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Reusing sterile cotton fabric barriers in the clinical practice: 
an observational and longitudinal study*

Highlights: (1) Clinical use and processing exert an impact 
on the sterile fabric barrier system. (2) There was weight 
loss, reduction in size and increase in water absorption 
volume. (3) The longer the use, the more loose fibers. 
(4) Penetration by microorganisms did not increase over 
the 15 months of the study. (5) The physical changes of 
the fabric did not interfere with the fabric barrier efficiency.

Objective: to analyze the physical and biological barrier characteristics 
of cotton fields used as a sterile barrier system after multiple use and 
processing cycles in the clinical practice. Method: an observational 
and longitudinal study to monitor and evaluate 100% cotton fabric 
used as a sterile barrier system in a medium-sized hospital. Samples 
were collected before use (after three washes) and at three, six, nine, 
12 and 15 months of use and evaluated for the number, thickness and 
integrity of threads, weight, water absorption and wet penetration by 
microorganisms. Results: after 85 washes, the number of threads 
remained unchanged, and the shredded fibers and the water volume 
absorbed were increased. The microbiological test using the German 
standard methodology obtained a negative result and wet penetration 
by microorganisms did not show significant changes over time, 
although a percentage of the microbial cells passed through the 
double-layer samples. Conclusion: the physical properties of 100% 
cotton used as a sterile barrier system changed with use/processing 
cycles; however, these alterations did not significantly interfere with 
the results obtained by the tests performed on the microbiological 
barrier up to 85 washes.

Descriptors: Product Packaging; Textiles; Monitoring; Hospital 
Equipment Supplies; Sterilization; Asepsis.
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Introduction

Health Products (HPs) classified as critical and used 

in invasive procedures must be subjected to sterilization. 

It is a process capable of destroying all forms of microbial 

life(1), whose most commonly used method is Saturated 

Vapor under Pressure (SVP). To preserve sterility, HPs 

should be packed in a Sterile Barrier System (SBS) 

for storage.

In Brazil, choice of the SBS used for this purpose 

must be regularized with the National Health Surveillance 

Agency (Agência Nacional de Vigilância Sanitária, ANVISA), 

Collegiate Board Resolution (Resolução da Diretoria 

Colegiada, RDC) No. 15, of March 15th, 2012(2). This 

resolution provides that the SBS must offer an efficient 

barrier against microorganisms, particles and fluids in 

order to allow an aseptic presentation of the HPs and 

enable proper delivery of the content, preserving them 

from possible contamination.

SBS indicated for SVP sterilization are classified 

into disposable (surgical grade and creped papers and 

non-woven fabrics) and reusable (cotton fabrics and rigid 

containers). Cotton fabric has been one of the oldest and 

most used worldwide until the emergence of non-woven 

fabrics; its use in Brazil is recommended and remains 

common in health institutions, although it has not been 

subject of studies in the last decade(2-3).

100% cotton fabric in health institutions is not only 

used as SBS, but also for making aprons and surgical 

fields(4). A recent study that compared the cotton fabric 

of surgical aprons to disposable fabrics concluded 

that adopting reusable aprons can result in greater 

protection and significant cost savings due to their 

superior durability and sustainability when compared 

to disposable items(5).

To use the fabric, it is recommended to apply it in 

double layers or in a mixed modality, that is, a layer 

of fabric and another disposable SBS(6) and, after each 

use, it must be washed to remove dirt resulting from 

storage, transport and use and to restore hydration of 

the fibers(3). However, it is understood that the friction 

to which they are subjected, the cleaning products used 

and the temperature variations during sterilization, among 

other elements during processing, may result in variations 

in their ability to resist penetration by microorganisms 

according to the number of uses and wash and sterilization 

cycles(7). In this sense, some studies have investigated 

durability and loss of the microbiological barrier of cotton 

fabric SBS in Brazil; however, their findings are divergent 

regarding the ideal number of processing cycles (washing 

and sterilization) safe for use(8-9). In addition to that, 

there are difficulties in reliably recording the processing 

frequency of each surgical textile(10-11).

Considering the lack of consensus regarding the safe 

number of use and processing cycles and the challenges 

to evaluate maintenance of the cotton fabric properties 

for health institutions and professionals, especially 

nurses (historically the technical professionals in charge 

of the Central Sterile Supply Department [CSSD] unit), 

the following guiding question was established for this 

study, a pioneer in the evaluation of the properties of 

cotton fabrics used in the clinical practice: Are there 

changes in the physical characteristics and biological 

barrier of 100% cotton fabric fields used as sterile barrier 

systems subjected to multiple use and processing cycles 

in relation to new ones? And, as objective: to analyze the 

physical and biological barrier characteristics of cotton 

fields used as sterile barrier systems after multiple use 

and processing cycles in the clinical practice.

Method

Study design

A longitudinal and observational study to monitor and 

evaluate SBS samples made with 100% cotton fabric and 

used in the clinical practice, during a 15-month period. 

The Strengthening the Reporting of OBservational Studies 

in Epidemiology (STROBE) guide was used to report 

the research.

Context

The study was carried out between February 2018 

and May 2020 in a medium-sized philanthropic hospital 

(n=60 beds) from Jataí, Southwest region of the state of 

Goiás (GO), Brazil. Samples of 100% single and double 

cotton fabric from fields used as SBS, new and after 

subsequent processing cycles, were analyzed. The samples 

were analyzed in the Bacteriology and Mycology Laboratory 

of the Biomedicine Course at the Federal University of 

Jataí and in the Department of Medicine Laboratory, 

Provincial Health Services Trust of Trento/Italy - Santa 

Chiara Hospital – Trento, Italy.

Definition of the samples

Based on the demands of the institution’s surgeries 

(mean of 101 monthly surgeries), 104 100% new cotton 

fabric fields [1.20 meters (m) x 1.20 m] were made, plus 

30% for replacements during the research (31 fields). The 

fabric used met the standard of the Brazilian Association 
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of Technical Standards (Associação Brasileira de Normas 

Técnicas, ABNT) - Brazilian Standard (Norma Brasileira, 

NBR) 14,027/9(12), of the Santista® brand and classified 

by Solasol in royal blue color (518/193952TC D), 100% 

cotton, texture of approximately 39.63 threads per square 

centimeter (cm2), weight of 260 grams per square meter 

(g/m2) and 3/1 twill ligament. Although this standard 

indicates 2/1 ligaments, a 3/1 presentation was used to 

achieve the recommended weight.

In each piece, a chart containing 120 spaces was 

printed in order to monitor the number of washes to which 

it would be subjected. Thus, when receiving the laundry 

fields, in the CSSD area devoted to folding, the nursing 

technician filled a space with black indelible pen(13). The 

stage was monitored daily by a researcher and/or research 

assistants (two), previously trained, during the 15-month 

study period. Before the first use, the new fields were 

washed three times to remove the starch.

Data collection

Samples for the analyses were collected at the 

CSSD folding area when the textiles were received from 

the laundry, selecting three different fields (one sample 

was cut from each of the three fields) at each collection, 

selecting those that contained the record of the largest 

number of washes. The collection moments were as 

follows: “Zero” time: after the third wash and before 

the first use; Time 1: with three months of use; Time 

2: with six months of use; Time 3: with nine months of 

use; Time 4: with 12 months of use and Time 5: with 15 

months of use.

All new fields were washed three times before 

the first use to remove the starch used in the ironing 

process by the manufacturer. Three fields were randomly 

selected at this stage as samples for the Control Group 

(not subjected to use/processing cycles).

Analysis and statistics

Figure 1 represents the study design from the 

preparatory phase, collection period and number of 

samples and analytical tests performed to data analysis. 

Figure 2 shows the analytical tests performed, the place 

where they were applied, and the number, size, shape 

and fabric layers of the samples.

*Sterile barrier system; †Time; ‡German Standard Methodology; §Scanning Electron Microscopy

Figure 1 - Sequential distribution of the study design containing the preparatory phase, collection period of cotton 

fabric samples and number, as well as analytical tests performed and data analysis. Jataí, GO, Brazil, 2018-2020
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Tests Sample size and shape Fabric 
layers

Number of field samples

Months of use

0 3 6 9 12 15

Measurement and weight assessment* Square (15 cm2) Simple 3 3 3 3 3 3

Assessment of the number of threads* Circle (12 mm diameter) Simple 1 1 1 1 1 1

Assessment of the integrity and thickness of 
the threads† Circle (12 mm diameter) Simple 1 1 1 1 1 1

Water absorption test† Rectangle (1.5 cm x 8 cm) Simple 3 3 3 3 3 3

Penetration by microorganisms suspension 
test - German Standard Methodology 58.953* Square (10 cm x 10 cm) Double 3 3 3 3 3 3

Penetration by microorganisms suspension 
test – Scanning Electron Microscopy - SEM† Circle (24 mm diameter) Double 3 3 3 3 3 3

*Bacteriology and Mycology Laboratory of the Biomedicine Course at the Federal University of Jataí (Universidade Federal de Jataí, UFJ); †Department of 
Medicine Laboratory, Provincial Health Services Company of Trento/Italy - Santa Chiara Hospital – Trento, Italy

Figure 2 - Analytical tests performed, place where they were applied, and size, shape and number of both the fabric 

layers and the samples used. Jataí, GO, Brazil, 2018-2020

Measurement of the fields was verified at the 

determined times, using a ruler with 1 millimeter (mm) 

precision. The mean of the three fields was calculated in 

m2, for each period analyzed. The weight of the samples 

per unit area of fabric (g/m2) was obtained by weighing 

a 15×15 cm2 specimen on an electronic scale (Edutec®/

Brazil), with 0.001 g resolution, also through the mean 

value obtained by the three samples. The number 

of threads in the weft and warp was counted with a 

magnifying glass (Foldable Magnifier®/Brazil).

Through Scanning Electron Microscopy (SEM) (Fei® 

Quanta 200 F- United States), thickness and integrity of 

the threads (warp and weft direction) and the changes 

at the different use times were analyzed. From each 

sample, three front and back images were taken with 

100× and 250× magnification, as well as one image at 

500× [5 kilovolt (kV) voltage and 0.45 Torr pressure]. The 

Image J program (National Institutes of Health) was used 

to measure thickness of the threads. Six measurements 

were performed in different locations of the anterior 

and posterior parts of the sample, calculating the mean 

obtained in each sample and, subsequently, the mean 

obtained from the three samples with the same use time.

For the water absorption evaluation, the mean of 

the three weights obtained from the samples (strips of 

8 cm in length and 1.5 cm in width) with the same use 

time was considered. A Wilhelmy Plate Method microscale 

(DCA 322 CahnTM®, Netherlands) and high purity water 

[0.2 micro-Siemens per centimeter (µS/cm)] were used. 

The fabric strip was hung on the microscale hook and 

the free tip was brought into contact with water. Weight 

gain with the water absorption time was recorded. The 

modified Washburn equation was used to adjust the linear 

dependence of the squared water mass versus time. This 

approach allowed calculating a linear coefficient, which 

described the water absorption characteristics of the 

samples that can be affected by use and processing due 

to changes in fabric absorption and capillary structure.

Two methodologies were used in the microbial 

barrier analysis, namely: German Standard Methodology 

(Deutsches Institut für Normung-DIN) 58,953 - Part 

six (2016), to semi-quantitatively evaluate microbial 

penetration through the cotton fabric samples (both tested 

in single and double layers), and a new SEM-based test 

protocol developed for this study.

For the DIN methodology, 10 cm2 fabric samples 

were marked with five circles after sterilization, using 

an indelible pen. Aseptically, in a chapel with laminar 

flow on sterile Petri dishes and with the aid of an 

automatic pipette, 100 microliters (µl) of Staphylococcus 

aureus (ATCC®25923) suspension were applied to 10 

milliliters (mL) of 0.9% sterile saline solution (sodium 

chloride), obtained from the 1/100 dilution of the 

McFarland 0.5 scale, in each circle marked in the sample. 

Subsequently, the samples remained in the chapel with 

laminar flow under ventilation system for six hours.

At the end of this period, the back of the fabric 

samples was pressed for five seconds with the aid of 

another sterile medium-sized Petri dish on the surface of 

a plate containing nutrient agar. Subsequently, the culture 

medium was incubated at 35 degrees Celsius (°C) for 72 

hours. The Colony Forming Units (CFUs) were counted 

on the plates every 24 hours, calculating the mean of the 

three samples. As established by the methodology, the 

test result is considered positive when more than 5 CFUs 

are detected in a sample.

The wet microbial penetration test using Scanning 

Electron Microscopy consisted of adding 100 µl of 
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S. aureus (ATCC®6538) suspension containing 6 mL of 

sterile distilled water (0.55 absorbance) to the circular 

24 mm samples of double fabric, with the aid of an 

electronic pipette. After 30 minutes, it was examined 

by means of SEM (5 kV voltage, 6,000x magnification 

and 0.68 Torr pressure) to check for bacteria penetration 

through the fabric on the back of the second layer of 

the samples at random locations. The mean number 

of coccus cells seen in the view field (2,130 square 

micrometers-µm2) was calculated in all three samples 

of each study period.

The statistical analyses were performed using the 

Prism 5 statistical software (GraphPad Software, San 

Diego, CA, USA). The categorical variables were expressed 

in percentages. Median and Interquartile Range (IQR) 

were used in the results of the continuous variables. 

The median values obtained from the different periods 

were qualitatively compared to evaluate potential trends 

(increasing, decreasing or unchanged) corresponding to 

the variables of interest.

Significance of the differences between each test 

group and the Control Group was analyzed with Mann-

Whitney’s U test for the continuous variables and with 

Fisher’s Exact test for the dichotomous variables. 

Bonferroni-Holms post-hoc correction was considered 

for multiple comparisons. Bilateral tests were considered 

and the statistical significance level was set at p<0.05.

Ethical aspects

The study was approved by the Ethics Committee of 

the Federal University of Goiás (Certificate of Presentation 

for Ethical Appraisal Protocol No. 64541517.3.0000.5083) 

and had the consent of the hospital management and 

the technicians responsible for the CSSD and the 

Surgical Center(14).

Results

The mean washings of the cotton fields used with 

SBS in each study period were as follows: 24 times - three 

months; 42 times - six months; 57 times - nine months; - 

70 times - 12 months and 85 times - 15 months.

Table 1 presents a comparative synthesis of 

the results obtained from the analytical tests for the 

characterization of 100% cotton fabric fields employed 

as sterile cotton barrier systems, unused and used in the 

clinical practice and processed.

Table 1 - Comparative synthesis of the results obtained from analytical tests for the characterization of 100% cotton 

fabric fields employed as sterile barrier systems, unused (Control Group) and used in different use/processing time 

periods in the clinical practice. Jataí, GO, Brazil, 2018-2020

Variable of interest Unused 
samples*

Samples used and processed*†

% changes in relation to the unused samples
Variable 
trend‡Sample use time (months)

6 9 12 15

Measurement (m2)
1.44 

(1.44-1.44)

1.33 (1.32-1.33)
-7.6%

P<0.001

1.32 (1.32-1.32)
-8.3%

P<0.001

1.30 (1.29-1.32)
-9.7%

P<0.001

1.31 (1.30-1.32)
-9.0%

P<0.001

1.29 (1.29-1.30)
-10.4%

P<0.001
↓

Weight (g/m2)
284 

(283-285)
287 (285-288)

+1.1%
284 (281-286)

0.0%

276 (274-276) 
-2.7%

P=0.035

274 (271-276)
-3.4%

267 (267-269)
-5.9%

P=0.003
↓

Number of threads 40 (40-40)
40 (40-40)

0%
40 (40-40)

0%
40 (40-40)

0%
40 (40-40)

0%
40 (40-40)

0%
↔

Measurement of the thread in the weft 
(µm)

1003 
(984-1044)

816 (808-834)
-18,6%

P=0.003

726 (708-766)
-27,6%

P<0.001

763 (749-769)
-23,9%

P<0.001

704 (693-715)
-29,8%

P<0.001

734 (726-764)
-26,8%

P<0.001
↓

Measurement of the thread in the warp 
(µm)

1937 
(1934-1942)

2009 (1934-2015)
+3.7%

1925 (1881-1946)
-0.7%

1919 (1881-1946)
-1.0%

1797 (1785-1836)
-7.2%

P=0.005

1754 (1732-1770)
-9.5%

P<0.001
↓

Water absorption test (mg2/s)
289 

(287-290)

2579 (2448-2627)
+792%

P<0.001

2778(2719-2784)
+861%

P<0.001

2755 (2685-2797)
+853%

P<0.001

2617 (2532-2629)
+806%

P<0.001

2435 (2059-2600)
+743%

P=0.016
↑

Penetration by microorganisms suspension 
test - German Standard Methodology 
58.953 (Number 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)
0%

↔

Penetration by microorganisms suspension 
test – Scanning Electron Microscopy 
(Bacterial cells/6000x)§

13 (9-17)
18 (11-23)

+39%
17 (9-18)

-31%
10(9-20)

-23%
8 (7-14)

-39%
13 (12-15)

0%
↔

*Values expressed as median (first quartile-third quartile) of the distribution corresponding to the experimental values; †Values are reported in bold when 
significantly different from the Control Group, p<0.05; ‡Qualitative comparison corresponding to the values of the variables over the entire life cycle of the 
device: ↑ increase; ↔ unchanged; ↓ decrease; §The 6000× view field corresponded to an area of 0.00213 mm2
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The weight assessment related to size (g/m2) of the 

fields before and in subsequent use periods, in months, 

showed that there was progressive dimensional shrinkage 

in all fields and, in parallel, an increase in weight up to 

three months of use, of 1.1% (g/m2), when compared to 

those unused. After this period, a gradual 5.9% (g/m2) 

reduction was verified up to 15 months of use (Table 1).

The analysis performed to verify the number of 

threads in the warp and in the weft of the samples 

presented no changes, remaining at 40 threads per cm2. 

However, the longer the use time, the higher the number 

of fibers of the fabric threads shredded, as can be seen 

in the images of the samples obtained by means of SEM, 

shown in Figure 3.

Thickness of the threads in the weft of the three-

month samples presented a 187 µm (-18.6%) decrease in 

relation to the samples before the first use (three washes). 

At 12 months (M: 70 washes), a 299 µm (-29.8%) 

reduction was observed; this result was statistically 

significant (Table 1).

*Department of Medicine Laboratory, Provincial Health Services Company of Trento/Italy - Santa Chiara Hospital – Trento, Italy

Figure 3 - Images obtained by means of Scanning Electron Microscopy of samples of 100% cotton fabric fields intended 

for sterile barrier systems before and in subsequent use periods, in months [three (Mean - M): 24 washes), six (M: 

42 washes), nine (M: 57 washes), 12 (M: 70 washes), 15 (M: 85 washes)] at a medium-sized general hospital. Jataí, 

GO, Brazil, 2018-2020

There was a statistically significant difference in the 

water absorption volume between the samples before 

the first use and those with three, six, nine, 12 and 15 

months of use (Table 1). However, the difference between 

the water absorption volumes in the time intervals after 

use was not statistically significant.

The results of the microbial tests according to 

the DIN methodology showed that the percentage of 

cells that passed through the cotton fabric field was 

0.002% (2 CFUs/105 cells) at the most, considered 

negative (<5 CFUs), which means that all samples met 

the test requirements both for single and double fabric 

samples, as shown in Table 1.

The penetration by microorganisms analysis by 

means of SEM of double fabric samples (Table 1) revealed 

that there was transfer of bacteria in the tested samples 

from all periods analyzed in the study. The mean number 

of bacteria seen increased proportionally to the use time 

until the sixth month (mean of 42 washes), when it 

presented the highest penetration number, with a mean 

of 17 bacteria. The samples at nine months (mean of 

70 washes) and 12 months of use (mean of 85 washes) 

presented lower mean bacteria values: ten and eight. 

These results did not present any statistically significant 

difference.

Discussion

The analysis of the fields used as SBS, in clinical use 

and control of the number of use and processing cycles, 

evidenced that there was an increase in weight (g/m2) up 

to three months of use, despite dimensional shrinkage, 

when compared to the unused fields. In addition, after 

this period, a gradual loss was verified up to 15 months of 

use. These results are similar to those of an experimental 

study that followed the phases of washing and sterilization 
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of fields for double cotton SBS and where the samples 

(100 cm2) showed increased weight (g/m2) up to the 

25th wash and, subsequently, a gradual decrease up to the 

75th(9); they also match another research study(4), carried 

out with 100% cotton fabric samples from surgical fields 

and aprons with the same characteristics of this study 

and subjected to multiple use and processing cycles in 

the clinical practice.

Another study was carried out in a Basic Health 

Unit (BHU) with cotton fabric fields used in the Unit as 

SBS, from three manufacturers; the fabric was processed 

in commercial washers and dryers and sterilized in a 

saturated steam autoclave under 21 liter pressure. 

Samples (4 cm2) subjected to 65 processing cycles were 

evaluated, which evidenced that the samples from two 

manufacturers (2x1 ligaments/weft) presented a reduction 

in weight (g/m2), whereas those from one manufacturer 

(3x1 ligaments/weft) showed an increase(15).

Regarding the weight loss of the textiles, another 

study(9), in which the fields were processed in a hospital 

washer, centrifuge and dryer by a third-party company 

and not used in the clinical practice, the mean loss that 

began after the 25th wash was 5.1% after 65 washes. 

In another study(15), where the fabrics were processed 

in a commercial washer and dryer and used as SBS 

in a BHU, the mean weight loss of the fields from two 

manufacturers was 0.1% and 0.5% after 65 washes, 

respectively. Values lower than the one found in this 

paper (mean of 8.4%), whose fields used with SBS 

underwent processing in a washer, centrifuge and dryer 

(15 months of use, mean of 85 washes) showed that 

there was greater wear out of the fabrics used in the 

clinical practice at the hospital.

Despite the mean 8.4% reduction in the weight of 

the fields in this research, the fabric presented compliance 

regarding the minimum weight established by NBR 14,027 

(simple fields), weighing more than 210 g/m2(12). It is 

noted that this property was tested exclusively in the 

fabric evaluated in this study, not allowing to infer the 

same for other textiles, although it is presumable for 

those that follow the same specifications.

The longer the use time and number of washes of the 

fields used as SBS, the higher the number of shredded 

and loose fibers. Despite the damages to the structure, it 

was evidenced that there was no change in the number of 

threads, both in the warp and in the weft, up to 15 months 

of use and 85 washes. Similar results were reported in a 

study conducted with cotton fabric masks(16).

The aforementioned study(15), carried out in a BHU, 

also analyzed the number of shredded and loose fibers, 

presented similar results and evidenced maintenance of 

the number and a reduction in the thickness of the threads 

and an increase in detachment of fibers from double cotton 

fields from three manufacturers, after 65 processing cycles 

(washing and sterilization). It also verified that there 

was a difference in degradation performance between 

the evaluated samples from the same manufacturer and 

from one manufacturer to the other.

It is also worth noting that, despite the physical 

changes identified by the analytical tests, all samples 

were visually intact and none had mending, which are 

minimally expected conditions for the useful life of a 100% 

cotton fabric SBS. These facts reinforce the importance 

of these indicators in defining the finitude of this type of 

SBS in the care practice.

Water absorption was higher in the samples that 

had three months (24 washes) when compared to those 

before the first use (three washes). Considering that SVP 

sterilization, a method to which HPs packed with cotton 

SBS are subjected, this result favors the prerogative 

of a barrier system that should allow penetration and 

removal of the sterilizing agent during the sterilization 

process(2-3). However, it is recommended that, at the end 

of the sterilization cycle, the packages be dry and stored 

in clean and dry places, handled as little as necessary, 

and that the storage conditions are periodically inspected 

in order to maintain sterility(1,17). Therefore, this result 

reinforces the disadvantage of cotton fabric’s low 

repellency to liquids(3), an aspect that deserves to be 

further investigated.

Based on the prerogative that the fabric fields 

used as SBS of HPs should guarantee sterility of these 

products during the storage period, in the 1990s, in 

the Manual of Processing for Articles and Surfaces in 

Health Services(18), the Ministry of Health recommended 

a shelf life of seven days for the storage of HPs packed 

in cotton fabrics, which could be extended by validating 

the storage conditions of each service. In this sense, 

studies that aimed at analyzing how sterility of HPs is 

maintained and, therefore, the barrier offered by cotton 

fabric as SBS, obtained results that extended the period 

recommended in that manual.

A survey(19) that evaluated SPV-sterilized HPs packed 

in cotton fabric concluded that, after 25 days of storage 

under controlled conditions, there was no microbial growth 

in the HPs. Another two studies(20-21) evidenced that the 

100% double cotton fabric maintained sterility of the HPs 

for periods of 148 and 18 days, respectively. It is noted 

that the most current recommendations regarding the 

storage time for HPs subjected to sterilization consider 

that the period must be based on the SBS custody and 

integrity conditions(1,3).
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The result of the penetration by microorganisms 

microbiological test using the DIN 58.953 methodology 

- Part six(22), with the samples of single and double 

SBS fields, presented a negative result; therefore, the 

microbiological barrier was maintained until the end 

of the study (85th wash). This number of washes was 

higher than the one found in the experimental study(9) 

carried out at the laboratory, where the microbial barrier 

of double cotton fields intended for SBS was evaluated, 

with different numbers of processing cycles and using the 

same methodology (DIN) and inoculum of the test applied 

in this study. With double fabric samples, the authors 

identified that, after the 70th wash, there was penetration 

by microorganisms in four fields: 22, 30, 66 and 55 CFUs. 

Based on these results, the authors recommended 65 as 

the limit number of washes in fabrics used for SBS.

The double cotton fields evaluated in the 

aforementioned paper(9) were not used in the clinical 

practice, as were the ones assessed in this study. Due 

to greater wear out in the fields used in this study as 

a result of use/processing cycles, more bacterial cells 

penetrating through the samples were expected. Thus, 

an increase in the number of shredded and loose fibers 

of the sample threads was also observed in this study, 

with some sort of “web” forming in the pores that may 

have hindered passage of the bacteria in fields with 

longer use times.

Considering the findings of the studies that evaluated 

microbial growth in SVP-sterilized HPs(19-21) and the results 

of the DIN methodology test used in this study and in 

the aforementioned one(9), it can be asserted that the 

fabric offers an effective microbiological barrier, although 

without consensus on the maximum frequency of washes 

to guarantee the barrier.

These results differ from the other test performed in 

this research, which had the same purpose of evaluating 

the microbiological barrier, but through SEM. The images 

obtained showed presence of S. aureus on the back of 

all samples tested. Therefore, it is assumed that the use 

and processing times did not interfere with penetration 

by microorganisms, as it was the case since the first 

evaluation (three washes).

If, on the one hand, the methodology adopted by 

SEM presents the limitation of using microorganisms in 

liquid media, easing transfer, which is considered the 

worst possible scenario, it is known that humidification of 

an SBS occurs exclusively during the sterilization cycle(3) 

and that the HP must be kept dry after packaging; on 

the other hand, it is necessary to emphasize that the 

DIN 58.953 - Part six(22) methodology was developed to 

evaluate the barrier made of papers used as SBS, which 

may not be effective to evaluate the barrier of reusable 

fabric fields used as SBS.

A research study(23) reported that penetration of 

bacteria (Geobacillus stearothermophilus and Bacillus 

atrophaeus) applied dry in three different fabric samples 

tested (100% tencel [fabric made of cellulose, with a 

silky texture]; 50% cotton/50% polyester; fabric made 

with two layers of polyester and one of polyurethane), 

showed a reduction in microorganism permeability, with 

the lowest index found in the 50th processing cycle when 

compared to samples with only one wash and sterilization 

cycle. The results are similar to those found in this study, 

despite the differences related to the fabric, type and use 

of dry microorganisms.

The same authors(23) also evaluated maintenance 

of the sterility of HPs packed with the same three types 

of fabric after one, 10, 20, 30 and 50 washes. After 

sterilization, the HPs were stored for up to three months 

on shelves in an environment with temperature control 

between 15°C and 30°C and 30% to 60% relative air 

humidity. It was concluded that the fields submitted to 

50 washing cycles, used with SBS, presented microbial 

barrier properties within three months of storage, as 

there was no microbial growth in the evaluation of the 

products packed in these fields. Therefore, the results 

evidenced that fabric samples from all periods tested 

and that had passage of microorganisms in the dry 

penetration test showed efficiency in maintaining sterility 

of the HPs packed in them for up to three months under 

controlled conditions. Such results are in line with the 

aforementioned studies that evaluated how sterility 

was maintained(19-20).

Preservation of HP sterility was also analyzed in a 

study(24) aimed at determining if there is contamination of 

sterile products when stored under high temperature and 

humidity. The results showed that there was no microbial 

growth. Thus, in adverse conditions, the internal content 

of the boxes packed with cotton fabric fields maintained 

sterility, proving to be an effective barrier. However, 

it should be noted that, in case of an adverse event 

where the sterile material with cotton fabric SBS comes 

into contact with liquids, there may be contamination 

and it should be disregarded due to the capacity of 

liquid absorption and passage of microorganisms in wet 

conditions, as shown in the results of this study.

It is worth noting that similar results in physical 

properties and performance of the microbial barrier 

were obtained by testing surgical fields and aprons for 

15 months applying the same test methodology(4).

This study has a limitation related to the number 

of samples available in each period, although enabling 
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a broad approach with multiple analytical tests. Another 

limitation was the use of originally developed tests instead 

of standardized methodologies. This approach allowed for 

a more precise quantitative comparison between the test 

and control groups, whereas standard tests are better 

suited to verify compliance with prerequisites, oftentimes 

using a qualitative approach.

The results of this study cannot be extended directly 

to other fabric compositions and further studies are 

required to evaluate the effect of alternative methods 

and technologies for processing reusable fabrics.

In this sense, by contributing to defining minimum 

indicators for the use and reuse of SBS made of 100% 

cotton fabric and their sizing in health services, this 

study also contributes to the work process of Nursing 

teams, which are the main players in CSSDs, especially 

in Brazil. Additionally, it is relevant for the nurses 

who make up the Committee on Processing of Health 

Products and the Commission on Healthcare-Associated 

Infections.

Conclusion

It is concluded that fields intended for SBS, made of 

100% cotton fabric, did not change the number of threads 

of the samples after use and the repeated washing and 

sterilization processes; however, there was impairment 

of the fabric’s physical structure, shown by the increase 

in the number of shredded fibers of the threads and in 

the mean volume of absorbed water.

While a significant change in the fabric’s physical 

properties has been documented over the 15 months of 

clinical use and processing cycles, the microbiological tests 

showed that no significant degradation of the microbial 

barrier properties was observed over time.

Acknowledgments

We would like to thank the management of the 

study site and the nurses and nursing technicians at the 

Surgical Center and the Material and Sterilization Center, 

for allowing and making the research possible, supporting 

us unconditionally.

We also thank those responsible for the laboratories 

in which the research was carried out.

References

1. Association of periOperative Registered Nurses. 

Guidelines for Perioperative Pratice. Denver, CO: AORN; 

2020. 

2. Ministério da Saúde (BR), Agência Nacional de 

Vigilância Sanitária. Resolução da Diretoria Colegiada - 

RDC Nº 15, de 15 de março de 2012. Dispõe sobre 

requisitos de boas práticas para reprocessamento de 

produtos para a saúde e dá outras providências. Diário 

Oficial da União [Internet]. 2012 Mar 16 [cited 2023 Jan 

9];53:176. Available from: https://bvsms.saude.gov.br/

bvs/saudelegis/anvisa/2012/rdc0015_15_03_2012.html

3. Sociedade Brasileira de Enfermeiros de Centro 

Cirúrgico, Recuperação Anestésica e Centro de Material de 

Esterilização: Práticas Recomendadas. 8. ed. São Paulo: 

SOBECC; 2021.

4. Bouwman BE, Tessarolo F, Braios A, Piccoli F, Maniglio D, 

Costa DM, et al. Changes in the properties of pure 

cotton surgical gowns and drapes with clinical use and 

reprocessing. Infect Control Hosp Epidemiol. 2022 Aug 4. 

https://doi.org/10.1017/ice.2022.127

5. McQuerry M, Easter E, Cao A. Disposable versus 

reusable medical gowns: A performance comparison. Am J 

Infect Control [Internet]. 2021 [cited 2021 Jun 06];49(5): 

563-70. Available from: https://www.sciencedirect.com/

science/article/abs/pii/S0196655320309299

6. World Health Organization. Global guidelines for the 

prevention of surgical site infection [Internet]. Geneva: 

WHO; 2016 [cited 2023 Jan 9]. Available from: https://

apps.who.int/iris/rest/bitstreams/1168437/retrieve

7. Khomarloo N, Mousazadegan F, Lat i f i  M, 

Hemmatinejad N. Assessment of Single-Layer and Three-

Layer Reusable Surgical Gowns Performance in Terms 

of Bacterial Penetration in Wet State. Fibers Polym. 

2019;20(3):555-61. https://doi.org/10.1007/s12221-

019-8299-z

8. Burgatti JC, Possari JF, Moderno AMB. Avaliação da 

barreira microbiana do campo cirúrgico simples do 

algodão. Rev SOBECC [Internet]. 2004 [cited 2022 Feb 

07];9(1):24-32. Available from: https://revista.sobecc.

org.br/sobecc/article/view/286 

9. Rodrigues E, Levin AS, Sinto SI, Mendes CF, 

Barbosa B, Graziano KU. Evaluation of the use and 

re-use of cotton fabrics as medical and hospital 

wraps. Braz J Microbiol [Internet]. 2006 [cited 2022 

Feb 10];37:113-6. Available from: http://www.

scielo.br/scielo.php?script=sci_arttext&pid=S1517-

83822006000200003&nrm=iso

10. Kieser DC, Wyatt MC, Beswick A, Kunutsor S, 

Hooper GJ. Does the type of surgical drape (disposable 

versus non-disposable) affect the risk of subsequent 

surgical site infection? J Orthopaedics [Internet]. 2018 

[cited 2022 Feb 19];15(2):566-70. Available from: 

http://www.sciencedirect.com/science/article/pii/

S0972978X18301727



www.eerp.usp.br/rlae

10 Rev. Latino-Am. Enfermagem 2023;31:e3990.

11. Behera BK, Arora H. Surgical Gown: A Critical 

Review. J Ind Textiles. 2009;38(3):205-31. https://doi.

org/10.1177/1528083708091251

12. Associação Brasileira de Normas Técnicas. NBR 

14.028: Roupa hospitalar - confecção de campo duplo. 

Rio de Janeiro: ABNT; 1997. 

13. Bouwman BE, Melo DS, Neves HCC, Bento CP, 

Tipple AFV. The monitoring system of surgical textile 

in health services. Rev Bras Enferm. 2022;75(4):1-5. 

https://doi.org/10.1590/0034-7167-2021-0508

14. Ministério da Saúde (BR), Conselho Nacional de 

Saúde. Resolução 466 de 12 de dezembro de 2012. 

Diretrizes e normas regulamentadoras de pesquisas 

envolvendo seres humanos. Diário Oficial da União 

[Internet]. 2013 June 13 [cited 2023 Jan 9];12 (seção 

2):59. Available from: https://bvsms.saude.gov.br/bvs/

saudelegis/cns/2013/res0466_12_12_2012.html

15. Dedavid BA, Stadtlober CS, Oliveira DF. 

Transformações ocorridas no tecido de algodão 

utilizado como embalagem no processo de esterilização 

de materiais: um estudo de caso. In: Anais do 22º 

Congresso Brasileiro de Engenharia e Ciência dos 

Materiais [Internet]; 2016 Nov 6-10; Natal, RN. Natal: 

UFRN; 2016 [cited 2022 Mar 18]. Available from: http://

www.metallum.com.br/22cbecimat/anais/PDF/506-

002.pdf

16. Sankhyan S, Heinselman KN, Ciesielski PN, Barnes T, 

Himmel ME, Teed H, et al. Filtration Performance of 

Layering Masks and Face Coverings and the Reusability 

of Cotton Masks after Repeated Washing and Drying. 

Aerosol Air Qual Res [Internet]. 2021 [cited 2021 Sept 

09];21(11):210117. Available from: https://aaqr.org/

articles/aaqr-21-05-oa-0117.pdf

17. Tipple AFV, Santos JEM, Costa DM, Bouwman BE, 

Goulart DMM. Área de armazenamento de produtos para 

saúde: repensando a frequência da descontaminação 

de prateleiras/Reusable medical devices storage area: 

rethinking the shelves decontamination frequency. Ciênc 

Cuid Saúde [Internet]. 2020 [cited 2020 May 06];19:1-7. 

Available from: http://periodicos.uem.br/ojs/index.php/

CiencCuidSaude/article/view/48223

18. Ministério da Saúde (BR). Processamento de Artigos 

e Superfícies em Estabelecimentos de Saúde [Internet]. 

2. ed. Brasília: Ministério da Saúde; 1994 [cited 2023 

Jan 09]. Available from: https://bvsms.saude.gov.br/

bvs/publicacoes/superficie.pdf

19. Neves ZCP, Melo DS, Souza ACS, Tipple AFV, Rodrigues 

MAV. Artigos esterilizados em calor úmido: validação 

do sistema de guarda. Rev Bras Enferm [Internet]. 

2004 [cited 2020 Feb 22];57(2):152-6. Available 

from: https://www.scielo.br/scielo.php?pid=S0034-

71672004000200004&script=sci_arttext&tlng=pt

20. Serratine ACP, Gonçalves CS, Luçolli IC. Influência 

do armazenamento e da embalagem na manutenção 

da esterilidade do instrumental odontológico. Rev Eletr 

Enferm [Internet]. 2009 [cited 2022 Feb 18];11(1). 

Available from: https://www.revistas.ufg.br/fen/article/

view/46913

21. Medeiros AD, Nascimento Medeiros AA, Souza DM, 

Santos AJM, Pereira PB, Costa KF. Validação do processo 

de esterilização de artigos cirúrgicos em invólucro de 

tecido de algodão cru e papel grau cirúrgico de um 

hospital privado no município de Patos-PB. Braz J Health 

Rev. 2021;4(3):13396-406. https://doi.org/10.34119/

bjhrv4n3-288

22. Deutsches Institut für Normung. DEUTSCHE NORM 

58953-6: Sterilisation - Sterilgutversorgung - Teil 6: 

Prüfung der Keimdichtigkeit von Verpackungsmaterialien 

für zu sterilisierende Medizinprodukte. Berlin: 

NAMed; 2016.

23. Rogina-Car B, Budimir A, Turcic V, Katovic D. Do 

multi-use cellulosic textiles provide safe protection 

against the contamination of sterilized items? Cellulose. 

2014;21(3):2101-9. https://doi.org/10.1007/s10570-

014-0199-1

24. Bruna CQM, Pinto FMG, Graziano KU. The influence 

of environmental temperature and air humidity on the 

maintenance of sterility of surgical instruments sterilized 

in different wraps. Infect Control Hosp Epidemiol 

[Internet]. 2012 [cited 2022 Feb 08];33(12):1278-80. 

Available from: https://www.cambridge.org/core/

journals/infection-control-and-hospital-epidemiology/

article/influence-of-environmental-temperature-

and-air-humidity-on-the-maintenance-of-sterility-of-

surgical-instruments-sterilized-in-different-wraps/103-

A000911C6AE2FD39FDE550834705B

Authors’ contribution

Study concept and design: Berendina Elsina Bowman, 

Francesco Tessarolo, Anaclara Ferreira Veiga Tipple. 

Obtaining data: Berendina Elsina Bowman, Anaclara 

Ferreira Veiga Tipple. Data analysis and interpretation: 

Berendina Elsina Bowman, Dayane de Melo Costa, 

Francesco Tessarolo, Anaclara Ferreira Veiga Tipple. 

Statistical analysis: Berendina Elsina Bowman, Dayane 

de Melo Costa, Francesco Tessarolo, Anaclara Ferreira 

Veiga Tipple. Drafting the manuscript: Berendina Elsina 

Bowman, Dayane de Melo Costa, Francesco Tessarolo, 

Anaclara Ferreira Veiga Tipple. Critical review of the 



www.eerp.usp.br/rlae

11Bowman BE, Costa DM, Tessarolo F, Tipple AFV.

Received: Jan 9th 2023
Accepted: June 28th 2023

Copyright © 2023 Revista Latino-Americana de Enfermagem
This is an Open Access article distributed under the terms of the 
Creative Commons (CC BY).
This license lets others distribute, remix, tweak, and build upon 
your work, even commercially, as long as they credit you for the 
original creation. This is the most accommodating of licenses 
offered. Recommended for maximum dissemination and use of 
licensed materials.

Corresponding author:
Berendina Elsina Bowman
E-mail: berecris@ufj.edu.br

 https://orcid.org/0000-0001-8677-7715

Associate Editor: 
Maria Lucia do Carmo Cruz Robazzi

manuscript as to its relevant intellectual content: 

Berendina Elsina Bowman, Dayane de Melo Costa, 

Francesco Tessarolo, Anaclara Ferreira Veiga Tipple.

All authors approved the final version of the text.

Conflict of interest: the authors have declared that 

there is no conflict of interest.


