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Abstrak

Organisasi Kesehatan Dunia (World Health Organization/WHO) telah menerbitkan Guidance on Regulations
for the Transport of Infectious Substances 2023—-2024 sebagai pedoman untuk meminimalkan risiko penularan
penyakit yang dapat terjadi akibat kesalahan penanganan atau kebocoran bahan infeksius selama proses pengiriman.
Kebijakan ini sejalan dengan ketentuan yang diterbitkan oleh Direktorat Jenderal Perhubungan Udara Indonesia
mengenai pembatasan jumlah bahan cair yang diperbolehkan dibawa dalam penerbangan domestik maupun
internasional. Sejalan dengan regulasi tersebut, penelitian ini bertujuan untuk mengevaluasi efektivitas kertas saring
sebagai media transportasi alternatif bagi bakteri Gram-negatif, yaitu Salmonella typhi dan Shigella dysenteriae,
berdasarkan variasi lama penyimpanan pada suhu 37°C di Laboratorium URB-Balitbangkes RSUP Nusa Tenggara
Barat. Desain penelitian menggunakan pendekatan eksperimental laboratorium dengan enam sampel dan tiga kali
pengulangan, sehingga diperoleh total 18 sampel kultur untuk masing-masing jenis bakteri. Hasil pemeriksaan
biokimia dan pewarnaan Gram menunjukkan hasil positif untuk S. #yphi dan S. dysenteriae yang ditransportasikan
menggunakan media kertas saring. Pertumbuhan bakteri tetap konsisten (+3) pada seluruh periode penyimpanan,
yaitu hari ke-1, 2, 3, 4, 7, dan 14. Temuan ini menunjukkan bahwa kertas saring dapat berfungsi secara efektif
sebagai media alternatif kering, serta menawarkan metode yang praktis, aman, dan efisien dalam pengiriman kultur
bakteri infeksius dalam rentang waktu tertentu.

Kata kunci: efektivitas; kertas saring; media transportasi alternatif; Salmonella; Shigella

Abstract

The World Health Organization (WHO) released the Guidance on Regulations for the Transport of Infectious
Substances 2023—2024 to minimize the risk of disease transmission caused by mishandling or leakage of infectious
materials during transport. This initiative is reinforced by the Indonesian Directorate General of Civil Aviation,
which restricts the amount of liquid material allowed on both domestic and international flights. In line with these
policies, this study aimed to assess the effectiveness of filter paper as an alternative transport medium for Gram-
negative bacteria, Salmonella typhi and Shigella dysenteriae, based on different storage durations at 37°C in the
URB-Balitbangkes Laboratory in RSUP West Nusa Tenggara. The research employed an experimental laboratory
design, using six samples with three repetitions, which resulted in 18 culture cups for each bacterium. Biochemical
and Gram-staining tests confirmed positive results for both S. #yphi and S. dysenteriae on the filter paper transport
media. Bacteria growth remained consistent (+3) across all storage periods of 1, 2, 3, 4, 7, and 14 days. The findings
demonstrate that filter paper can function effectively as a dry preservation medium, offering a practical and safe
method for transporting infectious bacterial cultures over time.

Keywords: alternative transport medium; ; effectiveness; filter paper; Salmonella; Shigella
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Introduction

Laboratory examination is a procedure
performed to collect samples from patients or non-
patients (Wahyuni et al, 2023). In some cases,
infectious samples cannot be examined immediately
and must be transported or stored. During
transportation, proper media is required. Media
are substances that contain nutrients essential for
the growth of microorganisms, including bacteria.
The nutrients in the media must meet the basic
requirements of microorganisms, which are then
used for culture, isolation, and bacterial counting
(Kusumo et al., 2022). One type of media based
on its function is transport media. Transport media
help preserve microorganisms so they remain alive
during transit when immediate examination isn’t
possible. All specimens requiring transportation
for more than one hour must be placed in transport
media. The transportation process should utilize a
cool box maintained at 4-8°C, with a typical storage
time of 68 hours (Chatterjee et al., 2023; Supriatin
& Rahayyu, 2016a).

The World Health Organization (WHO)
reported in 2001 that disease transmission incidents
caused by the unsafe shipment of infectious materials
due to improper packaging resulted in leakage. As
a result, biological specimens contaminated the
environment, causing disease outbreaks. Packaging
and shipping temperatures of biological samples
during transportation must be designed to minimize
the risk of damage during transit. WHO has provided
practical guidelines to facilitate the international
transport of infectious materials across various
modes of transportation (World Health Organization
(WHO), 2023).

Additionally, WHO data from 2018 estimated
that 11-20 million people were infected with typhoid
caused by S. typhi, with approximately 128,000 to
161,000 deaths attributed to this disease (Ehuwa et
al., 2021). Similarly, diarrheal disease caused by
Shigella dysenteriac remains a major public health
concern. According to the Indonesian Ministry
of Health (2018), diarrheal cases reached 301 per
1,000 children aged 0—5 years and were the leading
cause of death among children aged 12—59 months,
accounting for 10.3% of deaths in this age group
(Supriatin & Rahayyu, 2016b).

Both Salmonella typhi and Shigella dysenteriae
are bacteria that can easily contaminate the
environment and cause disease. S. typhi is a Gram-
negative, motile, rod-shaped bacterium measuring

2-3 pum in length and 0.4-0.6 pm in diameter. It
is non-capsulated and non-spore-forming. It grows
well on simple media but rarely ferments lactose or
sucrose, although it ferments glucose. Its optimal
growth temperature is 37°C, with a growth range at
temperature (35-37°C) and pH 6-8. It is a facultative
anaerobe, capable of growing under both aerobic
and anaerobic conditions (Mutiara, 2020; Wijayanti
et al., 2019a).

Shigella dysenteriae is also a Gram-negative
facultative anaerobe that, with some exceptions, does
not ferment lactose but ferments other carbohydrates,
producing acid without gas. It measures 0.5-0.7
um x 2-3 pm, lacks flagella, is non-motile, and
does not form spores. It grows rapidly at 37°C on
MacConkey agar, SSA, EMBA, and Endo media
(Pakbin et al., 2023). The standard transport medium
for Salmonella typhi and Shigella dysenteriae is
Carry-Blair medium.

This semi-solid medium has low oxidation
potential, ensuring bacterial viability for extended
periods, and is usually stored in glass bottles that
facilitate bacterial inoculation. However, since this
medium is semi-solid and stored in tubes or bottles,
there is a significant risk of spillage, breakage, and
contamination (Whatman.co., 2020). Semi-solid
media is much lighter, easier to store, and does not
require special cooling (cold chain) during shipping,
unlike Cary-Blair media which sometimes requires
a temperature of 2-8°C for maximum stability.
Therefore, alternative solutions for transport media
need to be considered that are easier to use, effective,
efficient, and safer, ensuring sample integrity while
reducing environmental contamination.

One potential alternative is using filter paper for
bacterial sample transportation. Filter paper offers a
flexible, safer, and spill-resistant option compared to
liquid media, reducing the risk of accidents during
transport. Filter paper is commonly used to separate
solids from liquids and is generally made of cellulose
(Whatman.co., 2020). Its porous structure allows
absorption of nutrient-containing media necessary
for bacterial survival. Bacteria can remain viable
within these pores with limited nutrients, making
filter paper a promising alternative for safer and
more practical transport of bacterial samples.

This study aimed to assess the effectiveness
of filter paper as an alternative transport medium
for Gram-negative bacteria, Salmonella typhi and
Shigella dysenteriae.
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Materi dan Metode

This study using an experimental laboratory
design, was conducted to assess the effectiveness
of filter paper as an alternative transport medium
for Gram-negative bacteria over varying storage
durations. The bacterial isolates used were S. typhi
and Shigella dysenteriae, cultured in Brain Heart
Infusion Broth (BHIB) (Yunus et al., 2017).

The equipment employed included Petri dishes,
a Bunsen burner, an incubator, an oven, an autoclave,
straight and loop inoculating needles, a vortex
shaker, a centrifuge (Harmle Z-229), an incubator
shaker, micropipettes, beakers, an analytical balance,
filter tips, microcentrifuge tubes, aluminum foil,
and plastic specimen bags. The materials consisted
of S. typhi and Shigella dysenteriae, Xylose Lysine
Deoxycholate (XLD), BHIB, Triple Sugar Iron
Agar (TSIA), Sulfide Indole Motility (SIM), Methyl
Red Voges Proskauer (MRVP), Simmons Citrate
Agar (SCA), Gram staining reagents, 10% KOH,
a-naphthol, 70% ethanol, and filter paper Whatman
No. 40. Preparation of Filter Paper and Bacterial
Isolates. filter paper sterile Whatman No. 40 (2 x 3
cm) was wrapped in aluminum foil. Suspensions of
S. typhi and Shigella dysenteriae were applied onto
the sterile filter papers, which were subsequently
wrapped in aluminum foil and enclosed in plastic
specimen bags. The prepared packages were stored in
Petri dishes at temperature (37°C) for predetermined
durations of 1, 2, 3, 4, 7, and 14 days. Bacterial
Recovery Test after Storage, at each storage interval
(1,2,3,4,7,and 14 days), the bacterial cultures were
recovered by resuspending the filter paper in BHIB,
followed by incubation at 37°C for 1824 hours. The
suspensions were subsequently inoculated onto SSA
and re-incubated for 18-24 hours at 37 °C. Colonies
obtained on XLD were subjected to Gram staining
and a series of biochemical tests to confirm the
viability and accurate identification of S. #yphi and
Shigella dysenteriae.

Biochemical Tests and Gram Staining.

TSIA Medium

The suspected colonies of S. typhi and Shigella
dysenteriae were transferred into slanted TSIA
medium by streaking the slant surface and stabbing
the butt of the agar, followed by incubation at 37°C
for 18-24 hours. In the butt portion, S. #yphi and
Shigella dysenteriae fermented glucose, changing
the color of the medium from red to yellow, and
produced H-S, which was indicated by the formation
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of a black precipitate in the stab area (Noel R. Krieg
et al., 2010; Trump, 2022a).

Gram Staining

Colonies grown on TSIA mediums that
exhibited the typical characteristics of S. #yphi
and Shigella dysenteriae were subjected to Gram
staining. A smear was prepared on a glass slide by
aseptically transferring one loopful of culture from
the TSIA medium suspected to contain S. #yphi and
Shigella dysenteriae. The smear was air-dried and
heat-fixed over a Bunsen flame. The slide was then
flooded with Gram reagent A (crystal violet) and left
to stand for 1-2 minutes, rinsed with running water,
and treated with Gram reagent B (Lugol’s iodine) for
30 seconds. After washing with water, the slide was
decolorized with Gram reagent C (acetone alcohol),
rinsed again, and counterstained with Gram reagent
D (safranin) for 1 minute. Following a final rinse
and drying, a drop of immersion oil was added, and
the slide was examined under microscope using
the 100x objective lens. Both S. #yphi and Shigella
dysenteriae are Gram-negative bacteria; therefore,
the cells appeared red after Gram staining (Hidayah
et al., 2022; llma et al., 2023).

SIM Medium

Suspected colonies of S. typhi and Shigella
dysenteriae from XLD medium were inoculated
into SIM medium by stabbing approximately
three-fourths of the tube depth. The cultures were
incubated at 37°C for 18-24 hours. This medium
was used to observe bacterial motility and H.S
production at the stab line. The suspected S. typhi
and Shigella dysenteriae produced H2S in the stab
area, with black precipitates indicating motility as
the darkening spread outward (Eslami et al., 2024).

MR-VP (Methyl Red—Voges Proskauer) Test

Suspected colonies of S. #yphi and Shigella
dysenteriae from XLD medium were each
inoculated into two separate MR-VP broth tubes and
incubated at 37°C for 18-24 hours. To the first tube,
Methyl Red (MR) reagent was added. A positive
MR reaction was indicated by the appearance of a
red color, while a yellow or orange color indicated
a negative result. To the second tube (VP), 10 drops
of 10% KOH solution and 15 drops of a-naphthol
were added. A positive VP reaction was indicated
by the appearance of a red color within 30 minutes
after reagent addition, whereas no color change
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indicated a negative reaction (Anokhe & Kalia,
2021; Laboratorium Mikrobiologi et al., 2019).

Urease Test

Suspected colonies of S. typhi and Shigella
dysenteriae from XLD medium were streaked
onto the surface of a slanted urea agar medium and
incubated at 37°C for 18-24 hours. The appearance
of a pink color indicated a negative reaction for S.
typhi and Shigella dysenteriae (Mekonnen et al.,
2021; Noor et al., 2021).

Citrate Test

Suspected colonies of S. typhi and Shigella
dysenteriae from XLD medium were inoculated into
Simmons Citrate Agar (SCA) and incubated at 37°C
for 18-24 hours. The blue color indicated positive

Experimental procedure

reaction, while green color indicated negative
result (Farzamfar et al., 2021; Iwan Setiawan, 2023;
Rhoades et al., 2022).

After conducting the biochemical tests and
Gram staining of colonies grown on XLD medium,
if confirmed as S. #yphi and Shigella dysenteriae,
the colonies from TSIA were suspended in Brain
Heart Infusion Broth (BHIB) at a volume of 1 mL
(three tubes per treatment) and incubated at 37°C for
18-24 hours. Subsequently, 1 mL of each S. yyphi
and Shigella dysenteriae suspension was transferred
into individual Eppendorf tubes (36 cups). Each tube
was centrifuged at 10,000 rpm for 2 minutes. The
supernatant was discarded, leaving approximately
750 pL. The remaining sediment and medium were
then applied onto sterile filter paper.

[ Salmonella thypi and Shigella dysenteriae bacteria in BHIB medium ]

<

[ Isolated Salmonella typhi and Shigella dysenteriae bacteria (XLD medium) ]

<

[ Gram staining and Biochemical Test (TSIA, SiM, MR-VP, UREA, SCA) ]

<

[ BHIB Medium ]

<

[ Filter Paper Whatman 40 ]

<

[ Storage (Days) ]

| 4

[ Day 1, Day 2, Day 3, Day 4, Day 7, Day 14 ]

v
[ Reculture BHIB Medium ]

| 4

[ Reculture XLD Medium ]

| 4

[ Gram staining and Biochemical Test (TSIA, SiM, MR-VP, UREA, SCA) ]

4

[ Data analysis
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Results and Discussion

The study on the effectiveness of filter paper as
an alternative transport medium for Gram-negative
bacteria, specifically Salmonella typhi and Shigella
dysenteriae, was conducted with various storage
durations of 1, 2, 3, 4, 7, and 14 days at a temperature

Table 1.

of 37°C. The results demonstrated the growth of
both Salmonella typhi and Shigella dysenteriae for
each storage day at 37°C using filter paper as an
alternative transport medium. The detailed data,
including biochemical test results and observations,
are presented in the tables below.

Semi-Quantitative Values for All Salmonella typhi Treatments

Semi-Quantitative Values of Salmonella typhi at Various Storage Times (Days)

Filter paper Whatman 40

Day 1 Day 2 Day 3

Day 4 Day 7 Day 14

la 1b 1c 2a 2b 2¢ 3a 3b 3¢
+1 +1 +1 +1 +1 +1 +1 +1 +1
Amount = +3

Amount = +3 Amount = +3

4a 4b 4c 7a 7b 7c 14a 14b 14c
+1 +1 +1 +1 +1 +1 +1 +1 +1
Amount = +3

Amount = +3 Amount = +3

Notes: a. la-14c= Sample codes / Packaging
b. +3 = Total bacterial growth per filter paper

Based on Table 1, Salmonella typhi samples stored
on filter paper for different durations all showed
identical results (+3). This indicates that filter paper,

as a dry transport medium, can maintain a sample
consistently stable from Day 1 to Day 14.

Table 2. Semi-Quantitative Values for All Shigella dysenteriae Treatments

Semi-Quantitative Values of Shigella dysenteriae at Various Storage Times (Days)

Filter paper Whatman 40
Day 4

Day 1 Day 2 Day 3 Day 7 Day 14

la 1b lc 2a 2b 2c 3a 3b 3c 4a 4b 4c Ta 7b Tc 14a 14b l4c
+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1

Amount = +3 Amount = +3 Amount = +3 Amount = +3 Amount = +3 Amount = +3

Notes: a. la-14c= Sample codes / Packaging
b. +3 = Total bacterial growth per filter paper

as a solid transport medium effectively preserves
bacterial stability from Day 1 to Day 14.

Similarly, Shigella  dysenteriae  samples
stored for varying durations on filter paper yielded
consistent results (+3), confirming that filter paper

Table 3. Results of Biochemical Activity Tests for the Bacterium Salmonella typhi and Shigella dysenteriae

Biochemical Activity Test

Sample — Bacteria
TSIA MR VP UREA Sulfida(H,S) Indol Motility

Bacterial Isolates + + - - + - + Salmonella typhi

Bacterial Isolates - + - - - - - Shigella dysenteriae
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Figure 1. The process of dropping bacterial isolate onto filter
paper (A), and then wrapped in aluminium foil (B).
Filter paper containing filter paper with bacterial
culture after being wrapped (day 1) (C).

il 5!

Figure 2. Biochemical Test of Salmonella typhi bacteria.

R )

Figure 3. Biochemical Test of Shigella dysenteriae bacteria

The study investigated the effectiveness of
Whatman No. 40 filter paper as a solid transport
medium for Salmonella typhi and Shigella
dysenteriae, representing Gram-negative bacterial
species of clinical importance. Both bacterial
isolates were subjected to varying storage durations
of 1,2, 3,4,7,and 14 days at a constant temperature
of 37°C.

The semi-quantitative results showed consistent
bacterial growth (+3) for all treatment days across
both Salmonella typhi and Shigella dysenteriae
samples. This finding indicates that the filter paper

medium successfully maintained bacterial viability
and density throughout the 14-day observation
period.

Biochemical assays further confirmed the
stability of each bacterial species. In Salmonella
typhi, the Triple Sugar Iron Agar (TSIA) test
showed an acid/alkaline (A/K) reaction with
positive hydrogen sulfide (H2S) production and
negative CO: generation, consistent with standard
biochemical characteristics of the species. Similarly,
the Methyl Red test (MR) was positive, while the
Voges-Proskauer (VP) and Urea tests were negative.
The SIM test demonstrated positive results for
H.S and motility but negative for indole, again
confirming the biochemical identity of Salmonella
typhi (McQuiston et al., 2004; Trump, 2022).

Shigella dysenteriae, by contrast, exhibited
TSIA results of acid/alkaline (A/K) without H2S or
CO: production. MR remained positive, while VP,
Urea, and Citrate tests were consistently negative.
The SIM test results confirmed non-motility and
negative indole production, aligning with the
known characteristics of the species (Murray, 2023;
Nyarkoh et al., 2024).

The Gram staining results revealed that all
samples retained their Gram-negative morphology
throughout the storage period, with 100% accuracy
in bacterial identification for both Salmonella typhi
and Shigella dysenteriae. No contamination or
morphological changes were observed, indicating
that the filter paper medium maintained bacterial
purity and viability for up to 14 days at 37°C (Arora,
2019; Karen C. Carroll, 2016).

The findings of this study provide compelling
evidence that Whatman No. 40 filter paper can
function effectively as a solid transport medium for
Gram-negative bacteria. The consistent biochemical
and morphological results over two weeks indicate
that the filter paper environment preserved the
physiological integrity of the bacterial cells without
desiccation-induced loss of viability.

The use of filter paper as a transport medium
offers several advantages. First, it provides a simple,
cost-effective, and easily accessible alternative to
traditional liquid-based transport media such as
Cary-Blair or Stuart’s medium. This is particularly
relevant in resource-limited laboratory settings or in
field conditions where cold-chain maintenance and
sterile transport containers may not be available.
The stability of bacterial viability on filter paper at
37°C demonstrates its potential utility for specimen
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transport under tropical or warm environmental
conditions (Paulapuro, 2000).

Additionally, the absence of contamination
across all experimental replicates suggests that
filter paper provides an adequately controlled
microenvironment that minimizes external microbial
interference. This characteristic is essential for
accurate bacterial identification and downstream
diagnostic testing. The biochemical stability
observed in both Salmonella typhi and Shigella
dysenteriae further supports the hypothesis that filter
paper acts as an inert carrier material, maintaining
moisture and nutrient availability sufficient to
sustain bacterial metabolic dormancy. Comparable
findings have been reported in studies utilizing
cellulose-based matrices for microbial preservation
and transport, where microbial viability was retained
for extended periods without refrigeration.

From an educational, health, and applied
microbiology perspective, these results underscore
the potential of incorporating filter paper-based
transport methods into laboratory training modules.
Students and researchers can utilize this method as
an innovative, low-cost alternative for microbial
sample preservation and inter-laboratory exchange,
especially in areas with limited infrastructure
(Boland, 2013).

The results of this study are consistent with
previous research indicating that filter paper can
be used as a medium for the growth of Aspergillus
fumigatus (Eni Kusumaningtyas, 2007). In addition,
other studies have also demonstrated that filter paper
can serve as a transport medium for blood samples
in rabies antibody testing (Wijayanti et al., 2019b).

Overall, this study concludes that Whatman No.
40 filter paper represents an effective and practical
solid transport medium capable of maintaining the
viability, biochemical integrity, and purity of Gram-
negative bacterial samples for up to 14 days at
37°C. Limitations in this study is because only use
two Gram-negative bacteria tested and only in one
temperature condition

Conclusion

Based on the research findings, Whatman No.
40 filter paper proved to be highly effective as a solid
transport medium for Salmonella typhi and Shigella
dysenteriae in a clinical or practical microbiology
test. It successfully maintained bacterial viability
and purity at 37°C for up to 14 days of storage
and/or transportation. This demonstrates that filter
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paper can serve as a practical, reliable, and low-cost
alternative to conventional liquid transport media for
Gram-negative bacterial specimens.
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