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Abstract. The coronavirus disease 2019 (COVID-19) pandemic has caused an international
shortage of nasopharyngeal flocked swabs, which are one of the main supplies for diagnostic testing.
In response to this issue, our institution developed locally made nasopharyngeal swabs. This report
aims to provide a clinical evaluation by conducting a sterility test, reverse transcription polymerase
chain reaction (RT-PCR) compatibility test, and a user-based survey test of two batches of locally
made flocked swabs. Sterility and compatibility tests were conducted at our microbiology
laboratory. Participants with clinical suspicion of COVID-19 were scheduled for swab tests using
Flocked Swab HS-19 and samples obtained were tested using the RT-PCR method. The cycle
threshold (Ct) value of the samples was recorded. A user-based survey was conducted to evaluate
the swab stick and flocked-fiber tip performance. The sterility test showed no evidence of bacterial
growth on both blood agar and thioglycolate medium. RT-PCR compatibility test from Ct value of 33
samples of the first batch and 30 samples of the second batch was recorded with a mean Ct of
27.17+2.96 and 23.99+2.18, respectively. Six parameters of the swab stick (comfortability,
smoothness, flexibility, durability, applicability, and breakpoint performance) showed satisfactory
scores with an average of 4.14 out of 5.0 for the first batch and 4.16 for the second batch, while 4
parameters of the flocked-fiber tip (fiber adherence, thickness, symmetricity, and sample collection
sufficiency) revealed acceptable scores with an average of 3.6 out of 5.0 for the first batch and 3.75
for the second batch. This study indicates that locally made flocked swabs are satisfactory and
clinically applicable for testing and diagnosing COVID-19. Furthermore, mass production and
distribution across the country are expected. The development of these swabs, which involved
multidisciplinary teamwork and various industrial partners, portrayed a valuable lesson on how to
cope with the pandemic through innovation.
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1. Introduction

The coronavirus disease 2019 (COVID-19) was first reported in China in December
2019. Since then, the pandemic has exploded with more than 6.5 million cases globally and
more than 380,000 deaths (National Institutes of Health, 2020). The World Health
Organization (WHO) urged all nations to increase the testing for suspected cases in order to
mitigate the spread of the virus (WHO, 2020). As a first-line method for diagnosing COVID-
19, reverse transcription polymerase chain reaction (RT-PCR) molecular assays remain the
gold standard test for the diagnosis of COVID-19 infection with isolated samples from
respiratory tract specimens using nasopharyngeal flocked swabs (Ali et al., 2015; Ahn et al,,
2020; WHO, 2020).

Indonesia remains in the escalating phase of the COVID-19 curve with 147,211
confirmed cases and 6,418 deaths (until August 20, 2020). The first case of COVID-19 in
Indonesia was reported in March 2019 and 1.969.941 specimens have been tested
(Kementerian Kesehatan Republik Indonesia, 2020). Moreover, with its 273 million
population, Indonesia’s testing ratio in a million stands at 1,703, which is low compared to
other countries. The government aimed to increase the daily testing of 20,000 specimens,
and currently, there are 110 laboratories across the country that are capable of rapid
molecular testing using the RT-PCR method (Maharani, 2020; Berawi, 2020). However, this
procedure will involve a significant amount of human resources and diagnostic testing
supplies, including the flocked swabs. Due to the increased global demand, flocked swabs
are in shortage and the price is skyrocketing (The Organization for Economic Co-operation
and Development, 2020). To date, all of the flocked swabs available in the country are
imported.

In response to this issue, technology and university-industry collaborations need to be
employed (Hanid et al.,, 2019; Berawi et al., 2020). In conjunction with industrial partners,
our institution designed and manufactured a locally made nasopharyngeal swab called
“Dacron Swab HS 19,” using food-grade resin material and flocked fiber. Series of tests for
the mechanical properties have been conducted by the engineering team after developing
the prototype. This study focuses on the clinical evaluation of the flocked swabs as the next
step towards their mass production and distribution.

Sterility test, RT-PCR compatibility test, and user-based survey test, comprising the
swab stick performance (comfortability, smoothness, flexibility, durability, applicability, and
breakpoint performance) and flocked-fiber tip performance (fiber adherence, thickness,
symmetricity, and sample collection sufficiency), were conducted. We expected that these
locally made flocked swabs would be clinically applicable for testing and diagnosing COVID-
19 and mass producing and distributing them across the country.

2. Methods

This is a descriptive study reporting the results of the sterility test, RT-PCR compatibility
test, and user-based survey. All data were obtained primarily. Data on the RT-PCR
compatibility test was obtained from the samples taken using locally made flocked swabs at
the clinical microbiology laboratory of Universitas Indonesia. Data on the user-based survey
was obtained from multiple swab testing centers in Indonesia.

Two batches of the production of locally made flocked swabs were compared in terms
of the RT-PCR compatibility and user-based survey. The second batch was produced after
evaluating the result of the user-based survey of the first batch. We analyzed the data to
identify improvements in the production of the batch and the overall clinical applicability of
the locally made flocked swabs.
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2.1. Design and Production

Our team from the mechanical engineering department developed the design for the
flocked swab and produced a small number of batch production. Two batches were
produced. The second batch was an improvement of the first batch. The flocked swab stick
consists of three parts: the head part is the rounded tip that consists of a layer of flocked
fiber; the neck part is the middle part with the thinnest diameter to allow flexibility during
insertion of the swab to the posterior nasopharynx; and the shaft has the thickest diameter
with a breakpoint location that can be cut off after collecting the specimen to be put into the
viral transport medium tube. The swab stick is made from polypropylene with the flocked
fiber made from nylon. The flocking technique is conducted in an electrostatic field, which
deposits the fiber in an ordered manner, perpendicular to the surface of the tip of the swab
that has been previously coated with an adhesive. Finally, the flocked swab was then
packaged and sterilized. The flocked swab design can be seen in Figure 1. The flocked swabs
underwent mechanical tests and continued with the clinical evaluation, which consisted of
a sterility test, RT-PCR compatibility test, and user-based survey test. After the distribution
permit was issued by the Ministry of Health, the flocked swabs were mass-manufactured
and distributed across the country.
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Figure 1 (a) Design and dimension of flocked swab HS 19; (b) Prototype of flocked swab HS 19 with
the packaging

2.2. Sterility Test

Sterility test was conducted according to 1SO-11133 guidelines and Indonesian’s
National Agency of Drug and Food Control guideline (ISO, 2014). The test was performed
at a clinical microbiology laboratory, using blood agar medium and thioglycolate broth
medium. The thioglycolate broth medium was prepared according to the WHO standards
for sterility tests. Subsequently, both the medium was incubated at 30-35°C to support
aerobes and anaerobes microorganism growth for 14 days. Experienced clinical
microbiology specialist observed the cultures several times during and at the resolution of
the incubation period for macroscopic evidence of microbial growth (Parveen et al,, 2011;
WHO, 2012).

2.3. RT-PCR Compatibility

Participants with clinical suspicion of COVID-19 were scheduled for swab tests.
Participants were given a study information sheet and gave verbal informed consent. The
swab tests were conducted at a clinical microbiology laboratory. Specimens were sampled
by residents of clinical microbiology who underwent training on bio-safety/bio-security
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and nasopharyngeal swab sampling. The personnel were equipped with level 3 personal
protective equipment (PPE), including coverall clothing, disposable head cap, N95 mask,
goggles, face shield, double gloves, waterproof boots, and shoe covers. The sampling was
done using the locally made flocked swab to the posterior nasopharynx. The swab stayed
in the sampling area for 15-30 seconds and then gently rotated 3-5 times. Subsequently,
the swab was transferred to a cryotube containing a viral transport medium with the
flocked-fiber tip fully dispersed into the medium (Kojima et al., 2020).

The RNA extraction process was performed using a commercially available extraction
kit (Daan Gene, China). The extracted RNA was tested by CFX96 Biorad or LC96 Roche
machine and commercially available PCR kit for severe acute respiratory syndrome CoV-2
using the RT-PCR method. The cycle threshold (Ct) value of the samples was obtained. Ct
value was documented for each internal control of the sample. Values less than 40 (for the
sample) and 35 (for the internal control) were considered satisfactory (Holshue etal., 2020;
Tom and Mina, 2020).

2.4. User-Based Survey

The users of the locally made flocked swab were given a study information sheet and
gave verbal informed consent. The users were given a survey regarding the usability of the
flocked swab. The survey was divided into three parts, with each comprising queries
regarding the swab stick, the flocked-fiber tip, and the overall performance of the swab
(Figure 2). The swab stick was evaluated for its comfortability, smoothness, flexibility,
durability, applicability, and breakpoint performance. Questions regarding the flocked-
fiber tip assessed its fiber adherence, thickness, symmetricity, and specimen collection
sufficiency (Holshue et al.,, 2020). General information of the participants, such as name,
occupation, affiliation, and area were also recorded.
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Figure 2 User-based survey consisted of swab stick performance (comfortability, smoothness,
flexibility, durability, applicability, and breakpoint performance) and flocked-fiber tip performance
(fiber adherence, thickness, symmetricity, and sample collection sufficiency)

3. Results and Discussion

3.1. Sterility Test
The sterility test from the clinical microbiology laboratory showed no evidence of
bacterial growth on both blood agar and thioglycolate broth medium (Figure 3).
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Figure 3 Sterility test showed no evidence of bacterial growth on both blood agar (petri dish) and
thioglycolate broth medium (tube)

3.2. PCR Compatibility

Ct value of 33 samples from the first batch and 30 samples from the second batch
internal control is presented in Figure 4. The mean * standard deviations Ct of the first and
second batch were 27.17+2.96 and 23.988+2.18, respectively.

Figure 4 Internal control cycle threshold (Ct) value is less than 35 for both batches. The results
showed that the samples were adequate to detect COVID-19 RNA as a diagnostic tool

3.3. User-Based Survey

Questionnaires for the first batch were completed by 21 respondents through an online
platform. The majority of the respondents (48%) were laboratory analysts. Among all
workplace settings, most of the respondents worked in hospital settings (71%). Twelve of
21 respondents (57%) were from the DKI Jakarta area. Twenty-one respondents completed
the questionnaires for the second batch and most of them (48%) were medical specialists
working in hospital settings (52%). Similarly, the majority of the respondents for the
second batch were from DKI Jakarta (62%). Other respondents’ characteristics were
summarized in Table 1.

The mean scores for the swab stick and flocked fiber parameters are presented in
Figure 5 and Figure 6, respectively. For the first batch, as represented in Figures 5 and 6,
the highest mean score for the swab stick parameter was 4.43 out of 5 for applicability,
representing the swab stick performance to reach the nasopharyngeal area for specimen
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collection. The lowest score was for the smoothness of the swab stick (3.67 out of 5). Other
commentaries regarding the swab stick comprised of difficulty to break the swab stick from
two respondents, lack of durability according to one respondent, and notion to make depth
indicator of the swab stick more prominent, which could easily be identified by users while
using level 3 PPE. Overall, the mean score of the flocked fiber tip parameters was lower than
the swab stick, with the highest score at 3.90 out of 5 for its symmetricity. The fiber
adherence parameter was scored lowest at 3.10 out of 5, as reflected in other commentaries
consisting of 8 respondents commented about the fiber which, according to these
respondents, is easily a fall off. Another input from the respondents for the flocked fiber
was concerning the softness, shape, and thickness of the fiber.

There were improvements in the second batch in three of the swab stick parameters
(comfortability, smoothness, and flexibility); however, there were decreases in the scores
for durability (4.14 out of 5), applicability (4.38 out of 5), and breakpoint performance (4.1
out of 5). One of the respondents stated the swab was too flexible and two other
respondents pointed out the lack of quality of the swab breakpoint. For the flocked fiber
parameters, the second batch of the swab scored superiorly than the first swab with higher
mean scores, except for the sample collection sufficiency (3.62 out of 5). Seven of 23
respondents highlighted the fall-off fiber, which remains an issue despite the improvement
in fiber quantities. Other commentaries consisted of input to change the color of the fiber
(preferably white) and make thinner flocked fibers. Overall, the second batch showed
improvement compared to the first batch. The average scores of the first batch were 4.14
for the swab stick and 3.6 for the flocked fiber tip, while the second batch showed average
scores of 4.16 for the swab stick and 3.75 for the flocked fiber tip.

Table 1 Respondents’ Characteristic

Batch 1 Batch 2

Characteristic (N=21) (N=21)
N % N %

Occupation
Laboratory Analyst 10 48% 7 33%
Medical Specialist/Consultant 6 29% 10 48%
Clinical Microbiology 2 95% 1 5%
Clinical Pathology 4 19% 6 29%
General Practitioner 2 10% 4 1%
Pharmacist 1 5% 0 0%
Head of Disease Control Division 1 5% 0 0%
Nutritionist 1 5% 0 0%
Workplace
Public Health Office 1 50 2 10%
Pharmacy Faculty 1 5% 0 0%
Primary Healthcare Provider 3 14% 3 14%
Laboratory 1 5% 5 24%
Hospital 15 71% 11 52%
Area
Banten 1 50 0 0%
Batam 1 50 1 5%
DI Yogyakarta 2 10% 1 5%
DKI Jakarta 12 57% 13 62%
East Java 0 0% 1 5%
West Kalimantan 1 5% 1 5%
South Sulawesi 1 5% 0 0%
Southeast Sulawesi 2 10% 2 10%
North Sulawesi 1 5% 0 0%
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Figure 5 Swab stick assessment showed satisfactory scores and improvement in the second batch
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Figure 6 Flocked-fiber tip assessment showed acceptable scores and improvement of the second
batch with an average of 3.6 out of 5.0 for the first batch and 3.75 for the second batch

Previous studies have shown innovations on flocked swabs, two of these innovations
are silicone swab by Zhou et al and 3D printing swab by Callahan et al. (Callahan et al., 2020;
Zhou et al.,, 2020). To the best of our knowledge, “Dacron swab HS 19” is the first locally
made flocked swab in Indonesia, representing the first research and innovation of flocked
swab in this country. This paper reports good sterility test results and RT-PCR compatibility
tests resulting in acceptable Ct of internal control value of this flocked swab for both the
production batches. The usability test revealed some improvements that still need to be
worked upon for Flocked Swab HS 19. One of the highlighted issues is the inadequate fiber
adherence of the flocked-fiber tip causing a fall-off of the fiber. Referring to the production
process, this issue might be the result of the flocking process in which the amount of fiber
delivered was more than the surface of the adhesive at the tip of the swab stick, so the “fall-
off” fiber was the residue of unflocked fibers. However, this issue did not affect the outcome
of the swab test results, indicated by the sufficient sample obtained based on the survey, as
well as the result of Ct test, which was still acceptable. Improvement of the flocked swab
fiber adherence in the second batch swabs was recorded objectively by the improvement
of CT value and subjectively by increased user-based survey parameter score. The
limitation of this study includes the lack of a control group or comparison between the
locally made flocked swabs and other commercial flocked swabs. Further improvement and
refinement are part of a ceaseless process in product development and these tests paved
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the way for Flocked Swab HS 19 to be mass manufactured and widely distributed after
obtaining a distribution permit.

Our industrial partners are vital to this study, making this project possible. Currently,
the production capacity of the flocked swab is 50,000 units per week. On June 29,
Indonesia’s test ratio in a million population is 1,703. According to Our World in Data’s
COVID-19 testing dataset among the countries worldwide, Bahrain and Luxembourg
performed most tests in a million population at 315,304 and 285,000, respectively. While
in ASEAN, Singapore ranked first with 70,833 test ratio in a million population (Roser et al,,
2020). This data emphasizes the significant inadequacy of COVID-19 testing in Indonesia
relative to its population in comparison with other countries. With over 273 million
population, Indonesia needs to increase its test ratio in a million population in order to
effectively mitigate this pandemic. Aiming for a 50,000 test ratio in a million population for
Indonesia suggests that roughly another 13 million tests are required and an even higher
number of collecting samples is necessary because multiple sampling might be needed for
some individuals. To meet this requirement, increasing the production capacity of the
flocked swab is critical. This product development involved multiple departments with
different scientific fields working together for a common purpose. While this pandemic is
predicted to last up to 2 years (Moore et al, 2020), constant improvement and
development, including the industrial partners’ continuous involvement for flocked swab
production, is very essential.

4. Conclusions

To mitigate the spread of the virus, an increase in the testing of COVID-19 is needed
for this vastly populated country. However, the pandemic has caused an international
shortage of nasopharyngeal flocked swabs. As a result, this has led to the innovation and
development of locally made flocked swabs, which involves multidisciplinary teamwork
and various industrial partners. This study shows that locally made flocked swabs are
satisfactory and clinically applicable for testing and diagnosing COVID-19. Further
improvement and refinement are part of a learning process in product development and
this report encourages further increase in mass-production and distribution capacity of
flocked swabs in response to the pandemic. Future studies comparing locally made and
imported flocked swabs are warranted.
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