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ABSTRACT: Surgical gowns are meant to prevent the transmission of blood-borne pathogens between patients 

and the medical care givers [1]. In many nations, centres for disease control are tasked with the responsibility of 

introducing specified standards for the types of gowns that are to be used in operating theatres. However, 

Zimbabwe does not have a Medical Devices Control Authority such that even backyard industries are producing 

gowns that are being used in operating theatres. Even though many countries have adopted the use of 

disposable non-woven surgical gowns many African countries find the cost of these prohibitive and therefore 

resort to the use of woven, single layer re-usable gowns. This paper details the research carried out to determine 

the effectiveness of the washing and sterilisation process commonly used in Zimbabwe for rendering surgical 

gowns safe for re-use and the effectiveness of the gown’s barrier properties with respect to the strike through  

and bacterial filtration efficiency (BFE) of treated and untreated surgical gowns.  The results show that hot steam 

autoclaving at the stipulated standard temperature and pressure is adequate to render a surgical gown fit for re-

use in the operating theatre. However, the strike through properties (1.88-2.36sec) and the BFE of untreated and 

treated surgical gowns of 19.2% and 35.56% respectively before washing   indicate poor barrier properties.  

Therefore, these gowns are likely to expose health care professionals to risk of infection by blood-borne and 

body fluid pathogens.  
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INTRODUCTION 

Dedicated surgical apparel did not see regular 

usage as a surgeon’s armamentarium until the very 

late 1800s.  In those days, gowns and aprons were 

primarily used to keep a surgeon’s clothes clean of 

blood and other fluids. The use of surgical gowns 

then shifted to the protection of the patient from 

members of the surgical team. This was prompted 

when early surgeons found that their patient’s 

surgical and wound sites were highly susceptible to 

infections, which drove postoperative mortality to 

high levels [2]. The infection causing organisms 

were found to originate from exogenous sources 

such as the operating theatre staff or sometimes the 

patient [3]. Particles released from the human body, 

especially the skin, were also discovered to lead to 

airborne infections because they are carriers of 

germs. During that era, the surgical gowns were 

made from relatively loosely woven, readily 

permeable and all carded cotton type material 

known as muslin [2]. The muslin gowns were 

believed to provide a satisfactory asceptic barrier 

and they were readily available and affordable. 

However the muslin gowns lost popularity as it was 

discovered that the fabric possessed an effective 

bacteriological barrier when dry only and those 

properties were lost once it became wet. 

Due to increased awareness about the importance 

of surgical gowns, the 1960s saw the emergence of 

the disposable gowns and drapes manufacturing 

business with the objective of replacing reusable 

gowns. Since then the business has grown, being 

fueled by the emergence of infectious viruses like 

Hepatitis B Virus (HBV), HIV, Hepatitis C Virus 

(HCV) and the Creutzfeldt Jacob Virus [4,5].  

In a clinical setting, pathogens can be transported 

through a surgical fabric when body fluids penetrate 

the material by a process called moisture transfer 

[6]. This moisture transfer (also referred to as strike 

through) is most likely to occur in the chest and 

forearm regions of the gowns, especially during 

pressing or leaning motions that often accompany 

surgical procedures [6]. It is at these leaning 

positions that contact is made between the surgeon 

and the patient’s open wound. Medical personnel 
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are also exposed to sprays of blood and other fluids 

during operations [7].  

Despite the development of making new, improved, 

high-tech and complex surgical gowns, the majority 

of the gowns used in Zimbabwe are reusable and 

they are made of 100% cotton with no special 

protective features. Surgimed, a medical devices 

supplier was once the biggest supplier of 100% 

cotton plain woven surgical gowns to government 

hospitals in the country. These gowns sold under 

the trade name Toplex can still be found today in 

some medical institutes however, most hospitals 

have turned to other cheaper surgical gown 

suppliers who make their gowns from plain woven 

cotton fabrics similar to Toplex but differing in fabric 

construction i.e, the number of warp and weft 

threads per centimetre. Before the economic 

downturn, some private hospitals in Zimbabwe had 

adopted the use of disposable surgical gowns, but 

due to the harsh economic challenges have since 

turned to using the single layer, plain woven, 

reusable, cotton gowns that are washed and 

sterilised prior to reuse. 

 

 MATERIALS AND TEST METHODS  

Sterilisation tests 

The procedure of washing and sterilisation cycle 

commonly used in Zimbabwe for the cleaning of 

reusable 100% cotton plain woven surgical gowns 

(34warp /cm and 25 picks/cm, 158gsm) was as 

follows: 

 

Sluicing: Hand washing of soiled spots only with  

cold tap water using “Key Blue Soap” as detergent 

to remove blood stains and any human excretions 

or specimens from the surgical gowns.  

 

Washing: of surgical gowns was conducted in 

ordinary domestic washing machine. Cold tap water 

(20-25 litres) together with ultraconcentrate washing 

powder was added. The amount of water used 

depended on the load in the washing machine. The 

washing cycle was conducted for 30-35 minutes 

and then the dirty water drained out of the machine. 

Rinsing water, (20-25 litres) was then pumped into 

the machine and the rinsing cycle conducted for 30-

35 min and finally the rinsing water was drained to 

complete the washing process. The gowns were 

then hung on open air washing lines to dry followed 

by; 

 Hot Pressing- using dry irons at 100-110°C.  

 Hot steam autoclaving at 121°C 

 

Hot steam autoclaving     

The washed gowns were individually folded with 

their inner parts facing outwards so that when the 

surgeon unwraps the package and dons the gown, 

he will contaminate the inner part that will not come 

into contact with the patient. Asceptor
TM 

 

Sterilisation Bags with indicator grids that show a 

colour change in the stipulated autoclave conditions 

were used  to individually wrap the gowns before 

loading them into the autoclave. The bags were 

then sealed with autoclave tape and one strip of 

Autoclave Indicator Tape. The indicator tape is a 

paper crepe tape specially imprinted with a diagonal 

stripe that darkens, indicating the completion of the 

steam sterilisation process.  

 

One litre of water was added into the autoclave in 

order to generate steam. About 5 bags containing 

the gowns to be sterilised were loaded at a time to 

allow for free steam circulation. The autoclave was 

then closed and the temperature of the steam 

raised to 121°C and the pressure to 1.5 bars. 

During sterilisation, the Aseptor 
TM

 sterilisation bags 

allow for removal of air from within them and 

penetration of steam but prevent recontamination of 

the gowns after sterilisation. The sterilisation 

process took 30 minutes to complete, after which 

the autoclave automatically switched off.  

The gown under investigation was swabbed with the 

Invasive Sterile Eurotube collection swab with 

Amies transport medium in the following regions-: 

(a) The inner part of the cuffs 

(b) The front of the gown 

Swabbing in the regions under investigation was 

carried out at the following stages in the cleaning 

cycle of the gown: 

(a) Before sluicing (After the gown had been 

used in the operating room) 

(b) After hot pressing. 

(c) After hot steam autoclaving 

Each time a swab was used, it was immediately 

placed in the tube containing the Amies transport 

medium and labeled indicating the region where the 

swabbing was conducted and the cleaning cycle 

stage at which that was done. 

Eight sterilised petri dishes were filled with Nutrient 

Agar and closed with their respective lids in order to 
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allow the Agar to set. When microbes feed on 

Nutrient Agar it results in the growth and 

multiplication of more of those organisms. Two of 

the 8 culturing plates were prepared for control 

purposes, that is, to verify that the plates were 

sterilised prior to being used in the experimental 

work. The Nutrient Agar was allowed to set like jelly 

in all the labeled plates in correspondence to the 

swabs that would be used to swab the solid agar 

surfaces. Only the control plates’ Nutrient Agar was 

not swabbed. 

The eight plates were then placed in an incubator 

set at 37C for culturing of any microbes present for 

20-24 hours.  

 

Tests for strike through properties  

The front of a 100% cotton woven surgical gown 

was examined for strike through properties.  

Strike through tests were carried out using 100% 

blood, distilled water and a solution of dilute blood 

made by mixing 100ml of distilled water and 1ml of 

blood. This solution was meant to represent body 

fluids of low viscosity that can be obtained from the 

patient, which may be carrying infectious 

pathogens.  

A portion of the front part of the gown was used to 

cover a 600ml beaker, which contained 100ml of 

water for easier detection of a penetrated drop. A 

graduated dropper was used to release 1ml of the 

test fluid and simultaneously a stopwatch was 

started. The watch was only stopped when the first 

drop of the solution hit the water surface in the 

beaker. Five randomly selected areas of the front of 

the gown were tested. 

 

Bacteria filtration efficiency tests 

The bacterial filtration efficiency (BFE) test was 

performed to determine the filtration efficiency by 

comparing the bacterial control counts to test article 

effluent counts. A suspension of Staphylococcus 

aureus was aerosolised using a nebuliser and 

delivered to the test article at a constant flow rate. 

The aerosol droplets were drawn through a six 

stage cascade system. This procedure allows a 

reproducible bacterial challenge to be delivered to 

test materials. This method complies with ASTM F 

2101 [8]. 

 

1. Antimicrobial finish: Silicone quaternary 

compound (Trade name: INFASIL- XLX) 

was used for antimicrobial finish. The 

antimicrobial finish was done by Pad Dry 

Cure method. Padding was carried out in a 

pneumatic padding mangle to get a wet 

pickup of 100%. Drying and curing was 

carried out at 100C for 5min and 130C for 

3 min respectively. 

2. Bacterial filtration efficiency tests were 

performed after 5,10,15,20 washes of both 

the untreated and treated samples.  

 

Table 1 :Test Parameters 

Area of the test specimen Φ100mm 

Flow rate of aerosol 28.3L/min 

Mean particle size of the 

challenge aerosol 

3.0±0.3 µm 

Side of the specimen 

oriented towards the 

challenge aerosol 

Out side 

 

RESULTS AND DISCUSSION 

Sterilization test results 

Tables 2 and 3 show sterilisation test results after 

culturing periods of 20 and 24 hours respectively. 

There was negative growth at the end of the 24-

hour culturing period in both the control plates. 

 

The growth of colonies of microbes in some of the 

plates meant that the respective Nutrient Agar 

swabbed with a Eurotube 
Collection Swab was 

carrying living organisms. After 24 hours there was 

positive growth of one colony of microbes in the 

culturing plates labeled “cuff region before sluicing” 

and “front region before sluicing”. 

 

Table 2: Sterilization Results After 20 Hours 

Stage in washing 

cycle when 

swabbing was 

conducted 

Growth of microbes 

 Cuff 

Region 

Front 

Region 

Before sluicing 

(after use) 

+ve growth 

(1 colon) 

-ve growth 

After washing and 

hot pressing 

-ve growth -ve growth 

After sterilization -ve growth -ve growth 
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Table 3: Sterilization Results After 24 Hours 

Stage in washing 

cycle when 

swabbing was 

conducted 

Growth of microbes 

 Cuff 

Region 

Front Region 

Before sluicing 

(after use) 

+ve growth 

(1 colon) 

+ve growth 

(13 tiny 

colons) 

After washing and 

hot pressing 

-ve growth +ve growth (2 

tiny colons) 

After sterilisation -ve growth -ve growth 

 

The   front of surgical gowns, i.e in the chest area 

and the cuff regions, are critical areas that are 

susceptible to sprays of body fluids and contact with 

the patient’s open wound or contaminated operating 

devices.  

There was negative growth of microbes in the plate 

labeled “cuff region after washing and hot pressing” 

after 24 hours, meaning that the washing and hot 

pressing was enough to eliminate the cuffs of the 

living microbes. However, the presence of 2 tiny 

colons of microbes in the plate labeled “front region 

after washing and hot pressing” showed that 

washing and hot pressing alone, does not always 

yield the elimination of microbes. At that stage, the 

gown may be clean but not sterilised. A potential 

danger of contamination of a patient’s open wound 

exists if a doctor just picks a “clean” looking gown 

that has just been washed and ironed only. The 

results also showed that hot steam autoclaving was 

effective in sterilisation of the surgical gown. There 

was negative growth of microbes in both the 

culturing plates labeled “front region” and “cuff 

region” after sterilisation. When steam comes into 

contact with something cool, it condenses into the 

object and transfers its latent heat of vaporisation 

into the material [9]. Energetics of steam state that 

in order to raise the temperature of a litre of water 

from 23C to 100C requires 80 kilo calories of 

energy and to change a litre of water from100C 

completely into steam requires another 540 kilo 

calories [9]. There was therefore a transfer of large 

amounts of energy into the gown during 

autoclaving, which resulted in effective sterilisation 

of the gown. Research [9] has also shown that 

exposing microbes to 121C for at least 15 minutes 

is sufficient to ensure complete destruction of even 

the spores of bacteria that are able to survive high 

temperatures. In order to attain the 121C, which is 

above the boiling point of water, the autoclave 

steam in this research was pressurised at 1,5 bar. 

It was important to check for growth of microbes 

after the 24 hour period had lapsed because even 

after 20 hours, some species of microbes may not 

be evident in the culturing plates and wrong 

conclusions can therefore be drawn about the 

presence of microbes if observations are 

prematurely terminated. 

The control plates showed no growth of microbes 

after the 24-hour period. That meant that there were 

no living, foreign particles in the sterilised plates 

prior to the experimental work. 

 

Strike through test results 

Table 4 shows strikethrough test results. In the tests 

carried out using 100% blood, the 1ml drop did not 

pass through the selected portion of the gown even 

after 35 minutes had lapsed. Initially, the drop 

beaded up on the fabric’s surface and then slowly 

began to be absorbed by the fabric and finally the 

blood began to dry up. On the other hand, the 

solution of 1ml blood and 100ml of distilled water 

took 2-2.28 seconds and distilled water 1.8-2.0 

(1.88) to strike through.   

 

 

Table 4:  Strikethrough Test Results 

Solution Time (seconds) 

Blood 100% No visible strike 

through 

100ml D. water +1ml 

blood 

2-2.8 (2.36) 

Distilled water 1.8-2.0 

 

The results show that the distilled water passed 

through the gown faster than the blood and distilled 

water solution and on the other hand the 1ml of 

blood did not strike through but was absorbed 

slowly into the fabric. This can be attributed to that 

blood is not a fluid in ordinary sense, but it is a 

fluidised suspension of elastic cells [Vilastic.com 

2014]. In an average person, 45 % of blood volume 

is cells of which the majority is red blood cells. 

Plasma makes up the rest of the blood and 95% of 
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it is water. Plasma also contains nutrients such as 

glucose, fats, proteins and amino acids. When the 

1ml drop of blood was released onto the fabric 

surface, it first beaded up before gradually wetting  

surgical gown had good barrier properties since the 

outer layer of surgical gowns is  

 

The absorption of cotton surgical gowns, portrayed 

by the absorption of   blood poses risk of infection of 

any underlying skin openings on the surgeons. The 

blood and water solution had an average strike 

through time of 2,36 seconds. That means that body 

fluids of similar viscosity, like urine, carrying 

infectious pathogens, can easily strike through the 

gown. Even fluids with smaller infectious pathogens, 

which were represented by distilled water, have an 

even shorter strike through time due to the obvious 

lower surface tension and viscosity of water as 

compared to blood. The surface tensions of blood 

and water are 0,058 N/m and 0,073 N/m [10] 

respectively.  

 

Although some scientists have argued that HIV 

does not survive outside the human body and 

therefore cross infection by blood splashes is highly 

unlikely, other researchers point out that the risk of 

infection cannot be eliminated. Furthermore, HIV is 

not the only deadly virus that is being cautioned 

against but other viruses like HBV are common and 

fatal [4,5]. The Hepatitis B Virus can survive outside 

the body at least for 7 days and can still be capable 

of causing infection and even dried blood can 

contain infectious HBV. Therefore this means that 

the personnel who handle the gowns during the 

washing and sterilisation process have to be 

covered in protective apparel in order to prevent 

contraction of harmful diseases. Sighting this risk, a 

number of Zimbabwean washing and dry cleaning 

companies that used to offer their services in the 

washing of surgical gowns have now ceased to do 

so and thus in-house cleaning of surgical gowns in 

medical institutes has increased. 

 

Bacteria filtration efficiency (BFE) results.  

Bacterial Filtration Efficiency or BFE is a 

measurement of a material's resistance to 

penetration of bacteria. Results are reported as 

percent efficiency and correlate with the ability of 

the fabric to resist bacterial penetration. Higher 

numbers in a test indicate better barrier efficiency. 

Results in  Table 5 and 6 show that the untreated 

and treated surgical gowns had BFE(%) of 19.92 

and 35.56  before washing and 1.87 and 2.34 after 

five washes respectively. 

 

Table 5:  BFE of the Untreated gown 

S 
No 

Sample particulars BFE 
(%) 

1 Blue dyed apron (Untreated) 19.92 

2 Untreated Apron after 5 washes 1.87 

3 Untreated Apron after 10 
washes 

0 

4 Untreated Apron after 15 
washes 

0 

5 Untreated Apron after 20 
washes 

0 

 

Chellamani and Thiruppathi [8] state that even 

though no norms or guidelines for BFE of woven 

operation theatre garments exist, the guideline 

values for BFE for non woven operation theatre 

garments should be greater than 95% for the 

medical apparel to be considered as safe as an 

operation theatre garment. Results show that both 

the treated 35.56% and untreated 19.92%. 

 

Table 6: BFE of the treated gown 
S 
No 

Sample particulars BFE 
(%) 

1 Blue dyed apron (Treated) 35.56 

2 Treated Apron after 5 washes 2.34 

3 Treated Apron after 10 
washes 

0 

4 Treated Apron after 15 
washes 

0 

5 Treated Apron after 20 
washes 

0 

 

Zimbabwe surgical gowns have very poor barrier 

properties and are not safe to be used as operation 

theatre garments. Treating the gown by the 

antimicrobial finish did not significantly improve 

the resistance to penetration of bacteria and this 

was attributed to the fabric’s construction. 
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CONCLUSION 

The plain woven cotton surgical gowns that are 

used in Zimbabwe’s operating theatres do pose risk 

of infection to surgeons during operations. Although 

there was no immediate strike through of the 100% 

blood, the gown’s  absorption indicate a negative 

attribute of the gowns because ideally,  the outer 

section of surgical gowns is meant to block the 

permeation of any body fluids. The fast strike 

through rate of 1.8-2.8 seconds low BFE of 19.92-

35.56% indicates very low barrier properties  

therefore, the gowns are not safe to be used as 

operation theatre garments. 

 

The results also indicated that hot steam 

autoclaving at the stipulated autoclaving standards 

of temperature and pressure, is adequate to render 

a surgical gown fit for re-use in the operating 

theatre.  

 

REFERENCES 

1. Aibibu, D., Lehmannand, B,.Offermann,P. 

2003, Journal of Textile Testing and 

Apparel Technology and Management, 

Volume 3, Issue 2, Fall 2003. 

2. Abreu,MJ.,  Silva E.,  Schacher, L., 

Aldophe, D. The dangers of using surgical 

gowns today. 

http://www.infectioncontroltoday.com/article

s/407/407_631feat5.  16 October 2006. 

3. Aif:Research Project No.10568GT; 

Investigations of fundamental principles for 

on-line monitoring of the particle content 

when washing clean room clothing for 

hospitals.  

4. Gruendemann, BJ. Infection control today, 

http://infectioncontroltoday.com/articles/231f

eat2.html, 30 September 2006. 

5. Phillip Johnson, A brief history of surgical 

gown development, care and testing. 

http://c.ymcdn.com/sites/www.almnet.org/re

source/resmgr/imported/surgical.pdf 

6. Wick, TM., Flaherty AF., A novel method for 

quantification of surgical gown permeability, 

Performance of protective clothing, Fifth 

Volume, ASTM STP 1237, 1996. 

7. Leonas, KK., Huang, W. (1999), 

International Non-wovens Journal,  8(1), 24-

35. 

8. Chellamani KP, Thiruppathi S, Design and 

fabrication of a bacterial filtration efficiency 

tester, The South India Textile Research 

Association Coimbatore-641014, Volume 

54, No.1, April 2009. 

9. McCashin,B. Energetics of Steam, 

University of Alberta, 10 November 2006. 

10. Hrnc’ir E, Rosina J. Surface tension of 

blood.Hyperphysics. 

http://hyperphysics.phy-

astr.gsu.edu/hbase/surten.html. George 

State University. 15 May 2014. 

 


