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Perception of Learning Environment Among Clinical Year Thai Medical Students in
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Background: Appropriate learning environments were associated with better

well-being of medical students, resulting in good learning.

Objective: To study perceptions and factors affecting perceptions of the learning
environment among clinical year medical students in Surat Thani Hospital,

Thailand.

Methods: In a cross-sectional descriptive study, data were collected among 89
medical students (4th - 6th year) from September 1, 2022, to November 30, 2022,
using an online questionnaire consisting of the Thai Learning Climate Measure

and an open-ended questionnaire.

Results: Theresponse rate was 65.17% of the total medical students. Most participants
were female and had a GPA of 3.00 - 3.49. The average score of learning
environment perception was 70%. The aspect with the highest score were
“colleagues” and “mental support”. The aspect with the lowest scores was “health
and stress”. Female 6th-year medical students perceived the learning experience
aspect significantly better than males, while other aspects showed no statistically
significant difference (P > .05) when comparing gender, school year, and GPA.
“Physical environments” and “health and stress” aspects were the areas that need

to be improved in clinical years medical students’ perspective.

Conclusions: Most medical students perceived the learning environment positively.
Strengths include “teachers”, “colleagues”, “learning experience”, “motivation”,
and “mental support” aspects. The “physical environments” and “health and

stress” aspects were the areas that need to be improved.

Keywords: Learning environment, Perception, Clinical year Thai medical students,
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Background: Currently, autologous hematopoietic stem cell transplantation = Corresponding Author:
(HSCT) combined with high-dose chemotherapy is important for the treatment ~ Nilawan Upakdee
of lymphoma and myeloma. Department of Pharmacy Practice,
) Faculty of Pharmaceutical

Objective: To analyze the cost and hospital charges of autologous HSCT for ) L

o ] Sciences, Naresuan University,
lymphoma and myeloma at Naresuan University Hospital (NUH).

99 Moo 9, Tha Pho, Mueang,

Methods: This was the cost descriptive study. The cost information was  Phitsanulok, 65000, Thailand.
obtained from the primary data sources by cost data collection forms and  Telephone: +66 5596 1840
interviews of relevant persons. Patients underwent autologous HSCT at NUH  Fax: +66 5596 3731
between 2009 and 2021. The charge information was collected from secondary ~ E-mail: nilawanu@nu.ac.th
data sources, such as the hospital database. Data was analyzed according to the
treatment process 6 steps: 1) chemotherapy, 2) stem cell collection, 3) stem cell
preservation, 4) high-dose chemotherapy, 5) recovery, and 6) follow-up care

after the autologous HSCT. Descriptive statistics and one-way sensitivity

analysis were performed.

Results: A total of 106 cases were 51 (48.11%) lymphoma patients and
55 (51.89%) myeloma patients. The cost of autologous HSCT for lymphoma
and myeloma patients was B400,863.84 and B197,862.08, respectively.
According to the sensitivity analysis, autologous HSCT costs ranged from
18298,467.09 -B518,968.75 for lymphoma patients and 8136,065.67 - 8275,366.63
for myeloma patients. Medical care charges for lymphoma and myeloma were

B359,391.74 (SDB143,935.92) and B162,763.56 (SD B48,649.74), respectively.

Conclusions: The cost of autologous HSCT was within the per capita

budget allocation.

Keywords: Cost, Hospital charges, Autologous hematopoietic stem cell

transplantation
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Antimicrobial Drug Susceptibility Test of Pythium insidiosum by Disc Diffusion Method
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Background: Pythiosis is a life-threatening disease caused by the fungus-like
organism Pythium insidiosum. It causes disease in both animals and humans.
Amphotericin B antifungal is less effective because it lacks ergosterol, a drug

target in the cell membrane.

Objective: To evaluate antimicrobial susceptibility test of P. insidiosum isolated

from human pythiosis by disc diffusion method.

Methods: The antimicrobial drug susceptibility test by disc diffusion method was
tested against 10 clinical isolated strains of P. insidiosum. Antimicrobial drugs
comprise of 8 antibiotics (chloramphenicol, cefotaxime, ciprofloxacin, gentamycin,
tetracycline, meropenem, oxacillin, and vancomycin) and 2 antifungal drugs

(itraconazole and amphotericin B) which were included in the test.

Results: Antimicrobial drugs susceptibility tests were performed on 10
clinically isolated strains of P. insidiosum. Six of them showed susceptibility to
antimicrobial drugs. The cutaneous pythiosis strain (SIMI 8569) showed
the highest number of susceptibilities to antimicrobial agents (chloramphenicol,
ciprofloxacin, gentamycin, tetracycline, vancomycin, and itraconazole).
In addition, 4 strains of P. insidiosum (M 29, SIMI 6666, SIMI 7873, and
SIMI 2989-42) were not inhibited by all antimicrobial drugs.

Conclusions: This result concluded that chloramphenicol, tetracycline, and
itraconazole inhibited the mycelial growth of P. insidiosum better than the
other drugs. The inhibition effects of these drugs were observed in 40% - 60%
of the strains. Further experiments should be carried out to evaluate the tested
drugs in various concentrations with other more susceptible methods to get more
precise concentrations exposed to P. insidiosum isolates such as broth dilution

or dilution assays.
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Introduction

Pythiosis is an infection caused by an oomycete
fungus-like organism Pythium insidiosum. This organism
is found in environments such as soil, swampy areas, and
freshwater reservoirs that might be inhabited by the
infective stage, zoospore which can cause infection in
both animals and humans.'™ Clinical manifestations of
human infection are characterized into 4 types (vascular,
ocular, cutaneous, and disseminated pythiosis). The most
common type of infection has been vascular pythiosis but
the most aggressive was ocular infection according to
patients, who lost their eyes within a week after infection.’
The incomplete ergosterol biosynthesis pathway and
lacking ergosterol in its cytoplasmic membrane lead to
an ineffective treatment of antifungal treatment.’

This leads to finding the natural bioactive compounds
with anti-P. insidiosum properties, which in combination
with antifungal drugs or antibacterial drugs demonstrate
effectiveness.” The use of antibacterials in human
pythiosis as an adjunctive therapy is due to the failure of
antifungal and immunotherapy to treat patients with
vascular infection.” Itraconazole and terbinafine were
effective as they showed synergistic effects against
Brazilian animal P. insidiosum isolates and also from
an Australian child with deep facial tissue infection.”""

Despite the unfavorable minimum inhibitory
concentrations (MICs) and lack of synergy effect from
itraconazole, this drug is still used to treat pythiosis
patients in Thailand. Combination therapy, including
radical surgery, antifungal therapy and immunotherapy,
have been the main regimens for treatment of pythiosis
in humans.'> More reports of the effectiveness of
antibacterial and antifungal drugs were found in
the in vitro susceptibility against P. insidiosum.” "’
This data guided the successful treatment by supporting
the selection of antibiotics in singly or in combination

with other drugs to treat pythiosis patients.’

This study was conducted to test the antimicrobial
susceptibility of antibiotics against P. insidiosum Thai
clinical isolates by disc diffusion method. Data available
from this research will guide and promote the susceptible
profile of Thai isolates’ case and support the effective

antibacterial for combination treatment.

Methods
Ethics

The study was approved by the Naresuan University
Institutional Biosafety Committee (NUIBC), Thailand
(No. NUIBC-MI 58-10-61).

Pythium insidiosum Isolates

Ten P. insidiosum clinical isolates, including
3 cutaneous strains (SIMI 2989-42, SIMI 8569, and
SIMI 8727), 4 vascular strains (M29, MCC5, SIMI 7873,
and SIMI 7874) and 3 ocular strains (SIMI 18093,
SIMI 6666, and SIMI 322-37) were listed (Table 1).
All clinical isolates were confirmed by morphological
and molecular characteristics as previously described

by Thongsri et al."

Antimicrobial Drug

All 10 standard antimicrobial discs were commercially
obtained from Oxoid (Basingstoke, Hants, UK) including
8 antibiotics (cefotaxime [CTX, 30 pg], ciprofloxacin
[CIP, 5 pgl, chloramphenicol [C, 30 pg], gentamycin
[CN, 10 pg], meropenem [MEM, 10 pg], tetracycline
[TE, 30 pgl, oxacillin [OX, 1 pg], and vancomycin
[VA, 30 pg]), and 2 antifungal drugs (amphotericin B
[Am B], 20 pg and itraconazole [IT, 10 pg]). The drug
susceptibility test using disc diffusion method was
performed according to Clinical and Laboratory Standards
Institute (CLSI) document (M51-A) guidelines for
filamentous fungi which was modified for P. insidiosum

against 10 antimicrobial drugs.
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Table 1. Sources of Pythium insidiosum Strains From Clinical Isolates

Type of Infection Reference Clinical Specimen Patient’s Information
Number Age/Sex  Year Residential Province
Vascular pythiosis M 29 Systemic infection NA NA Ratchaburi
MCC 5 Arteritis NA NA NA
SIMI 7873 Thrombus from left iliac artery ~ 31/F 1988 Chanthaburi
SIMI 7874 Tissue from left iliac artery 31/F 1988 Chanthaburi
Ocular pythiosis SIMI 18093 Ophthalmic infection 50/F 1995 Samut Sakhon
SIMI 6666 Pus from corneal ulcer 42/M 1986 Patthalung
SIMI 322-37 Fibrin from corneal ulcer 26/M 1994 NA
Cutaneous pythiosis  SIMI 2989-42  Tissue and blood clot 72/F 1999 Suphan Buri
SIMI 8569 Tissue from skin, thrombus 52/M 1988 Suphan Buri
SIMI 8727 Pus and bone tissue from leg 19/M 1988 Yasothon
Abbreviations: NA, data not available; F, female; M, male.
Inoculum Preparation and Drug Susceptibility Test  Statistical Analysis

The inoculum consisted of each strain from
P. insidiosum isolates previously cultured on Sabouraud
dextrose agar (SDA) and incubated at 25°C for
3 - 5 days. The disc diffusion susceptibility method
was performed by applying an agar block inoculum
of approximately 1x1 cm to the surface of a 100 mm
diameter SDA plate. The culture plate was incubated
at 25°C for 3 days without contamination on the agar
plate and up to 4 commercially prepared, fixed
concentration, paper antibiotic discs and a blank disc
control (B) were placed on the agar surface 2 cm from
the mycelial edge of the test plate. Plates were incubated
at 25°C and the inhibition zone was measured at
days 3, 6, and 9 or until the mycelial reached to blank
disc control. The zones of growth inhibition around each
of the antibiotic discs were measured to the nearest
millimeter (mm) by 3 individual staff (Figure 1.)
The drug susceptibility test of all strains was duplicated,
and an inhibition zone indicated a positive drug

susceptibility result.

26 Rama Med J Vol.47 No.1 January - March 2024

The inhibition zone of all antimicrobial discs was
measured at days 3, 6, and 9 of incubation by 3 individual
staff using vernier calipers. The results of the inhibition
zone (mm) were recorded as the mean from 3 individual
staff of measurements each day. The geometric mean
(GM) inhibition zone was the average inhibition zone

from each drug from days 3 to 9.

.|
Results

Itraconazole was the most susceptible antifungal

drug to 6 strains of P. insidiosum clinical isolates (60%),
while chloramphenicol (5/10 strains) and tetracycline
(4/10 strains) were the most effective antibacterials
respectively (Table 2). All 3 cutaneous strains (SIMI 8569
and SIMI 8727, and SIMI 2989-42) were not inhibited
by cefotaxime. The strain SIMI 8569 was inhibited by
6 antimicrobial drugs (chloramphenicol, ciprofloxacin,
cefotaxime, tetracycline, vancomycin, and itraconazole)

whereas SIMI 8727 was susceptible to only 2 antimicrobial
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drugs (tetracycline and itraconazole). The inhibition zone
GM ofSIMI8569and SIMI8727ranged from0.64-5.09 mm
and 1.49 - 4.82 mm, respectively (Figure 1 and Table 2).
Vascular pythiosis, strain SIMI 7874 was the only strain
that was susceptible to cefotaxime (1.93 - 6.00 mm).
The maximum inhibition zone of chloramphenicol
(3.37 - 7.94 mm) was found from the MCCS5 strain.
Two strains, SIMI 18093 and SIMI 322-37 from ocular

infection were susceptible for chloramphenicol, tetracycline,

and itraconazole. The inhibition zone of strain SIMI 18093
was susceptible from chloramphenicol (2.67 - 7.37 mm)
and itraconazole (0.41 - 2.09 mm). In addition, the strain
SIMI 322-37 showed inhibition zones for chloramphenicol
(1.78 - 5.30 mm), tetracycline (1.48 - 3.52 mm), and
itraconazole (1.84 - 2.23 mm). Four strains of P. insidiosum
had no effect from all antimicrobial agents including
strains M 29, SIMI 6666, SIMI 7873, and SIMI 2989-42 as

they indicated no inhibition zone until day 9 of incubation.

Figure 1. Drug Susceptibility Test of Cutaneous Pythiosis Strain (SIMI 8569) Against Antibiotic and Antifungal
Drugs on SDA Plate on Day 9 With Incubation at 25°C.

Abbreviations: Am B, amphotericin B; B, blank disc control; C, chloramphenicol; CIP, ciprofloxacin; CN, gentamycin; CTX,

cefotaxime; IT, itraconazole; MEM, meropenem; OX, oxacillin; TE, tetracycline; VA, vancomycin.

Table 2. Antimicrobial Susceptibility Test of 10 Pythium insidiosum Clinical Isolates Against Antibiotics and

Antifungal Drugs

Inhibition Zone of Clinical Isolates, Range, mm’

Drug Vascular Pythiosis Ocular Pythiosis Cutaneous Pythiosis
M29 MCC5 SIMI SIMI SIMI SIMI SIMI SIMI SIMI  SIMI
7873 7874 18093 6666 322-37 2989-42 8569 8727
Chloramphenicol NI 3.37 - NI 446- 2.67- NI 1.78- NI 2.19- NI
7.94 5.17 7.37 5.30 4.21
Cefotaxime NI NI NI 1.93- NI NI NI NI NI NI
6.00
Ciprofloxacin NI NI NI NI NI NI NI NI 0.64- NI
1.43
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Table 2. Antimicrobial Susceptibility Test of 10 Pythium insidiosum Clinical Isolates Against Antibiotics and

Antifungal Drugs (Continued)

Inhibition Zone of Clinical Isolates, Range, mm’

- Vascular Pythiosis Ocular Pythiosis Cutaneous Pythiosis
rug
M29 MCC5 SIMI SIMI SIMI SIMI SIMI SIMI SIMI  SIMI
7873 7874 18093 6666 322-37 2989-42 8569 8727
Gentamycin NI NI NI NI NI NI NI NI 1.49- NI
5.09
Meropenem NI NI NI NI NI NI NI NI NI NI
Oxacillin NI NI NI NI NI NI NI NI NI NI
Tetracycline NI NI NI 3.04- NI NI 1.48 - NI 3.56- 1.61-
4.28 3.52 4.81 2.87
Vancomycin NI NI NI NI NI NI NI NI 1.61- NI
3.17
Amphotericin B NI NI NI NI NI NI NI NI NI NI
Itraconazole NI 3.50 - NI 447- 041- NI 1.84- NI 4.61- 1.49-
421 5.63 2.09 2.23 4.93 4.82

Abbreviation: NI, no inhibition zone.

: Range of the mean inhibition zone (mm) from days 3, 6, and 9 recorded by 3 individual staff.

Discussion

Human pythiosis in Thailand still emerges and causes
public health problems among Thai population due to
no effective antimicrobial drug treatment. A previous report
from Worasilchai et al'* has demonstrated in vitro study of
tetracycline and macrolide antibiotics showed the most
effectiveness against Thai P. insidiosum. Our finding
correlated with that report and demonstrated that
chloramphenicol, tetracycline, and itraconazole had
more effect upon the cutaneous pythiosis strains and the
ocular strains were less effected. Combination therapy was
successfully managed in a case of P. insidiosum Keratitis
(minocycline, chloramphenicol, and linezolid)." In this
study the ocular strains susceptible to chloramphenicol,
tetracycline, and itraconazole provide presumptive data to
guide a combination therapy for more effective treatment.

The mechanisms of action of tetracyclines and macrolides

28 Rama Med J Vol.47 No.1 January - March 2024

against P. insidiosum have been hypothesized that they are
effective due to theirmain mechanism of action to inhibit
protein synthesis.'® The challenge in human pythiosis to
several antifungal medications, such as polyenes, azoles,
allylamines, and echinocandins, is the high effectiveness of
treatment achieved from itraconazole. Itraconazole and
terbinafine were a synergistic combination used to
treat human pythiosis which caused a deeply invasive
facial infection. Furthermore, the use of voriconazole
and itraconazole was reported from Susaengrat et al® in
vascular pythiosis in Thailand. This finding also reported
that itraconazole is effective for all types of pythiosis
infection, so this may guide to combine with other
antibiotics such as chloramphenicol or tetracycline which
may improve effectiveness. Brown et al'” demonstrated
radial growth assays for itraconazole, posaconazole,
voriconazole, terbinafine, caspofungin, and mefenoxam

against P. insidiosum and Lagenidium sp isolated from dogs.
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That report revealed that the azoles had limited activity,
whereas terbinafine and caspofungin caused significant,
but minimal to moderate inhibition. In contrast, in our
finding, itraconazole showed the most effectiveness
for all strains of infection. This may be due to the
limited success of pharmacological interventions against
P. insidiosum in humans and animal isolates."* There were
different drug susceptibility patterns between each clinical
isolate used according to the virulence of each strain.
The limitations of this study were the limited number of
clinical isolates tested and no environmental strains or
animal strains included. In this experiment, if there is
no inhibition zone it does not mean that the drug
has no activity to inhibit the growth of P. insidiosum
because in this study only one concentration was tested.
The result of antimicrobial screening used only
commercial discs to test and had no report of MIC
according to the limitation of zoospore production
for broth microdilution assay was not allowed in our

laboratory. With those limitations, we are still hopeful

that chloramphenicol, tetracyclines, and itraconazole
may offer new treatment options for human pythiosis

in Thailand.

.|
Conclusions

In conclusion chloramphenicol, tetracycline, and
itraconazole exhibited the most efficiency in inhibiting
mycelia growth of P. insidiosum while other antimicrobial
drugs showed less effect. Since these 3 drugs exhibited
a better response, further experiments should be carried
out to evaluate for their MICs and use higher number
of isolates. This could be applied for the effective

treatment of pythiosis animals and humans in the future.
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Background: The speech clinic at Ramathibodi Hospital has been using
telepractice for 2 years. These outcomes have clearly shown many benefits. It is

anew system in Thailand that has not been studied in terms of innovation before.

Objective: To explore the possibility of speech-language pathologists (SLPs)
in Thailand implementing the telepractice innovation through a survey of their

attitudes toward the characteristics, diffusion, and limitations of innovation.

Methods: In this survey study, SLPs responded to a questionnaire. Data regarding
SLPs’ attitudes toward telepractice innovation were collected and then analyzed

using descriptive and inferential statistics.

Results: A total of 86 SLPs responded, who agreed characteristics, diffusion,
and both were 54.66%, 45.34%, and 37.21%, respectively, most of them used
telepractice. SLPs who used telepractice expressed limitations from patients
at 52.24% and SLPs who did not use telepractice expressed limitations from
systems at 47.36%.

Conclusions: SLPs in Thailand equally expressed attitudes of agreement and
disagreement toward the characteristics and diffusion of telepractice innovation.
However, SLPs who used telepractice agreed more than those who did not.
SLPs agreed on the characteristic of telepractice innovation, though not all
of them agreed to the diffusion of telepractice. The limitations of telepractice
innovation depended on SLPs’ telepractice experience, occurring from patients
for SLPs who used telepractice, but from the system for SLPs who did not.
Therefore, telepractice may be an option that can be used according to the needs

of the patients and its appropriateness for specific situations.
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Introduction

An innovation means a new process or new things
that are different from the past. This could be an idea,
practice or instrument.” > Sometimes, it could be a new
concept developed from an existing one. Innovation has
5 key characteristics. The first characteristic is relative
advantage, which refers to the recipient of innovation
receiving benefits in all aspects. It also provides
convenience and satisfaction. If an innovation is
more beneficial, it will be accepted faster. The second
characteristic is compatibility, which refers to an
innovation that is consistent with the needs and values
of the recipient of the innovation. If an innovation does
not relate to their needs and values, they will take a longer
time to accept it. The third characteristic is complexity,
which refers to the difficulty of understanding how to
use the innovation and the period of time needed to learn
how touse it. Ifan innovation is easy to understand and use,
it will be accepted more quickly. The fourth characteristic
is trialability, which refers to the innovation recipient
being able to try out the innovation by using it and seeing
the outcomes of the innovation. If the innovation
recipient spends little time to trial it but quickly sees
the benefits, they will accept that innovation faster.
The fifth characteristic is observability, which refers to
the innovation recipients clearly and easily observing the
innovation’s benefits. When an innovation has all of these
5 characteristics, the recipients of the innovation will
accept it quickly.”

The ability of innovation diffusion is another important
factor that makes an innovation widely accepted and
implemented. The theories that cover the spreading of
innovations in the role of medicine and public health and
respond to individual needs and social relationships are
the diffusion of innovation (DOI) and the social network
theory (SNT).”” The DOI has 4 elements. The first element

is innovation, which refers to the creation of an invention

or improvement. The second element is the communication
channel, which refers to the channel of innovation diffusion
from the innovators to the innovation recipients. The third
element is time, which refers to the adoption period of
the innovation recipients. The fourth element is the social
system, which refers to the spreading of the innovation
throughout society. If the society easily accepts change,
there will always be an opportunity to accept innovation
efficiently. SNT has 3 basic components. The first is
sociometric analysis tradition, measured by the degree of
the attitudes of the innovators and innovation recipients.
If the attitudes of the innovators are in agreement with
those of the innovation recipients, they will easily accept
the new innovations. The second is the interpersonal
relations tradition, measured by the ability of the
information connection between the innovators and
innovation recipients. If the innovators are a center of
the source of information, they will have the power to cause
new innovative information to spread to other sources.
The third is anthropological tradition, measured by the
relationship between the innovators and innovation
recipients. If the innovation recipients are close to the
innovators, they will quickly receive the information about
the innovation.”*”

In addition, the innovators are increasingly considering
the acceptance of the innovation recipients based on
5 decision-making processes. The first step is knowledge,
which means the understanding of and the need for
an innovation. The second step is persuasion, which
means the holding of positive or negative attitudes toward
an innovation. The third step is decision, which means
the process of deciding to accept or reject an innovation.
The fourth step is implementation, which means the use of
some acceptable aspects of this innovation. The last step is
confirmation, which means insisting on the use of accepted
innovations and finding additional information to support
the application of the received innovations. The speech

clinic at Ramathibodi Hospital has accepted the innovation
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of telemedicine and implemented changes to the onsite
speech therapy services to provide telepractice based on
these 5 decision-making processes.

The initial start was during 2020, the time of
the outbreak of COVID-19, when the speech-language
pathologists (SLPs) reviewed and studied the knowledge of
telepractice in order to allow the patients to continue speech
therapy without increasing the risk of COVID-19 infection
from contact between SLPs and patients. There were
many meetings with other SLPs in clinics to exchange
information and knowledge. Then, SLPs were persuaded
to change from providing speech therapy services at the
clinic to the use of telepractice instead. Subsequently, SLPs
tried telepractice for a month, and afterwards they shared
the post-trial information through knowledge management
in the practitioner community on the topic “Advantages
and limitations of telepractice through speech-language
pathology in the COVID-19 pandemic”." There were several
advantages such as decreasing COVID-19 infection,
decreasing the cost of services, decreasing travel time,
continuation of speech therapy sessions, and having colorful
media, but it had limitations such as patients’ ability
to access the internet, patients’ devices, needs of patients
for tactile cues, and SLPs’ work load to produce media.
After the final discussion, SLPs agreed to use telepractice.
At the same time, the Faculty of Medicine Ramathibodi
Hospital, Mahidol University, supported this telecare
system via medical rights and the use of electronic devices.
Due to these reasons, SLPs decided in favor of adoption
and confirmed the use of telepractice. As aresult, they have
been using telepractice for 2 years.

The outcomes of telepractice have provided many
benefits similar to the last discussion that included reducing
the waiting time for the first assessment, increasing speech
therapy follow-up, reducing the risk of COVID-19 infection
between patients and SLPs, reducing wasted time and travel
expenses, reducing patients” communication disorders, and

achieving satisfaction with the telepractice system.”"’
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Inaddition, SLPs at other workplaces demonstrated interest
in this telepractice system by attending and participating in
the training program “Rama Model: Telepractice (RMT)”."!
RMT training program consist of introducing telepractice,
online channel to contact patients, preparing media for
telepractice, showing video of telepractice, and showing
telepractice outcomes in the past. Beyond that, telepractice
system was a new system in Thailand that had not been
studied in terms of innovation before. Therefore, a model
to study the outcomes of RMT was developed. The positive
results may increase the opportunity for other SLPs in
various workplaces to implement this innovation.

This study aimed to explore the possibility of SLPs
in Thailand implementing the telepractice innovation
through a survey of their attitudes toward the desired
innovation characteristics, innovation diffusion process,

and limitations of innovation.

Methods
Study Design and Participants

This survey study investigated the possibility of
SLPs in other workplaces in Thailand implementing
the telepractice innovation by conducting a survey of their
attitudes toward the desired innovation characteristics,
innovation diffusion process, and limitations of innovation.

All 204 Thai SLPs'" received questionnaires about
telepractice innovation via Google Forms. SLPs who do
not work in Thailand were excluded. The response rate to
the questionnaire or the number of participants in this study
must not be less than in previous studies, which had 29%

13-1

and 51 to 63 participants, respectively.

Ethics

This study was approved by the Human Research
Ethics Commiittee of the Faculty of Medicine Ramathibodi
Hospital, Mahidol University, Thailand (No. MURA
2022/537 on September 23, 2022).
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Questionnaire

The questionnaire contained questions about innovation
characteristics and the innovation diffusion process that
were applied from the previous research.” ' The total
number of questions included 23-item that were divided into
3 parts: general information, attitudes toward telepractice,
and limitations of telepractice. The general information
(9-item) included gender, age, education level, workplace,
and type of workplace, as well as types of patients, ages of
patients, experience in speech therapy, and experience in
telepractice. The attitudes toward telepractice (13-item)

. . 13,18, 19
were applied from the previous research,

and were
divided into 2 parts: innovation characteristics (8-item)
and innovation diffusion process (5-item). All of these
questions were verified for content validity by 3 expert SLPs.
All items had an index of item objective congruence
(IOC) of 1.The limitations of telepractice (1-item) were
determined. Answering the questionnaire in parts 1 and 3
involved choosing an answer according to the options given
or filling in the blanks. The responses to the questionnaire

in part 2 used a Likert™ divided into 5 levels: strongly agree,

agree, neutral, disagree, and strongly disagree.

Procedures
Researchers sent the uniform resource locator (URL)
ofthe questionnaire’s Google Form via online platforms.

The period for answering the questionnaire was 1 month.

Statistical Analysis

Data analysis was conducted using SPSS version 18
(PASW Statistics for Windows, Version 18.0. Chicago:
SPSS Inc, 2009). The data of the general information,
attitudes toward telepractice, and limitations of telepractice
were analyzed using descriptive statistics. Data regarding
the correlation of SLPs’ attitudes among telepractice
innovation characteristics, telepractice innovation diffusion
process, and limitations of telepractice innovation were
analyzed using the chi square test. The level of significance

was P value less than .05 (P <.05).

Results

Characteristics of SLPs and their Patients

A total of 87 participants responded to questionnaires.
One of these was excluded in this study became he did
not work in Thailand. Thus, the final number of SLPs in
this study comprised 86 participants (female, 79 [91.86%];
young adults, 64 [74.42%]; bachelor’s degree, 49 [56.98%],
67 (77.91%) SLPs who have used telepractice and
19 (22.09%) SLPs who have not used telepractice.
Among participants, 36 (41.86%) SLPs worked in super
tertiary care, and 44 (51.16% SLPs had work experience
of more than 10 years. Eighty-two (95.35%) SLPs
treated patients with delayed language development, and

48 (55.81%) SLPs treated patients of all ages (Table 1).

Table 1. Characteristics of Speech-Language Pathologists and Their Patients

No. (%)
Characteristic Telepractice
Total(N=86) NotUsed(n=19) Used (n=67)
Speech-language pathologists
Gender
Female 79 (91.86) 18 (94.74) 61(91.04)
Male 7 (8.14) 1(5.26) 6 (8.96)
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Table 1. Characteristics of Speech-Language Pathologists and Their Patients (Continued)

No. (%)
Characteristic Telepractice
Total (N = 86) NotUsed(m=19) Used (n =67)
Age groups
Young adult (22 - 40 y) 64 (74.42) 8 (42.10) 56 (83.58)
Adult (41 - 60 y) 13 (15.12) 7 (36.84) 6 (8.96)
Elderly (> 60 y) 9 (10.46) 4 (21.06) 5(7.46)
Educational level
Bachelor 49 (56.98) 7 (36.84) 42 (62.69)
Master 30 (34.88) 11 (57.90) 19 (28.35)
Doctorate 7 (8.14) 1(5.26) 6 (8.96)
Workplaces
Super tertiary care 36 (41.86) 2 (10.53) 34 (50.74)
Tertiary care 20 (23.26) 8 (42.10) 12 (17.91)
Secondary care 7 (8.14) 2(10.53) 5(7.46)
Specialized hospital 3(3.49) 1(5.26) 2(2.99)
Private hospital 8(9.30) 3(15.79) 5(7.46)
School 1(1.16) = 1(1.49)
Freelance 11 (12.79) 3 (15.79) 8 (11.95)
Working experience, y
<1 14 (16.28) = 14 (20.89)
1-3 13 (15.12) 1(5.26) 12 (17.91)
4-6 5(5.81) 2(10.53) 3(4.48)
7-9 10 (11.63) 2(10.53) 8 (11.95)
>10 44 (51.16) 14 (73.68) 30 (44.77)
Patients
Case types
Delayed language development
No 4 (4.65) 2 (10.53) 2(2.99)
Yes 82 (95.35) 17 (89.47) 65 (97.01)
Articulation/phonological disorders
No 5(5.81) 2 (10.53) 3(4.48)
Yes 81 (94.19) 17 (89.47) 64 (95.52)
Rehabilitation/aural rehabilitation
No 34 (39.53) 6 (31.57) 28 (41.79)
Yes 52 (60.47) 13 (68.43) 39 (58.21)
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Table 1. Characteristics of Speech-Language Pathologists and Their Patients (Continued)

No. (%)
Characteristic Telepractice
Total (N=86) NotUsed(n=19) Used (n=67)

Voice/resonance disorders

No 28 (32.56) 4 (21.06) 24 (35.82)

Yes 58 (67.44) 15 (78.94) 43 (64.18)
Motor speech disorders

No 19 (22.09) 2 (10.53) 17 (25.37)

Yes 67 (77.91) 17 (89.47) 50 (74.63)
Learning disability

No 29 (33.72) 4 (21.06) 25(37.31)

Yes 57 (66.28) 15 (78.94) 42 (62.69)
Fluency disorders

No 33 (38.37) 7 (36.84) 26 (38.80)

Yes 53 (61.63) 12 (63.16) 41 (61.20)
Aphasia

No 28 (32.56) 5(26.32) 23 (34.32)

Yes 58 (67.44) 14 (73.68) 44 (65.63)
Others’

No 81 (94.19) 19 (100.00) 62 (92.54)

Yes 5(5.81) = 5 (7.46)
Age groups

Child 21 (24.42) 3(15.79) 18 (26.87)

Child and adult 10 (11.63) 4 (21.06) 6 (8.96)

Child and elderly 6 (6.98) 1(5.26) 5(7.46)

Child, adult, and elderly 48 (55.81) 10 (52.63) 38 (56.71)

Adult and elderly 1(1.16) 1(5.26) s

" Other case types such as dysphagia, schizophrenia etc.

Characteristics and Diffusion of Innovation

Most SLPs expressed strong agreement or concurrence
with the characteristics of telepractice innovation. Regarding
the relative advantages of characteristics, SLPs with
experience using telepractice expressed strong agreement or
agreed with attitudes concerning the questions as follows:

having comfort and convenience (Q1), reducing the cost of

services (Q2), and having the satisfaction of patients (Q4)
(94.03%, 91.04%, and 71.64%, respectively). However,
they expressed neutral attitudes (52.24%) concerning the
improvement of patients’ ability (Q3). SLPs without
experience using telepractice expressed strong agreement or
agreed with attitudes concerning the questions as follows:

having comfort and convenience (Q1), and reducing the cost
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of services (Q2) (89.47% and 94.74%, respectively), and
expressed neutral attitudes with the questions as follows:
improvement of patients’ ability (Q3), and having
satisfaction of patients (Q4) (52.63%, and 52.63%,
respectively). Regarding the compatibility characteristic
about meeting patients’ needs and appropriateness
for the current situation (Q5), both SLPs with and
without experience using telepractice expressed strong
agreement or agreed with attitudes (59.70% and 57.89%,
respectively). For the complexity about having
ease-of-use (Q6), both SLPs with and without experience

using telepractice expressed neutral attitudes (52.24%

and 52.63%, respectively). With regard to the trialability
characteristic concerning the ability to use and predict
benefits quickly (Q7), both SLPs with and without
experience using telepractice expressed strong
agreement or agreed with attitudes (61.19% and 52.63%,
respectively). For the observability characteristic regarding
having a good system and observable benefits (Q8),
both SLPs with and without experience using telepractice
expressed strong agreement or agreed with attitudes
(52.24% and 52.63%, respectively). SLPs’ attitudes to
all characteristics of telepractice innovation in both

groups were not significantly different (P>.05) (Table 2).

Table 2. Speech-Language Pathologists’ Attitudes Toward the Characteristics of Innovation

No. (%)
Attitude of Telepractice v
Characteristics Not Used (n = 19) Used (n = 67) Whitney )
Questionnaire Strongly Neutral Strongly Strongly Neutral Strongly U Test Value
Agree to Disagreeto Agree to Disagree to
Agree Disagree  Agree Disagree
Relative advantages
Q1) Telepractice allowed 17 2 = 63 3 1 -1.108 .27
patients to be comfort and  (89.47)  (10.53) (94.03) (4.48) (1.49)
convenient (eg, reducing
travel time or registration).
Q2) Telepractice helped 18 1 - 61 4 2 -0.296 .77
patients to reduce the cost  (94.74)  (5.26) 91.04) (5.97) (2.99)
of services (eg, travel,
accommodation, other
expenses).
Q3) Telepractice helped 7 10 2 29 35 3 -0.188 .85
patients to improve their ~ (36.84)  (52.63)  (10.53) (43.28) (52.24) (4.48)
speech and language abilities.
Q4) Patients were satisfied 7 10 2 48 17 2 -1.640 .10
after receiving telepractice  (36.84)  (52.63)  (10.53) (71.64) (2537) (2.99)

service.
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Table 2. Speech-Language Pathologists’ Attitudes Toward the Characteristics of Innovation (Continued)

No. (%)
Attitude of Telepractice .
Characteristics Not Used (n = 19) Used (n = 67) Whitney )
Questionnaire Strongly Neutral Strongly Strongly Neutral Strongly U Test Value
Agree to Disagreeto  Agree to Disagree to
Agree Disagree  Agree Disagree
Compatibility
Q5) Telepractice was a 11 5 3 40 22 5 -0.884 38
service that meet the needs of  (57.89)  (26.32)  (15.79) (59.70) (32.84) (7.46)
patients and was appropriate
for the current situation.
Complexity
Q6) Telepractice was 3 10 6 18 35 14 -0.349 73
an easy to use. (15.79)  (52.63) (31.58) (26.87)  (52.24) (20.89)
Trialability
Q7) If you try telepractice, 10 8 1 41 22 4 -0.704 48
you will understand the (52.63) (42.11) (5.26) (61.19) (32.84) (5.97)
implementation and predict
the benefits very quickly.
Observability
Q8) Telepractice was 10 7 2 35 26 6 -0.204 .84

a good system and there (52.63) (36.84) (10.53)
was obvious benefits

(eg, the recipient of the

innovation gained equal

or greater than expected

use benefit, the benefits

from the innovation

were multifaceted).

(52.24) (38.81) (8.95)

Abbreviation: Q, question.

" P < .05 indicates statistical significance.

SLPs’ attitudes regarding diffusion of telepractice
innovation were various. Regarding the communication
channel element of diffusion about finding knowledge
of telepractice from a variety of media sources (Q9),

SLPs using telepractice showed strong agreement

or agreed with attitudes close to neutral attitudes
(46.27% and 44.78%, respectively), but SLPs without
experience using telepractice showed strong agreement
or agreed (42.11%). Only this element had a statistically

significant difference between SLPs with using
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telepractice and without using telepractice (P < .05).
For the time element of diffusion regarding the decision
to use telepractice immediately (Q10), SLPs using
telepractice showed strong agreement or agreed with
attitudes near neutral attitudes (41.79% and 40.30%,
respectively) but SLPs not using telepractice showed
neutral attitudes (52.63%). For the social system
element of diffusion, SLPs using telepractice showed
strong agreement or agreed with questions as follows:
easy acceptance to new changes (Q11), dissemination
of knowledge or suggestions about telepractice to
others (Q12), and regular contact with SLPs who
used telepractice (Q13) (56.71%, 64.18%, and 49.25%,
respectively). SLPs not using telepractice showed
strong agreement or agreed with questions as
follows: easy acceptance to new changes (Q11),
and dissemination of knowledge or suggestions
about telepractice to others (Q12) (47.36% and 52.63%,

respectively). However, the question regarding regular

contact with SLPs who used telepractice (Q13) showed
strong agreement or agreed with attitudes equal to
neutral attitudes (36.84%) (Table 3).

For the summarization of SLPs’ agreement attitudes
toward characteristic and diffusion of telepractice
innovation, the data on the SLPs’ attitudes were modified
into percentages (disagree, 0% - 50%; agree, 51%- 100%).
The results showed that 47 (54.66%) SLPs agreed with
the characteristics of telepractice innovation, including
38(80.85%) SLPs using telepractice and 9 (19.15%) SLPs
not using telepractice. For the diffusion of telepractice
innovation, 39 (45.34%) SLPs agreed including
33 (84.62%) SLPs using telepractice and 6 (15.38%) SLPs
not using telepractice. Moreover, the number of SLPs
who agreed with the characteristics and diffusion
of telepractice innovation was equal to those who
disagreed, accounting for 32 (37.21%) SLPs including
28 (87.50%) SLPs using telepractice and 4 (12.50%) SLPs

not using telepractice (Table 4).

Table 3. Speech-Language Pathologists’ Attitudes Toward Diffusion of Innovation

No. (%)
Attitude of Telepractice
Mann-
Diffusion Questionnaire ool L= Whitney "
Strongly Neutral Strongly Strongly Neutral Strongly U Test Value
Agree to Disagreeto Agree to Disagree to
Agree Disagree  Agree Disagree
Communication channels
Q9) You find the knowledge 8 5 6 31 30 6 -2.122 .03
of telepractice from avariety  (42.11)  (26.32) (31.57) (46.27) (44.78) (8.95)
of media such as books,
research, websites, training
programs, etc.
Time
Q10) When you know that 3 10 6 28 27 12 -0.140 .89
telepractice is beingused  (15.80)  (52.63)  (31.57) (41.79)  (40.30) (17.91)

you decide to use it

immediately.
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Table 3. Speech-Language Pathologists’ Attitudes Toward Diffusion of Innovation (Continued)

No. (%)
Attitude of Telepractice
Mann-
Diffusion Questionnaire Not used (n =19) Used (n = 67) Whitney .
Strongly Neutral Strongly Strongly Neutral Strongly ;7 rest Value
Agree to Disagreeto Agree to Disagree to
Agree Disagree  Agree Disagree

Social system
Q11) You easily acceptnew 9 5 5 38 26 3 -1.886 .06
changes, especially from  (47.36)  (26.32) (26.32) (56.71)  (38.81) (4.4%)
a face-to-face practice at

the clinic to telepractice.

Q12) You can disseminate 10 8 1 43 19 5 -1.105 27
knowledge or suggest (52.63) (42.11) (5.26) (64.18) (28.36) (7.46)

telepractice to others

(eg, speech therapists,

patients, parents, teachers)

who are interested.

Q13) You can be inregular 7 7 5 33 26 8 -0.761 45
contact with a speech- (36.84) (36.84) (26.32) (49.25) (38.81) (11.94)

language pathologist who

uses telepractice.

Abbreviation: Q, question.

" P < .05 indicates statistical significance.

Table 4. Speech-Language Pathologists’ Agreement Attitudes Toward Characteristics and Diffusion of Innovation

No. (%)
Attitude Telepractice Experience
Total No Yes
Characteristics
Agreed 47 (54.66) 9 (19.15) 38 (80.85)
Disagreed 39 (45.34) 10 (25.64) 29 (74.36)
Diffusion
Agreed 39 (45.34) 6(15.38) 33 (84.62)
Disagreed 47 (54.66) 13 (27.66) 34 (72.34)
Characteristics and diffusion
Agreed All 32 (37.21) 4 (12.50) 28 (87.50)
Disagreed All 32 (37.21) 8 (25.00) 24 (75.00)
Agreed with characteristics but disagreed with diffusion 15 (17.43) 5(33.33) 10 (66.67)
Disagreed with characteristics but agreed with diffusion 7 (8.15) 2 (28.57) 5(71.43)
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Relationship Between the Summarization of
SLPs’ Agreement Attitudes Toward Characteristics,
Diffusion, and Limitations of Telepractice Innovation

Limitations of telepractice innovation were grouped
into 4 items, comprising SLP (SLPs’ telepractice
knowledge/experience), patient (rejected telepractice,
age of patient inappropriate, type of communication
disorders of patient, and lack of device), system (lack of
organization telepractice system/equipment/internet), and
unknown (not specified). Most SLPs using telepractice
had limitations from patient restriction, accounting for
35 (52.24%) SLPs. When mentioning SLPs’ agreement
with attitudes toward characteristics and diffusion of
telepractice innovation, the majority of SLPs who agreed
and disagreed all had limitations from patient restrictions,
accounting for 16 (57.14%) SLPs and 10 (41.67%) SLPs,
respectively. Meanwhile, most SLPs not using telepractice

had limitations from the telepractice system, accounting

for 9 (47.37%) SLPs. When considering SLPs’ agreement
with attitudes toward the characteristics and diffusion of
telepractice innovation, the majority of SLPs who agreed
had limitations from the telepractice system, accounting
for 3 (75.00%) SLPs, and the majority of SLPs who
disagreed all had equal amounts of limitations from SLP
and patient restrictions, accounting for 3 (37.50%) SLPs
for each item (Table 5).

.|
Disscusion

The response rate of the SLPs in this questionnaire
was 42.65%, which is higher than Kollia et al."
When considering the number of SLPs who responded
to the present questionnaire, it is higher than those of
Hao et al,"” Hines et al,”” and Overby et al,'® but less than
those of Fong et al’' and Santayana et al.” The percentage

of SLPs who used telepractice in this study was higher than

Table 5. Relationship Between Speech-Language Pathologists’ Attitudes Toward the Characteristics, Diffusion, and

Limitations of Telepractice Innovation

No. (%)
Attitude Limitation
Total Pathologist Patient System Unknown’
Without telepractice experience (n = 19)
Agreed All 4 (21.05) 1(25.00) = 3(75.00) -
Disagreed All 8(42.11) 3 (37.50) 3(37.50) 2(25.00) -
Agreed with characteristics but disagreed with diffusion 5 (26.32) 1 (20.00) - 4(80.00) -
Disagreed with characteristics but agreed with diffusion 2 (10.52) - 1(50.00) - 1 (50.00)
Total 19 (100.00) 5 (26.32) 4(21.05) 9(47.37) 1(5.26)
With telepractice experience (n = 67)
Agreed All 28 (41.79) 3 (10.71) 16 (57.14) 8(28.57) 1(3.58)
Disagreed All 24 (35.82) 3 (12.50) 10 (41.67) 9(37.50) 2(8.33)
Agreed with characteristics but disagreed with diffusion 10 (14.93) 1 (10.00) 5(50.00) 4(40.00) -
Disagreed with characteristics but agreed with diffusion 5 (7.46) = 4(80.00) 1(20.00) -
Total 67 (100.00) 7(10.45) 35(52.24) 22(32.83) 3(4.48)

' Participants did not specify the reason of limitation.
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that of Fong et al.”’ The gender and age of the SLPs in
this study were the same as in the previous research, but
with more females than males, and the age range was from
21 years to more than 60 years.'™'* This study included the
details regarding the level of education of the SLPs, but past

13-15, 21,23

studies did not. This information might be useful
when discussing the topic of limitations to telepractice
use if the limitations primarily resulted from the SLPs.
For the workplace, in this study it was the same as Peh et al”
in that most SLPs worked at a hospital but worked was
different from the others in that most SLPs at a community

13-14, 21

agency or school. SLPs’ work experience was not

different from previous studies in which participants had
experience of less than 1 year to more than 10 years.” "
The case type and age of patients were similar to studies of
Overby et al'® and Peh et al” in that the SLPs treated all
case types of communication disorders and all age groups.
All of the results regarding the SLPs’ attitudes
toward the characteristics of telepractice innovation in
this study were similar to those of previous studies'*"**"***
that indicated that the compatibility characteristic was
appropriate in terms of use during the COVID-19
pandemic. Most SLPs with experience using and those
without experience using telepractice strongly agreed or
agreed with almost all characteristics, except the complexity
characteristic toward which they expressed neutral attitudes
more than other attitudes because telepractice requires
knowledge of technology and internet system access.
This study was different from previous studies
because researchers not only studied the characteristics
of'telepractice innovation but also covered the diffusion of
telepractice innovation. Most SLPs who used telepractice
and expressed strong agreement or concurrence with
attitudes to communication channels and time elements
were close to SLPs who had neutral attitudes because
they might not have a sufficient impact on knowledge
of telepractice for immediate use and diffusion.

In accordance with SLPs who did not use telepractice,

they had weaker agreement or concurrence with attitudes to
time elements because they had used telepractice in the past
until the present. If SLPs have strong agreement to
concurrence with attitudes to communication channels and
time elements, the diffusion of telepractice will spread in
Thailand because SLPs have agreement with all diffusion
elements (communication channels, time, and social system).
The summarization of SLPs’ agreement with
attitudes toward the characteristics and diffusion of
innovation revealed that the number of SLPs who agreed
with the characteristics of telepractice innovation was
similar to the number who disagreed. SLPs agreed with
the characteristic of telepractice innovation, but not
all of them agreed with the diffusion of telepractice.
The possible reason for this was that telepractice had
convenience and reduced cost of services for patients
but had a complicated system. Knowledge of telepractice
was essential for the distribution of telepractice.'**"*
Regarding the limitations of telepractice according
to SLPs’ telepractice experience, SLPs using telepractice
had a major problem from patient conditions, while
SLPs not using telepractice had a major problem from
system conditions. The reason was likely that SLPs
who used telepractice already had support for the
telepractice system from their organization. Therefore,
SLPs actually used telepractice in real situations,
especially SLPs who agreed with the characteristics
and diffusion of telepractice innovation. Further, they
might control their communication system more than
patients who stayed in other areas.” ">’ Patient conditions
included rejection of telepractice, inappropriate age of
patients, inappropriate type of patients, patients’ attention,
parents’ workloads, etc. On the contrary, SLPs who did
not use telepractice had a major problem from system
conditions because they might not have adequate
support from their organization for media, equipment
or the telepractice system. Thus, they did not actually

use telepractice in real situations, and these conditions
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might occur from the conception of SLPs to the
telepractice system. However, the limitation of system
conditions was a major obstacle that impacted both
SLPs who agreed and disagreed with the characteristics
and diffusion of telepractice innovation. The system
conditions were internet access, telepractice instruments,
privacy, patients’ rights, etc. Furthermore, another
important limitation of telepractice conditions was
related to SLPs in terms of telepractice experience,
telepractice training, workload, etc.™ '™ ***

As seen from the results above, telepractice
innovation has both strengths and weaknesses. It is
an alternative treatment for speech therapy that was
not commonly used in the past in Thailand. Therefore,
it has been introduced recently as a necessity and when

appropriate for the patients or situations.™ " *

|
Conclusions

SLPs in Thailand equally expressed attitudes of

agreement and disagreement toward the characteristics

and diffusion of telepractice innovation, but SLPs using
telepractice agreed with the characteristics and diffusion
of telepractice innovation more than SLPs not using
telepractice. SLPs agreed with the characteristics of
telepractice innovation, but not all of them agreed with
the diffusion of telepractice. The limitations of telepractice
innovation depended on telepractice experience as
following SLPs using telepractice had limitations
from patient conditions and SLPs not using telepractice
had limitations from system conditions. SLPs should
develop clinical practice guidelines for telepractice and
should designate patient criteria that are appropriate
for telepractice. Thus, telepractice may be considered as
an optional method to use according to necessity and

its appropriateness for patients’ needs or the situation.

|
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The fungus Talaromyces marneffei has been discovered and its pathogenicity to ~ Corresponding Author:
humans has been recognized for over 60 years. The advances in organism-wide ~ Monsicha Pongpom

studies and the development of genetic manipulation tools contribute greatly to ~ Department of Microbiology,
our current understanding of host-pathogen interactions. Several classes of genes ~ Faculty of Medicine,

have been identified to be involved in stress response, morphogenesis, and virulence ~ Chiang Mai University,
based on the characterization of the generated mutants. Here, we summarize 110 Intawaroros Road,
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technology. The advantages and disadvantages of each technique were determined

from a historical perspective. We also describe potential strategies to improve

the current genetics studies, such as the generation of new selection markers and

genetically modified strains. Our review has demonstrated that Thailand will

continue to make efforts to become a leader in 7. marneffei genetics research.

The genetic approaches have impacted the studies of 7. marneffei and can lead to

the discovery of new diagnostic tools, drugs, and vaccines.
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Talaromycosis: The Need for Better
Therapeutic Interventions

Talaromyces marneffei can cause a potentially
fatal systemic mycosis called talaromycosis in humans,
particularly in immunocompromised individuals.'
T. marneffei infection is endemic to tropical and
subtropical Asia.”* Over 17 300 cases have been reported
annually,” and up to one-third of these infections are
associated with death.’ In northern Thailand, talaromycosis
is the third most common AIDS-associated disease.”’
Although the morbidity and mortality of talaromycosis
are high, and 7. marneffei is even listed as one of the fungal
priority pathogens by the World Health Organization
(WHO), the study of T. marneffei still has not received
sufficient attention and investment from regional and
global funders, researchers, and clinicians.”* As a result,
the control and prevention of this life-threatening disease
remains elusive.

T. marneffei is a thermally dimorphic fungus
that grows as filamentous hyphae at environmental
temperatures (25°C), and undergoes morphological
switching to yeast form at human body temperature (37°C).
The primary infection site is the lung, presumably
via the inhalation of conidia from the environment.
The conidia are engulfed by the alveolar macrophages,
but they usually survive intracellularly among
immunocompromised individuals. The fungus turns
into a yeast growth phase inside the phagosome,
divides by fission, and lyses the macrophages for
dissemination.’ In the first stage, lung infection results
in nonspecific respiratory symptoms. Later, the fungus
invades the blood circulation and mononuclear phagocyte
system, causing multiorgan defective symptoms such
as lymphadenopathy, hepatosplenomegaly, anemia, and
skin lesions. Thus, the ability to switch morphologies and
escape macrophage killing is necessary for 7. marneffei

to become a successful pathogen.
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Identification of molecular pathways governing
fitness and virulence traits in this organism can improve
the understanding of how 7. marneffei invades the host,
survives the host defense mechanisms, and ultimately
causes disease. Importantly, this knowledge can facilitate
the development of biomarkers, diagnostic tools, and
antifungal reagents. The ability to genetically manipulate
the genome of 7. marneffei is indispensable for dissecting
gene functions at molecular levels. However, genetic
studies in 7. marneffei have been encumbered by multiple
factors, including the limitation in selection markers,
transformation methods, and gene editing techniques.
This review summarizes the genetic manipulation of
T. marneffei over 2 decades, starting from the year 2000
(Figure 1). We discuss potential strategies to improve
available genetic tools, including the recently developed

CRISPR-Cas systems.

Figure 1. Timeline of Key Genetic Modifications in

Talaromyces marneffei

Abbreviations: CRISPR-Cas9, clustered regularly interspaced
short palindromic repeats-CRISPR-associated protein 9;

PEG, polyethylene glycol; Tm, Talaromyces marneffei.
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Selection Markers in Talaromyces marneffei
Genetic Research

Both auxotrophic and dominant selection markers
have been commonly used in 7. marneffei genetic
manipulation, and pioneer works have been developed
by Andrianopoulos and colleagues.” "' The complete
list of selection markers available in 7. marneffei
ATCC18224 strain can be found in Boyce et al.”’
However, representative markers are shown in Table 1.
Auxotrophic genes, defined as genes that encode an
essential protein for biosynthesis of an essential nutrient,
are widely used for selection of positive transformants for
use in genetic engineering. Common auxotrophic selection
markers used in 7. marneffei are pyrG (encoding orotidine
5’-monophosphate decarboxylase), niaD (encoding nitrate
reductase), riboB (encoding putative GTP cyclohydrolase
for riboflavin biosynthesis), and pyrod (encoding
a protein required for biosynthesis of pyridoxine).’
The advantage of using auxotrophic selection markers is

the affordability of selection compounds. Another

advantage is that some auxotrophic markers, such as pyrG
and niaD markers permit positive and negative selection.’
Moreover, the pyrG blaster cassette is designed to
permit removal and reuse of the selection marker.
In the pyrG blaster, the pyrG gene is flanked with
direct CAT repeat sequences and can be readily removed
from the 7. marneffei genome by recombination at
CAT repeat sequences. However, in comparison to other
fungal pathogens such as Aspergillus fumigatus, Candida
albicans, or Cryptococcus neoformans, the auxotrophic
markers are less available in 7. marneffei, and are limited
to only a few laboratory strains. Most of the available
recipient strains have been generated in the ATCC18224
strain background.'” "'

Drug resistance genes are generally used as dominant
selection markers. As opposed to auxotrophic selection
markers, the use of dominant selection markers allows
genetic manipulation in any of various genetic backgrounds
without the need to generate the relevant recipient strains
before genetic manipulation. However, dominant markers

are selected on drug compounds, which could be expensive.

Table 1. Selection Marker Systems Used in Genetic Manipulation of Talaromyces marneffei

Selection Marker Recipient Strain

Description (Plasmid)

Phenotype

Auxotrophic system

prG prG Aspergillus nidulans pyrG blaster cassette - Uracil auxotroph
(pAB4626) - 5-Fluoroorotic acid

resistant

niaD niaD’ Aspergillus oryzae niaD - Nitrate utilization defect
- Chlorate resistant

riboB AriboB Aspergillus nidulans riboB gene Riboflavin auxotroph

pyroA ApyroA Aspergillus nidulans pyroA gene Pyridoxine auxotroph

Dominance system

hygR (hph) Any Hygromycin B resistance genes (pAN7.1) Hygromycin B resistant'*"*

BleoR Any Bleomycin resistance gene (pANS.1) Bleomycin resistant'”™"*

Phleomycin Any Streptococcus hindustanus phleomycin Phleomycin resistant'’

resistance gene (pANS.1)

Rama Med J Vol.47 No.1 January - March 2024 49
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In some clinically isolated strains, natural drug tolerance
could occur, and hence might require a higher
concentration of drugs for selection. Overall, there are
sufficient selection markers to generate a single gene
mutant and revertant strain. However, the limitations in
selection marker systems and tedious steps in selection
marker recycling hinder the genetic manipulation of
multiple genes, and hence the study of genetic interactions

in this fungal pathogen.

Perspectives

Although selection markers are available in
T. marneffei, the development of new selection marker
systems and the generation of laboratory strains in various
genetic backgrounds are still urgently needed. For example,
adenine auxotrophic marker gene, encoding enzyme
phosphoribosyl aminoimidazole carboxylase of purine
biosynthetic pathway, has been commonly used in several
fungal species such as in Saccharomyces cerevisiae (ADE2
gene), C. albicans (ADE?2 gene), and A. oryzae (adeB gene).
Unlike other auxotrophic markers recently used in
T. marneffei (pyrG, niaD, riboB, pyroA),” the adenine
auxotrophic mutant will have red color colonies."
This is a result of polymerization and oxidation of
an accumulated intermediate, 4-amino-imidazole ribotide,
due to a blockade in the adenine biosynthetic pathway.'’
Complementation with functional ade2 gene will reverse
the red to white color colonies. Thus, the selection based
on color can offer a new strategy for genetic studies or
high-throughput screening experiments in 7. marneffei.

Many phenotypes of 7. marneffei exhibit strain

18, 19

background specificity. Thus, the generation of
genetically modified strains in diverse backgrounds
could be useful for comparative analyses. For instance,
the 7. marneffei strain ATCC200051 is clinically isolated
from patients in Thailand. To allow genetic studies in this
strain background, the 7. marneffei strain ATCC200051

could be subjected to chemically induced mutagenesis

50 Rama Med J Vol.47 No.1 January - March 2024

to generate an uracil auxotroph (unable to grow on a
medium without uracil). This genetically modified strain
can then be established as another experimentally amenable

system to study morphogenesis and pathobiology.

Strategy to Study Forward Genetics in
Talaromyces marneffei

Forward genetics refers to the identification of
the genetic basis that underlies a specific phenotype.
Genetic screens are classical approaches, involved with
randomly mutating the genome of the organism and
then assessing the mutants for phenotypes of interest.
In 7. marneffei, chemical mutagenesis and random
insertional mutagenesis have been successfully performed.
In chemical mutagenesis, the screens are usually
conducted for the purpose of identifying selection
markers and generating recipient strains. For instance,
the 5-fluoroorotic acid (5-FOA) resistant mutants
and chlorate resistant mutants have been isolated.'" *
In addition to the chemical approach, the Agrobacterium-
mediated transformation (AMT) has been developed as an
efficient tool for random insertional mutagenesis.'™ '**"**
This AMT approach has been successfully performed
to identify novel genes involved in morphogenesis and

pigment production.'>'**!

Reverse Genetics Tools Available in
Talaromyces marneffei

Reverse genetics are the study of phenotypic
consequences after specific gene sequences are mutated.
As the whole genome sequences of 7. marneffei have
been identified in multiple strain backgrounds,”™
reverse genetics have accelerated the understanding of
T. marneffei biology and pathogenicity. In principle,
DNA double-strand breaks (DSBs) can be repaired

by either non-homologous end joining (NHEJ), or
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the homology directed repair (HDR) pathways. The HDR
pathway has been exploited in the reverse genetics
approach to precisely target specific genetic locus
and introduce desired sequence alterations through a
homologous DNA template during the repair events.
The targeted gene manipulation was initially created in
T. marneffei by the Andrianopoulos laboratory to delete

20, 26

the abaA and stlA genes. As in other eukaryotes,
T. marneffei prefers to repair DSBs via the NHEJ,
decreasing the frequency of target gene modification
via the homologous recombination during genetic
manipulation. To enhance successful gene targeting,
disruption of the /igD gene (ligDA recipient strain),
encoding the DNA ligase component of a NHEJ pathway,
markedly improved the success of homologous gene
replacement in this fungus.'' Even though removal of
the pkuAd gene, encoding the protein kinase component
of the NHEJ, can increase the frequency of homologous
integration of transforming DNA fragments, the pkuAA
mutant was associated with reduced genetic stability and
accumulated aberrant phenotypes over time."'

In addition to the complete gene knockout strategy,
the RNA inference-mediated gene knockdown has been
applied in 7. marneffei research. The gene knockdown
strategy is especially useful for systematically manipulating
multiple genes within the same family. For example,
secretory mannoproteins (Mp1, Mplp1-Mplp13) and
pigment biosynthetic genes (pks! - pks25) were
systematically knocked down, leading to the discovery of

. . .. . 15,27,28
key virulence factors during 7. marneffei infection.

Conditional Target Gene Expression and

Overexpression System in Talaromyces
marneffei

Conditional target gene expression and overexpression
system is important to study the essential genes, defined

as their requirement for functions and cannot be disrupted

for the classical loss-of-function study. The gold standard
strategy to study such genes is to generate the conditional
mutant strain in which the target gene can be expressed
at controllable levels and time. To construct conditional
mutants, desired genes are engineered to express under
inducible promoters. In 7. marneffei, the xylP promoter
from Penicillium chrysogenum has been characterized
and used to modulate the expression of target genes.””'
Glucose is a strong repressor while sucrose and xylose
are strong inducers of this xy/P promoter, and the
concentrations of repressing and inducing carbon
sources determine the gene expression levels driven
by this promoter. The xy/P expression system has been
successfully applied to study the essential TATA-binding
protein (TBP) gene.™ In addition to the study of
essential genes, the inducible promoter and gene
overexpression system has been used to characterize
the function of genes, which their expression levels are
highly upregulated in the pathogenic yeast form, such as
the msgA gene.”'

Furthermore, the transcription elongation factor alpha
(tefA) is another promoter used in the 7. marneffei gene
overexpression approach. As opposed to the xy/P inducible
promoter, the gene regulated by the tef4 promoter is
constitutively expressed at high levels under all conditions
because it is a housekeeping gene. Accordingly, the tef4
promoter can be exploited to drive the expression of
synthetic genes such as in the case of the CRISPR-Cas9
system.” Also, the fef4 promoter has been successfully
used to investigate the function of the madsA gene in
regulating the 7. marneffei phase transition.”’ The madsA
gene is highly expressed during the yeast-to-mold transition
and overexpression of the madsA under the tef4 promoter
induces mold growth at 37°C. Overall, the overexpression
system has been developed in 7. marneffei, and it is
a powerful tool to investigate the role of essential genes
and permits the gain-of-function analysis to complement

the loss-of-function study.
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CRISPR-Cas9 Mediated Genome Editing in
Talaromyces marneffei

Even though the conventional homologous
recombination-mediated gene targeting and editing has
been widely used and efficiency for this strategy has been
improved over the years,'"** this approach is still a long
and tedious process because it depends on random DSB
events at the desired target site. Generation and selection
of the desired mutants could take longer than 6 months.
Excitingly, the CRISPR-Cas technology creates a different
scenario for genetic manipulation. CRISPR-Cas is an
RNA-guided adaptive immune system used by bacteria and
archaea to defend against viral infections. By associating
with guided RNA, Cas endonuclease is directed to a
specific genomic target to make DSBs. To apply the
CRISPR-Cas system to genome editing, the RNA-guided
Cas systems can be engineered to cleave virtually any DNA
sequences, and the subsequent DSBs can be exploited as a
basis for site-specific mutagenesis. This is because DSBs
are lethal to the cells, and to survive, cells must repair these
breaks via NHEJ or HDR (see reverse genetics section).
To employ homologous recombination for CRISPR-
mediated genome editing, the cells can recombine target

DNA by using (donor) DNA templates that contain

homologous regions flanking any desired gene
modifications.” ** Thus, the generation of DSBs at
specific sites by the CRISPR-Cas system tremendously
increases the rate of homologous recombination and
hence the efficiency of genome editing.”” In summary,
while conventional homologous recombination-mediated
gene targeting has been widely used, it remains a
time-consuming process relying on random DSB events.
In contrast, CRISPR-Cas technology offers a more efficient
approach. By utilizing RNA-guided Cas endonucleases,
CRISPR-Cas enables precise targeting of genomic sites,
inducing DSBs that prompt cell survival mechanisms like
NHEJ or HDR. Integrating homologous recombination
with CRISPR-Cas significantly accelerates genome editing
by increasing the rate of targeted DSBs.

Since the first publication demonstrating functionality
invitro, the CRISPR-Cas systems have been engineered into
apowerful gene-editing tool that has revolutionized genetic
manipulation in diverse species.”* The CRISPR-Cas9
genome editing system has been recently developed for
T. marneffei.” The sakA gene was successfully targeted for
error-prone mutagenesis by NHEJ repair with a 40% success
rate.” This newly developed genetic tool is promising, and
several strategies can be applied to improve the current

CRISPR-Cas9 system (Table 2), as discussed below.

Table 2. Limitations on Current CRISPR-Cas9 Method and Potential Strategy for Improvement.

Attribute Zhang et al” Strategy

DSB-mediated specific gene targeting + Generation of random mutations at specific target site

Genome editing to desired sequences = Addition of template (donor DNA) containing desired
specific sequences

Cloning-free gRNA assembly = Fusion PCR to generate the CRISPR-Cas cassettes

Markerless genome editing and removal ND Development of marker removal and recycle CRISPR-Cas

of CRISPR components

system

Abbreviations: +, strategy is presented; -, strategy is absent; CRISPR, clustered regularly interspaced short palindromic repeats;
Cas, CRISPR-associated protein; DSB, DNA double-strand break; gRNA, guided RNA; ND, strategy is not determined,

PCR, polymerase chain reaction.
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Application and Perspectives

The specificity of RNA-guided CRISPR endonucleases
(Cas proteins) is dependent on both the protospacer
sequences in guided RNA and the protospacer adjacent
motif (PAM) at the target site. Since gene editing with
Cas9 is restricted by its 5°-NGG-3" PAM sequences,
it is desirable to develop other Cas nucleases with
different PAM sequences. This specific PAM sequence
could be problematic for genetic manipulation in
the-TA rich genome organisms. To overcome this
problem, Cpf1 (also known as Cas12), employing a
PAM sequence of 5’-TTTV-3’, could become another
alternative tool to expand the repertoire of CRISPR-
mediated gene editing. The CRISPR-Cas12 system has
been developed in multiple fungal species, such as in
Aspergillus species.”’ It will become beneficial to have
another CRISPR-Cas12 system for genetic manipulation
in 7. marneffei.

Importantly, the CRISPR technology can be
conveniently used to manipulate genes on a large
scale as demonstrated in many organisms. First,
the CRISPR-based platform has been programed to
edit multiple genes simultaneously, hence allowing
the genetic interaction study."* Second, the CRISPR
components have been combined with genome-scale
guided RNA libraries for unbiased phenotype
screening, hence permitting the forward genetics
analyses."” Unlike traditional chemical or insertional
mutagenesis methods that induce random mutations
and require subsequent laborious identification of
these modifications, the CRISPR system can create
libraries of mutations at known sites in the genome.*
To move forward, the CRISPR-Cas technology can be
used in 7. marneffei research to generate the mutant
libraries for forward genetics studies, create desire
mutations at specific sites for reverse genetics analyses,
and target multiple gene modifications for genetic

interaction analysis.

From Genetics Study to Clinical Applications

The exploration of genes in various pathways has
paved the way for the development of clinical applications.
For example, fungal siderophores are iron-chelating
agents with potential therapeutic applications in the
treatment of patients with iron-overloading diseases or
facilitating the delivery of antimicrobial substances to
specific pathogenic fungi. The 7. marneffei sreA deletion
strain has been engineered to enhance siderophore
production.” The purified extracellular siderophore,
coprogen B, could lower the labile iron pool (LIP) levels
in iron-loaded hepatocellular carcinoma cells without
toxicity to the tested cells. In addition, the optimum levels
of coprogen B did not enhance the growth of normal
microflora such as C. albicans. Since the main portal
of iron excretion from the human body is through
the intestine, this result potentially showed that it
will not enhance the risk for candidiasis when used as
the iron chelator. Thus, the coprogen B isolated from
the 7. marneffei sre4 deletion strain could be potentially
used as a new and safe iron-chelating agent with minimal
side effects to the host.

Genetics analysis can guide the selection of specific
genes for follow-up studies and other downstream
applications. For instance, a systematic knockdown
study of 13 mannoproteins (MP1, MPLP1 - 13) has
revealed that only MP1 is a key virulence factor in
T. marneffei PM1 strain.” Subsequent experiments have
identified that MP1 mannoprotein binds and sequesters
arachidonic acid, the key proinflammatory meditator,
allowing 7. marneffei to evade the host’s innate immune
defense.” The MP1 antigen detection tools have been
developed and successfully used in the diagnosis of
talaromycosis in several clinical settings."” * Moreover,
the promising result of developing MP1 as a vaccine has
been demonstrated in an animal study. Immunization

of BALB/c mice with recombinant protein MP1 could
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protect against infection against 7. marneffei with
100% survival.” Overall, knowledge obtained from
genetic studies can have a broad implication for fungal

pathogenesis, diagnosis, treatment, and disease prevention.

Current Progress on Talaromyces marneffei
Genetics Study in Thailand
Thailand is one of the hyperendemic regions of

T. marneffei; talaromycosis is the third most common

opportunistic infection after tuberculosis and
cryptococcosis.’ In Thailand, the understanding of
T. marneffei gene functions at molecular levels
mainly comes from Chiang Mai University. Specifically,
the encoding catalase-peroxidase cped, was first deleted
from 7. marneffei genome in 2005.” Since then, many genes
have been characterized using the forward and reverse
genetic approaches (Table 3). Thus, the studies from
Thailand have contributed significantly to the research

area of 7. marneffei.

Table 3. Gene Mutagenesis of Talaromyces marneffei in Thailand

Gene Approach

Phenotype

References

Catalase-peroxidase (cpeAd) Reverse genetics

stress.

TATA-binding protein (tbp) Conditional
disruption
- ARF GTPase activator (Glo3)  Forward genetics

- S-adenosylmethionine
decarboxylase proenzyme

- Transcription factor (stuAd)

- Vacuolar ATP synthase subunit ¢
- DUF907 domain protein

- Short-chain dehydrogenase

- G protein alpha subunit (gasC)
- DNA damage response protein
Rtt109

- SAM domain protein

- Protein kinase Yak1

Transcription factor (yakA) Reverse genetics

The cpeA mutant is sensitive to oxidative

The mutants show morphology defects.

The yakA mutant showed early conidial

Pongpom et al’

Pongsunk et al”

Kummasook et al'?

Kummasook et al**

Suwunnakorn et al’’

germination, increased chitin content and

abnormal chitin distribution.

Transcription factor (atf4) Reverse genetics

Stress-activated kinase (sakA4) Reverse genetics

Transcription factor (r#t4) Reverse genetics

The a#f4 mutant is sensitive to oxidative stress.
The sakA mutant is sensitive to oxidative stress.

The rttA mutant is sensitive to morphogenesis

o 13
Nimmanee et al

o 52
Nimmanee et al

Suwunnakorn et al”

and stress response.

Laccase (pbrB) Reverse genetics

The pbrB deletion mutant showed defective

Sapmak et al**

DHN-melanin synthesis led to brown conidia

production.
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Table 3. Gene Mutagenesis of Talaromyces marneffei in Thailand (Continued)

Gene Approach

Phenotype

References

Transcription factor (yapA) Reverse genetics

The yapA mutant is sensitive to oxidative

Dankai et al”

stress and decreases in macrophage survival.

Mannoprotein (mplp6) Reverse genetics

The mplp6p mutant exhibits similar response

Pongpom et al’

to stress and macrophage killing as wild type.

Transcription factor of Reverse genetics

gluconeogenesis (acuk)

The acuK mutant is unable to utilize

Amsti et al”’

gluconeogenic carbon sources.

The acuK mutant shows growth defects

under low iron conditions.

Transcription factors of Reverse genetics
siderophore biosynthesis
(sreA and hapX)

Heat shock protein 30 (hsp30) Reverse genetics

The sreA mutant overproduces

The hsp30 mutant is sensitive to oxidative stress.

Amsri etal®

siderophore.

Wangsanut et al®

Concluding Remarks

Genetic manipulation in 7. marneffei has developed
at a steady pace since the year 2000 and contributed
significantly to an understanding of 7. marneffei’s
pathogenesis. Investigating genes in various pathways
has led to clinical applications, such as using
siderophores and specific mannoproteins in therapeutic
and diagnostic purposes. The development of a selection
marker system and the expansion of genetically modified
strains can accelerate the exploration, understanding, and
ultimately the development of better therapeutic agents.
To continue being one of the main genetic research hubs,
the genetically modified strain 7. marneffei with Thailand
origin should be generated and whole genome sequencing
of this strain should be publicly available. As the CRISPR-

based method can precisely generate DSB at specific
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Hh B loo1rins Ta)sdiu
Acheta domesticus Wind In 2.140.3 24.0+0.9 62+1.5 64.1+1.2
Acheta domesticus Ine 1.6 £0.1 10.4 £0.1 4.6+0.2 71.7£0.5
Acheta domesticus a‘w%”gmaﬁsm NA 22.8 19.1 64.4
Brachytrupes portentosus Ine 9.7+0.5 20.6 £0.6 11.6 +£0.2 48.7+0.3
Gryllus bimaculatus imviald NA 11.9+0.2 9.5+0.5 58.3+0.3
Gryllus bimaculatus Tne 0.1 £0.0 23.4+0.1 10.0 £0.3 60.7+ 0.4
Glyptotendipes testaceus W NA 10.3+0.3 NA 58.3+0.9

NA, not applicable.
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BliAveINIADLAIY
Acheta domesticus  Gryllus assimilis  Gryllus bimaculatus  Glyptotendipes testaceus
Essential
Histidine 1.72 £0.02 1.32 2.50 £0.08 1.94 £0.01
Isoleucine 2.90£0.10 2.12 2.16 £0.04 3.09 £0.00
Leucine 3.80+0.14 4.96 3.97 £0.05 5.52+0.10
Lysine 3.22+£0.08 7.91 2.42 £0.01 4.79£0.10
Methionine 0.98 £0.03 0.63 0.27 £0.01 1.93 £ 0.06
Phenylalanine 2.38 £0.00 0.72 1.83 +£0.01 2.86 £0.06
Threonine 1.65+0.05 3.55 2.00 +0.04 2.75+0.10
Tryptophan 0.43 +£0.03 0.95 NR NR
Valine 4.50+0.03 4.62 3.20+0.03 4.42 +0.00
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Nonessential
Alanine 3.67+£0.05 4.02 5.64£0.01 5.55+0.09
Arginine 3.92+£0.05 8.64 3.60 £ 0.04 3.68 £0.12
Asparagine 4.61£0.23" NR NR 6.29 +0.29
Aspartic acid NR 3.02 NR NR
Cystine/cysteine 0.40 £ 0.00 0.74 5.10 £ 0.00 1.01 £0.02
Glutamic acid NR 3.64 6.39 +0.07 9.07 +0.31
Glutamine 6.45£0.05 NR NR NR
Glycine 2.60 £0.15 2.41 3.32 £0.01 3.62+0.11
Proline 3.04 £0.03 1.26 1.99 £0.01 4,50 £0.08
Serine 1.59 £ 0.09 0.61 2.73+0.01 3.72+£0.07
Tyrosine 2.71 £0.10 5.44 2.73 £0.02 3.94 +0.02
Total amino acids 50.55 56.56' 53.83 68.68

NR, not reported.
"Report as asparagine and aspartic acid,
" Report as glutamine and glutamic acid.

" Calculation was performed in this review.
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Increasing the global population trend potentially affects food security due to  Corresponding Author:

the raising food demand. The livestock industries are well known for high  Alongkote Singhato
greenhouse gas emission production that led to climate change and impacts  Nutrition and Dietetics Division,
the environment. Therefore, preparing adequate food sources for future demand  Faculty of Allied Health Sciences,
and enhancing food security by lowering emission production is the necessary =~ Burapha University,

plan. Nowadays, there are edible insects, especially crickets that are used to be 169 Long-Haad Bang Saen Road,
food ingredients because of their good nutritive value and obtained high  Saen Suk, Muang,

biological value of protein. In addition, crickets farming is required less water, = Chon Buri 20131, Thailand.
feed, and other resources than other animal live stocks. This made cricket farming  Telephone: +666 4746 7547
less production emission. This review article aimed to present information  E-mail: alongkote@go.buu.ac.th
on edible crickets as a food source of protein by demonstrating the nutritive

values of different species of crickets, clinical efficacy from current pieces of

evidence, and safety aspects of crickets. The information could be beneficial to

nutritionists, dietitians, and other professionals in food and health to generate

clinical knowledge on edible crickets and develop food products by using edible

crickets to be one the alternative food sources of protein in the future.
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