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INTRODUCTION
Nonsterile microporous tape is commonly available 

in operating theatres and is not uncommonly applied 

directly onto surgical wounds in an otherwise sterile field. 
When questioned, surgeons often claim that this is an 
established practice, never causing any problems, some-
times adding that they take precaution not to use the first 
revolution of the tape.

Nosocomial infections can be induced by fomites—sur-
faces which carry contaminants—and rolls of tape can act as 
fomites in a hospital setting.1–3 The purpose of this study was 
to assess the bacterial load on rolls of adhesive tape readily 
available in operating theatres and the corresponding out-
patient clinics in a single hospital surgical practice, and to 
explore existing literature for the rationale behind the appli-
cation of unsterile adhesives onto a surgical wound.
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Background: Fomites are surfaces that carry contaminants and may cause infec-
tion. We wanted to assess the bacterial load on rolls of nonsterile microporous 
tape in a hospital setting and explore the scientific rationale behind the existing 
practice of applying unsterile adhesives onto a surgical wound.
Methods: We analyzed the aerobic bacterial contamination in rolls of microporous 
tape collected from surgical theaters, outpatient clinics, and storage rooms at St. 
Olav’s University Hospital, Trondheim, Norway between 2018 and 2020. We also 
reviewed the literature for relevant publications.
Results: A total of 58 rolls were collected; 55 were included for final analysis. 
Exposed tape surfaces were significantly more contaminated than unexposed sur-
faces. Tape rolls from outpatient clinics were significantly more contaminated and 
contained a significantly greater variety of microbes than rolls from operation the-
aters and storage rooms. Unexposed surfaces from both operation theaters and 
storage rooms demonstrated very little contamination.
Conclusions: Rolls of tape may act as fomites, but widespread use of adhesives 
is inevitable in hospital settings. Removing the outer layer of a tape roll before 
use may significantly reduce bacterial contamination. Given sufficient vigilance 
to avoid cross-contamination, inner layers of tape may represent a close-to-sterile 
alternative as surgical dressing. However, the economic savings constitute a neg-
ligible fraction of the total costs of the surgery, and the risk of contamination 
seems apparent. Scientific support of dressing a fresh surgical wound with unster-
ile microporous tape is lacking, and we therefore do not recommend the prac-
tice except in situations with very limited resources. (Plast Reconstr Surg Glob Open 
2021;9:e3635; doi: 10.1097/GOX.0000000000003635; Published online 15 June 2021.)
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Scientific Rationale behind Unsterile Surgical Adhesives
Sutureless closure of surgical excisions was initially 

promoted in the 1950s, as Gillman et al4 demonstrated the 
epithelial downgrowth that occurs along sutures, resulting 
in unsightly scarring. Elek and Conen5 showed that the 
multiple skin penetrations of suturing and the presence 
of foreign material increased the risk of wound infection. 
Gillman subsequently promoted the closure of surgical 
wounds with regular tape from the local stationary store, 
claiming that as this tape contained both phenol and 
latex, it was virtually self-sterilizing, and that no infections 
were observed.6

Adhesive bandaging materials have been used 
throughout medical history but have been associated 
with skin irritation and hypersensitivity reactions.7 The 
Minnesota, Mining and Manufacturing Company (3M) 
succeeded in the mid-1950s in developing a well-tolerated 
hypoallergenic acrylate adhesive,7 which in combination 
with a microporous nonwoven layer of rayon fibers led 
to the introduction of the microporous adhesive surgical 
tape. Enthusiastic reports followed in the early 1960s.8–13 
Microporous tape gained popularity because its structure 
allows sufficient moisture to evaporate to create a favor-
able microenvironment for the skin, with less bacterial 
proliferation than under occlusive barriers.14,15 Its elas-
tic yet adhesive properties even when moistened makes 
it well tolerated by most patients and provides strength 
without blistering.7 Several publications also suggested 
a decrease in wound infections when using tape instead 
of sutures for outer layer closure particularly in contami-
nated wounds,16,17 but organic suture material at the time 
was associated with more infection than synthetic suture 
material.18

Microporous tape has stood the test of time and comes 
in both sterile versions (adhesive strips, 3M Steri-Strips) 
and unsterile versions (tape rolls, 3M Micropore). The 
use of 3M Steri-Strips for superficial wound closure has 
been widely published.19 The tape has somewhat more 
elastic properties than the strips, and may therefore con-
vey less shearing forces onto the skin.15 Publications have 
demonstrated good results from using microporous tape 
in addition to—or even instead of—subcuticular sutur-
ing,8,10,16,20–22 but these studies all used a sterile version of 
microporous tape. Taube et al22 reports “...this method of 
skin closure has many advantages. However, the combina-
tion is not used widely, perhaps because sterile Micropore 
has not hitherto been made available by the manufactur-
ers.” Several authors provided practical tips on how to ster-
ilize surgical tape,7,22,23 while Berkowitz2 pointed out that 
adhesive tape could be a potential source of nosocomial 
bacteria.

Bundy24 proposed the use of pre-packaged unsterile 
surgical tape as a safer and cheaper means of wound clo-
sure, documenting close-to-sterility quality in prepacked 
clean rolls of tape. Bundy also documented that surgical 
tapes shelved in surgical suite cabinets for 2 weeks had 
considerable contamination of their exposed dry surface, 
but the unexposed adhesive surface and the unexposed 
dry surface after unwinding had virtually no contamina-
tion. Redelmeier et al25 and Harris et al3 also collected 

tape rolls from various hospital locations, confirming that 
rolls used for catheter fixation contained microbes likely 
to contribute to catheter infections. Redelmeier also dem-
onstrated that removing the outer exposed layer of the 
tape roll significantly reduced the bacterial burden and 
that the inner layer only sporadically contained bacteria, 
which was in accordance with Bundy’s findings. Bundy 
stated that “Wound closure in this manner would benefit 
the patient in the field, in the emergency room, or in third 
world countries where the supply of sterile tape is limited.”

In a comment to the article by Bundy et al,24 Krupp26 
stated that “We have been using unsterilized surgical adhe-
sive tape such as Micropore or Mefix for covering clean 
surgical wounds, sutured or stapled, for about 20 years 
with excellent results. In no single case has the unsteril-
ized tape covering the fresh surgical wound ever provoked 
an infection.”

Very few good scientific articles are available on poten-
tially increased risk of infection when applying unsterile 
dressings onto a surgical wound. Shanahan et al27 pub-
lished a randomized prospective material in 410 patients 
where nonsterile microporous tape was compared with 
sterile tape (Micropore 3M versus Steri-Strips) for closure 
on top of subcuticular sutures They found no difference 
in wound infections but claimed significantly lower cost 
when using nonsterile microporous tape. However, they 
applied tincture of benzoin onto the wound and let it dry 
before tape application. Tincture of benzoin is an old and 
widely used skin seal antiseptic agent that provides an anti-
septic barrier between the surgical wound and the unster-
ile tape. Application of a wound sealant or antiseptic film 
onto the wound surface decreases the risk of infection 
when applying nonsterile tape, and Shanahan also argues 
why the pretreatment of the wound with tincture of ben-
zoin accelerates wound sealing and may negate the neces-
sity of sterilization. Shanahan concludes that “the use of 
unsterile Micropore tape on surgical wounds has no dis-
advantages over conventional dressings.” Because neither 
headline nor conclusion mentions that the unsterile tape 
is applied on top of an antiseptic sealant, it is easy to miss 
this important aspect of Shanahan’s method.

In a recent retrospective analysis of 1216 cosmetic 
breast surgery patients, Hever et al28 suggested no dif-
ference between the use of Micropore tape and other 
conventional wound dressings in the prevalence of post-
operative wound healing problems in cosmetic breast sur-
gery. Hever states that “evidence suggests that the use of 
Micropore TM tape as a dressing for surgical incisions may 
be associated with reduced/comparable rates of infection 
in surgical wounds.” They also suggest that introduction 
of Micropore as inner dressing may “have significant cost 
implications, both in terms of reducing the costs associated 
with the dressing of surgical wounds, and costs associated 
with managing infective complications.” Hever, however, 
links the claimed evidence of reduced rates of infection to 
an article by Lipscombe and Juma,29 who applied unsterile 
versus sterile microporous tape onto disinfected but intact 
skin in volunteers and merely measured the bacterial 
growth underneath the tapes at 1 week after application. 
The fact that that microporous tapes provide favorable 
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microenvironments with less bacterial proliferation than 
occlusive barriers has been well documented.14,15 As the 
retrospective analysis by Hever compared microporous 
tape to nonmicroporous dressings, a comparison between 
unsterile versus sterile microporous dressing is still lacking.

METHODS
This was a descriptive single-blinded study con-

ducted from 2018 to 2020 in collaboration with the Unit 
of Infection Control at St. Olav’s University Hospital, 
Trondheim, Norway. A total of 48 rolls of microporous 
tape were collected on eight separate occasions at least 
two months apart from surgical theatres, outpatient clin-
ics, and storage rooms in a department with combined 
plastic, hand, and orthopedic surgical activity. Another 10 
rolls were also collected from 10 different operating the-
atres at four other surgical units in the same hospital.

Collection was done as unexpected visits during opera-
tions or outpatient consultations, stating “if surgeons 
asked for microporous tape, what would they get?” The 
investigator put on a sterile glove, took the roll offered, 
and inverted the glove back over the roll. 3M Micropore 
surgical tape 1-inch width is the standard microporous 
tape in the hospital; if a location failed to have Micropore 
available, 3M Transpore surgical tape 1-inch width was col-
lected instead. The time, date, and location of each roll 
was registered. Control rolls were collected directly from 
storage rooms using the same procedure with a sterile 
glove and avoiding contact with neighboring surfaces. 
Neither Micropore nor Transpore come in individual 
wrappings; they are delivered and stored in boxes of 25 
rolls each. All rolls were transported to the laboratory for 
further processing within a maximum of 2 hours.

Microbiological Culturing
The following areas were investigated in all tape rolls 

(Fig. 1): the exposed outer surface of the first revolution 
of tape (area A), the exposed sides of the roll (area B), 
and the adhesive (unexposed) surface of the first revolu-
tion of tape (area C). During the last 4 collections, the 
outer (unexposed) surface of the second revolution of 
tape (area D) was also investigated.

An investigator blinded to the origin of the tape rolls 
performed the microbiological analyses. Culturing proce-
dure was adapted from the method described by Berkowitz 
et al2 (See appendix, Supplemental Digital Content 1 for 
details on culturing and reading. http://links.lww.com/
PRSGO/B677.) Briefly, culturing was done within 3 hours 
of collection on blood agar petri dishes. Each of the 4 
defined surfaces were pressed or rolled onto the agar 
plates (Fig. 2). Incubation took place at 35 ± 2°C for 48 
hours and in room temperature for 24 hours. Macroscopic 
counting of colony forming units (CFU) was performed 
after 72 hours. Only aerobic bacterial contamination was 
investigated.

Statistics
Number of CFU were noted separately for the 4 

defined areas of tape (Fig. 1) and results stratified accord-
ing to collection site. Results are presented both as mean 

± SD (SD) and as median (range). Overgrowth as defined 
by >100 CFU is registered as “100.” Number of CFU is 
compared between and within rolls using nonparametric 
independent or dependent samples tests, as appropriate 
(Kruskal–Wallis and Wilcoxon’s Signed Rank test).

Literature Search
With the aid of a university librarian, we searched 

MEDLINE, Embase, and the Cochrane Library for rele-
vant articles. We also reviewed the reference lists of rel-
evant articles.

RESULTS
A total of 58 rolls were collected. Three rolls were 

discarded after analysis due to contamination after col-
lection or processing error, and the remaining 55 rolls 
were included for final analyses. A full account of all tape 
rolls and the microbiological findings are supplied in 
Supplemental Digital Content 2. (See table, Supplemental 
Digital Content 2, which displays aerobic bacterial con-
tamination of rolls of microporous tape, detailed data. 
http://links.lww.com/PRSGO/B678.)

Tape rolls from outpatient examination rooms were 
significantly more contaminated and contained a signifi-
cantly greater variety of microbes than rolls from opera-
tion theaters and storage rooms (Fig. 3, Tables 1 and 2)  
(P = 0.001). There was a trend toward more contamination 
on rolls collected from operation theaters than from stor-
age rooms, but the difference did not reach significance. 
Exposed surfaces (areas A and B, Fig. 1) were significantly 
more contaminated than unexposed surfaces (areas C 
and D) both in outpatient (P < 0.001) and surgical theater 
settings (P = 0.002). In outpatient examination rooms, the 

Fig. 1. Surface areas investigated for contaminants. A, Outer sur-
face of first revolution of tape (exposed). B, Sides of the roll of tape 
(exposed). C, Inner surface of first revolution of tape (unexposed). D, 
Outer surface of second revolution of tape (unexposed).

http://links.lww.com/PRSGO/B677
http://links.lww.com/PRSGO/B677
http://links.lww.com/PRSGO/B678
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unexposed sticky surface of the first revolution of tape 
(area C) was also generally contaminated, albeit signifi-
cantly less than the exposed surface (P < 0.001). However, 
the contamination of outpatient tape rolls became signifi-
cantly lower after discarding the first revolution of tape 
(Fig.  1, significantly less contamination of D compared 
with C, P = 0.016). Unexposed surfaces from both opera-
tion theaters and storage rooms demonstrated very little 
contamination (Table 1).

Table 2 lists the microbes found in the different loca-
tions. Predominantly the bacteria found were either skin 
commensal bacteria like coagulase-negative Staphylococci 
or Micrococcus species, or represented typical environ-
mental species like Bacillus. However, pathogenic bac-
teria were also found such as Staphylococcus aureus and 
Enterobacter cloacae.

DISCUSSION
Our study has several limitations. It is a merely descrip-

tive single hospital study and does not aim to address 
any association between contaminated surgical tape and 
wound infection. The contamination of a tape roll does 
not equal surgical wound contamination or infection 

although it might pose such a risk. The real contamina-
tion of any given tape roll may vary significantly according 
to handling routines, location, time, date and patient pop-
ulation, and we have not collected enough samples to cor-
rect for possible effect-modifying variables. We have also 
only analyzed aerobic bacteria and no other pathogens.

Our findings confirm that rolls of tape may act as fomites. 
Our findings also suggest that with sufficient vigilance, ensur-
ing that the contaminated outer revolution is discarded with-
out concurrent contamination of the surgical field or the 
newly exposed tape, the inner revolutions of a roll of tape 
may represent a close-to-sterile alternative as a surgical dress-
ing. Both findings are supported by previous studies.3,24,25

We have not been able to identify any prospective 
randomized studies comparing nonsterile versus sterile 
microporous dressings onto raw surgical wounds without 
a primary wound sealant or antiseptic barrier. Only spo-
radic case reports of surgical infections attributed to con-
taminated adhesives have been published.30,31 The lack of 
scientifically demonstrated hard endpoints such as wound 
infection may however be due to lack of proper studies in 
susceptible populations. Cosmetic breast surgery patients 
in the population investigated by Hever et al28 are generally 

Fig. 2. 1: The first part of the first revolution of tape was cut for analysis of its outer and inner surface. Extra tape was removed to ensure 
that the entire first revolution was removed. 2: Both sides of the first part of tape were pressed onto a petri dish, representing areas A and 
C in Figure 1. 3: The side of the tape roll was pressed onto a petri dish, representing area B in Figure 1. 4: Finally, the newly exposed second 
revolution of tape was rolled onto a petri dish, representing area D in Figure 1.
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Fig. 3. Number of colony forming units on the different surfaces of microporous tape according to collection site.

Table 1. Aerobic Bacterial Contamination of Rolls of Microporous Tape

 
Outpatient Examination Rooms  

(n = 22 rolls)
Operation Theaters  

(n = 21 rolls)
Storage Rooms  

(n = 12 rolls)

Colony forming units (n)
Total per roll
Mean ± SD 29.5 ± 26.6 4.6 ± 6.6 1.9 ± 2.2
Median (range) 23.5 (2 to >100) 3 (0 to 32) 1 (0 to 6)
Exposed surfaces
Area A
Mean ± SD 6.4 ± 5.0 1.6 ± 3.2 1.1 ± 1.4
Median (range) 6 (0 to 14) 1 (0 to 15) 0.5 (0 to 4)
Area B
Mean ± SD 22.5 ± 27.1 2.9 ± 3.7 0.8 ± 0.9
Median (range) 14.5 (0 to >100) 2 (0 to 17) 0.5 (0 to 2)
Unexposed surfaces
Area C
Mean ± SD 1.2 ± 1.3 0.1 ± 0.4 None
Median (range) 1 (0 to 4) 0 (0 to 1) None
Area D
Mean ± SD 0.2 ± 0.6 None None
Median (range) 0 (0 to 2) None None
No. different species per roll
Mean ± SD 3.6 ± 1.3 1.7 ± 0.9 1.1 ± 1.2
Median (range) 3.5 (2 to 6) 1.5 (0 to 3) 1 (0 to 3)
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young and healthy, and a higher bacterial inoculum is tol-
erated, given good host defenses. The more fragile popu-
lation of a general hospital may react differently. Wilcox 
et al32 reported in 1999 that a 5-year Staphylococcus aureus-
outbreak at a neonatal unit was traced to shared use of an 
adhesive product, and Lalayanni33 published an outbreak 
of Rhizopus oryzae associated with adhesive tapes to stabi-
lize IV catheters in hematological neutropenic patients.

Hever28 proposes “a large-scale, randomized control 
trial to compare the use of Micropore tape versus conven-
tional wound dressings for the routine dressing of surgical 
wounds in elective surgery.” The feasibility of such a study 
is questionable. Ethical approval for use of unsterile ban-
dages in surgery may not be obtained except for settings 
with very limited resources. Moreover, such a study needs 
a vast number of participants. The incident of surgical 
wound infection varies according to procedure; from <1% 
in orthopedic joint replacement surgery to 10% in gastro-
intestinal surgery,34 and only a small fraction of the infec-
tions are likely to be attributable to the choice of dressing, 
given that the dressings are clean and not heavily contami-
nated. Moreover, unsterile wound dressings would most 
likely mainly cause superficial wound infections, which 
are often not reported or treated by the general practi-
tioner. If unsterile wound dressings as practiced by Hever 
et al were to increase the risk of infection by 50%, assum-
ing baseline risk given sterile dressings is 3% and thus risk 
with unsterile dressings being 4.5%, a randomized study 
needs 2500 participants in each group.35

Ensuring the sterility of the innermost layer of the 
wound dressing would seem logical when the principles 
of sterility are otherwise applied in a surgical field. Outer 

layers of tape were consistently contaminated, while the 
inner layer of tape rolls seemed to carry exceedingly 
fewer bacterial colonies. Routine discarding of the first 
revolution of a tape roll stored under nonaseptic condi-
tions should therefore be encouraged. However, vigilance 
and strict procedure is needed to ensure no cross-contam-
ination between outer and inner layers when passing the 
tape from outside a surgical field and to the surgeon. The 
documented lack of bacteria in inner layers is from a lab-
oratory setting where cutting and handling of the pieces 
of tape was done within strict sterility. It is the authors’ 
opinion from personal observations that unscrubbed 
personnel are less prone to adhere to optimal procedure 
when handling the roll of tape, and the risk of passing the 
outer contaminants to the inner layers is considerable.

Heavily contaminated outer surfaces of tape rolls may 
be a sign of a more contaminated environment in gen-
eral. This notion may be supported by our observation of 
more contaminated tapes in outpatient settings, where 
consultation rooms may be used both for minor surgery 
and for wound dressing changes. Our findings underscore 
the importance of maintaining antiseptic conditions when 
conducting minor surgery in such locations.

Bundy claimed in 1988 that sterile tape was 5600% 
more expensive than unsterile tape, while Shanahan 
claimed in 1990 that switching to unsterile microporous 
tape as dressing would “in a region of 8 million total pop-
ulation represent a saving of £1 million per annum,” with-
out demonstrating the calculation. If the only argument 
for using unsterile versus sterile microporous tape is cost, 
absolute price should be presented in addition to rela-
tive price. Today, a roll of 10 meters of Micropore tape 

Table 2. Identified Aerobic Microbes on Rolls of Microporous Tape

Outpatient Examination Rooms 22 Tape Rolls No* Operation Theaters 21 Tape Rolls No*

Abiotrophia defective 1 Bacillus firmus 1
Acinetobacter radioresistens 1 Bacillus flexus 2
Bacillus circulans 1 Bacillus licheniformis 1
Bacillus halosaccharovorans 2 Kocuria rhizophila 1
Bacillus infantis 2 Micrococcus luteus 11
Bacillus licheniformis 3 Paenibacillus pasadenensis 1
Bacillus megaterium 1 Paenibacillus residui 1
Bacillus simplex 3 Pantoea species 1
Bacillus thermoamulovorans 1 Staphylococcus capitis 3
Corynebacterium freneyi 1 Staphylococcus epidermidis 7
Corynebacterium pseudodiphteriticum 1 Staphylococcus hominis 3
Dermacoccus nishinomiyaensis 1 Staphylococcus pasteuri 1
Enterobacter cloacae 1 Staphylococcus warneri 1
Micrococcus luteus 21 Streptococcus parasanguinis 1
Micrococcus lylae 1   
Moxarella osloensis 4   
Oerskovia turbata 1   
Paenibacillus glucanolyticus 1   
Paenibacillus timonensis 1   
Paracoccus yeei 1   
Rothia dentocariosa 1   
Staphylococcus aureus 4  Storage Rooms 12 Tape Rolls No*
Staphylococcus capitis 4
Staphylococcus caprae 1 Bacillus amyloliquefaciens ssp plantarum 2
Staphylococcus cohnii 1 Bacillus halosaccovorans 1
Staphylococcus epidermidis 11 Bacillus infantis 1
Staphylococcus hominis 5 Bacillus licheniformus 1
Staphylococcus pettencoferi 1 Bacillus simplex 2
Streptococcus mitis 1 Micrococcus luteus 2
Turicella otitidis 1 Bacillus halosaccovorans 1
*The number of rolls of tape on which the microbe was identified.
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costs less than $1, a package of six 7.5 cm Steri-Strips costs 
$1–2. Thus, 1 meter of Micropore tape (given that little is 
wasted) costs approximately $0.1, while 1 meter of Steri-
Strips (1.5 packages) costs $4. This can be presented as a 
4000% relative increase in expense. However, the abso-
lute cost of the one to two packages of steri-strips needed 
to ensure a sterile coverage of most surgical wounds is $1–
4. Mean cost of care in an operating room was recently 
estimated to be approximately $36 per minute.36

CONCLUSIONS
Widespread use of adhesive tape is inevitable in a hos-

pital setting, as catheters, tubes, IV-lines, and bandages 
need securing. Health personnel should therefore be 
aware that removing the outer layer of a tape roll before 
use appears to significantly reduce bacterial contamina-
tion. Hospitals may also consider introducing single use 
tape rolls. We do feel that there is enough evidence to 
question the ongoing practice of dressing a fresh surgical 
wound with unsterile microporous tape, except in situa-
tions with very limited resources. The economic savings 
when unsterile versus sterile microporous tapes are used 
constitute a negligible fraction of the total costs of the 
surgery, and the risk of contamination seems apparent.
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