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Introduction 

Genital herpes is one of the most common sexually transmitted diseases in the world. It is infected by a virus called Herpes Simplex Virus (HSV). Majority of the infected people do not know whether they are infected, and they do not generally show the symptoms of the disease (Suzanne, 2014). This disease can be transmitted to healthy human beings during sexual activities, if one of the partners is infected. Skin to skin contact of the genital organs during sexual activities is enough to spread this disease. This disease is also the most common sexually transmitted disease in Sri Lanka.  According to the National Sexually Transmitted Diseases (STDs) Control programme of the Ministry of Health, Nutrition and Indigenous Medicine 2018, it was found that about 29% of the total STD diagnoses are genital herpes. Even though condoms provide over 99% protection from Human Immunodeficiency Virus (HIV), the use of condoms has low protection forgenital herpes (Annual report, 2018). 
According to the existing literature, different strategies are used to mitigate the risk of genital herpes transmission. These strategies include controlling measures and preventive measures. Controlling measures aim to identify and cure the disease after the contraction and it is a corrective action. Preventive measures aim to prevent the disease before the contraction, and it is considered as a proactive action. The first trial assessing the efficacy of antiviral therapy was assessed in 1980 with a drug called vidrabine (Cheryl, 2009). A previous research analysis had confirmed the high clinical efficacy was provided by oral acyclovir against genital herpes (Bouzamondo,et al., 2007).In another attempt, a latex type girdle has been developed to reduce the skin to skin contact over the entire genital regionduring sexual activities (Samantha, 2014). As per findings of the literature, it was found that only latex has been used to prevent transmission of the disease.  The main objective of this research is to develop a suitable fabric material with appropriate properties and characteristics, and design and develop a male undergarment that can be worn during sexual activities to prevent possible transmission of the disease. 
MaTERIALS and Methods
1. A single jersey knitted fabric was designed by using micro modal yarns to ensure the properties such as comfortability, strechability and good moisture management. The fabric weight was maintained around 135- 140 grams per square metre to maintain a light weight.
2. After the presetting and bleaching of the developed fabric material, it was dyed with a nude colour to match with the skin tone. The dyed fabric material was finished with water repellant and anti-microbial finishes to impart required properties into the fabric material.
3. The developed fabric material was tested for important chemical properties, which are necessary for the intended end use. 
4. A male under garment with a facility to cover the outer ring of the condom was designed and developed.
Research design
The research design has three major parts namely the development of the fabric material, testing the developed fabric material for important properties and developing a sample garment.
Part A: Development of the fabric material
The important parameters and chemicals used for the development processes (knitting, dyeing and finishing) are given in the following tables.

Table 1: Parameters of Knitting:
	Courses and Wales per inch
	67 and 42

	Width
	158 cm

	Weight 
	135-140gsm

	Composition
	90% micro modal and 10% elastane


Table 2: Chemicals used for Dyeing:
	Novacron yellow EC2R 
	4.6464 g/l

	Novacron red EC-2BL
	4.8648 g/l

	Novacron blue ECR 
	1.2984 g/l


Table 3: Chemicals used for Finishing:
	Ruco Dry Eco (to impart water repellency)
	100g/l

	Ruco Bac ZPY (to impart ani microbial property)
	2 g/l
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A Padder bath and a Stenter machine was used to apply the chemicals to the fabric. The selected water repellent finish retains it’s functional properties up to 20 washing cycles. Therefore, the product is reusable. In addition to that the selected water repellant provides many other important properties and characteristics suitable for textile finishing.  Sample of a developed fabric material is shown in the figure1.
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Figure 1: Sample of a finished fabric material with water droplets
Part B: Testing of the developed fabric material for important properties
The following important tests were carried out to determine whether the developed fabric material is suitable for the intended end use. 
Table 4: Tests performed to evaluate the developed fabric material
	Test
	Test standard

	pH in textiles
	(AATCC 81)

	Formaldehyde by spot
	(CPSD-AN-00018)

	AZO dye content
	EN ISO 14362-1:2017

	Water repellency: spray test
	(AATCC 22-14)

	Bacterial filtration efficiency test
	ASTM F2101-19


Part C: Developing a sample garment 
A base size pattern was developed to stitch the sample garment. A crotch hole was provided for the fixing of the condom to the garment. The outer ring of the condom is made to overlap with the tubular length of the fabric and self-adjustable ring is introduced to firm the bond between the condom and the garment. The design concept and the self-adjustable ring are shown in the figures 2(a) and 2(b).



Figure 2(a): Design concept of the garment

                          Figure 2(b): Self-adjustable ring
With the provided technical and processing details it is feasible to produce the designed garment to fulfil the intended enduse. Table 5 shows the important stitching details and process breakdown followed during the manufacturing of the sample garment. 
Table 5: Stitching details and process breakdown used in sample garment
	Operational details
	Stitch type
	Gauge

(mm)
	Stitches per Inch
	Ticket Number of threads

	
	
	
	
	Needle 
	Bobbin 

	Overlock crotch hole of the front panel
	3 thread overlock
	 4
	14-16
	120 
	160 

	Overlock top edge of crotch hole joiner
	3 thread overlock
	4
	14-16
	120 
	160 

	Join crotch hole joiner to crotch hole 
	4 needle covering chain stitch
	6.4
	14-16
	120
	160

	Stitch the inseams
	4 needle covering chain stitch
	6.4
	14-16
	120
	160

	Stitch the side seams
	4 needle covering chain stitch
	6.4
	14-16
	120
	160

	Attach the separate protruding panel to the crotch hole
	Single needle chain stitch and bar tack stitch
	-
	14-16
	120
	120

	Finishing the hems 
	2 needle bottom covering chain stitch
	6.4
	14-16
	120
	160

	Attach elastic band to waist
	Zigzag stitch
	4
	14-16
	120
	160


RESULTS AND DISCUSSION

The developed fabric material was subjected to selected testing in order to determine the performance of the fabric material. Table 6 shows the summary of the test results.
Table 6: Summary of test results
	Test
	Result
	Requirement
	Test method
	Remarks

	pH in textiles
	6.7
	5.0 – 7.5
	(AATCC 81)
	Pass

	Qualitative determination of Formaldehyde by spot
	None
	None
	(CPSD-AN-00018)
	Pass

	AZO dye content
	None
	20 mg/kg
	EN ISO 14362-1:2017
	Pass

	Water repellency: spray test
	90
	90-100
	(AATCC 22-14)
	Pass

	Bacterial filtration efficiency test (BFE)
	98.2%
	> 98%
	ASTM F2101-19
	Pass


The correct pH value of the fabric materials is an important factor in the textile and garment industry as human skins are slightly acidic in nature to inhibit bacterial growth. The textile processes also use strong acids or alkali during the processing of the fabric materials.  Too high or too low pH values may cause irritation to the skin when the fabric materials contact the skin.  As per test results, pH value lies in the acceptable range. The presence of Formaldehyde and AZO dyes in the fabric materials can cause skin rashes and allergic skin reactions. Therefore, the presence of these two substances in the developed fabric material were tested and the results show that they are not present in the fabric material. It is a fact that viral molecules alone cannot penetrate through a fabric material, but if a suitable medium is present in the fabric material, viral molecules may be penetrated. Therefore, a water repellency spray test is used to determine the repellency of the fabric materials to aqueous solutions. It is assumed that the viscosity of water is considerably lower than the viscosity of sexual secretions and discharges. The test results indicated that the fabric material has reached the required test standard. The bacterial filtration efficiency test was performed to determine the filtration efficiency by comparing the upstream bacterial control counts to downstream test article counts. Test results showed 98.2% filtration efficiency. This is greater than the requirement mentioned in the testing standard. Therefore, it can be concluded that the developed fabric material is suitable for the intended end use. 
conclusion
This study was carried out to design and develop a suitable fabric material to construct a male undergarment to give protection from genital herpes. A fabric material was designed and developed as per designed criteria by using circular knitting machine and the fabric material was first subjected to required pretreatments. Then the fabric material was dyed and finished with selected chemicals to obtain the required colour and to impart the required properties to the developed fabric material. The developed fabric material was subjected to the selected testing in order to determine the performance of the fabric material. All the test results showed that the fabric material is suitable for the intended purpose. A suitable pattern was developed to construct a male under garment with appropriate technical details. A stitching method was developed, and suitable machines and the other important parameters of the sewing was determined.The stitching of the male under garment could not be completed due to the closure of the University and the factory, which agreed to complete the construction of the male under garment as a result of the Covid19 situation in Sri Lanka. The project is still in the last phase of the study and the male under garment will be stitched before completion of the research. This is a preliminary investigation with a basic design and development concept. Further studies should be carried out to determine the effectiveness of the developed products and the necessary improvement should be done based on the findings. 
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