an invasion of microbes. This study was conducted with the aim to analyze the antimicrobial effect of cryopreserved allograft (CPA) and glycerol-preserved allograft (GPA) which was a type of allograft widely used for burn patients, and
measure the difference in comparison with the fresh skin before processing it.
The most common contaminants found in burn patients such as S. aureus, P.
aeruginosa, C. albicans and E. coli, were used for experiment. The antimicrobial effect against S. aureus and E. coli was observed in fresh skin and some
CPA. In some clinical cases, infection is frequently observed in the wounds
treated with allograft, indicating the allograft completely block every kind of
microbes. To prevent the infection, it is required to use antibiotics and manage wounds thoroughly.
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1. Introduction
Skin consisting of numerous cells controls the immune response and also serves
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as a primary protective layer [1]. Skin protects our body from invasion of microbes by way of serving as a barrier and discharging a wide range of chemical
substances [2] [3]. Skin discharges more than 20 different types of AMP in the
event of infection. It is widely known that skin secretes antibiotics such as cathelicidin, defensin, regulated on activation, normal T cell expressed and secreted
(RANTES) reported that psoriasin secreted from keratinocyte showed bactericidal capacity against E. coli [4] [5].
However, if skins are burned, dermis and epidermis are destroyed, resulting in
inflammation, the malfunction of immune system and infection [6].
In addition, the exudate or tissue necrosis generated in the affected area
creates the optimal environment where various microbes can settle [7]. Gram
positive bacteria form a colony within 48 hours after getting burned, and then
gram negative bacteria form a colony. Gram positive bacteria start appearing
within 2 days and gram negative bacteria start appearing within a few days [8]. It
was reported that the pathogenic bacteria frequently observed in burn patients
such as Pseudomonas aeruginosa, methicillin resistant Staphylococcus aureus
(MRSA), Acinetobacter spp. and Candida albicans form a colony in the wound
[9].
In the case of wide burn wound, homogeneous human deceased donor skin is
used for dressing before conducting allograft procedure. Human deceased donor
skin is the most widely used for dressing burn wounds. In general deceased donor skin is preserved in two different ways. First, CPA refers to a method in
which the temperature is lowered to −100˚C using CRF (Control Rate Freezer)
at rate of −1˚C - −5˚C/min; tissues are double-packed in plastic pouch, and then
preserved in −150˚C deep freezer. Second, GPA refers to a method in which tissues are put in 85% Glycerol and the refrigerated at 2˚C - 8˚C. This allograft is
said to serve as a mechanical and physiological barrier and reduce the loss of
protein and moisture, thereby preventing the bacterial infection [10] [11].
However, even though many studies have reported that skin protect pathogen
by secreting the anti-microbial peptide (AMP) such as defensin, there has been
very little research reported on the direct anti-microbial effectiveness of allograft. The purpose of this study is therefore to analyze the antimicrobial effect of
dressing materials such as donor skin and fresh skin. An experiment was conducted for various factors such as cryoprotectant (glycerol/dimethylsulfoxide
(DMSO), keratinocyte cell viability, donor and tissue thickness. 6 kinds of bacterial species causing burn wound infection (S. aureus, E. coli, A. baumani,

MRSA, P. aeruginosa, C. albicans) were cultured, and their antimicrobial effect
was tested to analyze their resistance to the contaminants during the skin graft
procedure.

2. Materials & Method
2.1. Skin Sample
We obtained the Fresh Skin, CPA and GPA from the 6 donors at the Korea
Foundation For Human Donation (KFHD). In addition, CPA donor sites were
2
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prepared from the 8 donors and processed by other protocol & cryoprotectants.
Total number of donors was 14. By inspecting the quality and passing the quality
test at KFHD, using donor skin is suitable for skin graft.

2.2. Keratinocyte Cell Viability
Tissue viability was determined by keratinocyte isolation and viability. CPA was
carried out in a pre-warm 0.9% saline solution to thaw and rinsed away three
times to remove cryoprotectant. Also GPA was rehydrated by soaking in saline
solution at room temperature for 10 min and rinsed away three times [11].
The tissue viability of CPA, GPA, and fresh skin were analyzed for cell viability. Donor skin samples were cut into small pieces and those pieces were incubated in a 0.1% Trypsin-EDTA (Gibco, USA) solution for 2 hours at 37˚C. The
epidermis harvested with fine forceps and incubated for 30 minutes in 0.025%
Trypsin/EDTA (Gibco, USA) to isolate a single keratinocyte. The cells were harvested by centrifuge and resuspended in KGM (Gibco, USA). Cell viability was
measured with 0.4% Trypan blue (Sigma, USA) by Haemocytometer [12].

2.3. Microbes Inhibition Assay
We were tested 6 microbes Staphylococcus aureus (ATCC6538), Escherichia coli
(ATCC25922), MRSA (Methicilin resistant staphylococcus aureus, CCARM
3089), Pseudomonas aeruginosa (ATCC9027), Acinetobacterbaumanni (KCCM
40203), Candida albicans (ATCC10231). S. aureus, E. colis, MRSA, P. aerugino-

sa, A. baumanni were incubated at 37˚C and C. albicans at 25˚C. Single colony
were cultured for 8 hours by TSB (Tryptic Soy Broth, BD, USA). By absorbance
we were set the volume and spread the TSA agar (Tryptic Soy Agar, BD, USA).
After the spread of the appropriate number of microbes in TSA agar plate, donor
skin (0.5 × 0.5 cm) were located on these agar. These were incubated S. aureus,

E. coli, MRSA, P. aeruginosa, A. baumanni for 24 hrs in 37˚C and C. albicans for
48 hrs in 25˚C. Positive control were used to 10% penicillin-streptomycin
(10,000 unit and 0.85% NaCl, Hyclone, USA). The zone of inhibition were measured the diameter of clear zone [13].
*. The Numbers of Microbes.

S. aureus: 8.25 × 105 CFU/ml.
E. coli: 9.0 × 105 CFU/ml.
A. baumani: 5.56 × 105 CFU/ml.
MRSA: 2.23 × 106 CFU/ml.
P. aeruginosa: 4.72 × 106 CFU/ml.
C. albicans: 4.72 × 106 CFU/ml.

2.4. H & E Stain & Immunohistochemistry
Tissues were fixed for 24 hrs by paraformaldehyde and were made paraffin
block. Deparaffinized sections were stained Hematoxylin & Eosin (Cancer Diagnostics, USA). And other deparaffinized sections were immersed in citrate
buffer (0.01 mol/L citrate, pH 6.0) and boiled at microwave for Immunohisto3
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chemistry.
The sections were treated with 3% H2O2 for 10 mins and protein blocking
buffer (DAKO, USA) for 30 mins to block endogenous peroxidase activity. The
sections were treated room temperature 2 hrs with primary antibody [14]. We
used the 2 antibodies (Human Beta Defensin-3 [hBD-3, Santacruz, USA), Neutrophil gelatinase-associated lipocalin [NGAL, Santacruz, USA]) and counterstained with hematoxylin [15].

2.5. Ethics Statement
The protocol was reviewed and approved by the Institutional Ethics Committee
for human studies of the Burn Center at the Bestian Seoul hospital in Seoul, Korea. As this study was based on human biological materials, researchers were
prohibited from collecting or recording personal identification information. So
we were obtained screening exemption from Bestian hospital IRB Board before
conducting this study.

3. Results
3.1. Total Microbial Count
This test method tested to detect the presence of microorganisms in raw samples. There was a quantitative estimate of the level of microorganisms present in
the donor skin sample by total bacteria count method. The results were no bacteria in fresh skin, CPA and GPA samples (Table 1).

3.2. Antimicrobial Effect & Cell Viability in the Same Donor
Fresh skin, CPA, and GPA in the same donor compared the antimicrobial activity. Mostly fresh skin had identified some effects at S. aureus (ATCC6538). At
Table 1. Total bacteria and mold count of CPA, GPA and Fresh skin.
Donor No.

Fresh skin

CPA

GPA

1

-

-

-

2

-

-

-

3

-

-

-

4

-

-

-

5

-

-

-

6

-

-

-

7

-

8

-

9

-

10

-

11

-

12

-

13

-

14

-

*(−): No colony.
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E. coli (ATCC25922) and MRSA showed antibacterial activity in 2 - 3 samples of
6 samples. But in the CPA only showed antibacterial activity E. coli (ATCC
25922) and S. aureus (ATCC6538). In the GPA was found that the antibacterial
activity weakened in E. coli (ATCC25922) (Table 2).
The cell viability of fresh skin was an average 72.1%, CPA was 29.25%, GPA
was 8.05%.
The correlation between antimicrobial effect and cell viability was no significance among 3 types sample.

3.3. Antimicrobial Effect in CPA Groups
We prepared 3 groups of CPA. These were separated cell viability, cryoprotectant and tissue thickness. All group was confirmed that no antibacterial activity
(P. aeruginosa, MRSA, C. albicans, A. baumannii). However, some CPA samples
revealed partially antibacterial activity at E. coli (ATCC25922) and S. aureus
(ATCC6538) (Table 3, Figure 1).
1) Donor
There were showed different antimicrobial activity among donors.
Table 2. The comparison cell viability & antimicrobial effect of fresh skin, CPA and GPA in the same donor.
A (Fresh skin)

B (CPA)

C (GPA)

Donor No.

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

Cell viability (%)

78.1

74.2

70.9

69.5

71.5

68.4

42.7

27.5

31.6

26.9

21.5

25.3

7.9

7.2

8.9

7.8

9.0

7.5

E. coli

+++

+

+

++

S. aureus

+++

+

+

+

+

+

+++

+

+
++

+

+

P. aeruginosa
MRSA

+

C. albicans
A. baumannii
*(+): clear zone < 4 mm; (++): clear zone 4 mm - 8 mm; (+++): clear zone > 8 mm.

Table 3. The result of anti microbial effect in CPA group * D.
D

E

Donor No.

7

8

9

10

11

12

Cell viability (%)

44

51.2

57.8

52.6

50

48.9

E. coli
S. aureus

+
+

+

+

+

F

13

14

13

GL

DM

GL

DM

Thin

Thick

50.7

53.5

52.1

65.5

53.5

53.5

+++

++

++

++

+

P. aeruginosa
MRSA
C. albicans
A. baumannii
*D group: viability; E group: cryoprotectant; F group: skin thickness; *(+): clear zone < 4 mm; (++): clear zone 4 mm - 8 mm; (+++): clear zone > 8 mm. GL:
Glycerol; DM: DMSO.
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Figure 1. Antimicrobial effect of skin donors. The antibacterial activity were conducted
donor skin for graft by 6 microbes Strain. Fresh skin, CPA and GPA was measured the
clearzone in E. coli, S. aureus, P. aeruginosa, A. baumani, C. albicans and MRSA.

The frequently detected pathogens in burn wound were S. aureus, P. aeruginosa, MRSA, C. albicans and A. baumannii. Some CPA of donors had antimicrobial activity but others had not (Table 3). In particulary some CPA of donor
had antimicrobial activity at only E. coli (ATCC25922) and S. aureus (ATCC
6538). All CPA of donors had not antimicrobial activity at P. aeruginosa, MRSA,

C. albicans and A. baumannii.
2) Cell viability of donor tissue
We were measured the relation of cell viability and antimicrobial activity of
skin donor.
The average of CPA was 52.6% cell viability. The best cell viability was measured 65.6% at No.14 donor. The highest antimicrobial activity was No.13 donor
and cell viability of these was measured 50.7% - 53.5% (Table 3). There was confirmed that cell viability and antimicrobial activity had no relation.
3) Cryoprotectant
In the manufacture of CPA, it was used cryoprotectant to prevent crystalling
and tissue damage. DMSOan glycerol are the most widely and common used for
cryoprotectant. We were measured the antibacterial activity of CPA by Glycerol
and DMSO. The glycerol group (No.13, 14 donor) was shown the antibacterial
activity in E. coli (ATCC25922) and S. aureus (ATCC6538). And the DMSO
group (No.13, 14 donor) was found the antibacterial activity only in E. coli
(Table 3). There was no difference between CPA by DMSO and glycerol.
4) Thickness of skin
We were measured the differences of antibacterial activity in by tissue thickness. There were not shown the difference of antibacterial activity in same donor
tissues. The antibacterial activity showed at E. coli (ATCC25922) in some CPA.
There were not shown the difference of antibacterial activity in same donor tissues (Table 3). As a result it confirmed that tissue thickness and antimicrobial
activity had no relation.
6
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3.4. Comparison of Histopathology
Some Fresh skin, CPA and GPA were processed for histological analysis. There
were performed to verify the tissue architecture and epidermis/dermis junction
by H & E stain. All samples showed good conditions. The human epidermis has
some immune system to protect harmful factors exposures. Antimicrobial peptides (AMPs) act in epidermis with adaptive immune systems and have broad
spectrum antimicrobial activity against microorganisms. To verify the expression AMP in the skin we used to 2 antibodies hBD3 and NGAL by immunohistochemistry. Many CPA and GPA samples were expressed strongly and others
were expressed lower or nearly (Figure 2). But there were no relation between
AMP expression and antimicrobial effect by tissue thickness, cell viability, cryoprotectant.

4. Discussion
Human skin allograft is the most ideal biological dressing and reduces the moisture loss and the pain of patients. It was reported that since human skin allograft
covers the wounded area, it reduces a risk of infection, promotes the granulation
of tissues and helps healing.
Skin graft is critical to some severe burns patients, thus we intended to analyze
the defense activity of important infection in the burn wounds. However the
burn patients are exposed in various bacteria even though their wounds are covered with allograft. Ekrami and Lalantar verified throughout their study that 140
of 180 burn patients were exposed to a risk of infection especially by pathogenic
bacteria such as P. aeruginosa (37.5%), S. aureus (20.2%) and A. baumanni
(10.4%) [16]. Mayhall CG also reported the burn patients are exposed to a risk of
infection especially by S. aureus (23.0%), P. aeruginosa (19.3%), E. coli (7.2%)
and C. albicans (3.5%) [17]. So skin grafts wound frequently be lost due to infection in vascular ulcers and burn wounds [18].

Figure 2. Histopathological analysis of tissue sections. The integrity of tissue architecture at CPA by H & E staining. The expression of HBD-3 (Human Beta Defensin-3) & NGAL at CPA specimens. *Various factor: cell viability, cryoprotectant, tissue thickness (×200).
7
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Based on the results of the previous studies, we performed an experiment to
analyze the antimicrobial effect of CPA and Fresh Skin in conjunction with various factors such as Cryoprotectant (Glycerol/DMSO), keratinocyte cell viability,
donor and tissue thickness using 6 types of bacterial species (S. aureus, E. coli, A.

baumani, MRSA, P. aeruginosa, C. albicans).
The best skin grafts come from the patient’s own unburned skin (donor sites)
[19]. Thus in patients with burns involving over 50% total body surface area
(TBSA), the patient’s donor skin is limited [20]. Currently the method of preservation of the skingraft are CPA and GPA. Our study compared the antimicrobial activity of fresh skin, CPA and GPA. Depending on the methods of
processing and storage, we made various allografts. The results showed the there
was no difference in antimicrobial effect in conjunction with cell viability and
Cryoprotectant (DMSO, Glycerol) used for manufacturing CPA as a freezing
solution and the thickness of skin, yet there was a difference according to difference in donors. In addition, it did not show any antimicrobial effect against P.

aeruginosa, MRSA, A. baumannii and C. albicans whereas it did against E. coli
and S. aureus.
We analyzed the antimicrobial effect of Fresh Skin, CPA and GPA from the
same donor. The results showed that fresh skin in general has an antimicrobial
effect against E. coli, S. aureus, but it does not necessary means CPA and GPA
also have an antimicrobial effect. According to one study, 85% GPA has a strong
antimicrobial effect [21]. But the results of this study showed CPA has a mild
antimicrobial effect against 6 types of bacterial species. In addition, some donor
skins showed low antimicrobial effect against E. coli and S. aureus.
It is known that skins have AMP acting as endogenous antibiotic, so they kill
microbe, thereby protecting skin surface [4].
It was reported that skin secretes various types of antimicrobial protein such
as lysozyme, RNase-7 and dermcidin, etc., thereby protecting skins [22].
If our bodies get wounded, antimicrobial peptide called cathelicidin and βdefensin is secreted to protect skins. Cathelicidin serves to function as an antibacterial agent in the skin and activates the inflammation. β-defensin, a peptide
secreted from keratinocyte, has a antimicrobial effect against gram negative bacteria [15].
Neutrophil gelatinase-associated lipocalin (NGAL) is known to be secreted
from the neutrophil in the affected area and has an antimicrobial effect against

E. coli [23].
To determine whether antimicrobial peptide exists in GPA and CPA, we performed Immunohistochemistry.
We analyzed the expression of hBD-3 and NGAL. The results showed all
demonstrated the similar amount of expression. The expression of NGAL varied
depending the donors, yet was not influenced by the antimicrobial effect. This
implies that there is a lack of correlation between the expression of AMP and antimicrobial effect.
Despite the use of allograft for treating burns, wounds are infected by various
8
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bacteria. To prevent the microbial infection, various antibiotics and topical antimicrobial agents have been developed. Stefanides et al. in their study had analyzed 6 types of agents (gentamicin sulfate, mafenide acetate, nitrofurazone, povidone-iodine, silver nitrate, silver sulfadiazine) for their antimicrobial effect
[24]. The results showed they had an antimicrobial effect against pathogenic
bacteria such as P. aeruginosa, C. albicans, S. aureus and E. coli. Many types of
antimicrobial agents such as antibiotics, antiseptic and silver, etc. have been used
to prevent the microbial infection unless they are poisonous to cells and within
the range of concentration which does not cause damages to tissues [25].
Deceased donor skin used for treating burn patients helps treatment in that it
protects wounds from microbes before treating the wounds with autograft. In
this study, CPA, GPA and fresh skin used as allograft did not have strong antimicrobial effect. Moreover, there was no correlation the cell viability of deceased
donor skin and the amount of AMP.
Skin allografts are used to care for various burn and wound patients. Early
surgical removal of burned skin followed by skin grafting reduces the number of
days in the hospital and usually improves the healing of the burned area. When
the skin allograft is one of the most commonly applied skin substitutes in burn
wound management for major burn, the allograft prevents desiccation of the
wound bed and also reduces bacterial colonization [26].

5. Conclusion
It is considered to be a microbial defense mechanism by mechanical and physiological barrier different from antimicrobial mechanism such as silver or mafenide acetate.
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