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OPEN | ACCESS Abstract

ARTICLE INFO The Indonesian Ministry of Health targets to eliminate malaria by 2030. Vivax
Received: June 08. 2024 malaria, a challenging variant to eradicate, is prevalent in areas near elimination,
Accepted: May 14: 2025 including North Sumatra, which ranks fourth in malaria cases in Indonesia.

Published: August 31, 2025 Labura district, a part of North Sumatra, had a low-endemic status until 2020.
Available online: August 31, However, an increase in cases occurred in 2021 within the Kualuh Leidong sub-

2025 district, the primary contributor to Labura's malaria cases. This shifted the

endemicity status from low to moderate. The objective of the study is to assess the
*) Corresponding author: malaria case profile in this region. A descriptive approach was used, employing a
E-mail: ayodhia@usu.ac.id total sampling method at Tanjung Leidong Health Center between September

2022 and July 2023. This observational study identified 494 vivax malaria cases.
Keywords: Predominantly affecting males (60.9%), cases peaked in adults (>18 years) with
Vivax Malaria 314 cases (63.6%). Microscopic examination was the leading diagnostic tool, used
Malaria Profile in 463 cases (93.7%). The health center primarily administered national regimen
Surveillance therapies dihydroartemisinin-piperaquine (DHP) + primaquine in 204 cases
Epidemiology (62.4%), whereas others received alternate therapies. All patients recovered

Elimination without referrals. Over 11 months, seven recurrence cases emerged, with five

receiving quinine+primaquine. Vivax malaria cases in Kualuh Leidong have seen
a significant increase compared to previous years. The attention and collaboration
@®@@ of all parties, both from the health center and the community, are necessary to
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INTRODUCTION

Malaria elimination has made
significant progress over the past two
decades since the year 2000. The success
of malaria management in the first two
decades of the 21st century is even being
called the golden era. Globally, the
incidence of malaria cases (per 1000 at-
risk population) has decreased from 80
cases in 2000 to 58 cases in 2015 and
further decreased to 57 cases in 2019.
Despite the significant reduction in
malaria incidence cases from 2000 to
2015, malaria cases and mortality rates
remained relatively stagnant in 2019, with
229 million cases and 409,000 deaths
reported by the World Health
Organization (WHO). In the Southeast
Asia region, the reduction in malaria
mortality and morbidity cases remains on
target. Countries in Southeast Asia have
shown a decrease in malaria cases and
deaths of more than 40%, with the
exception of Indonesia, which exhibited a
reduction between 25% and 40% in 2020
compared to 2015.

In  Indonesia, the malaria
elimination program is targeted for the
year 2030. Over the past decade, there has
been a decrease from 465,764 cases (with
an Annual Parasite Incidence, or API, of
1.96%) in 2010 to 222,085 cases (with an
APl of 0.86%) in 2018, which accounts
for more than a 50% reduction. However,
the reduction in malaria cases has
stagnated since 2014, indicating that
interventions in the elimination program
still need further development to
significantly reduce the number of cases.’

Although malaria has seen a global
decrease in the past decade, malaria cases
have been negatively impacted by the
COVID-19 pandemic, reversing the
progress made and returning global
incidence and malaria death rates to 2015

Pasaribu et al. / 1JTID, 13(2):89-97

levels. The total number of malaria cases
increased to 241 million cases in 2020, up
from 229 million cases in 2019. This is
attributed to disruptions in malaria service
delivery and management during the
pandemic.’

The pandemic’s impact on malaria
cases has also been experienced in
Indonesia. This is evident from the rise in
malaria cases in 2021 and 2022. Malaria
cases in 2020 initially stood at 254,055
cases, but they increased to 304,607 cases
in 2021 and rose again to 443,530 cases in
2022.*

The eastern portion of Indonesia,
more especially the provinces of Papua,
West Papua, and East Nusa Tenggara
(NTT), is the majority of the country's
malaria-endemic areas. Only one province
outside the eastern region of Indonesia
still has districts with high endemicity,
namely East Kalimantan Province,
especially in Penajam Paser Utara District.
In North Sumatra, 11 out of 33 districts
have not yet achieved malaria elimination,
with 8 of them having low endemicity and
the remaining 3 having moderate
endemicity. Labuhanbatu Utara District is
one of the districts with moderate
endemicity in North Sumatra.*

Tanjung Leidong Health Center is
a primary health center located in Kualuh
Leidong Sub-District, Labuhanbatu Utara
District. Tanjung Leidong Health Center
serves as the primary health center for the
Kualuh Leidong Sub-District, which has
high malaria cases in Labuhanbatu Utara
District, including recurrence cases of
vivax malaria. This study aims to provide
an overview of malaria cases in the work
area of Tanjung Leidong Health Center.

IJTID : Indonesian Journal of Tropical and Infectious Disease
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MATERIALS AND METHODS

Materials

Data was collected retrospectively
using the medical record of the Health
Center from September 2022 to July 2023
and the Indonesian national malaria
surveillance system from 2015 to 2021.

Methods

A descriptive analytic observational
study was undertaken in the operational
domain of Tanjung Leidong Health Center,
the principal healthcare facility in Kualuh
Leidong Sub-District. The study spanned 11
months, commencing from September 2022
to July 2023. Passive surveillance was
conducted over the 11-month period for
malaria  patients diagnosed using
microscopic ~ examination  or  rapid
diagnostic test (RDT) at the healthcare
facility. Patients availing treatment at the
center were derived from all seven villages
within the Kualuh Leidong Sub-District.
Employing a total sampling methodology,
the data compilation encompassed variables
such as gender, age, occupation, village of
residence, diagnostic assessments, and
malaria treatment modalities.
To provide broader context, data on malaria
cases from 2015 to 2021 were obtained
from the Indonesian national malaria
surveillance system, covering the entire
Labuhanbatu Utara District. While these
data sets originate from different geographic
areas and time frames, they offer a general
perspective on malaria trends. Notably,
Kualuh Leidong  Sub-District  has
historically been the highest malaria cases
in the district, highlighting its relevance in
regional malaria epidemiology. Data was
then analyzed using SPSS version 27, with
the results subsequently elucidated through
mean values and percentages.

Study Area

The current study offers valuable
insights into the current profile of vivax
malaria in the isolated area of Kualuh
Leidong, emphasizing the unique challenges
and characteristics of malaria cases in this
specific region. The geographical isolation
of Kualuh Leidong presents a noteworthy
observation in this study, as the majority of
vivax malaria cases were found to originate
from within the area itself.

Kualuh Leidong is one of the sub-
districts in Labuhanbatu Utara District
(Figure 1), which is located in the North
Sumatra Province. The area of Kualuh
Leidong District is 340.32 km? and is
further divided into 7 villages. It has a
tropical climate, which has dry season and
rainy season. The population in the district
reached 34,677 people. The village with the
largest population is Tanjung Leidong
Village, where 9,605 people live. The
Tanjung Leidong Village is also the main
village of the Kualuh Leidong, as the main
Health Center and many government offices
are located in this village.”

Kualuh IHuiar

Kualuh
Selatan

Aek Naras Aek Kuo

Marbau

Na IX - X

T Kabupateﬁ'_&
| " Labuhanbatu -Utara
Figure 1. The location of Kualuh Leidong, one

of the sub-districts in Labuhanbatu Utara
District

Kualuh Leidong Sub-District is
located around 50 km from the nearest

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease
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Hospital, taking 1.5 to 2 hours of travel via
land route due to the bumpy and muddy
road conditions (Figure 2). The access to
and from this area will be limited when it
IS rainy season, as the roads can become
very muddy and difficult to pass. This area
is located in a coastal region with a poor
level of environmental cleanliness,
creating numerous water puddles. The
majority of the community live in wooden
houses built over the water. These
conditions create an optimal environment
for mosquitoes to breed and spread
disease.

Figure 2. Kualuh Leidong road access and
environment

RESULTS AND DISCUSSION

Patient’s Characteristics

Based on the data collected over
the 11-month period from September 2022
to July 2023 (Table 1), there were a total
of 494 malaria cases. The characteristics of
malaria patients based on gender were
predominantly male, with a total of 301
cases (60.9%), and adults aged 18-60 years
were most affected, accounting for 63.6%
of the total cases.

Based on Table 2, the data reveal a
concentrated prevalence of vivax malaria
in Tanjung Leidong and Pangkalan
Lunang villages, both of which are in close
proximity to Tanjung Leidong Health
Center. This spatial association suggests
that geographical factors may contribute to
the higher incidence of malaria in these

areas. The challenging terrain and difficult
access to healthcare facilities may impact
the timely diagnosis and treatment of
malaria cases, emphasizing the need for
targeted interventions in these high-
prevalence villages. The presence of
geographical challenges in an area
influences the community's treatment-
seeking behavior. Individuals residing
farther from health facilities are more
inclined to seek traditional medicine
treatment  without undergoing proper
diagnosis.’®

Table 1. Basic characteristics of patients from
passive surveillance since September 2022 to
July 2023

Patient Characteristics Cases Percentage

Gender

Male 301 60.9%
Female 193 39.1%
Age Group

Children (0-18 years) 173 35.0%
Adult (>18 years) 314 63.6%
Data missing 7 1.4%

Table 2. Origin village of patients from
passive surveillance since September 2022 to

July 2023

Village Cases Percentage
Air Hitam 17 3.4%
Kelapa Sebatang 16 3.2%
Pangkalan Lunang 131 26.5%
Simandulang 20 4.0%
Tanjung Leidong 228 46.2%
Teluk Pulai Dalam 42 8.5%
Teluk Pulai Luar 23 4.7%
Outside of Kualuh Leidong 12 2.4%
No data 5 1%

The gender tendency to experience
vivax malaria varies in each region,
influenced by various factors such as
economic status, culture, occupation, and
others. Notably, in the context of this
study, there is an observed male
predilection for experiencing  vivax
malaria. This observation aligns with the
outcomes reported by Tafesse et al., where
males were more impacted by malaria

IJTID : Indonesian Journal of Tropical and Infectious Disease
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parasites than females over the last 10
years.” However, this finding diverges from
other studies that have identified a higher
prevalence of vivax malaria in females
compared to males.®®

The gender-specific distribution of
vivax malaria appears to be contingent upon
diverse contextual elements, emphasizing
the intricate interplay of various contributing
factors across different regions. The
multifaceted factors influencing the gender-
specific distribution of vivax malaria in
Kualuh Leidong are also applicable to age
groups. Vivax malaria poses a risk across all
age groups.'® From this study, it is observed
that the highest incidence of vivax malaria
in Kualuh Leidong occurs in the adult age
group. This contrasts with a study conducted
in Ethiopia, which revealed that the age
group of children under 5 years exhibited a
higher prevalence of vivax malaria.’* This
difference might be because one of the main
jobs in Kualuh Leidong is fishermen, which
requires them to be at sea during nighttime
hours.  Additionally, the community
members also tend to gather for social
gatherings at the night, further increasing
their risk of mosquito bites.

Malaria Diagnosis

Microscopic examination stands out
as the most recommended diagnostic
method for confirming malaria cases in
Indonesia.*?> In the specific context of
Kualuh Leidong, the microscopic
examination diagnostic approach remains
predominant, being employed in 93.7% of
malaria cases (Table 3). The usage of RDT
was in specific circumstances. RDT was
used for patients living far from the health
center and who can not easily access the
health center, hence, the examination was
conducted by local midwives. For cases
where both diagnostic methods are used,
these typically involve patients who visit the

health center’s emergency unit outside of
working hours. An initial RDT was
performed as the microscopist was not
present, and microscopic examination was
done to confirm the diagnosis on the next
day when the microscopist was available.
This observation underscores that despite
the geographic isolation of the area, the
diagnostic tool utilized for malaria diagnosis
is not impeded, provided that health
facilities possess appropriate tools and
personnel receive adequate training.

Table 3. Diagnostic methods used for malaria
diagnostic from passive surveillance since
September 2022 to July 2023

Methods Cases  Percentage
Microscopic Examination 463 93.7%
Rapid Diagnostic Test (RDT) 25 5.1%

RDT & Mlcroscoplc 6 1.20
Examination

Malaria Treatment

Out of the 494 malaria cases in
Kualuh Leidong Sub-District, Tanjung
Leidong Health Center managed 327 cases
(66.2%), while the remaining 167 cases
(33.8%) were handled by private clinics
(Table 4).

Table 4. Malaria treatment in Kualuh Leidong
from passive surveillance since September 2022

to July 2023

Treatment Cases Percentage

Treated in Private Clinics 167 33.8%

Treated in Health Center 327 66.2%
DHP + Primaquine : 204 cases (62.4%)*
Quinine + Primaquine : 90 cases (27.5%)**

DHP : 6 cases (1.8%)
Quinine - 4 cases (1.2%)
Not coming back for treatment : 23 cases (7%)

* 2 cases of recurrent malaria
** 5 cases of recurrent malaria

The primary treatment at the health
center was the first-line therapy of DHP +
Primaquine. Quinine was used as an
alternative when DHP was stock out.
Detailed treatment data for cases handled by

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease
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private clinics were not available because
only the microscopic slides of patients
suspected of having malaria were sent to
the health center for examination.
Treatment at the private clinics likely
involves quinine rather than DHP, as DHP
Is less accessible in private settings.

From the 327 patients who sought
treatment at the health center, 7 patients
(2.1%) experienced a recurrence of malaria
within the 11-month observation period.
Throughout the 11-month observation,
none of the malaria patients experienced
complications.  Hence, all malaria
management was conducted at the basic
health facility level and did not require
referral.

Although severe cases of malaria
are not prevalent in Kualuh Leidong, the
persistence of recurrent cases, albeit at a
modest percentage (2.1%), poses a
formidable challenge to the complete
eradication of malaria. This recurrence rate
aligns with findings from a study showing
that the burden of P. vivax relapse varies
widely across Indian regions, with reported
proportions ranging from 1.47% to 6%." It
is noteworthy that the nature of malaria
recurrence can encompass relapse,
recurrence, or reinfection, yet there
currently exist no established modalities
for  distinguishing  between  these
possibilities in Indonesia, especially in an
isolated area such as Kualuh Leidong.**

Increase in Malaria Cases in the Last
Few Years

The historical data on malaria cases
in preceding years were extracted from the
national malaria case reporting system in
Indonesia. Figure 3 provides an overview
of malaria cases in the Labuhanbatu Utara
District annually. When examining the
trend of malaria cases per year, the number
of cases tends to decrease from 2015 to
2020. The declining case of malaria in the
second decade of this century was also

observed in another country targeting the
elimination of malaria.>*" Since 2019, it
has been observed that only Plasmodium
vivax has been identified in Labuhanbatu
Utara District, with no detection of any
other type of Plasmodium. This situation
mirrors the global trends in which attempts
to lessen the burden of Plasmodium vivax
have not produced a satisfactory outcome.
Plasmodium vivax has been a challenge in
malaria elimination due to the ability to be
asymptomatic but still be transmissible and
the ability to hide dormant in the liver
stages, which can lead to relapse.'®

In Figure 3, a noteworthy deviation
occurred in 2021, where there was a surge
in malaria cases, totaling 435 cases. This
figure represents an increase of nearly
twofold compared to 2020. Consequently,
this upswing of cases in 2021 prompted a
transition in the endemic status, shifting
from a low-endemic area to a moderately
endemic area. The interruptions brought on
by the COVID-19 pandemic, which
affected malaria control systems across the
country, were expected to be the cause of
the observed increase in malaria cases in
2021.
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Figure 3. Number of malaria cases in
Labuhanbatu Utara District from 2015 to 2021

The COVID-19 pandemic has had
profound consequences on the national
malaria program in Indonesia, contributing
to a surge in malaria cases in 2021.* The
Kualuh Leidong area, in particular, has not
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been exempt from this impact. As illustrated
in Figure 3, malaria cases doubled in 2021.
This escalation is not reported only in
Indonesia but also in several other
countiers.®®*  The  World  Health
Organization (WHO) reports that the
incidence of malaria rose by 5% in 2020.%

The pandemic of COVID-19 give a
major disruption to health service delivery,
including malaria management.” The global
occurrence of hindered mobilization,
isolation, and lockdown extended to China,
the major provider of medical equipment,
antibiotics, active pharmaceutical
ingredients (API), and personal protective
equipment (PPE) worldwide. The direct
impact of the pandemic on malaria treatment
manifested in disruptions to the drug supply
chain. Consequently, this led to numerous
stockouts of  medications, including
dihydroartemisinin + piperaquine (DHP).2*
2% In our study area, these drug shortages
had even more severe consequences due to
the region’s optimal environment for
mosquito breeding, resulting in a high
mosquito population. The use of quinine
requires a longer duration and higher dosing
frequency (7 days, thrice daily) compared to
DHP (3 days, once daily), increasing the risk
of transmission by prolonging the period
during which Plasmodium remained in the
blood stage.

STRENGTH AND LIMITATION

The strength of this study was its
ability to gather data from an isolated
location, thus giving information on the
malaria situation in a remote location.
However, the limitation of this study was
the passive data collection and the collected
data did not interfere with healthcare service
flow, which leads to the restriction of
collected information.

CONCLUSIONS

The data collected over an 11-month
period from September 2022 to July 2023
highlights a significant increase in vivax
malaria cases in Kualuh Leidong compared
to previous years. The discernible increase is
attributed not only to local factors but also
to the broader impact of the COVID-19
pandemic, which has disrupted the national
malaria control program, contributing to a
surge in cases globally and specifically
within Kualuh Leidong. Addressing these
challenges and striving towards the
ambitious goal of malaria elimination by
2030 necessitates collaborative efforts from
all stakeholders, encompassing both health
centers and the community.
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INTRODUCTION

Mycobacterium tuberculosis
Complex infection is the causative agent of
Pulmonary  Tuberculosis  (PTB), an
infectious lung disease. After COVID-19,
PTB cases ranked as the second most
common cause of infection-related mortality
globally. In 2022, PTB cases will result in
twice as many deaths as cases of HIV/AIDS
combined with other viruses. PTB continues
to be a significant global concern, with an
annual rise in cases."? To eliminate PTB
cases by 2030, the World Health
Organization (WHO) and United Nations
(UN) prefer to improve the incidence rate to
65/100.000 people and the mortality rate to
6/100.000 people.>*

As per the 2023 Global Tuberculosis
Report, Indonesia currently maintains the
second place globally in terms of PTB cases,
with an estimated total of 1.060.000 cases,
after India. The amount of mortality of
PTBis also strongly associated with an
increase in new cases, which exceeded
134.000 cases.! Data from the Indonesian
Ministry of Health also explains that there
was an 809.644 case increase in PTB cases
in 2023, above the previous year.'*
Indonesia has noticed an increase in PTB
cases, mainly because of the unsuccessful
outcome of treatment. The amount of Drug
Resistant Tuberculosis (DR-TB) cases in
Indonesia has also increased in alongside this
condition.>®

Globally, by 2022, resistance testing
will be conducted on 73% of new PTB cases,
with 4,4% having developed DR-TB.'®
Incidence of DR-TB is estimated to be
10/100.000 in 2021, with a mortality rate of
52/100.000 people.”® Compared to 7.876
cases in 2021, the incidence of patients with
confirmed Multi Drug Resistant
(MDR)/Rifampicin Resistant (RR)
Tuberculosis until the beginning of 2024 was

12.531 cases.*® Indonesia is one of the
nations with the highest incidence of DR-TB
cases globally, accounting for 28.000 cases
since 2021. In that time, 45-50% of cases
continue to end successfully. Along with
mortality rates of 15-20% of cases, this
condition is caused by a high rate of
dropping out of 20-30% of cases.**

WHO  recommended an oral
treatment regimen in 2020 with the aim of
decreasing the duration of treatment to 9-11
months for cases of MDR-TB. Through the
use of injectable Anti Tuberculosis Drugs
(ATD), the previous regimen failed to be as
assist of prompt treatment accomplishment
for each patient as it had been for others.?o!
The use of medication is affected by reports
of patients who, mainly as an outcome of
drug side effects, are unable to complete
treatment on time.'* There are additional
reasons to search for advanced DR-TB
regimens with a shorter duration and fewer
side effects, including the logistical
challenges of DR-TB regimens, the high
expense of current drugs, and an increasing
number of treatment failures.*?*3

The strategy for DR-TB diagnosis
requirements, which experienced several
changes in accordance with  WHO
guidelines in 2022, is closely related to tasks
that aim at increasing the treatment's success
rate. The development of Molecular Rapid
Test exams, which can currently detect
Isoniazide (INH) and Fluoroquinolone (FQ)
resistance in the same test, shows changes in
the procedure for the diagnosis of DR-TB.
Furthermore, beginning in 2022, clinical
trials into the use of ATD without injection
and a shorter duration of treatment would be
carried out, as the WHO.***°

The Global Tuberculosis Programme
of the World Health Organization (GTB-
WHO) has incorporated all the latest clinical
trial recommendations into one set of
integrated  guidelines for the global

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease
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management of DR-TB cases.® The
newest regimens recommended by WHO
are Bedaquiline, Pretomanid, Linezolid,
Moxifloxacin (BPaLM), and Bedaquiline,
Pretomanid, Linezolid (BPaL). Already in
2022, 40 nations began using the 6-month
BPaL/M regimen for RR/MDR-TB and
Pre-Extensively Drug Resistant (Pre-
XDR)-TB patients. 1%/

The National Tuberculosis
Programme in Indonesia has started
providing INH Monoresistance regimens
and BPaLM/BPaL regimens by 2023. This
effort is to close the gap between DR-TB
case finding and patients who have
received DR-TB regimens previously.**'8
The WHOQO's decision to implement its most
current DR-TB regimen in 2022 indicates a
significant advancement in the revision of
the Technical Guidelines for DR-TB
Management in Indonesia. The success of
End Tuberculosis 2030 is expected to be
improved by the introduction of the
BPaLM/BPaL regimen.'®®

DEFINITION

The common term for
Tuberculosisis an infectious disease

tuberculosis are intracellular pathogens that
can reproduce a mycolic acid layer, are
immobile, and are capable of cell division
every 18-24 hours.”® The WHO 2022
summary of multiple investigations has led
to an upgrade in the nomenclature used to
describe the cause of PTB. The Genus of
Mycobacterium,  which includes M.
tuberculosis, M. bovis, M. caprae, M.
africanum, M. microti, M. canneti, M.
orygis, and M. pinnipedii, is the source of
PTB. This group of species is known as the
Mycobacterium tuberculosis Complex.”

CLASSIFICATION

According to the WHO's 2022
recommended terminology, PTB can be
classified according to anatomical location,
previous PTB treatment history, HIV
status, and drug test sensitivity.'**® Drug-
sensitive TB (DS-TB) and DR-TB are the
two categories of PTB that are based on
drug sensitivity tests. The most recent DR-
TB treatment is directly related to the
updated DR-TB classification approach
that takes Mycobacterium tuberculosis
microbe resistance patterns into view. As
shown in Figure 1, there are five groups in

caused Dby Dbacilli of Mycobacterium
tuberculosis. Bacilli of Mycobacterium

Rifampicin Sensitive,
Isoniazide Resistant

Rifampicin-
Susceptible,
Isoniazid-
Resistant
Tuberculosis

the DR-TB classification.'>%

0 - f Multi Drug Rifampicin
IR Bnqmpmm Resistant Resistant Resistant of Rifampicin
and Isoniazide Tuberculosis Tuberculosis

DR -TB

Pre- Extensively
Extensively Drug
RRTB/MDR TB + Drug Resistant

Fluoroguinclones Resistant Tuberculosis
(Levofloxacin or
Moxifloxacin)

Pre XDR +
One of the Group A - ATD
(Bedaquiline or Linezolid)

Figure 1. Classification of DR-TB"
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CRITERIA OF DR-TB SUSPECTED

Suspected DR-TB was reduced to
two criteria in accordance with WHO
recommendations in 2022. For paediatric or
adult DS-TB patients with or without HIV
that worsened clinical (symptomatic or
radiological) or bacteriological improvement
by the end of the 2" month, one month
before the end of treatment, and the end of
treatment, despite receiving an appropriate
mix and dose and following ATD, the initial
criterion is to be used. The second criteria is
relevant to patients that belong to paediatric
or adult with symptoms of PTB and had one
of the following histories: (1) history of
close contact with DR-TB patients; (2) a
history of close contact with DS-TB patients
that died about PTB, failed treatment, and
were not committed during treatment; and

(3) had history of DS-TB or DR-TB
treatment. 61822
DIAGNOSIS APPROACH

The Molecular Rapid  Test

examination is the first approach used to
diagnose PTB, employing Xpert MTB/Rif

examination has been able that detect the
Mycobacterium tuberculosis complex and
measure resistance to Rifampicin, Isoniazide,
and Fluoroquinolones since 2006, as
evidenced by the Xpert MTB/XDR
cartridge.”® Xpert MTB/XDR was created to
improve the rate of finding cases for DS-TB
and DR-TB, which will decrease morbidity
and mortality. The development of this
Molecular Rapid Test examination also
improves the diagnosis of patients who meet
the criteria for suspected DR-TB. The MRT
Xpert MTB/XDR examination serves as a
substitute for first and second-line Probe
Assay (LPA) and culture examinations,
showing quicker test results.®?®

The algorithm for identifying PTB
was also altered to prioritise the results of the
Molecular Rapid Test of Xpert MTB/XDR
test (Figure 2).** The new algorithm also
enables a more targeted approach to the
diagnosis of DR-TB, which in then
accelerates the treatment process. The
interpretation of Molecular Rapid Test
examination results assists in the detection of
XDR-TB, RR-TB/MDR-TB, Pre-XDR-TB,
and Monoresistance TB.2*%

cartridges. The Molecular Rapid Test

Molecular
Rapid Test

¢ + ] v +

MTB Positive, MTE Positive, MTB No Result /
Rif Sensitive Rif Indeterminate Negative Error / Invaliad

MTB Positive,
Rif Resistant

1 ¢ l | |

g::;;:-?:t;:i‘t Re-Examination
21 Line Molecular INH Sensitivity Broad- of MRT
Sensitivity Test Phenotypic Test with Prior ' spectrum
(LPA or MRT of Sensitivity Test Al ioti
XDR)

o

Treatment History

R ination of

MRT and Treatment
Adjusted Based on
MRT results

| INH Resistant | | INH Sensitive | Lung Abnormalities Normal Lung
Sensitive to FQ i toFQ ive of PTB/ Features/
Group Drugs Group Drugs * No Clinical Clinical
1% Line Moleculai Continue Impression Improvement
S ivity Test 2
(LPA or MRT of 17 Line ATD
XDR) Treatment
v i v v
Troatment: Treatment: Adiust o INH Monoresistance Toh 17 Ling ATO. NoPTB
BPaL/M or STR BPaL or LTR Treatment Treatment

Figure 2. Update of the Diagnosis Algorithm of PTB in Indonesia with a Treatment Approach in Cases of
INH Monoresistance and DR-TB based on Current Molecular Rapid Test Interpretation®*
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ALGORITHM OF CURRENT
MANAGEMENT FOR DR-TB

So as to achieve the goal End TB
2030, WHO demonstrates that each of the
bacteriologically confirmed PTB patients
experiences early diagnosis of PTB and
increased sensitivity tests. People who
show classic symptoms of PTB, have a
history of contact with PTB patients, and
have comorbid or co-infected with HIV are
prioritized for molecular tests. The
sensitivity test is also implemented to
evaluate the patient's resistance to Second
Line ATD through genotypic and
phenotypic analysis. ®?°

Based on  Figure 3, the
WHO published the current management
strategy for DR-TB in 2022. The most
recent update on the management of DR-
TB suggests that the BPaLM/BPaL

regimen be administered and that the Short
Term Regimen (STR), which variant of the
Ethionamide and Linezolid options, get
revised.'®#%%

There are three general treatment
regimens that are currently used to manage
DR-TB (Figure 3). The first treatment
regimen consists of BPaLM, BPaL, and
Monoresistance (Hr-TB) regimens and will
be given for six months.'®**** The second
regimen, which was previously identified
as the STR, refers to the nine-
month treatment  regimen. The STR
treatment is updated in accordance with the
criteria of DR-TB patients and is divided
into Ethionamid and Linezolid variants.
The Long Term Regimen (LTR) is the last
regimen, extending for 18-24 months.**%%#’

|

MTB Positive,
Rif Resistant
A 4 l
RR/MDR TB Pre XDR TB XDR TB
Appropriate Treatment Criteria Appropriate Treatment Criteria
¢ No Treatment #

Criteria
BPalLM of Treatment |
Regimen 6-months

Check 9-months
Treatment

BPaL of Treatment
Regimen 6-months

Regimen Criteria

1

I
Appropriate Treatment Criteria

v

Treatment Regimen
9-months

I

: }

Treatment Regimen
9-months with
Ethionamide variant

Treatment Regimen
9-months with
Linezolid variant

No Treatment
No Treatment Criteria
Criteria

Long Term Regimen/
Individualized Regimen

Figure 3. Current Management of DR-TB with BPaL/M Regimen as the Main Priority for DR-TB

Treatment with a Shorter Duration of Treatment®
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REGIMEN of BPaL/M

Criteria for Administration of BPaL/M
Regimen

The criteria for using BPaLM or
BPaL regimens differ based on the
indications for diagnosis and the results of
resistance tests of the components of the
BPaL/M regimen. There are similarities in
the criteria for giving the BPaL/M regimen,
including: (1) Adult or adolescent patients
>14 years, no matter the presence of HIV;
(2) Patients with confirmed PTB or Extra
Pulmonary Tuberculosis (EPTB), with the
exception of TB that involve the Central
Nervous System (CNS), Osteoarticular, and
Disseminated/Millary; (3) Have not used
Bedaquiline, Pretomanid, Linezolid, or
Delamanid for a period more than one
month; and (4) Cannot be administered in
pregnancy and lactation. Although the two
criteria differ by the criteria is BPaLM

BPaL regimen is recommended for patients
diagnosed with Pre XDR-TB. Furthermore,
the BPaL regimen must be administered in
an approach that ensures the drug
components are not resistant. It displays the
difference between the two regimens.'®*®

The administration of Moxifloxacin
was the only difference between the
composition and dosage of OAT in the
BPaL/M regimen, as shown in Figure 4.1%8
BPaLM and BPaL regimens also differ by
the duration of treatment. The BPaLM
regimen is given at the same time daily for a
maximum of 6 months or 26 weeks.
Compared to the BPaLM regimen, the
duration of the BPaL regimen can be
prolonged by 3 months at the time of clinical
progress, even if the sputum culture results
have not converted by the end of the 6
months of treatment. The BPalL regimen's
extended treatment duration aims to achieve
a total treatment duration of 9 months or 39
Weeks.16,18,22

Type of ATD

Dose of Administration

Bedaquiline / Bdq (Dosage: 100 mg tablet) | 400 mg once/day for the first 2 weeks daily

Followed by 200 mg 3 times/week

Pretomanid / Pa (Dosage: 200 mg tablet)

200 mg once/day daily

Linezolid /Lzd (Dosage: 600 mg tablet)

600 mg once/day daily

Moxifloxacin / Mfx (Dosage: 400 mg tablet)

400 mg once/day daily

regimen is recommended for patients
diagnosed with RR-TB/MDR-TB, and the
—[ Group A }7
* Levof in (Lfx) or Moxifl in (Mfx)
* Bedaquiline (Bdq)
* Linezolid (Lzd)
~{ Group B }7
* Clofazimine (Cfz)
* Cycloserin (Cs) or Terizidone (Trd)
—{ GroupC —
* Ethambutol (E)
* Delamanid (Dlm)
* Pyrazinamide (Z)
* Imipenem-Silastatin (Ipm-Cln)
* Meropenem (Mpm)
« Amikacin (Amk) or Streptomycin (S)
* Ethionamid (Eto) or Prothionamid (Pto)
* P-aminosalicylic acid (PAS)

Figure 4. Type and Dose of ATD in BPaL/M Regimen'®*?

Modification of BPaL/M Regimen

The BPaL/M regimen may be
modified both before and after treatment.
The BPaL/M  regimen  modification
principles are comprised of 4 aspects,
especially: (1) Dosage adjustments are just
available  with  Linezolid; (2) Not
recommended to change the wuse of
Moxifloxacin to Levofloxacin; (3) The

administration of a BPaL regimen is advised
in the event that Moxifloxacin has
contraindicated; and (4) The administration
of Pretomanid and Bedaquiline cannot be
permanently discontinued during
treatment.’®**?®  The modified BPaL/M
regimen contains 3 primary principles for the
administration of Linezolid, that are: (1) The
only permitted stoppage of Linezolid is not

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease
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recommended within the initial 9 weeks;
(2) Linezolid should not be stopped for a
duration above 14 days; and (3)

The administration of BPaL/M
regimen is very important to be considered
in detail in Linezolid dose adjustment.*®?®
Linezolid dose adjustment is considered in
3 ways, namely: (1) Can be permanently
stopped; (2) Temporarily suspended; and
(3) Linezolid administration  dose
reduction. Indications for permanent
discontinuation of Linezolid include a
finding of significant toxicity effects in the
first 9 weeks of administration of
600mg/day. Where conditions such as optic
neuritis, grade 3-4 peripheral neuropathy,
recurrent anemia, and severe
thrombocytopenia are present, toxicity
effects are considered significant. If the
remaining treatment time is less than 8
weeks and culture conversion has occurred,
there are additional conditions that may
result in a permanent end of Linezolid
administration.?®%

The administration of Linezolid 600
mg/day within the first 9 weeks of
treatment may be just stopped if the
duration of Linezolid discontinuation is
less than 14 days. Any condition that fails
to satisfy these criteria will be classified as
treatment failure. Linezolid can be reduced
to 300 mg/day if it has been administered
within the first 9 weeks and there are low
toxicity effects, such as grade 1 or 2
peripheral neuropathy and
myelosuppression, that have improved after
transfusion. 6%

Criteria for Treatment Failure of
BPaL/M Regimen

The eligibility criteria for each
patient are modified prior to the
administration of the BPaL/M regimen.
Patients who fail to meet the criteria for
BPaLM regimens may be considered for
BPaL regimens if there is resistance to

Discontinuation of Linezolid for a duration
over 14 days within the initial 9 weeks was
described as Treatment Failure.'®2®
fluoroquinolones. The subsequent option is
STR treatment that is customized to the
criteria of Ethionamide or Linezolid
variants, as the administration of the
BPaLM regimen is contraindicated.*®*8

The LTR treatment is
recommended for patients who fail to meet
the criteria for BPaL/M or STR treatment.
If there was no sputum conversion at the
conclusion of the 6™ month of treatment
with the BPaLM regimen or the 9" month
of treatment with the BPaL regimen,
patients were classified as treatment
failures.® Additionally, treatment failure
will be characterized as permanent
discontinuation ~ of  Bedaquiline  or
Pretomanid, or the development of
resistance to Bedaquiline, Pretomanid, and
Linezolid during the treatment period.”®?°
In the event of BPaL/M modification, the
criteria for treatment failure also apply if
there is substantial toxicity following
Linezolid administration and adverse
events involving  discontinuation  of
Linezolid for more than 14 days within the
first 9 weeks. The patient's treatment is
maintained with the LTR treatment
following the failure in the BPalL/M
regimen.'63°

SHORT-TERM REGIMEN (STR)

Generally, the criteria for STR are
still unaltered and continue to be applied in
accordance with the previously established
criteria. The main treatment option for DR-
TB management is no longer STR due to
recent advances in BPaLM/BPaL regimens
(Figure 3).'° Criteria that are inappropriate
for BPaLM/BPaL will be matched with
criteria that are acceptable for STR.
Patients with RR-TB/MDR-TB may be
advised to get STR with the most recent
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two variants. If the STR criteria fail to be
satisfied, patients will continue to receive
LTR treatment.'®®

Treatment criteria for STR should be
customised for Ethionamide and Linezolid
variants according to the most recent WHO
recommendations for 2022.'® In patients with
severe  peripheral  neuropathy, visual
impairment, or very low
haemoglobin/neutrophils/thrombocytes, STR
with  Ethionamide variants may be
recommended. Pregnancy and breastfeeding
are not recommended contraindications to
STR with the Ethionamide variant. The STR
with the Linezolid variant is considered more
effective than Ethionamide in terms of
treatment ~ compliance.  Comprehensive
supervision should be maintained during the
administration of Linezolid, as it has the

potential to cause toxicity effects.'®

However, the duration of STR
treatment with Ethionamide or Linezolid
variants remains 9-11 months. Additionally,
the two variants maintain similarities in the
composition and type of ATD, specifically
the administration of Bedaquiline for 4-6
months during the initial stage and the use of
the same type of ATD during the advanced
stage (Figure 5).°% The two categories of
STR variants do not exhibit a significant
difference in terms of the duration and
advanced stage of treatment. The difference
between these two variants is in the initial
stage of treatment. The Ethionamide variant
involves the administration of Ethionamide
for 6 months, and the Linezolid variant
involves the administration of Linezolid for
2 months.*

[ Short Term Regimen J

|

|

Variant of Ethionamide

Variant of Linezolid

4-6 Bdq (6-months)-Lfx/Mfx-Cfz-Z-E-Hdt-Eto /

5 Lix/Mfx-Cfz-Z-E

4-6 Bdq (4-months)-Lzd (2-months)-Lfx/Mfx-Cfz-

Z-E-Hdt /5 Lix/Mfx-Cfz-Z-E

Figure 5. Current Differences of Anti-Tuberculosis Drugs Components in Short-Term Regimens as

Alternative Treatment of Contra-Indications in BPaL/M Regimens

Treatment with STR is assessed in
stages to determine the conversion status of
sputum culture. Evaluation of the conversion
status to determine the duration of treatment
is approximately 9-11 months. The initial
phase of treatment is the basis for
establishing the parameters wused to
determine the duration of treatment.
Treatment can be administered for 9 months,
provided that the sputum culture results at
the conclusion of the 4" month have
converted, and the following stage continues
for 5 months. Patients who have received

16,31

negative initial AFB or sputum culture
results can be administered the initial stage
for a period of 4 months. Additionally, for
the purpose of ensuring that patients
experience proper wellness, clinical and
radiological conditions are assessed in
stages.>!2

Treatment can be administered in 10
or 11 months if no conversion has occurred
by the outcome of the 4™ month. Therefore,
the initial phase of treatment continues to the
5th or 6" month. For confirmation of ATD
sensitivity in  the treatment regimen
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component, it is recommended that second
LPA tests and ATD test sensitivity be
repeated. Treatment failure is declared
if STR treatmentis wused and LTR
treatment is continued after the 5" or 6"
month, and there is no sputum culture
conversion.*

LONG-TERM REGIMEN (LTR)

The initial introduction of DR-TB
management started in Indonesia in 2009.
The management of DR-TB from 2009-
2017 was examined, and it was observed
that there was a trend of decreasing
treatment success rates, increasing dropout
rates, and increasing mortality rates. An
oral treatment regimen for the management
of DR-TB was issued by the WHO in 2018
in response to these findings. The result is
further supported by the 2017 Decree of the
Indonesian Minister of Health, which aims
to break the link for transmission of DS-TB
and DR-TB in the community by
conducting DR-TB  treatment and
expanding the availability of DR-TB health
care facilities.'®*

Based on the above history, the
LTR treatment was initially introduced by
the WHOIn 2018 as an alternative
management  option  following STR
treatment in the treatment of DR-TB.
Several studies of clinical trials conducted
by the WHO in 2020 to 2022 showed that
LTR treatmentis still an effective
treatment for DR-TB.}2%** | TR treatment
is the final option in the current
management of DR-TB, particularly in
patients who have failed treatment after
BPaLM, BPaL, and STR treatment, as
described in the current management
pathway for DR-TB (Figure 3).*3*

Individualised regimens are one of
the terms used to describe LTR treatment.
This is because the ATD components in
this regimen can be adjusted in phases

depending on the level of the 2nd
Line ATD group. The optimal treatment
regimen includes 3 Group A drugs and
2 Group B drugs. According to the event
that the ideal regimen failed to conform to
the criteria for the completion of the 5 drug
components in LTR treatment, the use of
Group C drugs may be prescribed. The
most recommended drug is administered
from the highest position of the list. Group
C drugs are administered in the following
sequence.'®1834

The primary LTR treatment
regimen begins with 5 types of ATD that
are considered to be effective, and must
consist of a minimum of 3 types of ATD
after the end of Bedaquiline (Figure 4). The
LTR treatment has been customised to the
patient's clinical history and treatment,
which includes the results of the 2nd
Line ATD sensitivity test, a history of
disease intolerance, and any comorbidities
that may result in ATD interactions with
other drugs.’**** The duration of the LTR
treatment regimen was 18-24 months and
was modified based on the duration of
sputum culture conversion. Individuals
who do not achieve culture conversion by
the 8™ month of treatment are classified as
treatment failures and must begin the LTR
treatment from the start, with the drug
composition adjusted according to the most
recent sensitivity test results.>**

STRENGTH AND LIMITATION

The strength of this review article is
that it can be used as an updated guide to
DR-TB management. This article is
expected to provide information to all
communities, especially health agencies, in
managing DR-TB cases with shorter
treatment. The limitations of this review
article are subject to change, and the latest
scientific developments based on research
being developed in the treatment of DR-TB
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that is more efficient and effective.
CONCLUSION

The annual increase in cases of DR-
TB presents a significant global health
burden. The significant prevalence of drug
dropout and mortality rates provides a
foundation for scientific advancement in
enhancing the identification and efficacy of
treatment. The MRT examination, using the
MTB/XDR cartridge, is an advanced
technique for accelerating the identification
of PTB cases. It is able to detect the Mtb
Complex, which is the main cause of PTB
infection. Furthermore, a further benefit is
being able to detect both resistance to INH
and Fluoroquinolones as a diagnostic
approach to monoresistant TB and pre-XDR-
TB. This upgrade is anticipated to accelerate
the detection of DR-TB in nations with a
high prevalence of the disease, such as
Indonesia.

Following that, a new strategy for
managing DR-TB was implemented, with a
shorter treatment period and minimal side
effects. The principal treatment for DR-TB
has now been superseded by this shift in DR-
TB treatment, making STR and LTR useless.
According to the WHO Guideline 2022, the
BPaL/M regimen has been identified as the
primary treatment choice for managing DR-
TB. This regimen has been evaluated in
multiple clinical trials and is recommended
for a treatment period of 6 months. The
BPaLM regimen is recommended for cases
of RR-TB/MDR-TB, while the BPaL
regimen is recommended for cases of Pre
XDR TB. The modifications in the BPaL/M
regimen specifically apply to the period and
dose of Linezolid administration before and
after the treatment. Extensive clinical
monitoring was conducted to evaluate the
adverse effects caused by the administration
of Linezolid. The linezolid dose was

adjusted during the initial 9 weeks of
treatment and was not stopped for more than
14 days.

The administration of STR treatment
could be considered for patients who do not
meet the criteria of the BPaL/M regimen or
who fail treatment with the BPaL/M regimen
initially. STR treatment is currently divided
into two variants, namely Ethionamide and
Linezolid. The administration of both
variants is accommodated to the treatment
criteria and clinical indications. In the
management of DR-TB, LTR treatment is
the last option for patients who do not
qualify for STR administration or STR
treatment failure. It is anticipated that the
current approach to the diagnosis and
management of DR-TB will be updated in
order to enhance the efficacy of DR-TB
treatment and decrease the incidence of drug
withdrawal, as well as mortality from PTB.

ACKNOWLEDGMENT
We extend our gratitude to all those

who supported and contributed to the
improvement and enhancement of this study.

FUNDING

This study did not receive any
funding.

CONFLICT OF INTEREST

The authors declared there is no
conflict of interest.

AUTHOR CONTRIBUTION

Idea and concept: RLS, ETMS, 1Y,
ZAF. Design and manuscript writing: RLS,
ETMS. Data collection and processing:
ETMS. Control and supervision: RLS, 1Y,

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease



Simatupang et al. / 1JTID, 13(2):98-110

ZAF. Review and revision: RLS, 1Y, ZAF.
All authors contributed to and approved the

geographical areas of Indonesia.
PL0S One. 2021;16(10 October):

approach. PLoS One.
2023;18(February):1-14.DOI:

10.1371/journal.pone.0281591

Noviyani A, Nopsopon T,
Pongpirul K.  Variation of
tuberculosis  prevalence across
diagnostic approaches and

final version of the manuscript. 1-12. DOl:
10.1371/journal.pone.0258809
REFERENCES 8. Tim Kerja Tuberkulosis.
Dashboard Data Kondisi TBC di
1. World Health ~ Organization Indonesia Data Diperbarui 02
(WHO). Global Tuberculosis Januari 2024. Kementerian
Report 2023. WHO. 2023. Kesehatan Republik Indonesia.
World Health ~ Organization 2024.
(WHO). Global Tuberculosis Available:https://tbindonesia.or.id/
Report 2022. WHO. 2022. pustaka-tbc/dashboard/
Kementerian Kesehatan Republik 9. Alsayed SSR, Hendra G.
Indonesia. Tuberculosis Control in Tuberculosis: Pathogenesis,
Indonesia  2023. Kementerian Current Treatment Regimens and
Kesehatan Republik Indonesia. New Drug Targets. International
2023. Journal of Molecular Sciences.
Kementerian ~ Kesehatan  RI. 2023,; 24: 5202. DOl:
Laporan Program Penanggulangan 10.3390/ijms24065202
Tuberkulosis Tahun 2022. 10. Meeting report of the WHO expert
Kementerian ~ Kesehatan  RI. consultation on the definition of
Jakarta. 2023. extensively drug-resistant
Kaaffah S, Kusuma 1Y, Renaldi tuberculosis, 27-29 October 2020.
FS, Pratiwi ADE, Bahar MA, Geneva: World Health
Lestari YE. Knowledge, Attitudes, Organization; 2021.
and Perceptions of Tuberculosis in 11. Lestari Bony Wiem, et al.
Indonesia: A Multi-Center Cross- Management of drug-resistant
Sectional Study. Infect Drug tuberculosis in Indonesia: a four-
Resist.  2023;16(January):1787— year cascade of care analysis. The
800. Lancet. 2024 March; (22). DOI:
DOI:https://doi.org/10.2147/IDR. 10.1016/j.l1ansea.2023.100294
S404171 12. Fekadu G, Tolossa T, Turi E, et al.
Lestari T, Fuady A, Yani FF, Pretomanid development and its
Putra IWGAE, Pradipta IS, clinical roles in  treating
Chaidir L, et al. The development tuberculosis. J Glob Antimicrob
of the national tuberculosis Resist. 2022; 31:175-184. DOI:
research priority in Indonesia: A 10.1016/j.jgar.2022.09.001
comprehensive mixed-method 13. Simanjuntak AM, Daenansya R,

Aflandhanti PM, et al. Efficacy of
pretomanid regiment for drug-
resistant tuberculosis: A
systematic review and meta-
analysis of clinical trials. Narra J
2023; 3 (3): e402.
DOI:10.52225/narra.v3i3.402

IJTID : Indonesian Journal of Tropical and Infectious Disease


https://tbindonesia.or.id/pustaka-tbc/dashboard/
https://tbindonesia.or.id/pustaka-tbc/dashboard/

1IJTID

Vol 13 No 2. May - August 2025 | Update on The Current Management of Drug-Resistant Tuberculosis (DR-TB)

14.

15.

16.

17.

18.

19.

Viney K, Linh NN, Gegia M, et al.
New definitions of pre-extensively
and  extensively  drug-resistant
tuberculosis: update from the World
Health Organization. Eur Respir J
2021; 57  2100361. DOI:
10.1183/13993003.00361-2021
Direktorat Jenderal Pencegahan dan
Pengendalian Penyakit.
Pemberitahuan Penggunaan Kartrid
Xpert MTB/RIif Ultra dan Tindak
Lanjut Hasil MTB Trace Detected
Rif  Resistance  Indeterminate.
Kementerian Kesehatan Republik
Indonesia. 2023.

WHO consolidated guidelines on
tuberculosis. Module 4: treatment -
drug-resistant tuberculosis
treatment, 2022 update. Geneva:
World Health Organization; 2022.
Knapp RO, Edwards S,
Kuchukhidze G, Kroger S, Hacker
B, et al. Availability of drugs for the
treatment of
multidrugresistant/rifampicin-
resistant tuberculosis in the World
Health  Organization = European
Region, October 2023. Euro
Surveill. 2024;29(17):pii=2400211.
DOI: https://doi.org/10.2807/1560-
7917.ES.2024.29.17.2400211.
Kementerian Kesehatan Republik
Indonesia. Buku Pegangan
Operasional Pengobatan
Tuberkulosis Resistan Obat dengan
Panduan BPaL/M. Kementerian
Kesehatan  Republik  Indonesia.
2023.

Luies L, Preez I. The echo of
pulmonary tuberculosis:
mechanisms of clinical symptoms
and other disease - induced
systemic ~ complications. Clin
Microbiol Rev. 2020; 33:e00036-
20. DOI:

20.

21.

22.

23.

24,

25.

https://doi.org/10.1128/CMR.00036
-20.

Isbaniah F, Burhan E, Sinaga BY,
Behtri D, Yanifitri, et al.
Tuberkulosis: Pedoman Diagnosis
dan Penatalaksanaan di Indonesia.
Jakarta: Perhimpunan Dokter Paru
Indonesia. Jakarta; 2021.

Kherabi Y, Jachym MF, Rioux C,
Yazdanpanah Y, Méchai F, et al. for
the MDR-TB Management Group.
Revised Definitions of Tuberculosis
Resistance and Treatment
Outcomes, France, 2006-2019.
Emerging Infectious Diseases. Vol.
28, No. 9, September 2022.
DOl:https://doi.org/10.3201/eid280
9.220458.

Lange C, Dheda K, Chesov D,
Mandalakas AM, Udwadia Z, et al.
Management  of  drug-resistant
tuberculosis. Lancet. 2019 Sep
14;394(10202):953-966. DOI:
10.1016/S0140-6736(19)31882-3.
Kay AW, Ness T, Verkuijl SE,
Viney K, Brands A, et al. Xpert
MTB/RIF  Ultra  assay  for
tuberculosis disease and rifampicin
resistance in children (Review).
Cochrane Database of Systematic
Reviews 2022, Issue 9. Art. No.:
CD013359. DOI:
10.1002/14651858.CD013359.
Gunther G, Ruswa N, Keller PM.
Drug-resistant tuberculosis:
advances in  diagnosis  and
management. Curr Opin Pulm Med.
2022 May 1;28(3):211-217.
DOI:10.1097/MCP.0000000000000
866.

Pillay S, Steingart KR, Davies GR,
Chaplin M, Vos MD, et al. Xpert
MTB/XDR  for detection of
pulmonary tuberculosis and
resistance to isoniazid,

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease

109


https://doi.org/10.2807/1560-7917.ES.2024.29.17.2400211
https://doi.org/10.2807/1560-7917.ES.2024.29.17.2400211
https://doi.org/10.1128/CMR.00036-20
https://doi.org/10.1128/CMR.00036-20
https://doi.org/10.3201/eid2809.220458
https://doi.org/10.3201/eid2809.220458

Simatupang et al. / 1JTID, 13(2):98-110

26.

27.

28.

29.

30.

fluoroquinolones,  ethionamide,
and amikacin. Cochrane Database
Syst Rev. 2022 May
18;5(5):CD014841.

Vanino E, Granozzi B, Akkerman
OW, Torrico MM, Palmieri F, et
al. Update of drug-resistant
tuberculosis treatment guidelines:
A turning point. Int J Infect Dis.
2023 May:130 Suppl 1:S12-S15.
DOI: 10.1016/j.ijid.2023.03.013.
Holger DJ, Althubyani A,
Morrisette T, Rebold N, Tailor M.

Updates in pulmonary drug-
resistant tuberculosis
pharmacotherapy: A focus on
BPaL and BPaLM.
Pharmacotherapy. 2024
Mar;44(3):268-282. DOI:
10.1002/phar.2909.

Conradie F, Bagdasaryan TR,
Borisov S, Howell P, Mikiashvili
L, et al. Bedaquiline-Pretomanid-
Linezolid Regimens for Drug-
Resistant Tuberculosis. N Engl J
Med. 2022 Sep 1;387(9):810-823.
DOI: 10.1056/NEJM0a2119430.
Bo SY, Su AM, Yang F, Yang L.
Risk factors for development of
hematotoxicity in elderly patients
treated with Linezolid. Zhonghua
Jie He He Hu Xi Za Zhi. 2022 Jun
12;45(6):533-538. DOI:
10.3760/cma.j.cn11214720220212
-00111.

Onita T, Ishihara N, Ikebuchi A,
Yano T, Nishimura N, et al.
Pharmacokinetic and
pharmacodynamic simulation for
the quantitative risk assessment of
linezolid-associated
thrombocytopenia. J Clin Pharm

31.

32.

33.

34.

35.

Ther. 2022 Dec;47(12):2041-
2048. DOI: 10.1111/jcpt.13747.
Saluzzo F, Adepoju VA, Duarte
R, Lange C, Phillips PPJ.
Treatment-shortening  regimens
for tuberculosis: updates and
future priorities. Breathe 2023; 19:
230028. DOI:
https://doi.org/10.1183/20734735.
0028-2023.

Pietersen E, Anderson K, Cox H,
Dheda K, Bian A, et al. Variation
in missed doses and reasons for
discontinuation of anti-
tuberculosis drugs during hospital
treatment  for  drug-resistant
tuberculosis in South Africa. PLoS
ONE 18(2): e0281097.
DOIl:https://doi.org/10.1371/journ
al.pone.0281097.

Mirzayev F, Viney K, Linh NN,
Angulo LG, Gegia M, et al. World
Health Organization
recommendations on the treatment
of drug-resistant tuberculosis,
2020 update. Eur Respir J 2021;
57: 2003300.
DOl:https://doi.org/10.1183/1399
3003.03300-2020.

Kementerian Kesehatan Republik
Indonesia. Petunjuk  Teknis
Penatalaksanaan Tuberkulosis
Resisten Obat di Indonesia.
Kementerian Kesehatan RI.
Jakarta. 2020.

Maier C, Chesov D, Schaub D,
Kalsdorf B, Andres S, et al. Long-
term treatment outcomes in
patients with multidrug-resistant
tuberculosis.  Clin  Microbiol
Infect. 2023 Jun;29(6):751-757.
DOI: 10.1016/j.cmi.2023.02.013.

IJTID : Indonesian Journal of Tropical and Infectious Disease


https://doi.org/10.1183/20734735.0028-2023
https://doi.org/10.1183/20734735.0028-2023
https://doi.org/10.1183/13993003.03300-2020
https://doi.org/10.1183/13993003.03300-2020

IJTID. Volume 13 No 2 May-August 2025 e-1SSN: 2356-0991; p-ISSN:2085-1103
Sinta 2 (Decree No: 105/E/KPT/2022) Available online at https://e-journal.unair.ac.id/IJTID

Original Article

1JTID ®
(INDONESIAN JOURNAL OF TROPICAL AND INFECTIOUS DISEASE)

Scientific Journal of Tropical and Infectious Disease

Synthesis and Characterization of Cu(l1)-EDTA Complexes:
Antibacterial Studies (Escherichia coli, Staphylococcus aureus)
and Inhibition of Dengue Virus Serotype 2 in Vero Cell

Theresia Janice Kinetasari®, Teguh Hari Sucipto® ', Browi Nugroho® ', Hariyono Hariyono*"
Saifur Rehman®

'Biomedical Engineering, Faculty of Science and Technology, Universitas Airlangga, Surabaya, Indonesia

?Dengue Study Group, Institute of Tropical Disease, Universitas Airlangga, Surabaya, Indonesia

®Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Negeri Surabaya, Surabaya, Indonesia
“Postgraduate School, Universitas Airlangga, Surabaya, Indonesia

®Faculty of Veterinary and Animal Sciences, Gomal University, Dera Ismail Khan, Pakistan

OPEN =) ACCESS Abstract

ARTICLE INFO The Cu(I1)-EDTA complex is known to have antibacterial and antiviral potential,
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ratio of 1:1. DSC analysis showed thermal stability up to 250°C with an
endothermal peak at 270-300°C. The particles are 6.31 nm in size with a PDI of

E??IAII;)EBTA 0.076, indicating uniform distribution with nanoparticle size (<100 nm).
E. coli FTIR confirms the formation of the complex through significant shifts in
S. aureus the O-H and C=0 bands. SEM shows a layered morphology that can
DENV-2 affect the solubility and release of substances. UV-Vis shows maximum
Vero cells absorbance peaks of EDTA at 244 nm and CuSO; at 740 nm.

OIC]® Antibacterial tests of Cu(Il)-EDTA against E. coli and S. aureus showed
that Cu(Il)-EDTA had less activity than pure CuSO,. For DENV-2,
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license inhibiting viral replication.

(https://creativecommons.org/I

i- censes/by-nc-sa/4.0/)

Cite this as: Kinetasari, T.J., Sucipto, T.H., Nugroho, B., Hariyono, H., Rehman, S. (2025). Synthesis and Characterization off
Cu(Il)-EDTA Complexes Antibacterial Studies (Escherichia coli, Staphylococcus aureus) and Inhibition of Dengue Virus
Serotype 2 in  Vero Cell. Indonesian Journal of Tropical and Infectious Disease, 13(2): 111-122.
https://doi.org/10.20473/ijtid.v13i2.69005

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease



mailto:hariyono@pasca.unair.ac.id
https://doi.org/10.20473/ijtid.v13i2.69005

Hariyono et al. / 1JTID, 13(2):111-122

INTRODUCTION

Transition metals and metalloids
have interesting antimicrobial capabilities
because they can target bacteria, viruses,
and fungi broadly.”> A prominent example
of a transition metal with such properties is
copper, which ranks as the third most
abundant transition element in the human
body. Copper is a bio-essential element
used in DNA cleavage and has potential
anti-HIV activity.® Copper (Cu) is essential
for enzyme activity involved in
hemoglobin formation and chemical redox
reactions in the body. One copper
compound, Copper(ll) chloride, has the
potential to inhibit DENV-2 with an 1Cs
of 0.13 pg/mL. However, excessive copper
usage can cause toxicity in the liver,
reproductive system, and neurons, as well
as trigger stress in the endoplasmic
reticulum, which may lead to apoptotic
cell death.” In the study, the copper
complex [Cu(2,4,5-triphenyl-1H-
imidazol),(H,0),].Cl, showed a decrease
in the viability of Vero cells through
mitochondria-related cell death, which is
crucial in initiating apoptosis by releasing
apoptosis-triggering factors and DNA
fragmentation.®

Dengue fever is a serious global
health problem spread by the Aedes
aegypti and Aedes albopictus mosquitoes,
especially  affecting  tropical and
subtropical regions. Approximately 2.5
billion individuals are at risk of contracting
the disease.” In 2023, over 80 countries
reported close to five million dengue cases
and more than 5000 related deaths.” The
dengue virus is an RNA virus belonging to
the genus Flavivirus in the Flaviviridae
family, transmitted through mosquito bites,
leading to Dengue Hemorrhagic Fever
(DHF. It has four serotypes (DENV1 to
DENV-4)®, with serotype 2 (DENV-2)
being a major contributor to fatalities
caused by dengue fever.*

In addition, copper, historically
utilized for its antimicrobial properties, has
recently attracted renewed interest with the
advancement of nanotechnology. Copper
nanoparticles (CuNPs) have a larger
surface area and higher toxicity than
ordinary metals, making them a more
effective  choice  for  antimicrobial
applications.®

Escherichia coli and
Staphylococcus aureus are significant and
pathogens responsible for a wide range of
infections in both humans and animals.
E.coli is particularly associated with skin
and soft tissue infections, surgical wound
infections, as well as bone and joint
infections.® Escherichia coli (E. coli) is a
facultative aerobic bacterium characterized
by its Gram-negative staining and rod-like
morphology. Although its presence in the
colon is generally harmless as a
commensal flora, certain strains of E. coli
can be the main cause of diseases in
humans and animals. Its impact ranges
from commensal relationships to digestive
tract  diseases and  extraintestinal
pathologies such as diarrhea, urinary tract
infections (UTIs), sepsis, pneumonia, and
meningitis.?*?* Staphylococcus aureus (S.
aureus) is a Gram-positive, spherical-
shaped bacterium capable of causing food
poisoning, infections, and even death. This
bacterium possesses various virulence
components that play a role in its ability to
cause disease. One of these is surface
proteins that enable it to adhere to human
tissues, leading to infection of the skin and
soft tissue. Moreover, S. aureus is capable
of producing multiple toxins that result in
a range of clinical manifestations, from
serious skin infections to food poisoning
and  staphylococcal scalded skin
syndrome.?#

Studies show that Cu?" ions can
inhibit E. coli and S. aureus and increase
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when combined or chelated with molecules
such as EDTA. EDTA is a commonly used
chelation agent due to its ability to form
stable complexes with metal ions, such as
Cu-EDTA, which has applications in
decontamination and treatment of metal
poisoning.*®

As a potent chelating agent,
Ethylenediaminetetraacetic acid (EDTA) has
been extensively utilized in medical
practice, particularly for managing toxicity
caused by heavy metals like mercury and
lead. The antimicrobial effects of EDTA
have been known for decades, effective
against bacteria, yeast, and fungi. EDTA
works by binding cations such as Mg®* and
Ca®*, weakening the microbial cell wall and
increasing  the  efficacy of  other
antimicrobials. Various EDTA salts, such as
disodium, trisodium, and Ca-EDTA, exhibit
antibiofilm and antimicrobial activity, with
environmental pH being an important factor
in their effectiveness. In Gram-negative
bacteria, EDTA releases Mg®* and Ca®* ions
from the outer cell wall, which increases
sensitivity to additional antimicrobial
agents.*!

This study aims to synthesize and
characterize Cu(Il)-EDTA complexes based
on CuSOQq, as well as test their antibacterial
activity against Escherichia coli and
Staphylococcus aureus, along with an
assessment of their cytotoxicity effects on
dengue virus serotype 2 (DENV-2). The
results of this research can contribute to the
development of more effective antimicrobial
and antiviral compounds, with the potential
for wide applications in the medical and
public health fields.

MATERIALS AND METHODS
Materials

The substances utilized in this study
included  Anhydrous CuSO, (Merck,

Germany), Na-EDTA (Merck, Germany),
sterile aquades, nutrient agar (Oxoid, UK),
Escherichia coli (ATCC 25922),
Staphylococcus aureus (ATCC 25923),
Nalidixic acid (Oxoid, UK), NaCl (Merck,
Germany), Minimum Essential Medium
Eagle (Sigma-Aldrich, Germany), Fetal
Bovine Serum (Sigma-Aldrich, Germany),
Dimethyl sulfoxide (Merck, Germany),
Viral ToxGloTM Assay reagent (Promega,
USA), Vero Cell (ATCC CCL-81TM,
USA), trypsin-EDTA (Thermo  Fisher
Scientific, USA), trypan blue (Thermo
Fisher Scientific, USA), DENV-2 Surabaya
isolate (Accession number: KT012509).

Synthesis Complex Cu(l1)-EDTA

The synthesis of the compounds was
carried out using the solvothermal method.
That is, the Cu(ll) compound used comes
from anhydrous CuSO,. The ratio of
stoichiometry used (Cu: EDTA) is 1:1. The
solution is mixed and then heated at 120°C
for 24 hours. Then let it sit for 24 hours until
the crystals slowly form'? Cu(ll)-EDTA
crystals with blue color were obtained.
Characterization of complex used UV-Vis
Spectroscopy (Shimadzu UV-1650 PC),
Fourier Transform Infra Red Spectroscopy
(8400S Shimadzu), Differential Scanning
Calorimetry (Perkin Elmer DSC 4000), and
Scanning Electron Microscope (HITACHI
FLEXSEM 100).

Antibacterial Activity Test

The antibacterial testing method
used is the disc diffusion method, utilizing
gram-negative (E. coli), which is frequently
employed as the model bacterium to assess
bactericidal efficacy, and gram-positive (S.
aureus) bacteria, with slight modification™,
E. coli and S. aureus were subcultured in
NA medium and incubated at 37°C for 24
hours. Furthermore, the bacteria were
suspended in a 0.9% NaCl solution with a
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concentration of 0.5 McFarland (1.5 x 10°
CFU/mL). Six blank discs and one
nalidixic acid disk (30 pg/disk) for positive
control were placed on NA media. Test
compound, containing EDTA, CuSOQy,
Cu(I-EDTA with concentrations of 250,
200, 150, 100, and 50 mg/mL,
respectively. Sterile aquades was used for
the negative control.  Antibacterial
effectiveness is assessed by measuring the
inhibition zone that develops after 24
hours of incubation at a temperature of
37°C.

Antidengue Activity Test

The DENV-2 antiviral activity test
was conducted based on the method by
Sucipto et al (2019)* with slight
modifications. Vero cell lines were
employed for the assay. A confluent
monolayer of Vero cells was added into 96
plate at a density of 5 x 10* cells/mL and
incubated for 24 hours at 37°C with 5%
CO,. Then the medium was discarded and
replace with 50 pl of MEM containing
10% FBS was added; 25 pl of samples
(EDTA, and Cu(I-EDTA) at
concentrations of 31.25, 62.5, 125, 250,
500, and 1000 pg/ml; and 25 pl of DENV-
2 stock at a concentration of 2 x 103
FFU/mL. Repeated 3 times. Next, the
sample was incubated for 48 hours at 37°C
with 5% CO,. After incubation, 100 pul of
Viral ToxGlo assay reagent was added and
incubated at 37°C with 50% CO,. The
luminescence data obtained was then
calculated as % of CPE (cytophatic effect)
cells with the formula:

%CPE = 2= x100%
With a = luminescence of the treatment
group; b = luminescence of the medium
control; ¢ = luminescence of the DENV-2
and cell control group. Based on the
%CPE data, a linear regression graph is
plotted with concentration (X) versus
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%CPE (y), using the equation y = ax + b to
calculate the ECsg value.

Cytotoxicity Test

The cytotoxicity assessment was
performed using the MTT assay method.**
Vero cell lines were utilized for MTT
assays, with confluent monolayers of Vero
cells added to 96 plates (5 x 10* cells/mL)
and incubated for 24 hours at 37°C with
50% CO,. Then the medium was discarded
and washed with PBS 1x 3 times. Then
add 100 pul of MEM 10% FBS; 100 ul of
samples (EDTA, and Cu(ll)-EDTA) with
concentrations of 31.25, 62.5, 125, 250,
500, and 1000 pg/ml; and incubated for 24
hours at 37 °C 5% CO,. Repeated 3 times.
At the end of incubation, the culture
medium  containing the sample s
discarded, and washed with 100 pl of PBS,
and 10 pl of MTT reagent is added.
Incubate again for 4 hours and wash with
PBS. Absorbance is read with a microplate
reader at 595 nm. The data obtained is
absorbance data, and the % of living cells
is calculated by the formula:

%cell viability = =2 x100%

Where, a = absorbance with
treatment; b = media control absorbance;
c = absorbance of cell control. Next, a
linear graph of concentration vs % of
viability cells was created to determine
CCsp.

RESULTS AND DISCUSSION

This study successfully synthesized
and characterized the Cu(ll)-EDTA
complex using CuSO, as a precursor. The
solvothermal method produced blue
crystals Cu(l)-EDTA with a Cu
stoichiometry ratio of 1:1. The results of
the characterization were obtained by
using Differential Scanning Calorimetry
(DSC) to identify phase changes, such as

IJTID : Indonesian Journal of Tropical and Infectious Disease



1IJTID

Vol 13 No 2. May - August 2025 | Synthesis and Characterization of Cu(ll)-EDTA Complexes: Antibacterial Studies

melting, crystallization, decomposition, or
transitions in a material, in this case Cu(ll)-
EDTA (Figure 1).
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Figure 1. Thermal analysis measurement results
of Cu(Il)-EDTA at various heating rates using
DSC.

The graph shows the thermal profile
of Cu(ll)-EDTA, with the x-axis indicating
the temperature (in °C) and the y-axis
indicating the heat flow (in mW). There is a
significant endothermic peak around 270-
300°C, which indicates a phase change or
thermal decomposition process. Cu(ll)-
EDTA exhibits good thermal stability up to
about 250°C, which means it is suitable for
use in pharmaceutical formulations that
require processing or storage at temperatures
below that decomposition point. This
knowledge of thermal stability is essential
for the development of efficient and
effective drug formulations, especially to
ensure pharmaceutical effectiveness, safety,
and stability of the final product.*>*°

Particle size characterization is also
necessary because the very small particle
size facilitates penetration into the cell
membrane, thereby increasing intracellular
antibacterial activity and reactions. This is
important because biofilm microorganisms
are more resistant to antibacterial agents
than planktonic pathogens, so effective
treatment requires higher concentrations of
agents.'” The results obtained a particle size

of 6.31 nm with a polydispersity index
(PDI) of 0.076. This shows that the
synthesized Cu(I)-EDTA is not yet
qualified as a nanoparticle measuring <100
nm.*® In addition, the PDI Cu(ll)-EDTA
value proves the uniformity of the particle
size distribution because the closer the PDI
value is to 0, the more uniform the sample
size distribution is observed.'*

In characterizing the functional
groups contained in the synthesized
molecules, the FTIR (Fourier Transform
Infrared Spectroscopy) instrument is used.
Here is a detailed analysis of the IR spectra
of EDTA and Cu(Il)-EDTA (Figure 2).

2
23
B

Transmittance (%)

Cu(INEDTA| |

4000 3500 3000 2500 2000 1500 1000

Wavenumber(nm™)
Figure 2. Results of measuring the spectra of
EDTA and Cu(ll)-EDTA chelates using FTIR

When EDTA is complexed with Cu®*
ions, there is a significant band shift. The O-
H peak in the EDTA at 3522 cm™ 1 is lost or
shifted, suggesting that the coordination of
Cu?* ions causes the -OH group to no longer
be free. The C=0O band at 1615 cm™* in
pure EDTA shifted to about 1588 cm™ L.
This shift suggests that the carboxylate
group (-COO™ ) in EDTA participates in
coordination with Cu** ions. The N-Cu band
(stretching) at about 1212 cm™  shows the
interaction between the nitrogen atoms in
EDTA and the Cu®" ion. This indicates that
nitrogen atoms are also involved in the

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease

115



Hariyono et al. / 1JTID, 13(2):111-122

formation of complexes with Cu(ll). This
FTIR spectrum confirms that EDTA has
successfully complexed with Cu(ll) ions,
which is indicated by a characteristic band
shift in the C=0 group, the loss of free O-
H bands, and the emergence of new bands
related to Cu-N and Cu-O interactions.
This shift and change in IR peak intensity
indicate a change in chemical structure,
from free EDTA to Cu(ll)-EDTA
complex.

At 5000 magnifications (Figure
3A), the structure of the Cu(ll)-EDTA
particles is very clear. The particles exhibit
an irregular and layered shape, suggesting
that this complex has crystalline
properties. At 2000 magnifications (Figure
3B), the layered structure and various

particle sizes can be seen more clearly.
The particles appear to be bound in a
complex structure, suggesting that Cu(ll)-
EDTA is formed through a strong bond
between Cu(ll) and EDTA ions. At 1000
magnifications (Figure 3C), the overall
structure of Cu(ll)-EDTA can be clearly
observed. The shape of the particles shows
the morphology of large aggregates with a
thick layer structure. The layered structure
and the presence of agglomerations can
affect the solubility and release properties
of compounds in  pharmaceutical
applications. Morphology like this could
mean that the Cu(ll)-EDTA complex may
have a slower release because the non-
uniform and coated surface can slow
diffusion in body fluids.

Figure 3. SEM images of Cu(ll)-EDTA with magnification (A) 5000 times, (B) 2000 times, and (C)

1000 times

The results of the maximum
wavelength measurement using the UV-
Vis instrument (Figure 4) show that EDTA
has a maximum wavelength in the UV
region at about 244 nm, where EDTA
absorbs strongly at 230 nm and flows to

the absorbance range of 260 nm.%°

Meanwhile, the absorption of CuSOQ, is
about 740 nm, where this result is similar
to the wavelength reported by Hernandez-
L6pez et al. (2021).2
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Figure 4. The maximum wavelength of EDTA and CuSQO,
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An inverse relationship  was the strong correlation between increasing

observed between the concentration of the Cu(IN-EDTA  concentration and its
Cu(I)-EDTA complex and cell viability cytotoxic effects.
presented in the graph (Figure 5). The CCs Table 1. CCs, values indicating
value of 415 pg/ml (Table 1) indicates that cytotoxicity of the tested compounds
Cu(l)-EDTA exhibits a moderate to low Compounds CCs (ng/ml)
level of cytotoxicity. This reduction in cell CU((l:l)-SEODTA y ﬁ1_|_5 _
ITTIRE : usO, i oxic
viability is dose-dependent, as evidenced by EDTA High Toxic
100
9 ¢
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Figure 5. Cytotoxicity curve of Cu(ll)-EDTA after treatment using the MTT assay.

The synthesized and characterized
Cu(Il)-EDTA that have been characterized
are then evaluated for antibacterial activity
against E. coli and S. aureus, with the results

shown in Table 2 (E. coli antibacterial
activity) and Table 3 (S. aureus antibacterial
activity).

Table 2. E.coli antibacterial activity test results

Concentration EDTA CuSO, Cu(ll)-EDTA K+
(ppm) Inhibition Zone + SD  Inhibition Zone + SD  Inhibition Zone + SD  Inhibition Zone + SD
250,000 24.05+0.82 2451 £1.32 1195+ 0.15 31.324+ 0.29
200,000 22.41+0.30 2317+ 1.75 10,51 + 0.06
150,000 20.73 £ 0.60 2217+ 1.45 10.94 £+ 0.83
100,000 20.08 + 1.60 20.61 + 3.06 9.28+1.32
50,000 13.07 +£1.99 15.24 + 4.40 0.00 £ 0.00
Table 3. S. aureus antibacterial activity test results
Concentration EDTA CuSO, Cu(I)-EDTA K+
(ppm) Inhibition Zone + SD  Inhibition Zone + SD  Inhibition Zone + SD  Inhibition Zone + SD
250,000 16.22 £ 2.14 26.35+1.09 11.03 £ 0.55 12.11 £ 0.74
200,000 16.04 + 2.36 2463+ 2.10 8.99 + 1.00
150,000 15.75 + 3.89 22.53 £ 0.32 9.40 + 1.32
100,000 15.84 + 2.32 18.60 + 2.43 7.95+ 0.37
50,000 0.00 £ 0.00 13.09 £+ 0.63 7.60 £ 0.19
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The antibacterial activity of EDTA
against E. coli showed the highest
inhibitory zone of 24.05 mm at a
concentration of 250,000 ppm and the
lowest of 13.07 mm at 50,000 ppm, with
increased concentrations resulting in a
larger inhibitory zone. CuSO, produced
the highest inhibition zone of 24.51 mm at
250,000 ppm and decreased to 15.24 mm
at 50,000 ppm, demonstrating consistent
antibacterial effects. In contrast, Cu(ll)-
EDTA showed the lowest activity with an
inhibition zone of 11.95 mm at 250,000
ppm and 0 mm at 50,000 ppm, indicating
significantly lower effectiveness than
EDTA or CuSOy against E. coli.

EDTA showed the highest
inhibition zone of 16.22 mm at 250,000
ppm against S. aureus (Table 3), but no
inhibition zone (0 mm) at 50,000 ppm,
indicating its effectiveness only at high
concentrations.  CuSO, has  strong
antibacterial activity with an inhibition
zone of 26.35 mm at 250,000 ppm and
decreases to 13.09 mm at 50,000 ppm.
Cu(I)-EDTA showed a weaker effect,
with an inhibition zone of 11.03 mm at
250,000 ppm and 7.60 mm at 50,000 ppm,
much lower than CuSQO,.

EDTA has limited antibacterial
activity due to its ability to chelate cations
from the bacterial outer membrane. High
concentrations of EDTA, such as 10%, can
produce significant inhibitory zones, but
lower concentrations indicate minimal
effectiveness. EDTA activity remains as
long as chelation has not formed a bond
with metal ions."® In addition, Cu®* ions
from CuSO, produce Reactive Oxygen
Species (ROS), such as O, and H,0,,
which cause damage to S. aureus and E.
coli bacterial cells. The reaction of Haber-
Weiss and Fenton triggers the formation of
hydroxyl radicals (*OH), which are highly
reactive and damage the lipids, proteins,
and DNA of bacteria. This damage
interferes with the integrity of cell
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membranes, leading to the death of
bacteria. This mechanism explains the
powerful antibacterial effects of Cu?*.?
The Cu(Il)-EDTA complex has lower
antibacterial activity than pure CuSO,
and EDTA because Cu®* ions are tightly
bound by EDTA, so the amount of free
Cu?* that can produce oxidative stress or
attack bacteria is reduced. EDTA may bind
Cu?* too strongly, decreasing antibacterial
effectiveness. However, at  high
concentrations, Cu(ll)-EDTA still exhibits
antibacterial  activity, likely due to
increased membrane permeability by
EDTA and partial release of Cu?* from the
complex.

EDTA and CuSO, were also tested
for antiviral activity against dengue virus
using DENV-2 because it is more closely
related to dengue hemorrhagic fever
(DHF) cases, which are more severe
compared to other serotypes. Research
shows that DENV-2 is significantly more
commonly associated with dengue cases
than DENV-1. Moreover, DENV-2 and
DENV-3 are reported to carry a twofold
higher risk of triggering dengue infection
compared to DENV-4 2 The results of the
antidengue assay indicated that the EDTA
concentration needed to inhibit 50% of the
replication of the DENV-2 virus was
356.13 pug/mL. This ECsy value indicates
that EDTA has low potency as an antiviral
agent against DENV-2, as the required
concentration is quite high. In addition,
CuSOQq is more effective than EDTA in
inhibiting DENV-2 replication, due to its
lower ECso value (77.86 ug/mL). This
indicates that CuSO, exhibits greater
antiviral efficacy against DENV-2 than
EDTA.

Based on the slope of the two
compounds (Figure 6), it can be seen that
CuSO,4 has a greater inhibition effect at
lower  concentrations than EDTA.
However, the effectiveness of CuSO4
decreases drastically as its concentration
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increases. EDTA showed a much slower replication than CuSO,, but maintains a

decline in effectiveness. This could indicate more  stable inhibition at  various
that EDTA works more slowly or concentrations.
inefficiently  in  inhibiting  DENV-2
120
y =-0.1566x + 105.77
100 w
~ 80 -
S
w 60 o
S
40 y=-0,6674x + 101.97 %
20 R2 = 0.9567
0
0 20 40 60 80 100 120
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Figure 6. Regression curve of the inhibited DENV-2 after treatment with EDTA (blue line colour) and

CuSQ, (orange line colour)

STRENGTH AND LIMITATION

The strength and limitation of this
study is there ae not many studies about
antiviral  from  complex  compound,
especially DENV in Indonesia. The isolate
we used for this study were native to
Indonesia. This kind of research is certainly
essential in Indonesia, as each isolate will
have different effects on a drug candidate.
Based on the results of this study, it can be
used as a referenece for similar reasearch in
the future.

CONCLUSIONS

This study succeeded in synthesizing
the Cu(I)-EDTA complex wusing the
solvothermal method. The complex has a
small particle size and uniform size
distribution, but the antibacterial and
antiviral activity against DENV-2 is lower
compared to CuSO,4. CuSO,4 was shown to
be more effective in inhibiting DENV-2
replication, while the Cu(Il)-EDTA complex
showed potential as an antibacterial agent,
although its effectiveness was lower.
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INTRODUCTION

Leptospirosis is an acute infectious
disease of humans and animals (zoonosis)
caused by the microorganism Leptospira
spp.!  Leptospira bacteria are most
commonly transmitted to humans through
contact with infected animals. This occurs
directly, either through direct animal-to-
human contact or indirectly through
contact with the animal's urine, soil, or
water.?*

The World Health Organization
(WHO) estimates that approximately
873,000 cases of leptospirosis emerge
annually, resulting in over 40,000 deaths.
In the United States, the incidence of
leptospirosis ranges from 100 to 200 cases
per year. In comparison, the incidence of
leptospirosis in tropical climates is nearly
ten times that of moderate climates.? The
Indonesian Ministry of Health reports that
920 cases of leptospirosis have been
diagnosed, with 112 resulting in death.
These cases have been documented in nine
provinces: Banten, Jakarta, West Java,
Central Java, Yogyakarta, Maluku, South
Sulawesi, North Kalimantan, and the rest
of Indonesia. These numbers are relatively
low in comparison to the annual morbidity
rate of leptospirosis in Indonesia, which
has been estimated at 39.2 per 100,000
people.* However, the case fatality rate
during 2018 was 17.8% among an
estimated 895 human cases.”

The diagnosis of leptospirosis is
typically based on clinical features and a
history of risk exposure.® Conventional
laboratory methods for the diagnosis of
leptospirosis rely on the examination of
patient immune response parameters. The
Dark-Ground Microscope (DGM) is the
optimal approach for the visualisation of
Leptospira organisms on culture media.
However, this examination has intrinsic
limitations as a diagnostic tool, including
the potential for false-negative results due

to low concentrations of the organisms in
the specimen and false-positive results due
to artifacts and the presence of fibrin.!

Serological analysis employing the
microscopic agglutination test (MAT) has
been demonstrated to have greater
sensitivity in  detecting cases of
leptospirosis. Due to the inherent
complexity of the MAT, rapid screening
tests for leptospiral antibodies in acute
infections have been developed to
facilitate prompt diagnostic confirmation
and initiate effective treatment. IgM
antibodies, which are produced in the
initial phase (after 4-7 days) of the
infection, can be identified within the first
week of illness, thus providing the
opportunity to diagnose the disease and
initiate appropriate therapy.*"®

Three criteria have been established
for defining cases of leptospirosis. These
are as follows: 1) Suspect cases, 2)
Probable cases, and 3) Confirmed cases
(Table 1). Furthermore, the World Health
Organization (WHO) introduced the Faine
criteria for diagnosing leptospirosis cases,
which are divided into three parts: 1) Part
A (based on clinical history), 2) Part B
(based on epidemiologic history), and 3)
Part C (laboratory parameters as support
for Part B) (Table 2).° However, in
Indonesia, there has been an increase in
leptospirosis cases, a phenomenon that is
referred to as “the tip of the iceberg"
despite misdiagnosis, underdiagnosis, and
underreporting in health services.*

Therefore, this study aims to
determine  the correlation  between
probable group (score criteria faine part A
20-25) or not-probable group (score
criteria faine part A <20) and laboratory
findings to facilitate the accurate diagnosis
of leptospirosis using the Faine criteria.
This will enable earlier diagnosis in
primary care facilities, thus preventing the
worsening or death of leptospirosis cases.
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Table 1. The following three definitions of
leptospirosis cases are according to the Book of
Internal Medicine, Ul VVolume 1.

Definition Criteria
1. Suspect e Acute fever with or
Case without headache;
e Myalgia;
o Weakness (malaise);
e Conjunctival hiperemis;
¢ Ciliary suffusion;
o Additionally, the
individual has a
documented history of
exposure to a potentially
contaminated environment
within the last two weeks.
2. Probable e Gastrocnemius muscle
Case pain;

(Two of the o jaundice (skin and
following sclera);

clinical  signs o  Bjeeding manifestation;
and symptoms Dyspneu:

were identified) Oliguria or anuria;

e Cardiac arrhythmia;

e Cough with or without
blood (haemoptysis);

e  Skin rash.

In addition, have laboratory
results:

e Thrombocytopenia <
100.00 cell/mm

e Leucocytosis with
neutrophilia >80%

e An increase in total
bilirubin levels by > 2%
or an increase in the
levels of other enzymes,
including aspartate
aminotransferase (AST),
amylase, lipase, and
creatinine
phosphokinase (CPK).

e Rapid diagnostic tests
(RDTs) are utilized to
ascertain the presence of

anti-leptospiral IgM
antibodies.
3. Confirmed e Isolation of Leptospira
case bacteria  from  clinical
(Probable cases specimens;
are e The results of the
accompanied by polymerase Chain
one of the  Reaction (PCR) are
outcomes positive;
below) e A shift from a negative to

a positive result on the
Microscopic Agglutination

Test (MAT) indicates

seroconversion.

MATERIALS AND METHODS

METHODS
Study Designs and Patients

This study utilized an analytic
observational study design with a cross-
sectional approach. Data were collected
from two hospitals, namely PKU (Pembina
Kesejahteraan ~ Umat)  Muhammadiyah
Surakarta Hospital and Karanganyar
Regency General Hospital. A  non-
probability purposive sampling technique
was employed to select participants. Data
were gathered from.

June 2022 to June 2023. Patient data
were collected for individuals >18 years of
age, hospitalized patients, and those with
laboratory results. Patients with a history
that have similar and potentially
overlapping symptoms or laboratory results,
such as uncontrolled diabetes mellitus,
uncontrolled hypertension, heart disease,
neuroinfectious diseases, and autoimmune
diseases, were excluded from the study.™**
Additionally,  patients  with  positive
laboratory results on dengue fever or
typhoid fever serology tests were excluded
because these infectious diseases have the
same laboratory changes as leptospirosis to
avoid overlap and to avoid bias in the
category of leptospirosis case definitions."®
18 Furthermore, the results of the patient’s
history, such as duration of fever, history of
muscle pain, and history of activity in
contaminated environments, and physical
examination upon admission to the
emergency department such as conjunctival
suffusion, icteric sclera, epigastric pain,
hepatosplenomegaly, gastrocnemius muscle
pain, and jaundice were utilized in
classifying the patient’s Faine criteria.
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Patients were categorized as
probable or not probable definition. To
obtain the data group of confirmed
leptospirosis patients, it was ensured that
probable group (sample with probable
definition category but the Faine Criteria
(Part A) score between 20-25) or not
probable group (Sample with probable
definition category but the Faine Criteria
(Part A) score < 20) had confirmed
positive results on the IgM/Rapid
leptospirosis antibody test. Furthermore,
we gathered additional laboratory data,
including hemoglobin, platelets,
leukocytes, neutrophils, sodium,
potassium, and calcium, to contrast the
outcomes of probable group (sample with
probable definition category but the Faine
Criteria (Part A) score between 20-25) or
not probable group (Sample with probable
definition category but the Faine Criteria
(Part A) score < 20) with confirmed
positive IgM/rapid results with those of
patients  with  confirmed  negative
IgM/rapid leptospirosis results.

The Table 1 was used to define
which patients are probable cases based on
the criteria of each case status. All samples
used were probable cases according to the
definition of the table, with at least 2 signs
and symptoms, and or with IgM/Rapid test
results.

Meanwhile, the World Health
Organization has established criteria for
the diagnosis of leptospirosis, known as
the Faine criteria. These criteria are
divided into three parts.

In accordance with the Faine
criteria Table 2, the score of each sample
will be obtained with the score category of
Part A, or the score of Part A and Part B
was 26 or more. Furthermore, the total
score of Parts A, B, and C was 25 or more,
and the score of 20-25 was Possible
Leptospirosis, so a presumptive diagnosis
of leptospirosis can be made.

Table 2. The World Health Organisation's
Faine criteria are divided into three parts.

Faine Criteria Score
1. Part A: Based on Clinical data
o Headache 2
o Fever 2
o If fever >39°C 2
« Conjunctival suffusion 4
o Meningism 4
¢ Myalgia (especially 4
gastrocnemius muscles)
e Conjunctival  suffusion + 10
meningism + Myalgia
¢ Jaundice 1
o Albuminuria/Nitrogen 2
retention 2
o Haemoptysis/dyspnea
2. Part B: Based on
Epidemiological history
o Rainfall 5
¢ Contact with contaminated 4
environment
e Animal Contact 1
3. Part C: Bacteriological and
Laboratory Findings
e Isolation of leptospira in
culture — Diagnosis certain
- PCR? 25
o Positive serology
- ELISA® IgM positive 15
- SAT® positive 15
- Other rapid test 15
- MAT® —single positive in
high titer 15
- MAT —rising
titer/seroconversion 25

Presumptive diagnosis of leptospirosis is made
of:
e Part A or Part A and Part B score: 26 or
more
e Total score of Parts A, B, and C: 25 or more
e Possible Leptospirosis if the score is
between 20-25

%Polymerase Chain Reaction; "Enzyme Linked
Immunosorbant Assay; °Slide Agglutination Test;
Microscopic Agglutination Test

Statistical Analysis

The characteristics of the study
and the laboratory results were described
using the format “number (n) and
percentage (%)”. The data were analyzed
univariately to determine associations
between the variables. The results were
then analyzed bivariately with the chi-
square test to assess the correlation
between probable/not probable
leptospirosis  patients  with  positive

IJTID : Indonesian Journal of Tropical and Infectious Disease



1IJTID

Vol 13 No 2. May - August 2025 | Correlation between Probable or Non-Probable Leptospirosis with Laboratory

IgM/Rapid test results and laboratory
variables, namely hemoglobin, platelets,
leukocytes, neutrophils, sodium, potassium,
and calcium, using SPSS version 25.

RESULTS AND DISCUSSION

Table 3. Characteristics of the study

Characteristic Number Percentage
(n) (%)
Gender
Female 8 19%
Male 34 81%
Serologic Test
IgM (+) 41 97.6%
Rapid test (+) 1 2.4%
Faine score (Part A)
Probable (Score 1 2.%
20-25)*
Not Probable 41 97.%
(Score <20)°
Hemoglobin
Anemic 12 28.%
not anemic 30 71.4%
Thrombocytes
Thrombocytopenia 23 54.8%
Not 19 45.2%
thrombocytopenia
Leukocytes
Leukocytosis 16 38.1%
Not leukocytosis 26 61.9%
Neutrophil
Neutrophilia 37 88.1%
Not neutrophilia 5 11.9%
Sodium (Na*)
Hyponatremia 15 35.7%
Not hyponatremia 27 64.3%
Potassium (K*)
Hypokalemia 21 50%
Not hypokalemia 21 50%
Calcium (Ca?")
Hypocalcemia 13 31%
Not hypocalcemia 29 69%

®Probable Sample with probable definition category
but the Faine Criteria (Part A) score between 20-25;
®Not Probable= Sample with probable definition
category but the Faine Criteria (Part A) score < 20.

We obtained a total of 42 samples
that met the restriction criteria for the period
June 2022 to June 2023 at PKU
Muhammadiyah Surakarta Hospital and
Karanganyar Regency General Hospital.
The 42 samples consisted of women (n=8;
19%) and men (n=34; 81%) (Table 3).
Based on the Faine criteria (part A), we

found that only one sample whose probable
definition category  was probable
leptospirosis (n=1; 2.4%) and 41 samples
whose probable definition category was not
probable leptospirosis (n=41; 97.6%).
However, all samples we obtained had
positive serology test results, both IgM
(n=41; 97.6%) and Rapid test (n=1; 2.4%).

Laboratory results indicated the
presence of anemia were 12 of 42 samples
or 28.6% (n=12; 28.6%), thrombocytopenia
were 23 of 42 samples or 54% (n=23; 54%),
leukocytosis were 16 of 42 samples or
38.1% (n=16; 38.1%), and neutrophilia were
37 of 42 samples or 88.1% (n=37; 88.1%).
The remaining abnormalities observed were
as follows: Hyponatremia was 15 of 42
samples or 357% (n=15; 35.7%),
hypokalemia was 21 of 42 samples or 50%
(n=21; 50%), and hypocalcemia was 13 of
42 samples or 31% (n=13; 31%).

The results of bivariate analysis of
the relationship between the results of
serology  examination and  probable
definition category in Table 4 indicated that
the majority of leptospirosis samples with
positive IgM test results were included in
cases that were not probable leptospirosis by
Faine Criteria (part A). Specifically, 40
samples (95.2%) exhibited this pattern. One
sample (2.4%) with probable definition
category exhibited a positive IgM result,
while one additional patient (2.4%) had a
positive leptospirosis rapid test result in the
not probable definition category. The results
of the serological examination analysis
yielded a probability (p) value of 0.874 (p >
0.05), indicating that there is no significant
relationship between the results of the
serological examination and probable
definition category (Table 4).
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Table 4. Bivariate Analysis of Leptospirosis
Serology Test Results for Probable
Leptospirosis Cases.

Faine Criteria (Part A)

P
Variable Not Probable  Probable®
value*
n % N %
Serology test
IgM (+ 40 95.2 1 2.4
eM () 0.874

Rapid test (+) 1 24 0 0

"Probable= Sample with probable definition
category but the Faine Criteria (Part A) score
between 20-25;

"Not Probable= Sample with probable definition
category but the Faine Criteria (Part A) score < 20;
*P-value: Bivariate analysis by chi-square test.

Furthermore, the results of
bivariate analysis in Table 5 showed that
more samples in the not probable
definition category had thrombocytopenia
(n=23; 54.8%; p=0.265) and neutrophilia
(n=36; 85.7%; p=0.710). Meanwhile, the
probable  definition  category  had
leukocytosis (n=1; 2.4%: p=0.197) and
neutrophilia (n=1; 2.4%: p=0.710). This
analysis showed that leptospirosis samples
with no probable definition category can
have thrombocytopenia and neutrophilia
(Table 5).

Table 5. Bivariate Analysis of Routine Blood
Testing Results for Probable Leptospirosis
Cases.

Faine Criteria (Part A)

Variable Not Probable® p value*
Probable®
n % N %
Hemoglobin
Anemic 12 28.6 0 0
Not anemic 29 69 1 24 0.522
Thrombocytes
Thrombocyto 23 548 0 0
penia
Not 18 42.8 1 24 0.265
Thrombocyto
penia
Leukocytes
Leukocytosis 15 357 1 2.4
Not 26 619 0 0 0.197

leukocytosis

Leptospira spp. Bacteria, which are
the primary vectors for the bacteria.’® In
Indonesia, the increase in leptospirosis
cases is referred to as the "tip of the
iceberg  phenomenon,”  despite  the
continued occurrence of misdiagnosis,
underdiagnosis, and under-reporting in
health services. *°

A review of score part A faine
criteria based on clinical data revealed that
the characteristics of samples with
leptospirosis showed a higher prevalence
of not-probable definition category than
probable definition category (Table.3).
This discrepancy can be attributed to the
incubation period of leptospirosis, which
can range from 5 to 14 days or occur
between days 2 and 21 after exposure to
water or soil. In the leptospirosis phase,
symptoms may manifest as a non-specific
acute febrile illness or with symptoms such
as fever, chills, myalgia, headache, ocular
discomfort, nausea, and vomiting.®%
Additionally, red eyes and watery eyes
may  occur.  Without  serological
confirmation, it is challenging to diagnose
leptospirosis in this phase in primary
healthcare.®”

The diagnosis of leptospirosis is
based on identifying the bacterium or its
metabolic products in bodily fluids or
tissues via serological testing. Serological
testing is divided into genus-specific and
serogroup-specific.”® For a leptospirosis
antibody test to be valid, antibodies must
be present in the body between the third
and tenth day following the onset of
symptoms. This may result in a negative
serology test result in samples collected
during the first week of illness. These
results should not be interpreted as
evidence of the absence of infection and
should be retested 7-14 days after the
initial examination.®**
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Bivariate analysis in Table 4 to
determine if there was a significant
association between the Faine criteria score
A and serology tests. The analysis revealed
that there was no statistically significant
association between the not-probable and
probable definition categories that had
positive serology test results (p=0.874).
Antibodies are usually detected between the
6™ and 10™ day of illness, with a peak within
3-4  weeks.® Consequently, it is
recommended that the serum test be
repeated on two separate occasions, with a
minimum interval of one to two weeks
between each test. This approach was based
on the understanding that seroconversion, or
the development of antibodies in response to
an infection, occurs during the disease.’® A
negative serologic test in the early phase of
the disease does not mean that the patient is
not infected with leptospirosis cause the
early phase of the disease may enable
seroconversion to be avoided due to its
status as an incubation period, it is important
to conduct a re-serum examination to
ascertain the increase in titer between two
samples (seroconversion) and confirm the
diagnosis of leptospirosis. The
administration of serum should be
performed on two occasions, with a
minimum interval of one to two weeks
between each administration. This is
typically based on the date of onset and the
estimated time of seroconversion.™

The gold standard test for
leptospirosis IS the microscopic
agglutination test (MAT). The MAT test is
preferred over other screening options to
avoid misdiagnosis of other tropical
infections,  including some  difficult
differential diagnoses due to overlapping
clinical presentations such as dengue fever
and dengue hemorrhagic fever, influenza,
malaria, enteric fever, toxoplasmosis,
hepatitis, and others.>'® Although the MAT

test is the gold standard for leptospirosis,
and can differentiate from other differential
diagnoses. A study in Thailand showed that
the MAT test was not perfect, but
quantitative polymerase chain reaction
(QPCR) can improve the sensitivity of
leptospirosis diagnosis.** Furthermore, the
MAT test is not available in primary care
settings, so Faine criteria part A screening
is an option in diagnosis.

The World Health Organization
(WHO) has established criteria for
leptospirosis screening, the Faine Criteria,
consisting of Part A (clinical data; score A),
Part B (epidemiologic data; score B), and
Part C (serology or laboratory data; score
C).? In Table 5, 41 samples were categorized
as not-probable definition category based on
clinical data, and one sample was classified
as probable definition category. However,
both groups had positive IgM or rapid test
serologic results for leptospirosis. The
results of the bivariate analysis in Table 4
regarding the results of the serological
examination of probable definition category
showed that there was no significant results
(p=0.874), so this can explain that the
leptospirosis diagnostic approach with Faine
criteria based on Part A (score 20-25) does
not have a significant correlation and still
requires evaluation with Part B, especially
Part C (serology/laboratory data). However,
not all primary health care services have
facilities for laboratory examination of both
leptospirosis IgM serology and MAT tests,
so the Faine criteria part A alone is not
recommended when used for the
Leptospirosis  diagnostic  approach in
primary health care.

Nonspecific laboratory examinations
in leptospirosis can be performed, such as
blood analysis, urine analysis, and
cerebrospinal ~ fluid.”>?® Blood analysis
showed leukocytosis shifted to the left and
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thrombocytopenia. However, this
examination cannot be used in the
diagnosis of leptospirosis, but rather for
differential diagnosis screening and initial
observation, and thrombocytopenia is are
important laboratory parameter in the
context of leptospirosis. It can be used as
an early recognition a priori to prevent
complications and mortality.?’
Furthermore, studies have indicated that
platelet counts of less than 46,000
cellssmm? are correlated with the
occurrence of sepsis, which was a severe
form of leptospirosis.?® As in the results of
bivariate analysis, Table 5. The results of
hemoglobin, platelets, leukocytes, and
neutrophils in both groups showed non-
significant results (hemoglobin p=0.522;
thrombocytes p=0.265; leukocytes
p=0.197; neutrophils p=0.710). Based on
the examination results of the two groups,
it can be concluded that leptospirosis
patients do not always meet the probable
febrile criteria and can be a differential
diagnosis when thrombocytopenia and
neutrophilia are found. If the health facility
already has serologic testing as a specific
test, the diagnosis of leptospirosis can be
confirmed. However, non-specific tests are
also important in patients suspected of
having leptospirosis, with either a part
A+B score (Faine criteria) of probable or
non-probable definition category. It is
because many patients with leptospirosis
present with leukocytosis and
thrombocytopenia, which usually do not
result in spontaneous bleeding, but may
result in gastrointestinal bleeding (melena
or hematemesis) or pulmonary bleeding
that is difficult to detect.”® In addition,
nonspecific testing can be useful when
patients with severe leptospirosis (Weil's
Disease) have developed multiorgan liver,
kidney, lung, and brain.?**

Hemodynamic  changes  with
decreased systemic vascular resistance,
increased cardiac output, and increased

renal vascular resistance occur in tropical
diseases. Hyponatremia can occur in
tropical diseases due to increased levels of
antidiuretic hormone (vasopressin), which
causes sodium entry into cells, sodium
loss, and  osmoreceptor  resetting.*!
Electrolyte disturbances can occur with
renal involvement ranging from mild
nonoliguric renal dysfunction to complete
renal failure. It is associated with
decreased expression of sodium-hydrogen
exchanger-3, which leads to decreased
reabsorption of sodium and fluid in the
proximal tubule.® The evaluation of
glycolipoprotein interaction with Na/K-
ATPase demonstrated that the indication
of natural resistance in leptospirosis is not
due to the lack of sensitivity of Na/K-
ATPase of renal cells, but rather due to the
bioavailability of endotoxins in bacterially
infected tissues.®* Consequently, serum
sodium and potassium levels are lower
among patients with severe leptospirosis
than among those with moderate
leptospirosis or acute tubular necrosis.®
Table 6 showed that electrolyte imbalance
was not significant for sodium, potassium,
or calcium (Na" p=0.174; K p=0.311;
Ca®* p=0.131). Observations in patients
with leptospirosis regarding the loss of
sodium and potassium in large amounts
occur when the patients are suffering from
diarrhea.®* In Table 6, not all samples were
in diarrhea symptoms or diarrhea that had
improved with symptomatic treatment that
had been given previously due to the delay
in diagnosis, thus electrolyte imbalance
cannot be used as the principal
examination in the diagnostic approach to
leptospirosis. However, it is a useful tool
for evaluating the impact of the disease
and monitoring patient response to
treatment.

STRENGTH AND LIMITATION
The findings of this study have the
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potential to enhance the attention and
diagnosis of leptospirosis cases, which are
becoming increasingly  prevalent in
Indonesia. The results of this study can
serve as a reference for primary care
physicians to consider the appropriate
criteria and improve the quality of support
examinations in primary care. A limitation
of this study was the restricted sampling
frame, which included only two hospitals.
Consequently, the number of samples
obtained was relatively small. Additionally,
the classification of the fainéant criteria for
non-probable and probable leptospirosis
groups was based solely on medical records,
rather than direct interviews. It is
recommended that future researchers
conduct direct interviews to enhance the
accuracy of group classification.

CONCLUSIONS

The approach to diagnosis of
leptospirosis cannot be performed using
only Faine Part A criteria, even though the
patient is included in the probable definition
category, even though the Faine Part A
criteria score is 20-25 or >26. Because the
results of this study showed that the Faine
criteria part A score <20 showed a positive
serological test result, it is not sufficient to
diagnose leptospirosis only with Faine
criteria part A, but at least use part B or part
B and part C in the diagnosis of
Leptospirosis. Moreover, there is
considerable potential for misdiagnosis due
to the possibility of overlap with other
tropical diseases, resulting in delays or
disruption to patient care. In such cases,
primary health services can promptly
provide appropriate treatment or first-line
treatment, if the patient's Faine criteria part
A score is within the range of 21-25. This
approach is preferable to the alternative of

not treating the patient despite the lack of a
confirmed leptospirosis diagnosis.
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Abstract

Tinea versicolor is an infectious dermatological condition caused by fungi,
affecting a substantial proportion of the global population. It is particularly
prevalent in tropical regions, including Indonesia. Madrasah Ulumul Quran
(MUQ) Pagar Air Islamic Boarding School is a densely populated area where
students often exhibit poor hygiene practices, potentially increasing the
incidence of the disease. The etiological agent responsible for this infection is
the Malassezia furfur species, which can be prevented through the adoption of
proper personal hygiene behaviors. This study aims to determine the association
between personal hygiene and the incidence of Tinea versicolor at MUQ Pagar
Air Islamic Boarding School. This is an observational study using a cross-
sectional design. Data collection was conducted through interviews using
questionnaires. The diagnosis of Tinea versicolor was based on the results of the
10% KOH examination. Sixty students from grades X, XI, and XII participated
in the study, of which six were diagnosed with Tinea versicolor. The study found
that the majority of the population performed good personal hygiene, with only
10% of the subjects diagnosed with Tinea versicolor. Chi-square analysis
revealed a p-value of 0.000 (<0.05), indicating a significant association between
personal hygiene and the incidence of Tinea versicolor at MUQ Pagar Air
Islamic Boarding School. The majority of students at MUQ Pagar Air Islamic
Boarding School practiced good personal hygiene and did not have a Tinea
versicolor infection.
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INTRODUCTION

This condition is caused by the
fungi Malassezia furfur or Pityrosporum
orbiculare.” Tinea versicolor affects 20-
25% of the global population and is
commonly found in tropical regions, such
as Indonesia.>* Elevated temperature and
humidity favor the proliferation of the
fungi responsible for tinea versicolor. The
incidence of tinea versicolor tends to
increase with age. Young adults -
characterized by active sebaceous gland
function and higher levels of physical
activity -are more frequently affected and
report cases more commonly than other
age groups. However, existing data present
varied findings, and no comprehensive
studies have yet been conducted to assess
this condition using a multilevel
epidemiological approach.
Epidemiological estimates suggest that 40-
50% of the Indonesian population has
experienced tinea versicolor during their
lifetime.>®

Tinea versicolor causes skin
discoloration, resulting in lighter, darker,
or even reddish spots compared to the
surrounding skin. The trunk is the most
commonly affected area due to the highest
concentration of sebaceous glands.
Nonetheless, tinea versicolor may also
involve other anatomical sites, particularly
those with frequent exposure to ultraviolet
(UV) radiation, such as the forearms,
cervical region, and facial area.*®
Although some patients may experience
itching, the majority remain asymptomatic.
The incidence of the disease is associated
with densely populated areas and poor
hygiene conditions.*®

Personal hygiene refers to an
individual’s attitude and behavior in
maintaining and improving personal health
to protect against disease. Personal
hygiene is a multifaceted domain
influenced by complex biopsychosocial

factors, including -but not limited to -self-
perception, knowledge, social norms,
economic conditions, and cultural context.
Personal hygiene practices can be

implemented by maintaining  body
cleanliness, such as bathing regularly,
brushing teeth, washing hands, and
wearing clean clothes.>*!

Additionally, the environmental
conditions can influence the incidence of
infection. For example, densely populated
areas are considered a risk factor for tinea
versicolor infection. Islamic boarding
schools are typically located near
residential areas, with relatively small
room sizes, limited cleanliness, and poor
personal  hygiene practices among
students, such as sharing of personal items
(towels, toiletries, and bedding), which
further increases the risk of tinea
versicolor infections.****

The purpose of this study was to
examine the relationship between personal
hygiene practices and the incidence of
tinea versicolor among students at the
MUQ Pagar Air Islamic Boarding School
in Aceh, Indonesia.

MATERIALS AND METHODS

Materials

The study used a reliable and valid
questionnaire to assess personal hygiene.
The range of values for the personal
hygiene variable was 0-11. Good personal
hygiene was defined as a score of >75%
(scores of 9-11), while not good personal
hygiene was defined as a score of <75%
(scores of 0-8). The tinea versicolor
diagnosis was confirmed definitively in the
laboratory using KOH 10% examination.

Methods

The study was conducted using a
cross-sectional approach. The population
consisted of students from grades X, XI,
and XIlI at MUQ Pagar Air Islamic
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Boarding School, totaling 130 students.
Using the Slovin formula, the required
sample size was calculated to be 58 subjects.
Stratified random sampling was employed to
select the subjects by dividing the
population into strata. The inclusion criteria
comprised active students  whose
participation was approved through written
informed consent provided by their parents.
The exclusion criteria included students with
other pre-existing skin conditions, identified
through self-reported responses and clinical
findings by the researchers.

RESULTS AND DISCUSSION

The study involved students of
grades X, Xl, and XII as subjects of the
study. Of the 130 female students, 60 met
the criteria as the subjects in this study.

Table 1. Student’s Personal Hygiene.

Personal Frequency Percentage

Hygiene (n) (%)
Not good 10 16.7
Good 50 83.3
Total 60 100.0

Table 1 shows that the majority of
students at MUQ Pagar Air Islamic
Boarding School performed good personal
hygiene. Several studies have examined
personal hygiene practices among different
populations. Desmawati et al. in 2015 at the
Al-Kausar Pekanbaru Islamic Boarding
School found that 61% of subjects practiced
good personal hygiene. Similarly, Ahsani
Nadiya et al. in 2019 at the Sa’adatuddarain
Islamic Boarding School reported that
54.1% of students exhibited good personal
hygiene. Another study by Dewi et al. in
2017 at SMPN 4 Denpasar found that 79%
of subjects maintained good personal
hygiene. Additionally, a 2021 study by Cep
Reza Alam Wahid also showed that the
majority of the population met the criteria
for good personal hygiene.***’

Table 2. The incidence of Tinea versicolor.

Tinea Frequency Percentage
versicolor (n) (%)
Yes 6 10.0
No 54 90.0
Total 60 100.0

Table 2 shows that the majority of
students at MUQ Pagar Air Islamic
Boarding School did not experience tinea
versicolor. This finding aligned with studies
conducted by Wardana et al. in 2020 at the
Darussa'adah Mojo Agung Islamic Boarding
School, Central Lampung (78.6% without
tinea versicolor), Riska Nazaria et al. in
2017 at Madrasah Tsanawiyah Islamic
Boarding School (67.6% without tinea
versicolor), and Dwiky Saputra Armansyah
in 2020 at Mathla'ul Anwar Islamic
Boarding School (80% without tinea
versicolor). Additionally, Cep Reza Alam
Wahid's study also found that the majority
(94.8%) of students at an Islamic boarding
school did not have tinea versicolor.***"2°

Although various studies may
employ varying operational definitions for
the diagnosis of tinea versicolor -utilizing
methods such as Wood’s lamp examination
or direct microscopic analysis -all yielded
definitive rather than presumptive findings,
thereby ensuring the reliability of case
identification within the studied population.

Table 3. Bivariate analysis.

Tinea

versicolor Total P

Personal value

Hygiene Yes No

n %% n % n %

Notgood 6 60 4 40 10 100

Good 0 0 50 100 50 100 0.00

Bivariate analysis (Chi-square test),
as presented in Table 3, yielded a p-value of
0.00 (p < 0.05), providing evidence of a
statistically significant relationship between
personal hygiene and the incidence of tinea
versicolor at MUQ Pagar Air Islamic
Boarding School.  Additional studies,
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including those conducted by Wahid C.
and Sudiadnyani in similar Islamic
boarding school settings, support these
findings. Both studies identified personal
hygiene as a determinant factor in the
occurrence of tinea versicolor, reporting
statistically significant associations with p-
values of 0.024 and 0.000, respectively.

17,21

The frequent poor personal hygiene
behaviors observed among MUQ Pagar
Air students, such as not changing clothes
after sweating and not washing hands
before or after activities, are likely due to a
lack of education and health promotion
regarding clean and healthy living
practices. Not changing clothes after
sweating  creates an  environment
conducive to fungal growth. Malassezia
furfur thrives on moist skin, altering the
skin flora and promoting the development
of pathogenic mycelia. Additionally,
humid conditions can further increase the
virulence of the fungus. Fungal virulence
can cause itching, leading to scratching,
and the habit of not washing hands before
or after activities may facilitate the transfer
of mycelia from the keratin layer of the
stratum corneum to healthy skin areas,
potentially leading to the progression of
tinea versicolor.”*

In this study, the majority of
students with good personal hygiene can
be attributed to the adequate facilities and
infrastructure at MUQ Pagar Air Islamic
Boarding School, which effectively
support students in maintaining good
personal hygiene. Additional factors
influencing the implementation of personal
hygiene practices -particularly among
students as a distinct study population -
such as institutional regulations and social
obligations within dormitory settings, as
well as access to routine healthcare
services, warrant further investigation. It is
also advisable to identify and control for
potential confounding variables that may

adversely affect the observed outcomes.

Epidemiological studies examining
the statistical significance  between
variables associated with tinea versicolor
have generally reported substantial
associations, though the findings remain
varied. The diverse outcomes regarding
tinea versicolor prevalence among student
populations across different educational
settings suggest the likely involvement of
multiple confounding factors influencing
the occurrence of this infection.'#2024%

Malassezia peaks in adolescent
(pubertal) and young adult age groups,
which aligns with the increased activity of
sebaceous glands in these age groups. The
yeast density gradually decreases with age.
Under normal conditions, Malassezia acts
as a normal mycobiome, evading the local
immune response and  maintaining
equilibrium, thus not showing significant
pathological signs (asymptomatic).
However, changes in the proliferation of
the saprophytic Malassezia yeast into
pathogenic hyphae can occur. Various
conditions can disrupt this balance, such as
immune insufficiency due to chronic
metabolic diseases (e.g., diabetes), HIV
infection, long-term systemic steroid use,
or the use of immunosuppressive agents,
which  can  further  promote the
pathogenicity of Malassezia-related skin
diseases. Other predispositions, such as
hyperhidrosis and malnutrition, may also
be related to the study group in this
context.?®%

Malassezia spp., by virtue of their
pathogenic potential, have been implicated
in a broad spectrum of dermatological
disorders. These include superficial
mycoses such as tinea (pityriasis)
versicolor,  inflammatory  dermatoses
including  sebaceous  gland-associated
conditions and seborrheic or atopic
dermatitis, as well as immune-mediated
disorders like psoriasis. Furthermore,
Malassezia may co-occur with or
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predispose to other fungal infections, such
as onychomycosis, and in certain
immunocompromised hosts, may contribute
to systemic and invasive mycoses. An
increased risk of Malassezia invasion may
result from an elevated yeast population,
alterations in epidermal pH, and the
mechanical spread of the pathogen due to
scratching -all of which are associated with
and exacerbated by poor personal
hygiene.?®?’

In tinea versicolor, the skin lesions
caused by fungal hyphal invasion arise
between and are limited to keratinized cells.
Damage to the stratum corneum and
depigmentation may occur due to
dysregulation of the melanization process.
Hypo- or hyperpigmentation is determined
by the involvement of azelaic acid produced
by Malassezia. Azelaic acid inhibits
tyrosinase, a component required for
melanin  synthesis, and this inhibition
typically occurs in individuals with darker
skin. Conversely, the cytotoxic effects of
azelaic acid, which affect the production of
bioactive indoles from tryptophan, have
implications for melanogenesis, presenting
as hyperpigmented lesions, which are more
commonly found in individuals with lighter
skin, %%

The clinical presentation, highly
suggestive of a Malassezia infection
consistent with tinea versicolor, was
subsequently  confirmed  via  direct
mycological examination by the researcher.
Skin scrapings were subjected to a
potassium hydroxide  (KOH) 10%
preparation, which revealed characteristic
morphological features (clusters of round-
to-oval, thick-walled yeast cells arranged in
grape-like formations, accompanied by
short, curved, septate hyphal elements). This
classic "spaghetti and meatballs™ appearance
is pathognomonic for Malassezia species
and confirms the diagnosis of tinea

versicolor among the students.

STRENGTH AND LIMITATION

One of the key strengths of this study
iIs the comprehensive application of
microscopy examination using a 10%
potassium hydroxide (KOH) solution to
establish a working diagnosis of tinea
versicolor in all study participants. Unlike
many studies that use KOH testing solely to
confirm clinically suspected cases, this
study employed the 10% KOH diagnostic
test uniformly across the entire study
population. This approach enhances the
accuracy of case identification and reduces
the potential for diagnostic bias.

The number of participants included
was considered adequate to draw
meaningful conclusions. While a larger
sample size could have been possible, it was
not necessary given the study's duration. The
data collected was sufficient to provide
valuable insights that can be generalized to a
broader population, ensuring the validity
and reliability of the study's results.

CONCLUSIONS

The majority of students at MUQ
Pagar Air Islamic Boarding School
practiced good personal hygiene and did not
have a tinea versicolor infection. The study
also found a statistically significant
relationship between the two measured
variables, personal hygiene and the
incidence of tinea versicolor.
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INTRODUCTION

Pulmonary tuberculosis (TB) is an
airborne infectious disease caused by
infection with Mycobacterium tuberculosis
bacteria.! According to the World Health
Organization (WHO), TB is still a global
public health problem today.” TB is the
second-highest cause of death in infectious
diseases in the world.> The estimated
number of people diagnosed with TB
worldwide is 10.6 million cases. Up from
the previous 2021 of 10.3 million people.*
Based on the latest data from the WHO
Tuberculosis Report 2023, Indonesia
currently ranks second with the highest TB
caseload after India, with 724 thousand
cases and an increase in 2023 of 820
thousand cases.>® Globally in 2022, it is
estimated that 410,000 people will
experience drug resistance. In Indonesia in
2022, the number of deaths reached 93
thousand, and as many as 12 thousand
people were recorded with drug-resistant
TB cases. The success rate of drug-
sensitive TB treatment is 85% and drug-
resistant TB treatment is 55%. This figure
has not yet reached the target, indicating
that the urgency of commitment needs to
be increased and the national TB
elimination strategy to achieve the 90%
target strengthened by 2024.°

Resistance of  Mycobacterium
tuberculosis to anti-TB drugs is a
condition where the bacteria cannot be
destroyed with anti-TB drugs.” Anti-TB
drug resistance can be caused by gene
mutation or selective pressure. The
mechanism of drug resistance is influenced
by several factors, including non-
compliance of TB patients in taking drugs
regularly or not completing the treatment
program. ® The cause of anti-TB drug
resistance is due to inadequate use of
drugs, which occurs when the treatment
given is not in the right way in terms of
drug dosage, treatment duration, and is not

suitable for the patient's condition. Also,
inappropriate treatment regimens can lead
to treatment failure of TB patients.® Gene
mutation is the main mechanism that

causes drug resistance to MTB, mutations
in certain genes can change the target of
drug action, reduce effectiveness, and the
bacteria can still survive in extreme
conditions.’® Selective pressure on MTB
causes phenotypes to become more
favorable in certain environments due to
bacterial  resistance to antibiotics.™
Resistance in new patients is patients who
have never received treatment before or
received anti-TB drugs for less than 1
month. This patient is infected from a
previously treated patient.*? Differences in
the characteristics of TB patients mean that
drug-resistant TB transmission is more
often transmitted from patients who are not
on treatment or whose treatment is
ineffective. Effective treatment and patient
management are important in reducing the
transmission of resistant strains to other
individuals."®*  TB patients infected by
drug-resistant patients have worse clinical
outcomes and longer cure times, especially
if infected with untreated patients.** DR-
TB pulmonary TB patients reported
include RR-TB, MDR-TB, Pre-XDR-TB,
and XDR-TB.® RR-TB is determined
from the results of the Xpert MTB/RIF
examination, in RR-TB patients, followed
by MGIT 960 culture examination. The
MGIT 960 system is an efficient and rapid
TB diagnosis method used for anti-TB
drug susceptibility testing.'® This test
records and reports the sensitivity of first-
line and second-line anti-TB drugs such as
fluoroquinolones (Levofloxacin,
Moxifloxacin, and Ofloxacin),
aminoglycosides (Amikacin, Kanamycin,
and Capreomycin), and Bedaquilin,
Linezolid, and Clofazimine.’"** The
purpose of this study was to determine the
pattern of anti-TB drug resistance among
DR-TB pulmonary TB patients in Dr.
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Soetomo Academic Hospital, Surabaya,
from January 2022 to December 2023.

MATERIALS AND METHODS

Materials

The data used in this research were
secondary data, obtained from medical
records of drug-resistant pulmonary TB
patients in new and re-treatment cases, and
adult age criteria of 18-65 years. The
variables in this study were drug-resistant
pulmonary TB patients, age, gender, drug-
resistance TB classification, culture MGIT,
and Drug-Susceptibility Testing (DST). The
sample size was 261 patients who met the
inclusion criteria.

Methods

This study used a retrospective
descriptive observational design. DR-TB
data on RR-TB using Xpert® MTB/RIF and
anti-TB drugs sensitivity using BACTEC™
MGIT™ 960 system obtained from sputum
of pulmonary TB patients and reported
drugs Isoniazid, Pyrazinamide,
Levofloxacin, Moxifloxacin, Bedaquilin,
Linezolid, Clofazimine, and Amikacin were
obtained from pulmonary TB patients’
medical records at the Dr. Soetomo
Academic Hospital for the period January 1,
2022, to December 31, 2023.

RESULTS AND DISCUSSION

Patient Demographics

Drug-resistant pulmonary  TB
patients recorded in medical record data at
the Dr. Soetomo Academic Hospital from
January 1, 2022, to December 31, 2023,
totaled 261 patients (Table 1). Demographic
characteristics of patients based on gender:
149 patients (57.1%) were male, while 112
patients (42.9%) were female. This is related
to the level of physical activity and greater

workload in men. Frequent social activities
that involve interaction with many people,
as well as unhealthy lifestyles such as
smoking and drinking alcohol, lead to
decreased immunity and increased risk of
TB. Men, therefore, tend to be more
susceptible to TB infection.!*?

Age distribution was grouped based
on the age range of 18-24 years as many as
27 patients (10.3%), age 25-34 years as
many as 38 patients (14.6%), age 35-44
years as many as 52 patients (19.9%), age
45-54 years as many as 89 patients (34.1%),
and age 55-65 years as many as 55 patients
(21.1%). Old age is thought to increase the
risk of TB disease. This may be due to
factors such as the causative agent,
individual conditions in the level of
immunity, and an unhealthy home
environment.” Mature age is related to
productive working age, and activities
related to many people are risk factors for
increased transmission from surrounding TB
patients.'*%

Table 1. Demographics of Drug-Resistant
Pulmonary TB Patients with TB Treatment
History in Dr. Soetomo Academic Hospital,
January 2022 - December 2023

TB Treatment History

Patient oSt roat Total
0ss to rea
Dermogr— New Relapse  follow  ment  N=261
aphics  Cases P .
up Failure
Gender
Male 90 37 8 14 149
34.5% 14.2% 3.2% 5.3% 57.1%
Female 70 21 7 14 112
26.8% 8% 2.7% 5.3% 42 .9%
Age
24 2 0 1 27
18-24 9.2%  0.8% 0%  04%  10.3%
20 10 4 4 38
25-34 7.7% 3.9% 1.5% 1.5% 14.6%
28 11 5 8 52
35-44 10.7% 4.2% 2% 3% 19.9%
58 18 0 11 89
45-54 22.2% 6.9% 20.8% 4.2% 34.1%
6565 30 17 4 4 55
11.5% 6.5% 1.5% 1.5% 21.1%
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Drug Susceptibility Test Examination

Sensitivity of anti-TB drugs in
patients with drug-resistant pulmonary TB
(Table 2) showed that High-dose Isoniazid
(INH"®) had a high level of resistance in
135/239 patients (56%). Isoniazid (H)
showed high resistance in 100/151 patients
(66%).  Pyrazinamide (Z)  showed
sensitivity in 86/131 patients (66%).
Levofloxacin (Lfx) showed sensitivity in
213/238 patients (89%). Moxifloxacin
(Mfx) showed sensitivity in 11/12 patients
(92%). High-dose Moxifloxacin (Mfx"P)
showed sensitivity in 215/228 patients
(94%). Bedaquilin  (Bdq)  showed
sensitivity in 235/239 patients (98%).
Linezolid (Lzd) showed sensitivity in
237/239 patients (99%). Clofazimine (Cfz)
showed sensitivity in 232/239 patients
(97%). Amikacin  (Amk)  showed
sensitivity in 86/86 patients (100%).

This study revealed that most
patients were resistant to Isoniazid of 66%.
Isoniazid is the first-line anti-TB drug
given to patients diagnosed with TB, is
often resistant; and unsupervised and
incomplete treatment can increase drug
resistance.> In addition, they are still
sensitive  to  pyrazinamide  (66%).
Pyrazinamide has a different mechanism
of action from other TB drugs; bacteria are
less prone to resistance to Pyrazinamide
than Isoniazid and Rifampicin, and
Pyrazinamide regimens generally do not
require frequent dosing, reducing the
potential for resistance.”> The high
sensitivity  rates of  Levofloxacin,
Moxifloxacin,  Bedaquilin,  Linezolid,
Clofazimine, and Amikacin are likely due
to the fact that these drugs are used with
appropriate indications and are not drugs
that are freely used in the community.
This requires further research.
Levofloxacin and Moxifloxacin are
fluoroquinolone class drugs commonly
used for drug-resistant TB patients, the
sensitivity rate is still high especially in

Mertaniasih et al. / 1JTID, 13(2):143-154

strains that do not have gyrA or gyrB gene
mutations, a high level of sensitivity due to
the use of the right dose and
combination.”® Second-line anti-TB drugs
such as Levofloxacin, Moxifloxacin,
Bedaquilin, Linezolid, Clofazimine, and
Amikacin have high sensitivity because
they have different and more specific
mechanisms of action compared to the
first-line anti-TB drugs.?*

The WHO recommends
individualized DR-TB treatment based on
DST results for first-line and second-line
drugs. Nearly a quarter of cases are
resistant to at least one first-line drug, so
second-line drugs are more widely used in
TB treatment, with more side effects and
higher costs.”> DST plays a role in TB
management and control, especially in the
context of increasing drug resistance. DST
enables rapid identification of MTB strains
that are resistant to drugs such as isoniazid
and rifampicin as first-line drugs, and is
important in preventing the spread of DR-
TB, thereby facilitating the provision of
effective treatment therapy based on
specific resistance profiles. First-line anti-
TB drugs have a high incidence of drug
resistance, possibly because first-line anti-
TB drugs are the main TB treatment given
to patients who are first diagnosed with
TB. The causative factor of this resistance
is due to treatment non-compliance and is
related to the long duration of treatment, so
that the chance of resistance increases.
Meanwhile, second-line anti-TB drugs are
currently still sensitive and effective as a
treatment for TB patients. Factors
determining the effectiveness of TB drugs
are the ability of Dbactericidal or
bacteriostatic activity that can kill and
inhibit the development of bacteria, the
ability of drugs to reach the concentration
of infection sites, side effects, the ability to
overcome drug resistance, and the duration
of treatment.?® TB patients should receive
the correct dose. The standard dose for
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drugs is Rifampicin 10 mg/kg, maximum
600 mg; Isoniazid 5 mg/kg, maximum 300
mg;  Ethambutol 15 mg/kg, and
Pyrazinamide 25 mg/kg. Levofloxacin 750-
1000mg, Moxifloxacin 400-800mg,
Linezolid 600 mg, Bedaquiline 400mg once
daily for 2 weeks, followed by 200mg 3

first 2 months 200-300mg then reduced to
100mg, and Amikacin 12-15mg/kg.?’ An
indicator of successful TB treatment is if the
TB patient completes therapy with
symptoms resolved or cured as measured by
a negative BTA at the end of treatment and
at least one follow-up examination.?®

times a week for 24 weeks, Clofazimine the

Table 2 Drug-Resistant Pulmonary TB based on the Treatment History with Drug Susceptibility
Testing (DST) in Dr. Soetomo Academic Hospital, January 2022 - December 2023
Drug Susceptibility Test Results

B
Tﬁgﬁ?&”t ; R S I MIX Mix  Bdg L Cfz z  Amk
S 67 34 128 131 6 145 143 143 49 49
New Cases R 78 62 16 9 0 0 2 2 30 0
Total 145 96 144 140 6 145 145 145 79 49
S 21 10 48 47 3 53 53 53 22 22
Relapse R 32 21 5 3 0 0 0 0 11 0
Total 53 31 53 50 3 53 53 53 33 22
Loss to S 6 3 13 13 1 14 15 13 7 7
follow up R 9 4 2 1 0 1 0 2 1 0
Total 15 7 15 14 1 15 15 15 8 7
S 10 4 24 24 1 23 26 23 8 8
Treatment R 16 13 2 0 1 3 0 3 3 0
Failure
Total 26 17 26 24 2 26 26 26 11 8
S 104 51 213 215 11 235 237 232 86 86
Total 44%  34% 89% 94% 92% 98% 99% 97% 66% 100%
R 135 100 25 13 1 4 2 7 45 0
56%  66% 11% 6% 8% 2% 1% 3% 34% 0%

Note : S = Sensitive; R = Resistant; N = Amount

Research conducted in India revealed that,
as a country with the highest MDR-TB rate
in the world, DR-TB is one of the main
obstacles to progress towards TB
elimination.” In another study in India,
many patients were found to have high
resistance to fluoroquinolone class drugs at
72.8% and resistance to Second-Line
Injectable Drugs (SLID) at 15.7%.
Resistance to fluoroquinolones with SLID
was 11.5%. Selection of appropriate
treatment regimens is needed as a substitute
for fluoroquinolones.*® Research conducted
in China, as the country with the third
highest number of TB cases after India and
Indonesia.  Drug-resistant TB  strains,

especially MDR-TB and XDR-TB, are
increasing the dependence on second-line
TB drugs. Analysis of all TB drugs showed
resistance of 56.8%, requiring increased
targeted interventions for drug-resistant TB
in China. The country accounts for a quarter
of global MDR-TB cases.* Research
conducted in the Philippines, as the fourth
highest TB country, found that patients had
SLID resistance of 56%, Fluoroquinolone
resistance of 30.7%, MDR-TB patients were
found to be 5.3% and XDR-TB as much as
8%. In his study, the addition of the drug
Bedaquiline in the treatment regimen against
DR-TB assessed its effectiveness, safety,
and tolerability. The results of regimens
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containing Bedaquiline in MDR/XDR-TB
patients were highly effective with good
safety and treatment outcomes.*® Previous

research conducted in Dr. Soetomo
Hospital, Surabaya, Indonesia, said that the
use of the drug Bedaquiline can improve
recovery and reduce the risk of death of
MDR-TB patients, as well as in patients
who cannot be followed up and use in
combination with drugs Levofloxacin,
Clofazimin, and Linezolid increases the
efficacy of therapy.®* DR-TB in different
countries can be influenced by health
policy factors and TB treatment; the
implementation of the DOTS (Directly
Observed Treatment Short-course)
program is effective in reducing TB drug
resistance.>

Classification of
Patterns

The results of the data analysis of
this study showed that the number of drug-
resistant TB patients with positive MTB
culture (Table 3) results came from new
cases as many as 160 patients (61.3%),
relapse cases as many as 58 patients
(22.2%), loss to follow up cases as many
as 15 patients (5.7%), and failed cases as
many as 28 patients (10.8%). There is a
difference with that revealed by the
Ministry of Health of the Republic of
Indonesia (2020), that cases of DR-TB are
usually more prevalent in TB with re-
treatment cases.®> New cases of drug-
resistant TB patients may contain MTB
strains in newly diagnosed TB patients
who have never received TB drugs or a
history of anti-TB drugs for less than one
month. These patients are infected with
MTB that is resistant to TB drugs, which is
called primary resistance. New TB patients
who develop resistance can occur due to
close contact with DR-TB patients.*

This study revealed that drug-
resistant pulmonary TB patients in new
cases were more numerous, possibly due

Drug-Resistance

to social and psychological factors.
Patients undergoing re-treatment may not
visit the referral hospital, and comorbid
conditions could also contribute. Dr.
Soetomo's a referral hospital may not
cover all drug-resistant TB patients in East
Java, Indonesia. This highlights the need
for an informative = communication
approach, intersectoral cooperation, and
further research.

Table 3 Classification of Drug Resistance
with Pulmonary TB Treatment History in
Dr. Soetomo Academic Hospital, January
2022 - December 2023

Treatment History
Loss

I?Srttégnrczs New Relaps to an::tt Total
Cases e follo .
Failure
w up
RR 74 25 5 10 114
28.4% 9.5% 1.9% 3.8% 43.7%
MDR 66 28 6 13 113
253% 10.7% 2.3% 5% 43.3%
Pre- 16 5 2 2 25
XDR 6.1% 1.9% 0.7% 0.7% 9.6%
4 0 2 3 9
KPR 5% 0% 07% 15%  3.4%
Total 160 58 15 28 261
61.3% 222% 57% 10.8% 100%
Note : RR = Rifampicin Resistant; MDR = Multidrug

Resistant; Pre-XDR = Pre-Extensively Drug Resistant;
XDR = Extensively Drug Resistant

The results of this study are in line
with research at Margono Soekarjo
Hospital, Indonesia, showing the majority
of new TB patients are 7,3 times more
likely to develop resistance. Contact
transmission of drug-resistant TB causes
new TB cases to experience primary
resistance, which causes an increase in
drug-resistant cases. Furthermore, relapsed
TB patients have a 3.7 times higher risk of
developing drug resistance than those who
have never received previous treatment.*

Diagnosis of TB using the
GeneXpert MTB/RIF test to detect drug
resistance to rifampicin based on the drug
sensitization test. Patients with RR-TB
were new cases (43.7%), relapsed cases
(9.5%), loss to follow-up cases (1.9%), and
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failed cases (3.8%). MDR-TB in new cases
(43.3%), relapse cases (10.7%), loss to
follow-up cases (2.3%), and failed cases
(5%). Pre-XDR-TB in new cases (6.1%),
relapse cases (1.9%), loss to follow-up cases
and failed cases (0.7%). XDR-TB in new
cases (1.5%), loss to follow-up cases
(0.7%), and failed cases (1.5%). The highest
number of patients with RR-TB was found
in the new TB cases group, totaling 74
people (28.4%).

In this study, it was found that the
highest number of new cases of pulmonary
TB patients experienced RR-TB at the Dr.
Soetomo Academic Hospital in 2022-2023.
New TB cases are patients who have never
received previous treatment or received anti-
TB drugs for less than 1 month (<28 doses).
RR-TB is rifampicin resistance, without
resistance to other anti-TB drugs.”® The
causes of drug-resistant TB are patient non-
compliance with treatment regimens, non-
completion of treatment, gene mutations,
resistant strains transmitted from TB-
infected people, and poor immunity.’
Contact transmission of drug-resistant TB
causes new case patients to develop primary
resistance, leading to an increase in RR-TB
cases.

This study is in line with Wahidah et
al. (2024), it was found that the majority of
anti-TB drug-resistant categories were in
RR-TB as many as 85 patients (53.8%).
MDR-TB was 59 patients (37.3%), Pre-
XDR-TB was 11 patients (7%), and XDR-
TB was 3 patients (1.9%). The drugs
Rifampicin and Isoniazid are experiencing
significant resistance in patients because
these drugs are used as first-line anti-TB
drugs and are the most effective in
eliminating TB.?® Research conducted at Dr.
Mohammad Hoesim Palembang General
Hospital found that 52 subjects (56.5%) had
RR-TB, 33 subjects (35.8%) had MDR-TB,
6 subjects (6.5%) had Pre-XDR-TB, and 1

subject (1.2%) had XDR-TB.*

All countries must be committed to
ending TB globally with the End TB
Strategy and SDGs, promptly diagnose TB,
record and report TB incidence, and DR-TB
cases.®* In addition, implementation is
important to intensify education on patient
adherence to complete treatment.”® Long-
term research services are needed to
continue to determine anti-TB drug
resistance patterns, to determine trends, and
diagnostic capabilities.

STRENGTH AND LIMITATION

The strength of this study lies in the
use of Drug Susceptibility Testing (DST) for
anti-TB drug sensitivity. However, the
limitation of this study was that the data
were collected over a limited period of time,
so it did not include long-term changes in
the variables studied and unmeasured
variables that might affect the results of the
study, such as close contact with DR-TB
and comorbidities.

CONCLUSIONS

This study showed that drug-
resistant pulmonary TB patients recently
show a high drug sensitivity pattern to the
second-line anti-TB drugs. MTB has
become resistant to Isoniazid. However, it is
still sensitive to Pyrazinamide by 66% and
Levofloxacin by 89%. Moxifloxacin,
Bedaquilin, Linezolid, Clofazimine, and
Amikacin have high sensitivity >90%.

ACKNOWLEDGEMENT

The authors would like to express
their gratitude to all participants who
participated in this study and to all staff at
Dr. Soetomo Academic Hospital, Surabaya,
Indonesia.

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease

149



ETHICAL CLEARANCE

All the protocols and the use of
medical records for the data on this research
are approved by Dr. Soetomo Surabaya
General Hospital ethics committee (Ref.
No0.1477/LOE/301.4.2/X/2023).

FUNDING

This study did not receive any
funding.

CONFLICT OF INTEREST

All of the authors declare that
they have no conflict of interest.

AUTHOR CONTRIBUTION

Every  author has  equally
contributed to this research, from the
design, data analysis, and interpretation,
critically revising it, and giving their final
approval of the article.

REFERENCES

1. Siregar PA, Farashati JI, Syafira
AC, et al. Konsep Epidemiologi
Terjadinya Penyakit
Tuberkulosis. Zahra: Journal of
Health and Medical Research
[Internet]. 2023 Jul 5 [cited 2025
Jan 27];3(3):462-70. Available
from:
https://adisampublisher.org/index.
php/aisha/article/view/468

2. World Health  Organizaation
(WHO). Global Tuberculosis
Report 2023 [Internet]. 2023.
Available from:
https://www.who.int/teams/global
-tuberculosis-programme/tb-
reports/global-tuberculosis-report-
2023

Mertaniasih et al. / 1JTID, 13(2):143-154

3. World Health Organizaation

(WHO). TB Day 2022 Fact Sheet
[Internet]. 2022. Available from:
https://www.who.int/indonesia/ne
ws/campaign/th-day-2022/fact-
sheets#:~:text=TB%20adalah%20
penyebab%20kematian%20terbes
ar,di%?20atas%20HIV%2FAIDS
World  Health  Organizaation
(WHO). Health Data Overview
for Republic of Indonesia.
[Internet]. 2021. Available from:
https://data.who.int/countries/360
Kementerian Kesehatan Republik
Indonesia. Program
Penanggulangan Tuberkulosis
Tahun 2022. 2023. Available
from:
https://www.tbindonesia.or.id/wp-
content/uploads/2023/09/Laporan
-Tahunan-Program-TBC-
2022.pdf (2023)

Sudirman S, Kolupe V, Assa AA,
Purwiningsih S, Susianawati D.
Implementation of the Pulmonary
TB Control Program: Qualitative
Study at  Parigi  Primary
Healthcare. JPP [Internet]. 2024
Aug 9 [cited 2025 Jan
27];7(4):694-03. Available from:
https://journal.unpacti.ac.id/index.
php/JPP/article/view/1427
Siregar SR. Extensively Drug
Resistant  Tuberculosis (XDR
TB). Averrous: Jurnal Kedokteran
dan  Kesehatan  Malikussaleh
[Internet]. 2019;5(2):26-43.
Available from:
https://ojs.unimal.ac.id/index.php/
averrous/article/view/2079/1184
Ritonga IL, Manurung AP.
Faktor-Faktor Penyebab
Kegagalan Pengobatan TBC Pada
Penderita TBC Di RSU Imelda
Pekerja Indonesia. JIKI [Internet].
2022;8(2):107-112. Available
from:https://jurnal.uimedan.ac.id/i

IJTID : Indonesian Journal of Tropical and Infectious Disease



1IJTID

Vol 13 No 2. May - August 2025 | Resistance Pattern of Anti-TB Drugs in Drug-Resistant TB of Pulmonary

10.

11.

12.

13.

ndex.php/jurnalkeperawatan/article/
view/1043

Saputra HL, Yulendasari R,
Kusumaningsih D. Faktor-faktor
yang berhubungan dengan
Multidrug Resistant Tuberculosis
(MDR-TB) pada pasien
tuberkulosis paru. Holistik Jurnal
Kesehatan [Internet]. 2022 Oct 20
[cited 2025 Jan 27];16(6):516-28.
Available from:
https://ejurnalmalahayati.ac.id/inde
x.php/holistik/article/view/8161/pdf
Swain SS, Sharma D, Hussain T,
Pati S. Molecular mechanisms of
underlying genetic factors and
associated mutations for drug
resistance  in  Mycobacterium
tuberculosis. Emerging Microbes &
Infections [Internet]. 2020 Apr
4;9(1):1651-63. Available from:
https://www.tandfonline.com/doi/ci
tedby/10.1080/22221751.2020.178
53347?scroll=top&needAccess=true
DeCooman D, Metzler K. Selective

Pressure: Definition, Types &
Example. Science Courses
[Internet]. 2022 [cited 2023 Nov
21]. Available from:

https://academy/course/introduction
-to-biology.html
Kementerian Kesehatan Republik

Indonesia. Lampiran Keputusan
Menteri Kesehatan  Republik
Indonesia Pedoman Nasional
Pelayanan Kedokteran Tata
Laksana  Tuberkulosis. 2019.
Available from:

https://yankes.kemkes.go.id/unduha
n/fileunduhan_1610422577 80190
4.pdf

Koh WJ, Lee H, Jeon D, et al.
Drug-resistant tuberculosis:
Challenges and advances. Lancet
Infect Dis. 2021;21(3):301-308.

14.

15.

16.

17.

18.

Vasquez JM, Lee M, Kwon Y, et
al. Outcomes and predictors of
multidrug-resistant tuberculosis
treatment: A 5-year cohort study. J
Clin  Tuberc  Other  Respir.
2023;31:100320.

World Health  Organizaation
(WHO).  Global  Tuberculosis
Report 2024. [Internet]. 2024.
Available from:

https://www.who.int/teams/global-
tuberculosis-programme/tb-
reports/global-tuberculosis-report-
2024

Subramanyam B, Sivaramakrishnan
G, Sangamithrai D, et al.
Reprocessing of  Contaminated
MGIT 960 Cultures to Improve
Availability of Valid Results for
Mycobacteria. International Journal
of Microbiology [Internet]. 2020
Jul  18;2020(1):1-3.  Awvailable
from:
https://onlinelibrary.wiley.com/doi/
10.1155/2020/1721020

Maningi NE, Malinga LA,
Antiabong JF, Lekalakala RM,
Mbelle NM. Comparison of line
probe assay to BACTEC MGIT
960 system for susceptibility testing
of first and second-line anti-
tuberculosis drugs in a referral
laboratory in South Africa. BMC
Infectious Diseases [Internet]. 2017
Dec;17(2). Available from:
https://pmc.ncbi.nlm.nih.gov/article
s/IPMC5745758/

Tekin K, Albay A, Simsek H, Sig
AK, Guney M. Evaluation of the
BACTEC MGIT 960 SL DST Kit
and the GenoType MTBDRsI Test
for Detecting Extensively
Drugresistant Tuberculosis Cases.
The Eurasian Journal of Medicine
[Internet]. 2017 Oct 25;49(3):183—

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease

151



Mertaniasih et al. / 1JTID, 13(2):143-154

19.

20.

21.

22.

23.

24,

7. Available from:
https://pmc.ncbi.nlm.nih.gov/artic
les/PMC5665627/#t1-eajm-49-3-
183

Janah AN, Najmah N, Setiawan
Y, Idrus M, Fajri R, Murniati H,

Aprina, F. Hubungan Status
Pengobatan dan Riwayat
Pengobatan Sebelumnya
Terhadap Keberhasilan

Pengobatan Pasien TBC Usia
Produktif di Kota Palembang.
Manuju. 2023 Dec 1;5(12):4472—
4484, Available from:
https://ejurnalmalahayati.ac.id/ind
ex.php/manuju/article/view/12780
Nurmala QP, Habib I, Nugroho
H. Relationship between
Tuberculosis Treatment History
and the Incidence of Multidrugs
Resistant Tuberculosis (MDR
TB). 2024 Nov 20. Available
from:
http://repository.umy.ac.id/handle
/123456789/33711

Seddon JA, Donald PR, du Toit
E, et al. Emergence and
epidemiology of drug-resistant
tuberculosis. Lancet Respir Med.
2022;10(7):587-600.

Xu H, Li Q Wang F, et al.
Isoniazid resistance mechanisms
in  Mycobacterium tuberculosis
and their role in clinical
resistance. ~ Front  Microbiol.
2022;13:789345.

Vidal L, Pavan E, Soni S, et al.
Fluoroquinolone  resistance in
Mycobacterium tuberculosis:
Mechanisms, clinical
consequences, and implications
for treatment. Clin Microbiol Rev.
2022;35(4):e0019821.

Ginsburg AS, Gupta R, Steingart
KR, et al. Global epidemiology of
tuberculosis and progress toward
ending the tuberculosis epidemic.

25.

26.

217.

28.

Lancet. 2023;401(10382):1112-
1124.
World  Health  Organization

(WHO). Technical manual for
drug susceptibility testing of
medicines used in the treatment of

tuberculosis.  [Internet]. 2018.
Available from:
https://www.who.int/publications/
i/item/9789241514842

Dartois VA, Rubin EJ. Anti-
tuberculosis treatment strategies
and drug development:
Challenges and priorities. Nature
Reviews Microbiology [Internet].
2022 Apr 27;20:685-701.
Available from:
https://pubmed.ncbi.nlm.nih.gov/
35478222/

Alffenaar JWC, Stocker SL,
Forsman LD, Garcia-Prats A,
Heysell SK, Aarnoutse RE, et al.
Clinical standards for the dosing
and management of TB drugs.
The International Journal of
Tuberculosis and Lung Disease:
The Official Journal of the
International ~ Union  Against
Tuberculosis and Lung Disease
[Internet]. 2022 Jun 1 [cited 2023
May 21;26(6):483-99. Available
from:
https://pubmed.ncbi.nim.nih.gov/
35650702/

Limenh LW, Kasahun AE,
Sendekie AK, Seid AM, Mitku
ML, Fenta ET, et al. Tuberculosis
treatment outcomes and
associated factors among
tuberculosis patients treated at
healthcare facilities of Motta
Town, Northwest Ethiopia: a five-
year retrospective study.
Scientific reports [Internet]. 2024
Apr 2;14(1). Available from:
https://pubmed.ncbi.nlm.nih.gov/
38565912/

IJTID : Indonesian Journal of Tropical and Infectious Disease


https://pmc.ncbi.nlm.nih.gov/articles/PMC5665627/#t1-eajm-49-3-183
https://pmc.ncbi.nlm.nih.gov/articles/PMC5665627/#t1-eajm-49-3-183
https://pmc.ncbi.nlm.nih.gov/articles/PMC5665627/#t1-eajm-49-3-183
https://pubmed.ncbi.nlm.nih.gov/35650702/
https://pubmed.ncbi.nlm.nih.gov/35650702/

1IJTID

Vol 13 No 2. May - August 2025 | Resistance Pattern of Anti-TB Drugs in Drug-Resistant TB of Pulmonary

29.

30.

31.

32.

33.

Vishwakarma D, Gaidhane A, Sahu
S, Rathod AS. Multi-Drug
Resistance Tuberculosis (MDR-
TB) Challenges in India: A Review.
Cureus. 2023 Dec 9;15(12):e50222.
Available from:
https://pubmed.ncbi.nlm.nih.gov/38
192967/

Gopalaswamy R, Palani N,
Viswanathan D, et al. Resistance
Profiles to Second-Line Anti-
Tuberculosis Drugs and Their
Treatment Outcomes: A Three-
Year Retrospective Analysis from
South India. Medicina [Internet].
2023 May  23;59(6):1005-5.
Available from:
https://pubmed.ncbi.nim.nih.gov/37
374209/

Jin C, Wu Y, Chen J, Liu J, Zhang
H, Qian Q, et al. Prevalence and
Patterns of Drug-Resistant
Mycobacterium  tuberculosis in
Newly Diagnosed Patients in
China: A Systematic Review and
Meta-Analysis. Journal of Global
Antimicrobial Resistance [Internet].
2024 May 1; 38:292-301. Available
from:
https://pubmed.ncbi.nlm.nih.gov/38
825149/

Balanag VMJ, Lofranco VS,
Mantala MJ, Santigo MRT, Cabasis
PJE, Araneta AG, et al. The
Introduction of Bedaquiline
Regimen for Drug-Resistant
Tuberculosis in the Philippines: An

Operational  Study. Journal of
Tuberculosis  Report  [Internet].
2022 Jan 1;10(4):205-219.
Available from:

https://www.scirp.org/journal/paper
information?paperid=121738

Setyawan MF, Mertaniasih NM,
Soedarsono S. The Profile of

34.

35.

36.

37.

Multidrug Tuberculosis Regimen
and Treatment Outcomes in
Pulmonary MDR-TB Patients at the
Tertiary Referral Hospital Dr.
Soetomo, East Java, Indonesia: A
Seven-Year Retrospective Study on
Bedaquiline. Acta Medica
Indonesiana [Internet]. 2023 [cited
2025 Jan  27];55(4):430-439.
Available from:
https://www.actamedindones.org/in
dex.php/ijim/article/view/2285/pdf
Sazali MF, Rahim SSSA,
Mohammad AH, Kadir F, Payus
AO, Avoi R, et al. Improving
tuberculosis medication adherence:
The potential of integrating digital
technology and health belief model.
Tuberculosis and  Respiratory
Diseases [Internet]. 2022 Dec
23;86(2). Available from:
https://pmc.ncbi.nlm.nih.gov/article
s/IPMC10073608/

Kementerian Kesehatan Republik
Indonesia. Petunjuk Tenis
Penatalaksaan Tuberkulosis
Resistan Obat di Indonesia. 2019.
Available from:
https://www.tbindonesia.or.id/wp-
content/uploads/2021/06/TBRO_B
uku-Juknis-Tuberkulosis-2020-
Website.pdf

Kusumandari VP, Sunarti S,
Nawangsari D. Pengaruh Riwayat
Pengobatan Pasien TB Terhadap
Kejadian TB MDR di RSUD Prof.
Dr. Margono Soekarjo. Pharmgen.
2023; 2(3):176-88.

Mancuso G, Midiri A, De Gaetano
S, Ponzo E, Biondo C. Tackling
Drug-Resistant Tuberculosis: New
Challenges from the Old Pathogen
Mycobacterium tuberculosis.
Microorganisms [Internet]. 2023
Sep 1;11(9):2277. Available from:

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease

153


https://www.scirp.org/journal/paperinformation?paperid=121738
https://www.scirp.org/journal/paperinformation?paperid=121738

Mertaniasih et al. / 1JTID, 13(2):143-154

https://www.mdpi.com/2076-
2607/11/9/2277/html

38. Wahidah I, Arwi KM,
Norcahyanti I, et al. Determinan
pola resistensi pasien Multi-Drug
Resistant  Tuberculosis (MDR
TB) : Studi Multi-Center Jember,
Indonesia. Indonesian Journal of
Pharmaceutical Education
[Internet]. 2024 Mar 16;4(1):56-
67. Available from:
https://ejurnal.ung.ac.id/index.php
lijpe/article/view/24636

39. Chalik MN, Fathurrachman A,
Andriani L, Rouly Pasaribu,
Rasyid A. Resistance Patterns in
Drug-Resistant Pulmonary
Tuberculosis  Patients at Dr.
Mohammad Hoesin Palembang
Hospital. Jurnal RSMH
Palembang [Internet]. 2024 Jun
21;5(1):358-63. Available from:
https://www.jurnalrsmh.com/inde
x.php/JRP/article/view/64

40. Dilas D, Flores R, Morales-Garcia
WC, Calizaya-Milla YE,
Morales-Garcia M, Sairitupa-
Sanchez L, et al. Social Support,
Quality of Care, and Patient
Adherence  to  Tuberculosis
Treatment in Peru: The Mediating
Role of Nurse Health Education.
Patient Preference and
Adherence. 2023 Jan;17:175-86.
Available from:
https://pubmed.ncbi.nim.nih.gov/
36704124/

IJTID : Indonesian Journal of Tropical and Infectious Disease



IJTID. Volume 13 No 2 May-August 2025 e-ISSN: 2356-0991; p-ISSN:2085-1103
Sinta 2 (Decree No: 105/E/KPT/2022) Available online at https://e-journal.unair.ac.id/IJTID

Original Article

1IJTID -]
(INDONESIAN JOURNAL OF TROPICAL AND INFECTIOUS DISEASE)

Scientific Journal of Tropical and Infectious Disease

Intervention Model for Pulmonary Tuberculosis (TB) with
a Positive Acid-Fast Bacilli (AFB+) in Peukan Bada Sub-
district, Aceh Besar Regency

Farrah Fahdhienie!” |, Wardiati Wardiati'

*Faculty of Public Health, University of Muhammadiyah Aceh, JI. Unmuha 92-93 Banda Aceh, Aceh, 23245, Indonesia

N—— Abstract

ARTICLE INFO Pulmonary tuberculosis (TB) with positive Acid-Fast Bacilli (AFB+) remains one
Received: September 10, 2024 of the most transmissible infectious diseases worldwide. This disease poses a
Accepted: August 29, 20'25 significant public health challenge in many countries. This study aimed to develop

Published: August 31, 2025 a risk-factor-based intervention model to reduce the incidence of Pulmonary TB
Available online: August 31, (AFB+). A case-control approach was employed, with the case group comprising

2025 people diagnosed with Pulmonary TB (AFB+), and the control group consisting

of non-TB individuals from the same neighborhoods. Binary logistic regression
*) Corresponding author: was used for bivariate analysis, and multivariate analysis utilized logistic
E-mail: regression. This study found that the social determinants model accounted for

farrah fahdhienie@unmuha.acid  34.99% of the variance in the incidence of Pulmonary TB (AFB+) (R? = 0.349).
The biological determinants model showed an R? of 0.127, indicating that this
Keywords: model explains 12.7% of the variance in the disease. The third model, which
Tuberculosis focused on behavioral determinants, had an R? of 0.312, meaning that behavioral
LG B BT factors accounted for 31.2% of the variance. The fourth model, examining the
g;‘;’\‘;’ifﬂ&e{e‘fgmﬂ?& physical condition of housing, showed an R? of 0.425, indicating that 42.5% of
e A Nt the variance in Pulmonary TB (AFB+) is explained by variables related to
housing conditions. In conclusion, the physical condition of housing emerged as
the strongest predictor of Pulmonary TB (AFB+). These findings suggest that
@@@@ improving housing conditions should be a key component of public health
T strategies to reduce the incidence of Pulmonary TB (AFB+). Targeted
This is an open access article interventions to improve the household environment are crucial for reducing the
un- der the CC BY-NC-SA risk and transmission of Pulmonary TB (AFB+).
license
(https://creativecommons.org/I
i- censes/by-nc-sa/4.0/)
Cite this as:  Fahdhienie, F., Wardiati. (2025). Intervention Model for Pulmonary Tuberculosis (TB) with a Positive Acid-

Fast Bacilli (AFB+) in Peukan Bada Sub-district, Aceh Besar Regency. Indonesian Journal of Tropical and Infectious
Disease, 13(2) : 155-174. https://doi.org/10.20473/ijtid.v13i2.62967

Copyright ©2025 Indonesian Journal of Tropical and Infectious Disease



https://doi.org/10.20473/ijtid.v13i2.62967

INTRODUCTION

Tuberculosis (TB) is one of the
deadliest infectious diseases in the world,
posing a significant public health problem,
especially in countries that have high TB
burdens.® Every year, around 10 million
people are diagnosed with TB, leading to
1.5 million deaths annually.* The disease is
caused by Mycobacterium tuberculosis,
which  primarily affects the lungs
(pulmonary TB).2 Among those with
pulmonary TB, people who tested positive
for Acid-Fast Bacilli (AFB+) are the most
infectious, and they need immediate and
appropriate treatments to prevent further
transmission.’

To deal with this issue, the World
Health Organization (WHO) initiated the
"End TB Strategy Program”, aiming to
reduce TB incidence by 80% and TB
mortality by 90% in 2035.* Indonesia,
which ranks third globally for the TB
burden, has adopted and implemented
various national strategies in line with this
global initiative. In Indonesia, several
policies and strategies have been
developed by the Ministry of Health of the
Republic of Indonesia to control TB,
including the Directly Observed Treatment
(DOTS), Short-Course (DOTS) program,
case detection through active screening,
and enhancing the laboratory-based
surveillance system.® Despite these efforts,
significant challenges persist, particularly
in ensuring patient adherence to
medication and combating the social
stigma related to TB.

At the regional level, TB burden is
one of the public health concerns in Aceh
Province. Data from the Aceh Provincial
Health Office showed that the TB
incidence steadily increased, making this
disease control a top priority in regional
health planning.® In Aceh Besar Regency,
the number of TB cases rose from 331 in
2020 to 355 in 2021, with a further

Fahdhienie et al. / IJTID, 13(2):155-174

increase to 437 cases in 2022. Peukan
Bada Sub-district has emerged as the area
with the highest number of confirmed TB
cases. Various factors contribute to
challenges in addressing TB in this area,
including limited access to healthcare
facilities, lack of knowledge of TB, and
low medication adherence.”®

Due to these  challenges,
developing an intervention model for
pulmonary TB (AFB+) in Peukan Bada
Sub-district to identify an effective
strategy for controlling TB transmission is
highly important. This model takes into
consideration local variables, such as risk
factors and population characteristics. By
utilizing local epidemiological data, the
model can project the impact of the
implemented intervention on reducing
Pulmonary TB (AFB+) cases over a
specific period.

The objective of this study is to
develop more targeted and evidence-based
interventions, which focus on improving
early detection, enhancing medication
adherence, and reducing pulmonary TB
(AFB+) in Peukan Bada Sub-district. This
model is predicted to be able to contribute
to achieving the TB elimination target
more quickly and effectively. This model
is also anticipated to support sustainable
health program planning at the community
level by taking into account local risk
factors and social and economic
characteristics of the community in Peukan
Bada.

MATERIALS AND METHODS

Study Design

This study utilized a case-control
design to identify Pulmonary TB (AFB+)
risk factors by comparing exposure to risk
factors between case and control groups.
Age and gender were matched, and the
sample ratio was 1:1.
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Population

The population consisted of 46
people, including 23 confirmed Pulmonary
TB (AFB+) patients in the Peukan Bada
Public Health Care Center's working area in
2023, representing the total number of TB
(AFB+) cases in the area. The control group
was 23 non-infected individuals residing in
the same neighborhood.

Variable
Variables in this study were the

incidence of pulmonary TB (AFB+),
education, knowledge, food security,
nutrition, smoking, close contact, housing
density, humidity, lighting, and temperature.

Instrument

Interviews using a  structured
questionnaire were used to collect data.
Only three variables were tested for validity
and reliability. Validity was assessed using
item-total correlation, with an r-table value
of 0.209 as the threshold. Only one question
from each variable (knowledge and stigma)
was invalid and therefore excluded from
further analysis. All items in the prevention
behavior variable were valid.

The reliability test showed high
internal consistency for all tested variables,
with Cronbach's alpha values of 0.902 for
knowledge, 0.943 for stigma, and 0.945 for
prevention behavior.

Statistical Analysis

The data were analyzed using SPSS
version 25. Univariate analysis was done to
calculate the frequency distribution. In
bivariate analysis, binary logistic regression
was utilized to identify risk factors of
pulmonary TB (AFB+) with a P-value <
0.005, and logistic regression was used in
the multivariate stage.

RESULTS AND DISCUSSION

Respondent’s Characteristics

The number of respondents (Table 1)
in this study was 46 people. More than half
of the respondents were males (56.5%),
adults (39.1%), elderly (39.1%), and married
(80.4%).

Table 1. Respondents' characteristics

Characteristics n %

Gender

Male 26 56.5
Female 20 435
Age

Adolescent (17-25 10 21.7
years old)

Adult (26-45 years 18 39.1
old)

Elderly (>45 years 18 39.1
old)

Marital status

Married 37 80.4
Single 8 17.4
Widow/widower 1 2.2

Univariate Analysis

The univariate analysis (Table 2)
reveals that 37% of respondents attended
primary education, more than half had
incomes below the regional standard, and
52.2% reported experiencing a low level of
stigma. As many as 43.5% of respondents
had poor knowledge related to Pulmonary
TB (AFB+), 47.8% of respondents reported
having poor food security, and 19.6% of
them were undernutrition. The analysis also
shows that 41.3% of respondents were
smokers, 15.2% reported close contact with
TB patients, 41.3% resided in high-density
housing, 32.6% experienced poor humidity
in their house, 32.6% had inadequate
lighting, and 32.6% faced unsuitable
temperatures in their homes.
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Table 2. The result of univariate analyses of
Pulmonary TB (AFB+)

Variables n %

Educational level

High 16 34.8

Secondary 13 28.3

Primary 17 37.0
Income

> Regional standard 19 413

< Regional standard 27 58.7
Stigmatization

Low 24 52.2

High 22 47.8
Knowledge

Good 26 56.5

Poor 20 435
Food security

Good 24 52.2

Poor 22 47.8
Nutritional status

Normal 30 65.2

Overnutrition 7 15.2

Undernutrition 9 19.6
Smoking Status

No 27 58.7

Yes 19 41.3
Close contact

No 39 84.8

Yes 7 15.2
Housing density

Low 27 58.7

High 19 41.3
Humidity

Good 31 67.4

Poor 15 32.6
Lighting

Sufficient 31 67.4

Insufficient 15 32.6
Temperature

Good 31 67.4

Unsuitable 15 32.6

Bivariate Analysis
The bivariate analysis of health
determinants (Table 3) identifies several
significant ~ factors  associated  with
Pulmonary TB (AFB+). These included
primary education (P-value= 0.041; OR=
0.192; CI= 0.040-0.936), low income (P-
value= 0.036; OR= 3.683; Cl= 1.062-
12.771), high level of stigma (P-value=
0.018; OR= 4.286; Cl= 1.246-14.735),
inadequate knowledge about TB (P-value=
0.017; OR= 4.407; Cl= 1.260-15.414), and
poor food security (P-value= 0.018; OR=
4.286; Cl=1.246-14.735).
The analysis of
determinants  found a

biological
significant
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association between comorbidity (P-
value= 0.04; OR= 7.765; Cl= 0.852-
70.752) and Pulmonary TB (AFB+).
Additionally, behavioural determinants
linked to the disease included inadequate
nutrition (P-value= 0.027; OR= 0.050; ClI=
0.004-0.706), smoking (P-value= 0.036;
OR= 3.683; Cl= 1.062-12.771), and close
contact with TB patients (P-value= 0.040;
OR=7.765; Cl= 0.852-70.752).

The analysis also revealed that
physical  housing  conditions  were
significantly associated with Pulmonary
TB (AFB+), including high housing
density (P-value= 0.036; OR= 3.683; ClI=
1.062-12.771), poor humidity (P-value=
0.028; OR= 2.298; Cl= 0.949-5.567),
insufficient lighting (P-value= 0.028; OR=
4.352; Cl= 1.125-16.854), and unsuitable
temperature (P-value= 0.028; OR= 4.352;
Cl=1.125-16.854).

Multivariate Analysis

The result of multivariate analysis
(Table 4) in model 1 (social determinants)
revealed that low income (OR=1.701; Cl=
0.138-20.916), high stigmatization (OR=
1.860; Cl=0.073-47.916), poor knowledge
(OR= 2.698; Cl= 0.659-11.045), and poor
food security (OR= 1.198; Cl= 0.041-
34.940) were the most significant social
determinant risk factors influencing
Pulmonary TB (AFB+) incidence. This
model has an R-square value of 34.9%,
indicating that it accounts for 34.9% of the
variability in the incidence of Pulmonary
TB (AFB+).

Model 2 (biological determinants)
revealed that comorbidity (OR = 7.765; CI
= 0.852-70.752) was a factor influencing
the incidence of Pulmonary TB (AFB+).
This model had an R-squared value of
12.7%, suggesting that comorbidity
explains 12.7% of the variation in the
incidence of Pulmonary TB (AFB+).
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Table 3. Bivariate analysis of the incidence of pulmonary TB (AFB+)
Cases (n=23)  Control (n=23)

. _ 0,
Variables = % = % P-value OR (95% CI)

Social Determinants
Education level

Higher 5 21.7 11 47.8

Secondary 5 21.7 8 34.8 0.012 0.140 (0.030-0.653)

Primary 13 56.5 4 17.4 0.041* 0.192 (0.040-0.936)
Income

>Regional standard 6 26.1 13 56.5

< Regional standard 17 73.9 10 435 0.036* 3.683 (1.062-12.771)
Stigmatization

Low 8 34.8 16 69.6

High 15 65.2 7 304 0.018* 4.286 (1.246-14.735)
Knowledge

Good 9 39.1 17 73.9

Poor 14 60.9 6 26.1 0.017* 4.407 (1.260-15.414)
Food Security

Good 8 34.8 16 69.6

Poor 15 65.2 7 304 0.018* 4.286 (1.246-14.735)
Biological Determinants
Gender

Female 10 435 10 435

Male 13 56.5 13 56.5 1.000 1.000 (0.312-3.209)
Age

Adolescent (17-25 years old) 5 21.7 5 21.7

Adult (26-45 years old) 9 39.1 9 39.1 1.000 1.000 (0.213-4.693)

Elderly (>45 years old) 9 39.1 9 39.1 1.000 1.000 (0.271-3.694)
Comorbidity

No 17 73.9 6 26.1

Yes 6 26.1 1 43 0.040* 7.765 (0.852-70.752)
Behavioral Determinants
Nutrition

Normal 13 56.5 17 73.9

Overnutrition 2 8.7 5 21.7 0.037 0.096 (0.011-0.863)

Undernutrition 8 34.8 1 4.3 0.027* 0.050 (0.004-0.706)
Smoking

No 10 435 17 73.9

Yes 13 56.5 6 26.1 0.036* 3.683 (1.062-12.771)
Close contact

No 17 73.9 22 95.7

Yes 6 26.1 1 4.3 0.040* 7.765 (0.852-70.752)
The Physical Condition of The
Housing
Housing Density

Low 10 435 17 73.9

High 13 56.5 6 26.1 0.036* 3.683 (1.062-12.771)
Humidity

Good 19 82.6 12 52.2

Poor 4 174 11 47.8 0.028* 2.298 (0.949-5.567)
Lighting

Sufficient 12 52.2 19 82.6

Insufficient 11 47.8 4 17.4 0.028* 4.354 (1.125-16.854)
Temperature

Good 12 52.2 19 82.6

Unsuitable 11 47.8 4 17.4 0.028* 4.354 (1.125-16.854)

*P-value < 0.05: Significant
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Table 4. The result of the multivariate analysis of the incidence of pulmonary TB (AFB+)

Variables Model 1 Model 2 Model 3 Model 4
AOR (95% CI) AOR (95% ClI) AOR (95% CI) AOR (95% CI)

Social Determinants
Education level

High Ref

Secondary 0.195 (0.034-1.128)

Primary 0.303 (0.053-1.724)
Income

> Regional

Sta%dard Ref
< Regional
Sta-?] dard 1.701 (0.138-20.916)*

Stigmatization

Low Ref

High 1.860 (0.073-47.162)*
Knowledge

Good Ref

Poor 2.698 (0.659-11.045)*
Food Security

Good Ref

Poor 1.198 (0.041-34.940)*
Biological
Determinants
Comorbidity

No Ref

Yes 7.765 (0.852-70.752)*
Behavioral

Determinants
Nutritional status
Normal Ref
Overnutrition 0.147 (0.015-1.466)
Undernutrition 0.068 (0.004-1.095)
Smoking
No Ref
Yes 2.141 (0.531-8.633)*
Close contact
No Ref
Yes 6.008 (0.528-68.430)*
Physical Condition
of Housing
Housing density
Low Ref
High 3.674 (0.761-17.743)*
Humidity
Good Ref
Poor 0.065 (0.006-0.696)
Lighting
Sufficient Ref
Insufficient 1.493 (0.281-7.921)*
Temperature
Good Ref
Unsuitable 8.721 (0.805-94.452)*

R2 34.9% 12.7% 31.2% 42.5%
*P-value < 0.05: Significant

contact (OR = 6.008; Cl = 0.528-68.430)

In the third model (behavioral significantly influenced the incidence of
determinants), smoking habit (OR = 2.141; Pulmonary TB (AFB+), with the model
Cl = 0.531-8.633) and history of close explaining 31.2% of the variation in TB
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incidence. These findings underscore the
importance of behavioral factors in shaping
TB risk within the studied population.

Model 4 (the physical condition of
housing determinants) revealed that high-
density housing (OR= 3.674; Cl= 0.761-
17.743), insufficient lighting (OR= 1.493;
Cl= 0.281-7.921), and unsuitable
temperature (OR= 8.721; Cl= 0.805-94.452)
significantly influenced the incidence of
Pulmonary TB (AFB+). This model shows
an R-squared of 42.5%, indicating 42.5% of
Pulmonary TB (AFB+) is explained by
variables in this model. This model is
reasonably good at explaining almost half of
the variation in TB incidence based on the
examined risk factors.

Discussion

The relationship between education and
the incidence of pulmonary TB (AFB+)
Respondents with a higher level of

education tend to have better knowledge
related to TB, including its transmission
methods, symptoms, and the importance of
proper treatment. Their understanding of TB
encourages them to seek medical treatment
immediately if they experience TB
symptoms.  Education level is also
associated with healthier lifestyle choices.
People with a good educational background
are more likely to adopt good personal
hygiene, ensure adequate ventilation at
home, and practice a lifestyle that minimizes
the risk of TB infection.’

People having a high level of
education have more access to healthcare
services to prevent TB and to seek
treatment. They are more aware of the
existence and the significance of TB
programs offered by governments or health
organizations.”®  Furthermore, a higher
education level is also linked to a better
economic status, which allows individuals to

access healthcare facilities and medications
easily.

Highly educated people commonly
live in areas with improved sanitation and
housing, further reducing the risk of TB
transmission.’ Education has a significant
role in reducing the stigma associated with
TB. People who have a better knowledge
related to TB are less likely to discriminate
against TB patients. This encourages TB
patients to seek medical care without fear of
judgment or social exclusion.’> Education
plays a crucial role in reducing pulmonary
TB incidence by improving knowledge,
awareness, and access to healthcare
resources. Pulmonary TB incidence is also
influenced by economic and social
conditions. Thus, interventions aimed to
reduce TB prevalence often include an
educational component and efforts to
improve health literacy.

The relationship between income and the
incidence of pulmonary TB (AFB+)
Individuals with low income may
face significant barriers to accessing
pulmonary TB healthcare services, including
delays in diagnosis and treatment. This
situation can lead to an increase in
transmission.*® Additionally, low income is
often associated with inadequate nutritional
status, which compromises the immune
system and raises the risk of becoming
infected with TB or developing active TB.*
Furthermore, low-income individuals
are more likely to reside in densely
populated and unhealthy environments, such
as slum areas or locations with insufficient
ventilation, which further facilitates the
spread of TB.™ Particular occupations or
economic conditions may also elevate
exposure to TB risk factors, such as close
contact with infected persons, working in
high-risk environments, or being employed
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in informal sectors lacking adequate social
protections.’®
Moreover, low income is

associated  with  lower  educational
attainment, which negatively affects
knowledge and awareness regarding TB. A
limited understanding of TB symptoms,
the significance of treatment, and
preventive measures can exacerbate
transmission rates.” Additionally, low-
income individuals may not have the
opportunity to take time off work to isolate
when ill, thereby increasing the likelihood
of TB transmission.’® Low income
influences various factors that elevate the
risk of TB infection, ranging from
environmental conditions to healthcare
access, all of which contribute to an
increased TB risk. Therefore, effective TB
prevention strategies should employ a
multi-sectoral approach that addresses the
socio-economic determinants of health.

The relationship between stigmatization
and the incidence of pulmonary TB
(AFB+)

TB Stigma causes a TB sufferer to
be reluctant to seek medical treatment. The
fear of social exclusion delays visiting a
healthcare facility.’® Stigmatizing TB
patients is less likely to adhere to their
medical regimen because they may feel
embarrassed to pick up a prescription
publicly or to attend regular medical
appointments. Consequently, this results in
medical failure and an increase in drug
resistance.™

Stigmatization can also cause TB
patients to experience social isolation. TB
patients may face discrimination, such as
from their families, friends, and
communities. This influences their mental
health status and reduces motivation to
recover’2. When a TB sufferer delays
medication due to stigmatization, the risk
of TB transmission increases significantly,

and this worsens TB incidence in the
community.**

Stigmatization also reduces social
support for TB patients. Patients receiving
adequate social support have more
motivation to recover, to adhere to their
medication regimes, and to complete their
treatment.”?  Furthermore, stigmatization
can lessen the effectiveness of public
health programs. Early detection and
treatment initiatives may be less successful
if the people in the community are
reluctant to participate due to stigma.” To
overcome this, a holistic approach, such as
mass education to dispel myths and
baseless fears in the community,
psychosocial support for TB patients, and
health policies that promote equitable and
stigma-free access to healthcare services,
is highly required.

The relationship between knowledge
and the incidence of pulmonary TB
(AFB+)

Knowledge related to TB among
people and healthcare workers influences
the early detection of TB cases in the
community. This is highly important
because the earlier TB suspects receive
diagnoses, the higher the chance for them
to recover from TB and lower the risk of
transmitting TB in the community.?
Having sufficient knowledge related to TB
helps individuals to identify early
symptoms of TB, access timely medical
treatment, and reduce the risk of TB
transmission, including the understanding
of transmission methods, symptoms, and
preventive measures, such as vaccination
and good hygiene practices.”®

An effective education program is
required to increase people's awareness
about TB and encourage people to actively
participate in TB prevention and control
programs.?® Insights resulting from studies
related to TB contribute significantly to the
design of a more effective health policy
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and increase advocacy for better resources in
eliminating this disease.?’

Lack of knowledge about TB results
in social stigmatization of the sufferer, and
this hampers efforts to find new cases and
provide adequate treatment.?’ Knowing that
TB is caused by Mycobacterium
tuberculosis bacteria and is spread through
the air can encourage individuals to adopt
preventive methods, such as wearing masks
and having adequate ventilation.” Generally,
sufficient knowledge related to TB not only
directly influences individuals in preventing
and managing this disease but also
contributes to the efforts to control this
disease in a broader context at the
community and national levels.

The relationship between food security
and the incidence of pulmonary TB
(AFB+)

Good food security ensures access to
enough nutritious food, which is essential
for maintaining a strong immune system and
fighting off pathogens.?®  Inadequate
nutrition weakens the immune system and
increases the risk of TB infection. Poor or
unstable food security often leads to
malnutrition, which negatively affects the
immune system's ability to protect the body
from TB infection.?

Poor or inadequate food security is
able to influence individuals' ability to meet
their nutritional needs. Food rich in
nutrients, such as vitamins and minerals, can
support the immune system to eliminate
infection, including TB.** Moreover, Poor
food security is commonly associated with
inadequate access to healthcare services.
This delays diagnoses and prompt treatment
of TB.”®

Furthermore, poor food security is
commonly associated with poverty and
unhealthy living conditions. These factors
elevate the risk of TB spreading, particularly

in densely populated areas or regions with
limited healthcare access.®* Efforts to
improve food security can involve public
health programs that can also strengthen
efforts to prevent and control infectious
diseases such as TB. Therefore, good food
security contributes to reducing Pulmonary
TB risk by enhancing nutrition,
strengthening the immune system, and
supporting overall public health initiatives.

The relationship Between Comorbidity
and the incidence of pulmonary TB
(AFB+)

Comorbidity and TB incidence are
influenced by various physiological
mechanisms, immunological factors, and
other elements that affect individual
vulnerability  to  TB infection.?®
Comorbidities weaken the immune system,
making the body more susceptible to
infection.  For  example, HIV/AIDS
significantly weakens the immune system,
thereby increasing the risk of TB infection.*
Comorbidities such as diabetes can
influence the immune system's ability to
prevent infection, including TB. Diabetes
causes changes in how the immune system
responds to infectious diseases, increasing
the body's vulnerability to pulmonary TB
infection.®®* Some comorbidities, such as
chronic kidney disease or cancer, may
require immunosuppressive  medication,
which weakens the immune system and
increases the risk of TB.**

Lung diseases, such as chronic
obstructive pulmonary disease or lung
fibrosis, damage lung tissues and create a
supportive environment where TB bacteria
can easily multiply.®® Unhealthy lifestyles,
such as smoking and excessive alcohol
consumption, also increase the risk of TB
infection. For instance, smoking damages
lung tissues and disrupts the lung's defense
mechanisms against infection.*
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Some comorbidities are commonly
found in the low socioeconomic

population, which also has a high risk of
TB infection. Factors such as housing
density, lack of access to healthcare, and
malnutrition are worsening the situation.*’
Some individuals may have a genetic
vulnerability to TB infection, which can be
influenced by other comorbidities.®
Overall, comorbidities affect the incidence
of TB in multifaceted ways, influencing
the immune system, metabolic changes,
medications, and lifestyle and
socioeconomic  factors.  Taking a
comprehensive approach to treating TB
patients with comorbidities is crucial for
improving medication outcomes and
reducing further transmission.

The association between nutrition status
and the incidence of Pulmonary TB
(AFB+)

Lack of adequate nutritional intake,
such as protein, vitamins A and D, and
minerals, including Zinc, weakens the
immune system and makes an individual
more susceptible to TB infection after
exposure to Mycobacterium tuberculosis
¥ Vitamin D plays an important role in
how the body responds to infection.
Vitamin D deficiency has been associated
with an increase in the risk of developing
TB.%

Malnourished individuals,
including people suffering from chronic
malnutrition and a medical condition
causing significant weight loss, are more
susceptible to TB.** Adequate nutrition
intake strengthens the immune system,
especially for people living with TB
infection.*? TB sufferers experience loss of
appetite and weight loss, leading to
malnutrition. Malnutrition delays the
healing and recovery processes of TB
patients.?® A sufficient nutrition intake and
adequate nutrition status are essential in
TB prevention and management. An

effective TB prevention program should
consider these aspects to improve the
overall public health status.

The association between smoking and
the incidence of pulmonary TB (AFB+)

A smoking habit damages the
mucosa and cilia in the lungs. These lung
components act as an initial defense
against infection. Thus, smoking makes
the lungs more susceptible to TB
infection.”** Nicotin and other cigarette
contents suppress the immune system,
allowing Mycobacterium tuberculosis to
multiply and cause an active infection.?
Cigarettes cause chronic inflammation and
damage lung tissues, which creates a more
favorable environment for the growth of
Mycobacterium tuberculosis.*?

TB-infected smokers are more
likely to experience complications and
have a greater mortality rate compared to
non-smokers.*# Smoking disrupts the
body’s response to TB medication,
therefore delaying the recovery process
and causing ineffectiveness of TB
medication.* Smoking is a significant risk
factor for TB infection and the
development of active TB. Thus,
implementing an effective intervention to
reduce smoking habits in the population
prevents TB transmission in the
community.

The association between close contact
and the incidence of pulmonary TB
(AFB+)

Pulmonary TB spreads through
small droplets containing Mycobacterium
tuberculosis, which are released when an
active TB sufferer (especially AFB+)
coughs, sneezes, or talks. Individuals in
close contact with pulmonary TB (AFB+)
sufferers, such as family members or
friends living together or working closely
with them, have a higher risk of being
exposed to this bacterium.“® The longer the
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duration of contact with TB sufferers, the
greater the chance of being infected by
Mycobacterium tuberculosis. Repeated or
continued close contact with an infected TB
individual ~ increases  the  risk  of
transmission.*” Densely populated areas,
poor ventilation, and inadequate sanitation
facilities also elevate the risk of TB
transmission, particularly in close contact.*®

People with weakened immune
systems, such as children, the elderly, or
individuals with medical conditions like
HIV/AIDS, are more vulnerable to TB
infection after close contact with TB
sufferers.** It is recommended that
individuals who have been in close contact
with people with Pulmonary TB (AFB+)
undergo TB screening, such as a Tuberculin
skin test or blood test, to determine the
likelihood of infection.®

If close contact is not identified and
intervened upon, the risk of TB transmission
in the community increases. This results in
more cases of active TB, which becomes a
source of new transmissions.”* Close contact
with Pulmonary TB (AFB+) is the main risk
factor in TB transmission. Thus, case
identification, screening, and intervention in
close contact with individuals need to be
done to control TB cases in the community.

The association between housing density
and the incidence of pulmonary TB
(AFB+)

Living in dense housing means that
many people live in a small space,
increasing the likelihood of close and
prolonged contact between individuals.
Tuberculosis (TB) is an infectious disease
that spreads through the air when someone
with active TB coughs, sneezes, or talks. In
a high-density environment, there is a
significantly increased chance of an
individual inhaling droplets containing
Mycobacterium tuberculosis.®* In  such

crowded living conditions, it is challenging
to isolate TB-infected individuals from other
family members, which in turn raises the
risk of TB transmission within the
household.>®

A dense room tends to have poor
ventilation, which reduces airflow and
increases the concentration of TB bacteria in
the air. This raises the risk of TB
transmission, especially if an occupant is
suffering from active TB.>* High-density
housing is often linked to poor lifestyle,
such as poor hygiene, inadequate sanitation,
and lack of access to health facilities. All of

these factors weaken an individual’s
immune system, making them more
susceptible to  being infected by

Mycobacterium tuberculosis.>

Living in densely populated areas
with low socioeconomic status can limit
people's access to healthcare services. This
can result in delays in diagnosing and
treating tuberculosis (TB), as well as
prolonging the period during which an
infected individual can spread the disease to
others.>® When one person in a community
is infected with Mycobacterium
tuberculosis, there is a higher risk of
transmission to others in the community.
This can lead to a cluster of TB cases that
are difficult to control if living conditions do
not improve.>” High residential density is a
significant risk factor for TB transmission.
To reduce TB in densely populated areas,
it's important to decrease residential density,
improve ventilation, provide better access to
healthcare services, and promote health
awareness related to TB.

The association between humidity and the
incidence of pulmonary TB (AFB+)
Bacteria that cause TB live longer in
humid air. In high humidity conditions,
droplets or aerosol particles containing
Mycobacterium tuberculosis bacteria remain
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suspended in the air longer, increasing the
risk of transmission if inhaled by
susceptible individuals.®® An environment
with low humidity causes dryness in the
respiratory tract and makes people more
susceptible to infection, including TB. On
the other hand, high humidity can cause
breathing to become heavier or trigger
other conditions that affect the respiratory
system.>®

In high-humidity areas, such as
tropical regions, there are more cases of
TB. This is connected to other factors like
crowded living spaces, inadequate
ventilation, and low socioeconomic status,
all of which worsen sanitation conditions
and make it easier for TB to spread.®® High
humidity is linked to poor living
conditions, like overcrowded houses and
insufficient ventilation, which increase TB
transmission because infected and non-
infected people live closely together for
extended periods in closed spaces.”
Overall, the relationship between humidity
and TB incidence is complex and
influenced by various environmental,
social, and biological factors. Humidity
affects how long bacteria can survive in
the air and can also impact respiratory
health, ultimately contributing to TB
transmission patterns.

The association between Lighting and
the incidence of pulmonary TB (AFB+)

Vitamin D, which is produced by
the body through exposure to sunlight, is
essential in supporting the immune system.
A deficiency of vitamin D weakens the
immune system, increasing the risk of
developing TB. People who live in
environments with low natural light, for
example, crowded areas or homes that do
not have enough access to sunlight, may be
more  susceptible to vitamin D
deficiency.”’

Poor lighting is often associated
with poor ventilation, especially in
enclosed environments such as homes or
workplaces. Poor ventilation can lead to

the accumulation of moist, stagnant air,
which increases the risk of spreading
Mycobacterium tuberculosis. TB is spread
through droplets in the air, and rooms with
inadequate ventilation are more likely to
become a place for the spread of TB.>
Damp, dark environments with
insufficient lighting are a supportive
environment for microorganisms to grow,
including bacteria that cause respiratory
infections such as TB.®* Poor lighting is
commonly found in low socioeconomic
households, where access to health
facilities, adequate lighting, and ventilation
may be limited. This increases the risk of
TB transmission, especially in densely
populated areas.®” Although poor lighting
does not directly cause TB, it contributes
to the risk of TB transmission. Therefore,
adequate lighting, in addition to good
ventilation, plays a crucial role in TB
prevention and control programs.

The association between temperature
and the incidence of pulmonary TB
(AFB+)

Mycobacterium tuberculosis,
which  causes TB, lives in low
temperatures and high humidity. Low
temperature  increases the bacteria's
resistance in the environment, allowing
them to survive longer in the air or on
surfaces, increasing the chance of
infection.®® In some countries, TB cases
increase during the winter. This is due to a
combination of factors, such as people
spending more time indoors with poor
ventilation, which increases the risk of
transmission through droplets containing
TB bacteria in the air.®

Extremely low temperature affects

the human immune system, making it
more susceptible to infections, including
TB. The respiratory system is more
vulnerable to infection by bacteria in cold
temperatures due to reduced activity as the
body's defense mechanism.®* In tropical
areas with higher temperatures, although
the incidence of TB is also high, the main
risk factors are more related to population
density, poverty, and poor sanitation,
rather than temperature.®®
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In regions with cold climates, people
tend to spend more time indoors with
limited ventilation. This increases the risk of
TB transmission because poor air circulation
prolongs the exposure time to bacteria in the
air.®® In countries with colder climates,
homes often have less ventilation during the
winter, increasing the risk of transmission of
TB. In addition, crowded living conditions
and a lack of access to adequate health
facilities can also worsen the situation.®’
Temperature may play a role in influencing
TB incidence by interacting  with
environmental factors and human behavior.
However, it is important to note that TB is a
complex disease, influenced by various
factors such as social, economic, and
biological elements that contribute to its
transmission.

STRENGTH AND LIMITATION

This study has a number of
significant  strengths. It employs a
comprehensive approach that was used to
analyse various determinants of Pulmonary
TB (AFB+), including social, biological,
behavioral factors, and physical condition of
housing. The use of Logistic regression
analysis in the multivariate stage allows for
the identification of influencing factors
while controlling for confounding variables.
In addition, this study also has a high local
relevance because it was focused on a high
TB burden area. Therefore, findings of this
study can be utilized in planning and
development of public health programs in
Peukan Bada Sub-district of Aceh Besar
Regency. However, this study also has
limitations. The Sample size of this study is
considered small, limiting the generalization
of the results.

CONCLUSIONS

Our study reveals that various factors
are linked to the incidence of Pulmonary TB
(AFB+). These factors include health
determinants (such as education, income,
stigma, lack of knowledge, and food
security), biological determinants
(comorbidities), behavioral determinants
(nutrition, smoking, and close contact), and
physical condition of housing determinants
(housing density, humidity, lighting, and
temperature).

To address this issue, it is essential
to enhance community outreach and
education programs, improve sanitation,
offer healthy home renovation programs,
build stronger partnerships with the private
sector and NGOs, provide comprehensive
health worker training, launch campaigns to
reduce stigma, and involve local
communities in planning and executing TB
intervention programs.
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INTRODUCTION

Diarrhea is a medical condition
characterized by increased intestinal
activity and the frequent production of
feces with a loose consistency, occurring
at least three times a day.! Diarrhea
represents a major public health challenge,
especially among young children, for
whom it remains one of the primary
contributors to both morbidity and
mortality. It is recognized as the second
most common cause of death in this age
group, surpassed only by pneumonia °. It is
responsible for significant child mortality
globally, with 444,000 deaths annually,
equating to 1,200 deaths each day °. Based
on the Indonesian Health Profile 2022,
diarrhea caused a mortality rate of 6.6% in
children aged 29 days to 11 months and a
mortality rate of 5.8% in youths aged 12-
59 years *. The incidence of diarrhea
among adults aged 70 years and above was
approximately half that of infants aged
below 5 years °. Diarrhea during early
infancy can significantly impair the
absorption of essential nutrients, such as
fats, vitamins, proteins, carbohydrates,
electrolytes, minerals, and  water,
potentially leading to malnutrition ® . This
disruption in nutrient absorption can have
severe consequences for the growth and
development of infants, highlighting the
importance of addressing the underlying
causes of diarrhea to prevent malnutrition
and ensure the well-being of young
children. In the past, severe dehydration
and significant fluid loss were the primary
causes of mortality connected to diarrhea.
Presently, there is a potential that infection
will play a more substantial role in the
overall number of deaths associated with
diarrhea ®.

Diarrhea, an infectious condition
caused by various agents such as bacteria,
viruses, and parasites, is often associated
with the intestinal protozoan Blastocystis

hominis, which commonly infects humans
and animals *'°. It is known that B. hominis
comprises up to 22 subtypes, which can

overlap between humans and animals .

According to the CDC (2019), the life
cycle of B. hominis remains a subject of
debate 2. Infections caused by B. hominis
have shown increased transmission rates
due to poor sanitation, close contact with
pets, reliance on water supplies directly
sourced from wells and rivers **. Recent
studies indicate that in Europe, the
majority of human Blastocystis infections
are attributable to subtypes ST1, ST2, ST3,
and ST4, which collectively represent
approximately 90% of detected cases. On a
global level, ST3 emerges as the most
commonly identified subtype, particularly
among individuals presenting  with
symptoms, while ST1 and ST2 also occur
frequently but at lower rates **.
Blastocystis hominis is classified as
a protist due to its cellular structure, which
includes one or more nuclei, rough and
smooth endoplasmic reticulum, Golgi
apparatus, and organelles such as
mitochondria; it also exhibits sensitivity to
antiprotozoal medications *°. There are 6
forms of B. hominis, namely vacuolar,
avacuolar, multivacuolar, ameboid,
granular, and cyst. The pathological
progression of the disease, which
transforms the condition of patients from
asymptomatic to symptomatic, occurs due
to the morphological shift of B. hominis
from the vacuolar form to the amoeboid
form '°. Appropriate management can be
provided if the etiology and clinical
manifestations in patients with diarrhea are
clearly  identified .  Inadequate
management may allow B. hominis to
persist, leading to chronic diarrhea and
further complications such as malnutrition.
Confirmatory tests that can be
conducted to validate the diagnosis of B.
hominis  using  microscopy, culture,
immunoserological, and molecular %,
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Previous reports have demonstrated that the
combination of culture methods and
immunoserological assays is the most
sensitive approach for detecting B. hominis
9 Sari et al., (2018) found that the level of
culture sensitivity in Jones’ medium is
greater when compared to polymerase chain
reaction (PCR) %. Modification culture in
Jones’ medium was done by Hassan et al.
(2016) by culturing the samples in different
culture media supplemented with human
plasma, donkey serum, and horse serum,
with horse serum as the primary serum. This
research modified the use of horse serum
using fetal bovine serum .

Fetal bovine serum is the most
prevalent serum used for cell culture in
laboratories worldwide ?2. This serum is
commonly employed in cell culture because
of its high concentration of growth factors,
making fetal bovine serum more prevalent in
cancer cell culture, such as of colorectal
cancer and breast cancer . Fetal bovine
serum has high levels of growth hormones
and low levels of y-globulins, which restrict
cell proliferation %*. Currently, there is a lack
of studies regarding the optimal dosage that
should be used for the Jones’ culture
medium. Improper levels of fetal bovine
serum can complicate research by causing
wrinkles, which hinder the identification,
detection, and analysis of B. hominis
morphology. This investigation aimed to
determine the most effective concentration
of fetal bovine serum for the in vitro
cultivation of B. hominis. The study
concentrated on several critical components,
such as parasite detection, comprehensive
morphological analysis, and the assessment
of the culture method's sensitivity and
specificity. By systematically varying the
concentrations of fetal bovine serum, the
study aimed to establish the most effective
conditions for maintaining the viability and

integrity of B. hominis in a controlled
laboratory environment.

MATERIALS AND METHODS

The specimens were collected from
the regional public hospital and the
community health clinic in Buleleng,
between May and November 2023. Research
was conducted on 35 samples of diarrhea
patients. Participants in this study gave
informed consent, consenting to the
collection of their fecal samples
immediately following defecation, which
were then deposited into sterile containers.
These specimens were then transported in an
ice box directly to the Parasitology
Laboratory at the Faculty of Medicine,
Universitas Pendidikan Ganesha, for further
processing, including direct smear and in
vitro culture.

The research begins with preparing
the stock solution based on Hassan et al.
(2016) by mixing 1.244 grams of disodium
phosphate (Na;HPO,) into 131.25 mL of
distilled water, and 0.397 grams of
monopotassium phosphate (KH,PO,) into
43.75 mL of distilled water. Fetal bovine
serum (HiMedia Laboratories Pwvt. Ltd,
Brazil) at various concentrations was added
to the prepared stock solution. Table 1
shows the different treatment variations of
bovine fetal serum concentrations based on
adjustments made to the Jones’ medium.
The cultures were observed for 24, 48, and
72 hours. The samples were examined under
a microscope using high-power duplicates
(400x).

Preparations of B. hominis culture
will be observed under a microscope and
verified immediately by the parasitological
analysts. The morphological identification
was evaluated in 100 fields of view by
morphological observations that were
categorized as: (1) absence of parasite; (2)
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presence of parasites with morphology
characterized by wrinkled walls; and (3)
presence of parasites with perfectly
rounded wall morphologies. Diagnostic
testing is conducted on culture findings
that display the ideal morphology of B.
hominis. The culture findings will be
assessed by five observers utilizing five
duplicate samples, resulting in a total of
125 test samples for the optimal culture
test group. A direct microscopic
examination with identical replication
would be compared with the diagnostic
test.

Table 1. Modification of the concentration
of fetal bovine serum in B. hominis in vitro
culture

microscopic examination for B. hominis.
These samples were sent for testing by five
competent  laboratories. The testing
process extended over a period of 24, 48,
and 72 hours. The samples underwent a
series of tests, including a detection test, a
morphological test, and a diagnostic test.

Table 2. Detection of B. hominis in vitro
using different concentrations of fetal
bovine serum

Test Negative Positive P

Groups N (%) N (%) Value”
Positive 0 (0) 25 (100)
control™
Negative 25 (100) 0 (0) <0.01
control
P1 2% 1(4) 24 (96) 1.00
P2 10% 2(8) 23 (92) 0.50
P3 20% 1(4) 24 (96) 1.00
P4 30% 2(8) 23 (92) 0.50
P5 40% 15 (60) 10 (40) <0.01

Test Groups Concentration of Fetal
bovine serum
P1 2% (0.1 mL)
P2 10% (0.5 mL)
P3 20% (1.0 mL)
P4 30% (1.5 mL)
P5 40% (2.0 mL)
K@) Aquades
K (+) Fe(.:al + exa_mined
microscopically
Data Analysis

The Mc-Nemar test method is used
to analyze the detection test in this study.
The Wilcoxon test will be used to examine
the ordinal data obtained from the
morphological test. MedCalc® software is
utilized to conduct diagnostic tests and
assess accuracy, sensitivity, specificity,
positive predictive value (PPV), and
negative predictive value (NPV). A
variable is deemed statistically significant
when the P < 0.05.

RESULTS AND DISCUSSION
Of the 35 samples that were

confirmed positive for diarrhea, five of
them specifically gave positive results on

*Difference in proportion of detection test
results using Mc-Nemar test

According to the data presented in
Table 2, the morphological outcomes for
the P1, P2, P3, and P4 test groups with the
golden standard did not differ (P > 0.05).
Statistically significant differences were
seen in the P5 test groups (P <0.01). The
P1, P2, P3, and P4 test groups exhibited no
visible  differences in  morphology
compared to the positive control group.
The only group that exhibited significant
differences.

Table 3 indicates that the
morphological characteristics of B.
hominis cell walls in the P1, P2, P3, and
P4 test groups did not significantly differ
from those observed in the gold standard
group (P > 0.05). These test groups
showed no discernible morphological
differences when compared to the positive
control group. However, statistically
significant differences were noted in the
P5 test group (P < 0.01).
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Table 3. Morphological observations of B.
hominis in in vitro cultures were conducted
using varying concentrations of fetal bovine
serum.

Test Negative Wrin Ideal P
groups N (%)  -kled N Value”
N (%)
(%)
Positive 0 (0) 0(0) 25 -
control™ (100)
Negative 25(100) 0(0) 0(0) <0.01
control
P1 2% 1(4) 0(0) 24 0.317
(96)
P2 10% 2(8) 0(0) 23 0.157
(92)
P3 20% 1(4) 0(0) 24 0.317
(96)
P4 30% 2(8) 0(0) 23 0.157
(92)
P540% 15 (60) 10 0(0) <0.01

(40)

*Difference in proportion of detection test
results using the Wilcoxon test

**This positive control is used as the gold
standard

Table 4 demonstrates that the P1, P2,
P3, and P4 test groups achieved the highest
values in sensitivity, specificity, positive
predictive value (PPV), negative predictive
value (NPV), and overall accuracy in the in
vitro diagnostic test of B. hominis. In
contrast, the P5 group showed the lowest
sensitivity and accuracy compared to the
other test groups.

Table 4. Sensitivity and specificity of the B.
hominis in vitro diagnostic test using different
concentrations

Test Sn Sp c a  Acc’
Groups  (%)* (%)° PPVZ NPV (%)
Positive ok wox . o o
control
Negative
control } ) ) ) -

P1 2% 100 100 100 100 100
P2 10% 100 100 100 100 100
P3 20% 100 100 100 100 100
P4 30% 100 100 100 100 100
P5 40% 40 ~ 100 0 40

~ = untestable value, ®Sn=Sensitivity,
*Sp=Specificity, ‘PPV=positive predictive value,
INPV=negative predictive value,
*Acc=Accuracy. **Used as a gold standard

In this study, differences in pH levels
were observed among the test groups. The
P5 group exhibited a pH of 6.15, which was
more acidic compared to the P1 and P2
groups, with pH values of 7.23, and the P3
and P4 groups, with pH values of 7.15. A
prior research conducted by Farah Hazigah
et al ® highlighted the critical role of acidity
or pH levels in influencing the viability and
morphology of B. hominis cell walls.
Physiologically, B. hominis requires a
neutral pH environment for optimal growth,
typically ranging from 7.0 to 7.5 %
Deviations from this optimal pH range,
whether too acidic or too alkaline, can
adversely affect the growth and morphology
of this microorganism. Extreme pH levels
can disrupt cell membrane integrity, leading
to leakage of intracellular components and
organelle dysfunction %’.

At extreme pH levels, essential
metabolic enzymes critical for the survival
of Blastocystis may undergo denaturation or
reduced activity, leading to impaired growth
and replication %. In acidic environments,
the activity of digestive enzymes tends to
increase, creating stress conditions for
organisms such as B. hominis %°. In this
study, low pH levels resulted in significant
changes in cell wall morphology, which
appeared wrinkled and irregular. These
wrinkled cell walls indicate structural
damage caused by prolonged exposure to
unstable environmental conditions. Such
changes reflect the parasite's inability to
maintain cell membrane integrity under
suboptimal conditions. These findings are
particularly important as they suggest that
increased acidity significantly impacts the
viability and morphological structure of
Blastocystis  hominis.  The  significant
variations in pH levels observed could
account for the discrepancies in detection
outcomes within the P5 group compared to
other groups. This underscores the pivotal
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role of environmental factors, particularly
pH, in preserving the viability and
morphological features of B. hominis.

STRENGTH AND LIMITATION

The study presents significant
strengths, serving as an innovative and
valuable contribution to parasitology by
offering a practical, efficient, and cost-
effective  diagnostic  alternative.  Its
streamlined  methodology  facilitates
implementation, particularly in resource-
constrained regions. However, the research
has limitations as it concentrates just on
general morphological characteristics such
as complete grown structures and wrinkled
cell walls, excluding more intricate
morphological aspects.

CONCLUSIONS

Fetal bovine serum exhibits good
detection and identification capabilities for
B. hominis morphology at concentrations
of 2%, 10%, 20%, and 30%. Fetal bovine
serum can be used as a modality to
diagnose B. hominis . Based on the clinical
findings from detection, morphological,
and diagnostic tests, it is recommended to
utilize fetal bovine serum in modified
medium at a concentration of 2% (0.1
mL). 2% concentration offers significant
advantages in terms of material use
efficiency and practicality in applications.
Despite that, for an extensive review of
morphology, a serum concentration of
20% (1.0 mL) is the ideal medium to
stimulate growth. This research aims to
serve as a reference for future studies and
as a clinical guide for diagnosing B.
hominis in patients with diarrhea.
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Third level headings are typed in boldface italic capital and lowercase letters.

Do not use boldface for emphasis within text

Figures

Provide figures embedded in page. Figures should be drawn professionally. Photographs should be
sharp (contrast). Provide footnotes and other information (e.g., source/copyright data, explanation
of boldface) in the figure legend.

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration.
Keep text in the illustrations themselves to a minimum but explain all symbols and abbreviations
used

Abbreviate "Figure™ as "Fig.", e.g. Fig. 1, Fig. 2.

Number the figures consecutively in Arabic numerals (e.g. Fig. 1, Fig. 2) in the order of their first
citation in the text.

Images as TIFF/JPEG files should be submitted with a minimum resolution of 300 DPI and a


http://www.nlm.nih.gov/mesh/meshhome.html

minimum dimension of 1,000 x 1,000 pixels. Colour images should be submitted in CMYK format,
instead of RGB format.

Letters, numbers and symbols should be clear and even throughout, and of sufficient size so that
when they are reduced in size for publication, each item will still be clearly identifiable.

If a Figure has been previously published, acknowledge the original source and submit written
permission from the copyright holder to reproduce the material.

Authors* names and affiliations should not appear on the images.

All Figures/Figure-parts relating to one patient should have the same Figure number.

Symbols, arrows or letters used in photomicrographs should contrast with the background.

Please refer to sample of ‘Figure’ that could be obtained from ‘Instruction & Forms’ tab

Equations

Equations (refer with: Eq. 1, Eq. 2,..) should be indented 5 mm (0.2”). There should be one line of space
above the equation and one line of space below it before the text continues. The equations have to be
numbered sequentially, and the number put in parentheses at the right-hand edge of the text. Equations
should be punctuated as if they were an ordinary part of the text. Punctuation appears after the equation
but before the equation number. The use of Microsoft Equation is allowed. ¢2 = a2 + b2,

Clinical Pictures

The ideal Clinical Picture provides visual information that will be useful to other clinicians.
Clinical Pictures should be interesting, educational, and respectful of the patient. IJTID is less
interested in pictures that simply illustrate an extreme example of a medical condition.

Authors must obtain signed informed consent for publication.

Use no more than 450 words, with no references. The text should include brief patient history and
must put the image in context, explaining what the image shows and why it is of interest to the
general reader.

Tables

Submit all tables in Microsoft word format only.

Each table should be submitted separately.

Number the tables consecutively in Roman numerals (e.g. Table I, Table I1, Table I11) in the order
of their first citation in the text

Provide a brief title, which should be shown at the top of each table

Main table heading should be in 11 point Times New Roman font BOLD

Legends should be in 11 points, single-spaced

Tables should be in 10 point Times New Roman font, single-spaced

Headings within tables should be in 8 points BOLD

Place table explanations in the footnotes of the table

Explain all non-standard abbreviations in the footnotes to the tables

Obtain permission for publication before submission of the manuscript and acknowledge fully if
data from another published source is used

Abbreviations and Symbols

The full term for which an abbreviation or acronym stands should precede its first use unless it is
a standard unit of measurement

Symbols and abbreviations should be those used by British Chemical and Physiological
Abstracts

Weights, volumes, etc. should be denoted in metric units



Data

* International System of Units (S.1.) is required

* Numbers in text and tables should always be provided if % is shown

» Means should be accompanied by Standard Deviation and Medians by Inter-Quartile Range
» Exact p values should be provided, unless p<0-0001

Drug names
» Recommended international non-proprietary name (rINN) is required

References

 Please ensure that every reference cited in the text is also present in the reference list (and vice
Versa).

« A minimum of 25 references for the original article, 35 for the review article should be included, and
15 for case report.

» References wrote on Vancouver (superscript) Style.

+ Inthe Vancouver Style, citations within the text of the essay/ paper are identified by Arabic numbers
in superscript. This applies to references in text, tables and figures. The writing process of article is
suggested to use reference manager program (Mendeley, etc.). The Vancouver (Superscript) System
assigns a number to each reference as it is cited. A number must be used even if the author(s) is
named in the sentence/text. e.g. Smith 10 has argued that... The original number assigned to the
reference is reused each time the reference is cited in the text, regardless of its previous position
in the text. When multiple references are cited at a given place in the text, use a hyphen to join the
first and last numbers that are inclusive. Use commas (without spaces) to separate non-inclusive
numbers in a multiple citation e.g. 2,3,4,5,7 is abbreviated to.. The placement of citation numbers
within text should be carefully considered e.g. a particular reference may be relevant to only part
of a sentence. As a general rule, reference numbers should be placed outside full stops and commas
and inside colons and semicolons, however, this may vary according to the requirements of a
particular journal. Examples - There have been eff orts to replace mouse inoculation testing with
invitro tests, such as enzyme linked Immunosorbent assays 57,60 or polymerase chain reaction 20-
23but these remain experimental. Moir and Jessel maintain “that the sexes are interchangeable”.
1

 Use the form of references adopted by the US National Library of Medicine and used in the Index
Medicus. Use the style of the examples cited at the end of this section.

+ Personal communications and unpublished observation may not be used as a reference.

» Two references are cited separated by a comma, with no space. Three or more consecutive references
are given as a range with an en rule. To create an en rule on a PC: hold down CTRL key and minus
sign on the number pad, or on a Mac: ALT hyphen

» References in tables, figures and panels should be in numerical order according to where the item
is cited in the text

» Give any subpart to the title of the article. Journal names are abbreviated in their standard form as
in Index Medicus

« If there are six authors or fewer, give all six in the form: surname space initials comma

 If there are seven or more, cite the first three names followed by et al

» Forabook, give any editors and the publisher, the city of publication, and year of publication

 For a chapter or section of a book, cite the editors, authors and title of the section, and the page
numbers (http://www.ncbi.nlm.nih.gov/books/NBK7271/#A34171)

« Foronline material, please cite the URL, together with the date you accessed the website

+ Online journal articles can be cited using the DOI number

+ Do not include references in the Abstract.


http://www.ncbi.nlm.nih.gov/books/NBK7271/#A34171)

Examples of reference style are given below:

Vancouver Citation Style for IJTID

Standard Format for Books:

Author Surname Initials. Title: subtitle. Edition (if not the first). Place of publication: Publisher;
Year.

Book with 1-6 authors/editors

1. Abul A, Lichtman A, Pillai S. Cellular and molecular immunology. 7th ed. Philadelphia: Elsevier
Saunders; 2012.

2. Calder PC, Field CJ, Gill HS, editors. Nutritional and immune function. Oxon: CABI Publishing;
2002.

More than 6 authors/editors (Book, Chapter in a book & etc.)

3. FauciAS, Braunwald E, Kasper DL, Hauser SL, Longo DL, Jameson JL, et al. Harrison*s Principles
of Internal Medicine. 17th ed. New York: McGraw Hill; 2008.

Chapter in a book

4. Vidyadaran S, Ramasamy R, Seow HF. Stem cells and cancer stem cells: Therapeutic Applications
in Disease and Injury. In: Hayat MA, editor. New York: Springer; 2012.

Corporate/Organization as Author

5. Canadian Dental Hygienists Association. Dental hygiene: definition and scope. Ottawa: Canadian
Dental Hygienists Association; 1995.

E-book

6. Frank SA. Immunology and Evolution of Infectious Disease [Internet]. Princeton: Princeton
University Press; 2002 [cited 2014 December 17]. Available from: http://www.ncbhi.nlm.nih.gov/
books/NBK2394/pdf/TOC.pdf

Standard Format for Journal Articles:

Author Surname Initials. Title of article. Title of journal, abbreviated. Year of Publication: Volume
Number (Issue Number): Page Numbers.

Journal article 1-6 authors

1. Ramasamy R, Tong CK, Yip WK, Vellasamy S, Tan BC, Seow HF. Basic fibroblast growth factor
modulates cell cycle of human umbilical cord-derived mesenchymal stem cells. Cell Prolif.
2012;45(2):132-9.

Journal article with more than 6 authors

2. Abdullah M, Chai PS, Chong MY, Tohit ERM, Ramasamy R, Pei CP, et al. Gender effect on in
vitro lymphocyte subset levels of healthy individuals. Cellular Immunology. 2012;272(2):214-9.

Journal article in press

3. Clancy JL, Patel HR, Hussein SM, Tonge PD, Cloonan N, Corso AJ, et al. Small RNA changes
enroute to distinct cellular states of induced pluripotency. Nature communications.2014; 5:5522.
Epub 2014/12/11.

It is the authors™ responsibility to check all references very carefully for accuracy and completeness.
Authors should avoid using abstracts as references. “Unpublished observations” and “personal


http://www.ncbi.nlm.nih.gov/

communications” may not be used as references; if cited, a letter (from the person quoted) granting
permission must be submitted. Subject to editorial approval, the person quoted will be cited in
parentheses in the text and not in the reference section.
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ARTICLE CATEGORIES

The format for the text varies depending on the type of article. The article types and their respective
formats are as follows: Original Article, Review Article, and Case Report.

Original Article

« Anoriginal article is a report on the research objectives and analytical process, as well as a discussion
of the implications of the results of a study

» The manuscript should be organised according to the of following headings:
o0 Title of the manuscript

Abstract (Structured & 250 words) and Keywords

Introduction

Materials and Methods

Results

Discussion

Conclusions

Acknowledgements

Conflict of Interest
0 References (minimum 25 references)

+ Use of subheadings in the main body of the text is recommended. Photographs and illustrations
are encouraged. These are detailed studies reporting original research and are classified as primary
literature.

O O O O O o oo

Review Article

 Itis usually a solicited/invited article written by an expert, providing critical analysis and recent
information on a given speciality.

« The manuscript file should be organised according to the following headings:
o Title of the manuscript

Abstract (Unstructured & 250 words) and Keywords

Introduction

Relevant section headings of the author*s choice

Summary

References (minimum 35 references)

* Review articles give an overview of existing literature in a field, often identifying specific problems
or issues and analyzing information from available published work on the topic with a balanced
perspective.

O O O o o



Case Report

These articles report specific instances of interesting phenomena. A goal of Case Studies is to
make other researchers aware of the possibility that a specific phenomenon might occur. Case
reports/ studies present the details of real patient cases from medical or clinical practice. The cases
presented are usually those that contribute significantly to the existing knowledge on the field. The
study is expected to discuss the signs, symptoms, diagnosis, and treatment of a disease. These are
considered as primary literature and usually, have a word count similar to that of an original article.
Clinical case studies require a lot of practical experience.

The manuscript file should be organised according to the following headings:

o Title of the manuscript

Abstract (Unstructured & 250 words) and Keywords

Introduction

Case Report

Discussion

Conclusions

Acknowledgements

Conflict of Interest

References (Minimum 15 references)

O OO O o OoOOoOOo

PLAGIARISM

Please be advised that all manuscripts submitted to the IJTID will be screened for plagiarism/
duplication.

Authors are required to paraphrase all references citations in their own words. This is to prevent
any misunderstandings regarding plagiarism.

In the case where a particular citation would lose its original meaning and essence if paraphrasing is
attempted, the Journal requires authors to enclose the citation in quotation marks (““ ”’) to indicate that
it is a direct quote from the source. However, excessive use of such quotation marks is discouraged
and should be utilised only when absolutely necessary.

IJTID adopts a zero-tolerance towards plagiarism. Failure to comply with these instructions will
result in the outright rejection of manuscripts without peer review, and appropriate action will be
taken.

The manuscript has not been published previously (partly or in full), unless the new work concerns
an expansion of previous work (please provide transparency on the re-use of material to avoid the
hint of text-recycling (“self-plagiarism”). Please kindly tell us if you already use plagiarism check
(Turnitin, etc.).

POLICY ON DUAL SUBMISSION

Submissions that are identical (or substantially similar) to previously published, or accepted for
publication, or that have been submitted in parallel to other conferences are NOT appropriate for
submission to JTID and violate our dual submission policy.

If you are in doubt (particularly in the case of material that you have posted on a website), we ask
you to proceed with your submission but to include a copy of the relevant previously published
work or work under consideration by other journals.

Policy on Near-Duplicate Submissions o Multiple submissions with an excessive amount of
overlap in their text or technical content are NOT acceptable. The Editors reserve the right to reject



immediately all submissions which they deem to be excessively similar and by the same authors.
Such “shotgun submissions” are unacceptable, unfair to authors who submit single original papers,
and place an additional strain on the review process.

ETHICS

Publication Ethics and Malpractice Statement

Indonesian Journal of Tropical and Infectious Disease hence IJTID is a journal aims to be a leading
peer- reviewed platform and an authoritative source of information. We publish original research
papers, review articles and case studies focused on the epidemiology, pathogenesis, diagnosis and
treatment of infectious disease and control of infectious diseases with particular emphasis placed on
those diseases as well as related topics that has neither been published elsewhere in any language, nor
is it under review for publication anywhere. This following statement clarifies ethical behavior of all
parties involved in the act of publishing an article in this journal, including the author, the editor, the
reviewer, and the publisher (Institute of Tropical Disease — Universitas Airlangga). This statement is
based on COPEs Best Practice Guidelines for Journal Editors.

Duties of Authors

1.

Reporting Standards:

Authors should present an accurate account of the original research performed as well as
an objective discussion of its significance. Researchers should present their results honestly and
without fabrication, falsification or inappropriate data manipulation. A manuscript should contain
sufficient detail and references to permit others to replicate the work. Fraudulent or knowingly
inaccurate statements constitute unethical behavior and are unacceptable. Manuscripts should
follow the submission guidelines of the journal.

Originality and Plagiarism:

Authors must ensure that they have written entirely original work. The manuscript should not be
submitted concurrently to more than one publication unless the editors have agreed to co-publication.
Relevant previous work and publications, both by other researchers and the authors* own, should
be properly acknowledged and referenced. The primary literature should be cited where possible.
Original wording taken directly from publications by other researchers should appear in quotation
marks with the appropriate citations.

Multiple, Redundant, or Concurrent Publications:

Author should not in general submit the same manuscript to more than one journal concurrently. It
is also expected that the author will not publish redundant manuscripts or manuscripts describing
same research in more than one journal. Submitting the same manuscript to more than one
journal concurrently constitutes unethical publishing behavior and is unacceptable. Multiple
publications arising from a single research project should be clearly identified as such and the
primary publication should be referenced

Acknowledgement of Sources:

Authors should acknowledge all sources of data used in the research and cite publications that
have been influential in determining the nature of the reported work. Proper acknowledgment of
the work of others must always be given.

Authorship of the Paper:

The authorship of research publications should accurately reflect individuals™ contributions
to the work and its reporting. Authorship should be limited to those who have made a significant
contribution to conception, design, execution or interpretation of the reported study. Others who



have made significant contribution must be listed as co-authors. In cases where major contributors
are listed as authors while those who made less substantial, or purely technical, contributions to the
research or to the publication are listed in an acknowledgement section. Authors also ensure that
all the authors have seen and agreed to the submitted version of the manuscript and their inclusion
of names as co-authors.

Disclosure and Conflict of interest:

All authors should clearly disclose in their manuscript any financial or other substantive
conflict of interest that might be construed to influence the results or interpretation of their
manuscript. All sources of financial support for the project should be disclosed.

Fundamental Errors in Published Works:

If the author discovers a significant error or inaccuracy in the submitted manuscript, then the author
should promptly notify the journal editor or publisher and cooperate with the editor to retract or
correct the paper.

Hazards and Human or Animal Subjects:

The author should clearly identify in the manuscript if the work involves chemicals, procedures
or equipment that have any unusual hazards inherent in their use.

Duties of Editor

1.

Publication Decisions:

Based on the review report of the editorial board, the editor can accept, reject, or request modifications
to the manuscript. The validation of the work in question and its importance to researchers and
readers must always drive such decisions. The editors may be guided by the policies of the journal's
editorial board and constrained by such legal requirements as shall then be in force regarding libel,
copyright infringement and plagiarism. The editors may confer with other editors or reviewers in
making this decision. Editors have to take responsibility for everything they publish and should
have procedures and policies in place to ensure the quality of the material they publish and maintain
the integrity of the published record.

Review of Manuscripts:

Editor must ensure that each manuscript is initially evaluated by the editor for originality. The
editor should organize and use peer review fairly and wisely. Editors should explain their peer
review processes in the information for authors and also indicate which parts of the journal are peer
reviewed. Editor should use appropriate peer reviewers for papers that are considered for publication
by selecting people with sufficient expertise and avoiding those with conflict of interest.

Fair Play:

The editor must ensure that each manuscript received by the journal is reviewed for its intellectual
content without regard to sex, gender, race, religion, citizenship, etc. of the authors. An important
part of the responsibility to make fair and unbiased decisions is the upholding of the principle of
editorial independence and integrity. Editors are in a powerful position by making decisions on
publications, which makes it very important that this process is as fair and unbiased as possible.
Confidentiality:

The editor must ensure that information regarding manuscripts submitted by the authors is kept
confidential. Editors should critically assess any potential breaches of data protection and patient
confidentiality. This includes requiring properly informed consent for the actual research presented,
consent for publication where applicable.

Disclosure and Conflict of interest:

The editor of the Journal will not use unpublished materials disclosed in a submitted manuscript for
his own research without written consent of the author. Editors should not be involved in decisions
about papers in which they have a conflict of interest.



Duties of Reviewers

1. Confidentiality:
Information regarding manuscripts submitted by authors should be kept confidential and be

treated as privileged information. They must not be shown to or discussed with others except as
authorized by the editor.

. Acknowledgement of Sources:

Reviewers must ensure that authors have acknowledged all sources of data used in the research.
Reviewers should identify relevant published work that has not been cited by the authors. Any
statement that an observation, derivation, or argument had been previously reported should be
accompanied by the relevant citation. The reviewers should notify the journal immediately if
they come across any irregularities, have concerns about ethical aspects of the work, are aware
of substantial similarity between the manuscript and a concurrent submission to another journal
or a published article, or suspect that misconduct may have occurred during either the research
or the writing and submission of the manuscript; reviewers should, however, keep their concerns
confidential and not personally investigate further unless the journal asks for further information
or advice.

Standards of Objectivity:

Review of submitted manuscripts must be done objectively and the reviewers should express their
views clearly with supporting arguments. The reviewers should follow journals* instructions on the
specific feedback that is required of them and, unless there are good reasons not to. The reviewers
should be constructive in their reviews and provide feedback that will help the authors to improve
their manuscript. The reviewer should make clear which suggested additional investigations are
essential to support claims made in the manuscript under consideration and which will just strengthen
or extend the work

Disclosure and Conflict of Interest:

Privileged information or ideas obtained through peer review must be kept confidential and not used
for personal advantage. Reviewers should not consider manuscripts in which they have conflict
of interest resulting from competitive, collaborative, or other relationships or connections with
any of the authors, companies, or institutions connected to the papers. In the case of double-blind
review, if they suspect the identity of the author(s) notify the journal if this knowledge raises any
potential conflict of interest.

Promptness:

The reviewers should respond in a reasonable time-frame. The reviewers only agree to review a
manuscript if they are fairly confident they can return a review within the proposed or mutually
agreed time-frame, informing the journal promptly if they require an extension. In the event that
a reviewer feels it is not possible for him/her to complete review of manuscript within stipulated
time then this information must be communicated to the editor, so that the manuscript could be
sent to another reviewer.

COPYRIGHT NOTICE

As an author you (or your employer or institution) may do the following:

make copies (print or electronic) of the article for your own personal use, including for your own
classroom teaching use;

make copies and distribute such copies (including through e-mail) of the article to research
colleagues, for the personal use by such colleagues (but not commercially or systematically, e.g.
via an e-mail list or list server);

present the article at a meeting or conference and to distribute copies of the article to the delegates



attending such meeting;

« for your employer, if the article is a ,,work for hire®, made within the scope of your employment,
your employer may use all or part of the information in the article for other intra-company use
(e.g. training);

* retain patent and trademark rights and rights to any process, procedure, or article of manufacture
described in the article;

« include the article in full or in part in a thesis or dissertation (provided that this is not to be published
commercially);

 use the article or any part thereof in a printed compilation of your works, such as collected writings
or lecture notes (subsequent to publication of the article in the journal); and prepare other derivative
works, to extend the article into book-length form, or to otherwise re-use portions or excerpts in
other works, with full acknowledgement of its original publication in the journal;

» may reproduce or authorize others to reproduce the article, material extracted from the article, or
derivative works for the author*s personal use or for company use, provided that the source and the
copyright notice are indicated, the copies are not used in any way that implies IJTID endorsement
of a product or service of any employer, and the copies themselves are not off ered for sale.

All copies, print or electronic, or other use of the paper or article must include the appropriate
bibliographic citation for the article™s publication in the journal.

Requests from third parties

Although authors are permitted to re-use all or portions of the article in other works, this does not
include granting third-party requests for reprinting, republishing, or other types of re-use. Requests
for all uses not included above, including the authorization of third parties to reproduce or otherwise
use all or part of the article (including figures and tables), should be referred to IJTID by going to our
website at http://e-journal.unair.ac.id/index.php/IJTID

Every accepted manuscript should be accompanied by "Copyright Transfer Agreement™ prior to the
article publication

PRIVACY STATEMENT

The names and email addresses entered in this journal site will be used exclusively for the stated
purposes of this journal and will not be made available for any other purpose or to any other party.

CONTACT
The Editorial Office can be contacted at ijtid@itd.unair.ac.id


http://e-journal.unair.ac.id/index.php/IJTID
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