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Abstract Microbiological contamination of

retrieved tissues has become an issue of key impor-

tance and is a critical aspect of allograft safety,

especially in the case of multi-tissue donations, which

frequently become contaminated during retrieval and

handling. We analysed contamination in 11,129

tissues with a longitudinal contamination profile for

each individual tissue. Specifically, 10,035 muscu-

loskeletal tissues and 1094 cardiovascular tissues were

retrieved from a total of 763 multi-tissue donors, of

whom 105 heart-beating organ donors and 658

deceased tissue donors. Of the 1955 tissues found to

be contaminated after the first decontamination step,

1401 tissues (72%) were contaminated by the same

species as the one(s) isolated at retrieval (Time1) and

554 (28%) by different species. Among the 113 tissues

testing positive after the 2nd decontamination

(Time3), 36 tissues (32%) were contaminated by the

same species detected at Timel while the contaminat-

ing species differed from Time1 in 77 tissues (68%).

The higher the number of contaminating species per

tissue the higher the percentage of tissues in which

contamination changed over time compared to Time1.

The analysis revealed a 28% incidence of new species

in tissues already testing positive after retrieval and of

3.5% of tissues becoming positive after admission to

the tissue bank. Of these, coagulase-negative Staphy-

lococcus accounted for over 70% of new

contaminations.

Keywords Tissues � Homograft � Contamination �
Cardiovascular tissues � Musculoskeletal tissues

Introduction

Bacterial contamination is one of the primary prob-

lems to be addressed at Tissue Banks (TB) to ensure

allograft safety. After retrieval, the contamination rate

can be as high as 80% for cardiovascular (CVT) and up

to 50% for musculoskeletal tissues (MST) (Paolin

et al. 2017a), thus prompting the adoption of stringent

decontamination protocols. Decontamination of allo-

grafts with antibiotics was first described in 1969

(Barratt-Boyes and Roche 1969), but to date the

regimens used by banks differ in terms of antimicro-

bials used, temperature and duration of treatment.

Some protocols have as a result, proven to be less

satisfactory than others, despite being validated (Heng

et al. 2013). Sterilization is performed using gamma

irradiation or ethylene oxide, but high doses of gamma

irradiation can alter the biomechanical properties of

allografts (Gibbon et al. 1991) and ethylene oxide can

cause immune response (Jackson et al. 1990). One
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study was recently performed to determine the bacte-

rial infections at highest risk of transmission via

substances of human origin (Domanović et al. 2017),

but few investigations have addressed the origin of

contaminating bacteria in allografts. Tissue contami-

nations are reported to be correlated with donor type,

cadaver time, warm ischaemic time, and size of the

retrieval team (Van Kats et al. 2010; Paolin et al.

2017b). Among the causes of death, trauma increases

the risk of contamination and the likelihood of the

contaminants being highly pathogenic bacteria (Dei-

jkers et al. 1997; Paolin et al. 2017b). Among the

primary sources of contamination, skin commensals

are acknowledged to be the bacteria most frequently

isolated in cadaver donor tissues (Martinez et al.

1985). Although the factors contributing to allograft

contamination post retrieval are well known, very few

papers in the literature consider the appearance of

tissue contamination after tissue bank admission. Two

papers described cases of negative tissues becoming

positive at the following stages of analysis (Jashari

et al. 2007; Fan et al. 2012), while another study

reported that Microbiology Laboratories (ML), where

microbiological cultures are conducted, may be

another underestimated source of contamination

(Mermel et al. 1994). Said paper presented four cases

of contamination from Comamonas Acidovorans in

bone tissues tested prior to implantation. These tissues

were then found to be false positives and the contam-

ination attributed to the water bath sonicator used at

the ML to prepare tissue samples.

We conducted a longitudinal analysis of the

bacterial species isolated in microbiological cultures

performed, over the course of four years, on 11,129

tissues processed at Treviso Tissue Bank Foundation

(FBTV), to collected data of tissues testing positive at

more than one control and we observed if these tissues

were always contaminated by the same microorgan-

ism. Moreover, we examined the types of bacteria

detected in tissues found positive after testing negative

at the previous microbiological analysis.

Materials and methods

Data collection

Tissues were retrieved, processed and stored by FBTV

and bacterial contamination was analyzed in 11,129

consecutive tissues (10,035 MST and 1094 CVT).

After obtaining signed informed consent, tissues were

retrieved from a total of 763 donors of whom 105 were

heart-beating donors (HBD) and therefore also organ

donors, and 658 were non-heart-beating donors

(NHBD). The tissues were harvested in the operating

theatre, by our retrieval team of physicians and

technicians, from HBD after organ retrieval and from

NHBD within 24 h of cardiac arrest. Prior to tissue

retrieval, the skin was surgically scrubbed with

chlorhexidine solution, shaved and treated with a

second application of chlorhexidine and povidone.

Tissues unsuitable for clinical use on account of

morphological abnormalities were not included in the

analysis nor were tissues collected from donors testing

positive for one of the relevant serological markers.

After retrieval, the tissues were rinsed in isotonic

sterile solution, transferred to antibiotic solution

described in the ‘‘Decontamination method’’ section,

and transported at ? 4 �C.

Decontamination method

The tissues were processed in biohazard class-II

laminar airflow cabinets in a class B environment

facility as defined according to EU GMP Annex 1.

Two decontamination steps were carried out for each

tissue: the first immediately after retrieval and the

second after processing. The antibiotic cocktail was

composed of Ceftazidime 240 lg/ml (Fresenius-

Kabi), Lincomycin 120 lg/ml, Polymyxin B 100 lg/
ml (Biochrom) and Vancomycin 50 lg/ml (Hospira)

in RPMI medium. The decontamination steps were

performed at ? 4 �C for 24–48 h; tissues testing

positive after the second decontamination step were

discarded.

Microbiological analysis

Bacteriological examinations for aerobic and anaero-

bic bacteria and fungi/yeasts were performed three

times for each tissue i.e. at the time of retrieval

(Time1) and after each of the two decontamination

steps (Time2 and Time3) (Fig. 1). Tissues were rinsed

with maximum 500 ml isotonic sterile saline after

retrieval and after each decontamination step. Samples

of the rinsing solution of each tissue were collected

(8 ml), without filtering, for microbiological analysis.

All procedures were carried out at room temperature.
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To detect microbial growth, samples were inoculated

and incubated in BD BACTECTM culture vials (BD

Becton, Dickinson and Company, New Jersey),

according to the manufacturer’s instructions. Samples

were then processed under a biohazard class-II

laminar flow hood and all bacteria identified using

the standard biochemical procedure. Samples were

also cultured in a Lowenstein–Jensen medium to

isolate mycobacteria. Microbiological cultures and

analyses were carried out by an accredited in-hospital

ML and interpreted by a microbiologist with specific

expertise.

Results

Overall contamination profile of MST and CVT

Table 1 shows the contamination profile of MST and

CVT at each time point.

Out of 11,129 analyzed tissues, 6130 were found to

be positive at Time1 (55%) while 4999 proved

negative (45%). Of the 6130 tissues testing positive

at Time1, 113 remained positive across the time points

(Group 1), 1842 (Group 2) proved negative after the

second decontamination, and 4175 (Group 3) tested

negative after the first decontamination. Out of 4999

tissues found negative at Time1, 4607 remained

negative across the time points examined (Group 4),

381 became positive at Time2 only (Group 5), 4 tissues

tested positive at Time2 and Time3 (Group 6), and 7

tissues proved positive at Time3 only (Group 7).

Longitudinal profile of bacteria in tissues

contaminated at Time1

Table 2 shows the trend and type of contaminations in

tissues testing positive at Time1.

Out of the 6130 tissues contaminated at Time1,

5207 were contaminated by a single species (85%),

Fig. 1 Decontamination

steps and microbiological

analysis performed between

tissue retrieval and tissue

preservation

Table 1 Contamination

profile of MST and CVT

displayed at Time1, Time2

and Time3

*(?) positive

microbiological control;

(-) negative

microbiological control

Contamination profile* No. of tissues No. of tissues Total tissues

MST CVT

Group Time1 Time2 Time3 NHBD HBD NHBD HBD No. of tissues

1 ? ? ? 42 2 69 0 113

2 ? ? – 1341 111 380 10 1842

3 ? – – 3306 409 420 40 4175

4 – – – 3536 910 103 58 4607

5 – ? – 327 41 11 2 381

6 – ? ? 3 0 1 0 4

7 – – ? 5 2 0 0 7
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741 by 2 species (12%), 182 by more than 2 species

(3%).

Out of 1955 tissues found to be contaminated at

Time2, 1401 (72%) were contaminated by the same

species while the contaminating species in 554 tissues

(28%) differed from Time1. Out of 113 tissues found

positive at Time3, 36 tissues (32%) were contaminated

by the same species detected at Time1 while the

contaminating species in 77 tissues (68%) differed

from Time1. The higher the number of contaminating

species per tissue the higher the percentage of tissues

in which contamination changed over time compared

to Time1, as demonstrated in Table 2. In fact, tissues

contaminated by more than one species at Time1, were

found to be contaminated by different species at higher

rate at the following stages of analysis. Table 3 details

the longitudinal change in contamination at Time2 and

Time3 of tissues testing positive at Time1. In MST, the

same contaminants were isolated at both Time2 and

Time3 in 1151 out of 1540 tissues (75% of the total),

with no significant difference between HBD and

NHBD. In CVT, the percentage of the same contam-

inants fell instead to 38%, with only 200 out of a total

of 528 CVT being contaminated by the same species at

both Time2 and Time3.

Species detected in tissues previously testing

negative

Tables 4, 5 and 6 report the culture results for the

tissues of Groups 5, 6, 7 respectively.

In Group 5, NHBD tissues were significantly more

contaminated than HBD tissues and the most

commonly isolated species were Gram-positive. Tis-

sues were mainly contaminated by skin commensals

(coagulase-negative Staphylococcus [CNS], Micro-

coccus luteus,), followed by species of the respiratory

tract (Streptococcus mitis, Streptococcus spp, Staphy-

lococcus aureus), air (Bacillus spp, Bacillus licheni-

formis), and gastrointestinal tract (Peptostreptococcus

spp, Peptostreptococcus anerobius, Enterococcus spp,

Clostridium spp). (Table 4)

Tissues belonging to Groups 6 and 7 were contam-

inated by Gram-positive species, retrieved almost

entirely from NHBD. The bacterial species detected

were skin commensals (CNS), respiratory and gas-

trointestinal tract contaminants (Granulicatella adia-

cens, Clostridium sordelli), and sporogenous bacteria

(Tables 5, 6).

Discussion

Retrospective analysis of our tissue cohort clearly

revealed that the species contaminating the individual

tissues were not always the same in cases remaining

positive across various time points, and that several

tissues testing negative at Time1 or after decontami-

nation became positive at later controls. Among the

tissues testing positive at Time1 and remaining

positive at later controls (Groups 1 and 2), the isolated

species were, in the majority of cases, the same at the

various time points, above all in tissues contaminated

by a single microorganism. This was most evident in

MST, while the microbiological profile varied more

widely at the different time points in tissues

Table 2 Contamination

profile of tissues testing

positive at Time1

aTime2 and Time3 species

are compared with those

isolated at Time1

Tissue contamination profile at Time1, Time2a and Time3a

1 Species 2 Species More than 2 species Total

Time1

Total tissues contaminated 5207 741 182 6130

Time2

Total tissues contaminated 1471 372 112 1955

Same species 1134 (77%) 228 (39%) 39 (35%) 1401 (72%)

Different species 337 (23%) 144 (61%) 73 (65%) 554 (28%)

Time3

Total tissues contaminated 43 39 31 113

Same species 20 (46%) 7 (18%) 9 (30%) 36 (32%)

Different species 23 (54%) 32 (82%) 22 (70%) 77 (68%)
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Table 3 Types of species isolated at Time2 and Time3 in tissue found to be contaminated at Time1

Tissues contaminated by 1 species at Time1

NHBD MST NHBD CVT HBD MST HBD CVT

Time1 Time2 Time3 Type# Time1 Time2 Time3 Type# Time1 Time2 Time3 Type# Time1 Time2 Type#

No. 4182 No. 1180 No. 24 No. 481 No. 177 No. 18 No. 502 No. 106 No. 1 No. 42 No. 8

944 18 a 92 2 a 91 a 7 a

180 6 (2**) b 57 16 (8**) b 8 1 b 1 b

39 c 8 c 7 c

7 d 18 d

10 i 2 g

Tissues contaminated by 2 species at Time1

NHBD MST NHBD CVT HBD MST HBD CVT

Time1 Time2 Time3 Type# Time1 Time2 Time3 Type# Time1 Time2 Time3 Type# Time1 Time2 Type#

No. 441 No. 178 No. 13 No. 275 No. 186 No. 25 No. 18 No. 7 No. 1 No. 7 No. 1

72 2 a 64 4 a 7 1 a 1 a

51 11 (2**) b 63 21 (7**) b

11 c 16 c

8 d 19 d

21 e 15 e

15 g 5 g

1 h

2 i

1 l

Tissues contaminated by more than 2 species at Time1

NHBD MST NHBD CVT HBD MST HBD CVT

Time1 Time2 Time3 Type# Time1 Time2 Time3 Type# Time1 Time1 Time2 Type#

No. 66 No. 25 No. 5 No. 113 No. 86 No. 26 No. 2 No. 1 No. 1

14 2 a 24 5 a 1 a

5 3 b 16 15 (5**) b

2 d 8 c

2 e 2 d

1 f 17 e

1 i 2 g

2 h

8 i

5 m

2 g

#Types of species at Time2 and Time3 are compared to Time1

No: Total number of contaminated tissues

a: same species; b: different species; c: 1 same species ? 1 different species; d: 2 different species; e: 2 same species; f: 3 same

species; g: 3 different species; h: 2 same species ? 1 different species; i: 1 same species ?2 different species; l: 1 same species ? 3

different species; m: 3 same species ? 1 different species

**No. of species that differed from Time1 but already present at Time2
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contaminated by more than one species, particularly in

CVT from NHBD, as detailed in Table 3. Of the 392

tissues that became positive after Time1 (Groups 5, 6

and 7), only 4 (Group 6) were positive at two later

steps. An analysis of Time1 data and a discussion of

the possible causes of tissue contamination at the time

of retrieval have been provided in a previous work

(Paolin et al. 2017a). The present study aims instead to

highlight the variability of the flora isolated from

tissues remaining positive at the various time points,

and moreover, the presence of several tissues with an

initial negative outcome became positive later. Find-

ings indicate that the contaminations isolated at Time1

(Paolin et al. 2017b) and in previously uncontaminated

tissues (Groups 5, 6 and 7) were due almost exclu-

sively to Gram-positive microorganisms. CNS

accounted for over 70% of these contaminations, in

line with the previous literature on tissue contamina-

tion (Veen et al. 1994; Deijkers et al. 1997; Vehmeyer

et al. 2002; Ibrahim et al. 2004; Tabaku et al. 2004;

Ireland and Spelman 2005; Atique and Khalil 2014).

The remaining contaminations were from microor-

ganisms colonising the gastrointestinal and respiratory

tracts, and the humid environment. More contamina-

tions were found in NHBD and in CVT (VanKats et al.

2010; Martinez et al. 1985; Koneman and Davis 1974;

Ireland and Spelman 2005). Only a few comparable

studies have been described in the literature. Jashari

and colleagues, for example, reported the appearance

of contamination in some initially sterile allografts.

The contaminants were again skin commensals (CNS,

Propionibacterium acnes), soil microorganisms

(Arthrobacter), Gram-positive cocci, i.e. moderately

aerobic, pleomorphic and, in some instances, moder-

ately anaerobic microbes (Jashari et al. 2007). Fan and

colleagues reported that the microorganism most

frequently isolated in a cohort of cardiovascular

tissues uncontaminated at the start of processing but

positive after decontamination, was the skin commen-

sal Propionibacterium acnes (Fan et al. 2012). This

prompts the question of which factors contribute to

new contamination of tissues after bank admission.

Table 4 Group 5: bacterial

species found in tissues

testing positive at Time2

only

Group 5

Time2

NHBD HBD

MST CVT MST CVT

Gram ?

Staphylococcus coagulase - 243 4 34 2

Streptococcus mitis – 1 4 –

Peptostreptococcus spp – 1 2 –

Streptococcus spp 28 – – –

Bacillus spp 28 – – –

Micrococcus luteus 12 – – –

Peptostreptococcus anaerobius 5 – – –

Enterococcus spp 4 – – –

Clostridium spp 2 – – –

Propionibacterium acnes 1 – – –

Bacillus licheniformis – 4 – –

Staphylococcus aureus 1 – – –

Gram -

Sphingomonas paucimobilis 2 – – –

Haemophilus influenzae 1 – – –

Rhizobium radiobacter – – 1 –

Bacteroides ureolyticus – 1 – –

No. of contaminated tissues 327 11 41 2
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Potential sources of contamination include TB and

ML at which tissues are repeatedly handled during

processing, sampling and assaying. The first decon-

tamination did not effectively eradicate the pathogens

in the tissues in our sample considering that one-third

of them were still positive at Time2. However, 28% of

these tissues were contaminated by pathogens not

present at Time1 and this finding was more marked in

CVT. Conversely, Group 5 and 6 tissues became

positive after the first decontamination and those

belonging to Group 7 after the second. Contamination

can be analysed on the basis of what is known about

the origins and transmission routes of bacteria and

fungi. By combining this with our knowledge of

hygiene and handling at the TB and ML, we can then

focus on specific patterns with a view to improving

procedures and thus the quality and safety of tissues

for recipients. When tissues are admitted to a TB they

enter a highly sterile environment with a separate

clean room, a sterile cabinet equipped with downflow,

filters, screens and air barriers; staff are dressed in

sterile clothing to unpack, inspect and process tissues

without interruption and in the absence of other people

and movement. Continuous controls are made during

and after tissue processing. During the year several

microbiological controls of the laboratory and oper-

ators are carried out, specifically in one year we

perform more than 6000 analysis including active air

tests, contact plates, settle plate in process, gloves and

clothing. The results reveal that less than 0.2%

controls are positive and the Staphylococcus species

are the most frequent contaminants. Therefore the

isolation of air species and skin commensals in tissues

can be related to the TB laboratory and operators but a

strict correlation cannot be stated. To determine the

origin of contamination, more needs to be known

about bacteria and ways to group them by properties

and habitats. Bacteria must be divided into gram

positive (Gram?) and gram negative (Gram-) based

on their Gram-staining response. This tells us about

their origins: Gram? have a thick cell wall resistant to

dryness and exist on the skin; Gram- have a thin lipid

layer with pores that need humidity and colonise the

gastrointestinal tract and humid environments. It is

helpful to identify bacterial spore formers (Gram?

Clostridia and Bacillus) because spores are highly

resistant to dryness, antibiotics and chemical sub-

stances and travel rapidly through air. The skin is dry,

acidic, cool and derived from nutrients, making it an

inhospitable environment for most bacteria, except its

own colonisation with Gram? bacteria, which varies

greatly by skin site (Wilson 2005). By far the greatest

cause of contamination at the TB is by Staphylococci,

but not Staphylococcus aureus. Other common skin

bacteria are Corynebacteria and Propionibacteria, but

little contamination tends to be encountered from

these because they grow slowly or are anaerobic, and

need specific culture techniques for longer periods

which most labs do not practice (Van Kats et al. 2010).

Streptococci along with CNS, Micrococcus luteus, and

Bacillus spp are the most common contaminants in

MST retrieved from NHBD, which were almost the

only tissues contaminated in Group 5. Streptococci

can also originate from people talking and coughing,

which ought not to affect TBs since staff perform all

work wearing a mouth mask and in a safety cabinet

Table 5 Group 6: bacterial species isolated in tissues found

positive at Time2 and Time3

Group 6

Time2 Time3

NHBD NHBD

MST CVT MST CVT

Gram ?

Staphylococcus coagulase - 3 – 3 –

Clostridium sordellii – 1 – –

Granulicatella adiacens – – – 1

No. of contaminated tissues 3 1 3 1

Table 6 Group 7: bacterial species isolated in tissues found

positive at Time3 only

Group 7

Time3

NHBD HBD

MST MST

Gram ?

Staphylococcus coagulase - 4 –

Actinomyces meyeri 1 –

Staphylococcus hominis – 1

Bacillus pumilus – 1

No. of contaminated tissues 5 2
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with a hood and downflow. One possible source could

be microbiology technicians, who do not wear mouth

masks or, in many cases, gloves, and work on open

workbenches. Air contains mainly spores and cocci.

Much contamination from dust and the spores of

spore-forming microbes as Bacillus spp can be found

at hospital laboratories located in or near to building

sites (Barrie et al. 1992; Whyte et al. 1982). Clostrid-

ium is a spore-forming bacteria with many species and

a commensal of the intestinal tract. If Clostridium is

isolated despite retrieval having been performed

without perforation, within 12–24 h post mortem,

and in the absence of donor bacteraemia, then the

Clostridium spores must originate from an exogenous

source, such as ML environment.

Another possible explanation for the microbiolog-

ical variability in our cohort over time is the low

sensitivity and/or specificity of the culture method for

some pathogens. Plausibly, therefore, some species

are not isolated due either to longer growth times than

the ones routinely used for incubation, or to the

presence of antibiotic cocktail residues. In both cases,

however, this would cause an increase in false

negatives rather than false positives. Furthermore,

we validated the microbiological analysis method

before using it in practice. Lastly, the majority of

microorganisms identified in allografts are skin com-

mensals (Martinez et al. 1985; Veen et al. 1994;

Deijkers et al. 1997; Vehmeyer et al. 2002; Ibrahim

et al. 2004; Tabaku et al. 2004; Ireland and Spelman

2005; Atique and Khalil 2014), which can be easily

identified by our culture methods, even at low loads.

Conclusions

Despite the application of stringent procedures, par-

ticularly during tissue processing in classified envi-

ronments, additional contaminations by new species

and contamination of sterile tissues are not a rare

occurrence. Moreover, many potential additional

contaminations can be associated with later tissue

handling in other, less protected environments. These

observations should prompt all workers involved to

adopt even more rigorous safety indicators with a view

to drastically reducing the final number of positive

samples and therefore of discarded tissues. Finding

positive tissues at the end of processing and after

antibiotic decontamination is not, however, an

infrequent outcome in many TBs and can in some

cases result in a high percentage of tissues being

discarded, particularly CVTs.
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