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Abstract

The impact of repeated in-hospital reprocessing on 100% cotton fabric continues to be debated. We analyzed the properties of surgical gowns
and drapes over 15months of clinical use. The amount of linting fibers and the water absorption rate increased significantly, but microbial and
blood penetration was preserved.

(Received 29 January 2022; accepted 14 May 2022; electronically published 4 August 2022)

Surgical gowns and drapes (SGDs) decrease the risk of surgical-site
infection and protect healthcare workers from patient fluids. The
reuse of SGDs made of cotton fabric is widespread in low-income
countries, but methods to monitor fabric wear, microbial barrier
efficacy, and the impact of steam sterilization are not available.1

Simulated use and reprocessing indicate different numbers for
the maximum sustainable uses, up to 65 times.2,3

In response to the World Health Organization call for research
about cotton fabric durability,1 we prospectively collected SGDs in
clinical use at amedium-sized hospital (ie, 67 beds) in themidwest-
ern region of Brazil from February 2018 to May 2019. We tested
their physical properties and their biological barrier performance.

For this study, all SGDs in use at the hospital were discharged
and replaced by new ones made of 100% cotton fabric (Santista,
Solasol, São Paulo, Brazil) (40 threads/cm2, 260 g/m2, and 3/1 twill
weave4). In total, 156 surgical drapes and 78 surgical gowns were
replaced, plus 30% for replacing discarded or lost items. A matrix
was printed on each item to track the number of uses, and all items
were washed 3 times before their first use to remove starch. We
selected 3 SGDs at random as samples for the control group.
The remaining items were subjected to clinical use and reprocess-
ing throughout the study (Supplementary Table A online).

After 3months (group 1), 6 months (group 2), 9 months (group
3), 12 months (group 4), and 15 months (group 5) of clinical use, 3
surgical gowns and 3 surgical drapes having the highest record of
uses were collected from each group. Overall, 18 surgical drapes

and 18 surgical gowns samples were collected for the study and
were subjected to the following tests, detailed in the
Supplementary Material (online):

1) Size (using a 1-mm ruler), weight (in g/m2), thread count (using
a 5× magnifying glass), and thread thickness in warp and weft
directions, using a scanning electron microscope (SEM)

2) Linting, using fibers released on adhesive tape observed at SEM
and quantified by image analysis

3) Water absorption, using 0.2 μS/cm 72.8 mN/m water, micro-
balance, and modified Washburn equation5

4) Semiquantitative microbial penetration, using DIN 58.953
methodology6

5) Quantitative microbial/blood penetration, using 100 μL
S. aureus or human blood suspension dropped on the external
surface of a double-layer fabric; microbial cells or erythrocytes
were counted on the opposite side by SEM after 30 minutes.

Table 1 presents the results summary and Figure 1 illustrates a selec-
tion of representative SEM images. The longer the time, the higher the
number of uses, which reached a maximum of 87 for surgical drapes
and 72 for gowns at 15 months. The longer the clinical use, the higher
the number of unentangled and broken fibers (Fig. 1, first column).
Additionally, SEM showed that clinical use and reprocessing induced
a diffused fibrillation, with small filaments departing from the superfi-
cial fibers (Fig. 1, third and fourth columns). Fabric wear could be
related to bothmechanical stress during use, chemicals, andmechanical
and physical stresses during reprocessing. Repeated reprocessing cycles
can damage the fabric structure, promoting progressive degradation of
the physical properties of the fabric over time.

A dimensional reduction of the surgical drapes was observed,
with a marked reduction in the area at 3 months (−7%), mainly
due to a size reduction in the warp direction, in agreement with
the observed reduction of the microscopic thread thickness, show-
ing a statistically significant decrease after 9 months (−7.5%),
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12months (−6.9%), and 15months (−11%). No significant dimen-
sional change was observed in the weft direction. Weight measure-
ments showed significant decreases after 9 months (−2.3%), 12
months (−5.4%), and 15 months (−6.3%) of use, similarly to pre-
viously reported data.2

No change in thread count was noted over time. In contrast, a
significant increase with time in the number of loosened fibers was
observed compared to controls: approximately þ250%, þ400%,
þ380%, þ700%, and þ540% at 3, 6, 9, 12, and 15 months, respec-
tively. The increase over time in the number of loosened fibers con-
curred with the overall loss of mass and the increased fiber
deconstruction observed by SEM. This degradation is a concern
because standards recommend that SGDs be free of particles, lint,
and fiber fragments, which may cause adverse events.7

The water absorption coefficient increased at 3 months
(þ840%), representing a significantly quicker water absorption
rate. No further changes were noted at longer times. Possibly,
the starch had not been fully removed by the triplicate washing
of control samples.

Both semiquantitative and quantitative bacterial wet penetra-
tion tests showed no significant changes in cell penetration across
fabric at any study point. Semiquantitative tests were passed by all
samples in both single and double layers. A trend toward lower
bacteria penetration with time was revealed by quantitative tests,
but statistical significance was not reached. A similar trend was
observed for the blood penetration test. A significant reduction
in the number of red blood cells was observed after 6 months
(−44%) and after 15 months (−46%).

Table 1. Comparative Summary of the Results Obtained From the Characterization of Unused and Clinically Reused and Reprocessed Cotton surgical Drapes And
Gownsa

Variable Unused Itemsb

Used and Reprocessed Items,
No. (95% CI)

[% Change in respect to unused items]b,c

Variable
Trendd

Sampling Time

3 Months 6 Months 9 Months 12 Months 15 Months

Area, m2 2.55 (2.55–2.55) 2.35 (2.35–2.37)
[−7.7]

2.39 (2.38–2.39)
[−6.5]

2.32 (2.32–2.33)
[−8.9]

2.32 (2.29–2.33)
[−8.9]

2.32 (2.30–2.33)
[−9.2]

↓

Weight, g/m2 284 (283–285) 287 (285–289)
[þ1.2]

282 (280–283)
[−0.9]

278 (275–280)
[−2.3]

269 (266–262)
[−5.4]

267 (267–267)
[−6.0]

↓

Threads count 40 (40–40) 40 (40–40)
[0]

40 (40–40)
[0]

40 (40–40)
[0]

40 (40–40)
[0]

40 (40–40)
[0]

↔

Thread thickness
in weft direction,
μm

1,003 (984–1,044) 1,032 (993–1,064)
[þ2.9]

1,003 (1,002–1,032)
[0.0]

968 (943–1024)
[−3.5]

1,029 (997–1,040)
[þ2.6]

942 (892–979)
[−6.1]

↔

Thread thickness
in warp direction,
μm

1,937 (1,934–1,942) 1,894 (1,875–1,972)
[−2.2]

1,886 (1,869–1,891)
[−2.6]

1,793 (1,734–1,856)
[−7.5]

1,804 (1,720–1,857)
[−6.9]

1,724 (1,610–1,782)
[−11.0]

↓

Loosened
particles, pixels/
100× field of viewe

1,309 (481–3,779) 4,567 (2,608–5,969)
[þ249]

6,519 (3,777–8,044)
[þ398]

6,331 (3,840–8,537)
[þ384]

10,520 (7,363–
14,271)
[þ704]

8,366 (4,860–
12,305)
[þ539]

↑

Water absorption
rate, mg2/s

289 (287–290) 2,717 (2,516–2,795)
[þ840]

2,919 (2,688–3,092)
[þ910]

2,945 (2,640–3,035)
[þ919]

2,391 (2,297–2,556)
[þ727]

3,143 (2,948–3,247)
[þ987]

↑

Wet microbial
semiquantitative
penetration test,
no. of positive
samples

0 (0–0) 0 (0–0)
[0]

0 (0–0)
[0]

0 (0–0)
[0]

0 (0–0)
[0]

0 (0–0)
[0]

↔

Wet microbial
quantitative
penetration,
bacterial cells/
6,000× field of
viewf

13 (9–17) 17 (11–13)
[þ27]

13 (9–23)
[−4]

14(9–21)
[þ4]

11 (7–14)
[−19]

11 (7–13)
[−19]

↔

Blood penetration,
red blood cells/
2000× field of
view−2 g

152 (140–178) 80 (48–112)
[−47]

85 (74–93)
[−44]

103 (93–150)
[−32]

105 (95–127)
[−31]

82 (68–99)
[−46]

↓

aData refer to a total of 8 surgical gowns and 18 surgical drapes samples, being 3 surgical gown and 3 surgical drapes collected at each study timepoint (control, months 3, 6, 9, 12, and 15). The
number of tests performed for each garment sample is detailed in the supplementary material.
bValues are expressed as median (first quartile–third quartile) of the experimental values distribution.
cValues are reported in bold when significantly different from control group, P < .05.
dQualitative comparison of variable values across the whole life cycle of the device: ↑ increase; ↔ no change; ↓ decrease.
eThe 100× field of view corresponded to an area of 7.68 mm2.
fThe 6,000× field of view corresponded to an area of 0.00213 mm2.
gThe 2,000× field of view corresponded to an area of 0.0192 mm2.
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Surprisingly, changes in the water absorption rate did not
reflect detrimental performance in wet microbial and blood pen-
etration, possibly due to the higher number of unraveled fibers
and particularly to the higher cotton fabric fibrillation associated
with use and reprocessing. The altered fabric microstructure had
a clear impact on the water absorbance rate. However, it also gen-
erated a higher number of fibrils and a higher total fiber surface,
which could act as a more effective trapping system, making pen-
etration of bacterial and blood cells through the fabric more diffi-
cult. Similar results have been reported for face masks made of
cotton fabric.8

Nondegradation of the wet bacterial filtration properties with
time was also evidenced by results obtained with the DIN method.
Some previous studies9,10 have reported results for wet microbial
penetration similar to this study but with variations among tested
materials. Ward et al12 tested the performance of 100% cotton fab-
ric in a single layer. Using a similar protocol, Sahu et al10 used
S. aureus as test microorganisms; however, the bacterial concentra-
tion of the testing solution was lower. Another study using the DIN
method reported different results,5 but tested samples were gener-
ated in a laboratory setting by applying repeated washing and
sterilization.

This study had some limitations. We used originally developed
tests instead of standardized methodologies. This approach
allowed a finer comparison between test and control groups,
whereas standard tests are more suitable to check conformity to
prerequisites, often using a pass–fail approach. The results of this
study cannot be directly extended to other fabric compositions,
and further studies are needed to evaluate the effect of alternative
methods and technologies to reprocess reusable fabric.

In conclusion, the properties of SGDsmade of 100% cotton fab-
ric change over their use cycle. Water absorption increased signifi-
cantly, and a deconstruction of cotton fibers produced a significant

increase of linting fibers. Given the progressive increase of linting
fibers with time and the nondestructive nature of the linting test
presented here, this parameter could be considered for monitoring
the wearing status of the device along its use cycle. In contrast, our
data showed that wet microbial and blood penetration were not
impaired within the timeframe of this study.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2022.127
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